






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































OPCODE MAP

Two-Byte Opcode Map (first byte is OFH)

0 1 2 3 4 5 6 7
o | Grps Grp7 ot A I CLTS
]
5 MOV MOV MOV MOV MOV MOV

Cd,Rd Dd,Rd Rd,Cd | Rd,Dd Td,Rd Rd,Td

3
4
5
6
7
8 Long-displacement jump on condition (Jv)

JO JNO B | s | gz | uNz | JBE | JUNBE
: Byte Set on condition (Eb)

SETO | SETNO | SETB | SETNB SETZ SETNZ | SETBE | SETNBE

A | PusH POP BT SHLD SHLD

FS FS Ev,Gv EvGvlb EvGvCL
B LSS BTR LFS LGS MOVZX

Mp Ev.Gv Mp Mp Gv,Eb Gv,Ew

c
D
E
F
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OPCODE MAP

Two-Byte Opcode Map (first byte is OFH)

8 9 A B C D E F
0
1
2
3
4
5
6
7
8 Long-displacement jump on condition (Jv)
JS JINS JP JNP JL JNL JLE JNLE
9 SETS SETNS SETP SETNP SETL SETNL SETLE SETNLE
A PUSH POP BTS SHRD SHRD IMUL
GS GS Ev,Gv EvGvlb EvGvCL Gv,Ev
B Grp-8 BTC BSF BSR MOvVSX
Ev,Ib Ev,Gv Gv,Ev Gv,Ev Gv,Eb Gv,Ew
]
D
E
F




OPCODE MAP

Opcodes determined by bits 5,4,3 of modR/M byte:

I mod I nnn | R/M I
000 001 010 011 100 101 110 11
1 ADD OR ADC SBB AND SuB XOR CMP
2 ROL ROR RCL RCR SHL SHR SHL SAR
TEST TEST MUL IMUL DIV IDIV
3 Ib/lv Ib/lv NOT NEG | Al/eAX | AL/eAX | ALleAX | AL/eAX
4 INC DEC
Eb Eb
5 INC DEC CALL CALL JMP JMP PUSH
Ev Ev Ev eP Ev Ep Ev
Opcodes determined by bits 5,4,3 of modR/M byte:
limod I nnn I R/M |
000 001 010 011 100 101 110 111
6 SLDT STR LLDT LTR VERR VERW
Ew Ew Ew Ew Ew Ew
7 SGDT SIDT LGDT LIDT SMSW LMSW
Ms Ms Ms Ms Ew Ew
8 BT BTS BTR BTC

A-7
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APPENDIX B
COMPLETE FLAG CROSS-REFERENCE

B.1 KEY TO CODES

=instruction tests flag

=instruction modifies flag (either sets or resets depending on operands)
=instruction resets flag

=instruction sets flag

- =instruction’s effect on flag is undefined

R =instruction restores prior value of flag

blank  =instruction does not affect flag

-—oz4d

Instruction OF SF

N
o
>
n
v
-

CF TF IF DF | NT

AAA
AAD
AAM
AAS
ADC
ADD
AND
ARPL
BOUND
BSF/BSR — -
BT/BTS/BTR/BTC - —
CALL
cBwW
CLC 0
CLD 0
CLl 0
CLTS
CMC
CMP
CMPS
CwWD
DAA —
DAS
DEC
DIV —
ENTER
ESC
HLT
IDIV —
IMUL M - - - — M
IN
INC M M M M M
INS T
INT
INTO
IRET
Jcond

[
=2

oz |
222

T ZTTZZIZZ|
z=

2221 22|

ozdzi Iz

z=
g2z 22
222 22
S
222 22
22 ===z

=l

— D~
o
o
o
-
-
JDOO
—“oo
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COMPLETE FLAG CROSS-REFERENCE

Instruction

OF

SF

ZF

AF

PF

CF

TF

DF

NT

RF

JCXZ

JMP

LAHF

LAR
LDS/LES/LSS/LFS/LGS
LEA

LEAVE
LGDT/LIDT/LLDT/LMSW
LOCK

LODS

LOOP
LOOPE/LOOPNE
LSL

LTR

MOV

MOV control, debug
MOVS
MOVSX/MOVZX
MUL

NEG

NOP

NOT

OR

ouT

OuUTS

POP/POPA

POPF
PUSH/PUSHA/PUSHF
RCL/RCR 1
RCL/RCR count
REP/REPE/REPNE
RET

ROL/ROR 1
ROL/ROR count
SAHF
SAL/SAR/SHL/SHR 1
SAL/SAR/SHL/SHR
count

SBB

SCAS

SET cond

SGDT/
SIDT/SLDT/SMSW
SHLD/SHRD

STC

STD

STl

STOS

STR

suB

TEST
VERR/VERRW
WAIT

XCHG

XLAT

XOR

£=£<Z

=<

(=<

—“=Z

oxZ

= == ===

==

|

< - =2

£

< -2 22

=L

==L

™

4z2 =zzw»zz

==

o=
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APPENDIX C
STATUS FLAG SUMMARY

C.1 STATUS FLAGS’ FUNCTIONS

Bit Name Function
0 CF Carry Flag — Set on high-order bit carry or borrow; cleared otherwise.
2 PF Parity Flag — Set if low-order eight bits of result contain an even number of
1 bits; cleared otherwise.
4 AF Adjust flag — Set on carry from or borrow to the low order four bits of AL;
cleared otherwise. Used for decimal arithmetic.
ZF Zero Flag — Set if result is zero; cleared otherwise.
SF Sign Flag — Set equal to high-order bit of result (0 is positive, 1 if
negative).
1 OF Overflow Flag — Set if result is too large a positive number or too small a
negative number (excluding sign-bit) to fit in destination operand; cleared
otherwise.

C.2 KEY TO CODES

T =instruction tests flag

M =instruction modifies flag (either sets or resets depending on operands)
0 =instruction resets flag :

- =instruction’s effect on flag is undefined

blank  =instruction does not affect flag

C-1
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STATUS FLAG SUMMARY

Instruction

OF

CF

AAA
AAS

AAD
AAM

DAA
DAS

ADC
ADD
SBB
suB
CMP
CMPS
SCAS
NEG

DEC
INC

IMUL
MUL

RCL/RCR 1

RCL/RCR count
ROL/ROR 1

ROL/ROR count
SAL/SAR/SHL/SHR 1
SAL/SAR/SHL/SHR count

SHLD/SHRD
BSF/BSR
BT/BTS/BTR/BTC

AND
OR
TEST
XOR

I 21T 22 22 2225588

ol eNoNa]

=TT 2222252 22 =22

= ==

==

= Z2Z2ZTEEZTE5 £ £

g2 2=

=22

=<
==

=2 2252258

=T 222228 22 =2

s 2.

=L

==

==Z

cooco Tz 22222
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APPENDIX D
CONDITION CODES

Note: The terms “above” and “below” refer to the relation between two unsigned values
(neither the SF flag nor the OF flag is tested). The terms “greater” and “less” refer to
the relation between two signed values (the SF and OF flags are tested).

D.1 DEFINITION OF CONDITIONS

(For conditional instructions Jcond, and SETcond)

Mnemonic Meaning "és‘:l';‘é?(i‘%" Condition Tested
(0] Overflow 0000 OF = 1

NO No overflow 0001 OF =0

EIAE Elgli?rmr above nor equal 0010 CF =1

L\\IE ngf)\?ee Ig;/v equal 0011 CF=0

£ Squal 0100 ZF =1

Nz Not gie” otor 2 -0

BE Relow or equal 0110 (CF or ZF) = 1

RIBE 'l&lggl\;ngr below nor equal 0111 (CForzF) = 0

S Sign 1000 SF =1

NS No sign 1001 SF =0

lEE Igg:::g even 1010 PF =1

PO Pariy odd 1011 PF=0

NGE llzleésitsr'xer greater nor equal 1100 (SF xor OF) = 1

glé g?éalx‘ta:rs or equal 1101 (SF xor OF) = 0

LE h%stsg‘;’é Squal 1110 ((SF xor OF) or ZF) = 1
NLE Reither less nor equal 111 ((SF xor OF) or ZF) = 0
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APPENDIX E
INSTRUCTION FORMAT AND TIMING

This appendix is an excerpt from Section 9 of the 386™ SX Microprocessor Data Sheet.

9. INSTRUCTION SET

This section describes the 386™ SX microproces-
sor instruction set. A table lists all instructions
along with instruction encoding diagrams and
clock counts. Further details of the instruction en-
coding are then provided in the following sections,
which completely describe the encoding structure
and the definition of all fields occurring within 386
microprocessor instructions.

