
















































































































































































































































































































































































































































































































































































































































































































































































































































































80386 INSTRUCTION SET 

REP IREPE/REPZ/REPNE/REPNZ-Repeat Following String 
Operation 

Opcode Instruction Clocks Description 

F3 6C REP INS rlmB, OX 13+6*(E)CX, Input (E)CX bytes from port OX into ES:[(E)OI] 
pm=7+S*(E)CX"/ 
27+6*(E)CX" 

F3 60 REP INS rlm16,OX 13+6*(E)CX, Input (E)CX words from port OX into ES:[(E)OI] 
pm=7+S*(E)CX"j 
27 + S*(E)CX" 

F3 60 REP INS rlm32,OX 13+S*(E)CX, Input (E)CX dwords from pot OX into ES:[(E)OI] 
pm=7+6*(E)CX"j 
27+6*(E)CX" 

F3 A4 REP MOVS mB,mB 5+4*(E)CX Move (E)CX bytes from [(E)SI] to ES:[(E)OI] 
F3 A5 REP MOVS m16,m16 5+4*(E)CX Move (E)CX words from [(E)SI] to ES:[(E)OI] 
F3 A5 REP MOVS m32,m32 5+4*(E)CX Move (E)CX dwords from [(E)SI] to ES:[(E)OI] 
F3 SE REP OUTS OX,rlmB 5+ 12*(E)CX, Output (E)CX bytes from [(E)SI] to port DX 

pm=S+5*(E)CX"j 
2S+5*(E)CX" 

F3 6F REP OUTS OX,rlm16 5+12*(E)CX, Output (E)CX words from [(E)SI] to port OX 
pm=S+5*(E)CX"j 
2S+5*(E)CX" 

F3 6F REP OUTS OX,rlm32 5+ 12*(E)CX, Output (E)CX dwords from [(E)SI] to port OX 
pm=6+5'(E)CX"/ 
2S+5'(E)CX" 

F3 AA REP STOS mB 5+5*(E)CX Fill (E)CX bytes at ES:[(E)OI] with AL 
F3 AB REPSTOS m16 5+5*(E)CX Fill (E)CX words at ES:[(E)OI] with AX 
F3 AB REPSTOS m32 5+5'(E)CX Fill (E)CX dwords at ES:[(E)OI] with EAX 
F3 A6 REPE CMPS mB,mB 5+9'N Find non matching bytes in ES:[(E)OI] and [(E)SI] 
F3 A7 REPE CMPS m16,m16 5+9'N Find nonmatching words in ES:[(E)OI] and [(E)SI] 
F3 A7 REPE CMPS m32,m32 5+9*N Find nonmatching dwords in ES:[(E)OI] and [(E)SI] 
F3 AE REPESCAS mB 5+S'N Find non-AL byte starting at ES:[(E)OI] 
F3 AF REPE SCAS m16 5+S'N Find non-AX word starting at ES:[(E)OI] 
F3 AF REPE SCAS m32 5+S'N Find non-EAX dword starting at ES:[(E)DI] 
F2 A6 REPNE CMPS mB,mB 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)OI] and [(E)SI] 
F2 A7 REPNE CMPS m32,m32 5+9'N Find matching dwords in ES:[(E)OI] and [(E)SI] 
F2 AE REPNE SCAS mB 5+S*N Find AL, starting at ES:[(E)OI] 
F2 AF REPNE SCAS m16 5+S*N Find AX, starting at ES:[(E)OI] 
F2 AF REPNE SCAS m32 5+S'N Find EAX, starting at ES:[(E)OI] 

NOTES: '1 If CPL ::; IOPL 
'2 If CPL > IOPL or if in virtual SOS6 mode 

Operation IF AddressSize = 16 
THEN use CX for CountReg; 
ELSE (* AddressSize = 32 *) use ECX for CountReg; 
FI; 
WHILE CountReg <> a 
DO 

service pending interrupts (if any); 
perform primitive string instruction; 
Count Reg +- CountReg - 1; 
IF primitive operation is CMPB, CMPW, SCAB, or SCAW 
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THEN 
IF (instruction is REP/REPE/REPZ) AND (ZF=1) 
THEN exit WHILE loop 
ELSE 

IF (instruction is REPNZ or REPNE) AND (ZF=O) 
THEN exit WHILE loop; 
FI; 

FI; 
FI; 

00; 

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

Synonymous forms of REPE and REPNE are REPZ and REPNZ, 
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 CX for the count register; 
if the address-size attribute is 32 bits, use ECX for the count 
register. 

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

3. Acknowledge any pending interrupts. 

4. Perform the string operation once. 

5. Decrement CX or ECX by one; no flags are modified. 

6. Check the zero flag if the string operation is SCAS or CMPS. 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 ZF 
is 0 (the last comparison was not equal), or if the prefix is REPNE 
and ZF is one (the last comparison was equal). 

7. Return to step I for the next iteration. 

Repeated CMPS and SCAS instructions can be exited if the count is 
exhausted or if the zero 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 zero flag (JZ, JNZ, and JNE). 
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Protected Mode 
Exceptions 

Real Address 
Mode Exceptions 

80386 INSTRUCTION SET 

ZF by REP CMPS and REP SCAS as described above 
/" " ' '7;" . ~f.ot<.oy·,.<:!.~ J #ct 6'<'2.n'.'..c/~".~"' fl. co' ....j .. ~" .-~ 

#UD if a repeat prefix is used 'bef~re an instruction that is not in the list 
above; further exceptions can be generated when the string operation is 
executed; refer to the descriptions of the string instructions themselves 

Interrupt 6 if a repeat prefix is used before an instruction that is not in 
the list above; further exceptions can be generated when the string 
operation is executed; refer to the descriptions of the string instructions 
themselves 

Virtual 8086 #UD if a repeat prefix is used before an instruction that is not in the list 
Mode Exceptions above; further exceptions can be generated when the string operation is 

executed; refer to the descriptions of the string instructions themselves 

Notes Not all input/output ports can handle the rate at which the REP INS 
and REP OUTS instructions execute. 
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RET -Return from Procedure 

Opcode 

C3 
CB 
CB 
C2 iw 
CAiw 
CAiw 

Operation 

Instruction Clocks 

RET 
RET 
RET 

10+m 
18+m,pm=32+m 
pm=68 

RET imm16 
RET imm16 
RET imm16 

10+m 
18+m,pm=32+m 
pm=68 

IF instruction = near RET 
THEN; 

IF OperandSize = 16 
THEN 

IP +- PopO; 
EIP +- EIP AND OOOOFFFFH; 

ELSE (* OperandSize = 32 *) 
EIP +- PopO; 

FI; 

Description 

Return (near) to caller 
Return (far) to caller, same privilege 
Return (far), lesser privilege, switch stacks 
Return (near), pop imm16 bytes of parameters 
Return (far), same privilege, pop imm 16 bytes 
Return (far), lesser privilege, pop imm 16 bytes 

IF instruction has immediate operand THEN eSP +- eSP + imm16; FI; 
FI; 

IF (PE = a OR (PE = 1 AND VM = 1)) 
(* real mode or virtual 8086 mode *) 
AND instruction = far RET 

THEN; 
IF Operand Size = 16 
THEN 

IP +- PopO; 
EIP +- EIP AND OOOOFFFFH; 
CS +- PopO; (* 16-bit pop *) 

ELSE (* Operand Size = 32 *) 
EIP +- PopO; 
CS +- PopO; (* 32-bit pop, high-order 16-bits discarded *) 

FI; 
IF instruction has immediate operand THEN eSP +- eSP + imm16; FI; 

FI; 

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(O); 
ELSE Second word on stack must be within stack limits else #SS(O); 
FI; 
Return selector RPL must be ?: CPL ELSE #GP(return selector) 
IF return selector RPL = CPL 
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THEN GOTO SAME-LEVEL; 
ELSE GOTO OUTER-PRIVILEGE-LEVEL; 
FI; 

FI; 

SAME-LEVEL: 
Return selector must be non-nUll ELSE #GP(O) 
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); 
FI; 
IF conforming 
THEN code segment DPL must be s CPL; 
ELSE #GP(selector); 
FI; 
Code segment must be present ELSE #NP(selector); 
Top word on stack must be within stack limits ELSE #SS(O); 
IP must be in code segment limit ELSE #GP(O); 
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 

FI; 

OUTER-PRIVILEGE-LEVEL: 
IF OperandSize=32 
THEN Top (16+immediate) bytes on stack must be within stack limits 

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

#SS(O); 
FI; 
Examine return CS selector and associated descriptor: 

Selector must be non-null ELSE #GP(O); 
Selector index must be within its descriptor table limits ELSE 

#G P( 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); 
FI; 
IF conforming 
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THEN code segment DPL must be ::; return selector RPL; 
ELSE #GP(selector); 
FI; 
Segment must be present ELSE #NP(selector) 

Examine return SS selector and associated descriptor: 
Selector must be non-null ELSE #GP(O); 
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(O); 
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; 

FI; 
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: 

OD; 

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 2: CPL, or DPL must be 2: RPL; 
FI; 

RET 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. 
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The optional numeric parameter to RET gives the number of stack byte~' 
(OperandMode= 16) or words (OperandMode=32) to be released after 
the return address is popped. These items are typically used as in pur 
parameters to the procedure called. 

For the intra segment (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, followed by the selector. 

In real mode, CS and IP are loaded directly. In Protected Mode, an 
intersegment 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 privi­
lege 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 set to 0 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 set to 
o to prevent unauthorized access from the new privilege level. 

Flags Affected None 

Protected Mode #GP, #NP, or #SS, as described under "Operation" above; #PF(fault-
Exceptions code) for a page fault 

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

Virtual 8086 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions 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 SAHF loads the flags listed above with values from the AH register, 
from bits 7, 6, 4, 2, and 0, respectively. 

