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Protected Mode Exceptions

#GP, #SS, and #NP if a segment register is being loaded; #SS(0) if the current top of
stack is not within the stack segment; #GP(0) if the result is in a nonwritable segment;
#GP(0) for an illegal memory operand effective address in the CS, DS, ES, FS, or GS

segments; #SS(0) for an illegal address in the SS segment; #PF(fault-code) for a page
fault

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH

Virtual 8086 Mode Exceptions

Same exceptions as in real-address mode; #PF(fault-code) for a page fault
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POPA/POPAD —Pop all General Registers

Opcode Instruction Clocks Description

61 POPA 24 Pop DI, S, BP, SP, BX, DX, CX, and AX

61 POPAD 24 Pop EDI, ESI, EBP, ESP, EDX, ECX, and EAX
Operation

IF OperandSize = 16 (* instruction = POPA *)
THEN
DI «Pop();
S| < Pop();
BP < Pop();
throwaway < Pop (); (* Skip SP *)
BX < Pop();
DX « Pop();
CX < Pop();
AX < Pop();
ELSE (* OperandSize = 32, instruction = POPAD *)
EDI < Pop();
ESI < Pop();
EBP « Pop();
throwaway < Pop (); (* Skip ESP *)
EBX « Pop();
EDX < Pop();
ECX <« Pop();
EAX < Pop();
Fl;

Description

The POPA instruction pops the eight 16-bit general registers. However, the SP value is
discarded instead of loaded into the SP register. The POPA instruction reverses a pre-
vious PUSHA instruction, restoring the general registers to their values before the

PUSHA instruction was executed. The first register popped is the DI register.

The POPAD instruction pops the eight 32-bit general registers. The ESP value is dis-
carded instead of loaded into the ESP register. The POPAD instruction reverses the
previous PUSHAD instruction, restoring the general registers to their values before the

PUSHAD instruction was executed. The first register popped is the EDI register.

Flags Affected

None

17-134



intel® 386™ DX MICROPROCESSOR INSTRUCTION SET

Protected Mode Exceptions

#SS(0) if the starting or ending stack address is not within the stack segment;
#PF(fault-code) for a page fault

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH

Virtual 8086 Mode Exceptions

Same exceptions as in real-address mode; #PF(fault-code) for a page fault
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POPF/POPFD —Pop Stack into FLAGS or EFLAGS Register

Opcode Instruction Clocks Description

9D POPF 5 Pop top of stack FLAGS

9D POPFD 5 Pop top of stack into EFLAGS
Operation
Flags < Pop();

Description

The POPF and POPFD instructions pop the word or doubleword on the top of the stack
and store the value in the flags register. If the operand-size attribute of the instruction is
16 bits, then a word is popped and the value is stored in the FLAGS register. If the
operand-size attribute is 32 bits, then a doubleword is popped and the value is stored in
the EFLAGS register.

Refer to Chapter 2 and Chapter 4 for information about the FLAGS and EFLAGS
registers. Note that bits 16 and 17 of the EFLAGS register, called the VM and RF flags,
respectively, are not affected by the POPF or POPFD instruction.

The 1/O privilege level is altered only when executing at privilege level 0. The interrupt
flag is altered only when executing at a level at least as privileged as the I/O privilege
level. (Real-address mode is equivalent to privilege level 0.) If a POPF instruction is
executed with insufficient privilege, an exception does not occur, but the privileged bits
do not change.

Flags Affected

All flags except the VM and RF flags

Protected Mode Exceptions

#S85(0) if the top of stack is not within the stack segment

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH

Virtual 8086 Mode Exceptions

#GP(0) fault if the I/O privilege level is less than 3, to permit emulation
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PUSH —Push Operand onto the Stack

Opcode Instruction Clocks Description

FF /6 PUSH m16 5 Push memory word

FF /6 PUSH m32 5 Push memory dword

50+ /r PUSH r16 2 Push register word

50+ /r PUSH r32 2 Push register dword

6A PUSH imm8 2 Push immediate byte

68 PUSH imm16 2 Push immediate word

68 PUSH imm32 2 Push immediate dword

OE PUSHCS 2 Push CS

16 PUSH SS 2 Push SS

1E PUSH DS 2 Push DS

06 PUSH ES 2 Push ES

OF A0 PUSH FS 2 Push FS

OF A8 PUSH GS 2 Push GS
Operation

IF StackAddrSize = 16

THEN

IF OperandSize = 16 THEN

SP « SP - 2;

(8S:SP) < (SOURCE); (* word assignment *)
ELSE

SP < SP - ¢4;

(SS:SP) < (SOURCE); (* dword assignment *)
Fl;

ELSE (* StackAddrSize = 32 ¥)
IF OperandSize = 16

THEN
ESP < ESP — 2;
(SS:ESP) < (SOURCE); (* word assignment *)
ELSE
ESP < ESP - 4,
(SS:ESP) « (SOURCE); (* dword assignment *)
Fl;
Fl;
Description

The PUSH instruction decrements the stack pointer by 2 if the operand-size attribute of
the instruction is 16 bits; otherwise, it decrements the stack pointer by 4. The PUSH
instruction then places the operand on the new top of stack, which is pointed to by the

stack pointer.

The 386 DX microprocessor PUSH ESP instruction pushes the value of the ESP register
as it existed before the instruction. This differs from the 8086, where the PUSH SP

instruction pushes the new value (decremented by 2).
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Flags Affected

None

Protected Mode Exceptions
#SS(0) if the new value of the SP or ESP register is outside the stack segment limit;
#GP(0) for an illegal memory operand effective address in the CS, DS, ES, FS, or GS

segments; #SS(0) for an illegal address in the SS segment; #PF(fault-code) for a page
fault

Real Address Mode Exceptions

None; if the SP or ESP register is 1, the 386 DX microprocessor shuts down due to a
lack of stack space

Virtual 8086 Mode Exceptions

Same exceptions as in real-address mode; #PF(fault-code) for a page fault
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PUSHA/PUSHAD —Push all General Registers

Opcode Instruction  Clocks Description

60 PUSHA 18 Push AX, CX, DX, BX, original SP, BP, Sl, and DI

60 PUSHAD 18 Push EAX, ECX, EDX, EBX, original ESP, EBP, ESI, and EDI
Operation

IF OperandSize = 16 (* PUSHA instruction *)
THEN
Temp < (SP);
Push(AX);
Push(CX);
Push(DX);
Push(BX);
Push(Temp);
Push(BP);
Push(SlI);
Push(Dl);
ELSE (* OperandSize = 32, PUSHAD instruction *)
Temp < (ESP);
Push(EAX);
Push(ECX);
Push(EDX);
Push(EBX);
Push(Temp);
Push(EBP);
Push(ESI);
Push(EDI);
FI;

Description

The PUSHA and PUSHAD instructions save the 16-bit or 32-bit general registers, re-
spectively, on the 386 DX stack. The PUSHA instruction decrements the stack pointer
(SP) by 16 to hold the eight word values. The PUSHAD instruction decrements the stack
pointer (ESP) by 32 to hold the eight doubleword values. Because the registers are
pushed onto the stack in the order in which they were given, they appear in the 16 or 32
new stack bytes in reverse order. The last register pushed is the DI or EDI register.

Flags Affected

None
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Protected Mode Exceptions

#SS(0) if the starting or ending stack address is outside the stack segment limit;
#PF(fault-code) for a page fault

Real Address Mode Exceptions
Before executing the PUSHA or PUSHAD instruction, the 386 DX microprocessor

shuts down if the SP or ESP register equals 1, 3, or 5; if the SP or ESP register equals 7,
9, 11, 13, or 15, exception 13 occurs

Virtual 8086 Mode Exceptions

Same exceptions as in real-address mode; #PF(fault-code) for a page fault
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PUSHF/PUSHFD — Push Flags Register onto the Stack

Opcode Instruction Clocks Description

9C PUSHF 4 Push FLAGS

9C PUSHFD 4 Push EFLAGS
Operation

IF OperandSize = 32
THEN push(EFLAGS);
ELSE push(FLAGS);
Fl;

Description

The PUSHF instruction decrements the stack pointer by 2 and copies the FLAGS reg-
ister to the new top of stack; the PUSHFD instruction decrements the stack pointer by 4,
and the 386 DX microprocessor EFLAGS register is copied to the new top of stack

which is pointed to by SS:ESP. Refer to Chapter 2 and to Chapter 4 for information on
the EFLAGS register.

Flags Affected

None

Protected Mode Exceptions

#SS(0) if the new value of the ESP register is outside the stack segment boundaries

Real Address Mode Exceptions

None; the 386 DX microprocessor shuts down due to a lack of stack space

Virtual 8086 Mode Exceptions

#GP(0) fault if the I/O privilege level is less than 3, to permit emulation
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RCL/RCR/ROL/ROR-—Rotate

Description

Rotate 9 bits (CF,r/m byte) left once

Rotate 9 bits (CF,r/m byte) left CL times
Rotate 9 bits (CF,r/m byte) left imm8 times
Rotate 17 bits (CF,r/m word) left once
Rotate 17 bits (CF,r/m word) left CL times
Rotate 17 bits (CF,r/m word) left imm8 times
Rotate 33 bits (CF,r/m dword) left once
Rotate 33 bits (CF,r/m dword) left CL times
Rotate 33 bits (CF,r/m dword) left imm8 times
Rotate 9 bits (CF,r/m byte) right once

Rotate 9 bits (CF,r/m byte) right CL times
Rotate 9 bits (CF,r/m byte) right imm8 times
Rotate 17 bits (CF,r/m word) right once
Rotate 17 bits (CF,r/m word) right CL times
Rotate 17 bits (CF,r/m word) right imm8 times
Rotate 33 bits (CF,r/m dword) right once
Rotate 33 bits (CF,r/m dword) right CL times
Rotate 33 bits (CF,r/m dword) right imm8 times
Rotate 8 bits r/m byte left once

Rotate 8 bits r/m byte left CL times

Rotate 8 bits r/m byte left imm8 times
Rotate 16 bits r/m word left once

Rotate 16 bits r/m word left CL times

Rotate 16 bits r/m word left imm8 times
Rotate 32 bits r/m dword left once

Rotate 32 bits r/m dword left CL times
Rotate 32 bits r/m dword left imm8 times
Rotate 8 bits r/m byte right once

Rotate 8 bits r/m byte right CL times

Rotate 8 bits r/m word right imm8 times
Rotate 16 bits r/m word right once

Rotate 16 bits r/m word right CL times
Rotate 16 bits r/m word right imm8 times
Rotate 32 bits r/m dword right once

Rotate 32 bits r/m dword right CL times
Rotate 32 bits r/m dword right imm8 times

Opcode Instruction Clocks
DO /2 RCL r/m8,1 9/10
D2 /2 RCL r/m8,CL 9/10
Co /2 ib RCL r/m8,imm8 9/10
D1 /2 RCL r/m16,1 9/10
D3 /2 RCL r/m16,CL 9/10
C1/2ib RCL r/m16,imm8 9/10
D1 /2 RCL r/m32,1 9/10
D3 /2 RCL r/m32,CL 9/10
C1/2ib RCL r/m32,imm8 9/10
DO /3 RCR r/m8,1 9/10
D2 /3 RCR r/m8,CL 9/10
Co /3 ib RCR r/m8,imm8 9/10
D1 /3 RCR r/m16,1 9/10
D3 /3 RCR r/m16,CL 9/10
C1 /3ib RCR r/m16,imm8 9/10
D1 /3 RCR /m32,1 9/10
D3 /3 RCR r/m32,CL 9/10
C1/3ib RCR r/m32,imm8 9/10
DO /0 ROL r/m8,1 3/7
D2 /0 ROL r/m8,CL 3/7
CO0 /0 ib ROL r/m8,imm8 3/7
D1 /0 ROL r/m16,1 3/7
D3 /0 ROL r/m16,CL 3/7
C1/0ib ROL r/m16,imm8 3/7
D1 /0 ROL r/m32,1 3/7
D3 /0 ROL r/m32,CL 3/7
C1 /0 ib ROL r/m32,imm8 3/7
DO /1 ROR r/m8,1 3/7
D2 1 ROR r/m8,CL ,3/7
Co /1ib ROR r/m8,imm8 3/7
D1 N ROR r/m16,1 3/7
D3 /1 ROR r/m16,CL 3/7
Ci/1ib ROR r/m16,imm8 3/7
D1 /1 ROR r/m32,1 3/7
D3 /1 ROR r/m32,CL 3/7
Ci/1ib ROR r/m32,imm8 3/7
Operation

(* ROL - Rotate Left *)
temp < COUNT;
WHILE (temp < > 0)
DO
tmpcf < high-order bit of (r/m);
r/m < r/m* 2 + (tmpcf);
temp <« temp — 1;
0oD;
IF COUNT = 1
THEN
IF high-order bit of /m <> CF
THEN OF « 1,
ELSE OF < 0;
Fl;
ELSE OF <« undefined;
Fl;
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(* ROR - Rotate Right *)
temp < COUNT;
WHILE (temp <> 0)
DO -
tmpcf < low-order bit of (r/m);
r/m < r/m/2 + (tmpcf * 2width(/m)y.
temp « temp — 1;
DO;
IF COUNT = 1
THEN
IF (high-order bit of r/m) < > (bit next to high-order bit of r/m)
THEN OF « 1;
ELSE OF < 0;
Fl;
ELSE OF <« undefined;
Fi;

Description

Each rotate instruction shifts the bits of the register or memory operand given. The left
rotate instructions shift all the bits upward, except for the top bit, which is returned to
the bottom. The right rotate instructions do the reverse: the bits shift downward until the
bottom bit arrives at the top.

For the RCL and RCR instructions, the CF flag is part of the rotated quantity. The RCL
instruction shifts the CF flag into the bottom bit and shifts the top bit into the CF flag;
the RCR instruction shifts the CF flag into the top bit and shifts the bottom bit into the
CF flag. For the ROL and ROR instructions, the original value of the CF flag is not a
part of the result, but the CF flag receives a copy of the bit that was shifted from one end
to the other.

The rotate is repeated the number of times indicated by the second operand, which is
either an immediate number or the contents of the CL register. To reduce the maximum
instruction execution time, the 386 DX microprocessor does not allow rotation counts
greater than 31. If a rotation count greater than 31 is attempted, only the bottom five
bits of the rotation are used. The 8086 does not mask rotation counts. The 386 DX
microprocessor in Virtual 8086 Mode does mask rotation counts.

The OF flag is defined only for the single-rotate forms of the instructions (second oper-
and is a 1). It is undefined in all other cases. For left shifts/rotates, the CF bit after the
shift is XORed with the high-order result bit. For right shifts/rotates, the high-order two
bits of the result are XORed to get the OF flag.

Flags Affected

The OF flag is affected only for single-bit rotates; the OF flag is undefined for multi-bit
rotates; the CF flag contains the value of the bit shifted into it; the SF, ZF, AF, and PF
flags are not affected
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Protected Mode Exceptions
#GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal memory operand

effective address in the CS, DS, ES, FS, or GS segments; #SS(0) for an illegal address in
the SS segment; #PF(fault-code) for a page fault

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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REP/REPE/REPZ/REPNE/REPNZ — Repeat Following String

Operation
Opcode  Instruction Clocks Description
F3 6C REP INS r/m8, DX 14 +6*(E)CX; Input (E)CX bytes from port DX into ES:[(E)DI]
pm=8+6*(E)CX""/
28+ 6*(E)CX"2
F3 6D REP INS r/m16,DX 14+6*[E)CX, Input (E)CX words from port DX into ES:[(E)DI]
pm=8+6*(E)CX™"/
28+6*(E)CX"™2
F3 6D REP INS r/m32,DX 14+6*(E)CX, Input (E)CX dwords from pot DX into ES:[(E)DI]
pm=_8-+6*(E)CX""/
28+ 6*(E)CX"?
F3 A4 REP MOVS m8m8 8+4*(E)CX Move (E)CX bytes from [(E)SI] to ES:[(E)DI}
F3 A5 REP MOVS m16,m16 8+4*(E)CX Move (E)CX words from [(E)SI] to ES:[(E)DI]
F3 A5 REP MOVS m32,m32 8+4*(E)CX Move (E)CX dwords from [(E)SI] to ES:[(E)DI]
F3 6E REP OUTS DX,r/m8 12+5*E)CX, Output (E)CX bytes from [(E)SI] to port DX
pm=6+5*E)CX™"/
26+5*(E)CX ™2
F3 6F REP OUTS DX,r/m16 12+5*([E)CX, | Output (E)CX words from [(E)SI] to port DX
pm=6-+5*E)CX""/
26+ 5*(E)CX"2
F3 6F REP OUTS DX,r/m32 12+5*(E)CX, Output (E)CX dwords from [(E)SI] to port DX
pm=6+5*E)CX™"/
26+5*(E)CX™2
F3 AC REP LODS m8 5+6*(E)CX Load (E)CX bytes from [(E)SI] to AL
F3 AD REP LODS m16 5+6*(E)CX Load (E)CX words from [(E)SI] to AX
F3 AD REP LODS m32 5+ 6*(E)CX Load (E)CX dwords from [(E)SI] to EAX
F3 AA REP STOS m8 5+5*(E)CX Fill (E)CX bytes at ES:[(E)DI] with AL
F3 AB REP STOS m16 5+5*(E)CX Fill (E)CX words at ES:[(E)DI] with AX
F3 AB REP STOS m32 5+5*(E)CX Fill (E)CX dwords at ES:[(E)DI] with EAX
F3 A6 REPE CMPS m8,m8 5+9*N Find nonmatching bytes in ES:[(E)DI] and [(E)SI]
F3 A7 REPE CMPS m16,m16 5+9*N Find nonmatching words in ES:[(E)DI] and [(E)SI]
F3 A7 REPE CMPS m32,m32 5+9*N Find nonmatching dwords in ES:[(E)DI] and [(E)SI]
F3 AE REPE SCAS m8 5+8*N Find non-AL byte starting at ES:[(E)DI]
F3 AF REPE SCAS m16 5+8*N Find non-AX word starting at ES:[(E)DI]
F3 AF REPE SCAS m32 5+8*N Find non-EAX dword starting at ES:[(E)DI]
F2 A6 REPNE CMPS m8,m8 5+9*N Find matching bytes in ES:[(E)DI] and [(E)SI]
F2 A7 REPNE CMPS m16,m16 5+9*N Find matching words in ES:[(E)DI] and [(E)Sl]
F2 A7 REPNE CMPS m32,m32 5+9*N Find matching dwords in ES:[(E)DI] and [(E)SI]
F2 AE REPNE SCAS m8 5+8*N Find AL, starting at ES:[(E)DI]
F2 AF REPNE SCAS m16 5+8*N Find AX, starting at ES:[(E)DI]
F2 AF REPNE SCAS m32 5+8*N Find EAX, starting at ES:[(E)DI]

NOTES: *1 If CPL < IOPL

Operation

IF AddressSize = 16
THEN use CX for CountReg;
ELSE (* AddressSize = 32 *) use ECX for CountReg;

Fl;

WHILE CountReg <> 0

DO

*2 If CPL > IOPL or if in virtual 8086 mode

service pending interrupts (if any);
perform primitive string instruction;

CountReg « CountReg — 1;

IF primitive operation is CMPB, CMPW, SCAB, or SCAW

THEN

IF (instruction is REP/REPE/REPZ) AND (ZF=1)
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THEN exit WHILE loop
ELSE
IF (instruction is REPNZ or REPNE) AND (ZF =0)
THEN exit WHILE loop;
Fl;
Fl;
Fi;
oD;

Description

The REP, REPE (repeat while equal), and REPNE (repeat while not equal) prefixes
are applied to string operation. Each prefix causes the string instruction that follows to
be repeated the number of times indicated in the count register or (for the REPE and
REPNE prefixes) until the indicated condition in the ZF flag is no longer met.

Synonymous forms of the REPE and REPNE prefixes are the REPZ and REPNZ pre-
fixes, respectively.

The REP prefixes apply only to one string instruction at a time. To repeat a block of
instructions, use the LOOP instruction or another looping construct.

The precise action for each iteration is as follows:

1. If the address-size attribute is 16 bits, use the CX register for the count register; if -
the address-size attribute is 32 bits, use the ECX register for the count register.

2. Check the CX register. If it is zero, exit the iteration, and move to the next
instruction.

Acknowledge any pending interrupts.
Perform the string operation once.
Decrement the CX or ECX register by one; no flags are modified.