9.1 386™ SX MICROPROCESSOR
INSTRUCTION ENCODING AND
CLOCK COUNT SUMMARY

For more detailed information on the encodings of
instructions refer to Section 9 of the 386 SX Data
Sheet, Instruction Encodings. Section 9.2 explains
the general structure of instruction encodings, and
defines exactly the encodings of all fields con-
tained within the instruction. :

Instruction Clock Count Assumptions
1. The instruction has been prefetched, de-
coded, and is ready for execution.

Bus cycles do not require wait states.

There are no local bus HOLD requests delay-
ing processor access to the bus.

4. No exceptions are detected during instruction
execution.

If an effective address is calculated, it does
not use two general register components.
One register, scaling and displacement can
be used within the clock counts shown. How-
ever, if the effective address calculation uses
two general register components, add 1 clock
to the clock count shown.

5.

Instruction Clock Count Notation

1. If two clock counts are given, the smaller re-
fers to a register operand and the larger refers
to a memory operand.

n =number of times repeated.

m number of components in the next in-
struction executed, where the entire displace-
ment (if any) counts as one component, the
entire immediate data (if any) counts as one
component, and each of the other bytes of
the instruction and prefix(es) each count as
one component.

Misaligned or 32-bit operand accesses:

1. Ifinstructions access a misaligned 16-bit oper-
and or 32-bit operand on even address:
*add 2 clocks for read or write.
**add 4 clocks for read and write.

If instructions access a 32-bit operand on odd
address:

* add 4 clocks for read or write

**add 8 clocks for read and write.
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INSTRUCTION FORMAT AND TIMING

Table 9-1. 386™ SX Microprocessor Instruction Set Clock Count Summary

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Addre P Add P
Mode or Virtual Mode or Virtual

Virtual Address Virtual Address

8086 Mode 8086 Mode

Mode Mode
GENERAL DATA TRANSFER '
MOV = Move:
Register to Register/Memory l 1000100w lmodreg v/m—l 2/2 2/2* b h
Register/Memory to Register I 1000101w Tmod reg r/ml 2/4 2/4* b h
Immediate to Register/Memory | 1100011w lmod 000 r/m l immediate data 2/2 2/* b h
Immediate to Register (short form) I1011 w reg' i diate data 2 2
Meﬁwy to Accumulator (short form) 1010000w | full displacement 4* 4* b h
Accumulator to Memory (short form) l 1010001w | fulldi 2% 2* b h
Register Memory to Segment Register [ 10001110 Imodsregs r/m—l 2/5 22/23 b h,i,j
Segment Register to Register/Memory [ 10001100 ] mod sreg3 r/m I 2/2 2/2 b h
MOVSX = Move With Sign Extension
Register From Register/Memory L00001111 [ 1011111w Imodreg vlml 3/6* 3/6* b h
MOVZX = Move With Zero Extension
Register From Register/Memory | 0000111 1—[ 1011011w Imod reg r/ml 3/6* 3/6* b h
PUSH = Push:
Register/Memory [11111111 [mod110 wm] 5/7* 7/9* b n
Register (short form) 2 4 b h
Segment Register (ES, CS, SS or DS) 000sreg2110 2 4 b h

ment Register
S?ESWGS) | 00001111 | 10sreg3000 2 4 b h
Immediate | 01101080 | i diate data 2 4. b h
PUSHA = Push All 01100000 18 34 b h
POP = Pop
Register/Memory I 10001111 |modooo r/m] 5/7 719 b h
Register (short form) 01011 reg 6 6 b h
Segment Register (ES, CS, SS0rDS) |9 ¢sreg2111 7 25 b hij
Sﬁ?ﬂégf‘““ [ 00001111 [ 10sreg3001 7 25 b hij
POPA = Pop All 01100001 24 40 b h
XCHG = Exchange
Register/Memory With Register I 1000011w I mod reg r/m—I 3/5** 3/5** b, t th
Register With Accumulator (shortform) 10010 reg Clk Count 3 3
Virtual

IN = Input from: m".‘i‘m
Fixed Port I 1110010w r port number 126 12* 6*/26%* s/+, m
Variable Port 27 13| 7es2700 s/+.m
OUT = Output to:
Fixed Port I 1110011w l port number 124 10* 4*/24°* s/+, m
Variable Port 125 1 5*/25° s/+,m
LEA = Load EA to Register l 10001101 rmodreg r/ml 2 2

* If CPL < IOPL

** If CPL > IOPL

E-2
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INSTRUCTION FORMAT AND TIMING

Table 9-1. 386™ SX Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Address | Protected | Address | Protected
Mode or Virtual Mode or Virtual
Virtual Address Virtual Address
8086 Mode 8086 Mode
Mode Mode
SEGMENT CONTROL
LDS = Load Pointer to DS [ 11000101 l mod reg r/ﬂ ™ 26*/28* b hij
LES = Load Pointer to ES l 11000100 l mod reg r/ﬂ] ™ 26*/28* b h,ij
LFS = Load Pointer to FS [00001111 [ 10110100 [modreg r/m] 7 | 29v31 b ni
LGS = Load Pointer to GS l 00001111 [ 10110101Jmodreg r/m] ™ 26*/28* b hivj
LSS = Load Pointer to SS [ 00001111 I 10110010 | modreg r/m] 7™ 26*/28* b h,i,j
FLAG CONTROL
CLC = Clear Carry Flag 2 2
CLD = Clear Direction Flag 2 2
CLI = Clear Interrupt Enable Flag 8 8 m
CLTS = Clear Task Flag l 00001111 l 00000110 5 5 c |
CMC = Complement Carry Flag 2 2
LAHF = Load AH into Flag 2 2
POPF = Pop Flags 5 5 b h.n
PUSHF = Push Flags 4 4* b h
SAHF = Store AH into Flags 3 3
STC = Set Carry Flag 2 2
STD = Set Direction Flag 2 2
STi = Set Interrupt Enable Flag 8 8 m
ARITHMETIC
ADD = Add
Register to Register mo 000dw l modreg  r/m I 2 2
Register to Memory I 0000000w lmodreg ’/ﬂl 7** ™ b h
Memory to Register l 0000001w lmodreg r/ml 6* 6* b h
Immediate to Register/Memory I 100000sw l mod000 r/m ] immediate data 2/7** 2/7** b h
Immediate to Accumulator (short form) immediate data 2 2
ADC = Add With Carry
Register to Register [ 000100d wmreg r/ﬂ 2 2
Register to Memory I 0001000w Imod reg r/ml 7> 7 b h
Memory to Register [ 0001001w Lmod reg r/m] 6* 6* b h
Immediate to Register/Memory l 100000sw I mod010 r/m I immediate data 2/7** 2[7** b h
Immediate to Accumulator (short form) immediate data 2 2
INC = Increment
Register/Memory 1111111w lmodooo r/ml 2/6** 2/6** b h
Register (short form) 2 2
SUB = Subtract
Register from Register m1 010dw [ modreg _ r/m l 2 2

E-3
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INSTRUCTION FORMAT AND TIMING

Table 9-1. 386™ SX Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Address Protected Address | Protected
Mode or Virtual Mode or Virtual
Virtual Address Virtual Address
8086 Mode 8086 Mode
Mode Mode
ARITHMETIC (Continued)
Register from Memory [ 0010100w Jmod reg r/m] ™ ok b h
[Memory from Register LOO 10101 w lmod reg r/ml 6* 6* b h
iImmediate from Register/Memory l 100000sw [mod 101 r/m] immediate data 2/7T** 2/7** b h
|immediate from Accumulator (short form) 0010110w immediate data 2 2
[SBB = Subtract with Borrow
Register from Register l 000110dw Fnod reg 1/m| 2 2
Register from Memory | 0001100w lmod reg r/ml ™ ™ b h
Memory from Register | 0001101w Imod reg r/m] 6* 6* b h
Immediate from Register/Memory l 100000sw lmod 011 1/ ml immediate data 2/7** 2[7** b h
Immediate from Accumulator (short form) 0001110w immediate data 2 2
DEC = Decrement
|Register/Memory L1 111111w Iregom r/m 2/6** 2/6** b h
Register (short form) 01001 reg 2 2
ICMP = Compare
Register with Register [0 01110dw lmod reg 1/ ml 2 2
Memory with Register [ 0011100w Jmod reg r/m] 5* 5% b h
Register with Memory I 0011101w lmod reg 1/ ml 6* 6* b h
Immediate with Register/Memory L1 00000sw Imod 111 o/ a immediate data 2/5* 2/5* b h
immediate with Accumulator (short form) 0011110w immediate data 2 2
NEG = Change Sign [ 1111011w Imodo 11 r/m] 2/6* 2/6* b h
AAA = ASCII Adjust for Add 00110111 4 4
AAS = ASCH Adjust for Subtract [ 00111111 4 4
DAA = Decimal Adjust for Add [ 00100111 4 4
DAS = Decimal Adjust for Subtract 4 4
MUL = Muitiply (unsigned)
Accumulator with Register/Memory [ 1111011w [mod 100 r/ ml