Flags Affected SF, ZF, AF, PF, and CF as described above 

Protected Mode None 
Exceptions 

Real Address None 
Mode Exceptions 

Virtual 8086 None 
Mode Exceptions 
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SAL I SARI SHLI SHR-Shift Instructions 

Opcode 

DO /4 
02/4 
CO /4 ib 
01 /4 
03/4 
C1 /4 ib 
01 /4. 
03/4 
C1 /4 ib 
DO /7 
02/7 
CO /7 ib 
01 /7 
03/7 
C1 /7 ib 
01 /7 
03/7 
C1 /7 ib 
DO /4 
02/4 
CO /4 ib 
01 /4 
03/4 
C1 /4 ib 
01 /4 
03/4 
C1 /4 ib 
DO /5 
02/5 
CO /5 ib 
01 /5 
03/5 
C1 /5 ib 
01 /5 
03/5 
C1 /5/b 

Instruction 

SALrlmB,1 
SALrlmB,CL 
SAL rlmB,immB 
SAL rlm16,1 
SAL rlm16,CL 
SAL rlm16,immB 
SAL rlm32,1 
SAL rlm32,CL 
SAL rlm32,immB 
SAR rlmB,1 
SAR rlmB,CL 
SAR rlmB,immB 
SAR rlm16,1 
SAR rlm16,CL 
SAR rlm16,immB 
SAR rlm32,l 
SAR rlm32,CL 
SAR rlm32,immB 
SHL rlmB,1 
SHLrlmB,CL 
SHL rlmB,immB 
SHLrlm16,1 
SHL rlm16,CL 
SHL rlm16,immB 
SHL rlm32,1 
SHL rlm32,CL 
SHL rlm32,immB 
SHR rlmB,1 
SHR rlmB,CL 
SHR rlmB,immB 
SHR rlm16,1 
SHR rlm16,CL 
SHR rlm16,immB 
SHR rlm32,1 
SHR rlm32,CL 
SHR rlm32,lmmB 

Clocks 

3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 
3/7 

Description 

Multiply rim byte by 2, once 
Multiply rim byte by 2, CL times 
Multiply rim byte by 2, immBtimes 
Multiply rim word by 2, once 
Multiply rim word by 2, CL times 
Multiply rim word by 2, immB times 
Multiply rim dword by 2, once 
Multiply rim dword by 2, CL times 
Multiply rim dword by 2, immBtimes 
Signed divide' rim byte by 2, once 
Signed divide' rim byte by 2, CL times 
Signed divide' rim byte by 2, immB times 
Signed divide' rim word by 2, once 
Signed divide' rim word by 2, CL times 
Signed divide' rim word by 2, immBtimes 
Signed divide' rim dword by 2, once 
Signed divide' rim dword by 2, CL times 
Signed divide' rim dword by 2, imm8 times 
Multiply rim byte by 2, once 
Multiply rim byte by 2, CL times 
Multiply rim byte by 2, immB times 
Multiply rim word by 2, once 
Multiply rim word by 2, CL times 
Multiply rim word by 2, imm8 times 
Multiply rim dword by 2, once 
Multiply rim dword by 2, CL times 
Multiply rim dword by 2, immBtimes 
Unsigned divide rim byte by 2, once 
Unsigned divide rim byte by 2, CL times 
Unsigned divide rim byte by 2, imm8times 
Unsigned divide rim word by 2, once 
Unsigned divide rim word by 2, CL times 
Unsigned divide rim word by 2, immB times 
Unsigned divide rim dword by 2, once 
Unsigned divide rim dword by 2, CL times 
Unsigned divide rim dword by 2, ImmB times 

Not the same division as 101V; 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 rjm; 
FI; 
IF instruction is SAR or SHR 
THEN CF ~ low-order bit of rjm; 
FI; 
IF instruction = SAL or SHL 
THEN rjm ~ rjm * 2; 
FI; 
IF instruction = SAR 
THEN rjm ~ rjm /2 (*Signed divide, rounding toward negative infinity*); 
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FI; 

IF instruction = SHR 

THEN rim ~ rim /2; (* Unsigned divide *); 
FI; 
temp ~ temp - 1; 

00; 

(* Determine overflow for the various instructions *) 
IF COUNT = 1 
THEN 

IF instruction is SAL or SHL 
THEN OF ~ high-order bit of rim <> (CF); 
FI; 
IF instruction is SAR 
THEN OF ~ 0; 
FI; 
IF instruction is SHR 
THEN OF ~ high-order bit of operand; 
FI; 

ELSE OF ~ undefined; 
FI; 

SAL (or its synonym, SHL) shifts the bits of the operand upward. The 
high-order bit is shifted into the carry flag, and the low-order bit is set 
to O. 

SAR and SHR shift the bits of the operand downward. The low-order 
bit is shifted into the carry flag. The effect is to divide the operand by 2. 
SAR performs a signed divide with rounding toward negative infinity 
(not the same as IDIV); the high-order bit remains the same. SHR 
performs an unsigned divide; the high-order bit is set to O. 

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 80386 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 overflow flag is set only if the single-shift forms of the instructions 
are used. For left shifts, OF is set to 0 if the high bit of the answer is the 
same as the result of the carry flag (i.e., the top two bits of the original 
operand were the same); OF is set to 1 if they are different. For SAR, 
OF is set to 0 for all single shifts. For SHR, OF is set to the high-order 
bit of the original operand. 
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OF for single shifts; OF is undefined for mUltiple shifts; CF, ZF, PF, 
and SF as described in Appendix C 

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

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

Virtual 8086 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions fault 
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SBB-Integer Subtraction with Borrow 

Opcode 

1C ib 
1D iw 
1D id 
80 /3 ib 
81 /3 iw 

81 /3 id 

83 /3 ib 

83 /3 ib 

18 /r 
19 /r 
19 /r 
1A /r 
1e /r 
1e /r 

Operation 

Description 

Flags Affected 

Protected Mode 
Exceptions 

Instruction Clocks Description 

SeeAL,imm8 2 Subtract with borrow immediate byte from AL 
see AX,imm16 2 Subtract with borrow immediate word from AX 
see EAX,imm32 2 Subtract with borrow immediate dword from EAX 
see rjm8,imm8 2/7 Subtract with borrow immediate byte from rjm byte 
see rjm16,imm16 2/7 Subtract with borrow immediate word from rjm 

word 
see rjm32,imm32 2/7 Subtract with borrow immediate dword from rjm 

dword 
see rjm16,imm8 2/7 Subtract with borrow sign-extended immediate byte 

from rjm word 
see rjm32,imm8 2/7 Subtract with borrow sign-extended immediate byte 

from rjm dword 
see rjm8,r8 2/6 Subtract with borrow byte register from rjm byte 
see rjm16,r16 2/6 Subtract with borrow word register from rjm word 
see rjm32,r32 2/6 Subtract with borrow dword register from rjm dword 
see r8,rjm8 2/7 Subtract with borrow byte register from rjm byte 
see r16,rjm16 2/7 Subtract with borrow word register from rjm word 
see r32,rjm32 2/7 Subtract with borrow dword register from rjm dword 

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

SBB adds the second operand (DEST) to the carry flag (CF) and 
subtracts the result from the first operand (SRC). 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. 

OF, SF, ZF, AF, PF, and CF as described in Appendix C 

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

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

Virtual 8086 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions fault 
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SCAS/SCASB/SCASW /SCASD-Compare String Data 

Opcode 

AE 
AF 
AF 
AE 
AF 
AF 

Operation 

Description 

Instruction 

SCAS mB 
SCAS m16 
SCAS m32 
SCASB 
SCASW 
SCASO 

Clocks 

7 
7 
7 
7 
7 
7 

IF AddressSize = 16 
THEN use DI for dest-index; 

Description 

Compare bytes AL-ES:[OI). update (E)OI 
Compare words AX-ES:[OI). update (E)OI 
Compare dwords EAX-ES:[OIJ. update (E)OI 
Compare bytes AL-ES:[OI). update (E)OI 
Compare words AX-ES:[OI). update (E)OI 
Compare dwords EAX-ES:[DlJ. update (E)OI 

ELSE (* AddressSize = 32 *) use EDI for dest-index; 
FI; 
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 IncOec +- 2 ELSE IncDec +- -2; FI; 

ELSE (* Operand Size = 32 *) 
EAX - [dest-index];(* compare dword in EAX & dest *) 
IF DF = 0 THEN IncDec +- 4 ELSE IncOec +- -4; FI; 

FI; 
FI; 
dest-index = dest-index + IncDec 

SCAS 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, DI is used as 
the destination register; otherwise, the address-size attribute is 32 bits 
and ED I 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 SCAS. 
The operand validates ES segment addressabilityand determines the data 
type. Load the correct index value into DI or EDI before executing 
SCAS. 

After the comparison is made, the destination register is automatically 
updated. If the direction flag is 0 (CLD was executed), the destination 
register is incremented; if the direction flag is 1 (STD was executed), it 
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Protected Mode 
Exceptions 
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is decremented. The increments or decrements are by 1 if bytes are 
compared, by 2 if words are compared, or by 4 if doublewords are 
compared. 

SCASB, SCASW, and SCASD 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. 

SCAS 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. 

OF, SF, ZF, AF, PF, and CF as described in Appendix C 

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

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

Virtual 8086 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions fault 

17-152 



80386 INSTRUCTION SET 

SETCC-Byte Set on Condition 

Opcode 

OF 97 
OF 93 
OF 92 
OF 96 
OF 92 
OF 94 
OF 9F 
OF 90 
OF 9C 
OF 9E 
OF 96 
OF 92 
OF 93 
OF 97 
OF 93 
OF 95 
OF 9E 
OF 9C 
OF 90 
OF 9F 
OF 91 
OF 9B 
OF 99 
OF 95 
OF 90 
OF 9A 
OF 9A 
OF 9B 
OF 98 
OF 94 

Operation 

Description 

Flags Affected 

Protected Mode 
Exceptions 

Instruction 

SETA rlmB 
SETAErlmB 
SETB rlmB 
SETSErlmB 
SETCrlmB 
SETE rlmB 
SETG rlmB 
SETGErlmB 
SETL rlmB 
SETLE rlmB 
SETNArlmB 
SETNAErlmB 
SETNB rlmB 
SETNBErlmB 
SETNC rlmB 
SETNE rlmB 
SETNG rlmB 
SETNGE rlmB 
SETNL rlmB 
SETNLE rlmB 
SETNO rlmB 
SETNP rlmB 
SETNSrlmB 
SETNZ rlmB 
SETO rlmB 
SETP rlmB 
SETPErlmB 
SETPO rlmB 
SETS rlmB 
SETZ rlmB 

Clocks 

4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 

Description 

Set byte if above (CF=O and ZF=O) 
Set byte if above or equal (CF=O) 
Set byte if below (CF = 1) 
Set byte if below or equal (CF=1 or (ZF=1) 
Set if carry (CF=1) 
Set byte if equal (ZF=1) 
Set byte if greater (ZF=O or SF=OF) 
Set byte if greater or equal (SF=OF) 
Set byte if less (SF<>OF) 
Set byte if less or equal (ZF=1 and SF<>OF) 
Set byte if not above (CF = 1) 
Set byte if not above or equal (CF=1) 
Set byte if not below (CF = 0) 
Set byte if not below or equal (CF=O and ZF=O) 
Set byte if not carry (CF = 0) 
Set byte if not equal (ZF=O) 
Set byte if not greater (ZF=1 or SF<>OF) 
Set if not greater or equal (SF<>OF) 
Set byte if not less (SF=OF) 
Set byte if not less or equal (ZF=1 and SF<>OF) 
Set byte if not overflow (OF=O) 
Set byte if not parity (PF = 0) 
Set byte if not sign (SF=O) 
Set byte if not zero (ZF = 0) 
Set byte if overflow (OF = 1) 
Set byte if parity (PF = 1) 
Set byte if parity even (PF = 1) 
Set byte if parity odd (PF = 0) 
Set byte if sign (SF = 1) 
Set byte if zero (ZF = 1) 

IF condition THEN rjmB +- 1 ELSE rjmB +- 0; FI; 

1· \ 
(j.l::'· 

SETcc 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. 

None 

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

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

Virtual 8086 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions fault 
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SGDT /SIDT -Store Global/Interrupt Descriptor Table Register 

Opcode 

OF 01 /0 
OF 01/1 

Operation 

Description 

Flags Affected 

Protected Mode 
Exceptions 

Instruction 

SGOTm 
SIOTm 

Clocks 

9 
9 

Description 

Store GOTR to m 
Store IOTR to m 

DEST +- 48-bit BASE/LIMIT register contents; 

SGDT /SIDT copies the contents of the descriptor table register 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. 

