H s it B Nl B F BH M R 5

x86 PC

aniE S, il SN
Cramn

The x86 PC

Assembly ILanguage, Design, and Interfacing
Ififth Edition

T

Muhammad Ali Mazidi
[£] Janice Gillispie Mazidi &
Danny Causey

TFIY & ARAL

rers  PUBLISHING HOUSE OF ELECTRONICS INDUSTRY http://www.phei.com.cn



x86 PC
-4, vl

(55 h..ﬁﬁ)

The x86 PC
Assembly Language, Design, and Inferfacing
Fifth Edition

EBRANMBTxBOBALH . Bk, BORK. RGRE. EEETRMY. USB, BEEBFURRISCH
HarvardiEARE5H, BHHARHME Tx86;CRIESKENPCHERSHMNEMDIR, NESRHTERASE
NFILHE, HAXENTHEIMRNFRENRINER, RERITENEUFERBERARIRITARN
EBREHNSEE.

755 T MB086FE641iItaniumBy TS x86{IAL EBSS .
ERICRACEFRAIRANBX86 PCIERLEH,
EARAINT B T x8615 T BIFIE.

B T IEEE}F 03 DA RS0V B A AR,

FRWRIMT T 1641, 32fUF064(I4LI2EE (a0PentiumFitaniumiBE) EEHARBR.
TWIE Tx86MALIB2E098ML. 16MIF32M#O.,

B ERREIBM PCRERSEPNEFF M, BRTPCRARENATSE.
{8848 T USBiR O LUK AT EERCHRIBIR A,

Xfx86 CPUFIRISCAL 23 #{T THEHR.

ERTxBBMERT N HBRLEH.

B T MIntel EAMDHIx864L FR 38 0964 I H 151 .

BT Tx86 MR BN BITEARI N BT,

Wil: ARRBHEE, AHFPMETALRREFOMFALZMAF, HEAEMRAFOAEALELGRTFRA
(www_huaxin.edu.cn) LA BHETHAE, EENEEZTHER G ETH,

Authorized for sale and distribution in the People's Republic of China PE ARSON
: . ISBN 978=7-121-09770-6
exclusively(except Taiwan, Hong Kong SAR and Macau SAR)tARZE{R
REPEAREAT, www.PearsonEd.com
— RURE. WEE
|-"""'"v-""’ HiERE: EFE P P snomnsns
http://www.hxedu.com.cn 71217097706

—— REEE. W BE 4
EEUERRBNES. LSENNFEE, BERDS. Effr: 7500 7T



ESMTENRIE R RS

x86 PC iLH/RIES.
gt 580

(SRR )
(F &)

The x86 PC Assembly Language, Design,

TFIY L AL

Publishing House of Electronics Industry
jt3 - BEUING



W& AT

IC4HE S SRR RH B VIEERE W B A% ORI R, 22 AR F o 32 ) LR R R SERA IR
. ABEAMBT 86 KR, Bk, BOEAR, REMA. IEEE PFARCTE . USB. #BZHT AR RISC
i Harvard (R R 45H . SHAERIRSNE: (1) IL%E ST ) IBM PC A TEIZ DT, £
HICHiE S RN EY b, LUCATERNSS, BAMASMIER &S, 450 TR BT 546, It Debug
LHTRERBAHBREFRS AT R . ME0Eitirm, A PCRRN MRS A 8184 . M RlgRTe
AR T T PRAARIIHIA

ABNERL, ~AER, TENERITRENEG LA M8, dE 86 AR BT AAAES S,

Original edition, entitled The x86 PC Assembly Language, Design, and Interfacing, Fifth Edition, 978-0-13-502648-2 by
Muhammad Ali Mazidi, Janice Gillispie Mazidi, Danny Causey, Published by Pearson Education, Ine, publishing as Prentice
Hall, Copyright © 2010 by Pearson Education, Ine.

All rights reserved. No part of this book may be reproduced or transmitted in any form or by any means, eleetronic or
mechanical, including photocopying, recording or by any information storage retrieval system, without permission from
Pearson Education, Inc.

China edition published by PEARSON EDUCATION ASIA LTD., and PUBLISHING HOUSE OF ELECTRONICS
INDUSTRY, copyright © 2009. This edition is manufactured in the People’s Republic of China, and is authorized for sale
only in People’s Republic of China excluding Hong Kong, Macau and Taiwan.