Multiplier-Byte 12-17/15-20* | 12-17/15-20* b,d dh
-Word 12-25/15-28* | 12-25/15-28* b.d d,h
-Doubleword 12-41/17-46* [12-41/17-46* b.d d,h

IMUL = Integer Multiply (signed)
Accumulator with Register/Memory l 1111011 w lmod 100 r/;l

Multiplier-Byte 12-17/15-20* | 12-17/15-20* b,d d,h
-Word 12-25/15-28* |12-25/15-28* b,d dh
-Doubleword 12-41/17-46* {12-41/17-46* b,d dh

Register with Register/Memory l 00001111 l 10101111 lmod reg r/m]

Multtiplyer-Byte 12-17/15-20* | 12-17/15-20* b,d d,h
Word 12-25/15-28* | 12-25/17-46* b, d d,h
-Doubleword 12-41/17-46* | 12-41/17-46* b.d dh

Register/Memory with Immediate to Register [0 11010s1 |modreg r/ rﬂ immediate data
Word 13-26 13-26/14-27 b,d dh
-Doubleword 13-42 13-42/16-45 b, d d, h
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INSTRUCTION FORMAT AND TIMING

Table 9-1. 386™ SX Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Address | Protected | Address | Protected |
Modeor | Virtusl | Modeor | Virtual
Virtual | Address | Virtual | Address
8086 Mode 8086 Mode
Mode Mode
IARITHMETIC (Continued)
DIV = Divide (Unsigned)
|Accumulator by Register/Memory 1111011w Imod1 10 r/m|
Divisor—Byte 1417 | 14117 be eh
—Word 22/25 | 22/25 be eh
—Doubleword 38/43 38/43 be e,h
LDIV = Integer Divide (Signed)
Accumulator By Register/Memory h! 11011w lmod1 11 r/nq
Divisor—Byte 19/22 | 19722 be eh
—Word 27/30 | 27/30 be eh
—Doubleword 43/46 43/46 be e,h
IAAD = ASCIl Adjust for Divide l11o1o1o1]oooo1o1ﬂ 19 19
IAAM = ASCII Adjust for Muitiply 11010100]00001010] 17 17
ICBW = Convert Byte to Word 3 3
CWD=OonvmwmtoDoumVIor¢ 2 2
LOGIC
|Shift Rotate Instructions
[Not Through Carry (ROL, ROR, SAL, SAR, SHL, and SHR)
Register/Memory by 1 Fl 01000w [mod TTT r/mJ 3/7** 3/7** b h
Register/Memory by CL | 1101001w lmod‘lTT r/mJ 37 37+ b h
Register/Memory by Count [ 1100000w [mod TTT _ r/m|immed 8-bit data 37 3/7* b h
[Through Carry (RCL and RCR)
Register/Memory by 1 [1 101000w ]modTTT r/m] 9/10* | 9/10* b h
Register/Memory by CL b1 01001 meod T r@ 9/10* | 9/10* b h
Register/Memory by Immediate Count I 1100000 meod T r/mJ immed 8-bit data 9/10* | 9/10* b h
TTT Instruction
000 ROL
001 ROR
010 RCL
011 RCR
100  SHL/SAL
101 SHR
111 SAR
rnm = Shift Left Double
Register/Memory by Immediate [ 00001111 l 10100100 lmodreg r/mlimmeda-bndata 3/7** | 37**
Register/Memory by CL | 00001111 I 10100101 |modreg :/ml 7+ | 37+
[SHRD = Shift Right Double
Register/Memory by Immedi I 00001111 ] 1010110041modrag r/mlimmede-bitdam 37> | 37+
Register/Memory by CL I 00001111 I 10101101 Imodreg r/ml 3/7** 3/7**
JAND = And
Register to Register | 001000dw ]modrag r/m] 2 2
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INSTRUCTION FORMAT AND TIMING

Table 9-1. 386™ SX Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Address | Protected | Address | Protected
Modeor | Virtual | Modeor | Virtual
Virtual | Address | Virtual | Address
8086 Mode 8086 Mode
Mode Mode
LOGIC (Continued)
Register to Memory [001 0000w Lmodreg r/ml 7** 7** b h
Memory to Register l 0010001 wImod reg r/m] 6* 6* b h
|immediate to Register/Memory I 1000000w Lrnod1 00 r/ml i data 2/7* 2/7** b h
[Immediate to Accumulator (Short Form) immediate data 2 2
TEST = And Function to Flags, No Resuit
Register/Memory and Register [ 1000010w |mod reg 1/ ml 2/5* 2/5* b h
|Immediate Data and Register/Memory | 111101 1w |mod000 _r/m] immediate data o5 | 2 b h
I diate Data and A I
(Short Form) | 1010100w |immediatedata 2 2
OR = Or
Register to Register r00001 0Odw lmod reg r/rﬂl 2 2
Register to Memory l 0000100w lmodveg r/ﬂ 7** 7+ b h
Memory to Register [00001 01w lmod reg r/ml 6* 6* b h
|immediate to Register/Memory l 1000000 wImod 001 r/mI immediate data 2/7** 2/7** b h
Immediate to Accumulator (Short Form) 0000110w | immediate data 2 2
XOR = Exclusive Or
|Register to Register l 001100dw Lmod reg r/m] 2 2
Register to Memory ] 0011000w ]modreg r/ml 7 ™ b h
Memory to Register I 0011001w lmodreg r/ml 6* 6* b h
limmediate to Register/Memory l 1000000w I mod110 r/mI immediate data 2[7** 2/7** b h
[ diate to A lator (Short Form) immediate data 2 2
NOT = Invert Register/Memory l 1111011w lmod01 0 r/ml oIk 2/6** 2/6** b h
Count
STRING MANIPULATION Virtual
CMPS = Compare Byte Word 1010011w Modo“ 10* 10* b h
INS = Input Byte/Word from DX Port 129 15 9*/29** b s/t,h,m
LODS = Load Byte/Word to AL/AX/EAX 5 5* b h
MOVE = hove Byte Word o B N
OUTS = Output Byte/Word to DX Port 128 14 8*/28°* b s/th,m
5CAS = Soan Byte Word IO O
STOS = Store Byte/Word from .
XLAT = Transioe sriog - b
REPEATED STRING MANIPULATION
Repeated by Count in CX or ECX
REPE CMPS = Compare String
(Find Non-Match) ] 11110011 | 1010011wl 5+9n** [ 5+9n** b h
* If CPL < IOPL ** If CPL > IOPL
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Table 9-1. 386™ SX Microprocessor Instruction Set Clock Count Summary (contd.)

' CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Address Protected | Address | Protected
Mode or Yirtual Mode or | Virtual
Virtual Address Virtual | Address
8086 Mode 8086 | Mode
Mode Mode )
REPEATED STRING MANIPULATION (Continued) ’
REPNE CMPS = Compare String Clk Count
(Find Match) [11110010[1010011w] m““““.,o:,. 5+9n** [ 54+9n** b h
REP INS = Input String [11110010]0110110w] t 13+6n* [7+6n*27+6n% b | sthm
REP LODS = Load String [11110010]1010110w] 5+6n | 5+6n* b h
REP MOVS = Move String [11110010[1010010w] 7+an* | 7+4n* b h
REPOUTS - OutputString | 11110010 [0110111w]| [+ 12+5n*| 545026450 | b | sthm
REPE SCAS = Scan String
(Find Non-AL/AX/EAX) | 11110011 ]1010111w] 5+8n* 5+8n* b h
REPNE SCAS = Scan String
(Find AL/AX/EAX) {11110010[1010111w] 5+8n* 5+8n* b h
REP STOS = Store String [11110010[1010101w] 5+51% [ 5450+ b h
BIT MANIPULATION '
BSF = Scan Bt Forward [00001111 10111100 [modreg 1/ 10+3n%| 10430 b h
BSR = Scan Bit Reverse 00001111 10111101 [modreg  r/m] 10+43n* | 10+3n b h
BT = Test Bit
Register/Memory, Immedi {00001111] 10111010 |mod100 r/m|immed 8-bit data| 3/6* 3/6* b h
Register/Memory, Register | 00001111 I101 00011 Imodreg r/mI 3/12* 3/12* b h
BTC = Test Bit and Comp
Register/Memory, Immediate | 00001111 | 10111010 |mod111 _r/m|immed 8-bitdate||  6/8* 6/8* b h
Register/Memory, Register 160001 111 l 10111011 Irnodreg r/m‘ 6/13* 6/13* b h
BTR = Test Bit and Reset
Register/Memory, Immedi [oooonn I 10111010Imod110 v/ ' ‘B-bhdatal 6/8* 6/8* b h
Register/Memory, Register I 00001111 I 10110011 Imodreg r/m] 6/13* 6/13* b h
BTS = Test Bit and Set
Register/Memory, Immedi [00001111] 10111010 |mod101 r/mli s-bitdata| 6/ 6/8* b h
Register/Memory, Register [00001111 [10101011 |modreg  r/m] 6/13* 6/13* b h
CONTROL TRANSFER )
CALL = Call
Direct Within Segment 11101000 | full displacement 7+m* 9+m* b r
Register/Memory
) - " DI 7+m*/ 9+m/
Indirect Within Segment 111111111 Irnod0‘10 rlml 10+m* 124+m* b hr
Direct Intersegment 10011010 funsigned full offset, selector 17+m* 42+m* b ik,r
Notes: '

t Clock count shown applies if 1/0 permission allows |70 to the port in virtual 8086 mode. If I/0 bit map denies permission
exception 13 fault occurs; refer to clock counts for INT 3 instruction.
* If CPL < IOPL ** |f CPL > IOPL
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Table 9-1. 386™ SX Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Address | Protected | Address | Protected
Modeor | Virtual | Modeor | Virtual
Virtual | Address | Virtual | Address
8086 Mode 8086 Mode
Mode Mode
ICONTROL TRANSFER (Continued)
Protected Mode Only (Direct Intersegment)
Via Call Gate to Same Privilege Level 64+m hij.k,r
Via Call Gate to Different Privilege Level,

(No Parameters) 98+m hijik,r
Via Call Gate to Different Privilege Level, 106+ 8x

(x Parameters) +m hij.kr
From 286 Task to 286 TSS 285 hjkr
From 286 Task to 386 TSS 310 hijk,r
From 286 Task to Virtual 8086 Task (386 TSS) 227 hjk,r
From 386 Task to 286 TSS 285 hijkr
From 386 Task to 386 TSS 392 hjk.r
From 386 Task to Virtual 8086 Task (386 TSS) 309 h,jk,r

|Indirect Intersegment 11111111 [mod011 r/rvll 30+m 46+m b hijkr
Py d Mode Only (Indi Int g
Via Call Gate to Same Privilege Level 68+m hijkr
Via Call Gate to Different Privilege Level,

(No Parameters) 102+m h,j.k.r
Via Call Gate to Different Privilege Level,

(x Parameters) 110+8x hjk,r
From 286 Task to 286 TSS +m hjkr
From 286 Task to 386 TSS hij.kr
From 286 Task to Virtual 8086 Task (386 TSS) hij.k.r
From 386 Task to 286 TSS hij.kr
From 386 Task to 386 TSS 399 hijk,r
From 386 Task to Virtual 8086 Task (386 TSS) hikr