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

None 

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

Real Address Interrupt 6 if the destination operand is a register; Interrupt 13 if any 
Mode Exceptions part of the operand would lie outside of the effective address space from 

o to OFFFFH 

VirtualSOS6 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions fault 

Compatability 
Note 

The 16-bit forms of the SGDT /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 80386 stores O's if the 
operand-size attribute is 16 bits. These bits were specified as undefined 
by the SGDT /SIDT instructions in the iAPX 286 Programmer's Refer­
ence Manual. 
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SHLD-Double Precision Shift Left 

Opcode 

OF A4 
OF A4 
OF A5 
OF A5 

Operation 

Description 

Instruction Clocks Description 

SHLD r/m16,r16,imm8 
SHLD r/m32,r32,imm8 
SHLD r/m16,r16,CL 
SHLD r/m32,r32,CL 

3/7 
3/7 
3/7 
3/7 

r/m16 gets SHL of r/m16 concatenated with r16 
r/m32 gets SHL of r/m32 concatenated with r32 
r/m16 gets SHL of r/m16 concatenated with r16 
r/m32 gets SHL of r/m32 concatenated with r32 

(* 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 2:: OperandSize 
THEN (* Bad parameters *) 

rim +- UNDEFINED; 
CF, OF, SF, ZF, AF, PF +- UNDEFINEI:)~ 

ELSE (* Perform the shift *) 
CF +- BIT[Base, OperandSize - ShiftAmt]; 

(* Last bit shifted out on exit *) 
FOR i +- Operand Size - 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]; 
OD; 
Set SF, ZF, PF (rim); 

l ---I-

(* SF, ZF, PF are set according to the value of the result *) 
AF +- UNDEFINED; 

FI; 
FI; 

SHLD shifts the first operand provided by the rim field to the left as 
many bits as specified by the count operand. The second operand (r16 
or r32) provides the bits to shift in from the right (starting with bit 0). 
The result is stored back into the rim 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 operation is useful for 
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Flags Affected 

Protected Mode 
Exceptions 
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multiprecision shifts (64 bits or more). The SF, ZF and PF flags are set 
according to the value of the result. CS is set to the value of the last bit 
shifted out. OF and AF are left undefined. 

OF, SF, ZF, PF, and CF as described above; AF and OF are undefined 

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

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

Virtual 8086 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions fault 
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SHRD-Double Precision Shift Right 

Opcode 

OF AC 
OF AC 
OF AD 
OF AD 

Operation 

Description 

Instruction 

SHRD r/m16,r16,imm8 
SHRD r/m32,r32,imm8 
SHRD r/m16,r16,CL 
SHRD r/m32,r32,CL 

Clocks 

3/7 
3/7 
3/7 
3/7 

Description 

r/m16 gets SHR of r/m16 concatenated with r16 
r/m32 gets SHR of r/m32 concatenated with r32 
r/m16 gets SHR of r/m16 concatenated with r16 
r/m32 gets SHR of r/m32 concatenated with r32 

(* 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; 
in Bits ... register; (* Allow overlapped operands *) 
IF ShiftAmt = 0 
THEN no operation 
ELSE 

IF ShiftAmt ~ OperandSize---
THEN (* Bad t *) ) StrL.P parame ers ,. ___ py.L 

rim ... UNDEFINED; . 
CF. OF, SF, ZF, AF, PF ... UNDEFINED.~_~. 

ELSE (* Perform the shift *) 
CF ... BIT[rlm, ShiftAmt - 1]; (* last bit shifted out on exit *) 
FOR i ... 0 TO OperandSize - 1 - ShiftAmt 
DO 

BIT[rlm, i] ... BIT[rlm. i - ShiftAmt]; 
00; 
FOR i ... OperandSize - ShiftAmt TO OperandSize-1 
DO 

BIT[rlm,i] ... BIT[inBits.i+ShiftAmt - OperandSize]; 
00; 
Set SF, ZF. PF (rim); 

(* SF, ZF, PF are set according to the value of the result *) 
Set SF, ZF, PF (rim); 
AF ... UNDEFINED; 

FI; 
FI; 

SHRD shifts the first operand provided by the rim 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 rim 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 operation is useful for 
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multi-precision shifts (64 bits or more). The SF, ZF and PF flags are set 
according to the value of the result. CS is set to the value of the last bit 
shifted out. OF and AF are left undefined. 

Flags Affected OF, SF, ZF, PF, and CF as described above; AF and OF are undefined 

Protected Mode #GP(O) if the result is in a nonwritable segment; #GP(O) for an illegal 
Exceptions memory operand effective address in the CS, DS, ES, FS, or GS 

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

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

Virtual 8086 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions fault 
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SLOT -Store Local Descriptor Table Register 

Opcode Instruction Clocks Description 

OF 00/0 SLOT r/m16 pm=2/2 Store LOTR to EA word 

Operation 

Description 

Flags Affected 

Protected Mode 
Exceptions 

Real Address 
Mode Exceptions 

r/m16 +- LDTR; 

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

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

None 

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

Interrupt 6; SLDT is not recognized in Real Address Mode 

Virtual 8086 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions 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 

OF 01 /4 

Operation 

Description 

Flags Affected 

Protected Mode 
Exceptions 

Instruction Clocks Description 

SMSW r/m16 2/3.pm~2/2 Store machine status word to EA word 

rjm16 +- MSW; 

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

None 

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

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

Virtual 8086 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions fault 

Notes This instruction is provided for compatibility with the 80286; 80386 
programs should use MOV .. " CRO, 
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STC-Set Carry Flag 

Opcode InstructIon Clocks DescrIptIon 

F9 STC 2 Set carry flag 

Operation CF +- 1; 

Description STC sets the carry flag to 1. 

Flags Affected CF = 1 

Protected Mode None 
Exceptions 

Real Address None 
Mode Exceptions 

Virtual 8086 None 
Mode Exceptions 
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STO-Set Direction Flag 

Opcode Instruction Clocks Description 

FO STO 2 Set direction flag so (E)SI and/or (E)OI decrement 

Operation 

Description 

Flags Affected 

Protected Mode 
Exceptions 

Real Address 
Mode Exceptions 

Virtual 8086 
Mode Exceptions 

OF ... 1; 

STO sets the direction flag to 1, causing all subsequent string operations 
to decrement the index registers, (E)SI and/or (E)OI, on which they 
operate. 

OF = 1 

None 

None 

None 
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STI-Set Interrupt Flag 

Opcode Instruction Clocks Description 

F13 

Operation 

Description 

Flags Affected 

Protected Mode 
Exceptions 

STI 

Real Address 
Mode Exceptions 

Virtual 8086 
Mode Exceptions 

3 

IF +- 1 

Set interrupt flag; interrupts enabled at the end of 
the next instruction 

ST! sets the interrupt flag to 1. The 80386 then responds to external 
interrupts after executing the next instruction if the next instruction 
allows the interrupt flag to remain enabled. If external interrupts are 
disabled and you code ST!, RET (such as at the end of a subroutine), 
the RET is allowed to execute before external interrupts are recognized. 
Also, if external interrupts are disabled and you code ST!, CLI, then 
external interrupts are not recognized because the CLI instruction clears 
the interrupt flag during its execution. 

IF = 1 

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

None 

None 
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STOS/STOSB/STOSW ISTOSD-Store String Data 

Opcode 

AA 
AS 
AS 
AA 
AS 
AS 

Operation 

Description 

Instruction 

STOS roB 
STOS ro16 
STOS ro32 
STOSS 
STOSW 
STOSD 

Clock8 

4 
4 
4 
4 
4 
4 

IF AddressSize = 16 
THEN use ES:DI for DestReg 

De8crlptlon 

Store AL in byte ES:[(E)Dlj. update (E)DI 
Store AX in word ES:[(E)Dlj. update (E)DI 
Store EAX in dword ES:[(E)Dlj. update (E)DI 
Store AL in byte ES:[(E)Dlj. update (E)DI 
Store AX in word ES:[(E)Dlj. update (E)DI 
Store EAX in dword ES:[(E)Dlj. update (E)DI 

ELSE (* AddressSize = 32 *) use ES:EDI for DestReg; 
FI; 
IF byte type of instruction 
THEN 

(ES:DestReg) +- AL; 
IF DF = 0 
THEN DestReg +- DestReg + 1; 
ELSE DestReg +- DestReg - 1; 
FI; 

ELSE IF OperandSize = 16 
THEN 

(ES:DestReg) +- AX; 
IF DF = 0 
THEN DestReg +- DestReg + 2; 
ELSE DestReg +- DestReg - 2; 
FI; 

ELSE (* OperandSize = 32 *) 
(ES:DestReg) +- EAX; 
IF DF = 0 
THEN DestReg +- DestReg + 4; 
ELSE DestReg +- DestReg - 4; 
FI; 

FI; 
FI; 

STOS transfers the contents of all 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 DI for an address-size attribute of 
16 bits or EDI for an address-size attribute of 32 bits. 

The destination operand must be addressable from the ES register. A 
segment override is not possible. 

The address of the destination is determined by the contents of the desti­
nation register, not by the explicit operand of STOS. This operand is 
used only to validate ES segment addressability and to determine the 
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Flags Affected 

Protected Mode 
Exceptions 

80386 INSTRUCTION SET 

data type. Load the correct index value into the destination register before 
executing STOS. 

After the transfer is made, DI is automatically updated. If the direction 
flag is 0 (CLD was executed), D I is incremented; if the direction flag is 
1 (STD was executed), DI is decremented. DI is incremented or decre­
mented by 1 if a byte is stored, by 2 if a word is stored, or by 4 if a 
doubleword is stored. 

STOSB, STOSW, and STOSD 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. 

STOS 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. 

None 

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

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

Virtual 8086 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions fault 

17-165 



80386 INSTRUCTION SET 

STR-Store Task Register 

Opcode Instruction Clocks Description 

OF 00/1 STR rlm16 pm=23/27 Load EA word into task register 

Operation 

Description 

Flags Affected 

Protected Mode 
Exceptions 

Real Address 
Mode Exceptions 

Virtual 8086 
Mode Exceptions 

Notes 

rjm +- task register; 

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

STR is used only in operating system software. It is not used in appli­
cation programs. 

None 

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

Interrupt 6; STR is not recognized in Real Address Mode 

Same exceptions as in Real Address Mode 

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

Opcode 

2C ib 
20 iw 
20 id 
80 15 ib 
81 15 iw 
81 15 id 
83 15 ib 

83 15 ib 

28 Ir 
29 Ir 
29 Ir 
2A Ir 
2B Ir 
2B Ir 

Operation 

Description 

Flags Affected 

Protected Mode 
Exceptions 

Instruction 

SUBAL,immB 
SUB AX,imm16 
SUB EAX,imm32 
SUB rlmB,immB 
SUB rlm16,imm16 
SUB rlm32,imm32 
SUB rlm16,immB 

SUB rlm32,immB 

SUB rlmB,rB 
SUB rlm16,r16 
SUB rlm32,r32 
SUB rB,rlmB 
SUB r16,rlm16 
SUB r32,rlm32 

Clocks 

2 
2 
2 
2/7 
2/7 
2/7 
2/7 

2/7 

2/6 
2/6 
2/6 
2/7 
2/7 
2/7 

Description 

Subtract immediate byte from AL 
Subtract immediate word from AX 
Subtract immediate dword from EAX 
Subtract immediate byte from rim byte 
Subtract immediate word from rim word 
Subtract immediate dword from rim dword 
Subtract Sign-extended immediate byte from rim 
word 
Subtract sign-extended immediate byte from rim 
dword 
Subtract byte register from rim byte 
Subtract word register from rim word 
Subtract dwordregister from rim dword 
Subtract byte register from rim byte 
Subtract word register from rim word 
Subtract dword register from rim dword 

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

SUB 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. 

