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Prof. Fernando Osério

Conteudos Abordados:

1. Microprocessador Intel 8086

2. Programacio 8086 e 80x86
- Assembly, Assembler
- Emulador 8086
- Interrupcdes de Hardware e de Software
BIOS, BDOS (IBM-PC)

O material a seguir ¢ baseado no Livro “Arquitetura de Computadores Pessoais” de Raul Weber
e nas transparéncias do prof. Weber obtidas no site ftp:/ftp.inf.ufrgs.br/pub/infl 12/ e
http://www.inf.ufg.br/~fmc/arqcomp/Intel.ppt
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Arquiteturas Intel 8086 / 8088 (16 bits)
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8086 internal block diagram. (Intel Corp.)
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Arquiteturas Intel 8086 / 8088 (16 bits)
AX - Accumulator IP - Instruction Pointer
BX - Base Register CS - Code Segment Register iy A, FRFFFH
CX - Count Register DS - Data Segment Register '
DX - Data Register SS - Stack Segment Register CAK-BIT CODC SCGMCNT
ES - Extra Segment Register y }
SP - Stack Pointer i 2, WOXOH
BP - Base Pointer
SI - Source Index Register I }STJB.CK SEGMENT
DI - Destination Register * CRFSET
SEGMENT T T
TYPE OF DEFAULT | ALTERNATE REGISIER FILE
MEMORY SEGMENT | SEGMENT = CATA SCGMINT
REFERENCE BASE BASE OFFSET = }
Instruction Fetch [*=] None P DS [ w0 o
Stack Operation 85 None 5P Es
Eﬁzge’“’em s CS.ES. 55 Edﬁ‘;f:;: } EXTRA SEGMENT
String Source DS C5,ES, 55 |l
String Destination ES None o] ¥ ¥ oo
BP Used As Bass 55 CS. DS, ES | Efeciive
4 Register Address
out 2008 £0C85 MEMORY CRGANIZATION
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AX - Accumulator SP - Stack Pointer IP - Instruction Pointer .

BX - Base Register BP - Base Pointer CS - Code Segment Reglster
CX - Count Register SI - Source Index Register DS - Data Segment Register
DX - Data Register DI - Destination Register SS - Stack Segment Register

ES - Extra Segment Register
FLAGsS:

Bit0 - CF Carry Flag - Set by carry out of msb
Bit2 - PF Parity Flag - Set if result has even parity
Bit4 - AF Auxiliary Flag - for BCD arithmetic
Bit6 - ZF Zero Flag - Set if result is zero

Bit7 - SF Sign Flag = msb of result

Bit8 - TF Single Step Trap Flag

Bit9 - IF Interrupt Enable Flag

Bit 10 - DF String Instruction Direction Flag

Bit 11 - OF Overflow Flag

Bits 1, 3, 5, 12-15 are undefined.
5
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Arquiteturas Intel 8086 / 8088 (16 bits)

Enderecamento da memoria...

Gerando 20 bits a partir de registradores de 16 bits

15 0
Offset (deslocamento)
Cs 0000
DS 0000
SS 0000
ES 0000
19 0

Enderego Fisico

6
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Enderecamento da memoria...

Gerando 20 bits a partir de registradores de 16 bits

e Arquitetura de 16 bits

e Comunicagado com a memoria em 16 (8086) ou 8
(8088) bits

e Capacidade maxima de memoria de 1 MByte

e 14 registradores (4 dado, 4 enderego, 4 segmento,
ponteiro do programa, flags)

e endereco fisico = segmento * 16 + deslocamento
e 85 instrucdes basicas... Listadas a seguir

7
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AAA ASCII Adjust After Adition AAD ASCII Adjust Before Division
AAM ASCII Adjust After M ultiply AAS ASCII Adjust After Subtract
ADC Add with Carry ADD Add