Check the ZF flag if the string operation is a SCAS or CMPS instruction. If the
repeat condition does not hold, exit the iteration and move to the next instruction.
Exit the iteration if the prefix is REPE and the ZF flag is 0 (the last comparison was
not equal), or if the prefix is REPNE and the ZF flag is one (the last comparison
was equal).

SR

7. Return to step 1 for the next iteration.
Repeated CMPS and SCAS instructions can be exited if the count is exhausted or if the
ZF flag fails the repeat condition. These two cases can be distinguished by using either

the JCXZ instruction, or by using the conditional jumps that test the ZF flag (the JZ,
JNZ, and JNE instructions). ‘ ‘

Flags Affected

The ZF flag is affected by the REP CMPS and REP SCAS as described above
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Protected Mode Exceptions

Exceptions can be generated when the string operation is executed; refer to the descrip-
tions of the string instructions themselves

Real Address Mode Exceptions

Exceptions can be generated when the string operation is executed; refer to the descrip-
tions of the string instructions themselves

Virtual 8086 Mode Exceptions

Exceptions can be generated when the string operation is executed; refer to the descrip-
tions of the string instructions themselves

Notes

Not all I/O ports can handle the rate at which the REP INS and REP OUTS instructions
execute.

The repeat prefix is ignored when it is used with a non-string instruction.
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RET —Return from Procedure

Opcode Instruction Clocks Description

C3 RET 10+m Return (near) to caller

cB RET 18+m,pm=32+m Return (far) to caller, same privilege

CB RET pm=69 Return (far), lesser privilege, switch stacks

C2 iw RET imm16 10+m Return (near), pop imm16 bytes of parameters

CA iw RET imm16 18+m,pm=32+m Return (far), same privilege, pop imm16 bytes

CA iw RET imm16 pm=69 Return (far), lesser privilege, pop imm16 bytes
Operation

IF instruction = near RET
THEN;
IF OperandSize = 16
THEN
IP < Pop();
EIP < EIP AND 0000FFFFH;
ELSE (* OperandSize = 32 *)
EIP < Pop();
Fl;
IF instruction has immediate operand THEN eSP « eSP + imm16; Fi;
Fl;

IF (PE = 0OR (PE = 1 AND VM = 1))
(* real mode or virtual 8086 mode *)
AND instruction = far RET
THEN;
IF OperandSize = 16
THEN
IP < Pop();
EIP < EIP AND 0000FFFFH;
CS « Pop(); (* 16-bit pop *)
ELSE (* OperandSize = 32 *)
EIP < Pop();
CS « Pop(); (* 32-bit pop, high-order 16-bits discarded *)
Fl;
IF instruction has immediate operand THEN eSP < eSP + imm16; Fl;
Fl;

IF (PE = 1 AND VM = 0) (* Protected mode, not V86 mode *)
AND instruction = far RET
THEN
IF OperandSize =32
THEN Third word on stack must be within stack limits else #SS(0);
ELSE Second word on stack must be within stack limits else #SS(0);
Fl;
Return selector RPL must be = CPL ELSE #GP(return selector)
IF return selector RPL = CPL

17-148



intel® 386™ DX MICROPROCESSOR INSTRUCTION SET

THEN GOTO SAME-LEVEL;
ELSE GOTO OUTER-PRIVILEGE-LEVEL,
Fl;

Fl;

SAME-LEVEL:
Return selector must be non-null ELSE #GP(0)
Selector index must be within its descriptor table limits ELSE
#GP(selector)
Descriptor AR byte must indicate code segment ELSE #GP(selector)
IF non-conforming
THEN code segment DPL must equal CPL;
ELSE #GP(selector);
Fl;
IF conforming
THEN code segment DPL must be < CPL;
ELSE #GP(selector);
Fl;
Code segment must be present ELSE #NP(selector);
Top word on stack must be within stack limits ELSE #SS(0);
IP must be in code segment limit ELSE #GP(0);
IF OperandSize =32
THEN
Load CS:EIP from stack
Load CS register with descriptor
Increment eSP by 8 plus the immediate offset if it exists
ELSE (* OperandSize=16 *)
Load CS:IP from stack
Load CS register with descriptor
Increment eSP by 4 plus the immediate offset if it exists
Fl;

OUTER-PRIVILEGE-LEVEL:

IF OperandSize =32

THEN Top (16+immediate) bytes on stack must be within stack limits
ELSE #SS(0);

ELSE Top (8 +immediate) bytes on stack must be within stack limits ELSE
#SS(0);

Fl;

Examine return CS selector and associated descriptor:
Selector must be non-null ELSE #GP(0);
Selector index must be within its descriptor table limits ELSE

#GP(selector)

Descriptor AR byte must indicate code segment ELSE #GP(selector);
IF non-conforming
THEN code segment DPL must equal return selector RPL
ELSE #GP(selector);
Fl;
IF conforming
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THEN code segment DPL must be < return selector RPL;

ELSE #GP(selector);

Fl;

Segment must be present ELSE #NP(selector)

Examine return SS selector and associated descriptor:

Selector must be non-null ELSE #GP(0);

Selector index must be within its descriptor table limits
ELSE #GP(selector);

Selector RPL must equal the RPL of the return CS selector ELSE
#GP(selector);

Descriptor AR byte must indicate a writable data segment ELSE
#GP(selector);

Descriptor DPL must equal the RPL of the return CS selector ELSE
#GP(selector);

Segment must be present ELSE #NP(selector);

IP must be in code segment limit ELSE #GP(0);
Set CPL to the RPL of the return CS selector;

IF OperandMode =32

THEN

Load CS:EIP from stack;

Set CS RPL to CPL;

Increment eSP by 8 plus the immediate offset if it exists;

Load SS:eSP from stack;

ELSE (* OperandMode =16 *)

Load CS:IP from stack;

Set CS RPL to CPL;

Increment eSP by 4 plus the immediate offset if it exists;

Load SS:eSP from stack;

Fl;

Load the CS register with the return CS descriptor;
Load the SS register with the return SS descriptor;
For each of ES, FS, GS, and DS

DO

IF the current register setting is not valid for the outer level,
set the register to null (selector < AR < 0);

To be valid, the register setting must satisfy the following properties:
Selector index must be within descriptor table limits;
Descriptor AR byte must indicate data or readable code segment;
IF segment is data or non-conforming code, THEN

DPL must be = CPL, or DPL must be = RPL,;
Fl;
OD;

Description

The RET instruction transfers control to a return address located on the stack. The
address is usually placed on the stack by a CALL instruction, and the return is made to
the instruction that follows the CALL instruction.
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The optional numeric parameter to the RET instruction gives the number of stack bytes
(OperandMode = 16) or words (OperandMode =32) to be released after the return ad-
dress is popped. These items are typically used as input parameters to the procedure
called.

For the intrasegment (near) return, the address on the stack is a segment offset, which is
popped into the instruction pointer. The CS register is unchanged. For the intersegment
(far) return, the address on the stack is a long pointer. The offset is popped first, fol-
lowed by the selector.

In real mode, the CS and IP registers are loaded directly. In Protected Mode, an inter-
segment return causes the processor to check the descriptor addressed by the return
selector. The AR byte of the descriptor must indicate a code segment of equal or lesser
privilege (or greater or equal numeric value) than the current privilege level. Returns to
a lesser privilege level cause the stack to be reloaded from the value saved beyond the
parameter block.

The DS, ES, FS, and GS segment registers can be cleared by the RET instruction during
an interlevel transfer. If these registers refer to segments that cannot be used by the new

privilege level, they are cleared to prevent unauthorized access from the new privilege
level.

Flags Affected

None

Protected Mode Exceptions

#GP, #NP, or #SS, as described under “Operation” above; #PF(fault-code) for a page
fault

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would be outside the effective address space from
0 to OFFFFH

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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SAHF — Store AH into Flags

Opcode Instruction Clocks Description
9E SAHF 3 Store AH into flags SF ZF xx AF xx PF xx CF
Operation

SF:ZF:xx:AF:xx:PF:xx:CF < AH;

Description

The SAHF instruction loads the SF, ZF, AF, PF, and CF flags with values from the AH
register, from bits 7, 6, 4, 2, and 0, respectively.

Flags Affected

The SF, ZF, AF, PF, and CF flags are loaded with values form the AH register

Protected Mode Exceptions

None

Real Address Mode Exceptions

None

Virtual 8086 Mode Exceptions

None
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SAL/SAR/SHL/SHR — Shift Instructions

Opcode Instruction Clocks Description

DO /4 SAL r/m8,1 3/7 Multiply r/m byte by 2, once

D2 /4 SAL r/m8,CL 3/7 Multiply r/m byte by 2, CL times

CO /4 ib SAL r/m8,imm8 3/7 Multiply r/m byte by 2, imm8 times

D1 /4 SAL r/m16,1 3/7 Multiply r/m word by 2, once

D3 /4 SAL r/m16,CL 3/7 Muitiply /m word by 2, CL times

Ct /4ib SAL r/m16,imm8 3/7 Multiply r/m word by 2, imm8 times

D1 /4 SAL r/m32,1 3/7 Multiply r/m dword by 2, once

D3 /4 SAL r/m32,CL 3/7 Multiply r/m dword by 2, CL times

C1 /4 ib SAL r/m32,imm8 3/7 Multiply r/m dword by 2, imm8 times

Do /7 SAR r/m8,1 3/7 Signed divide' r/m byte by 2, once

D2 /7 SAR r/m8,CL 3/7 Signed divide' r/m byte by 2, CL times

CO /7 ib SAR r/m8,imm8 3/7 Signed divide' r/m byte by 2, imm8 times
D1 /7 SAR r/m16,1 3/7 Signed divide' r/m word by 2, once

D3 /7 SAR r/m16,CL 3/7 Signed divide' r/m word by 2, CL times
C1/7ib SAR r/m16,imm8 3/7 Signed divide' r/m word by 2, imm8 times
D1 /7 SAR r/m32,1 3/7 Signed divide' r/m dword by 2, once

D3 /7 SAR r/m32,CL 3/7 Signed divide' r/m dword by 2, CL times
C1/7ib SAR r/m32,imm8 3/7 Signed divide' r/m dword by 2, imm8 times
DO /4 SHL r/m81 3/7 Multiply r/m byte by 2, once

D2 /4 SHL r/m8,CL 3/7 Multiply /m byte by 2, CL times

CO /4 ib SHL r/m8,imm8 3/7 Multiply r/m byte by 2, imm8 times

D1 /4 SHL r/m16,1 3/7 Multiply /m word by 2, once

D3 /4 SHL r/m16,CL 3/7 Multiply r/m word by 2, CL times

C1 /4ib SHL r/m16,imm8 3/7 Multiply /m word by 2, imm8 times

D1 /4 SHL r/m32,1 3/7 Multiply r/m dword by 2, once

D3 /4 SHL r/m32,CL 3/7 Multiply r/m dword by 2, CL times

C1 /4ib SHL r/m32,imm8 3/7 Multiply r/m dword by 2, imm8 times

DO /5 SHR r/m8,1 3/7 Unsigned divide r/m byte by 2, once

D2 /5 SHR r/m8,CL 3/7 Unsigned divide r/m byte by 2, CL times
Co /5 ib SHR r/m8,imm8 3/7 Unsigned divide r/m byte by 2, imm8 times
D1 /5 SHR r/m16,1 3/7 Unsigned divide r/m word by 2, once

D3 /5 SHR r/m16,CL 3/7 Unsigned divide r/m word by 2, CL times
C1 /5ib SHR 1/m16,imm8 3/7 Unsigned divide r/m word by 2, imm8 times
D1 /5 SHR r/m32,1 3/7 Unsigned divide r/m dword by 2, once

D3 /5 SHR r/m32,CL 3/7 Unsigned divide r/m dword by 2, CL times
Ct /5ib SHR r/m32,imm8 3/7 Unsigned divide r/m dword by 2, imm8 times

Not the same division as IDIV; rounding is toward negative infinity.

Operation

(* COUNT is the second parameter *)
(temp) < COUNT;
WHILE (temp < > 0)
DO
IF instruction is SAL or SHL
THEN CF <« high-order bit of r/m;
FI;
IF instruction is SAR or SHR
THEN CF < low-order bit of r/m;
Fl;
IF instruction = SAL or SHL
THEN r/m < r/m * 2;
Fl;
IF instruction = SAR
THEN r/m < r/m /2 (*Signed divide, rounding toward negative infinity*);
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Fl;
IF instruction = SHR
THEN r/m < r/m [ 2; (* Unsigned divide *);

Fl;
temp < temp — 1;
OD;
(* Determine overflow for the various instructions *)
IF COUNT = 1
THEN

IF instruction is SAL or SHL
THEN OF <« high-order bit of /m < > (CF);
Fl;
IF instruction is SAR
THEN OF « 0;
Fl;
IF instruction is SHR
THEN OF < high-order bit of operand;
Fl;
ELSE OF < undefined;
Fl;

Description

The SAL instruction (or its synonym, SHL) shifts the bits of the operand upward‘. The
high-order bit is shifted into the CF flag, and the low-order bit is cleared.

The SAR and SHR instructions shift the bits of the operand downward. The low-order
bit is shifted into the CF flag. The effect is to divide the operand by two. The SAR
instruction performs a signed divide with rounding toward negative infinity (not the
same as the IDIV instruction); the high-order bit remains the same. The SHR instruc-
tion performs an unsigned divide; the high-order bit is cleared.

The shift is repeated the number of times indicated by the second operand, which is
either an immediate number or the contents of the CL register. To reduce the maximum
execution time, the 386 DX microprocessor does not allow shift counts greater than 31.
If a shift count greater than 31 is attempted, only the bottom five bits of the shift count
are used. (The 8086 uses all eight bits of the shift count.)

The OF flag is affected only if the single-shift forms of the instructions are used. For left
shifts, the OF flag is cleared if the high bit of the answer is the same as the result of the
CF flag (i.e., the top two bits of the original operand were the same); the OF flag is set
if they are different. For the SAR instruction, the OF flag is cleared for all single shifts.
For the SHR instruction, the OF flag is set to the high-order bit of the original operand.

Flags Affected

The OF flag is affected for single shifts; the OF flag is undefined for multiple shifts; the
CF, ZF, PF, and SF flags are set according to the result
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Protected Mode Exceptions
#GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal memory operand

effective address in the CS, DS, ES, FS, or GS segments; #SS(0) for an illegal address in
the SS segment; #PF(fault-code) for a page fault

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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SBB — Integer Subtraction with Borrow

Opcode Instruction Clocks Description

1C ib SBB AL,imm8 2 Subtract with borrow immediate byte from AL

1D iw SBB AX,imm16 2 Subtract with borrow immediate word from AX

1D id SBB EAX,imm32 2 Subtract with borrow immediate dword from EAX

80 /3ib SBB r/m8,imm8  2/7 Subtract with borrow immediate byte from r/m byte

81 /3 iw SBB r/m16,imm16 2/7 Subtract with borrow immediate word from r/m word

81 /3id SBB r/m32,imm32 2/7 Subtract with borrow immediate dword from r/m dword

83 /3ib SBB r/mi16,imm8 2/7 Subtract with borrow sign-extended immediate byte from r/m word

83 /3ib SBB r/m32,imm8 2/7 Subtract with borrow sign-extended immediate byte from r/m dword

18 /r SBB r/m8,r8 2/6 Subtract with borrow byte register from r/m byte

19 /r SBB /m16,r16 2/6 Subtract with borrow word register from r/m word

19 /r SBB r/m32,r32 2/6 Subtract with borrow dword register from r/m dword

1A Ir SBB r8,r/m8 2/7 Subtract with borrow byte register from r/m byte

1B /r SBB r16,/m16 2/7 Subtract with borrow word register from r/m word

1B /r SBB r32,r/m32 2/7 Subtract with borrow dword register from r/m dword
Operation

IF SRC is a byte and DEST is a word or dword
THEN DEST = DEST - (SignExtend(SRC) + CF)
ELSE DEST « DEST — (SRC + CF);

Description

The SBB instruction adds the second operand (SRC) to the CF flag and subtracts the
result from the first operand (DEST). The result of the subtraction is assigned to the
first operand (DEST), and the flags are set accordingly.

When an immediate byte value is subtracted from a word operand, the immediate value
is first sign-extended.

Flags Affected

The OF, SF, ZF, AF, PF, and CF flags are set according to the result

Protected Mode Exceptions

#GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal memory operand
effective address in the CS, DS, ES, FS, or GS segments; #SS(0) for an illegal address in
the SS segment; #PF(fault-code) for a page fault

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH
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Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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SCAS/SCASB/SCASW/SCASD — Compare String Data

Opcode Instruction Clocks Description

AE SCAS m8 8 Compare bytes AL-ES:[DI], update (E)DI
AF SCAS m16 8 Compare words AX-ES:[DI], update (E)DI
AF SCAS m32 8 Compare dwords EAX-ES:[DI], update (E)DI
AE SCASB 8 Compare bytes AL-ES:[DI], update (E)DI
AF SCASW 8 Compare words AX-ES:[DI], update (E)DI
AF SCASD 8 Compare dwords EAX-ES:[DI], update (E)DI

Operation

IF AddressSize = 16
THEN use DI for dest-index;
ELSE (* AddressSize = 32 *) use EDI for dest-index;
Fl;
IF byte type of instruction
THEN
AL — [dest-index]; (* Compare byte in AL and dest *)
IF DF = 0 THEN IndDec < 1 ELSE IncDec < —1; FI;
ELSE
IF OperandSize = 16
THEN
AX — [dest-index]; (* compare word in AL and dest *)
IF DF = 0 THEN IncDec « 2 ELSE IncDec < —-2; Fl;
ELSE (* OperandSize = 32 *)
EAX — [dest-index];(* compare dword in EAX & dest *)
IF DF = 0 THEN IncDec < 4 ELSE IncDec « —4; Fl;
Fl;
Fl;
dest-index = dest-index + IncDec

Description

The SCAS instruction subtracts the memory byte or word at the destination register
from the AL, AX or EAX register. The result is discarded; only the flags are set. The

operand must be addressable from the ES segment; no segment override is possible.

If the address-size attribute for this instruction is 16 bits, the DI register is used as the
destination register; otherwise, the address-size attribute is 32 bits and the EDI register

is used.

The address of the memory data being compared is determined solely by the contents of
the destination register, not by the operand to the SCAS instruction. The operand vali-
dates ES segment addressability and determines the data type. Load the correct index

value into the DI or EDI register before executing the SCAS instruction.
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After the comparison is made, the destination register is automatically updated. If the
direction flag is 0 (the CLD instruction was executed), the destination register is incre-
mented; if the direction flag is 1 (the STD instruction was executed), it is decremented.
The increments or decrements are by 1 if bytes are compared, by 2 if words are com-
pared, or by 4 if doublewords are compared.

The SCASB, SCASW, and SCASD instructions are synonyms for the byte, word and
doubleword SCAS instructions that don’t require operands. They are simpler to code,
but provide no type or segment checking.

The SCAS instruction can be preceded by the REPE or REPNE prefix for a block
search of CX or ECX bytes or words. Refer to the REP instruction for further details.