JMP = Unconditional Jump
Short (11‘010‘1 |e-bitdisplacameﬂ 7+m 7+m r
Direct within Segment full displacement 7+m 7+m r
IRegister/Memory Indirect within Segment | 11111111 |mod100  r/m| 3::‘,/11 ?4++“‘r‘/1 b hr
Direct Intersegment unsigned full offset, selector 16+m | 31+m iokr
Protected Mode Only (Direct intersegment)
Via Call Gate to Same Privilege Level 53+m hijkr
From 286 Task to 286 TSS hijkr
From 286 Task to 386 TSS hijkr
From 286 Task to Virtual 8086 Task (386 TSS) hijkr
From 386 Task to 286 TSS hijkr
From 386 Task to 386 TSS hijkr
From 386 Task to Virtual 8086 Task (386 TSS) 395 hjkr
{Indirect Intersegment 11111111 lmod1o1 r/m 17+m 31+m b h,jk,r
Protected Mode Only (Indirect Intersegment)
Via Call Gate to Same Privilege Level 49+m hij.k,r
From 286 Task to 286 TSS hik,r
From 286 Task to 386 TSS hijk.r
From 286 Task to Virtual 8086 Task (386 TSS) hjkr
From 386 Task to 286 TSS hijkr
From 386 Task to 386 TSS 328 hijkr
From 386 Task to Virtual 8086 Task (386 TSS) h,j.k,r
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Table 9-1. 386™ SX Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Address | P Addr Pr
Mode or Virtual Mode or Virtua!
Virtual Address Virtual Address
8086 Mode 80868 Mode
Mode Mode
CONTROL TRANSFER (Continued)
RET = Return from CALL:
Within Segment 11000011 124m b g.hr
Within Segment Adding Immediate to SP | 11000010] 16-bit displ I 12+m b g.hr
Intersegment 11001011 36+m b g.hjkr
[ g Adding Immediate to SP |11oo1o1o| 16-bit displ ] 36+m b g hikr
Protected Mode Only (RET):
to Different Privilege Level
Intersegment 72 hjkr
1 g Adding | diate to SP 72 hjkr
CONDITIONAL JUMPS
NOTE: Times Are Jump “Taken or Not Taken"
JO = Jump on Overfiow
8-Bit Displacement |01110000] 8-bit displ ] 7+mor3| 7+mor3 r
Full Displacement I 00001111 | 10000000 |1ul|displacement 7+mor3f 7+ mor3 4
JNO = Jump on Not Overflow
8-Bit Displacement |01110001| 8-bit displ I 7+mor3| 7+mor3 r
Full Displacement | 00001111 | 10000001 |1ulldisplaoemem 7+mor3|7+mor3 4
JB/JNAE = Jump on Below/Not Above or Equal
8-Bit Displacement [01110010 8-bit displ | 7+mor3|7+mor3 4
Full Displacement ‘ | 00001111 10000010 |ﬁ1lldisplacemem 7+mor3| 7+ mor3 r
JNB/JAE = Jump on Not Below/Above or Equal
8-Bit Displacement |01110011| 8-bit displ ] 7+mor3| 7+mor3 r
Full Displacement | 00001111 T10000011 Ifulldisplaoemem 7+mor3| 7+ mor3 4
JE/JZ = Jump on Equal/Zero
8-Bit Displacement L011101001 8-bit displ J 7+mor3| 7+ mor3 4
Full Displacement [(00001111 [ 10000100 | fundisplacement |7+ mor3| 7+ mora '
JNE/JNZ = Jump on Not Equal/Not Zero
8-Bit Displacement I 01110101 l B-bitdisle 7+mor3[ 7+ mor3 r
Full Displacement | 00001111 l 10000101 ]fulldisplacemem 7+mor3| 7+ mor3 r
JBE/JNA = Jump on Below or Equal/Not Above
8-Bit Displacement |01110110| 8-bit displ ] 7+mor3| 7+ mor3 r
Full Displacement r00001111 I 10000110 ]fulldisplacemem 7+mor3} 7+ mor3 r
JNBE/JA = Jump on Not Below or Equal/Above
8-Bit Displacement |o111o111—l 8-bit displ ] 7+mor3| 7+ mor3 r
Full Displacement I 00001111 [ 10000111 Ifulldispiaoemen( 7+ mor3| 7+ mor3 r
JS$ = Jump on Sign
8-Bit Displacement ﬁ1111000 | 8-bit displ ] 7+mor3(7+mor3 r
Full Displacement IJOOOHH b0001000J1uIldiwlacemnt 7+mor3| 7+mor3 4
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Table 9-1. 386™ SX Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Address | Prot d | Add P d
Mode or Virtual Mode or Virtual
Virtual Address Virtual Address
8086 Mode 8086 Mode
Mode Mode
CONDITIONAL JUMPS (Continued)
JNS = Jump on Not Sign
8-Bit Displacement [01111001 | eobitdsp | 7+mor3| 7+ mor3 '
Full Displacement | 00001111 l 10001001 Ifulldlsp‘aeement 7+mor3| 7+ mor3 r
JP/JPE = Jump on Parity/Parity Even
8-Bit Displacement |o111101o| 8-bit displ ] 7+mor3| 7+ mor3 r
Full Displacement I 00001111 | 1000101ﬂfuII 7+mor3} 7+ mor3 r
JNP/JPO = Jump on Not Parity/Parity Odd
8-Bit Displacement |01111011I 8-bit displ | 7+mor3| 7+mor3 r
Full Displacement I 00001111 I 10001011 Iiull‘" 7+mor3} 7+ mor3 r
JL/INGE = Jump on Less/Not Greater or Equal
8-Bit Displacement ]o11111oo| 8-bit displ | 7+mor3| 7+ mor3 r
Full Displacement I 00001111—[ 10001100 qulldisplacement 7+mor3| 7+ mor3 r
JNL/JGE = Jump on Not Less/Greater or Equal
8-Bit Displacement | 01111101 [ 8-bit disp! —l 7+mor3| 7+ mor3 r
Full Displacement | 00001111 [ 10001101 lfulldisplacemem 7+mor3| 7+ mor3 r
JLE/JNG = Jump on Less or Equal/Not Greater
8-Bit Displacement | 01111110 l e-bitdisplj 7+mor3| 7+ mor3 r
Full Displacement [00001111 l 10001110 ]full" l 7+mor3| 7+ mor3 r
JNLE/JG = Jump on Not Less or Equal/Greater
8-Bit Displacement | 01111111 ] 8-bit displ j 7+mor3| 7+ mor3 r
Full Displacement L000011|1 l 10001111 qull P 7+mor3| 7+ mor3 r
JCXZ = Jump on CX Zero [11100011 | ebitdispt | 9+mor5| 9+ mors r
JECXZ = Jump on ECX Zero I11100011] 8-bit displ ] 9+ mor5| 9+ mor5 r
(Address Size Prefix Differentiates JCXZ from JECXZ)
LOOP = Loop CX Times [ 11100010 | ebitdispt | M+m | 1+m ‘
LOOPZ/LOOPE = Loop with
Zero/Equal |11100001I 8-bit displ | 11+m 1+m r
LOOPNZ/LOOPNE = Loop While
Not Zero I 11100000 I 8-bit displ ] M+m | 11+m r
CONDITIONAL BYTE SET
NOTE: Times Are Register/Memory
SETO = Set Byte on Overfiow
To Register/Memory [oooonn | 10010000 LmodOOo r/m] 4/5% a/5* h
SETNO = Set Byte on Not Overfiow
To Register/Memory l 00001111 l 10010001 lmodOOO r/lL\I 4/5* 4/5* h
SETB/SETNAE = Set Byte on Below/Not Above or Equal
ToHegister/Memoryl 000011114 |~10010010 Lmodooo r/m] 4/5* 4/5* h
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Table 9-1. 386™ SX Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Addi Pr d Add Pri
Mode or Virtual Mode or Virtual
Virtual Address Virtual Address
8086 Mode 8086 Mode
Mode Mode
CONDITIONAL BYTE SET (Continued)
SETNB = Set Byte on Not Below/Above or Equal
To Register/Memory l 00001111 I 10010011 lmodOOO r/mI 4/5* 4/5* h
SETE/SETZ = Set Byte on Equal/Zero
To Register/Memory | 00001111l 10010100 Imodooo r/ml 4/5* 4/5* h
SETNE/SETNZ = Set Byte on Not Equal/Not Zero
ToRegistev/MemoryLoooonﬂ l 10010101 lmodooo r/ml 4/5* 4/5* h
SETBE/SETNA = Set Byte on Below or Equal/Not Above
ToRegister/MemoryI 00001111 I 10010110 ]modOOO r/m] 4/5* 4/5* h
SETNBE/SETA = Set Byte on Not Below or Equal/Above
ToRegistev/Memryl oooonnl1oo1o1n [modooo r/ml 4/5* 4/5* h
SETS = Set Byte on Sign
To Register/Memory [ 00001111 L10011000 ImodOOO r/ml 4/5* 4/5* h
SETNS = Set Byte on Not Sign
To Register/Memory I 00001111 I 10011001 ]modOOO r/mI 4/5* 4/5* h
SETP/SETPE = Set Byte on Parity/Parity Even
To Register/Memory L00001111 | 10011010 ImodOOO r/m| 4/5* 4/5* h
SETNP/SETPO = Set Byte on Not Parity/Parity Odd
ToRegistsf/Memoryl 00001111 | 10011011 lmodOOO r/m 4/5* 4/5* h
SETL/SETNGE = Set Byte on Less/Not Greater or Equal
ToRegister/Memory‘ 00001111 r10011100 |mod000 r/mI 4/5* 4/5* h
SETNL/SETGE = Set Byte on Not Less/Greater or Equal
ToRogister/Memoryl 00001111 I 01111101 |mod000 r/m] a/5* 4/5* h
SETLE/SETNG = Set Byte on Less or Equal/Not Greater
ToRegister/Memofyl 00001111 I 10011110 Imodooo r/ml 4/5* 4/5* h
SETNLE/SETG = Set Byte on Not Less or Equal/Greater
ToHegister/Memotyl 00001111 110011111 |mod000 r/ml 4/5* 4/5* h
ENTER = Enter Procedure | 11001000 |1wtdisp|acemenw-bineve| |
L=0 10 10 b h
L=1 14 14 b h
L>1 17+ 17+ b h
8(n-1) 8(n-1)
LEAVE = Leave Procedure 4* 4* b h
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Table 9-1. 386™ SX Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Address | P d | Add P d
Mode or Virtual Mode or Virtual
Virtual Address Virtual Address
8086 Mode 8086 Mode
Mode Mode
INTERRUPT INSTRUCTIONS
INT = Interrupt:
Type Specified Lnoonm [ type 37 b
T3 % b
INTO = Interrupt 4 if Overfiow Flag Set
IfOF =1 35 b, e
fOF = 0 3 3 b, e
Bound = Interrupt 5 if Detect Vaiue | 01100010 Imodreg r/ml
Out of Range
If Out of Range 44 be e.ghijkr
If In Range 10 10 b, e e, g hjkr
Protected Mode Only (INT)
INT: Type Specified
Via Interrupt or Trap Gate
to Same Privilege Level n gk
Via Interrupt or Trap Gate
to Different Privilege Level 11 gk r
From 286 Task to 286 TSS via Task Gate 438 gk r
From 286 Task to 386 TSS via Task Gate 465 gkt
From 268 Task to virt 8086 md via Task Gate 382 gk
From 386 Task to 286 TSS via Task Gate 440 gk
From 386 Task to 386 TSS via Task Gate 467 gk r
From 368 Task to virt 8086 md via Task Gate 384 gkt
From virt 8086 md to 286 TSS via Task Gate 445 gl kr
From virt 8086 md to 386 TSS via Task Gate 472 gk r
From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 275
INT: TYPE 3
Via Interrupt or Trap Gate
to Same Privilege Level 71 gk, r
Via Interrupt or Trap Gate
to Different Privilege Level 11 Gk r
From 286 Task to 286 TSS via Task Gate 382 gikr
From 286 Task to 386 TSS via Task Gate 409 gk r
From 268 Task to Virt 8086 md via Task Gate 326 aikr
From 386 Task to 286 TSS via Task Gate 384 gk r
From 386 Task to 386 TSS via Task Gate 41 gk
From 368 Task to Virt 8086 md via Task Gate 328 aikr
From virt 8086 md to 286 TSS via Task Gate 389 gk r
From virt 8086 md to 386 TSS via Task Gate 416 gikr
From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 223
INTO:
Via interrupt or Trap Grate
to Same Privilege Level 7 gk r
Via Interrupt or Trap Gate
to Different Privilege Level 1M gk r
From 286 Task to 286 TSS via Task Gate 384 gk r
From 286 Task to 386 TSS via Task Gate 411 ghkr
From 268 Task to virt 8086 md via Task Gate 328 gk r
From 386 Task to 286 TSS via Task Gate 386 gk
From 386 Task to 386 TSS via Task Gate 413 ik, r
From 368 Task to virt 8086 md via Task Gate 329 gl kr
From virt 8086 md to 286 TSS via Task Gate 391 gk r
From virt 8086 md to 386 TSS via Task Gate 418 gk r
From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 223
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Table 9-1. 386™ SX Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Address | F Addi P d
Mode or Virtual Mode or Virtual
Virtual Address Virtual Address
8086 Mode 8086 Mode
Mode Mode
INTERRUPT INSTRUCTIONS (Continued)
BOUND:
Via Interrupt or Trap Gate
to Same Privilege Level 7 9 ik r
Via Interrupt or Trap Gate
to Ditferent Privilege Level m gikr
From 286 Task to 286 TSS via Task Gate 358 g kr
From 286 Task to 386 TSS via Task Gate 388 g ik r
From 268 Task to virt 8086 Mode via Task Gate 335 gk r
From 386 Task to 286 TSS via Task Gate 368 9. kr
From 386 Task to 386 TSS via Task Gate 398 9.k r
From 368 Task to virt 8086 Mode via Task Gate 347 9.k r
From virt 8086 Mode to 286 TSS via Task Gate 368 aikr
From virt 8086 Mode to 386 TSS via Task Gate 398 gikr
From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 223
INTERRUPT RETURN
IRET = Interrupt Return 24 g hijkr
Protected Mode Only (IRET)
To the Same Privilege Level (within task) 42 g.hikr
To Ditferent Privilege Level (within task) 86 ghijkr
From 286 Task to 286 TSS 285 hjkr
From 286 Task to 386 TSS 318 hjkr
From 286 Task to Virtual 8086 Task 267 hik,r
From 286 Task to Virtual 8086 Mode (within task) 113
From 386 Task to 286 TSS 324 hjkr
From 386 Task to 386 TSS 328 hikr
From 386 Task to Virtual 8086 Task 377 hijkr
From 386 Task to Virtual 8086 Mode (within task) 113
PROCESSOR CONTROL
HLT = HALT 5 5 !
MOV = Move to and From C: debug/Test Reg
CRO0/CR2/CR3 from register l 00001111 l 00100010 l 11 eeereg | 10/4/5 10/4/5 |
Register From CR0-3 [ 00001111 l 00100000 | 11 eeereg | 6 6 |
DRO-3 From Register l 00001111 [ 00100011 l 11 eee reg 22 22 |
DR6-7 From Register I 00001111 l 00100011 l 11 eee reg ] 16 16 |
Register from DR6-7 L00001111 l 00100001 l 11eeereg ] 14 14 |
Register from DRO-3 [ 00001111 | 00100001 | 11eeereg I 22 22 |
TR6-7 from Register [ 00001111 I 00100110 I 11 eeereg I 12 12 |
Register from TR6-7 [00001111 l 00100100 | 11 eee reg l 12 12 !
NOP = No Operation 10010000 3 3
WAIT = Wait until BUSY # pin is negated 6 6
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Table 9-1. 386™ SX Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Address Protected Address | Protected
Mode or Virtual Mode or Virtual
Virtual Address Virtual Address
8086 Mode 8086 Mode
Mode Mode
PROCESSOR EXTENSION INSTRUCTIONS
Processor Extension Escape 11011TTT [modLLL r/m' See h
TTT and LLL bits are opcode 387™ SX
information for coprocessor. data sheet for
clock counts
PREFIX BYTES
Acirees Sas Proma ) o
LOCK = Bus Lock Prefix 0 0 m
Operand Size Prefix 0 0
Segment Override Prefix
cs: 0 0
os: 0 0
€s: 0 0
Fs: 0 0
GS: 01100101 0 0
ss: 0 0
PROTECTION CONTROL
ARPL = Adjust Requested Privilege Level
From Register/Memory ro 1100011 I mod reg r/m1 N/A 20/21** a h
LAR = Load Access Rights
From Register/Memory I 00001111 ] 00000010 Imodfeg r/m] N/A 15/16* a g hip
LGDT = Load Global Descriptor
Table Register [ 00001111 | 00000001 [modo10 w/m] 11* 11* b,c h,!
LIDT = Load interrupt Descriptor
Table Register | 00001111 | 00000001 [modo11 wm] 1+ 1+ b,c h
LLDT = Load Local Descriptor
Table Register to
Register/Memory [ 00001111 l 000000001mod010 r/ml N/A 20/24* a g hjl
LMSW = Load Machine Status Word
From Register/Memory | 00001111 | 00000001 [mod110 w/m] 10/13 10/13% b,c h1
LSL = Load Segment Limit
From Register/Memory 00001111 l 00000011 Imodreg r/ml
Byte-Granular Limit N/A 20/21* a ag.hjp
Page-Granular Limit N/A 25/26* a ghip
LTR = Load Task Register
From Register/Memory I 00001111 LOOOOOOOO |mod001 r/ml N/A 23/27* a g, hil
SGDT = Store Global Descriptor
Table Register I 00001111 Loooooom Imodooo r/nﬂ 9* 9* b,c h
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Table 9-1. 386™ SX Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Address | Protected | Address | Protected
Mode or Virtual Mode or Virtual
Virtual Address Virtual Address
8088 Mode 8086 Mode
Mode Mode
sSIoT =Store Interrupt Descriptor
Table Register I 00001111 | 00000001 Imod001 r/ml 9* 9* b,c h
SLDT =Store Local [ ptor Table
To Register/Memory | 00001111 | 00000000 lmodooo r/ml N/A 2/2* a h
SMSW =Store Machine
Status Word | 00001111 ] 00000001 lmodloo r/ml 2/2* 2/2* b,c h,1
STR =Store Task Register
To Register/Memory [00001111 I 00000000 ImodOOI r/ml N/A 2/2* a h
VERR =Verify Read Accesss
Register/Memory I 00001111 I 00000000 |m06100 r/mI N/A 10/11* a a.hijp
VERW = Verify Write Accesss I 00001111 I 00000000 |mod101 r/m] N/A 15/16* a g.hip