A A5 3CH BV B F T b 4 B 1 Pearson Education 55 AE #0H WM A TRZY vl & YE Ul . F 42 1B R BT
BEAFRT, TG LT 28 6 s P 28 A B9 (BT84 « A= F50i7H Pearson Education 554 U EF H 5 4 F B¢ B
thinds, TErEENEE,

MM B SRS EF: 01-2009-6966
EBEESE (CIP) &3

x86 PCI GBS . BH A4 : 58 5 1 = The x86 PC: Assembly Language, Design, and Interfacing, Se: 353 /
() hzgl (Mazidi. M. A.), (3£) 2%l (Mazidi, J.), (3) B (Causey, C.) F. —dbii: BT LAk
kAt , 2009.11

(EHSMTEVBLEEH 7))

ISBN 978-7-121-09770-6

I.oxes WD @G- @R LS - BP0t - 8k - %3 V. TP313

Hh A P S CIP HiiAF (2009) %6 1958115

W . W
TR T
B W b R R
% AT, WSS DR AT
IR T: 7 Tolk st
Aes i P X T B 173 (5468 HE4R: 100036
F A 787 x 980 1/16 EiSk: 44.75  F¥ 1145 FF
BB W 20094F 11 B4 1 v ERR
E #. 3000 11} SEfT: 75.003C

JUBT I SR, okl RERE 6 B 5T R I, B0 3K R R s 5 BB, WS A RITHE, BA
KEB LS (010) 88254888,

BRRELFIE A MR 2 2its@phei.com.cn, YERTAALEE4R I % WF 14 % dbgq@phei.com.cn.

A%k (010) 88258888,



tH AR i BA

21 289 S F 104F IR E E RAF Akt &K RN EEA, ®RERM LG R R
W, ZEREMA WTOJEHIA K, HiFi—3GE R EBRETEEHK — R IT A A MR R E S FH T
WEALHZ—. [5ERFRBAR T EAAMMNS 525, RTRIE N E IR ST IR RN,

ET, TR E S S E RS BRI SR B R T | AR, A RERE
45 E R, AP B G B RS IE AL A b (5 B AR I B S T RS ML TS Hob FOLF5 SR
H¢r, DMEREEIHENECE ERPGE B EPR SR

LT Toll S AR SR AR AR S | EAME B B Bl BIRDR T “EAMTEILR A R
57 A, IEHME SFRRLEST . SHIE. BRE, BAARWIREEM, AP R
Hobt, LLENAREBER . ARFEE . REZIAITAEXT B TR, T RIA T B s B 5 di 41
B XA S FERL T A3 4 SR L AR RS TR S5 | Bk SR
. BOREE S5 BALTE . RERES | FIBEBRS SEER . A TS, R, ROT0ES518 77—

I 6 B RRUAS

TEE 0, Fofi TR HR e 8 1H S35 4 Hh BN 5] HH BRI IR AUk, 4 Pearson Education 3542 2
FHARSER | M3 - HABE HRER . R BT 2R N ARAL . SIBTRE AL S H K
W EEETRE AT RN B 228, WERSHLHT - BHBR( Douglas E. Comer ). BUBE - Hr#EARH( William
Stallings ). M&4E - #AF/R (Harvey M. Deitel ). JUFIHT - A3k FE (Uyless Black ) 5%,

SRR S R R B FO BRI R, FRATANE THF R e Ky bt ik &
HR% | FWSEKE. Mal k¥, $iLR¥ ., BRETI RS bR, mEERY.
HPRAE R R AER T RS ELSRINERNETEINSE T A RSNE ES ., B
AR TAE . TR RSB BB THUF ., 8L, WARE T IIL T EBFEE R EHR
HEAESIW,

TEZRFIBMIE . MR MAE I LR, viI—EEM TR, JAIM 1 REMEH T,
BLFEXT BT B A TR TE; BEFRGRIEET JRIEBI kXt 115 XHERR . BB ST R HIE
B FRECHM ISR, RATES SEFREMMN L FRBREBEFX, 27 TEIT,

AL, AT 5 ESNE & AR AL 1R, A BB MBS S5 PERL, ArERE M RN
AR, S5, AP S &SRB B YIER R, ) KBS E 2 EIMUTE B0
MEEA, AREUEVRFEAER 5 ERBCEER MBI 1.