Flags Affected

The OF, SF, ZF, AF, PF, and CF flags are set according to the result

Protected Mode Exceptions

#GP(0) for an illegal memory operand effective address in the CS, DS, ES, FS, or GS
segments; #SS(0) for an illegal address in the SS segment; #PF(fault-code) for a page
fault

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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SETcc —Byte Set on Condition

Opcode Instruction Clocks Description
OF 97 SETA r/m8 4/5 Set byte if above (CF=0 and ZF =0)
OF 93 SETAE r/m8 4/5 Set byte if above or equal (CF=0)
OF 92 SETB r/m8 4/5 Set byte if below (CF=1)
OF 96 SETBE /m8 4/5 Set byte if below or equal (CF=1 or (ZF=1)
OF 92 SETC r/m8 4/5 Set if carry (CF=1)
OF 94 SETE r/m8 4/5 Set byte if equal (ZF=1)
OF 9F SETG r/m8 4/5 Set byte if greater (ZF =0 or SF=0F)
OF 9D SETGE r/m8 4/5 Set byte if greater or equal (SF=0OF)
OF 9C SETL r/m8 4/5 Set byte if less (SF < >OF)
OF 9E SETLE r/m8 4/5 Set byte if less or equal (ZF=1 or SF< >O0OF)
OF 96 SETNA r/m8 4/5 Set byte if not above (CF=1)
OF 92 SETNAE r/m8 4/5 Set byte if not above or equal (CF=1)
OF 93 SETNB r/m8 4/5 Set byte if not below (CF=0)
OF 97 SETNBE r/m8 4/5 Set byte if not below or equal (CF=0 and ZF =0)
OF 93 SETNC /m8 4/5 Set byte if not carry (CF=0)
OF 95 SETNE r/m8 4/5 Set byte if not equal (ZF=0)
OF 9E SETNG r/m8 4/5 Set byte if not greater (ZF=1 or SF< >OF)
OF 9C SETNGE r/m8 4/5 Set if not greater or equal (SF < >OF)
OF 9D SETNL r/m8 4/5 Set byte if not less (SF=0F)
OF 9F SETNLE r/m8 4/5 Set byte if not less or equal (ZF=0 and SF=0F)
OF 91 SETNO r/m8 4/5 Set byte if not overflow (OF =0)
OF 9B SETNP r/m8 4/5 Set byte if not parity (PF=0)
OF 99 SETNS r/m8 4/5. Set byte if not sign (SF=0)
OF 95 SETNZ r/m8 4/5 Set byte if not zero (ZF=0)
OF 90 SETO r/m8 4/5 Set byte if overflow (OF =1)
OF 9A SETP r/m8 4/5 Set byte if parity (PF=1)
OF 9A SETPE r/m8 4/5 Set byte if parity even (PF=1)
OF 9B SETPO r/m8 4/5 Set byte if parity odd (PF=0)
OF 98 SETS r/m8 4/5 Set byte if sign (SF=1)
OF 94 SETZ r/m8 4/5 Set byte if zero (ZF=1)
Operation

IF condition THEN r/m8 < 1 ELSE r/m8 < 0; Fl;

Description

The SETcc instruction stores a byte at the destination specified by the effective address
or register if the condition is met, or a 0 byte if the condition is not met.

Flags Affected

None

Protected Mode Exceptions

#GP(0) if the result is in a non-writable segment; #GP(0) for an illegal memory oper-
and effective address in the CS, DS, ES, FS, or GS segments; #SS(0) for an illegal
address in the SS segment; #PF(fault-code) for a page fault
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Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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SGDT/SIDT — Store Global/Interrupt Descriptor Table Register

Opcode Instruction Clocks Description

OF 01 /0 SGDT m 9 Store GDTR to m

OF 01 /1 SIDT m 9 Store IDTR to m
Operation

DEST <« 48-bit BASE/LIMIT register contents;

Description

The SGDT and SIDT instructions copy the contents of the descriptor table register to
the six bytes of memory indicated by the operand. The LIMIT field of the register is
assigned to the first word at the effective address. If the operand-size attribute is 32 bits,
the next three bytes are assigned the BASE field of the register, and the fourth byte is
written with zero. The last byte is undefined. Otherwise, if the operand-size attribute is
16 bits, the next four bytes are assigned the 32-bit BASE field of the register.

The SGDT and SIDT instructions are used only in operating system software; they are
not used in application programs.

Flags Affected

None

Protected Mode Exceptions

Interrupt 6 if the destination operand is a register; #GP(0) if the destination is in a
nonwritable segment; #GP(0) for an illegal memory operand effective address in the CS,
DS, ES, FS, or GS segments; #SS(0) for an illegal address in the SS segment; #PF(fault-
code) for a page fault

Real Address Mode Exceptions

Interrupt 6 if the destination operand is a register; Interrupt 13 if any part of the oper-
and would lie outside of the effective address space from 0 to OFFFFH

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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Compatibility Note

The 16-bit forms of the SGDT and SIDT instructions are compatible with the 80286, if
the value in the upper eight bits is not referenced. The 80286 stores 1’s in these upper
bits, whereas the 386 DX microprocessor stores 0’s if the operand-size attribute is 16
bits. These bits were specified as undefined by the SGDT and SIDT instructions in the

80286 and 80287 Programmer’s Reference Manual.
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SHLD —Double Precision Shift Left

Opcode Instruction - Clocks - Description

OF A4 SHLD r/m16,r16,imm8 3/7 r/m16 gets SHL of r/m16 concatenated with r16

OF A4 SHLD r/m32,r32,imm8 3/7 r/m32 gets SHL of r/m32 concatenated with r32

OF A5 SHLD r/m16,r16,CL 3/7 r/m16 gets SHL of r/m16 concatenated with r16

OF A5 SHLD r/m32,r32,CL 3/7 r/m32 gets SHL of r/m32 concatenated with r32
Operation

(* count is an unsigned integer corresponding to the last operand of the instruction, either an
immediate byte or the byte in register CL *)

ShiftAmt < count MOD 32;

inBits < register; (* Allow overlapped operands *)

IF ShiftAmt = 0
THEN no operation
ELSE

IF ShiftAmt = OperandSize
THEN (* Bad parameters *)
r/m < UNDEFINED;
CF, OF, SF, ZF, AF, PF < UNDEFINED;
ELSE (* Perform the shift *)
CF « BIT[Base, OperandSize — ShiftAmt];
(* Last bit shifted out on exit *)
FOR i < OperandSize — 1 DOWNTO ShiftAmt
DO
BIT[Base, i] < BIT[Base, i — ShiftAmt];
OF;
FOR i < ShiftAmt — 1 DOWNTO 0
DO
BIT[Base, i] < BIT[inBits, i — ShiftAmt + OperandSize];
OoD;
Set SF, ZF, PF (r/m);
(* SF, ZF, PF are set according to the value of the result *)
AF < UNDEFINED;
Fi;
Fl;

Description

The SHLD instruction shifts the first operand provided by the r/m field to the left as
many bits as specified by the count operand. The second operand (r76 or r32) provides
the bits to shift in from the right (starting with bit 0). The result is stored back into the
r/m operand. The register remains unaltered.

The count operand is provided by either an immediate byte or the contents of the CL
register. These operands are taken MODULO 32 to provide a number between 0 and 31
by which to shift. Because the bits to shift are provided by the specified registers, the
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operation is useful for multiprecision shifts (64 bits or more). The SF, ZF and PF flags
are set according to the value of the result. The CF flag is set to the value of the last bit
shifted out. The OF and AF flags are left undefined.

Flags Affected

The SF, ZF, and PF, flags are >set according to the result; the CF flag is set to the value
of the last bit shifted out; after a shift of one bit position, the OF flag is set if a sign
change occurred, otherwise it is cleared; after a shift of more than one bit position, the

OF flag is undefined; the AF flag is undefined, except for a shift count of zero, which
does not affect any flags.

Protected Mode Exceptions
#GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal memory operand

effective address in the CS, DS, ES, FS, or GS segments; #SS(0) for an illegal address in
the SS segment; #PF(fault-code) for a page fault

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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SHRD — Double Precision Shift Right

Opcode Instruction Clocks Description

OF AC SHRD r/m16,r16,imm8 3/7 r/m16 gets SHR of r/m16 concatenated with r16

OF AC SHRD r/m32,r32,imm8 3/7 r/m32 gets SHR of r/m32 concatenated with r32

OF AD SHRD r/m16,r16,CL 3/7 r/m16 gets SHR of r/m16 concatenated with r16

OF AD SHRD r/m32,r32,CL 317 r/m32 gets SHR of /m32 concatenated with r32
Operation

(* count is an unsigned integer corresponding to the last operand of the instruction, either an
immediate byte or the byte in register CL *)

ShiftAmt < count MOD 32;

inBits « register; (* Allow overlapped operands *)

IF ShiftAmt = 0
THEN no operation
ELSE

IF ShiftAmt = OperandSize
THEN (* Bad parameters *)
r/m < UNDEFINED;
CF, OF, SF, ZF, AF, PF «— UNDEFINED;
ELSE (* Perform the shift *)
CF <« BIT[r/m, ShiftAmt — 1]; (* last bit shifted out on exit *)
FOR i < 0 TO OperandSize — 1 — ShiftAmt
DO
BIT[r/m, i] < BIT[r/m, i — ShiftAmt];
OD; :
FOR i « OperandSize — ShiftAmt TO OperandSize —1
DO
BIT[r/m,i] < BIT[inBits,i + ShiftAmt — OperandSize};
OD;
Set SF, ZF, PF (r/m);
(* SF, ZF, PF are set according to the value of the result *)
Set SF, ZF, PF (r/m);
AF <UNDEFINED;
Fl;
Fl;

Description

The SHRD instruction shifts the first operand provided by the r/m field to the right as
many bits as specified by the count operand. The second operand (r16 or r32) provides
the bits to shift in from the left (starting with bit 31). The result is stored back into the
r/m operand. The register remains unaltered.

The count operand is provided by either an immediate byte or the contents of the CL
register. These operands are taken MODULO 32 to provide a number between 0 and 31
by which to shift. Because the bits to shift are provided by the specified register, the
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operation is useful for multi-precision shifts (64 bits or more). The SF, ZF and PF flags
are set according to the value of the result. The CF flag is set to the value of the last bit
shifted out. The OF and AF flags are left undefined. '

Flags Affected

The SF, ZF, and PF flags are set according to the result; the CF flag is set to the value
of the last bit shifted out; after a shift of one bit position, the OF flag is set if a sign
change occurred, otherwise it is cleared; after a shift of more than one bit position, the

OF flag is undefined; the AF flag is undefined, except for a shift count of zero, which
does not affect any flags.

Protected Mode Exceptions
#GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal memory operand

effective address in the CS, DS, ES, FS, or GS segments; #SS(0) for an illegal address in
the SS segment; #PF(fault-code) for a page fault

" Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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SLDT —Store Local Descriptor Table Register

Opcode Instruction Clocks Description
OF 00 /0 SLDT r/m16 pm=2/2 Store LDTR to EA word
Operation

r/m16 < LDTR;

Description

The SLDT instruction stores the Local Descriptor Table Register (LDTR) in the two-
byte register or memory location indicated by the effective address operand. This regis-
ter is a selector that points into the Global Descriptor Table.

The SLDT instruction is used only in operating system software. It is not used in appli-
cation programs.

Fiags Affected
None

Protected Mode Exceptions

#GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal memory operand
effective address in the CS, DS, ES, FS, or GS segments; #SS(0) for an illegal address in
the SS segment; #PF(fault-code) for a page fault

Real Address Mode Exceptions

Interrupt 6; the SLDT instruction is not recognized in Real Address Mode

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault

Notes

The operand-size attribute has no effect on the operation of the instruction.
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SMSW — Store Machine Status Word

Opcode Instruction Clocks Description

OF 01 /4 SMSW /m16 2/3,pm=2/2 Store machine status word to EA word
Operation
r/m16 < MSW;

Description

The SMSW instruction stores the machine status word (part of the CRO register) in the
two-byte register or memory location indicated by the effective address operand.

Flags Affected

None

Protected Mode Exceptions
#GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal memory operand

effective address in the CS, DS, ES, FS, or GS segments; #SS(0) for an illegal address in
the SS segment; #PF(fault-code) for a page fault

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault

Notes

This instruction is provided for compatibility with the 80286; 386 DX microprocessor
programs should use the MOV ..., CRO0 instruction.
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STC —Set Carry Flag

Opcode Instruction Clocks Description
F9 STC 2 Set carry flag
Operation
CF « 1;
Description

The STC instruction sets the CF flag.

Flags Affected

The CF flag is set

Protected Mode Exceptions

None

Real Address Mode Exceptions

None

Virtual 8086 Mode Exceptions

None
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STD —Set Direction Flag

Opcode Instruction Clocks Description

FD STD 2 Set direction flag so (E)SI and/or (E)DI decrement
Operation
DF « 1;
Description

The STD instruction sets the direction flag, causing all subsequent string operations to
decrement the index registers, (E)SI and/or (E)DI, on which they operate.

Flags Affected

The DF flag is set

Protected Mode Exceptions

None

Real Address Mode Exceptions

None

Virtual 8086 Mode Exceptions

None
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STI —Set Interrupt Flag

Opcode Instruction Clocks Description

F13 STl - 8 Set interrupt flag; interrupts enabled at the end
. of the next instruction

Operation

IF <1

Description

The STI instruction sets the IF flag. The 386 DX microprocessor then responds to
external interrupts after executing the next instruction if the next instruction allows the
IF flag to remain enabled. If external interrupts are disabled and you code the STI
instruction followed by the RET instruction (such as at the end of a subroutine), the
RET instruction is allowed to execute before external interrupts are recognized. Also, if
external interrupts are disabled and you code the STI instruction followed by the CLI

instruction, then external interrupts are not recognized because the CLI instruction
clears the IF flag during its execution.

Flags Affected
The IF flag is set

Protected Mode Exceptions

#GP(0) if the current privilege level is greater (has less privilege) than the I/O privilege
level

Real Address Mode Exceptions

None

Virtual 8086 Mode Exceptions

None
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STOS/STOSB/STOSW/STOSD — Store String Data

Opcode Instruction Clocks Description

AA STOS m8 5 Store AL in byte ES:[(E)Di], update (E)DI
AB STOS m16 5 Store AX in word ES:[(E)DI], update (E)DI
AB STOS m32 5 Store EAX in dword ES:[(E)DI], update (E)DI
AA STOSB 5 Store AL in byte ES:[(E)DI], update (E)DI
AB STOSW 5 Store AX in word ES:[(E)DI], update (E)D!
AB STOSD 5 Store EAX in dword ES:[(E)DI], update (E)DI

Operation

IF AddressSize = 16
THEN use ES:DI for DestReg
ELSE (* AddressSize = 32 *) use ES:EDI for DestReg;
Fl;
IF byte type of instruction
THEN
(ES:DestReg) < AL;
IFDF =0
THEN DestReg <« DestReg + 1;
ELSE DestReg < DestReg — 1;
FI;
ELSE IF OperandSize = 16
THEN
(ES:DestReg) < AX;
IFDF =0
THEN DestReg « DestReg + 2;
ELSE DestReg < DestReg — 2;
FI;
ELSE (* OperandSize = 32 *)
- (ES:DestReg) < EAX;
IFDF =0
THEN DestReg < DestReg + 4;
ELSE DestReg < DestReg — 4;
Fi;
Fl;
Fl;

Description

The STOS instruction transfers the contents of the AL, AX, or EAX register to the
memory byte or word given by the destination register relative to the ES segment. The
destination register is the DI register for an address-size attribute of 16 bits or the EDI
register for an address-size attribute of 32 bits.

The destination operand must be addressable from the ES register. A segment override
is not possible.
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The address of the destination is determined by the contents of the destination register,
not by the explicit operand of the STOS instruction. This operand is used only to vali-
date ES segment addressability and to determine the data type. Load the correct index
value into the destination register before executing the STOS instruction.

After the transfer is made, the DI register is automatically updated. If the DF flag is 0
(the CLD instruction was executed), the DI register is incremented; if the DF flag is 1
(the STD instruction was executed), the DI register is decremented. The DI register is
incremented or decremented by 1 if a byte is stored, by 2 if a word is stored, or by 4 if a
doubleword is stored.

The STOSB, STOSW, and STOSD instructions are synonyms for the byte, word, and
doubleword STOS instructions, that do not require an operand. They are simpler to use,
but provide no type or segment checking.

The STOS instruction can be preceded by the REP prefix for a block fill of CX or ECX
bytes, words, or doublewords. Refer to the REP instruction for further details.

Flags Affected

None

Protected Mode Exceptions

#GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal memory operand
effective address in the CS, DS, ES, FS, or GS segments; #SS(0) for an illegal address in
the SS segment; #PF(fault code) for a page fault

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address 'space
from 0 to OFFFFH

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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STR — Store Task Register

Opcode Instruction Clocks Description
OF 00 /1 STR r/m16 pm=23/27 Store task register to EA word
Operation

r/m < task register;

Description

The contents of the task register are copied to the two-byte register or memory location
indicated by the effective address operand.

The STR instruction is used only in operating system software. It is not used in applica-
tion programs.

Flags Affected

None

Protected Mode Exceptions
#GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal memory operand

effective address in the CS, DS, ES, FS, or GS segments; #SS(0) for an illegal address in
the SS segment; #PF(fault-code) for a page fault

Real Address Mode Exceptions

Interrupt 6; the STR instruction is not recognized in Real Address Mode

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode

Notes

The operand-size attribute has no effect on this instruction.
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SUB — Integer Subtraction

Opcode Instruction Clocks Description

2C ib SUB AL,imm8 2 Subtract immediate byte from AL

2D iw SUB AX,imm16 2 Subtract immediate word from AX

2D id SUB EAX,imm32 2 Subtract immediate dword from EAX

80 /5ib SUB r/m8,imm8 2/7 Subtract immediate byte from r/m byte

81 /5 iw SUB r/m16,immi16  2/7 Subtract immediate word from r/m word

81 /5 id SUB r/m32,imm32  2/7 Subtract immediate dword from r/m dword

83 /5ib SUB r/m16,imm8 2/7 Subtract sign-extended immediate byte from r/m word

83 /5ib SUB r/m32,imm8 2/7 Subtract sign-extended immediate byte from r/m dword

28 /r SUB r/m8,r8 2/6 Subtract byte register from r/m byte

29 /r SUB r/m16,r16 2/6 Subtract word register from r/m word

29 /r SUB r/m32,r32 2/6 Subtract dword register from r/m dword

2A Ir SUB r8,r/m8 217 Subtract r/m byte from byte register

2B /r SUB r16,r/m16 2/7 Subtract r/m word from word register

2B /r SUB r32,r/m32 2/7 Subtract r/m dword from dword register
Operation

IF SRC is a byte and DEST is a word or dword
THEN DEST = DEST — SignExtend(SRC);
ELSE DEST < DEST — SRC;

Fl;

Description

The SUB instruction subtracts the second operand (SRC) from the first operand
(DEST). The first operand is assigned the result of the subtraction, and the flags are set
accordingly.

When an immediate byte value is subtracted from a word operand, the immediate value
is first sign-extended to the size of the destination operand.

Flags Affected

The OF, SF, ZF, AF, PF, and CF flags are set according to the result

Protected Mode Exceptions

#GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal memory operand
effective address in the CS, DS, ES, FS, or GS segments; #SS(0) for an illegal address in
the SS segment; #PF(fault-code) for a page fault

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH
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Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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TEST —Logical Compare

Opcode Instruction Clocks Description
A8 ib TEST AL,imm8 2 AND immediate byte with AL
A9 iw TEST AX,imm16 2 AND immediate word with AX
A9 id TEST EAX,imm32 2 AND immediate dword with EAX
F6 /0 ib TEST r/m8,imm8 2/5 AND immediate byte with r/m byte
F7 /0 iw TEST r/m16,imm16 2/5 AND immediate word with r/m word
F7 /0 id TEST r/m32,imm32 2/5 AND immediate dword with r/m dword
84 /r TEST r/m8,r8 2/5 AND byte register with r/m byte
85 /r TEST r/m16,r16 2/5 AND word register with r/m word
85 /r TEST r/m32,r32 2/5 AND dword register with r/m dword
Operation
DEST : = LeftSRC AND RightSRC;
CF <« 0;
OF < 0;
Description

The TEST instruction computes the bit-wise logical AND of its two operands. Each bit
of the result is 1 if both of the corresponding bits of the operands are 1; otherwise, each
bit is 0. The result of the operation is discarded and only the flags are modified.

Flags Affected

The OF and CF flags are cleared; the SF, ZF, and PF flags are set according to the
result

Protected Mode Exceptions

#GP(0) for an illegal memory operand effective address in the CS, DS, ES, FS, or GS
segments; #SS(0) for an illegal address in the SS segment; #PF(fault-code) for a page
fault

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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VERR, VERW — Verify a Segment for Reading or Writing

Opcode Instruction Clocks Description .

OF 00 /4 VERR r/m16 pm=10/11 Set ZF =1 if segment can be read, selector in /m16

OF 00 /5 VERW r/m16 pm=15/16 Set ZF =1 if segment can be written, selector in r/m16
Operation .

IF segment with selector at (r/m) is accessible
with current protection level
AND ((segment is readable for VERR) OR
(segment is writable for VERW))
THEN ZF « 1;
ELSE ZF < 0;
Fl;

Description

The two-byte register or memory operand of the VERR and VERW instructions con-
tains the value of a selector. The VERR and VERW instructions determine whether the

segment denoted by the selector is reachable from the current privilege level and
whether the segment is readable (VERR) or writable (VERW). If the segment is acces-

sible, the ZF flag is set; if the segment is not accessible, the ZF flag is cleared. To set the

ZF flag, the following conditions must be met:

o The selector must denote a descriptor within the bounds of the table (GDT or LDT);
the selector must be “defined.”

o The selector must denote the descriptor of a code or data segment (not that of a task
state segment, LDT, or a gate).

e For the VERR instruction, the segment must be readable. For the VERW instruc-

tion, the segment must be a writable data segment.

o If the code segment is readable and conforming, the descriptor privilege level (DPL)
can be any value for the VERR instruction. Otherwise, the DPL must be greater than

or equal to (have less or the same privilege as) both the current privilege level and the

selector’s RPL.