INSTRUCTION NOTES FOR TABLE 8-1

Notes a through c apply to 386 Microprocessor Real Address Mode only:

a. This is a Protected Mode instruction. Attempted execution in Real Mode will result in exception 6 (invalid opcode).

b. Exception 13 fault (general protection).will occur in Real Mode if an operand reference is made that partially or fully
extends beyond the maximum CS, DS, ES, FS or GS limit, FFFFH. Exception 12 fault (stack segment limit violation or not
present) will occur in Real Mode if an operand reference is made that partially or fully extends beyond the maximum SS limit.
¢. This instruction may be executed in Real Mode. In Real Mode, its purpose is primarily to initialize the CPU for Protected

Mode.
Notes d through g apply to 386 Microprocessor Real Address Mode and 386 Microprocessor Protected Virtual

Address Mode:
d. The 386 microprocessor uses an early-out multiply algorithm. The actual number of clocks depends on the position of
the most significant bit in the operand (multiplier).

Clock counts given are minimum to maximum. To calculate actual clocks use the following formula:

Actual Clock = if m < > 0 then max ([loga |m|], 3) + 6 clocks:

if m = 0 then 9 clocks (where m is the muiltiplier)

e. An exception may occur, depending on the value of the operand.
f. LOCK # is automatically asserted, regardless of the presence or absence of the LOCK # prefix.
g. LOCK# is asserted during descriptor table accesses.

Notes h through r apply to 386 Microprocessor Protected Virtual Address Mode only:

h. Exception 13 fault (general protection violation) will occur if the memory operand in CS, DS, ES, FS or GS cannot be used

due to either a segment limit violation or access rights violation. If a stack limit is violated, an exception 12 (stack segment

limit violation or not present) occurs.

i. For segment load operations, the CPL, RPL, and DPL must agree with the privilege rules to avoid an exception 13 fault

(general protection violation). The segment’s descriptor must indicate “present” or exception 11 (CS, DS, ES, FS, GS not

present). If the SS register is loaded and a stack segment not present is detected, an exception 12 (stack segment limit

violation or not present) occurs.

j. All segment descriptor accesses in the GDT or LDT made by this instruction will automatically assert LOCK# to maintain

descriptor integrity in multiprocessor systems.

k. JMP, CALL, INT, RET and IRET instructions referring to another code segment will cause an exception 13 (general

protection violation) if an applicable privilege rule is violated.

1. An exception 13 fault occurs if CPL is greater than O (0 is the most privileged level).

m. An exception 13 fault occurs if CPL is greater than IOPL.

n. The IF bit of the flag register is not updated if CPL is greater than IOPL. The IOPL and VM fields of the flag register are

updated only if CPL = 0.