OF, SF, ZF, AF, PF, and CF as described in Appendix C 

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

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

Virtual 8086 Same exceptions as in Real Address Mode; #PF{fault-code) for a page 
Mode Exceptions fault 
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TEST -Logical Compare 

Opcode 

A8 ib 
A9 iw 
A9 id 
F6 /0 ib 
F7 /0 iw 
F7 /0 id 
84 /r 
85 /r 
85 /r 

Operation 

Description 

Flags Affected 

Protected Mode 
Exceptions 

Instruction 

TEST AL,immB 
TEST AX,imm16 
TEST EAX,imm32 
TEST rlmB,immB 
TEST rim 16,imm16 
TEST rlm32,imm32 
TEST rlmB,rB 
TEST rlm16,r16 
TEST rlm32,r32 

Clocks 

2 
2 
2 
2/5 
2/5 
2/5 
2/5 
2/5 
2/5 

Description 

AND immediate byte with AL 
AND immediate word with AX 
AND immediate dword with EAX 
AND immediate byte with rim byte 
AND immediate word with rim word 
AND immediate dword with rim dword 
AND byte register with rim byte 
AND word register with rim word 
AND dword register with rim dword 

DEST : = LeftSRC AND RightSRC; 
CF ~ 0; 
OF ~ 0; 

TEST 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 O. The result of the operation is discarded and only 
the flags are modified. 

OF = 0, CF = 0; SF, ZF, and PF as described in Appendix C 

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

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

Virtual 8086 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions fault 
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VERR, VERW -Verify a Segment for Reading or Writing 

Opcode 

OF 00/4 

OF 00/5 

Operation 

Description 

Flags Affected 

Instruction Clocks Description 

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

VERW r/m16 pm=15/16 Set ZF=1 if segment can be written, selector in 
r/m16 

IF segment with selector at (rjm) is accessible 
with current protection level 
AND ((segment is readable for VERR) OR 

(segment is writable for VERW)) 
THEN ZF +- 0; 
ELSE ZF +- 1; 
FI; 

The two-byte register or memory operand of VERR and VERW contains 
the value of a selector. VERR and VERW 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 accessible, the zero flag is set to 1; if the segment is 
not accessible, the zero flag is set to O. To set ZF, the following condi­
tions must be met: 

• The selector must denote a descriptor within the bounds of the table 
(GOT or LOT); the selector must be "defined." 

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

• For VERR, the segment must be readable. For VERW, the segment 
must be a writable data segment. 

• If the code segment is readable and conforming, the descriptor 
privilege level (DPL) can be any value for VERR. Otherwise, the 
DPL must be greater than or equal to (have less or the same privi­
lege as) both the current privilege level and the selector's RPL. 

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

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

Real Address Interrupt 6; VERR and VER W are not recognized in Real Address Mode 
Mode Exceptions 

Virtual 8086 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions fault 
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80386 INSTRUCTION SET 

WAIT -Wait until BUSY# Pin is Inactive (HIGH) 

Opcode Instruction Clocks Description 

9B WAIT 6 min. Wait until BUSY pin is inactive (HIGH) 

Description WAIT suspends execution of 80386 instructions until the BUSY # pin is 
inactive (high). The BUSY # pin is driven by the 80287 numeric proces­
sor extension. 

Flags Affected None 

Protected Mode #NM if the task-switched flag in the machine status word (the lower 16 
Exceptions bits of register eRO) is set; #MF if the ERROR# input pin is asserted 

(Le., the 80287 has detected an unmasked numeric error) 

Real Address Same exceptions as in Protected Mode 
Mode Exceptions 

Virtual 8086 Same exceptions as in Protected Mode 
Mode Exceptions 
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80386 INSTRUCTION SET 

XCHG-Exchange Register/Memory with Register 

Opcode 

90+r 
90+r 
90+r 
90+r 
86 /r 
86 /r 
87 /r 
87 /r 
87 /r 
87 /r 

Operation 

Description 

Flags Affected 

Protected Mode 
Exceptions 

Instruction 

XCHG AX.r16 
XCHG r1B.AX 
XCHG EAX.r32 
XCHG r32.EAX 
XCHG rlmS,rS 
XCHG rS,rlmS 
XCHG rlm16,r16 
XCHG r16,rlm16 
XCHG rlm32,r32 
XCHG r32,rlm32 

temp +- DEST 
DEST +- SRC 
SRC +- temp 

Clocks 

3 
3 
3 
3 
3 
3/5 
3 
3/5 
3 
3/5 

Description 

Exchange word register with AX 
Exchange word register with AX 
Exchange dword register with EAX 
Exchange dword register with EAX 
Exchange byte register with EA byte 
Exchange byte register with EA byte 
Exchange word register with EA word 
Exchange word register with EA word 
Exchange dword register with EA dword 
Exchange dword register with EA dword 

XCHG exchanges two operands. The operands can be in either order. If 
a memory operand is involved, BUS LOCK 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. 

None 

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

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

Virtual 8086 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions fault 
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80386 INSTRUCTION SET 

XLA T / XLA TB-Table Look-up Translation 

Opcode 

D7 
D7 

Operation 

Description 

Flags Affected 

Protected Mode 
Exceptions 

Instruction 

XLAT mB 
XLATB 

Clocks 

5 
5 

IF AddressSize = 16 
THEN 

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

Description 

Set AL to memory byte DS:[(E)BX + unsigned ALl 
Set AL to memory byte DS:[(E)BX + unsigned ALl 

AL +- (EBX + ZeroExtend(AL)); 
FI; 

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

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

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

None 

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

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

Virtual 8086 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions fault 
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80386 INSTRUCTION SET 

XOR-Logical Exclusive OR 

Opcode 

34 ib 
35 iw 
35 id 
80 /6 ib 
81 /6 iw 
81 /6 id 
83 /6 ib 
83 /6 ib 
30 /r 
31 /r 
31 /r 
32 /r 
33 /r 
33 /r 

Instruction 

XOR AL,immB 
XOR AX,imm16 
XOR EAX,imm32 
XOR rlmB,immB 
XOR rlm16,imm16 
XOR rlm32,imm32 
XOR rlm16,immB 
XOR rlm32,immB 
XOR rlmB,r8 
XOR rlm16,rl6 
XOR rlm32,r32 
XOR rB,rlm8 
XOR rl6,rlml6 
XOR r32,rlm32 

Clocks 

2 
2 
2 
2/7 
2/7 
2/7 
2/7 
2/7 
2/6 
2/6 
2/6 
2/7 
2/7 
2/7 

Description 

Exclusive-OR immediate byte to AL 
Exclusive-OR immediate word to AX 
Exclusive-OR immediate dword to EAX 
Exclusive-OR immediate byte to rim byte 
Exclusive-OR immediate word to rim word 
Exclusive-OR immediate dword to rim dword 
XOR sign-extended immediate byte with rim word 
XOR sign-extended immediate byte with rim dword 
Exclusive-OR byte register to rim byte 
Exclusive-OR word register to rim word 
Exclusive-OR dword register to rim dword 
Exclusive-OR byte register to rim byte 
Exclusive-OR word register to rim word 
Exclusive-OR dword register to rim dword 

Operation DEST +- LeftSRC XOR RightSRC 
CF +- 0 
OF +- 0 

Description XOR 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 CF = 0, OF = 0; SF, ZF, and PF as described in Appendix C; AF is 
undefined 

Protected Mode #GP(O) if the result is in a nonwritable segment; #GP(O) for an illegal 
Exceptions memory operand effective address in the CS, DS, ES, FS, or GS 

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

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

Virtual 8086 Same exceptions as in Real Address Mode; #PF(fault-code) for a page 
Mode Exceptions fault 
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APPENDIX A 
OPCODE MAP 

The opcode tables that follow aid in interpreting 80386 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. 

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. 

CODES FOR ADDRESSING METHOD 

A Direct address; the instruction has no modRJM 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). 

C The reg field of the modRJM byte selects a control register; e.g., MOY (OF20, OF22). 

D The reg field of the modRJM byte selects a debug register; e.g., MOY (OF2l,OF23). 

E A modRJM 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 address is computed 
from a segment register and any of the following values: a base register, an index regis­
ter, a scaling factor, a displacement. 

F Flags Register. 

G The reg field of the modRJM byte selects a general register; e.g., ADD (00). 

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

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

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

o The instruction has no modRJM 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., MOY (AO-A3). 
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OPCODE MAP 

R The mod field of the modRJM byte may refer only to a general register; e.g., MOY 
(OF20-0F24,OF26). 

S The reg field of the modRJM byte selects a segment register; e.g., MOY (8C,8E). 

T The reg field of the modRJM byte selects a test register; e.g., MOY (OF24,OF26). 

X Memory addressed by DS:SI; e.g., MOYS, COMPS, OUTS, LODS, SCAS. 

Y Memory addressed by ES:DI; e.g., MOYS, CMPS, INS, STOS. 

CODES FOR OPERAND TYPE 

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

b Byte (regardless of operand size attribute) 

c Byte or word, depending on operand size attribute. 

d Double word (regardless of operand size attribute) 

p 32-bit or 48-bit pointer, depending on operand size attribute. 

s Six-byte pseudo-descriptor 

v Word or double word, depending on operand size attribute. 

w Word (regardless of operand size attribute) 

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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OPCODE MAP 

One-Byte Opcode Map 

o 2 3 4 5 6 7 

o 
ADD PUSH POP 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,lb eAX,Iv ES ES 

ADC PUSH POP 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,lb eAX,lv SS SS 

AND SEG DAA 
Eb,Gb EV,Gv Gb,Eb GV,Ev AL,lb eAX,lv =ES 2 

XOR SEG 
=SS AAA 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,lb eAX,Iv 
3 

INC general register 
4 

eAX eCX eDX eBX eSP eBP eSI eDI 

PUSH general register 
5 

eAX eCX eDX eBX eSP eBP eSI eDI 

PUSHA POPA 
BOUND ARPL SEG SEG Operand Address 
GV,Ma EW,Rw =FS =GS Size Size 

6 

Short-displacement jump on condition (Jb) 
7 

JO JNO JB JNB JZ JNZ JBE JNBE 

Immediate Grpl 6I'p:!.. Grpl TEST XCHG 

Eb,lb EV,lv i ~, - EV,lb Eb,Gb EV,Gv Eb,Gb EV,Gv ......t.-D 
8 

XCHG word or double-word register with eAX 
9 NOP 

eCX eDX eBX eSP eBP eSI eDI 

MOV MOVSB MOVSW/D CMPSB CMPSW/D 

AL,Ob eAX,Ov Ob,AL OV,eAX Xb,Yb XV,Yv Xb,Yb XV,Yv 
A 

MOV immediate byte into byte register 
B 

AL CL DL BL AH CH DH BH 

Shift Grp2 RET near LES LDS MOV 

Eb,lb EV,lb Iw Gv,Mp Gv,Mp Eb,lb EV,lv 
C 

Shift Grp2 
D AAM AAD XLAT 

Eb,1 EV,1 Eb,CL EV,CL 

LOOPNE LOOPE LOOP JCXZ IN OUT 

Jb Jb Jb Jb AL,lb eAX,lb Ib,AL Ib,eAX 
E 

REP Unary Grp3 
LOCK REPNE REPE HLT CMC 

Eb Ev 
F 
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OPCODE MAP 

One-Byte Opcode Map 

8 9 A B C o E F 

OR PUSH 2-byte 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,lb eAX,Iv CS escape 
o 