The validation performed is the same as if the segment were loaded into the DS, ES, FS,
or GS register, and the indicated access (read or write) were performed. The ZF flag
receives the result of the validation. The selector’s value cannot result in a protection
exception, enabling the software to anticipate possible segment access problems.

Flags Affected
The ZF flag is set if the segment is accessible, cleared if it is not
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Protected Mode Exceptions

Faults generated by illegal addressing of the memory operand that contains the selector;
the selector is not loaded into any segment register, and no faults attributable to the
selector operand are generated

#GP(0) for an illegal memory operand effective address in the CS, DS, ES, FS, or GS

segments; #SS(0) for an illegal address in the SS segment; #PF(fault-code) for a page
fault

Real Address Mode Exceptions

Interrupt 6; the VERR and VERW instructions are not recognized in Real Address
Mode

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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WAIT — Wait until BUSY# Pin is Inactive (HIGH)

Opcode Instruction Clocks Description
9B WAIT 7 minimum Wait until BUSY pin is inactive (HIGH)
Description

The WAIT instruction suspends execution of the 386 DX microprocessor instructions
until the BUSY# pin is inactive (hlgh) The BUSY# pin is driven by the 387™ DX
numeric Coprocessor.

Flags Affected

None

Protected Mode Exceptions

#NM if the task-switched flag in the machine status word (the lower 16 bits of the CRO
register) is set; #MF if the ERROR# input pin is asserted (i.e., the 387 math coproces-
sor has detected an unmasked numeric error)

Real Address Mode Exceptions

Same exceptions as in Protected Mode

Virtual 8086 Mode Exceptions

Same exceptions as in Protected Mode
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XCHG — Exchange Register/Memory with Register

Opcode Instruction Clocks Description
90+ r XCHG AX,r16 3 Exchange word register with AX
90+ r XCHG r16,AX 3 Exchange word register with AX
90+ r XCHG EAX,r32 3 Exchange dword register with EAX
90+ r XCHG r32,EAX 3 Exchange dword register with EAX
86 /r XCHG r/m8,r8 3 Exchange byte register with EA byte
86 /r XCHG r8,r/m8 3/5 Exchange byte register with EA byte
87 Ir XCHG r/m16,r16 3 Exchange word register with EA word
87 Ir XCHG r16,/m16 3/5 Exchange word register with EA word
87 Ir XCHG r/m32,r32 3 Exchange dword register with EA dword
87 Ir XCHG r32,/m32 3/5 Exchange dword register with EA dword
Operation
temp < DEST
DEST <« SRC
SRC « temp

Description
The XCHG instruction exchanges two operands. The operands can be in either order. If
a memory operand is involved, the LOCK# signal is asserted for the duration of the

exchange, regardless of the presence or absence of the LOCK prefix or of the value of
the IOPL.

Flags Affected
None
Protected Mode Exceptions

#GP(0) if either operand is in a nonwritable segment; #GP(0) for an illegal memory
operand effective address in the CS, DS, ES, FS, or GS segments; #SS(0) for an illegal
address in the SS segment; #PF(fault-code) for a page fault

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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XLAT/XLATB —Table Look-up Translation

Opcode Instruction Clocks Description

D7 XLAT m8 5 Set AL to memory byte DS:[(E)BX + unsigned AL]

D7 XLATB 5 Set AL to memory byte DS:[(E)BX + unsigned AL]
Operation

IF AddressSize = 16
THEN

AL < (BX + ZeroExtend(AL))
ELSE (* AddressSize = 32 *)

AL < (EBX + ZeroExtend(AL));
Fl;

Description

The XLAT instruction changes the AL register from the table index to the table entry.
The AL register should be the unsigned index into a table addressed by the DS:BX
register pair (for an address-size attribute of 16 bits) or the DS:EBX register pair (for an
address-size attribute of 32 bits).

The operand to the XLAT instruction allows for the possibility of a segment override.
The XLAT instruction uses the contents of the BX register even if they differ from the
offset of the operand. The offset of the operand should have been moved into the BX or
EBX register with a previous instruction.

The no-operand form, the XLATB instruction, can be used if the BX or EBX table will
always reside in the DS segment.

Flags Affected

None

Protected Mode Exceptions

#GP(0) for an illegal memory operand effective address in the CS, DS, ES, FS, or GS
segments; #SS(0) for an illegal address in the SS segment; #PF(fault-code) for a page
fault

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH
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Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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XOR — Logical Exclusive OR

Opcode Instruction Clocks Description
34 ib XOR AL,imm8 2 Exclusive-OR immediate byte to AL
35 iw XOR AX,imm16 2 Exclusive-OR immediate word to AX
35 id XOR EAX,imm32 2 Exclusive-OR immediate dword to EAX
80 /6 ib XOR r/m8,imm8 2/7 Exclusive-OR immediate byte to r/m byte
81 /6 iw XOR r/m16,imm16  2/7 Exclusive-OR immediate word to r/m word
81 /6 id XOR r/m32,imm32  2[7 Exclusive-OR immediate dword to r/m dword
83 /6 ib XOR r/m16,imm8 2/7 XOR sign-extended immediate byte with r/m word
83 /6 ib XOR r/m32,imm8 2/7 XOR sign-extended immediate byte with r/m dword
30 /r XOR r/m8,r8 2/6 Exclusive-OR byte register to r/m byte
31 /r XOR r/m16,r16 2/6 Exclusive-OR word register to r/m word
31 /r XOR r/m32,r32 2/6 Exclusive-OR dword register to r/m dword
32 /r XOR r8,r/m8 2/7 Exclusive-OR byte register to r/m byte
33 /r XOR r16,r/m16 2/7 Exclusive-OR word register to r/m word
33 /r XOR r32,r/m32 2/7 Exclusive-OR dword register to r/m dword
Operation
DEST <« LeftSRC XOR RightSRC
CF <0
OF <0

Description
The XOR instruction computes the exclusive OR of the two operands. Each bit of the

result is 1 if the corresponding bits of the operands are different; each bit is 0 if the
corresponding bits are the same. The answer replaces the first operand.

Flags Affected

The CF and OF flags are cleared; the SF, ZF, and PF flags are set according to the
result; the AF flag is undefined

Protected Mode Exceptions
#GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal memory operand

effective address in the CS, DS, ES, FS, or GS segments; #SS(0) for an illegal address in
the SS segment; #PF(fault-code) for a page fault

Real Address Mode Exceptions

Interrupt 13 if any part of the operand would lie outside of the effective address space
from 0 to OFFFFH

Virtual 8086 Mode Exceptions

Same exceptions as in Real Address Mode; #PF(fault-code) for a page fault
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APPENDIX A
OPCODE MAP

The opcode tables that follow aid in interpreting 386™ DX microprocessor object code.
Use the high-order four bits of the opcode as an index to a row of the opcode table; use
the low-order four bits as an index to a column of the table. If the opcode is OFH, refer
to the two-byte opcode table and use the second byte of the opcode to index the rows
and columns of that table.

A.1 KEY TO ABBREVIATIONS

Operands are identified by a two-character code of the form Zz. The first character, an
uppercase letter, specifies the addressing method; the second character, a lowercase
letter, specifies the type of operand.

A.2 CODES FOR ADDRESSING METHOD

A

Direct address; the instruction has no modR/M byte; the address of the operand is
encoded in the instruction; no base register, index register, or scaling factor can be
applied; e.g., far JMP (EA).

The reg field of the modR/M byte selects a control register; e.g., MOV (0F20,
0F22). - : '

The reg field of the modR/M byte selects a debug register; e.g., MOV (0F21,0F23).
A modR/M byte follows the opcode and specifies the operand. The operand is
either a general register or a memory address. If it is a memory address, the ad-
dress is computed from a segment register and any of the following values: a base
register, an index register, a scaling factor, a displacement.

Flags Register.

The reg field of the modR/M byte selects a general register; e.g., ADD (00).

Immediate data. The value of the operand is encoded in subsequent bytes of the
instruction. '

The instruction contains a relative offset to be added to the instruction pointer
register; e.g., JMP short, LOOP.

The modR/M byte may refer only to memory; e.g., BOUND, LES, LDS, LSS, LFS,
LGS.

The instruction has no modR/M byte; the offset of the operand is coded as a word
or double word (depending on address size attribute) in the instruction. No base
register, index register, or scaling factor can be applied; e.g., MOV (A0-A3).
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Y

The mod field of the modR/M byte may refer only to a general register; e.g., MOV
(0F20-0F24, 0F26).

The reg field of the modR/M byte selects a segment register; e.g., MOV (8C,8E).
The reg field of the modR/M byte selects a test register; e.g., MOV (0F24,0F26).

Memory addressed by the DS:SI register pair; e.g., MOVS, 'COMPS, OUTS,
LODS, SCAS.

Memory addressed by the ES:DI register pair; e.g., MOVS, CMPS, INS, STOS.

A.3 CODES FOR OPERAND TYPE

a

Two one-word operands in memory or two double-word operands in memory, de-
pending on operand size attribute (used only by BOUND).

Byte (regardless of operand size attribute)

Byte or word, depending on operand size attribute.

Double word (regardless of operand size attribute)

Thirty-two bit or 48-bit pointer, depending on operand size attribute.
Six-byte pseudo-descriptor

Word or double word, depending on operand size attribute.

Word (regardless of operand size attribute)

A.4 REGISTER CODES

When an operand is a specific register encoded in the opcode, the register is identified
by its name; e.g., AX, CL, or ESI. The name of the register indicates whether the
register is 32-, 16-, or 8-bits wide. A register identifier of the form eXX is used when the
width of the register depends on the operand size attribute; for example, eAX indicates
that the AX register is used when the operand size attribute is 16 and the EAX register
is used when the operand size attribute is 32.
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One-Byte Opcode Map

0 1 2 3 4 5 6 7
0 ADD PUSH POP
EpGb | EvGv | GbEb | GvEv | ALb | eAXiv ES ES
] ADG PUSH POP
EbGb | EvGv | GbEb | GvEv | ALIb | eAXlv SS SS
AND
2 SEq DAA
EbGb | Evav | GbEb [ avEv | ALb | eAXiv =
XOR
8 SEa AAA
EbGb | EvGv | GbEb [ GbEv | AL | eAXN =
4 INC general register
eAX | ecx | eDx | eBx | esp | eBP es| eDI
5 PUSH general register
eAX eCX eDX eBX eSP eBP eSl eDI
BOUND ARPL SEG SEG Operand Address
6 PUSHA POPA Gv,Ma Ew,Rw =FS =GS Size Size
. Short-displacement jump on condition (Jb)
Jo JNO JB WNB | Jz [ uNz JBE | JINBE
8 Immediate Grpl MOVB Grpl TEST XCHG
Eb,Ib Eviv [ ALimmg | EVIb [ Epab | Evav EbGb | Ev,Gv
9 NOP XCHG word or double-word register with eAX
ecx | eDX | eBX esP eBP eS| eDl
A Mov MOVSB | MOVSW/D | CMPSB | CMPSW/D
AL,Ob ' eAX,Ov [ Ob,AL I OV,GAX Xb,Yb XV,YV Xb,Yb XV,YV
B ‘ MOV immediate byte into byte register
AL | cL oL | BL AH CH DH BH
c Shift Grp2 RET near LES LDS MOV
Eblb | Evib w | GvMp | Gv.Mp Eblb Ev,lv
Shift Grp2
D AAM AAD XLAT
Eb,1 Ev,1 EbCL | Ev,CL
g | LooPNE | LooPE | LooP | Jcxz IN ouT
Jo Jo Jo Jo Allb eAXIb | AL | IbeAX
Unary Grp3
F| Lock RenE | REE | LT cMe il
Eb | Ev
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One-Byte Opcode Map

8 9 A B c D E F
0 OR PUSH 2-byte
EbGb | Evav | GbEb | GvEv | ALb | eAxw cs escape
; SBB PUSH POP
EbGb | EvGv | GbEb | avEv | ALIb | eAXw DS DS
SUB
2 SES DAS
EbGb | EvGv | GbEb | avEv | AL | eAX =
CMP
3 SEq AAS
EbGb | Evav | GbEb [ GvEv | AL | eAXi =
. ’ o DEC general register
eAX | ecx | ebx | eBx | esp | eBP esl eDI
5 POP into general register
eAX eCX eDX eBX eSP eBP eSl eDI
6 | PusH | muL | PusH IMUL INSB INSWD | outse | outsw/D
v GVEvlv b GvEvb | Yb,DX Yv,DX DX,Xb DX,Xv
7 Short-displacement jump on condition (Jb)
JS WNs | op | uNP JL JNL JLE JNLE
8 Mov MOV LEA MOV POP
EbGb | Ev,Gv | GbEb Gv,Ev Ew.Sw Gv.M Sw,Ew Bv
CALL PUSHF POPF
9| caw | cwp A WAIT o Py SAHF LAHF
A TEST sTtosB | sTosw/D | LobsB | Lopsw/D | scass | scaswip
AL Ib eAX,Ilv Yb,AL Yv,eAX AL, Xb eAX Xv AL,Xb eAX,Xv
B MOV immediate word or double into word or double register
eAX eCX eDX | eBX eSP eBP eS| eDI
RET far
ENTER INT INT
c | Swip | LEAVE "I 3 M INTO IRET
D ESC (Escape to coprocessor instruction set)
| oA JMP IN ouT
v v Ap Jb ALDX | eAxDX DX,AL DX,eAX
INC/DEC | INC/DEC
F| cLc STC cLl STl CLD STD Grpd Grp5
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OPCODE MAP

Two-Byte Opcode Map (first byte is OFH)

0 1 2 3 4 5 6 7
o | Grps a7 | A8 | &S, CLTS
]
5 MOV MOV MOV MOV MOV MOV
Rd,Cd | Rd,Dd | CdRd | Dd,Rd Rd,Td Td,Rd
3
4
5
6
7
8 Long-displacement jump on condition (Jv)
Jo JNO B [ ue | uz | uNz | uBE | JNBE
9 Byte Set on condition (Eb)
SETO | SETNO | SeETB | SETNB | SETZ SETNZ | SETBE | SETNBE
A | PusH POP BT SHLD SHLD
FS FS Ev,Gv EvGvib 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 JNS 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 EvGvib EvGvCL Gv,Ev
B Grp-8 BTC BSF BSR MOvsX
Ev,lb Ev,Gv Gv,Ev Gv,Ev Gv,Eb Gv,Ew
C
D
E
F
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OPCODE MAP

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

| mod | nnn | R/M |

000 001 010 011 100 101 110 111
ADD OR ADC SBB AND SuUB XOR CMP
ROL ROR RCL RCR SHL SHR SHL SAR
TEST TEST NOT NEG MUL IMUL DIV IDIV
Ib/lv Ib/lv Al/eAX Al/eAX AL/eAX AL/eAX
INC DEC

Eb Eb

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:

l mod | nnn | R/M |
000 001 010 011 100 101 110 111
SLDT STR LLDT LTR VERR VERW
Ew Ew Ew Ew Ew Ew
SGDT SIDT LGDT LIDT SMSW LMSW
Ms Ms Ms Ms Ew Ew
BT BTS BTR BTC







Complete Flag
Cross-Reference







APPENDIX B
COMPLETE FLAG CROSS-REFERENCE

B.1 KEY TO CODES

T =instruction tests flag

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

1 =instruction sets flag

- =instruction’s effect on flag is undefined

R =instruction restores prior value of flag

blank  =instruction does not affect flag

(7]
m
N
m

Instruction OF AF

o
m

CF | TF IF DF | NT

AAA

AAD
AAM
AAS
ADC
ADD
AND
ARPL
BOUND
BSF/BSR
BT/BTS/BTR/BTC - —
CALL
CcBwW
CLC 0
CLD 0
Ccu 0
CLTS
CMC
CMP
CMPS
CWD
DAA —
DAS
DEC
DIV -
ENTER
ESC
HLT
IDIV
IMUL
IN

INC M M M M M
INS T
INT
INTO T

IRET R R R R | R R
Jcond T

™

oZZ I |||
2z 22|
3= N

zzz |22
zd=z 1 g

|
|

I T2

==
=Z=

™
™

=
| T =2
| 22 ==
I =TT ==
=2

=l
|
|
|
|
k<4

oo
—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

OUTS

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

STI

STOS

STR

SuUB

TEST
VERR/VERRW
WAIT

XCHG

XLAT

XOR

==

=

22

o=Z

== =22

==

=4

= = ==

==

-2 ==

<

==

==

EZI>1éZZ

-z3

o=

B-2




Status Flag Summary







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
negative). :
11 OF Overflow Flag — Set if result is too large a positive number or too small a
nehgative 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

c1
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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

1

[oNeNoNe]

21212 22 22 =225 2

g2

===

=2 EEET=E==ZZ2=Z=E 22 2=

= EZEZTZEZE2ZT8E =22 =2

= 2=

=EZ=EZ

=4
=

=TT Z2Z2ZZZZLEZ

|

=2 ZZEZ2EZ2E2LZEE2E 22 2=

g 2=

==L

zzzzz

==

™
™

=2

™

==

z1z zzzzdd

[eNeNoNo]
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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 Irésut:;té?é%n Condition Tested
0 Overflow 0000 OF = 1

NO No overflow 0001 OF =0

EAE Elgli(t)rmr above nor equal ooto CF =1

RIE ngé\t/)ee lcc;l"N equal 0011 CF=0

5 Eaual 0100 ZF = 1

N Nt equal o101 ZF =0

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

RIBE nggcgr below nor equal 0111 (CFor ZF) = 0

S Sign 1000 SF =1

NS No sign ‘ 1001 SF=0

P PaY oven 1010 PF = 1

S Pariy 0od 1011 PF = 0

NGE |r:l(-:esitsher greater nor equal 1100 (SF xor OF) = 1

g'é g(r)é;?:rs or equal 1101 (SF xor OF) =0

R Not praaar! 1110 (SF xor OF) or ZF) = 1
gLE gfg;‘g, less nor equal 1111 ((SF xor OF) or ZF) = 0
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APPENDIX E
INSTRUCTION FORMAT AND TIMING

This appendix is an excerpt from Section 6 of the 386™ DX Microprocessor Data Sheet.

6. INSTRUCTION SET

This section describes the 386™ DX 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 DX Microprocessor instructions.

6.1 386™ DX MICROPROCESSOR
INSTRUCTION ENCODING AND
CLOCK COUNT SUMMARY

To calculate elapsed time for an instruction, multi-
ply the instruction clock count, as listed in
Table 6-1 below, by the processor clock period
(e.g. 50 ns for a 20 MHz 386 DX Microprocessor,
40 ns for a 25 MHz 386 DX Microprocessor, and
30 ns for a 33 MHz 386 DX Microprocessor).

For more detailed information on the encodings of
instructions refer to Section 6.2 Instruction Encod-
ings. Section 6.2 explains the general structure of
instruction encodings, and defines exactly the
encodings of all fields contained within the
instruction.

E-1

Instruction Clock Count Assumptions

1. The instruction has been prefetched,
decoded, and is ready for execution.

2. Bus cycles do not require wait states.

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

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.