B Tl e R



(==

bl

B

PhEK

waC

HiAH

a8 1

5Kk B

i+ H R E

A
=

0

~

JERCRZF R
SHESERE S
EERFEER S TREER R
R RFR A TR R

PNV S SirE €4
FETAVSSAERER, JERELVER2TE

HHERFTEIR 2 SRR REE
= brfE S AR 2l (5 REH EIUR

BHRRETHEIBA SR REE . AT
BRI HEYIBA B (s B Ak £
SHIESPNES ) &S NS 2 €5
LEMBEARDGTHOEE, BEEFI

B sEE R EHER S TREAREE

b AT RS O FEAE

X E RGO . BEREER
FEHEN A FESE, RiEiAE2ERK

EPiRE AR KA AR R . LRI
HEWHEVEM AR E R AR EEER

HHRFER IR ERER



PREFACE

Purpose

This book is intended for use in college-level courses in which both Assembly
language programming and x86 PC interfacing are discussed. It not only builds the foun-
dation of Assembly language programming, but also provides a comprehensive treatment
of x86 PC design and interfacing for students in engineering and computer science disci-
plines. This volume is intended for those who wish to gain an in-depth understanding of
the internal working of the x86 PC. It builds a foundation for the design and interfacing
of microprocessor-based systems using the real-world example of the x86 PC. In addition,
it can also be used by practicing technicians, hardware engineers, computer scientists, and
hobbyists who want to do PC interfacing and data acquisition.

Prerequisites

Readers should have taken an introductory digital course. Knowledge of other
programming languages would be helpful, but is not necessary.

Although a vast majority of current PCs use x86 such as Pentium microprocessors,
their design is based on the IBM PC/AT, an 80286 microprocessor system introduced in
1984. A good portion of the features of the PC/AT, hence its limitations, are based on the
original IBM PC, an 8088 microprocessor system, introduced in 1981. In other words, one
cannot expect to understand fully the architectural philosophy of the x86 PC and its inter-
nal architecture unless the 80286 PC/AT and its subset, the IBM PC/XT, are first under-
stood. For this reason, we describe the 8088 and 80286 microprocessors in Chapter 9,

Contents

A systematic, step-by-step approach has been used in covering various aspects of
Assembly language programming. Many examples and sample programs are given to
clarify concepts and provide students an opportunity to learn by doing. Review questions
are provided at the end of each section to reinforce the main points of the section. We feel
that one of the functions of a textbook is to familiarize the student with terminology used
in technical literature and in industry, so we have followed that guideline in this text.

Chapter 0 covers concepts in number systems (binary, decimal, and hex) and com-
puter architecture. Most students will have learned these concepts in previous courses, but
Chapter 0 provides a quick overview for those students who have not learned these con-
cepts, or who may need to refresh their memory.

Chapter 1 provides a brief history of the evolution of x86 microprocessors and an
overview of the internal workings of the 8086 as a basis of all x86 processors. Chapter 1
should be used in conjunction with Appendix A (a tutorial introduction to DEBUG) so that
the student can experiment with concepts being learned on the x86 PC. The order of top-
ics in Appendix A has been designed to correspond to the order of topics presented in
Chapter 1. Thus, the student can begin programming with DEBUG without having to
learn how to use an assembler.

Chapter 2 explains the use of assemblers to create programs. Although the pro-
grams in the book were developed and tested with Microsoft's MASM assembler, any
Intel-compatible assembler such as Borland's TASM may be used.

Chapter 3 introduces the bulk of the logic and arithmetic instructions for unsigned
numbers, plus bitwise operations in C.

Chapter 4 introduces DOS and BIOS interrupts. Programs in Assembly allow the
student to get input from the keyboard and send output to the monitor. In addition, macro
programming in assembly is described.

Chapter 5 describes how to program the keyboard and mouse,

Chapter 6 covers arithmetic and logic instructions for signed numbers as well as
string processing instructions.



Chapter 7 discusses modular programming and how to develop larger Assembly
language programs by breaking them into smaller modules to be coded and tested sepa-
rately. In addition, in-line Assembly language within C programs is explained.

Chapter 8 introduces some 32-bit concepts of x86 programming. Although this
book emphasizes 16-bit programming, the 386 is introduced to help the student appreci-
ate the power of 32-bit CPUs,

Chapter 9 describes the 8088 and 286 microprocessors and supporting chips in
detail and shows how they are used in the original IBM PC/XT/AT. In addition, the origin
and function of the address, data, and control signals of the [SA expansion slot are
described.

