






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































340

The 80386 Processor in Depth

A register-to-register MUL is a good example of such an instruction.
These instructions will tend to help the 80386 catch up after a jump
causes its onboard queues to be emptied.

. Targets of jumps should be dword-aligned

This will prevent the processor, which is already slowed by having
its queues emptied, from also having to make extra memory
accesses to get its first instruction after the jump.

. Memory operands should be aligned on their natural boundaries.

Dword operands should be dword aligned, word operands should be
word aligned, and the first bit in a series of bit fields should be byte,
word, or dword aligned (depending on the number and length of the
bit fields involved).

. Records and other large data structures should be dword- or even

page-aligned.

Dword alignment helps speed access to a record. Page alignment
should be considered whenever a record or other structure
approaches 2Kb (half a page)in size. This will improve access speed
within the structure and improve performance in a page-based
Virtual Memory system.
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BTR instruction, 64, 115-116
BTS instruction, 64, 117-118
Bus unit, 334

Bytes, power of two, 15

C (carry) flag, 36

Cache accesses, 315-317

Caching memory, 313-317

CALL instruction, 69,
119-121

Call procedure, 119-121

Call to interrupt procedure
instruction, 163-164

Carry in binary math, 19-21

CBW instruction, 58, 122-124

CDQ instruction, 59

Central processing unit,
components of, 26

Check value in range
instruction, 105-106

CLC, instruction, 2, 124-125

CLD instruction, 126-127

Clear carry flag instruction,
124-125

Clear direction flag
instruction, 126-127

Clear interrupts enable flag
instruction, 128-129

CLI instruction, 128-129

CMC instruction, 130-131

CMP instruction, 55, 132-133

CMPS instruction, 67,
134-136

Compare instruction,
132-133

Compare string instruction,
134-136

Complement carry
flag instruction,
130-131

Computers, data movement
in, 28

Control flags, 36

Control registers, 38-42

Control unit, 329

Convert byte to word
instruction, 122-124

Convert word to doubleword
instruction, 137-138

Convert word to Dword
instruction, 122-124

Count register, 30, 32

CWD instruction, 59, 137-138

CWDE instruction, 122-124

CWEPE, instruction, 58

D (direction) flag, 36
DAA instruction, 60, 139-140
DAS instruction, 60, 141-142
Data conversion instructions,
58-59
Data movement, 28
instructions, 52-54
Data registers, 30-32
Data types, 42-44
DB, 5
Debug,
address registers, 40-41
control register, 40-41
registers, 38-42
DEC instruction, 54, 143-144
Decimal adjust AL
after addition
instruction, 139-140
Decimal adjust AL after
subtraction instruction,
141-142
Decimal arithmetic
instructions, 60
Decrement instruction,
143-144
Destination index, 31, 32
DIV, 2
DIV instruction, 54-55,
145-146
Double precision shifts, 63

EAX, 30, 32
EBP, 31, 32
EBX 30, 32
ECX, 30, 32
EDI, 31, 32

EDX, 30, 32

EFlags, 33

EM (emulation) flag, 39

ENTER instruction, 70-71,
147-149

EQU, 5,6

ESC instruction, 71

ES], 31, 32

ESP, 31, 32

ET (extension type) flag, 39

Exceptions and interrupts,
47-49

Exchange instruction,
269-271

Exclusive OR instruction,
274-276

Execution unit, 330-331

Fetch-decode-execute
cycle, 28-33
Flag control instructions,
65-66
Flags,
EFlags, 33
system, 34-36
Flat memory, 34-49
Floating-point numbers, 13
Flow control instructions,
68-70

Global descriptor table
register (GDTR), 42

Halt instruction, 150-151
High level language support
instructions, 70-71
HLT instruction, 71, 150-152
Hypervisors, 305-306