Instruction Clock Count Notation

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

2. n =number of times repeated.

m number of components in the next
instruction executed, where the entire dis-
placement (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.
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Table 6-1. 386 DX™ Microprocessor Instruction Set Cloc!

k Count Summary

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Addi Add Py
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 I 1000100w rmod reg r/m I 2/2 2/2 b h
Register/Memory to Register l 1000101w ];od reg r/m 2/4 2/4 b h
Immediate to Register/Memory I 1100011w I mod000 r/m | immediate data 2/2 2/2 b h
Immediate to Register (short form) 1011w reg| immediate data 2 .2
Memory to Accumulator (short form) 1010000w | full displacement 4 4 b h
Accumulator to Memory (short form) 1010001w l tull di 2 2 b h
Register Memory to Segment Register I 10001110 l mod sreg3 r/m I 2/5 18/19 b hi,j
Segment Hegi#ter to Register/Memory [ 10001100 Fnod sreg3 r/m I 2/2 2/2 b h
MOVSX = Move With Sign Extension
Register From Register/Memory I 00001111 l 1011111w lmodreg r/ml 3/6 3/6 b h
MOVZX = Move With Zero Extension
Register From Register/Memory l 00001111 | 1011011w lmod reg r/m 3/6 3/6 b h
PUSH = Push:
Register/Memory I 11111111 ]mod1 10 rlml 5 5 b h
Register (short form) 01010 reg 2 2 b h
Segment Register (ES, CS, SS or DS) 000sreg2110 2 2 b h
Segment Register (FS or GS) [ 00001111 [ 10sreg3000 2 2 b h
Immediate 011010s0 | immediate data 2 2 b h
PUSHA = Push All 01100000 18 18 b h
POP = Pop
Register/Memory I 10001111 rmodooo r/m I 5 5 b h
Register (short form) 01011 reg 4 4 b h
Segment Register (ES, SS or DS) 000sreg2111 7 21 b hij
Segment Register (FS or GS) [ 00001111 [10srega001 | 7 21 b hi,}
POPA = Pop All 01100001 24 24 b h
XCHG = Exchange
Register/Memory With Register ﬁ 000011w I mod reg r/mJ 3/5 3/5 b, f th
Register With Accumulator (short form) 10010 reg Clk Count 3 3

Virtual

IN = Input from: 8086 Mode
Fixed Port r1 110010w | port number 126 12 6*/26** m
Variable Port 1110110w 27 13 7°/27** m
OUT = Output to:
Fixed Port | 1110011w [ port number 124 10 4%/24%* m
Variable Port 125 1" 5%/25** m
LEA = Load EA to Register [ 10001101 lmodreg r/rnJ 2 2

* If CPL < IOPL ** If CPL > IOPL
E-2
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INSTRUCTION FORMAT AND TIMING

Table 6-1. 386 DX™ 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 I 11000101 lmodreg r/ml 7 22 b hij
LES = Load Pointer to ES [ 11000100 l mod reg r/m l 7 22 b h,i,j
LFS = Load Polnter to FS r00001111 I 10110100 Imodreg r/mJ‘ 7 25 b h,i,j
LGS = Load Pointer to GS l 00001111 | 10110101 ]modreg r/ml 7 25 b h,i,j
LSS = Load Pointer to SS I 00001111 I 10110010 lmodrag r/m| 7 22 b h,i,j
FLAG CONTROL
CLC = Clear Carry Flag 2 2
CLD = Clear Direction Flag 2 2
CL! = Clear Interrupt Enable Flag 8 8 m
CLTS = Clear Tagk Flag | 00001111—[ 00000110 6 6 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 [ 000000dw | modreg  r/m | 2 2
Register to Memory [j 000000w | modreg  r/m I 7 7 b h
Memory to Register l 0000001w | modreg _ r/m I 6 6 b h
Immediate to Register/Memory [ 100000sw | mod000 r/m l immediate data 2/7 2/7 b h
Immediate to Accumulator (short form) immediate data 2 2
ADC = Add With Carry
Register to Register I 000100dw | mod reg r/mJ 2 2
Register to Memory ( 0001000w | mod reg r/m I 7 7 b h
Memory to Register ‘ 0001001w | mod reg r/ml 6 6 b h
Immediate to Register/Memory ! 100000sw I mod010 r/m I i diate data 2/7 2/7 b h
Immediate to Accumulator (short form) immediate data 2 2
INC = Increment
Register/Memory I 1111111w | mod000 r/m ] 2/6 2/6 b h
Register (short form) 2 2
SUB = Subtract
Register from Register L 001010dw l modreg r/m | 2 2
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INSTRUCTION FORMAT AND TIMING

Table 6-1. 386 DX™ Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Address Protected | Address | Protected
Mode or Virtual Mode or Virtual
Virtuat Address Virtual Address
8086 Mode 8086 Mode
Mode Mode
JARITHMETIC (Continued)
|Register from Memory I 0010100w Imod reg r/ml 7 7 b h
[Memory from Register I 0010101w lnTod reg r/;l 6 6 b h
Immediate from Register/Memory I 100000s vdmod 101 r/mJ immediate data 2/7 2/7 b h
Immediate from Accumulator (short form) 0010110w immediate data 2 2
SBB = Subtract with Borrow
Register from Register I 000110dw Imod reg r/ml 2 2
Register from Memory I 0001100w |mod reg r/m| 7 7 b h
|Memory from Register [0 001101w I;od reg v/ml 6 6 b h
Immediate from Register/Memory [1 00000sw |mod 011 /] ml immediate data 2/7 2/7 b h
immediate from Accumulator (short form) 0001110w immediate data 2 2
DEC = Decrement
Register/Memory Fl 111111w ‘reg 001 r/ml 2/6 2/6 b h
Register (short form) 01001 reg 2 2
ICMP = Compare
Register with Register I 001110dw Imod reg /] ml 2 2
[Memory with Register [0011100w [modreg v/m| 5 5 b h
Register with Memory l 0011101w lmod reg r/ﬂ 6 6 b h
Immediate with Register/Memory | 100000s wjmod 111 r/m] immediate data 2/5 2/5 b h
{immediate with Accumulator (short form) 0011110w immediate data 2 2
NEG = Change Sign [ 1111011 wJ;odo 11 r/m] 2/6 2/6 b h
AAA = ASCII Adjust for Add 00110111 4 4
AAS = ASCII Adjust for Subtract l 00111111 4 4
DAA = Decimal Adjust for Add ‘ 00100111 4 4
DAS = Decimal Adjust for Subtract 00101111 4 4
MUL = Multiply (unsigned)
Accumulator with Register/Memory | 1111011w Imod 100 r/m

Multiplier-Byte 12-17/15-20 | 12-17/156-20 b.d d,h
-Word 12-25/15-28 | 12-25/15-28 b,d d, h
-Doubleword 12-41/15-44 { 12-41/15-44 b,d d,h

IMUL = Integer Multiply (signed)
Accumulator with Register/Memory ' 1111011w Imod 101 r/ﬂ .

Multiplier-Byte 12-17/15-20 { 12-17/16-20 b, d dh
-Word 12-25/15-28 | 12-25/15-28 b, d d,h
-Doubleword 12-41/15-44 | 12-41/15-44 b,d d, h

Register with Register/Memory I70 0001111 ] 10101111 Imod reg r/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 d,h
-Doubleword 12-41/15-44 | 12-41/15-44 b,d d,h

Register/Memory with Immediate to Register| 011010s1 {mod reg r/ml immediate data
-Word 13-26/14-27 | 13-26/14-27 b,d d,h
-Doubleword 13-42/14-43 | 13-42/14-43 b, d d,h
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Table 6-1. 386 DX™ 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
ARITHMETIC (Continued)
DIV = Divide (Unsigned)
Accumulator by Register/Memory 1111011w [mod110 r/m

Divisor—Byte 14/17 14/17 be e,h
—Word 22/25 22/25 be e,h
—Doubleword 38/41 38/41 be e,h

IDIV = Integer Divide (Signed) '

ccumulator By Register/Memory 1111011w |mod111 r/m]

Divisor—Byte 19/22 19/22 be e,h
—Word 27/30 27/30 be e,h
—Doubleword 43/46 43/46 be e,h

[AAD = ASCII Adjust for Divide [11010101 IOOOO101OI 19 19
[AAM = ASCII Adjust for Multiply [ 11010100100001010] 17 17
ICBW = Convert Byte to Word 3 3
[CWD = Convert Word to Double Word| 10011001 2 2
LOGIC

Shift Rotate Instructions

Not Through Carry (ROL, ROR, SAL, SAR, SHL, and SHR)

Register/Memory by 1 I 1101000w Imod TIT r/;l 3/7 3/7 b h

Register/Memory by CL 1101001w l;)dTTT r/ﬂ 3/7 3/7 b h

Register/Memory by || Count [ 1100000w Imod 1T r/mlimmed 8-bit data 3/7 3/7 b h

IThrough Carry (RCL and RCR)

Register/Memory by 1 l 1101000w ]mod T r/ml 9/10 9/10 b h

Register/Memory by CL I? 01001w Imod TTT r/;] 9/10 9/10 b h

Register/Memory by Immediate Count I 1100000w ‘mod T r/mlimmad 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
SHLD = Shift Left Double
Register/Memory by Immediate | 00001111 I 10100100 Imod reg r/mJimmed 8-bit data 3/7 3/7
Register/Memory by CL [00001 11 1_l 10100101 ]mcd reg r/m] 3/7 3/7
SHRD = Shift Right Double )
Register/Memory by Immediate I 00001111 I 10101100 Imod reg r/nﬁimmed 8-bit data 3/7 3/7
Register/Memory by CL r00001 11 11 10101101 Imod reg r/m] 3/7 3/7
AND = And
Register to Register I 001000d vJTnod reg r/ m] 2 2
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Table 6-1. 386 DX™ Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Add Pr d | Address | Pr d
Modeor | Virtual | Modeor | Virtual
Virtual | Address | Virtual | Address
8086 Mode 8086 Mode
Mode Mode
LOGIC (Continued)
Register to Memory I 0010000w |mod reg r/ml 7 7 b h
Memory to Register [ 0010001w |mod reg r/ml 6 6 b h
Immediate to Register/Memory L1 000000w I mod 100 r/ml immediate data 2/7 2/7 b h
Immediate to Accumulator (Short Form) 00100 10w | immediate data 2 2
'TEST = And Function to Flags, No Result
Register/Memory and Register | 1000010w |mod reg r/m 2/5 2/5 b h
iImmediate Data and Register/Memory L1 111011w Lmod 000 r/nﬂ immediate data 2/5 2/5 b h
‘[immediate Data and Acc lator
(Short Form) 1010100w | immediate data 2 2
OR = Or
Register to Register Lo 00010dw Lmod reg /i r;l 2 2
Register to Memory | 0000100w Imod reg r/m 7 7 b h
Memory to Register LO 000101w ]mod reg rﬂ 6 6 b h
Immediate to Register/Memory I 1000000w ] mod00 1 r/ml immediate data 2/7 2/7 b h
Immediate to Accumulator (Short Form) 0000110w | immediate data 2 2
XOR = Exclusive Or
Register to Register I 001100dw lmod reg /i m] 2 2
Register to Memory LO 011000w ]mod reg r/ml 7 7 b h
Memory to Register I 0011001w Imod reg r/m 6 6 b h
Immediate to Register/Memory I 1000000w lmod 110 r/ml immediate data 217 2/7 b h
Immediate to Accumulator (Short Form) 0011010w | immediate data 2 2
NOT = Invert Register/Memory I 1111011w ]mod 010 r/ml ok 2/6 2/6 b h
. |[STRING MANIPULATION Count
Virtual
CMPS = Compare Byte Word goee 1 10 10 b h
“|iINs = Input Byte/Word from DX Port 0110110w 129 15 9°/29** b h,m
LODS = Load Byte/Word to AL/AX/EAX| 1010110w 5 5 b h
MOVS = Move Byte Word 1010010w 8 8 b h
OUTS = Output Byte/Word to DX Port 0110111w 128 14 8*/28** b h,m
SCAS = Scan Byte Word 1010111w 8 8 b h
STOS = Store Byte/Word from
AL/AX/EX 1010101w 5 5 b h
XLAT = Translate String 5 5 h
REPEATED STRING MANIPULATION
Repeated by Count in CX or ECX
REPE CMPS = Compare String
(Find Non-Match) 11110011 1010011w] 5+9n 5+9n b h

* If CPL < IOPL ** If CPL

> 10PL
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Table 6-1. 386 DX™ 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
i Mode Mode

REPEATED STRING MANIPULATION (Continued)
REPNE CMPS = Compare String Clk Count

(Find Match) {11110010]1010011w soveal | s+en 5+9n b h
REP INS = Input String L11 110011 [0110110wl ‘ T28+6n 14+6n [8+6n*/28+6n**| b h,m
REP LODS = Load String l11110011l1010110wl 5+6n 5+6n b h
REP MOVS = Move String [11110011 |1o10010w| 8+4n 8+4n b h
REP OUTS = Output String I 11110011 | 01 10111w' 126+ 5n 12+5n |6+5n*/26+5n** b h,m
REPE SCAS = Scan String

(Find Non-AL/AX/EAX) I 11110011 |1010111w| 5+8n 5+8n b h
REPNE SCAS = Scan String

(Find AL/AX/EAX) I11110010]1010111w, 5+8n 5+8n b h
REP STOS = Store String [11110011|101o101w[ 5+5n 5+5n b h
BIT MANIPULATION
BSF = Scan Bit Forward l00001111 I10111100|modreg r/ml 11+3n 11+3n b h
BSR = Scan Bit Reverse |00001111l10111101 lmodreg r/mI 9+3n 9+3n b h
BT = Test Bit

Register/Memory, Immediate l00001 111 | 10111010 |mod 100 1/ ! d 8-bit datgl 3/6 3/6 b h

Register/Memory, Register L00001 111 I 10100011 Imod reg r/ml 3/12 3/12 b h
BTC = Test Bit and Complement .

Register/Memory, Immediate | 00001111 | 10111010 Imod1 11 r/mlimmeds-bitdatal 6/8 6/8 b h

Register/Memory, Register ) LOOOOI 111 [ 10111011 Imod reg r/nj 6/13 6/13 b h
BTR = Test Bit and Reset L k

Register/Memory, immediate I 00001111 | 10111010 lmodi 10. r/mlimmed 8-bit datal 6/8 6/8 b h

Register/Memory, Register I 00001111 I 10110011 !mod reg r/m; 6/13 6/13 b h
BTS = Test Bit and Set

Register/Memory, L00001111 I 10111010 |mod101 r/mimmeda-bitdatal 6/8 " 6/8 b h

Register/Memory, Register LOOOOI 111 I 10101011 [mod reg r/ml 6/13 - 6/13 b h
CONTROL TRANSFER
CALL = Call
Direct Within Segment 11101000 | full displacement 7+m 7+m b r
Register/Memory

. - 7+m/ 7+m/

Indirect Within Segment L1 1111111 lmod01 0 r/m| 10+m 10+m b hr

Direct Intersegment 10011010 |unsigned full offset, selector 17+m 34+m b ko

NOTES:

T Clock count shown applies if 1/0 permission allows /0 to the port in virtual 8086 mode. If 1/0 bit map denies permission
exception 13 fault occurs; refer to clock counts for INT 3 instruction.

* If CPL < IOPL

** If CPL > IOPL
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Table 6-1. 386 DX™ Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION - FORMAT Address | Pr d| Address | P
Modeor| Virtual |Modeor| Virtual
Virtual | Address | Virtual { Address
8086 Mode 8086 Mode
- Mode Mode
CONTROL TRANSFER (Continued)
Protected Mode Only (Direct intersegment)
Via Call Gate to Same Privilege Level 52+m hjkr
Via Call Gate to Different Privilege Level,
" (No Parameters) 86+m hjk,r
Via Call Gate to Different Privilege Level,

(x Parameters) 94 + 4x + m| hjkr
From 80286 Task to 80286 TSS 273 h,jk,r
From 80286 Task to 386DX™ CPU TSS 298 hjkr
From 80286 Task to Virtual 8086 Task (386DX™ CPU TSS) 218 hjkr
From 386DX™ CPU Task to 80286 TSS 273 hjkr
From 386DX™ CPU Task to 386DX™ CPU TSS 300 hjkr
From 386DX™ CPU Task to Virtual 8086 Task (386DX™ CPU TSS) 218 hij.k,r

Indirect Intersegment 1111111 LIL“°d 011 r/ml 22+m | 38+m b hyjk,r
Protected Mode Only (Indirect Intersegment)
Via Call Gate to Same Privilege Level 56+m hjkr
Via Call Gate to Different Privilege Level,

(No Parameters) 90+m hjkr
Via Call Gate to Different Privilege Level,

(x Parameters) 98 + 4x+ m| hijkr
From 80286 Task to 80286 TSS 278 hjkr
From 80286 Task to 386DX™ CPU TSS 303 hj.k,r
From 80286 Task to Virtual 8086 Task (386DX™ CPU TSS) 222 hijkr
From 386DX™ CPU Task to 80286 TSS 278 hjkr
From 386DX™ CPU Task to 386DX™ CPU TSS 305 hjkr
From 386DX™ CPU Task to Virtual 8086 Task (386DX™ CPU TSS) 222 hjkr