0. The PE bit of the MSW (CRO0) cannot be reset by this instruction. Use MOV into CRO if desiring to reset the PE bit.

p. Any violation of privilege rules as applied to the selector operand does not cause a protection exception; rather, the zero

flag is cleared.

q. If the coprocessor’s memory operand violates a segment limit or segment access rights, an exception 13 fault (general
- protection exception) will occur before the ESC instruction is executed. An exception 12 fault (stack segment limit violation

or not present) will occur if the stack limit is violated by the operand’s starting address.

r. The destination of a JMP, CALL, INT, RET or IRET must be in the defined limit of a code segment or an exception 13

fault (general protection violation) will occur.
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9.2 INSTRUCTION ENCODING

9.2.1 Overview

All instruction encodings are subsets of the general
instruction format shown in Figure 9-1. Instructions
consist of one or two primary opcode bytes, possi-
bly an address specifier consisting of the “mod
r/m” byte and “scaled index” byte, a displacement
if required, and an immediate data field if required.

Within the primary opcode or opcodes, smaller en-
coding fields may be defined. These fields vary ac-
cording to the class of operation. The fields define
such information as direction of the operation, size
of the displacements, register encoding, or sign ex-
tension.

Almost all instructions referring to an operand in
memory have an addressing mode byte following
the primary opcode byte(s). This byte, the mod r/m
byte, specifies the address mode to be used. Certain

encodings of the mod r/m byte indicate a second
addressing byte, the scale-index-base byte, follows
the mod r/m byte to fully specify the addressing
mode.

Addressing modes can include a displacement im-
mediately following the mod r/m byte, or scaled in-
dex byte. If a displacement is present, the possible
sizes are 8, 16 or 32 bits.

If the instruction specifies an immediate operand,
the immediate operand follows any displacement
bytes. The immediate operand, if specified, is always
the last field of the instruction.

Figure 9-1 illustrates several of the fields that can
appear in an instruction, such as the mod field and
the r/m field, but the Figure does not show all
fields. Several smaller fields also appear in certain
instructions, sometimes within the opcode bytes
themselves. Table 9-2 is a complete list of all fields
appearing in the 386 microprocessor instruction
set. Further ahead, following Table 9-2 are detailed

tables for each field.

[TTTTTTTT{TTTTTTTT|mod TTTr/m| ssindexbase |d32| 16 | 8| none datad2 | 168 | none
(’ OJ 9\765v3201\765V3201\ e )
opcode “mod r/m” “s-i-b” address immediate
(one or two bytes) byte byte y displacement data
(T represents an Y (4, 2, 1 bytes (4, 2, 1 bytes
opcode bit.) register and address or none) or none)
mode specifier
Figure 9-1. General Instruction Format
Table 9-2. Fields within 386™ SX Instructions
Field Name Description Number of Bits
w Specifies if Data is Byte or Full Size (Full Size is either 16 or 32 Bits 1
d Specifies Direction of Data Operation 1
s Specifies if an Immediate Data Field Must be Sign-Extended 1
reg General Register Specifier 3
mod r/m Address Mode Specifier (Effective Address can be a General Register) 2 for mod;
3forr/m

ss Scale Factor for Scaled Index Address Mode 2
index General Register to be used as Index Register 3
base General Register to be used as Base Register 3
sreg2 Segment Register Specifier for CS, SS, DS, ES 2
sreg3 Segment Register Specifier for CS, SS, DS, ES, FS, GS 3
tttn For Conditional Instructions, Specifies a Condition Asserted

or a Condition Negated 4

Note: Table 8-1 shows encoding of individual instructions.
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9.2.2 32-Bit Extensions of the
Instruction Set

With the 386 SX microprocessor, the 86/186/286
instruction set is extended in two orthogonal direc-
tions: 32-bit forms of all 16-bit instructions are
added to support the 32-bit data types, and 32-bit
addressing modes are made available for all
instructions referencing memory. This orthogonal
instruction set extension is accomplished having a
Default (D) bit in the code segment descriptor, and
by having 2 prefixes to the instruction set.

Whether the instruction defaults to operations of 16
bits or 32 bits depends on the setting of the D bit in
the code segment descriptor, which gives the default
length (either 32 bits or 16 bits) for both operands and
effective addresses when executing that code seg-
ment. In the Real Address Mode or Virtual 8086 Mode,
no code segment descriptors are used, but a D value
of 0 is assumed internally by the 386 SX when operat-
ing in those modes (for 16-bit default sizes compatible
with the 8086/80186/80286).

Two prefixes, the Operand Size Prefix and the Effec-
tive Address Size Prefix, allow overriding individually
the Default selection of operand size and effective
address size. These prefixes may precede any op-
code bytes and affect only the instruction they pre-
cede. If necessary, one or both of the prefixes may
be placed before the opcode bytes. The presence of
the Operand Size Prefix and the Effective Address
Prefix will toggle the operand size or the effective
address size, respectively, to the value “opposite”
from the Default setting. For example, if the default
operand size is for 32-bit data operations, then pres-
ence of the Operand Size Prefix toggles the instruc-
tion to 16-bit data operation. As another example, if
the default effective address size is 16 bits, pres-
ence of the Effective Address Size prefix toggles the
instruction to use 32-bit effective address computa-
tions.

These 32-bit extensions are available in all 80386
modes, including the Real Address Mode or the Vir-
tual 8086 Mode. In these modes the default is al-
ways 16 bits, so prefixes are needed to specify 32-
bit operands or addresses.

Unless specified otherwise, instructions with 8-bit
and 16-bit operands do not affect the contents of
the high-order bits of the extended registers.

9.2.3 Encoding of Instruction Fields

Within the instruction are several fields indicating
register selection, addressing mode and so on. The
exact encodings of these fields are defined immedi-
ately ahead.

9.2.3.1 ENCODING OF OPERAND
LENGTH (w) FIELD

For any given instruction performing a data opera-
tion, the instruction is executing as a 32-bit operation
or a 16-bit operation. Within the constraints of the
operation size, the w field encodes the operand size
as either one byte or the full operation size, as
shown in the table below.

Operand Size Operand Size
w Field During 16-Bit During 32-Bit
Data Operations | Data Operations
0 8 Bits 8 Bits
1 16 Bits 32 Bits

9.2.3.2 ENCODING OF THE GENERAL
REGISTER (reg) FIELD

The general register is specified by the reg field,
which may appear in the primary opcode bytes, or as
the reg field of the “mod r/m” byte, or as the r/m
field of the “mod r/m” byte.

Encoding of reg Field When w Field
is not Present in Instruction

Register Selected | Register Selected
reg Field During 16-Bit During 32-Bit
Data Operations | Data Operations
000 AX EAX
001 CX ECX
010 DX EDX
011 BX EBX
100 SP ESP
101 BP EBP
101 Si ESI
101 DI EDI

Encoding of reg Field When w Field
is Present in Instruction

Register Specified by reg Field
During 16-Bit Data Operations:

reg Function of w Field
(whenw = 0) (whenw = 1)

000 AL AX
001 CL CX
010 DL DX
011 BL BX
100 AH SP
101 CH BP
110 DH SI
111 BH DI
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Register Specified by reg Field
During 32-Bit Data Operations

reg Function of w Field
(whenw = 0) (whenw = 1)

000 AL EAX
001 CL ECX
010 DL EDX
011 BL EBX
100 AH ESP
101 CH EBP
110 DH ESI
111 BH EDI

9.2.3.3 ENCODING OF THE SEGMENT
REGISTER (sreg) FIELD

The sreg field in certain instructions is a 2-bit field
allowing one of the four 80286 segment registers
to be specified. The sreg field in other instructions
is a 3-bit field, allowing the 386 SX microprocessor
FS and GS segment registers to be specified.

2-Bit sreg2 Field
2-Bit Segment
sreg2 Field 2;2':::;
00 ES
01 Cs
10 SS
1 DS
3-Bit sreg3 Field
3-Bit Segment
sreg3 Field 2;20"::;
000 ES
001 CS
010 SS
011 DS
100 FS
101 GS
110 do not use
111 do not use

9.2.3.4 ENCODING OF ADDRESS MODE

Except for special instructions, such as PUSH or
POP, where the addressing mode is pre-determined,
the addressing mode for the current instruction is
specified by addressing bytes following the primary
opcode. The primary addressing byte is the “mod
r/m” byte, and a second byte of addressing informa-
tion, the “s-i-b” (scale-index-base) byte, can be
specified.

The s-i-b byte (scale-index-base byte) is specified
when using 32-bit addressing mode and the “mod
r/m” byte has r/m = 100 and mod = 00, 01 or 10.
When the sib byte is present, the 32-bit addressing
mode is a function of the mod, ss, index, and base
fields.

The primary addressing byte, the “mod r/m” byte,
also contains three bits (shown as TTT in Figure 8-1)
sometimes used as an extension of the primary op-
code. The three bits, however, may also be used as

‘a register field (reg).