I (interrupt) flag, 34-35

I/O interface, 322-323

1/0 ports, 27 .
IDIV instruction, 55, 152-153
IDTR, 42

Immediate operand mode, 45
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IMUL instruction, 54,
154-156
IN instruction, 156-157
INC instruction, 54, 158-159
Increment instruction,
158-159
Input from port instruction,
156-157
Input string from port,
160-162
INS instruction, 160-162
Instruction decode
unit, 327-328
Instruction expansion,
334-338
Instruction pipelining,
323-326
Instructions,
AAA, 60, 90-92
AAD, 60
AAM, 60, 94-96
AAS, 60, 96-98
ADC, 55, 98-100
ADD, 54, 92-94, 100-102
address manipulation,
71-72
AND, 61, 102-105
arithmetic, 54-58
Bit, 64-65
BOUND, 70, 105-106
BSF, 64, 107-109
BSR, 64, 109-110
BT, 64, 111-112
BTC, 64, 113-114
BTR, 64, 115-116
BTS, 64, 117-118
CALL, 69, 119-121
CBW, 58, 122-124
CDQ, 59
CLC, 124-125
CLD, 126-127
CLL 128-129
CMC, 130-131
CMP, 55, 132-133
CMPS, 67, 134-136
CWD, 59, 137-138
CWDE, 122-124
CWPE, 58

DAA, 60, 139-140
DAS, 60, 141-142

data conversion, 58-59
DEC, 54, 143-144
decimal arithmetic, 60
DIV, 54-55, 145-146
ENTER, 70-71, 147-149
ESC, 71

flag control, 65-66
flow control, 68-70
format of, 79-81

HLT, 71, 150-151
IDIV, 55, 152-153
IMUL, 54, 154-156

IN, 156-157

INC, 54, 158-159

INS, 160-162

INT, 69, 163-164
INTO, 69

IRET, 69, 155-156
IRETD, 69

Jee, 3, 167-171

JMP, 68-69, 172-174
JZ, 3

LAHF, 65, 175-176
LEA, 177-178

LEAVE, 70-71, 179-180
LEFS, 301

LGS, 301

LOCK, 71, 181-183
LODS, 67, 184-186
logical, 61-62

LOOP, 69

LOOPcc, 187-188
LOOFPE, 69

LOOPNE, 69
LOOPNZ, 69

LOOPZ, 69

LSS, 301

Lxx, 189-190

MOV, 52, 191-193, 301
MOVS, 67, 196-197
MOVSX, 58, 301
MOVxX, 194-195
MOVZX, 301

MUL, 54, 198-199
NEG, 55, 200-201
NOP, 71, 202-203

NOT, 61, 204-205
OR, 61, 206-208
OUT, 209-210

-OUTS, 211-213

POP, 53, 214-216
POPA, 53, 217-218, 299
POPAD, 53

POPF, 65, 219-220
POPFD, 65
processor control, 71
PUSH, 52-53, 65, 221-223
PUSHA, 53, 224-226, 299
PUSHAD, 53
PUSHD, 65
PUSHF, 227-228
RCL, 62

REP, 67

REPcc, 229-231
REPE, 67

REPNE, 67
REPNZ, 67

REPZ, 67

RET, 232-233
ROL, 62

ROR, 62

Rxx, 234-237
SAHF, 65, 238-239
SBB, 55, 247-249
SCAS, 67, 250-251
SET, 61

SETcc, 252-254
SHL, 62

SHLD, 63

SHR, 62

SHRD, 63

SHxD, 244-246
STC, 255-256
STD, 257-258

STI, 259-260
STOS, 67, 261-262
string, 66-68

SUB, 54, 263-264
Sxx, 240-243
TEST, 61, 265-266
timing data, 81-84
translation, 72-73
WAIT, 71, 267-268
XCHG, 52, 269-271
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Instructions (Continued)
XLAT, 272-273
XOR, 61, 274-276
INT instruction, 69, 163-164
Interleaving memory,
311-312
Internal registers, 28
Interrupt descriptor table
register, 42
Interrupts and exceptions,
47-49
INTO instruction, 69
IOPL (I/O privilege
level) flag, 34
IRET instruction, 69, 165-166
IRETD instruction, 69