JMP = Unconditional Jump
Short |111o1o11 [a-b«-*-:-' J 7+m | 7+m r
Direct within Segment  * I 11101001 Ifull disy 7+m 7+m r
Register/Memory Indirect within Segment [11111111 Jmod100  wm THmpTem hr
Direct Intersegment ) unsigned full offset, selector 12+m | 27+m ki
Protected Mods Only (Direct Intsrsegment)
Via Call Gate to Same Privilege Level 45+m hjkr
From 80286 Task to 80286 TSS 274 hjkr
From 80286 Task to 386DX™ CPU TSS 301 hjk,r
From 80286 Task to Virtual 8086 Task (386DX™ CPU TSS) 219 hjkr
From 386DX™ CPU Task to 80286 TSS 270 hjkr
From 386DX™ CPU Task to 386DX™ CPU TSS 303 hijkr
From 386DX™ CPU Task to Virtual 8086 Task (386DX™ CPU TSS) 221 hjkr
Indirect Intersegment 11111111 jmod101 r/m' 17+m 31+m b hjk.r
Protected Mode Only (Indirect Intersegment)
Via Call Gate to Same Privilege Level ‘ 49+m hjkr
From 80286 Task to 80286 TSS 279 hjk.r
From 80286 Task to 386DX™ CPU TSS 306 hjkr
From 80286 Task to Virtual 8086 Task (386DX™ CPU TSS) 223 hjkr
From 386DX™ CPU Task to 80286 TSS 275 hjkr
From 386DX™ CPU Task to 386DX™ CPU TSS 308 hjk.r
From 386DX™ CPU Task to Virtual 8086 Task (386DX™ CPU TSS) 225 h,j.k.r
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Table 6-1. 386 DX™ Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Addi F Add Py d
Mode or Virtual Mode or Virtual
Virtual Address Virtual Address
8086 Mode 8086 Mode
Mode Mode
CONTROL TRANSFER (Continued)
RET = Return from CALL:
Within Segment 10+ m 10+ m b ag.hr
Within Segment Adding Immediate to SP l 11000010 | 16-bit displ | 10+ m 10+ m b ghr
Intersegment 18+ m 32+m b g hjkr
I gment Adding Immediate to SP | 11001010 | 16-bit displ I 18+m 32+m b g.hikr
Protected Mode Only (RET):
to Different Privilege Level
Intersegment 69 h .k r
| Adding diate to SP 69 h,j,kr
CONDITIONAL JUMPS
NOTE: Times Are Jump “Taken or Not Taken”
JO = Jump on Overfiow
8-Bit Displacement [ 01110000 l 8-bit displ I 7+mor3| 7+ mor3 r
Full Displacement l 00001111 10000000 J full displacement 7+mor3| 7+ mor3 r
JNO = Jump on Not Overfiow
8-Bit Displacement l 01110001 l 8-bit disp! J 7+mor3| 7+mor3 r
Full Displacement [ 00001111 ] 10000001qull" I; 7+ mor3| 7+ mor3 r
JB/JNAE = Jump on Below/Not Above or Equal .
8-Bit Displacement [ 01110010 8-bit disp! J 7+mor3| 7+ mor3 r
Full Displacement l 00001111 | 10000010 I full displacement 7+mor3[7+mor3 r
JNB/JAE = Jump on Not Below/Above or Equal
8-Bit Displacement [ 01110011 ] 8-bit displ l 7+mor3| 7+ mor3 r
Full Displacement [ 00001111 l 10000011]fulldisplacement 7+mor3| 7+ mor3 r
JE/JZ = Jump on Equal/Zero
8-Bit Displacement I 01110100 ] 8-bit displ 7+mor3| 7+ mor3 r
Full Displacement | 00001111 ] 10000100 ]ful|displacemen\ 7+ mor3|7+mor3 r
JNE/JNZ = Jump on Not Equal/Not Zero
8-Bit Displacement I 01110101 8-bit disp! l 7+ mor3| 7+ mor3 r
Full Displacement l 00001111 I 10000101 ]Iull displacement 7+mor3| 7+ mor3 4
JBE/JNA = Jump on Below or Equal/Not Above
8-Bit Displacement | 01110110 | 8-bit displ ] 7+ mor3(7+mor3 r
Full Displacement [ 00001111 I 10000110 ‘I‘ull displacement 7+mor3| 7+mor3 r
JNBE/JA = Jump on Not Below or Equal/Above
8-Bit Displacement l 01110111 | 8-bit displ J 7+mor3}) 7+ mor3 r
Full Displacement | 00001111 | 10000111 |¢ull displacement 7+mor3| 7+mor3 r
JS = Jump on Sign
8-Bit Displacement 01111000 l 8-bit displ J 7+ mor3{ 7+ mor3 r
Full Displacement |70 00011 1TI 10001000 I full displacement 7+mor3| 7+ mor3 r
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Table 6-1. 386 DX™ 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
CONDITIONAL JUMPS (Continued) '
JNS = Jump on Not Sign
8-Bit Displacement l 01111001 | 8-bit disp! | 7+mor3| 7+ mor3 r
Full Displacement | 00001111 I 10001001 I full displacement 7+mor3| 7+ mor3 r
JP/JPE = Jump on Parity/Parity Even
8-Bit Displacement | 01111010 I 8-bit displ | 7+mor3| 7+ mor3 r
Full Displacement | 00001111 | 10001010 |tull displacement 7+ mor3| 7+ mor3 4
JNP/JPO = Jump on Not Parity/Parity Odd
8-Bit Displacement l 01111011 | 8-bit displ | 7+mor3| 7+mor3 4
Full Displacement | 00001111 | 10001011 |fulldisplacement 7+mor3| 7+ mor3 4
JL/INGE = Jump on Less/Not Greater or Equal
8-Bit Displacement | 01111100 I 8-bit disp! ] 7+ mor3| 7+ mor3 r
Full Displacement | 00001111 | 10001100 Ifull displacement 7+ mor3| 7+ mor3 r
JNL/JGE = Jump on Not Less/Greater or Equal
8-Bit Displacement I 01111101 I 8-bit displ J 7+mor3| 7+ mor3 4
Full Displacement I 00001111 l 10001101 l full displacement 7+mor3| 7+ mor3 r
JLE/JUNG = Jump on Less or Equal/Not Greater
8-Bit Displacement I 01111110 I 8-bit displ I 7+ mor3| 7+ mor3 r
Full Displacement | 00001111 I 10001110 | full displacement 7+mor3| 7+ mor3 r
JNLE/JG = Jump on Not Less or Equal/Greater
8-Bit Displacement | 01111111 | 8-bit disp! l 7+mor3| 7+ mor3 r
Full Displacement I 00001111 I 10001111 | full displacement 7+ mor3| 7+ mor3 r
JCXZ = Jump on CX Zero | 11100011 | 8-bit displ | 9+mor5| 9+ mor5 r
JECXZ = Jump on ECX Zero | 11100011 I 8-bit displ | 9+mor5| 9+ mor5 r
(Address Size Prefix Differentiates JCXZ from JECXZ)
LOOP = Loop CX Times I 11100010 I 8-bit disp! | 114+ m 11+ m r
LOOPZ/LOOPE = Loop with
Zero/Equal l 11100001 I 8-bit displ I 11+m 11+ m r
LOOPNZ/LOOPNE = Loop While
NotZero [ 11100000 | sbitdsp | MNam | 11+m '
CONDITIONAL BYTE SET
NOTE: Times Are Register/Memory
SETO = Set Byte on Overflow
To Register/Memory | 00001111 [ 10010000 Lmodooo r/ml 475 ar5 h
SETNO = Set Byte on Not Overfiow )
To Register/Memory I 00001111 | 10010001 Imodooo r/m| 4/5 4/5 h
SETB/SETNAE = Set Byte on Below/Not Above or Equal
ToFlegister/Memoryl 00001111 | 10010010 |mod000 r/m 4/5 4/5 h
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Table 6-1. 386 DX™ 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
CONDITIONAL BYTE SET (Continued)
SETNB = Set Byte on Not Below/Above or Equal
To Register/Memory l 00001111 L10010011 IﬂodOOO r/ml 4/5 4/5 h
SETE/SETZ = Set Byte on Equal/Zero
To Register/Memory uooonn L1001o1oo lmodOOO r/m 4/5 4/5 h
SETNE/SETNZ = Set Byte on Not Equal/Not Zero
To Register/Memory l 00001111 1 10010101 lmodooo r/m, 4/5 4/5 h
SETBE/SETNA = Set Byte on Below or Equal/Not Above
ToRegister/Memoryl 00001111 I 10010110 ‘modOOO r/m 4/5 4/5 h
SETNBE/SETA = Set Byte on Not Below or Equal/Above
To Register/Memory L00001111 L10010111 lmodOOO r/ml 4/5 4/5 h
SETS = Set Byte on Sign
To Register/Memory I 00001111 l 10011000 Lmodooo r/ml 4/5 4/5 h
SETNS = Set Byte on Not Sign
To Register/Memory L00001111 L10011001—hnod000 r/ml 4/5 4/5 h
SETP/SETPE = Set Byte on Parity/Parity Even
To Register/Memory 00001111 L1001 1010—Lmodooo r/m 4/5 4/5 h
SETNP/SETPO = Set Byte on Not Parity/Parity Odd
To Register/Memory | 00001111 I 10011011 ImodOOO r/m 4/5 4/5 h
SETL/SETNGE = Set Byte on Less/Not Greater or Equal
To Register/Memory I 00001111 I 100111001mod000 r/m' 4/5 4/5 h
SETNL/SETGE = Set Byte on Not Less/Greater or Equal
To Register/Memory l 00001111 [01111101 ILnOdOOO r/m 4/5 4/5 h
SETLE/SETNG = Set Byte on Less or Equal/Not Greater
To Register/Memory L00001111 L10011110 mod000 r/m 4/5 4/5 h
SETNLE/SETG = Set Byte on Not Less or Equal/Greater
To Register/Memory I 00001111 L10011111 LmodOOO r/ml 4/5 4/5 h
ENTER = Enter Procedure I 11001000 I 16-bit displacement, 8-bit level I
L= 10 10 b h
L=1 12 12 b h
L>1 15+ 15 + b h
4n—1) 4n—1)
LEAVE = Leave Procedure 11001001 4 4 b h
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Table 6-1. 386 DX™ Microprocessor Instruction Set Clock Count Summary (contd.)

CLOCK COUNT NOTES
Real Real
INSTRUCTION FORMAT Address | Pr d | Add P ted
: Mode or Virtual Mode or Virtual
Virtual Address Virtual Address
8086 Mode 8086 Mode
Mode Mode
INTERRUPT INSTRUCTIONS
INT = Interrupt:
Type Specified l 11001101 I type 37 b
Tye = b
INTO = Interrupt 4 if Overflow Flag Set
IfOF = 1 35 b, e
ItOF =0 3 3 b,e
Bound = Interrupt 5 if Detect Value I 01100010 I modreg  r/m l
Out of Range
If Out of Range 44 be e,g.hjkr
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 59 gikr
Via Interrupt or Trap Gate
to Different Privilege Level 929 gikr
From 80286 Task to 80286 TSS via Task Gate 282 ag.j.kr
From 80286 Task to 386DX™ CPU TSS via Task Gate 309 aikr
From 80286 Task to virt 8086 md via Task Gate 226 aikr
From 386DX™ CPU Task to 80286 TSS via Task Gate 284 gikr
From 386DX™ CPU Task to 386DX™ CPU TSS via Task Gate 31 akr
From 386DX™ CPU Task to virt 8086 md via Task Gate 228 g kr
From virt 8086 md to 80286 TSS via Task Gate 289 gk
From virt 8086 md to 386DX™ CPU TSS via Task Gate 316 g kr
From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 119
INT: TYPE 3
Via Interrupt or Trap Gate
to Same Privilege Level 59 g kr
Via Interrupt or Trap Gate
to Difterent Privilege Level 99 g kr
From 80286 Task to 80286 TSS via Task Gate 278 a.ikr
From 80286 Task to 386DX™ CPU TSS via Task Gate 305 gk
From 80286 Task to Virt 8086 md via Task Gate 222 gk
From 386DX™ CPU Task to 80286 TSS via Task Gate 280 g kr
From 386DX™ CPU Task to 386DX™ CPU TSS via Task Gate 307 gk
From 386DX™ CPU Task to Virt 8086 md via Task Gate 224 ik
From virt 8086 md to 80286 TSS via Task Gate 285 g.i k. r
From virt 8086 md to 386DX™ CPU TSS via Task Gate 312 aikr
From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 119
INTO:
Via Interrupt or Trap Grate .
to Same Privilege Level 59 gikr
Via Interrupt or Trap Gate
to Different Privilege Level 99 a.kr
From 80286 Task to 80286 TSS via Task Gate 280 a.ikr
From 80286 Task to 386DX™ CPU TSS via Task Gate 307 g kr
From 80286 Task to virt 8086 md via Task Gate 224 gikr
From 386DX™ CPU Task to 80286 TSS via Task Gate 282 gk
From 386DX™ CPU Task to 386DX™ CPU TSS via Task Gate 309 gikr
From 386DX™ CPU Task to virt 8086 md via Task Gate 225 gk
From virt 8086 md to 80286 TSS via Task Gate 287 a ik
From virt 8086 md to 386DX™ CPU TSS via Task Gate 314 gk r
From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 119
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Table 6-1. 386 DX™ 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
INTERRUPT INSTRUCTIONS (Continued)
BOUND:
Via Interrupt or Trap Gate
to Same Privilege Level 59 gk r
Via Interrupt or Trap Gate
to Different Privilege Level 99 gikr
From 80286 Task to 80286 TSS via Task Gate 254 g kr
From 80286 Task to 386DX™ CPU TSS via Task Gate 284 aikr
From 80268 Task to virt 8086 Mode via Task Gate 231 aikr
From 386DX™ CPU Task to 80286 TSS via Task Gate 264 gikr
From 386DXT™ CPU Task to 386DX™ CPU TSS via Task Gate 294 g kr
From 80368 Task to virt 8086 Mode via Task Gate s 243 a.j.kn
From virt 8086 Mode to 80286 TSS via Task Gate 264 gikr
From virt 8086 Mode to 386DX™ CPU TSS via Task Gate 294 aikr
From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 119
INTERRUPT RETURN
IRET = Interrupt Return 22 a.hjkr
Protected Mode Only (IRET)
To the Same Privilege Level (within task) 38 a.hikr
To Different Privilege Level (within task) 82 ahikr
From 80286 Task to 80286 TSS ’ 232 h,jkr
From 80286 Task to 386DX™ CPU TSS 265 hikr
From 80286 Task to Virtual 8086 Task 213 1 hikr
From 80286 Task to Virtual 8086 Mode (within task) 60
From 386DX™ CPU Task to 80286 TSS 27 h,jkr
From 386DX™ CPU Task to 386DX™ CPU TSS 275 hikr
From 386DX™ CPU Task to Virtual 8086 Task 223 hikr
From 386DX™ CPU Task to Virtual 8086 Mode (within task) 60
PROCESSOR CONTROL
HLT = HALT 11110100 . 5 5 I
MOV = Move to and From C: Debug/Test Regi:
CR0/CR2/CR3 from register l 00001111 I 00100010L 11eeereg ! 11/4/5 11/4/5 !
Register From CR0-3 IJ)0001111 I 00100000 I 11eeereg | 6 6 !
DRO-3 From Register L00001111 I 00100011 I 11 eeereg I 22 22 |
DR6-7 From Register I 00001111 T00100011J 11eeereg ' 16 16 f
Register from DR6-7 | 00001111 | 00100001 I 11eeereg l 14 14 |
Register from DRO-3 | 00001111 | 00100001 J 11eeerng 22 22 1
TR6-7 from Register 110001111 l 00100110 ‘ 11 eeereg ] 12 12 I
Register from TR6-7 l 00001111 r00100100 I 11 ee6reg | 12 12 ' 1
NOP = No Operation 10010000 3 3
WAIT = Wait until BUSY # pinis negated | 10011011 7 7
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Table 6-1. 386 DX™ 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 80287/80387
information for coprocessor. data sheets for
clock counts
PREFIX BYTES
Address Size Prefix 01100111 ] 0
LOCK = Bus Lock Prefix 11110000 0 0 m
Operand Size Prefix 0 [}
Segment Override Prefix
Ccs: 00101110 [ [
Ds: 00111110 [ [}
ES: 00100110 0 0
FS: 01100100 0 0
GS: 01100101 0 0
SS: 00110110 0 0
PROTECTION CONTROL
ARPL = Adjust Requested Privilege Level
From Register/Memory I 01100011 J mod reg r/mJ N/A 20/21 a h
LAR = Load Access Rights
From Register/Memory r00001111 I 00000010 Imodreg r/ml N/A 15/16 a g hijp
LGDT = Load Global Descriptor
Table Register |J)0001111J 00000001‘|mod010 r/m} 1 11 b,c h |
LIDT = Load Interrupt Descriptor
Table Register l 00001111J 00000001 'mod011 ’/ﬂl 11 11 bc h
LLDT = Load Local Descriptor
Table Register to
Register/Memory | 00001111 l 00000000 |mod010 r/ml N/A 20/24 a g hjl
LMSW = Load Machine Status Word
From Register/Memory I 00001111 I 00000001 Imod110 r/ml 11/14 11/14 b,c h.1
LSL = Load Limit
From Register/Memory r00001111 | 00000011 [modreg ,r/ml
Byte-Granular Limit N/A 21/22 a " g.hip
Page-Granular Limit N/A 25/26 a a.hijp
LTR = Load Task
From Register/Memory l 00001111 | 00000000 |mod001 r/mI N/A 23/27 a g hjl
SGDT = Store Global Descriptor ’
TableF [ 00001111 | 00000001 |mod000 1/m] 9 9 b,c h
SIDT = Store Interrupt Descriptor
Table Regi: 00001111 I 00000001 Imod001 r/ml 9 9 b,¢c h
SLDT = Store Local Descriptor Table Register
To Register/Memory I 00001111 I 00000000 lmodooo r/m' N/A 2/2 a h
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Table 6-1. 386 DX™ 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
SMSW = Store Machine
Status Word | 00001111 ] 00000001lmod100 r/ml 2/2 2/2 b,c h!
STR = Store Task Register
To Register/Memory r00001111 I 00000000 |mod001 r/ml N/A 2/2 a h
VERR = Verify Read Accesss
Register/Memory r00001111 ] 00000000 |mod100 r/ml N/A 10/11 a g.hjp
VERW = Verify Write Accesss I 00001111 ] 00000000 |mod101 r/mJ N/A 15/16 a g hijp

INSTRUCTION NOTES FOR TABLE 6-1

Notes a through ¢ apply to 386DX 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.
c. 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 386DX Microprocessor Real Address Mode and 386DX Microprocessor Protected
Virtual Address Mode:
d. The 386DX 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) + b clocks:

if m = 0 then 3+b clocks

In this formula, m is the muiltiplier, and

b = 9 for register to register,

b = 12 for memory to register,

b = 10 for register with immediate to register,

b = 11 for memory with immediate to register.
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 386DX 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 0 (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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6.2 INSTRUCTION EN DING encodings of the mod r/m byte indicate a second
co addressing byte, the scale-index-base byte, follows

the mod r/m byte to fully specify the addressing
6.2.1 Overview mode.

All instruction encodings are subsets of the general Addressing modes can include a displacement im-
instruction format shown in Figure 6-1. Instructions mediately following the mod r/m byte, or scaled in-
consist of one or two primary opcode bytes, possibly dex byte. If a displacement is present, the possible

an address specifier consisting of the “mod r/m” sizes are 8, 16 or 32 bits.

byte and *“scaled index” byte, a displacement if re-

quired, and an immediate data field if required. If the instruction specifies an immediate operand,
the immediate operand follows any displacement

Within the primary opcode or opcodes, smaller en- bytes. The immediate operand, if specified, is always

coding fields may be defined. These fields vary ac- the last field of the instruction.

cording to the class of operation. The fields define
such information as direction of the operation, size Figure 6-1 illustrates several of the fields that can
of the displacements, register encoding, or sign ex- appear in an instruction, such as the mod field and
tension. the r/m field, but the Figure does not show all fields.
Several smaller fields also appear in certain instruc-
Almost all instructions referring to an operand in tions, sometimes within the opcode bytes them-
memory have an addressing mode byte following selves. Table 6-2 is a complete list of all fields ap-
the primary opcode byte(s). This byte, the mod r/m pearing in the 386DX Microprocessor instruction set.
byte, specifies the address mode to be used. Certain Further ahead, following Table 6-2, are detailed ta-
bles for each field.

TTTTTTTT|TTTTTTTT| modTTTe/m| ssindexbase |d32] 16| 8| none data32 | 16 | 8 | none

\7 0Y7 9¥765v320J\765Y320/\ . L . Y
opcode “mod r/m” “s-i-b” address immediate
(one or two bytes) w byte byte 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 6-1. General Instruction Format

Table 6-2. Fields within 386 DX™ Microprocessor 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 6-1 shows encoding of individual instructions.
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6.2.2 32-Bit Extensions of the
Instruction Set

With the 386DX Microprocessor, the 8086/80186/
80286 instruction set is extended in two orthogonal
directions: 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 instruc-
tions referencing memory. This orthogonal instruc-
tion set extension is accomplished having a Default
(D) bit in the code segment descriptor, and by hav-
ing 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 de-
fault length (either 32 bits or 16 bits) for both oper-
ands and effective addresses when executing that
code segment. 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
386DX Microprocessor when operating 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 386DX
Microprocessor modes, including the Real Address
Mode or the Virtual 8086 Mode. In these modes the
default is always 16 bits, so prefixes are needed to
specify 32-bit operands or addresses. For instruc-
tions with more than one prefix, the order of prefixes
is unimportant.

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.

6.2.3 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.

6.2.3.1 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

6.2.3.2 ENCODING OF THE GENERAL
REGISTER (reg) FIELD

The genéral 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 S| 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

6.2.3.3 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 386DX Microprocessor FS
and GS segment registers to be specified.

2-Bit sreg2 Field
] Segment
2-Bit i
sreg2 Field :;3':::5
00 ES
01 CS
10 88
11 DS
3-Bit sreg3 Field
Segment
3-Bit Register
sreg3 Field Selected
000 ES
001 cs
010 SS
011 DS
100 FS
101 . GS
110 do not use
111 do not use
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6.2.3.4 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 6-1)
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]
00 011 SS:[BP+Di] 10011 SS:[BP+DI+d16]
00 100 Ds:[SI] 10 100 DS:[SI+d16]
00 101 Ds:[DI] 10 101 DS:[Di+d16]
00 110 DS:d16 10110 SS:[BP+d16]
00 111 Ds:[BX] 10111 DS:[BX+d16]
01 000 DS:[BX + Sl +d8] 11 000 register—see below
01 001 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
01100 DS:[S1+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
11101 CH BP
11110 DH Sl
11111 BH DI
Register Specified by r/m
During 32-Bit Data Operations
Function of w Field
mod r/m
(when w=0) (whenw = 1)
11000 AL EAX
11001 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 10 101 SS:[EBP +d32]
00110 DS:[ESI] 10 110 DS:[ESI+d32]
00 111 DS:[EDI] 10111 DS:[EDI+d32]
01000 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] 11011 register—see below
01100 s-i-b is present 11 100 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:

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

11 000 AL AX
11 001 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:

function of w field
mod r/m -
(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 (“mod r/m” byte and “s-i-b” byte present):

mod base Effective Address ss Scale Factor

00 000 DS:[EAX + (scaled index)] 00 x1

00 001 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)]

00110 DS:[ESI + (scaled index)] index Index Register

00 111 DS:[EDI + (scaled index)] 000 EAX
001 ECX

01000 DS:[EAX + (scaledindex) + d8] 010 EDX

01001 DS:[ECX + (scaledindex) + d8] 011 EBX

01010 DS:[EDX + (scaled index) + ds] 100 no index reg**

01011 DS:[EBX + (scaledindex) + d8] 101 EBpP

01100 SS:[ESP + (scaledindex) + d8] 110 ESI

01101 SS:[EBP + (scaledindex) + d8] 111 EDI

01110 DS:[ESI + (scaledindex) + d8]

01111 DS:[EDI + (scaled index) + d8] **IMPORTANT NOTE:

| o0 el MUST oqual 90, 1 mdos is 100 and o6 does not

:ggg? gg{gé; I E:g:::g ::gzi; i ggg} equal 00, the effeqctive address is undefined.