SBB PUSH POP 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,lb eAX,lv OS OS 

SUB SEG 
=CS OAS 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,lb eAX,lv 
2 

CMP SEG 

~i'S 
AAS 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,lb eAX,Iv 
3 

4 
DEC general register 

eAX eCX eOX eBX eSP eBP eSI eOI 

POP into general register 
5 

eAX eCX eOX eBX eSP eBP eSI eOI 

P~~, IMUL PUSH IMUL INSB INSW/O OUTSB OUTSW/O 

W'-L'J GvEvlv Ib GvEvlb Yb,OX YV,OX OX,Xb OX,Xv 
6 

Short-displacement jump on condition (Jb) 
7 

JS JNS JP JNP JL JNL JLE JNLE 

MOV MOV LEA MOV POP 

Eb,Gb EV,Gv Gb,Eb GV,Ev Ew,Sw GV,M SW,Ew Ev 
8 

CBW CWO CALL WAIT PUSHF POPF SAHF LAHF Ap Fv Fv 
9 

TEST STOSB STOSW/O LOOSB LOOSW/O SCASB SCASW/O 

AL,lb eAX,Iv Yb,AL YV,eAX AL,Xb eAX,Xv AL,Xb eAX,Xv 
A 

MOV immediate word or double into word or double register 
B 

eAX eCX eOX eBX eSP eBP eSI eOI 

ENTER RET far INT INT 
IW,lb LEAVE 3 Ib INTO IRET 

Iw 
C 

o ESC (Escape to coprocessor instruction set) 

CALL JMP IN OUT 

Av Jv Ap Jb AL,OX eAX,OX OX,AL OX,eAX 
E 

CLC STC CLI STI CLO STO INC/DEC Indirct 
Grp4 Grp5 

F 
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OPCODE MAP 

Two-Byte Opcode Map (first byte is OF H) 

o 2 3 4 5 6 7 

o 
~ 

" "'-". lAR lSl "-
Grp6 Grp7 :> .- ClTS GV,Ew GV,Ew ,- .'- ". ,..- ," ".-. 

I', '-. -... -...... .".' 
' .. : 

,,.,,."".;-< -', 

MOV MOV MOV MOV MOV MOV 

~,~ ~ ~,Ctd ~_d,D$,.I ~~ ~,It" I":;t rf,J 
2 

3 
, 

4 

5 

6 

7 

Long-displacement jump on condition (Jv) 
8 

JO JNO JB JNB JZ JNZ JBE JNBE 

Byte Set on condition (Eb) 
9 

SETO SETNO SETB SETNB SETZ SETNZ SETBE SETNBE 

PUSH POP BT SHlD SHlD 
FS FS EV,Gv EvGvlb EvGvCl A 

lSS BTR lFS lGS MOVZX 

G'$ Mp EV,Gv 
G" 

Mp '-v Mp GV,Eb GV,Ew 
B 

C 

o 

E 

F 
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OPCODE MAP 

Two-Byte Ope ode Map (first byte is OFH) 

8 9 A B C D E F 

o 

2 

3 

4 

5 

6 

7 

Long-displacement jump on condition (Jv) 
8 

JS JNS JP JNP JL JNL JLE JNLE 

9 SETS SETNS SETP SETNP SETL SETNL SETLE SETNLE 

PUSH POP BTS SHRD SHRD IMUL 
GS GS EV,Gv EvGvlb EvGvCL GV,Ev 

A 

Grp-8 BTC BSF BSR MOVSX 

EV,lb EV,Gv GV,Ev GV,Ev GV,Eb GV,Ew 
B 

C 

D 

E 

F 
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G 
r 
o 
u 
p 

2 

3 

4 

5 

G 

o 
u 
p 

6 

7 

8 

000 

ADD 

ROL 

TEST 
Ib/lv 

INC 
Eb 

INC 
Ev 

000 

SLOT 
Ew 

SGDT 
Ms 

OPCODE MAP 

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

mod nnn RIM 

001 010 011 100 101 

OR ADC SBB AND SUB 

ROR RCL RCR SHL SHR 

NOT NEG MUL IMUL 
AL/eAX AL/eAX 

DEC 
Eb 

DEC CALL CALL JMP JMP 
Ev Ev eP Ev Ep 

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

mod nnn RIM 

001 010 011 100 101 

STR LLDT LTR VERR VERW 
Ew Ew Ew Ew Ew 

SlOT LGDT LIDT SMSW 
Ms Ms Ms Ew 

BT BTS 
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XOR CMP 

SAR 

DIV IDIV 
AL/eAX AL/eAX 

PUSH 
Ev 

110 111 

LMSW 
Ew 

BTR BTC 
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APPENDIX B 
COMPLETE FLAG CROSS-REFERENCE 

KEY TO CODES 

T instruction tests flag 
M instruction modifies flag 

(either sets or resets depending on operands) 
o 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 

Instruction OF SF ZF AF PF CF TF IF OF NT RF 

AAA - - - TM - M 
AAD - M M - M -
AAM - M M - M -
AAS - - - TM - M 
ADC M M M M M TM 
ADD M M M M M M 
AND 0 M M - M 0 
ARPL M 
BOUND 
BSFjBSR - - M - - -
BT JBTS/BTR/BTC - - - - - M 
CALL 
CBW 
CLC 0 
CLD 0 
CLI 0 
CLTS 
CMC M 
CMP M M M M M M 
CMPS M M M M M M T 
CWO 
DAA - M M TM M TM 
DAS - M M TM M TM 
DEC M M M M M 
DIV - - - - - -
ENTER 
ESC 
HLT 
IDIV - - - - - -
IMUL M - - - - M 
IN 
INC M M M M M 
INS T 
INT 0 0 
INTO T 0 0 
IRET R R R R R R R R R T 
Jcond T T T T T 
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COMPLETE FLAG CROSS-REFERENCE 

Instruction OF SF ZF AF PF CF TF IF OF NT RF 

JCXZ 
JMP 
LAHF 
LAR M 
LDS/LES/LSS/LFS/LGS 
LEA 
LEAVE 
LGDT/LiDT/LLDT/LMSW 
LOCK 
LODS T 
LOOP 
LOOPE/LOOPNE T 
LSL M 
LTR 
MOV 
MOV control, debug - - - - - -
MOVS T 
MOVSX/MOVZX 
MUL M - - - - M 
NEG M M M M M M 
NOP 
NOT 
OR 0 M M - M 0 
OUT 
OUTS T 
POP/POPA 
POPF R R R R R R R R R R 
PUSH/PUSHA/PUSHF 
RCL/RCR 1 M TM 
RCL/RCR count - TM 
REP/REPE/REPNE 
RET 
ROLjROR 1 M M 
ROL/ROR count - M 
SAHF R R R R R 
SAL/SAR/SHL/SHR 1 M M M - M M 
SAL/SARjSHL/SHR count - M M - M M 
SBB M M M M M TM 
SCAS M M M M M M T 
SETcond T T T T T 
SGDT /SIDT jSLDT /SMSW 
SHLD/SHRD - M M - M M 
STC 1 
STD 1 
STI 1 
STOS T 
STR 
SUB M M M M M M 
TEST 0 M M - M 0 
VERR/VERRW M 
WAIT 
XCHG 
XLAT 
XOR 0 M M - M 0 
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APPENDIX C 
STATUS FLAG SUMMARY 

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. 

6 ZF Zero Flag - Set if result is zero; cleared otherwise. 

7 SF Sign Flag - Set equal to high-order bit of result (0 is positive, 1 if negative). 

11 OF Overflow Flag - Set if result is too large a positive number or too small a negative 
number (excluding sign-bit) to fit in destination operand; cleared otherwise. 

KEY TO CODES 

T instruction tests flag 
M instruction modifies flag 

(either sets or resets depending on operands) 
o instruction resets flag 

instruction's effect on flag is undefined 
blank instruction does not affect flag 
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STATUS FLAG SUMMARY 

Instruction OF SF ZF AF PF CF 

AAA - - - TM - M 
AAS - - - TM - M 

AAD - M M - M -
AAM - M M - M -

DAA - M M TM M TM 
DAS - M M TM M TM 

ADC M M M M M TM 
ADD M M M M M M 
SBB M M M M M TM 
SUB M M M M M M 
CMP M M M M M M 
CMPS M M M M M M 
SCAS M M M M M M 
NEG M M M M M M 

DEC M M M M M 
INC M M M M M 

IMUL M - - - - M 
MUL M - - - - M 

RCLjRCR 1 M TM 
RCLjRCR count - TM 
ROLjROR 1 M M 
ROLjROR count - M 
SALjSARjSHLjSHR 1 M M M - M M 
SALjSARjSHLjSHR count - M M - M M 

SHLDjSHRD - M M - M M 
BSFjBSR - - M - - -
BT jBTSjBTRjBTC - - - - - M 

AND 0 M M - M 0 
OR 0 M M - M 0 
TEST 0 M M - M 0 
XOR 0 M M - M 0 

C-2 



Appendix 
Condition Codes 

D 





APPENDIX D 
CONDITION CODES 

Note: The terms "above" and "below" refer to the relation between two unsigned values 
(neither SF nor OF is tested), The terms "greater" and "less" refer to the relation between 
two signed values (SF and OF are tested), 

DEFINITION OF CONDITIONS 

(For conditional instructions Jcond, and SETcond) 

Mnemonic Meaning 
Instruction 

Condition Tested 
Subcode 

0 Overflow 0000 OF = 1 

NO No overflow 0001 OF = 0 

B Below 0010 CF = 1 
NAE Neither above nor equal 

NB Not below 0011 CF = 0 AE Above or equal 

E Equal 0100 ZF = 1 
Z Zero 

NE Not equal 0101 ZF = 0 
NZ Not zero 

BE Below or equal 0110 (CF or ZF) = 1 
NA Not above 

NBE Neither below nor equal 0111 (CF or ZF) = 0 A Above 

S Sign 1000 SF = 1 

NS No sign 1001 SF = 0 

P Parity 1010 PF = 1 
PE Parity even 

NP No parity 1011 PF = 0 
PO Parity odd 

L Less 1100 (SF xor OF) = 1 
NGE Neither greater nor equal 
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CONDITION CODES 

Instruction Condition rested Mnemonic Meaning Subcode 

NL Not less 1101 (SF xor OF) = 0 
GE Greater or equal 

LE Less or equal 1110 «SF xor OF) or ZF) = 1 
NG Not greater 

NLE Neither less nor equal 1111 «SF xor OF) or ZF) = 0 
G Greater 
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APPENDIX E 
INSTRUCTION FORMAT AND TIMING 

This appendix is an excerpt from Section 8 of the 80386 Data Sheet. 