Jec instruction, 3, 167-171

JMP instruction, 68-69,
172-174

Jump if condition is
met instruction,
167-171

JZ instruction, 3

LAHF instruction, 65,
175-176

LDTR, 42

LEA instruction, 177-178

LEAVE instruction, 70-71,
179-180

LEFS instruction, 301

LES instruction, 301

LGS instruction, 301

Linear address creation, 282

Load effective address
offset instruction,
177-178

Load flags into AH
instruction, 175-176

Load full pointer, 189-190

Load string instruction,
184-186

Local descriptor task register,
42

LOCK instruction, 4,
71, 181-183

LODS instruction, 67,
184-186

Logical and, 102-105

Logical compare instruction,
265-266

Logical instructions, 61-62

Logical operations,
nibbles P and Q, 86

Loop control with CX
counter instruction,
187-188

LOOP instruction, 69

Loop top, 3

LOOPcc instruction, 187-188

LOOPE instruction, 69

LOOPNE instruction, 69

LOOPNZ instruction, 69

LOOPZ instruction, 69

Lxx instruction, 189-190

Make stack frame for
procedure instruction,
147-149

Memory, 26-27

caching, 313-317
effective address
of an operand in, 282
flat and segmented, 37-49
interleaving, 311-312
organization, 318-321
segmentation, 281-284
descriptors and tables,
282-284
linear address creation,
282
virtual, 287-290
Memory access, 308-323
design trade-offs, 321-322
1/0 interface, 322-323
interleaving memory
and, 311-312
memory caching
and, 313-317
cache accesses, 315-317

memory organization,
318-321
page mode RAMs, 317-318
Memory management
registers, 42
Microprocessors,
8086 family of, 25-26
basics of, 26-28
history of, 24-26
MOV, 2
MOV instruction, 191-193,
301
MOV (move) instruction, 52
Move data instruction,
191-193
Move string instruction,
196-197
Move with sign/zero
extension instruction,
194-195
MOVS instruction, 67,
196-197
MOVSX instruction, 58, 301
MOVxX instruction, 194-195
MOVZX instruction, 301
MP (math present) flag,
39-40
MUL instruction, 54, 198-199
Multitasking, 277-281
support for, 279-281

NEG instruction, 55, 200-201
Negative binary numbers,
17-19
No operation instruction,
202-203
NOP instruction, 71, 202-203
NOT instruction, 61, 204-205
NT (nested task) flag, 34
Numbering systems, 9-21
binary math, 14-16
large binary numbers,
13-14
Numbers,
floating-point, 13
representing, 11-13
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translating large binary,
13-14

O (overflow) flag, 35

Octal notation, 10

One’s complement
negation instruction,
204-205

Opcode column, values used,

87
Operating systems,
considerations, 304-306
sample hypervisors,
- 305-306
OR instruction, 61, 206-208
OUT instruction, 209-210
Output string to port
instruction, 211-213
Output to port instruction,
209-210
OUTS instruction, 211-213
Overflow in binary
math, 19-21

P (parity) flag, 36
Page mode RAMs, 317-318
Paging, 284-287
physical address creation,
285-287
Paging unit, 332-334
PE (protection enable)
flag, 40-42
PG (paging enable) flag, 39
Physical address creation,
285-287
Pipelining, 29
defined, 310
instruction, 323-326
Pop all general registers
instruction, 217-218
Pop flags instruction,
219-220
POP instruction, 53, 214-216
Pop stack to operand,
214-216