10010 DS:[EDX + (scaledindex) + d32]

10011 DS:[EBX + (scaledindex) + d32]

10100 SS:[ESP + (scaledindex) + d32]

10101 SS:[EBP + (scaledindex) + d32]

10110 DS:[ESI + (scaledindex) + d32]

10111 DS:[EDI + (scaledindex) + d32]

NOTE:

Mod field in “mod r/m”

“s-i-b” byte.

byte; ss, index, base fields in
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6.2.3.5 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

6.2.3.6 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.

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

s Effect on Effect on
Immediate Data8  |Immediate Data 16|32
O[None None
1/Sign-Extend Data8 to Fill None
16-Bit or 32-Bit Destination

6.2.3.8 ENCODING OF CONTROL 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

6.2.3.7 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.
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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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Danbury 06810

Tel: (203) 797-2800

TWX: 710-456-9974

tPioneer Electronics

112 Main Street

Norwalk 06851

Tel: (203) 853-1515
FAX: 203-838-9901

FLORIDA

tArrow Electronics, Inc.
400 Fairway Drive
Suite 102

Deerfield Beach 33441
Tel: (305) 429-8200
FAX: 305-428-3991

tArrow Electronics, Inc.
37 Skyline Drive

Suite 3101

Lake Marv 32746

Tel: (407) 323-0252
FAX: 407-323-3189

tHamilton/Avnet Electronics
6801 N.W. 15th Way

Ft. Lauderdale 33309

Tel: (305) 971-2900

FAX: 305-971-5420

‘tHamilton/Avnet Electronics
3197 Tech Drive North

St. Petersburg 33702

Tel: (813) 573-3930

FAX: 813-572-4329

tHamilton/Avnet Electronics
6947 University Boulevard
Winter Park 32792
Tel (407) 628-3888

AX: 407-678-1878

1P|onaerﬁechnolog|es Group, Inc.
337 Northlake Bivd., Suite 1000
Alta Monte Springs 32701

Tel: (407) 834-9090

FAX: 407-834-0865

Pioneer/Technologies Group, Inc.
674 S. Military Trail

Deerfield Beach 33442

Tel: (305) 428-8877

FAX: 305-481-2950

GEORGIA

tArrow Electronics, Inc.
4250 E. Rivergreen Parkway
Deluth 30136

Tel: (404) 497-1300

TWX: 810-766-0439

‘tHamilton/Avnet Electronics
5825 D Peachtree Corners
Norcros:

Tel: (404) 447-7500

TWX: 810-766-0432

Pioneer/Technologies Group, Inc.
3100 F Northwoods Place
Norcross 30071

Tel: (404) 448-1711

FAX: 404-446-8270

ILLINOIS

tArrow Electronics, Inc.
1140 W, Thomda e
Itasca

Tel: (7oa) zso 0500
TWX: 708-250-0916

‘tHamilton/Avnet Electronics
1130 Thorndale Avenue
Bensenville 60106

Tel: (708) 860-7780

TWX: 708-860-8530

MTI Systems Sales
1100 W. Thorndale
Itasca 60143

Tel: (708) 773-2300

tPioneer Electronics

2171 Executive Dr., Suite 200
Addison 60101

Tel: (708) 495-9680

FAX: 708-495-9831

INDIANA

TArrow Electronics, Inc.

7108 Lakeview Parkway West Drive
Indianapolis 46268

Tel: (317) 299-2071

FAX: 317-299-0255

Hamilton/Avnet Electronics
485 Gradle Dnve

Carmel 4603:

Tel: (317) 844 9333

FAX: 317-844-5921

tPioneer Electronics
9350 Priority Way

‘est Drive
Indianapolis 46250
Tel: (317) 573-0880
FAX: 317-573-0979

IOWA

Hamilton/Avnet Electronics
915 33rd Avenue, S.W.
Cedar Rapids 52404

Tel: (319) 362-4757

KANSAS

Arrow Electronics

8208 Melrose Dr., Suite 210
Lenexa 66214

Tel: (913) 541-9542

FAX: 913-541-0328

1Hamslton/Avnel Electronics
15313 W. g5th

Overland Park 66215

Tel: (913) 888-8900

FAX: 913-541-7951

KENTUCKY

Hamilton/Avnet Electronics
051 D. Newton P:

Lexington 40511

Tel: (606) 259-1475

MARYLAND

‘tArrow Electronics, Inc.
8300 Guilford Drive
Suite H, River Center

FAX: 301-381-3854

‘tHamilton/Avnet Electronics
6822 Oak Hall Lane

Columbia 21045

Tel: (301) 995-3500

FAX: 301-995-3593

tMesa Technolgvg g
9720 Patuxent Woods Dr.
Columbia 21046

Tel: (301) 290-8150

FAX: 301-290-6474

tPioneer/Technologies Group, Inc.

9100 Gaither Road
Gaithersburg 20877
Tel: (301) 921-0660
FAX: 301-921-4255

MASSACHUSETTS

Arrow Electronics, Inc.
25 Upton Dr.
Wilmington 01887
Tel: (508) 658-0900
TWX: 710-393-6770

tHamilton/Avnet Electronics
10D Centennial Drive
Peabody 01960

Tel: (508) 532-9838

FAX: 508-596-7802

1Pioneer Electronics
44 Hartwell Avenue
7

3
Tel: (617) 861-9200
FAX: 617-863-1547

Wyle Distribution Group
15 Third Avenue
Burlington 01803

Tel: (617) 272-7300
FAX: 617-272-6809

MICHIGAN

tArrow Electronics, Inc.
19880 Haggerty Road
Livonia 48152

Tel: (313) 665-4100
TWX: 810-223-6020

Hamilton/Avnet Electronics
2215 29th Street S.E.
Space A5
Grand Rapids 49508
Tel: (616) 243-8805

FAX: 616-698-1831

Hamilton/Avnet Electronics
:RG 0 Garden Brook

ovi 4
Tel: (313) 347-4271
FAX: 313-347-4021

tPioneer Electronics

4505 Broadmoor S.E. .

Grand Rapids 49508

Tel (616) 696-1800
AX: 616-698-1831

tPioneer/Michigan
13485 Stamford
Livonia 48150

Tel: (313) 525-1800
FAX: 313-427-3720

MINNESOTA

tArrow Electronics, Inc.
5230 W. 73rd Street
Edina 55435

Tel: (612) 830-1800
TWX: 910-576-3125

‘tHamilton/Avnet Electronics
12400 Whitewater Drive
Minnetonka 55434

Tel: (612) 932-0600

TWX: 910-576-2720

TPioneer Electronics .
7625 Golden Triange Dr.
Suite G

Eden Prairi 55343

Tel: (612) 944-3355

FAX: 612-944-3794

MISSOURI

tArrow Electronics, Inc.
2380 Schue

st
Tel: (314) Sar6088
FAX: 314-567-1164

tHamilton/Avnet Electronics
741 Goddard

Chesterfield 63005

Tel: (314) 537-1600

FAX: 314-537-4248

NEW JERSEY -

TArrow Electronics, Inc.
4 East Stow Road

Unil

Mamon 08053

Tel: (609) 596-8000
FAX: 609-596-9632

TArrow Electronics
6 Century Drive
Parsipanny 07054
Tel: (201) 538-0900
FAX: 201-538-0900

‘tHamilton/Avnet Electronlcs
1 Keystone Ave., Bldg. 3
Cherry Hill 08003

Tel: (609) 424-0110

FAX: 609-751-2552

tHamilton/Avnet Electronics

06
Tel: (201) 575-3390
FAX: 201-575-5839

1MTI Systems Sales
9 Law Drive

Fairfield 07006 .
Tel: (201) 227-5552
FAX: 201-575-6336
tPioneer Electronics
14-A Madison Rd.
Fairfield 07006

Tel: (201) 575-3510
FAX: 201-575-3454
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Alliance Electronics Inc.
10510 Research Avenue
Albuguerque 87123
Tel: (505) 292-3360
FAX: 505-292-6537

tHamilton/Avnet Electronics
5659A Jefferson N.E
Albuquerque 87109

Tel: (505) 765-1500

FAX: 505-243-1395

NEW YORK

tArrow Electronics, Inc.
3375 Brighton Henrietta
Townline Rd.

Rochester 14623

Tel: (716) 427-0300
TWX: 510-253-4766

Arrow Electronics, Inc.
20 Oser Avenue
Hauppauge 11788
Tel: (516) 231-1000
TWX: 510-227-6623

tHamilton/Avnet
933 Motor Parkway
Hauppauge 11788
Tel: (516) 231-9800
TWX: 510-224-6166

‘tHamilton/Avnet Electronics
2060 Townline Rd.
Rochester 14623

Tel: (716) 272-2744 '

TWX: 510-253-5470

Hamilton/Avnet Electronics
103 Twin Oaks Drive
Syracuse 13206

Tel: (315) 437-0288

TWX: 710-541-1560

TMTI Systems Sales
38 Harbor Park Drive
Port Washington 11050
Tel: (516) 621-6200
FAX: 510-223-0846

Pioneer Electronics
68 Corporate Drive
Binghamton 13904
Tel: (607) 722-9300
FAX: 607-722-9562

Pioneer Electronics
40 Oser Avenue

Hauppauge 11787
Tel: (516) 231-9200
FAX: 510-227-9869

tPioneer Electronics

60 Crossway Park Wesf
loodbury, Long Island 11797

Tel: (516) 921-8700

FAX: 516-921-2143

fPioneer Electronics
840 Fairport Park
Fairport 14450

Tel: (716) 381-7070
FAX: 716-381-5955

tCertified Technical Distributor

DOMESTIC DISTRIBUTORS (Contd.)

NORTH CAROLINA

tArrow Electronics, Inc.
5240 Greensdairy Road
Raleigh 27604

Tel: (919) 875-3132
TWX: 510-928-1856

‘tHamilton/Avnet Electronics
3510 Spnng Forest Drive
760

4
Tel: (919) 878-0819
TWX: 510-928-1836

Pioneer/Technologies Group, Inc.
9401 L-Southern Pine Bivd.
Charlotte 28210

Tel: (919) 527-8188

FAX: 704-522-8564

OHIO

tArrow Electronics, Inc.
6238 Cochran Road
Solon 44139

Tel: (216) 248-3990
TWX: 810-427-9409

tHamilton/Avnet Electronics
7760 Washington Village Dr.
Dayton 45459

Tel: (513) 439-6733

FAX: 513-439-6711

‘tHamilton/Avnet Electronics
30325 Balnbrldge

Solon 4413

Tel: (216) 349-5100

TWX: 810-427-9452

Hamilton/Avnet Electronics
777 Brookside Blvd.
Westerville 43081

Tel: (614) 882-7004

tPioneer Electronics
4433 Interpoln( Boulevard
Dayton 4

Tel (513) 236 9900

FAX: 513-236-8133,

fPioneer Electronics
4800 E. 131st Street
Cleveland 44105
Tel: (216) 587-3600
FAX: 216-663-1004

OKLAHOMA

‘tHamilton/Avnet Electronics
12121 E. 51st St., Suite 102A
Tulsa 74146

Tel: (918) 252-7297

OREGON

TAImac Electronics Corp.
1885 N.W. 169th Place
Beaverton 97005

Tel: (503) 629-8090
FAX: 503-645-0611

‘tHamilton/Avnet Electronics
9409 S.W. Nimbus
Beaverton 97005

Tel: (503) 627-0201

FAX: 503-641-4012

Wyle Distribution Group

5250 N.E. Elam Young Parkway
Suite 600

Hillsboro 97124

Tel: (503) 640-6000

FAX: 503-640-5846

PENNSYLVANIA

Arrow Electronics, Inc.
650 Seco Road
Monroeville 15146
Tel: (412) 856-7000

Hamilton/Avnet Electronics
2800 Liberty va
Pittsburgh 1

Tel: (412) 281 4150

Pioneer Electronics
259 Kappa Drive
Pittsburgh 15238
Tel: (412) 782-2300
FAX: 412-963-8255

1Pioneer/Technologies Group, Inc.

Delaware Valley
261 Gibralter Road
Horsham 19044
Tel: (215) 674-4000
FAX: 215-674-3107

TEXAS

fHamilton/Avnet Electronics
1807 W. Braker Lane
Austin 78758

Tel: (512) 837-8911

TWX: 910-874-1319

tHamilton/Avnet Electronics
4004 Beltlme Suite 200
Dallas 7!

Tel: (214) 308 8111

TWX: 910-860-5929

‘tHamilton/Avnet Electronics
4850 Wright Rd., Suite 190
Stafford 77477

Tel: (713) 240-7733

TWX: 910-881-5523

tPioneer Electronlcs
1826-D Kra

Austin 78758

Tel: (512) 835-4000
FAX: 512-835-9829

tPioneer Electronics
18710 Omega Road
Dallas 75244

Tel: (214) 386-7300
FAX: 214-490-6419

tPioneer Electronics
5853 Point West Drive
Houston 77036

Tel: (713) 988-5555
FAX: 713-982-1732

tWyle Distribution Group
1810 Greenville Avenue
Richardson 75081

Tel: (214) 235-9953
FAX: 214-644-5064

UTAH

‘tHamilton/Avnet Electronics
1585 West 2100 South

Salt Lake City 84119

Tel: (801) 972-2800

TWX: 910-925-4018

1Wyle Distribution Group
1325 West 2200 South
Suite E

West Valley 84119

Tel: (801) 974-9953

WASHINGTON

TAlmac Electronics Corp.
14360 S.E. Eastgate Way
Bellevue 98007

Tel: (206) 643-9992

FAX: 206-643-9709

‘tHamilton/Avnet Electronics
17761 N.E. 78th Place
Redmond 98052

Tel: (206) 881-6697

FAX: 206-867-0159

Wyle Distribution Group

15385 N.E. 90th Street

Redmond 98052

Tel: (206) 881-1150
FAX: 206-881-1567

WISCONSIN

Arrow Electronics, Inc.

200 N. Patrick Bivd., Ste. 100
Brookfield 53005

Tel: (414) 792-0150

FAX: 414-792-0156

{Hamilton/Avnet Electronics
28875 Crossroads Circle
Suite 400

Waukesha 53186

Tel: (414) 784-4510

FAX: 414-784-9509

CANADA

ALBERTA

Hamilton/Avnet Electronics
2816 21st Street N.E. #3
Calgary T2E 673

Tel: (403) 230-3586

FAX: 403-250-1591

Zentronics

6815 #8 Street N.E.
Suite 1

Calgary T2E 7H
Tel: (403) 295-8818
FAX: 403-295-8714

BRITISH COLUMBIA

‘tHamilton/Avnet Electronics
105-2550 Boundary
Burnaby V5M 3Z3

Tel: (604) 437-6667

FAX: 604-437-4712

Zentronics

108-11400 Bridgeport Road
Richmond V6X 172

Tel: (604) 273-5575

FAX: 604-273-2413

ONTARIO

Arrow Electronics, Inc.
36 Antares Dr., Unit 100
Nepean K2E 7W5

Tel: (613) 226-6903
FAX: 613-723-2018

Arrow Electronics, Inc.
1093 Meyerside, Unit 2
Mississauga L5T 1M4
Tel: (416) 673-7769
FAX: 416-672-0849

‘tHamilton/Avnet Electronics
6845 Rexwood Road

Units 3-4-5

Mississauga L4T 1R2

Tel: (416) 677-7432

FAX: 416-677-0940

‘tHamilton/Avnet Electronics
190 Colonnade Road South
Nepean K2E 7L5

Tel: (613) 226-1700

FAX: 613-226-1184

tZentronics

1355 Meyerside Drive
Mississauga L59 1C9
Tel: (416) 564-9600
FAX: 416-564-8320

tZentronics

155 Colonnade Road
Unit 17

Nepean K2E 7K1
Tel: (613) 226-8840
FAX: 613-226-6352

QUEBEC

Arrow Electronics Inc.
4050 rue Jean Talon Quest
Montreal H4P 1W1

Tel: (514) 735-5511

FAX: 514-341-4821

Arrow Electronics, Inc.
500 Boul. St-Jean-Baptiste
Suite 280

Quebec G2E 5R9

Tel: (418) 871-7500

FAX: 418-871-6816

‘THamilton/Avnet Electronics
Tel: (514) 335-1000

FAX: 514-335-2481
tZentronics

Tel: (514) 737-9700
FAX: 514-737-5212
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ALABAMA

*Intel Corp.

5015 Bradford Dr., Suite 2
Huntsville 35805

Tel: (205) 830-4010

Intel Corp.

¢/o Budget Rent-A-Car
1712 Highway 21 South
Oxford 36203

Tel: (205) 835-1270

ALASKA

Intel Corp.

c/o TransAlaska Network
1515 Lore Rd
Anchorage 99507

Tel: (307) 522-1776

Intei Corp.

c/o TransAlaska Data Systems
c/o GCI Operations

520 Fifth Ave., Suite 407
Fairbanks 99701

Tel: (907) 452-6264

ARIZONA

*Intel Corp.

11225 N. 28th Dr.
Suite D-214

Phoenix 85029

Tel: (602) 869-4980

*Intel Corp.

500 E. Fry Bivd., Suite M-15
Sierra Vista 85635

Tel: (602) 459-5010

ARKANSAS

Intel Corp.

c/o Federal Express
1500 West Park Drive
Little Rock 72204

CALIFORNIA

*Intel Corp.

21515 Vanowen St., Ste. 116
Canoga Park 91303

Tel: (818) 704-8500

*Intel Corp.

2250 E. Imperial Hwy., Ste. 218
El Segundo 90245

Tel: (213) 640-6040

*Intel Corp.

1900 Prairie City Rd.
Folsom 95630-9597
Tel: (916) 351-6143

*Intel Corp.

9665 Chesapeake Dr., Suite 325
San Diego 92123-1326

Tel: (619) 292-8086

**Intel Corp.

400 N. Tustin Avenue
Suite 450

Santa Ana 92705

Tel: (714) 835-9642

CALIFORNIA

2700 San Tomas Expressway
Santa Clara 95051
Tel: 1-800-328-0386

MINNESOTA

3500 W 80(h Street
Suite 31

Bloommgton 55431
Te!: (612) 835-6722

*Carry-in locations
**Carry-in/mail-in locations

DOMESTIC SERVICE OFFICES

**Intel Corp.

2700 San Tomas Exp., 1st Floor
Santa Clara 95051

Tel: (408) 970-1747

COLORADO

*Intel Corp.

650 S. Cherry St,, Suite 915
Denver 80222

Tel: (303) 321-8086

CONNECTICUT

*Intel Corp.

83 Wooster Herghts Rd.
Danbury 0681

Tel: (203) 748- 3130

FLORIDA

**Intel Corp.

6363 N.W. 6th Way, Ste. 100
Ft. Lauderdale 33309

Tel: (305) 771-0600

*Intel Corp.

5850 T.G. Lee Blvd., Ste. 340
Orlando 2

Tel: (407) 240-8000

GEORGIA

*Intet Corp.

20 Technology Park, Suite 150
Norcross 30092

Tel: (404) 449-0541

HAWAII

**Intel Corp.
Honolulu 96820
Tel: (808) 847-6738

ILLINOI3

**tintel Corp.

300 N. Martingale Rd., Ste. 400
Schaumburg 60173

Tel: (708) 605-8031

INDIANA

*Intel Corp.

8777 Purdue Rd., Ste. 125
Indianapolis 46268

Tel: (317) 875-0623

KANSAS

*Intel Corp.

10985 Cody, Suite 140
Overland Park 66210
Tel: (913) 345-2727

KENTUCKY

Intel Corp.

133 Walton Ave., Office 1A
Lexington 40508

Tel: (606) 255-2957

Intel Corp.
896 Hillcrest Road, Apt. A
Radcliff 40160 (Louisville)

MARYLAND

**Inte} Corp.

10010 Junction Dr., Suite 200
Annapolis Junction 20701
Tel: (301) 206-2860

MASSACHUSETTS

**Intel Corp.

3 Carlisle Rd., 2nd Floor
Westford 01886

Tel: (508) 692-0960

MICHIGAN

*Intel Corp.

7071 Orchard Lake Rd., Ste. 100
West Bloomfield 48322

Tel: (313) 851-8905

MINNESOTA

*Intel Corp.

3500 W. 80th St., Suite 360
Bloomington 55431

Tel: (612) 835-6722

MISSISSIPPI

Intel Corp.

c/o Compu-Care

2001 Anrpon Road, Suite 205F
Jackson 39208

Tel: (601) 932-6275

MISSOURI

*Intel Corp.