8. INSTRUCTION SET 

This section describes the 80386 instruction set. A 
table lists all instructions along with instruction en­
coding diagrams and clock counts. Further details of 
the instruction encoding are then provided in the fol­
lowing sections, which completely describe the en­
coding structure and the definition of all fields occur­
ring within 80386 instructions. 

8.1 80386 INSTRUCTION ENCODING 
AND CLOCK COUNT SUMMARY 

To calculate elapsed time for an instruction, multiply 
the instruction clock count, as listed in Table 8-1 
below, by the processor clock period (e.g. 62.5 ns 
for an 80386-16 operating at 16 MHz (32 MHz CLK2 
signal». 

For more detailed information on the encodings of 
instructions refer to section 8.2 Instruction Encod­
ings. Section 8.2 explains the general structure of 
instruction encodings, and defines exactly the en­
codings of all fields contained within the instruction. 

Instruction Clock Count Assumptions 

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

E-1 

2. Bus cycles do not require wait states. 

3. There are no local bus HOLD requests delaying 
processor access to the bus. 

4. No exceptions are detected during instruction ex­
ecution. 

5. If an effective address is calculated, it does not 
use two general register components. One regis­
ter, scaling and displacement can be used within 
the clock counts shown. However, 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 mem­
ory operand. 

2. n = number of times repeated. 

3. m = number of components in the next instruc­
tion executed, where the entire displacement (if 
any) counts as one component, the entire imme­
diate data (if any) counts as one component, and 
each of the other bytes of the instruction and 
prefix(es) each count as one component. 



INSTRUCTION FORMAT AND TIMING 

Table 8·1. 80386 Instruction Set Clock Count Summary 
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 

GENERAL DATA TRANSFER 
MOV ~ Move: 

Register to Register/Memory 1000100w mod reg rfm I 2f2 2f2 b h 

Register IMemory to Register 1000101w mod reg rim I 2f4 2f4 b h 

Immediate to Register/Memory 1100011 w modOOO rfm I immediate data 2f2 2f2 b h 

Immediate to Register (short form) 1011 w reg immediate data 2 2 

Memory to Accumulator (short form) 1010000w full displacement 4 4 b h 

Accumulator to Memory (short form) I 1010001w full displacement 2 2 b h 

Register Memory to Segment Register I 10001110 mod sreg3 rIm I 2f5 18/19 b h, i,j 

Segment Register to Register/Memory I 10001100 mod srag3 rfm I 2f2 2f2 b h 

MOVSX ~ Move With Sign ExtenSion 

Register From Register/Memory I 00001111 I 1011111 w I mod reg rfm I 3f6 3f6 b h 

MOVZX ~ Move With Zero Extension 

Register From Register/Memory I 00001111 I 1011011 w I mod reg rim I 3f6 3f6 b h 

PUSH ~ Push: 

Register/Memory I 11111111 I mod 11 0 rIm 1 5 5 b h 

Register (short lorm) 101010 reg 1 2 2 b h 

Segment Register (ES, CS, SS or DS) I 000sreg211 0 I 2 2 b h 
(shortlorm) 

Segment Register ~~ I 00001111 I 105r6g3000 I 2 2 b h 
FSorGS) 

Immediate I 011010s0 1 immediate data 2 2 b h 

PUSHA ~ Push All I 01100000 1 18 18 b h 

POP ~ Pop 

Register/Memory I 10001111 I modOOO rfm 1 5 5 b h 

Register (short form) 101011 reg 1 4 4 b h 

'" I 000Sreg21111 
S6gment Register (ES, cst ss or DS) 7 21 b h, i, j 

(short lorm) . J 
Segment Register (iiS;.~.SS".ElS I 00001111 I 1 Osreg300 1 I 7 21 b h, i,j 

FSorGS) 

POPA ~ PopAIl I 01100001 I 24 24 b h 

XCHG ~ Exchange 

Register/Memory With Register I 1000011w I mod reg rfm I 3f5 3f5 b, I f, h 

Register With Accumulator (short form) 110010 reg I ClkCount 3 3 

Virtual 
IN ~ Inputfrom: 8086 Mode 

Fixed Port I 111001 Ow I port number t26 12 6'126" m 

Variable Port I 1110110w 1 t27 13 7'/27" m 

OUT ~ Output to: 

Fixed Port I 1110011 w I port number t24 10 4'/24" m 

Variable Port I 1110111 w 1 t25 11 5'/25" m 

LEA ~ Load EA to Register I 10001101 I mod reg r/ml 2 2 

• If CPL :S: IOPL •• If CPL > IOPL 
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INSTRUCTION FORMAT AND TIMING 

Table 8·1. 80386 Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Modear Virtual Modear Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

SEGMENT CONTROL 

LOS ~ Load Pointer to OS I 11000101 I mod reg rIm 7 22 b h, i,j 

LES ~ Load Pointer 10 ES I 11000100 I mod reg rIm 7 22 b h,i,j 

LFS ~ Load Pointer 10 FS I 00001111 I 10110100 mod rag rIm I 7 25 b h, i,i 

LGS ~ Load Pointer to GS I 00001111 I 10110101 mod reg r/ml 7 25 b h, i,j 

LSS ~ Load POinter to SS I 00001111 
, 

10110010 mod reg rIm' 7 22 b h, i,j 

FLAG CONTROL 

CLC ~ Clear Carry Flag I 11111000 2 2 

ClD ~ Clear Direction Flag 
, 

11111100 2 2 

Cli ~ Clear Interrupt Enable Flag 
, 

11111010 3 3 m 

CLTS ~ Clear Task Switched Flag I 00001111 00000110 I 5 5 c I 

CMC ~ Complement Carry Flag 
, 

11110101 2 2 

LAHF ~ load AH Into Flag I 100111 11 2 2 

POPF ~ Pop Flags I 10011101 5 5 b h, n 

PUSHF ~ Push Flags I 10011100 I 4 4 b h 

SAHF ~ Siore AH Inlo Flags I 10011110 
, 

3 3 

STC ~ Set Carry Flag I 11111001 I 2 2 

STD ~ Set Direction Flag , 
, 

11111001 
, 

2 2 

STI ~ Set Interrupt Enable Flag I 11111011 
, 

3 3 m 

ARITHMETIC 
ADD ~ Add 

Register to Register OOOOOOdw mod reg rIm' 2 2 

Register to Memory OOOOOOOw mod reg rIm' 7 7 b h 

Memory to Register 0000001w mod reg rIm I 6 6 b h 

Immediate to Register/Memory 100000sw modOOO rIm I immediate data 217 217 b h 

Immediate to Accumulator (short form) 00OO010w immediate data 2 2 

ADC ~ Add With Carry 

Register to Register I 000100dw I mod reg rIm' 2 2 

Register to Memory I 0001000w I mad rag rIm I 7 7 b h 

Memory to Register I 0OO1001w I mad rag rIm' 6 6 b h 

Immediate to Register/Memory I 100000sw ,mod010, ,1m I immediate data 217 217 b h 

Immediate to Accumulator (short form) I 0001010w I immediate data 2 2 

INC ~ Increment 

Register/Memory I 1111111w , modOOO rIm I 216 216 b h 

Register (short lorm) 101000 reg' 2 2 

SUB ~ Subtract 

Register from Register 1 001010dw I mod reg rIm I 2 2 
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INSTRUCTION FORMAT AND TIMING 

T bl 81803861 t f a e . ns rue Ion S tCI kC e oc oun tS ummary (C ontlnue d) 
CLOCK COUNT NOTES 

Real R.al 
INSTRUCTION FORMAT Addre •• Protected Addr ... Protectod 

Mode or Virtual Mode or Virtual 
Virtual Addr ••• Virtual Addr ••• 
8086 Mode 8086 Mod. 
Mode Mode 

ARITHMETIC (Continued) 

Register from Memory 100101 OOw I mod reg r/ml 7 7 b h 

Memory from Register I 001010tIN I mod reg r/ml 6 6 b h 

Immediate from Register/Memory 1100000SW Imodl0l r/mj immediate data 217 217 b h 

Immediate from Accumulator (short torm) 10010110wj immediate data 2 2 

SBB ~ Subtract with Borrow 

Register from Register I 000110dw ImOdreg r/mj 2 2 

Register from Memory I 0001100w ImOdrag r/mj 7 7 b h 

Memory from Register I 0001101 w Imod rag r/mj 6 6 b h 

Immediate from Register/Memory 11 OOOOOsw ImOdOll r/ml immediate data 217 217 b h 

Immediate from Accumulator (short form) 10001110wj immediate data 2 2 

DEC = Decrement 

Register I Memory I 1111 111 w jreg 001 r/mj 216 2/6 b h 

Register (short form) 101001 ra9j 2 2 

CMP ~ Compare 

Register with Register 100111 Odw I mod rag r/mj 2 2 

Memory with Register 100111 OOw I mod reg r/mj 5 5 b h 

Register with Memory I 0011101w ImOdrag r/mj 6 6 b h 

Immediate with Register/Memory 11 OOOOOsw I mod til r/ml immediate data 2/5 2/5 b h 

Immediate with Accumulator (short form) 1001111 Ow t immediate data 2 2 

NEG ~ Change Sign I 1111011w ImOdOll r/mj 2/6 2/6 b h 

AAA ~ ASCII Adjust lor Add I 00110111 j 4 4 

AAS ~ ASCII Adjust lor Subtract I 00111111 I 4 4 

CAA ~ Oecimal Adjust lor Add I 00100111 I 4 4 

CAS ~ Oeclmol Adjust lor Subtract I 00101111 j 4 4 

MUL ~ Multiply (unsigned) 

Accumulator with Register I Memory I 1111011 w Imod1 00 r/mj 

Multiplier-Byte 9-14/12-17 9-14/12-17 b, d d, h 

-Word 9-22/12-25 9-22/12-25 b, d d, h 
-Ooubleword ~-38/12-41 9-38/12-41 b, d d, h 

IMUL ~ Integer Multiply (signed) 

Accumulator with Register 1M emory I 1111011 w jmodl 00 r/mj 
Multiplier-Byte I 9-14/12-17 9-14/12-17 b, d d, h 

-Word 

I 
9-22/12-25 9-22/12-25 b,d d, h 

-Ooubleword 9-38/12-41 9-38/12-41 b,d d, h 

Register with RegisterlMemory I 00001111 I 10101111 I mod reg r/mj 

-Word 9-22/12-25 9-22/12-25 b,d d, h 

-Doubleword 9-38/12-41 9-38/12-41 b,d d,h 

Register/Memory with Immediate to Register I 011010 s 1 I mod reg r/ml immediate data 

-Word 9-22/12-25 9-22/12-25 b, d d, h 
-Doubleword 9-38/12-41 9-38/12-41 b, d d, h 

E-4 



INSTRUCTION FORMAT AND TIMING 

a Ie . Tb 81803861 nstructlon et oc S CI kC oun tS umma~ (C ontlnue d) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Modear Virtual Modeor Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