Chapter 10 provides an introduction to various types of RAM and ROM memo-
ries, their interfacing to the microprocessor, the memory map of the x86 PC, the timing
issue in interfacing memory, and the checksum byte and parity bit techniques of ensuring
data integrity in RAM and ROM.

Chapter 11 is dedicated to the interfacing of 1/0 ports, the use of IN and OUT
instructions in the x86, and interfacing and programming of the 8255 programmable
peripheral chip. We describe I/0O programming in several languages, as well.

Chapter 12 covers the interfacing of PCs to devices for data acquisition such as
LCDs, stepper motors, ADC, DAC, and sensors.

Chapter 13 discusses the use of the 8253/54 timer chip in the x86 PC, as well as
how to generate music and time delays.

Chapter 14 is dedicated to the explanation of hardware and software interrupts,
the use of the 8259 interrupt controller, the origin and assignment of IRQ signals on the
expansion slots of the ISA bus, and exception interrupts in 80x86 microprocessors.

Chapter 15 is dedicated to direct memory access (DMA) concepts, the use of the
8237 DMA chip in the x86 PC, and DMA channels and associated signals on the ISA bus.

Chapter 16 covers the basics of video monitors and various video modes and
adapters of the PC, in addition to the memory requirements of various video boards in
graphics mode.

Chapter 17 discusses serial communication principles and programming of the PC
COM port in Assembly and C.

Chapter 18 covers the interfacing and programming of the keyboard in the x86
PC, in addition to printer port interfacing and programming. In addition, a discussion of
various types of parallel ports such as EPP and ECP is included.

Chapter 19 discusses hard disk storage organization and terminology.

Chapter 20 examines the x87 math coprocessor, its programming, and IEEE sin-
gle- and double-precision floating point data types.

Chapter 21 explores the programming and hardware of the 386 microprocessor,
confrasts and explains real and protected modes, and discusses the implementation of vir-
tual memory.

Chapter 22 is dedicated to the interfacing of high-speed memories and describes
various types of DRAM, including EDO and SDRAM, and examines cache memory and
various cache organizations and terminology in detail.

In Chapter 23 we describe the main features of the 486, Pentium, and Pentium Pro
and compare these microprocessors with the RISC processors. Chapter 23 also provides a
discussion of MMX technology and how to write programs to detect which CPU a PC has.

Chapter 24 examines the new generation of 64-bit microprocessors from Intel and
AMD.

Chapter 25 provides an overview of the IC technology and failure analysis,
describes IC interfacing and system design issues, and covers error detection and correc-
tion.

Chapter 26 is dedicated to the discussion of the various types of PC buses, such
as ISA and PC104, their performance comparisons, and features of the PCI bus.

Chapter 27 describes the USB port in detail and shows how to use the C pro-
gramming language to access USB devices connected to the USB port of x86 PCs.

LN



Appendices ©

The appendices have been designed to provide all reference material required
for the topics covered in this combined volume so that no additional references should be
necessary.

Appendix A provides a tutorial introduction to DEBUG. Appendix B provides a
listing of Intel's 8086 instructions. Appendix C describes assembler directives with exam-
ples of their use, Appendix D lists commonly used interrupt fuction calls and legacy soft-
ware. Appendix E lists the I/O maps of x86 PCs. Appendix F provides a table of ASClI
codes.

Lab Manual

The lab manual contains some very basic labs and can be found at the
www.MicroDigitalEd.com website. The more advanced and rigorous lab assignments are
left up to the instructor depending on the course objectives, class level, and whether the
course is graduate or undergraduate. The support materials for this and other books by the
authors can be found on this website, too.

Solutions Manual/PowerPointe® Slides

The end-of-chapter problems cover some very basic concepts. The more chal-
lenging and rigorous homework assignments are left up to the instructor depending on the
course objectives, class level, and whether the course is graduate or undergraduate. The
solutions manual was produced with the help of Mr. Sepehr Naimi. The solutions manual
and PowerPoint® slides for the drawings are available online for instructors only.