AND Logical And CALL Call Procedure

CBW Convert Byte to Word CLC Clear Carry Flag

CLD Clear Direction Flag CcLI1 Clear Interrupt Flag

CcCMC Complement Carry Flag CMP Compare

CMPSB/W Compare strings (Byte, Word) CWD Convert Word to Double
DAA Decimal Adjust After Division DAS Decimal Adjust after Subtract
DEC Decrement DIV Unsigned Divide

ESC Escape (for FPU) HLT Halt

ID1V Signed Divide IMUL Signed M ultiply

IN Input from Port INC Increment

INT Software Interrupt INTO Interrupt on Overflow

IRET Interrupt Return (16 bits) IRETD Interrupt Return (32 bits)
JA,JNBE Jump if Above JAE,JNB Jump if Above or Equal
JB,JNAE Jump if bellow JBE,JNA Jump if Bellow or Equal

JC Junp on Carry JCXZ Jump if CX is Zero

JE,JZ Jump if Equal (Zero) JG,UJNLE Jump if Greater

JGE,JNL Jump if Greater or Equal JL,UJNGE Jump if Less

JLE,JNG Jump if Less or Equal JM P Jump inconditionally

JNC Jump if not Carry JNE,JJNZ Jump if not Equal

JNP,JPO Jump if Parity Odd JO,JNO Jump on Overflow, not Overf.
JP,JPE Jump if Parity Even JS,UJNS Jump on Sign, not Sign
LAHF Load Flags into AH LDS,LES Load Far Pointer (DS, ES)
LEA Load Effective Address LOCK Lock the Bus

LODSB/W Load String (Byte, Word) Loop Loop

LOOPE/Z Loop while Equal LOOPNE/Z Loop while not Equal

MOV Move Data MOVSB/W Move String (Byte,Word)
MUL Unsigned M ultiply NEG Two’s Complement Negation
NOP No Operation NOT One’s Complement Negation
OR Inclusive Or ouT Output to Port

POP Pop from Stack POPF Pop Flags

PUSH Push into Stack PUSHF Push Flags

RCL Rotate with Carry Left RCR Rotate with Carry Right
REP Repeat String REPE/Z Repeat while Equal (Zero)
REPNE/Z Repeat while not Equal (Zero) RET,RETF Return from Procedure
ROL Rotate Left ROR Rotate Right

SAHF Store AH into Flags SAL Shift Arithmetic Left

SAR Shift Arithmetic Right SBB Subtract with Borrow
SCASB/W Scan String (Byte, Word) SHL Shift Left

SHR Shift Right STC Set Carry Flag

STD Set Direction Flag STI Set Interrupt Flag

STOS/W Store String (Byte, Word) SUB Subtract

TEST Logica Compare WAIT W ait (coprocessor)

XCHG Exchange XLAT Translate

XOR Exclusive Or
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Arquiteturas Intel 80x86

IA 16 (8086, 80186, 80286)
e Modo real, 16 bits

IA 32 (80386, 80486, 80586)
e Modo protegido, 32 bits
e Modo virtual real, 16 bits
IA 64
e |[tanium, 64 bits
IA 32e, AMDG64, x86-64, EM64T
e Modo 64-bit
e Modo de compatibilidade, 32 bits

¢
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Arquiteturas Intel 8086

» Arquitetura de 16 bits

» Comunicagao com a memoria em 16 (8086) ou 8
(8088) bits

» Capacidade maxima de memoria de 1 MByte

* 14 registradores (4 dado, 4 endereco, 4 segmento,
ponteiro do programa, flags)

» endereco fisico = segmento * 16 + deslocamento
» 85 instrucbes basicas

» co-processador: 8087 (67 instrugdes basicas)

* sem cache, sem memoria virtual

* somente opera no modo real
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Arquiteturas Intel 80186

+ Idéntico ao 8086

« Comunicagado com a memoéria em 16 bits

+ Capacidade maxima de memoria de 1 MByte

* 14 registradores

» Endereco fisico = segmento * 16 + deslocamento

+ Sete instrugdes extras (85 + 7 = 92 instru¢des basicas)
» Co-processador: 80187 (idéntico ao 8087)

+ Sem cache, sem memoria virtual

1
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Arquiteturas Intel 80286

* Modos real (8086) e virtual (modo protegido)