When calculating an effective address, either 16-bit
addressing or 32-bit addressing is used. 16-bit ad-
dressing uses 16-bit address components to calcu-
late the effective address while 32-bit addressing
uses 32-bit address components to calculate the ef-
fective address. When 16-bit addressing is used, the
“mod r/m” byte is interpreted as a 16-bit addressing
mode specifier. When 32-bit addressing is used, the
“mod r/m” byte is interpreted as a 32-bit addressing
mode specifier.

Tables on the following three pages define all en-
codings of all 16-bit addressing modes and 32-bit
addressing modes.
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Encoding of 16-bit Address Mode with “mod r/m” Byte

mod r/m Effective Address mod r/m Effective Address
00 000 DS:[BX +SI] 10 000 DS:[BX + Si+d16]
00 001 DS:[BX+DI] 10 001 DS:[BX+ DI +d16]
00010 SS:[BP+SI] 10010 SS:[BP+SI+d16}
00011 SS:[BP+DI] 10011 SS:[BP+DI+d16]
00 100 Ds:[S!] 10 100 DS:[SI+d16]
00 101 DS:[DI1] 10 101 DS:[Di+d16]
00110 DS:d16 10110 SS:[BP+d16]
00 111 DS:[BX] 10111 DS:[BX+d16)
01000 DS:[BX+ S|+ d8] 11 000 register—see below
01001 DS:[BX + DI +d8] 11 001 register—see below
01010 SS:[BP + SI+d8] 11010 register—see below
01011 SS:[BP+ DI +d8] 11011 register—see below
01 100 DS:[SI+d8] 11100 register—see below
01101 DS:[DI+d8] 11101 register—see below
01110 SS:[BP +d8] 11110 register—see below
01111 DS:[BX +d8] 11111 register—see below
Register Specified by r/m
During 16-Bit Data Operations
mod r/m Function of w Field
(when w=0) (whenw =1)
11 000 AL AX
11 001 CL CX
11010 DL DX
11011 BL BX
11100 AH SP
11 101 CH BP
11110 DH Si
11111 BH Di

Register Specified by r/m
During 32-Bit Data Operations

mod r/m Function of w Field
(when w=0) (whenw =1)
11 000 AL EAX
11 001 CL ECX
11010 DL EDX
11011 BL EBX
11100 AH ESP
11101 CH EBP
11110 DH ESI
11111 BH EDI
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Encoding of 32-bit Address Mode with “mod r/m” byte (no “s-i-b” byte present):

mod r/m Effective Address mod r/m Effective Address
00 000 DS:[EAX] 10 000 DS:[EAX +d32]

00 001 DS:[ECX] 10 001 DS:[ECX+d32]
00010 DS:[EDX] 10010 DS:[EDX +d32]
00011 DS:[EBX] 10011 DS:[EBX +d32]

00 100 s-i-b is present 10 100 s-i-b is present

00 101 DS:d32 10101 SS:[EBP +d32]
00110 DS:[ESI] 10110 DS:[ESI+d32]

00 111 DS:[EDI] 10 111 DS:[EDI+d32]

01 000 DS:[EAX +d8] 11 000 register—see below
01001 DS:[ECX +d8] 11 001 register—see below
01010 DS:[EDX + d8] 11010 register—see below
01011 DS:[EBX +d8] 1101 register—see below
01100 s-i-b is present 11100 register—see below
01101 SS:[EBP +d8] 11101 register—see below
01110 DS:[ESI +d8] 11110 register—see below
01111 DS:[EDI+d8] 11111 register—see below

Register Specified by reg or r/m

during 16-Bit Data Operations:
mod r/m function of w field
(when w=0) (whenw=1)

11000 AL AX
11001 CL CX
11010 DL DX
11011 BL BX
11100 AH SP
11101 CH BP
11110 DH Si
11111 BH DI

Register Specified by reg or r/m
during 32-Bit Data Operations:

E-20

function of w field
mod r/m
(when w=0) (whenw=1)

11000 AL EAX
11 001 CL ECX
11010 DL EDX
11011 BL EBX
11100 AH ESP
11101 CH EBP
11110 DH ESI
11111 BH EDI
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Encoding of 32-bit Address Mode (“mod r/m” byte and ‘“‘s-i-b”’ byte present):

mod base Effective Address 88 Scale Factor
00 000 DS:[EAX + (scaled index)] 00 x1
00001 DS:[ECX + (scaled index)] 01 x2
00010 DS:[EDX + (scaled index)] 10 x4
00011 DS:[EBX + (scaled index)] 11 x8
00 100 SS:[ESP + (scaled index)]
00 101 DS:[d32 + (scaled index)]
00 110 DS:[ESI + (scaled index)] index Index Register
00111 DS:[EDI + (scaled index)] 000 EAX

001 ECX
01000 DS:[EAX + (scaled index) + d8] 010 EDX
01001 DS:[ECX + (scaled index) + d8] 011 EBX
01010 DS:[EDX + (scaled index) + d8] 100 no index reg**
01011 DS:[EBX + (scaled index) + d8] 101 EBP
01100 SS;[ESP + (scaled index) + d8] 110 ESI
01101 SS:[EBP + (scaled index) + d8] 111 EDI
01110 DS:[ESI + (scaled index) + d8]
01111 DS:[EDI+ (scaled index) + d8] **IMPORTANT NOTE:

When index field is 100, indicating “‘no index register,” then
. ss field MUST equal 00. If index is 100 and does not
10000 DS:[EAX + (scaled !ndex) +d32] equal go, the eff:;:/e address is urs'ndeﬁnead. s °
10 001 DS:[ECX+ (scaled index) + d32]
10010 DS:[EDX + (scaled index) + d32]
10011 DS:[EBX + (scaled index) + d32]
10100 SS:[ESP + (scaled index) + d32]
10 101 SS:[EBP + (scaled index) + d32]
10110 DS:[ESI| + (scaled index) + d32]
10111 DS:[EDI + (scaled index) + d32]
NOTE:

Mod field in “mod r/m” byte; ss, index, base fields in

“s-i-b” byte.
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9.2.3.5 ENCODING OF OPERATION
DIRECTION (d) FIELD

In many two-operand instructions the d field is pres-
ent to indicate which operand is considered the
source and which is the destination.

d Direction of Operation

0 | Register/Memory <- - Register

“reg” Field Indicates Source Operand;

“mod r/m” or “mod ss index base” Indicates
Destination Operand

1 | Register <- - Register/Memory
“reg” Field Indicates Destination Operand;
“mod r/m” or “mod ss index base” Indicates

Source Operand

9.2.3.6 ENCODING OF SIGN-EXTEND (s) FIELD

The s field occurs primarily to instructions with im-
mediate data fields. The s field has an effect only if
the size of the immediate data is 8 bits and is being
placed in a 16-bit or 32-bit destination.

L Effecton Effect on
Immediate Data8  [Immediate Data 16(3
OiNone None
1/Sign-Extend Data8 to Fill None
16-Bit or 32-Bit Destination|

9.2.3.7 ENCODING OF CONDITIONAL
TEST (tttn) FIELD

For the conditional instructions (conditional jumps
and set on condition), tttn is encoded with n indicat-
ing to use the condition (n=0) or its negation (n=1),
and ttt giving the condition to test.

Mnemonic Condition tttn
(0] Overflow 0000
NO No Overflow 0001
B/NAE Below/Not Above or Equal 0010
NB/AE Not Below/Above or Equal 0011
E/Z Equal/Zero 0100
NE/NZ Not Equal/Not Zero 0101
BE/NA Below or Equal/Not Above 0110
NBE/A Not Below or Equal/Above 0111
S Sign 1000
NS Not Sign 1001
P/PE Parity/Parity Even 1010
NP/PO Not Parity/Parity Odd 1011
L/NGE Less Than/Not Greater or Equal {1100
NL/GE Not Less Than/Greater or Equal |1101
LE/NG Less Than or Equal/Greater Than|1110
NLE/G Not Less or Equal/Greater Than |1111

9.2.3.8 ENCODING OF CONTORL OR DEBUG
OR TEST REGISTER (eee) FIELD

For the loading and storing of the Control, Debug

and Test registers.

When Interpreted as Control Register Field

eee Code Reg Name
000 CRO
010 CR2
011 CR3

Do not use any other encoding
When Interpreted as Debug Register Field

eee Code Reg Name
000 DRO
001 DR1
010 DR2
011 DR3
110 DR6
111 DR7

Do not use any other encoding

When Interpreted as Test Register Field

eee Code Reg Name
110 TR6
111 TR7

Do not use any other encoding
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