ARITHMETIC (Continued) 
DIV ~ Divide (Unsigned) 

Accumulator by Register/Memory I 1 1 11 all w Imod 11 a r/mi 

Divisor-Byte 14/17 14/17 b.a e.h 
-Word 22/25 22/25 b •• •• h 
-Doubleword 38/41 38/41 b •• •• h 

IDIV ~ Integer Divide (Signed) 

Accumulator By Register/Memory 111110 11 w I mod 111 r/ml 

Divisor-Byte 19/22 19/22 b,e e.h 
-Word 27/30 27130 b,e 8.h 
-Ooubleword 43/46 43/46 b,e e.h 

AAD ~ ASCII Adjuslfor Divide I 11010101 I 00001010 I 19 19 

AAM ~ ASCII Adjust for Mulliply I 11010100 I 000010101 17 17 

CBW ~ Convert Byte to Word 1100110001 3 3 

CWD ~ Convert Word to Double Word I 10011001 I 2 2 

LOGIC 

Shift Rotate Instructions 

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

Register/Memory by 1 11101 OOOw ImOdTTT rim I 317 317 b h 

Register/Memory by CL 11101001 w ImOdTTT rlml 317 3/7 b h 

Register/Memory by Immediate Count 11 1 0 a 0 0 0 w I mod TTT r/m!immed a-bit data 317 317 b h 

hrough Carry (RCL and RCR) 

Register/Memory by 1 111 01 OOOw ImodTTT rlml 9/10 9/10 b h 

Register IMemory by CL 11101001 w ImOdTTT r/ml 9110 9/10 b h 

Register/MemorybylmmediateCount 111 OOOOOw ImOdTTT r/mlimmed B-bit data 9/10 9/10 b h 

TTT Instruction 
000 ROL 
001 ROR 
a 10 RCL 
all RCR 
100 SHL/SAL 
101 SHR 
111 SAR 

SHLD ~ Shift Left Double 

Register/Memory by Immediate I 00001111 I 10100100 ImOdreg r Iml immed B-bit data 317 317 

Register/Memory by CL I 00001111 I 10100101 I mod reg r/mi 3/7 317 

SHRD ~ Shift Right Double 

Register/Memory by Immediate 100001111 I 10101100 I mod reg r/ml immed S-bit data 317 317 

Register/Memory by CL 100001111 I 101011011mOdreg rlml 3/7 317 

AND ~ And 

Register to Register 1001 OOOdw I mod reg r/mi 2 2 
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INSTRUCTION FORMAT AND TIMING 

Ta b Ie 8-1. 80386 Instruction S et Clock Count s umm~rv (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addre .. Protected Addr ... Protected 

Modeor Virtual Mode or Virtual 
Virtual Addren Virtual Addren 
8086 Mode 8086 Mode 
Mode Mode 

LOGIC (Continued) 

Register to Memory I OOt OOOOw Imodreg r/ml 7 7 b h 

Memory to Register I 0010001w I mod reg r/ml 6 6 b h 

Immediate to Register/Memory I 1 OOOOOOw Imodl 00 r/ml immediate data 217 217 b h 

Immediate to Accumulator (Short Form) I 00 t 0010 w I immediate data 2 2 

TEST ~ And Function to Flags, No Result 

Register/Memory and Register I 1000010w Imodreg r/ml 2/5 2/5 b h 

Immediate Data and Register/Memory I 1111011w ImodOOO r/ml immediate data 2/5 2/5 b h 

Immediate Data and Accumulator 
(Short Form) I 1 0 1 0 1 0 0 w I immediate data 2 2 

OR ~ Or 

Register to Register I 00001 Odw ImOdreg r/ml 2 2 

Register to Memory I 0000100w ImOdreQ r/ml 7 7 b h 

Memory to Register I 000010lw ImOdreQ r/ml 6 6 b h 

Immediate to Register/Memory I IOOOOOOw ImOdOOI r / m I immediate data 217 217 b h 

Immediate to Accumulator (Short Form) I 000011 Ow I immediate data 2 2 

XOR ~ Exclusive Or 

Register to Register I 0011 OOdw Imodreg r/ml 2 2 

Register to Memory I 0011000w ImOdreg r/ml 7 7 b h 

Memory to Register I 0011001w ImOdreg r/ml 6 6 b h 

Immediate to Register/Memory I I OOOOOOw Imodll 0 r/ml immediate data 217 217 b h 

Immediate to Accumulator (Short Form) I o 0 1 1 0 lOw I immediate data 2 2 

NOT ~ Invert Reglster/Memory I 1111011w ImodOIO r/ml 2/6 2/6 b h 
Clk 

STRING MANIPULATION Count 
Virtual 

CMPS ~ Compare Byte Word I 1010011 wi 
8066 

10 10 b h Mode 

INS ~ Input Byte/Word from DX Port I 011011 Ow I I t29 15 9"/29"" b h,m 

LODS ~ Load BytelWord to ALI AXIEAX I 101011 Ow I 5 5 b h 

MOVS ~ Move Byte Word I 1010010wl 7 7 b h 

OUTS ~ Output BytelWord to DX Port I 0110111 wi I t28 14 8 .. /28 .... b h,m 

SCAS ~ Scan Byte Word I 1010111 wi 7 7 b h 

STOS ~ Store BytelWord from 

AL/AX/EX I 1010101w I 4 4 b h 

XLAT ~ Translate String I 11010111 I 5 5 h 

REPEATED STRING MANIPULATION 
Repeated by Count in CX or ECX 

REPE CMPS ~ Compare String 

(Find Non-Match) I 11110011 11010011 wi 5+9n 5+9n b h 

* If CPL ,;; IOPL ** II CPL > IOPL 
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INSTRUCTION FORMAT AND TIMING 

T bl a e 8-1. 80861 3 nstructon et loc S C kC ount Summar~ (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protecled Address Protected 

Mode or Virtual Mod_or Virtual 
Virtual Addre.s Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

REPEATED STRING MANIPULATION (Continued) 

REPNE CMPS = Compere SIring ClkCoun! 

(Find Match) 1""00'01'0'00"WI 
Virtual 

5+9n 5+9n b h a086 Mode 

REP INS = Input String 1""00'010"0"0wl I t27+6n 13+6n 7+6n*/27+6n** b h,m 

REP LOOS = Load SIring 1""00'01'0'0"0wl 5+6n 5+6n b h 

REP MOVS = Move Siring 1"1'00'01'0'00'0wl 7+4n 7+4n b h 

REP OUTS = Outpul String 1",,00,0 I 0110111 wi I t26+5n 12+5n 6+5n*/26+5n""" b h,m 

REPE SCAS = Scan Siring 

(Find Non-ALI AX/eAX) 1""OO,,1'0'01"WI 5+8n 5+8n b h 

REPNE SCAS = Scan Siring 

(Find AL/ AX/EAX) 1""OO'01'0101"WI 5+8n 5+8n b h 

REP STOS = Siore SIring 1""00'01'0'0'0,wl 5+5n 5+5n b h 

BIT MANIPULATION 

BSF = Scan Bit Forward I 0000 1111 1,0 111 1 a a Imod reg r/mi 10+3n 10+3n b h 

15R = Scan Bit Reve ... I a 0 a a 111 1 1, 0111 1 01 Imod reg r/ml 10+3n 10+3n b h 

IT = Te.tBlt 

Register/Memory, Immediate I 0000111 1 I 1 011101 a Imod 1 00 r/mlimmed 8-bit date! 3/6 3/6 b h 

Register/Memory, Register I 000 a 111 1 11 010 a 01 1 Imod reg r/ml 3112 3/12 b h 

BTC = Teat Bit and Complement 

Register/Memory, Immediate I 0000 1111 I , 0111010 Imod 111 r/mlimmed a-bit date! 6/8 6/8 b h 

Register/Memory, Register I 00001111 11 all 101 1 Imod reg r/ml 6/13 6/13 b h 

BTR = Teat Bit and Re.el 

Register/Memory, Immediate I 0 a a a 1 1 1 1 I 1 a 1 1 1 a 1 a Imod 1 1 0 r/mlimmed a-bit d~~ 6/8 6/8 b h 

Register/Memory, Register I 00 a 01 111 11 01 1 0011 Imod reg r/ml 6/13 6113 b h 

BTS = Te.1 Bit and Sat 

Register/Memory, Immediate I 00 a 0 1 1 1 1 I 1 a 1 1 , 0 1 a Imod 1 0 1 r/mlimmed a-bit dat~ 6/8 6/8 b h 

Register/Memory, Register I a a a all 1 1 11 01 01 all Imod reg r/ml 6/13 6/13 b h 

CONTROL TRANSFER 

CALL = Call 

Direct Within Segment 11 1 1 0 1 0 0 0 I full displacement 7+m 7+m b r 

Register/Memory 

Indirect Within Segment 1, 1 11 1 1 1 1 Imod 0 1 0 r/ml 
7+ml 7+ml b h, r 10+m 10+m 

Direct Intersegment 11 001 1 0 1 a lunsigned full offset, selector 17+m 34+m b j,k,r 

Notes: 
t Clock count shown applies if 1/0 permission allows 1/0 to the port in virtual 8086 mode. If 110 bit map denies permission 
exception 13 fault occurs; refer to clock counts for INT 3 instruction . 
• If CPL S; 10PL •• If CPL > 10PL 
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INSTRUCTION FORMAT AND TIMING 

Table 8-1. 8 8 I 03 6 nstruction Set c lock c ountSummar ( c ontinued) 
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 

CONTROL TRANSFER (Continued) 

Protected Mode Only (Direct Intersegment) 

Via Call Gate to Same Privilege Level 52+m h,j,k,r 

Via Call Gate to Diff,erent Privilege Level, 
(No Parameters) 86+m h,j,k,r 

Via Call Gate to Different Privilege level, 
(x Parameters) 94+4x+m h,j,k,r 

From 266 Task to 2B6 TSS 273 h,j,k,r 

From 266 Task to 386 TSS 298 h,j,k,r 

From 286 Task to Virtual60B6 Task (366 TSS) 217 h,j,k,r 

From 386 Task to 286 TSS 273 h,j,k,r 

From 386 Task to 366 TSS 300 h,j,k,r 

From 366 Task to Virtual 6086 Task (366 TSS) 217 h,j,k,r 

Indirect Intersegment 11111 1 1 11 ImodOll r/ml 22+m 36+m b h,j,k,r 

Protected Mode Only (Indirect Intersegment) 
Via Call Gate to Same Privilege Level 56+m h,j,k,r 

Via Call Gate to Different Privilege Level, 
(No Parameters) 90+m h,j,k,r 

Via Call Gate to Different Privilege level, 
(x Parameters) 98+4x+m h,j,k,r 

From 286 Task to 286 TSS 278 h,j,k,r 

From 266 Task to 386 TSS 303 h,j,k,r 

From 266 Task to Virtual 6066 Task (386 TSS) 221 h,j,k,r 

From 366 Task to 266 TSS 278 h,j,k,r 

From 366 Task to 366 TSS 305 h,j.k,r 

From 366 Task to Virtual 8086 Task (386 TSS) 
10 ," 

221 h,j,k,r 

JMP ~ Unconditional Jump //' 