« Comunicagado com a memoéria em 16 bits

+ Capacidade maxima de memoria de 16 MByte

* 14 registradores (os do 8086)

» Endereco fisico ou virtual

* 15 instrugdes extras (92 + 15 = 107 instrugdes basicas)
» Co-processador: 80287

+ Sem cache

* Memodria virtual segmentada
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Arquiteturas Intel 80386

* Modos real (8086), virtual (protegido) e virtual86

+ Comunicagdo com a memoria em 16 (SX) ou 32 bits
(DX)

+ Capacidade maxima de memoria de 4 GByte

* 14 registradores (os do 8086, estendidos para 32 bits)
e mais 2 registradores de segmento

» Endereco fisico ou virtual

* 44 instrucdes extras (107 + 44 = 151 instrugdes
basicas)

* Memoria virtual segmentada e paginada (opcional)

» Co-processador: 80387 (67 + 7 -1 = 73 instrugdes basicas)
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Arquiteturas Intel 80386

31 16 15
EAX AH AL acumulador
EBX BH BL base
ECX CH CL contador
EDX DH DL dado
ESP SP ponteiro para pilha
EBP BP ponteiro base
ESI SI indice fonte
EDI DI indice destino
31 16 15 0
EIP IP apontador de instru¢des

EF FLAGS flags
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Arquiteturas Intel 80386

Geréncia de memoria virtual

memoria virtual -
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memoria fisica
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Arquiteturas Intel 80486

* |déntico ao 386
* Modos real (8086), virtual e virtual86
« Comunicagado com a memoéria em 32 bits
+ Capacidade maxima de memoria de 4 GByte
* 16 registradores (os do 80386, também em 32 bits)
» Endereco fisico ou virtual
* 6 instrucdes extras (151 + 6 = 157 instrugdes basicas)
* Memoria virtual segmentada e paginada (opcional)
» Co-processador: 80487 para 80486SX
integrado no 80486DX
+ Com cache de 8 KByte
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Arquiteturas Intel 80586 - Intel Pentium

» Re-estruturacao do 486

* Modos real (8086), virtual e virtual86

» Comunicagdo com a memoria em 64 bits

» Capacidade maxima de memoria de 4 GByte

* 16 registradores (os do 80386, também em 32 bits)

» Endereco fisico ou virtual

* 5instrucdes extras (157 + 5 = 162 instrugdes basicas)

* Membdria virtual segmentada (sempre) e paginada
(opcional)

» Co-processador: integrado

» Com cache de 16 KByte (2 x 8 KByte)

17
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Arquiteturas Intel 80586 - Intel Pentium

2 pipelines para inteiros, operando em paralelo

cada pipeline inteiro consta de 5 estagios:
busca de instrugao (a partir da cache de instrugées),
decodificagao de instrugao,
geragao de endereco,
execugao,
escrita (write back).
FPU também em pipeline (mas n&do em paralelo)

Operacéao super-escalar: mais de uma instrugdo pronta
em um ciclo de reldgio
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Buffer de

instrugdes  (m—

barramentos de 64 bits
externos e internos

N

FPU FPU-pipe

reg. o

stack| | com circuitos
dedicados
para soma,
divisdo e
multiplicagio

U-pipe

bus interface
unit

2 pipelines paralelos
de 5 estagios
para inteiros

caches separadas

ETZTN
dados e instr. ~~—~——__| -

8 KB cada I —

Cache Dado
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Arquiteturas Intel 80586 - Intel Pentium Pro

L Ordenador de memoria | N -
Para Memoria 1€ »
gl | Cache L2 ~
| — ?
Cache Memoria =5 P
| Interface com Barramento (BIU) Dados (8 KB) by
~ O
| Geragdo de | © P
enderegos 3 £
B ?8 LE el
Unidade de Busca  [Cache Instr. =1 > Geragéo de = *
De Instrugdes (8KB) &—p| Buffer de :E enderegos < > é
Desvios (BTB) 2 g
(512 entradas) ?, lep| ULA inteira < > 5
Decodificador de Instrugdes > '2 [~
g 3
. . 3 . < »
Simples | | Simples | | Complexo G| Sequenciador a ===\ ULA inteira < > ;EO)
de microinstr. g
lep|  FPU < P 5
=
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Renomeagao de Registradores (RAT) | Reordenagio (ROB)
40 Registradores
20 »| Reg. Logicos (RRF)