Online Instructor Resources

To access supplementary materials online, instructors need to request an instruc-
tor access code. Go to www.prenhall.com, click the Instructor Resource Center link,
and then click Register Today for an instructor access code. Within 48 hours after regis-
tering you will receive a confirming ¢-mail including an instructor access code. Once you
have received your code, go to the site and log on for full instructions on downloading the
materials you wish to use.
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CHAPTER 0

INTRODUCTION TO
COMPUTING

OBJECTIVES

Upon completion of this chapter, you will be able to:

>>

>>
>
>>
>
>>
>>
>>
>3

>3
>>
>

>>
>>

Convert any number from base 2, base 10, or base 16 to cither of the
other two bases

Add and subtract hex numbers

Add binary numbers

Represent any binary number in 2°s complement

Represent an alphanumeric string in ASCII code

Describe logical operations AND, OR, NOT, XOR, NAND, NOR

Use logic gates to diagram simple circuits

Explain the difference between a bit, a nibble, a byte, and a word
Give precise mathematical definitions of the terms kilobyte, megabyte,
gigabyte, and terabyte

Explain the difference between RAM and ROM and describe their use
Describe the purpose of the major components of a computer system
List the three types of buses found in computers and describe the
purpose of each type of bus

Describe the role of the CPU in computer systems

List the major components of the CPU and describe the purpose of each




To understand the software and hardware of a microcontroller-based system, one
must first master some very basic concepts underlying computer design. In this chapter
{which in the tradition of digital computers is called Chapter 0), the fundamentals of num-
bering and coding systems are presented. After an introduction to logic gates, an overview
of the workings inside the computer is given. Finally, in the last section we give a brief
history of CPU architecture. Although some readers may have an adequate background in
many of the topics of this chapter, it is recommended that the material be scanned, how-
ever briefly.

SECTION 0.1: NUMBERING AND CODING SYSTEMS

Whereas human beings use base 10 (decimal) arithmetic, computers use the base
2 (binary) system. In this section we explain how to convert from the decimal system to
the binary system, and vice versa. The convenient representation of binary numbers in
base 16, called hexadecimal, also is covered. Finally, the binary format of the alphanumer-
ic code, called ASCII, is explored.

Decimal and binary number systems

Although there has been speculation that the origin of the base 10 system is the
fact that human beings have 10 fingers, there is absolutely no speculation about the rea-
son behind the use of the binary system in computers. The binary system is used in com-
puters because 1 and 0 represent the two voltage levels of on and off. Whereas in base 10
there are 10 distinct symbols, 0, 1, 2, ..., 9, in base 2 there are only two, 0 and 1, with
which to generate numbers. Base 10 contains digits 0 through 9; binary contains digits 0
and 1 only. These two binary digits, 0 and 1, are commonly referred to as bits.

Converting from decimal to binary

One method of converting from decimal to binary is to divide the decimal num-
ber by 2 repeatedly, keeping track of the remainders. This process continues until the quo-
tient becomes zero. The remainders are then writfen in reverse order to obtain the binary
number. This is demonstrated in Example 0-1.

Example 0-1

Convert 25, to binary.

Solution:
Quotient Remainder
25/2 = 12 1 LSB (least significant bit)
12/2 = 6 0
6/2 = 3 0
3/2 = 1 1
1/2 = 0 1 MSB (most significant bit)

Thercforc, 2510 = 1]0012.




Converting from binary to decimal
740683, =
To convert from binary to decimal, it is impor-
tant to understand the concept of weight associated |3 x 100 = 3
with each digit position. First, as an analogy, recall the [8 x 10! = 80
weight of numbers in the base 10 system, as shownin [6 x 1 02 = 600
the diagram. By the same token, each digit position in | 0 x 10 3 = 0000
a number in base 2 has a weight associated with it: 4 x 104 = 40000
7 x 10° = 700000
740683
110101, = Decimal Binary
1x20 = 1x1 = 1 1
ox21l = 0x2 = 0 00
1x22 = 1x4 = 4 100
0x23 = 0x8 = 0 0000
1x24 = 1x16 = 16 10000
1x25 = 1x32 = 32 100000
53 110101

Knowing the weight of each bit in a binary number makes it simplc to add them
together to get its decimal equivalent, as shown in Example 0-2.

Example 0-2

Convert 11001, to decimal.

Solution:
Weight: 16 8 4 2 1
Digits: 1 1 0 0 1
Sum: 16+ 8+ 0+ 0+ 1=25(g

Knowing the weight associated with each binary bit position allows one to con-
vert a decimal number to binary directly instead of going through the process of repeated
division. This is shown in Example 0-3.

Example 0-3

Use the concept of weight to convert 39, to binary.

Solution:
Weight: 32 16 8 4 2
1 0 0 1 1
32+ 0+ 0+ 4 + 2+
Therefore, 39,5 = 100111,
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