POPA instruction, 53,
217-218, 299
POPAD instruction, 53
POPF instruction, 65,
219-220
POPFD instruction, 65
Prefetch unit, 327
Processor,
applications programming
considerations,
339-340
control instructions, 71
inside the, 323-338
bus unit, 334
control unit, 329
execution unit, 330-331
instruction decode unit,
327-328
instruction execution,
334-338
paging unit, 332-334
prefetch unit, 327
segmentation unit, 331
timing, 329-330
Processors, 307-340
memory access, 308-323
cache accesses, 315-317
design trade-offs,
321-322
/0 interface, 322-323
interleaving memory
and, 311-312
memory caching
and, 313-315
memory organization,
318-321
page mode RAMs,
317-318
modes compared
with, 296-304
system performance,
307-308
Program counter, 28-29
Programming, applications,
339-340
Protected mode, 277-290
multitasking, 277-281

support for, 279-281
paging, 284-287
physical address
creation, 285-287
segmentation, 281-284
linear address creation,
281
segment descriptors
and tables, 282-284
virtual memory, 287-290
support for, 289-290
PUSCH instruction, 53
Push all general registers,
224-226
Push flags instruction,
227-228
PUSH instruction, 52-53, 65,
221-223
Push operand onto
stack, 221-223
PUSHA instruction, 224-226,
299
PUSHAD instruction, 53
PUSHD instruction, 65
PUSHF instruction, 227-228

Queues, execution speed
and, 82-83

R (Resume) flag, 34
RAM, 4, 26-27
chip response time, 314
page modes, 317-318
RCL instruction, 62
RCR instruction, 62
Read only memory
(ROM), 27
Real mode, new instructions
for, 300-302
Real mode programs,
296-299
Register operand mode, 45
Registers,
control, test, and debug,
38-42
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Registers (Continued)
data, 30-32
segment, 32
Remove procedure
stack frame
instruction, 179-180
REP instruction, 4, 67
REPcc instruction, 229-231
REPE instruction, 67
Repeat while condition is
met (prefix)
instruction, 229-231
* REPNE instruction, 67
REPNZ instruction, 67
REPZ instruction, 67
RET instruction, 232-233
Return from CALL
instruction, 232-233
ROM see Read only memory
ROR instruction, 62
Rotate instruction, 234-237
Rxx instruction, 234-237

S (sign), flag, 35

SAHF instruction, 65,
238-239

SBB instruction, 55, 247-249

Scan string instruction,
250-251

SCAS instruction, 67,
250-251

Segment descriptors and
tables, 282-284

Segment registers, 32

Segmentation unit, 331

Segmented memory, 34-39

Set byte on condition
instruction, 252-254

Set carry flag instruction,
255-256

Set direction flag, 257-258

SET instruction, 61

Set interrupts enabled
-flag instruction,

259-260

SETcc instruction, 252-254

Shift and rotate instructions,
62-64

Shift double instruction,
244-246

SHL instruction, 62

SHLD instruction, 63

SHR instruction, 62

SHRD instruction, 63

SHxD instruction, 244-246

Sign extension in binary
math, 20

Signed divide instruction,
152-153

Signed multiply, 154-156

Source index, 31, 32

Status flags, 35-36

STC instruction, 255-256

STD instruction, 257-258

STI instruction, 259-260

Store AH into flags
instruction, 238-239

Store string instruction,
261-262

STOS instruction, 67,
261-262

String instructions, 66-68

SUB instruction, 54, 263-264

Subtract instruction, 263-264

Subtract with borrow
instruction, 247-249

Sxx instruction, 240-243

T (Trap) flag, 35
Task register, 42
TEST instruction, 61,
265-266
Test registers, 38-42
Timing, 329-330
data, 81-84

TR, 42

Translate string instruction,
272-273

Translation instruction,
72-73

TS (task switched) flag, 39

Two’s complement negation
instruction, 200-201

Unconditional jump
instruction, 172-174

Unsigned divide instruction,
145-146

Unsigned multiply
instruction, 198-199

Virtual machines, 293
Virtual memory, 287-290
Virtual (V8086) mode,
291-306
defined, 292
flag, 34
history of, 294-296
programs and, 296-304
virtual machines
and, 293-294
VM (virtual mode) flag, 34

Wait for coprocessor
instruction, 267-268

WAIT instruction, 71,
267-268

XCHG (exchange) instruction,
52, 269-271

XLAT instruction, 272-273

XOR instruction, 61, 274-276

Z (zero) flag, 35-36
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