14 Registradores
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2. Programacio Intel 8086

-
{it about

emuB086

S

this product is registered to:

emus808é6

vergion 4.08
8086 microprocessor emulator

click here to enter the registration key...

[Portions Copyright 1887-2008 Barry Allyn. Al rights reserved. |

Flat &zzembler version 1.64
Caopyright (=] 1993-2008, Tomazz Grysztar.
Al rights rezerved.

[ Copyright ® 2008 emu8086.com Al rights reserved. |

www.emu3086.com
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B edit: ChemuBI86\exemples\] sample.asm

Arquiteturas Intel 80x86 (16 bits)

2. Programacio Intel 8086

file edit bookmarks assembler emulafor math ssciicodes help

Out. 2009 A9 meau F1dh1 L7 B

i} & w . W = > =
new  open  eamples save compile emulate | calculator convertor | options  help  about
21
22 org 100h
33
24 ; set video mode 8 emulator: hi-world.com_ [=[@] = ]
%g TRt 16k ¢ i f_ﬁ"h'{‘ode 8@x 25, | e matn dehugl:;wew mzvna\dlvmua\da'\cle; vlﬂua\dyw;)hf\g -
= = " T
gg ; cancellaééﬁkins and enable allf[ toad relosd | step back | _single step run | step delay ms: 400
b mov ax,
j&f mov By (2} *veg\stel'l'L— [ o700:0108 [ o700:0100
a2 |08 |00 07100: B8 184 ol MOV AX, Q0@O3h [+]
= SRl o710l 3 eos v MY 010
e e et e AR (0 5 e
& mowv ax = T
2 71e4: 10 @16 » INT @10h

i 2w |G Y | i i e
48 ; print "hello world" s Y

P fi i ii P 7107: 1@ 916 » MOV b.LeooeZhl, @d4sh
ég ; first byte is ascii code, secq " :;:: ;gg B% ég%m n8¥ EEgggggh%' gggh
- L e (st e
52 mov [@4h], ‘e’ '__I NI : = . .

[ 718C: 10 @16 » MOV b.L[@R0ACh], ©2Ch
= mov tan, 1 = 5 o | 52 28 S Rl Y priomeenl: Gk
56 o [essn . 4 .

1 - 710F: B8 184 © V b.[B@RD12h], @72h
g4 nov tosnd. " ':__I o e | G7ile: & 147 4 MoV B:tdedian; 844
o = £ i e
- " [ i g L
61 mov [@chl, *,”
4 [0+ 7114: @2 @@Z @
&2 W 7115: 00 000 N
23 mov [@ehl, W F el 2112: 98 895 N
22 mov [18h1, ’o’ oF [o-] 7117: Cé 198 al_ o
22 gg mov [1Zh1, *r’ [ o | saeen | source | reset | aw | vas | debug | stack | flags

11
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D g g Dos Box

http://www.dosbox.com/

suurcem FIND AND DEVELOF CPEN SGURCE SOFTWARE

Find Software. Develop Create Project Blog  Site Support  About

SourceForge net > Find Software > D0SBox DOS Emulator

B
D;:('S DOSBox DOS Emulator by harekiet, qbix7%

Summary | Files | Support | Develop

DOSBox emulates a full x86 pc with sound and dos. its main use is to run old dosgames on platforms which
don't have dos(win2K/XP/linux/FreeBSD/Mac 0OS X)