4203 Earth City Exp., Ste. 131
Earth City 63045

Tel: (314) 291-1990

Intel Corp.

Route 2, Box 221
Smithville 64089
Tel: (913) 345-2727

NEW JERSEY

**Intel Corp.

300 Sylvan Avenue
Englewood Cliffs 07632
Tel: (201) 567-0821

*Intel Corp.

Parkway 109 Office Center
328 Newman Springs Road
Red Bank 07701

Tel: (201) 747-2233

NEW MEXICO

Intel Corp.

Rio Rancho 1

4100 Sara Road

Rio Rancho 87124-1025
(near Albuquerque)

Tel: (505) 893-7000

NEW YORK

*Intel Corp.

2950 Expressway Dr. South
Suite 130

Islandia 11722

Tel: (516) 231-3300

intel Corp.

Westage Business Center
Bldg. 300, Route 9
Fishkill 12524

Tel: (914) 897-3860

Intet Corp.

5858 East Molloy Road
Syracuse 13

Tel: (315) 454 0576

NORTH CAROLINA

*Intel Corp.

5800 Execunve Center Drive
Suite 1

Charloﬂe 28212

Tel: (704) 568-8966

**Intel Corp.

5540 Centerview Dr., Suite 215
Raleigh 27606

Tel: (919) 851-9537

OHIO

**Intel Cor

3401 Park Cenler Dr., Ste. 220
Dayton 45414

Tel: (513) 890-5350

*Intel Corp.

25700 Science Park Dr., Ste. 100
Beachwood 44122

Tel: (216) 464-2736

OREGON

**Intel Corp.

15254 N.W. Greenbrier Parkway
Building B

Beaverton 97005

Tel: (503) 645-8051

PENNSYLVANIA

*tIntel Corp.

455 Pennsylvania Ave., Ste. 230
Fort Washington 19034

Tel: (215) 641-1000

**tIntel Corp.

400 Penn Center Blvd., Ste. 610
Pittsburgh 15235

Tel: (412) 823-4970

*Intel Corp.

1513 Cedar Cliff Dr.
Camp Hill 17011
Tel: (717) 761-0860

CUSTOMER TRAINING CENTERS

MARYLAND

10010 Junction Dr.

Suite 200

Annapolis Junction 20701
Tel: 1-800-328-0386

SYSTEMS ENGINEERING OFFICES

NEW YORK

2950 Expressway Dr., South
Islandia 11722
Tel: (506) 231-3300

PUERTO RICO

Intel Corp.

South Industrial Park
P.O. Box

Las Piedras 00671
Tel: (809) 733-8616

TEXAS

**Intel Corp.

Westech 360, Suite 4230
8911 Capitol of Texas Hwy.
Austin 78752-1239

Tel : (512) 794-8086

**tintel Coro.
12000 Ford Rd., Suite 401

Dallas 75234

Tel: (214) 241-8087

**Intel Corp.

7322 SW Freeway, Suite 1490

Houston 77074
Tel: (713) 988-8086

VIRGINIA

*Intef Corp.

1504 Santa Rosa Rd., Ste. 108
Richmond 23288

Tel: (804) 282-5668

WASHINGTON

**Intel Corp.

155 108th Avenue N.E., Ste. 386
Bellevue 98004

Tel: (206) 453-8086

CANADA

ONTARIO

**Intel Semiconductor of
Canada, Ltd.

2650 Queensview Dr., Ste. 250
Ottawa K2B 8H6

Tel: (613) 829-9714

**Intel Semiconductor of
Canada, Ltd.

190 Attwell Dr., Ste. 102
Rexdale (Toronto) MOW 6H8
Tel: (416) 675-2105

QUEBEC

**Intel Semiconductor of
Canada, Ltd.

620 St. Jean Boulevard

Pointe Claire (Montreal) H9R 3K3
Tel: (514) 694-9130
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FINLAND

Intel Finland OY
Ruosilantie 2

00390 Helsinki

Tel: (358) 0 544 644
TLX: 123332

FRANCE

Intel Corporation S.AR.L.
1, Rue Edison-BP 303
78054 St. Quentin-en-Yvelines

Cedex
Tel: (33) (1) 30 57 70 00
TLX: 699016

WEST GERMANY

Intel GmbH*

Dornacher Strasse 1

8016 Feldkirchen bei Muenchen
Tel: (49) 089/90992-0

FAX: (49) 089/904/3948

EUROPEAN SALES OFFICES

Intel GmbH

Abraham Lincoln Strasse 16-18
6200 Wiesbaden

Tel: (49) 08121/76050

TLX: 4-186183

Intel GmbH

Zettachring 10A

7000 Stuttgart 80

Tel: (49) 0711/7287-280
TLX: 7-254826

ISRAEL

Intel Semiconductor Lt

Atidim Industrlal Park-| Neve Sharet
P.O. Box 4

Tel-Aviv 61430

Tel: (972) 03-498080

TLX: 371215

ITALY

Intel Corporation Italia S.p.A.*
Milanofiori Palazzo E

20094 Assago

Milar

Tel: (39) (02) 89200950

TLX: 341286

NETHERLANDS

Intel Semiconductor B.V.*
Postbus 84130

3099 CC Rotterdam

Tel: (31) 10.407.11.11
TLX: 22283

SPAIN
Intel Iberia S.A.

Tel (34) (l) 303 25.52

SWEDEN

Intel Sweden A.B.*
Dalvagen 24

171 36 Solna

Tel: (46) 8 734 01 00
TLX: 12261

SWITZERLAND

Intel Semiconductor A.G.
Zuerichstrasse

8185 Winkel-Rueti bei Zuerich
Tel: (41) 01/860 62 62

TLX: 825977

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.*
Pipers Way

Swindon, Wiltshire SN3 1RJ
Tel: (44) (0793) 696000
TLX: 444447/8

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Electronics G.m.b.H.
Rotenmuehlgasse 26

1120 Wien
Tel: (43) (0222) 83 56 46
TLX: 31532

BELGIUM

Inelco Belgium S.A.

Av. des Croix de Guerre 94

1120 Bruxelles

Oonogskru:senlaan 94

1120 Brussel

Tel (32) (02) 216 01 60
LX: 64475 or 22090

DENMARK

ITT-Muttikomponent
Naverland 29

2600 Glostrup
Tel: (45) (0) 2 45 66 45
TLX: 33 355

FINLAND

QY Fintronic AB
Melkonkatu 24A
00210 Helsinki

Tel: (358) (0) 6926022
TLX: 124224

FRANCE

Almex

Zone industrielle d’Antony
48, rue de I'Aubepine

BP 102

92164 Antony cedex

Tel: (33) (1) 46 66 21 12

Jermyn -Generim

60, rue des Gemeaux
Silic 580

94653 Rungis cedex
Tel: (33) (1) 49 78 49 78
TLX: 261585

Metrologie

Tour d’Asnieres

4, av. Laurent-Cely
92606 Asnieres Cedex
Tel: (33) (1) 47 90 62 40
TLX: 611448

*Field Application Location

Tekelec-Airtronic

Cite des Bruyeres

Rue Carle Vernel BP 2
92310 Sevi

Tel (33) (1) 45347535

WEST GERMANY

Electronic 2000 AG
Stahlgruberring 12

00 Muenchen 82
Tel: (49) 089/42001-0
TLX: 522561

ITT Multikomponent GmbH
Postfach 1265
Bahnhofstrasse 44

7141 Moeglingen

Tel: (49) 07141/4879

TLX: 7264472

Jermyn GmbH

im Dachsstueck 9
6250 Limburg

Tel: (49) 06431/508 0
TLX: 415257-0

Metrologie GmbH
Meglingerstrasse 49
8000 Muenchen 71
Tel: (49) 089/78042-0
TLX: 5213189

Proelectron Vertriebs GmbH
Max Planck Strasse 1-3
6072 Dreieich

Tel: (49) 06103/30434-3
TLX: 417903

IRELAND

Micro Marketing Ltd.
Glenageary Office Park
Glenageary

Co. Dublin

Tel: (21) (353) (01) 85 63 25
TLX: 31584

ISRAEL

Eastronics Ltd.
11 Rozanis Street
P.OB.
Tel-Aviv 6
el (972) 03 475151

ITALY

Intesi

Divisione ITT Industries GmbH
Viale Milanofiori

Palazzo E/5

20090 Assago (Ml)

Tel: (39) 02/824701

TLX: 311351

Lasi Elettronica S.p.A.

V. le Fulvio Testi, 126

20092 Ciniselio Balsamo (MI)
Tel: (39) 02/2440012

TLX: 352040

Telcom S.r.l.

Via M. Civitali 75
20148 Milano

Tel: (39) 02/4049046
TLX: 33565

T Mumcomponenls
Viale Milanofiori E/5
20090 Assago (Mi)
Tel: (39) 02/824701
TLX: 311351
Silverstar

Via Dei Gracchi 20
20146 Milano

Tel: (39) 02/49961
TLX: 332189
NETHERLANDS
Ko\;nng en Hartman Elektrotechniek
Energleweg 1

2627
¥e| (31) (O) 15/609906

NORWAY

Nordisk Elektromkk (Norge) A/S
Postboks 1

Smedsvmgen 4

1364 Hvalstad

Tel: (47) (02) 84 62 10

TLX: 77546

PORTUGAL

ATD Portugal LDA
Flua Dos Luslados, 5 Sala B

Tel (35) (1) 64 80 91

Ditram

Avenida Miguel Bombarda, 133
1000 Lisboa

Tel: (35) (I) 54 53 13

TLX: 14182

SPAIN

ATD Electronica, S.A.
Plaza Ciudad de Viena, 6
28040 Madrid

Tel: (34) (1) 234 40 00
TLX: 42477

ITT-SESA

Calle Miguel Angel, 21-3
28010 Madrid

Tel: (34) (1) 419 09 57
TLX: 27461

Metrologia Iberica, S.A.
Ctra. de Fuencarral, n.80
28100 Alcobendas (Madrid)
Tel: (34) (1) 653 86 11

SWEDEN

Nordisk Elektronik AB
Torshamnsgatan 39
Box 36

164 93 Kista
Tel: (46) 08-03 46 30
TLX: 105 47

SWITZERLAND

Industrade A.G.
Hertistrasse 31

8304 Wallisellen

Tel: (41) (01) 8328111
TLX: 56788

TURKEY

EMPA Electronic
Lindwurmstrasse 95A
8000 Muenchen 2

Tel: (49) 089/53 80 570
TLX: 52857

UNITED KINGDOM

Accent Electronic Components Ltd.

Jubilee House, Jubilee Road
Letchworth, Herts SG6 1TL
Tel: (44) (0462) 686666
TLX: 826293

Bytech-Comway Systems
3 The Western Centre
Western Road

Bracknell RG12 1RW

Tel: (44) (0344) 55333
TLX: 847201

Jermyn

Vestry Estate

Otford Road
Sevenoaks

Kent TN14 5EU

Tel: (44) (0732) 450144
TLX: 9

MMD

Unit 8 Southview Park
Caversham

Reading

Berkshire RG4 0AF
Tel: (44) (0734) 481666
TLX: 846669

Rapid Silicon

Rapid House

Denmark Street

High Wycombe

Buckinghamshire HP11 2ER

Tel: (44) (0494) 442266
TLX: 837931

Rapid Systems

Rapid House

Denmark Street

High Wycombe
Buckinghamshire HP11 2ER
Tel: (44) (0494) 450244
TLX: 837931

YUGOSLAVIA
H.R. Microelectronics Corp.
2005 de la Cruz Blvd., Ste. 223
Sasnta Clara, CA 95050
LS.A.
Tel: (1) (408) 988-0286
TLX: 387452
Rapido Electronic Components

.p.a.
Via C. Beccaria, 8
34133 Trieste

Italia
Tel (39) 040/360555
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AUSTRALIA

Intel Australia Pty. Ltd.

Unit 13

Allambie Grove Business Park
25 Frenchs Forest Road East
Frenchs Forest, NSW, 2086

Tel: 61-2975-3300
FAX: 61-2975-3375

BRAZIL

Intel Semicondutores do Brazil LTDA
Av. Paulista, 1159-CJS 404/405
01311 - Sao Paulo - S.P.

Tel: 55-11-287-5899

TLX: 3911153146 ISDB

FAX: 55-11-287-5119

CHINA/HONG KONG

Intel PRC Corporation
15/F, Office 1, Citic Bldg.
Jian Guo Men Wai Street
Beijing, PRC

Tel: (1) 500-4850

TLX: 22947 INTEL CN
FAX: (1) 500-2953

Intel Semiconductor Ltd.*
10/F East Tower

Bond Center
Queensway, Central

Hong Kong
Tel: (852) 844-4555
FAX: (852) 868-1989

INDIA

Intel Asia Electronics, Inc.
4/2, Samrah Plaza

St. Mark’s Road

Bangalore 560001

Tel: 011-91-812-215065
TLX: 953-845-2646 INTL IN
FAX: 091-812-215067

JAPAN

Intel Japan K.K.

5-6 Tokodai, Tsukuba-shi
Ibaraki, 300-26

Tel: 0298 47-8511

TLX: 3656-160

FAX: 0298-47-8450

Intel Japan K.K.*
Daiichi Mitsugi Bldg.
1-8889 Fuchu-cho
Fuchu-shi, Tokyo 183
Tel: 0423-60-7871
FAX: 0423-60-0315

Intel Japan K.K.*

Bldg. Kumagaya

2-69 Hon-cho
Kumagaya-shi, Saltama 360
Tel: 0485-24-6871

FAX: 0485-24-7518

Intel Japan K.K.*
Kawa-asa Bldg.

2-11-5 Shin-Yokohama
Kohoku-ku, Yokohama-shi
Kanagawa, 222

Tel: 045-474-7661

FAX: 045-471-4394

Intel Japan K.K.*
Ryokuchi-Eki Bldg.

2-4-1 Terauchi
Toyonaka- shl Osaka 560
Tel: 06-863-1

FAX: 06-863- 1084

Intel Japan K.K.
Shinmaru Bldg.

1-5-1 Marunouchi
Chiyoda-ku, Tokyo 100
Tel: 03-201-3621

FAX: 03-201-6850

Intel Japan K.K.
Green Bldg.

1-16-20 Nishiki
Naka-ku, Nagoya-shi
Aichi 450

Tel: 052-204-1261
FAX: 052-204-1285

KOREA

Intel Technology Asia, Ltd.

16th Floor, Life Bldg.

61 Yoido-dong, Youngdeungpo Ku
Seoul 150-010

Tel: (2) 784-8186, 8286, 8386
TLX: K29312 INTELKO

FAX: (2) 784-8096

INTERNATIONAL SALES OFFICES

SINGAPORE

Intel Singapore Technology, Ltd.
101 Thomson Road #21-05/06
United Square

Singapore 1130

Tel: 250-7811

TLX: 39921 INTEL

FAX: 250-9256

TAIWAN

Intel Technology Far East Ltd.
8th Floor, No. 205

Bank Tower Bldg.

Tung Hua N. Road

aipei
Tel: 886-2-716-9660
FAX: 886-2-717-2455

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA

Dafsys S.R.L.
Chacabuco, 90-6 Piso
1069-Buenos Aires
Tel: 54-1-334-7726
FAX: 54-1-334-1871

AUSTRALIA

Email Electronics

15-17 Hume Street
Huntingdale, 3166

Tel: 011 61 3 544 8244
TLX: AA

FAX: 011 61 3 543-8179

NSD-Australia

205 Middleborough Rd.
Box Hill, Victoria 3128
Tel: 03 8900970

FAX: 03 8990819

BRAZIL

Elebra Componentes

Rua Geraldo Flausina Gomes, 78
7 Andar

04575 - Sao Paulo - S.P.

Tel: 55-11-534-9641

TLX: 55-11-54593/54591

FAX: 55-11-534-9424

CHINA/HONG KONG

Novel Precision Machinery Co., Ltd.
Room 728 Trade Square

681 Cheung Sha Wan Road
Kowiloon, Hong Kon

Tel: (852) 360-8999

TWX: 32032 NVTNL HX

FAX: (852) 725-3695

INDIA

Micronic Devices

Arun Complex

No. 65 D.V.G. Road

Basavanagudi

Bangalore 560 004

Tel: 011-91-812-600-631
011-91-812-611-365

TLX: 9538458332 MDBG

*Field Application Location

Micronic Devices

No. 516 5th Floor
Swastik Chambers

Sion, Trombay Road
Chembur

Bombay 400 071

TLX: 9531 171447 MDEV

Micronic Devices

25/8, 1st Floor

Bada Bazaar Marg

Old Rajinder Nagar

New Delhi 110 060

Tel: 011-91-11-5723509
011-91-11-589771

TLX: 031-63253 MDND IN

Micronic Devices

6-3-348/12A Dwarakapuri Colony
Hyderabad 500 482

Tel: 011-91-842-226748

S&S Corporation
1587 Kooser Road
San Jose, CA 95118
Tel: (408) 978-6216
TLX: 820281

FAX: (408) 978-8635
JAPAN

Asahi Electronics Co. Ltd.
KMM Bldg. 2-14-1 Asano

-Kokurakita-ku

Kitakyushu-shi 802
Tel: 093-511-6471
FAX: 093-551-7861

CTC Components Systems Co., Ltd.

4-8-1 Dobashi, Miyamae-ku
Kawasaki-shi, Kanagawa 213
Tel: 044-852-5121

FAX: 044-877-4268

Dia Semicon Systems, Inc.
Flower Hill Shinmachi Higashi-kan
1-23-9 Shinmachi, Setagaya-ku
Tokyo 154

Tel: 03-439-1600

FAX: 03-439-1601

Okaya Koki

2-4-18 Sakae

Naka-ku, Nagoya-shi 460
Tel: 052-204-2916

FAX: 052-204-2901

Ryoyo Eleclro Corp.
Konwa Bldg.

1-12-22 Tsukiji
Chuo-ku, Tokyo 104
Tel: 03-546-5011
FAX: 03-546-5044

KOREA

J-Tek Corporation

3rd Floor, Samho Bldg.

997-9 Taechi-Dong Kangnam-Gu
Seoul 135-283

Tel: (822) 557-8039

FAX: (822) 557-8304

Samsung Electronics

Samsung Main Bidg.

250, 2-KA, Taepyung-Ro

Chung-Ku, Seoul

C.P.O. Box 8780

Tel: (822) 751-3680
TWX: KORSST K 27970

FAX: (822) 774-7445

MEXICO

SSB Electronics, Inc.
675 Palomar Street, Bldg. 4, Suite A
Chula Vista, CA 92011
Tel (619) 585-3253
287751 CBALL UR
FAX (619) 585-8322

Dicopel S.A.

Tochtli 368 Fracc. Ind. San Antonio
Azcapotzalco

C.P. 02760-Mexico, D.F.

Tel: 52-5-561-3211

TLX: 177 3790 Dicome

FAX: 52-5-561-1279

PHI S.A. de C.V.

Fco. Villa esq. Ajusco s/n
Cuernavaca—Morelos
Tel: 52-73-13-9412

FAX: 52-73-17-5333

NEW ZEALAND

Email Electronics

36 Olive Road
Penrose, Auckland
Tel: 011-64-9-591-155
FAX: 011-64-9-592-681

SINGAPORE

Electronic Resources Pte, Ltd.
17 Harvey Road

#03-01 Singapore 1336

Tel: (65) 283-0888

TWX: RS 56541 ERS

FAX: (65) 289-5327

SOUTH AFRICA

Electronic Building Elements

178 Erasmus St. (off Watermeyet St.)

Meyerspark, Pretoria, 0184
Tel: 011-2712-803-7680
FAX: 011-2712-803-8294

TAIWAN

‘Micro Electronics Corporation
12th Floor, Section 3

285 Nanklng East Road
Taipei, R.0.C.

Tel: 886-2-506-3320

FAX: 886-2-719-7916

Acer Sertek Inc.

15th Floor, Section 2

Chien Kuo North Rd.

Taipei 10479 R.O.C.

Tel: 886-2-501 0055
WX: 23756 SERTEK

FAX: 886-2-501 2521



in

UNITED STATES
Intel Corporation

3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN

Intel Japan K.K.

5-6 Tokodai, Tsukuba-shi
Ibaraki, 300-26

FRANCE

Intel Corporation S.A.R.L.

1, Rue Edison, BP 303
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Wiltshire, England SN3 1R]
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Intel GmbH
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