F_JOWﬂfDad Now! Wl o: | Viewallfiles ¥
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>> gec -S hello.c << _main:
#include <stdio.h> pushl Yocbp
#include <stdlib.h> movl %esp, Yoebp
include <stdlib. subl $8, %esp
andl $-16, %esp
int main(int arge, char *argv[]) movl $0, Yeax
addl $15, %eax
printf("\n\nHello World!\n\n"); addl $15, Y%eax
system("PAUSE"); shlrll 2: Zf’eax
. sal , Yoeax
return 0; movl Y%eax, -4(%oebp)
) movl -4(%ebp), Y%eax
call _ alloca
file "hello.c" call main
.def __main; .scl2;.type 32;.endef movl SLCO, (%esp)
.section .rdata,"dr" call _printf
LCO: movl $LC1, (%esp)
ascii "\12\12Hello WorldN\12\1210" call system
LCL: movl $0, Yoeax
.ascii "PAUSE\0" leave
text ret
-globl _main ) .def _system;  .scl 3; .type 32; .endef
24 .def _main; .scl 2; .type 32; .endef def printf; scl 3; type 32; .endef
Out. 2009
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>> gcc hello.c <<
Incluindo cédigo em assembly junto ao programa “C”

#include <stdio.h>
#include <stdlib.h>

int main(int arge, char *argv[])
printf("\n\nHello World!\n\n");

_asm__

(
"movw $0x0E41,%AX\n"
"movw $0x0000,%BX\n"
"int $0x10\n"

);

system("PAUSE");

return 0;

}

25
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Interrupcoes de Hardware — IBM PC (AT 286)

Linha de |Vetor |[Utilizacao

Pedido | (dec.) barramento ISA 16
IRQO 8 relégio de tempo real (timer tick)

IRQ1 9 teclado

IRQ2 10 acesso a PIC subordinada (cascateamento)

IRQ8 112 atualizacéo da hora do dia no BIOS

IRQ9 113 video no PS/2, uso geral em um PC (placa de rede)
IRQ10 114 uso geral (tipicamente controlador de CD)

IRQ11 115 uso geral (tipicamente placa SCSI)

IRQ12 116 mouse no PS/2 - uso geral em um PC

IRQ13 117 coprocessador aritmético

IRQ14 118 controlador de disco rigido (controladora IDE primaria)
IRQ15 119 uso geral (controladora secundaria de disco)

IRQ3 11 placa serial COM2 e COM4

IRQ4 12 placa serial COM1 e COM3

IRQ5 13 uso geral (tipicamente placa de som)

IRQ6 14 controladora de disquete

IRQ7 15 controladora de impressora (LPT1)

26
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Arquiteturas Intel 80x86 (16 bits)

Interrupcdes de Software — BIOS
Servicos do BIOS - vetores de 10H a 1FH e 40H a SFH

10H - servigos de video

11H - configuragéo do equipamento

12H - tamanho de memodria

13H - servigos de disco

14H - comunicagoes (portas seriais RS232)
15H - servigos de cassete (PC) ou extensdes de E/S (AT)
16H - servigos de teclado

17H - servigos de impressora

18H - ativacgao do interpretador BASIC

19H - tratamento de bootstrap

1AH - hora do dia

1BH - tratamento de Ctrl-Break

1CH - relégio de tempo real

27 67H - servicos de memoéria expandida

Out. 2009
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Arquiteturas Intel 80x86 (16 bits)
Interrupcdes de Software — BIOS

Servigos do DOS - vetores de 20H a 3FH

20H - término de programa

21H - servigcos do DOS

24H - tratamento de erro

25H - leitura absoluta de disco

26H - escrita absoluta de disco

27H - término de programa residente

2AH - servigos de rede DOS

2EH - comando de execugdo DOS

2FH - controle de spooler de impressdo DOS
33H - servigos do driver de mouse

14
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Arquiteturas Intel 80x86 (16 bits)

Programacio em
THE ART OF

Linguagem de Maquina para o 8086 ASSEMBLY LANGUAGE
Interrupcoes de HW e SW 2ND EDITION

Ref.: http://webster.cs.ucr.edu/AoA/
http://webster.cs.ucr.edu/AoA/DOS/pdf/0_ Ao APDF.html
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