Short I 1 1 1 0Q'QQbI8-bit displacement I 7+m 7+m r 

Direct within Segment I 11101001 I full displacement 7+m 7+m r 

Register/Memory Indirect within Segment I 11111111 Imodl00 r/ml 7+ml 7+ml 
b h,r 

10+m 10+m 

Direct Intersegment I 11101010 I unsigned full offset, selector 12+m 27+m j,k,r 

Protected Mode Only (Direct Intersegment) 
Via Call Gate to Same Privilege Level 45+m h,j,k,r 

From 286 Task to 266 TSS 274 h,j,k,r 

From 286 Task to 386 TSS 301 h,j,k,r 

From 286 Task to Virtual B086 Task (386 TSS) 218 h,j,k,r 

From 386 Task to 286 TSS 270 h,j,k,r 

From 386 Task to 386 TSS 303 h,j,k,r 

From 386 Task to Virtual B086 Task (366 TSS) 220 h,j,k,r 

Indirect Intersegment 111111111 Imod1 0 1 r/ml 17+m 31+m b h,j,k,r 

Protected Mode Only (Indirect Intersegment) 
Via Call Gate to Same Privilege Level 49+m h,j,k,r 

From 286 Task to 286 TSS 279 h,j,k,r 

From 286 Task to 386 TSS 306 h,j,k,r 

From 286 Task to Virtual 8086 Task (386 TSS) 222 h,j,k,r 

From 386 Task to 286 TSS 275 h,j,k,r 

From 386 Task to 386 TSS 308 h,j,k,r 

From 386 Task to Virtual 8066 Task (386 TSS) 224 h,j,k,r 
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INSTRUCTION FORMAT AND TIMING 

a e . ns rue T bl 81803861 t tl on SetCI kC oe oun tS ummary (C ontinue d) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addre •• Protected Address Protected 

Mode or Virtual Mode or Vlrtu.1 
Vlrtu.1 Addresa Virtual Addre •• 
8086 Mode 8086 Mode 
Mode Mode 

CONTROL TRANSFER (Continued) 
RET ~ Relurn from CALL: 

Within Segment I 11000011 I 10 + m 10 + m b Q, h,r 

Within Segment Adding Immediate to SP I 11000010 I 16-bit displ I 10+ m 10+ m b Q, h,r 

Intersegment I 11001011 I 18+ m 32+m b g, h,i, ",r 

Intersegment Adding Immediate to SP I 110010 1 a I IS-bit displ I 18+ m 32+m b g, h,i,k, r 

Protected Mode Only (RET): 
to Different Privilege level 

Intersegment 68 h, i, k, r 
Intersegment Adding Immediate to SP 68 h,i, k, r 

CONDITIONAL JUMPS 
NOTE: Time. Are Jump "Taken or Not Taken" 
JO ~ Jump on Overflow 

B-Bit Displacement I 01tl0000 I B-bHdispl I 7 + mor3 7 + mor3 r 

Full Displacement I 00001111 I 10000000 I full displacement 7 + mor3 7+mor3 r 

JNO ~ Jump on Nol Overflow 

8-Bit Displacement I 01110001 I 8-bitdispl I 7 + mor3 7 + mor3 r 

Full Displacement I 00001111 I 10000001 I full displacement 7 + mor3 7 + morS r 

JB/JNAE ~ Jump on Betow/Not Above or Equal 

8-Bit Displacement I 011100 1 0 I 8-bit displ I 7 + morS 7 + morS r 

Full Displacement 100001111110000010 Ifulldi.Placement 7+mor3 7+mor3 r 

JNB/JAE ~ Jump on Not Below/Above or Equal 

8-Bit Displacement I 01110011 I 8-bit displ I 7+mor3 7+mor3 , 
Full Displacement I 00001111 I 10000011 I full displacement 7 + mor3 7+mor3 r 

JEI JZ ~ Jump on EquallZero 

8-Bit Displacement I 01110100 I 8-bH dlspl I 7+mor3 7 + mor3 r 

Full Displacement I 00001111 I 10000100 I full displacement 7 + mor3 7+ mora r 

JNE/JNZ ~ Jump on Not EquallNot Zero 

8-Bit Displacement I 01110 1 a 1 I 8-bitdlspl I 7 + mor3 7+mor3 r 

Full Displacement I 00001111 I 10000101 I full displacement 7 + mor3 7+mor3 r 

JBE/JNA ~ Jump on Below or "quallNot Abov. 

8-Bit Displacement 101110110 I B-bit displ I 7+mor3 7+mor3 r 

Full Displacement 100001111 I 10000110 I full displacement 7+mor3 7 + mor3 r 

JNBEI JA ~ Jump on Not Below or Equell Above 

8-SH Displacement I 01110111 I B-bltdispl I 7+mor3 7 + mor3 r 

Full Displacement I 00001111 I 10000111 I full displacement 7 + mor3 7+mor3 r 

JS ~ Jump on Sign 

B-Sit Displacement I 01111000 I 8-bit dlspl I 7+mor3 7+mor3 r 

Full Displacement I 00001111 I 10001000 I full displacement 7+mor3 7+mor3 r 
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INSTRUCTION FORMAT AND TIMING 

T bl 8 a e -1. 803861 ns ruction S CI kC et oc ount S ummary (C ontlnue d ) 
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 

S-Bit Displacement I 01111001 I B-bitdispl I 7 + m or3 7+mor3 r 

Full Displacement I 00001111 I 10001001 I full displacement 7 + mor3 7 + mor3 r 

JP/JPE ~ Jump on Parity/Parity Even 

S-Bit Displacement I 01111010 I B-bitdispl I 7+mor3 7+mor3 r 

Full Displacement I 00001111 I 10001010 I full displacement 7+mor3 7 + mor3 , 
JNP / JPO ~ Jump on Not Parity/Parity Odd 

8-Bit Displacement I 01111011 I B-bit displ I 7 + morS 7 + mor3 , 
Full Displacement I 00001111 I 10001011 I full displacement 7 + morS 7 + morS , 

JL/ JNGE ~ Jump on Less/Not Greater or Equal 

8-Bit Displacement I 01111100 I B-bitdispl I 7 + m or3 7 + mo,3 , 
Full Displacement I 00001111 I 10001100 I full displacement 7 + mor3 7+mor3 , 

JNL/JGE ~ Jump on Not Less/Greater or Equal 

8-Bit Displacement I 01111101 I a-bit displ I 7+mor3 7+mor3 , 
Full Displacement I 00001111 I 10001101 I full displacement 7+mor3 7 + mor3 r 

JLE/JNG ~ Jump on Les. or Equal/Not Greater 

8-Bit Displacement I 01111 110 I 8-bitdispl I 7 + m or3 7+morS , 
FuH·Displacement I 00001111 I 10001110 I full displacement 7 + mor3 7 + m or3 , 

JNLE/JG ~ Jump on Not Less or Equal/Greater 

8·Bit Displacement I 0111 1111 I B-bitdispl I 7 + mor3 7 + mor3 , 
Full Displacement I 00001111 I 1000 1111 I full displacement 7 + mor3 7+mor3 , 

JCXZ ~ Jump on CX Zero I 11100011 I B-bit displ I 9 + mar5 9+mor5 , 
JECXZ ~ Jump on ECX Zero I 11100011 I S-bit displ I 9+mor5 9+mor5 , 
(Address Size Prefix Differentiates JCXZ from JECXZ) 

LOOP ~ Loop CX Times I 11100010 I B-brtdispl I 11 + m 11 + m , 

LOOPZ/LOOPE ~ Loop with 
Zero/Equal I 11100001 I 8-bitdispl I 11 + m 11 + m , 

LOOPNZ/LOOPNE ~ Loop While 
Not Zero I 11100000 I 8-bitdispl I 11 + m 11 + m , 

CONDITIONAL BYTE SET 
NOTE: Times Are Register/Memory 

SETO ~ Set Byte on Overflow 

To Register/Memory I 00001111 I 10010000 I modOOO ,1m I 4/5 4/5 h 

SETNO ~ Set Byte on Not Overflow 

To Register/Memory I 00001111 I 10010001 I modOOO '1m I 415 4/5 h 

SETB/SETNAE ~ Set Byte on Below/Not Above or Equal 

To Register/Memory I 00001111 I 10010010 I modOOO 'Iml 415 4/5 h 
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INSTRUCTION FORMAT AND TIMING 

Table 8-1. 80386 Instruction Set Clock Count Summary ( c ontinued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Modear Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

CONDITIONAL BYTE SET (Continued) 

SETNB ~ Set Byte on Not Below I Above or Equal 

To Register/Memory I 0000 1111 I 100100 11 I modOOO rim I 4/5 4/5 h 

SETE/SETZ ~ Set Byte on Equal/Zero 

To Register/Memory I 0000 1111 I 10010100 I modOOO rim I 4/5 4/5 h 

SETNE/SETNZ ~ Set Byte on Not EqualiNot Zero 

To Register/Memory I 0000 1111 I 10010101 ImodOOO rim I 4/5 4/5 h 

SETBE/SETNA ~ Set Byte on Below or Equal/Not Above 

To Register/Memory I 00001111 I 100 1 0 110 ImodOOO rim I 4/5 4/5 h 

SETNBE/SETA ~ Set Byte on Not Below or Equall Above 

To Register/Memory I 00001111 I 10010111 I modOOO rim I 4/5 4/5 h 

SETS ~ Set Byte on Sign 

To Register I Memory I 00001111 I 10011000 I modOOO rim I 4/5 4/5 h 

SETNS ~ Set Byte on Not Sign 

To Register/Memory I 00001111 I 1001100 1 I modOOO rim I 4/5 4/5 h 

SETP ISETPE ~ Set Byte on Partty IParlty Even 

To Register/Memory I 00001111 I 10011010 I madOOO rim I 4/5 4/5 h 

SETNP ISETPO ~ Set Byte on Not Parity IParity Odd 

To Register I Memory I 00001111 I 10011011 I modOOO rim I 4/5 4/5 h 

SETL/SETNGE ~ Set Byte on LesslNot Greater or Equal 

To Register/Memory I 00001111 I 10011100 ImadOOO rIm I 4/5 4/5 h 

SETNL/SETGE ~ Set Byte on Not Less/Greater or Equal 

To Register I Memory I 00001111 I 01111101 I madOOO rim I 4/5 4/5 h 

SETLE/SETNG ~ Set Byte on Less or EquallNot Greater 

To Register I Memory I 00001111 I 100 11110 ImodOOO ,1m I 4/5 4/5 h 

SETNLE/SETG ~ Set Byte on Not Less or Equal/Greater 

To Register/Memory I 00001111 I 100 11111 I madOOO ,1m I 4/5 4/5 h 

ENTER = Enter Procedure I 1 1 0 0 1 0 0 0 liS-bit displacement, 8-bit level I 
L~O 10 10 b h 
L ~ 1 12 12 b h 

L> 1 15 + 15 + b h 
4(n -1) 4(n -1) 

LEAVE = Leave Procedure I 11001001 I 4 4 b h 

E-11 



INSTRUCTION FORMAT AND TIMING 

Table 8-1. 80386 Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Add .... Protected Add .... Protected 

Mode or Vlrtuel Mode or VIrtual 
VIrtual Add .... VlrIuIIl Add .... 
8086 Mode 8086 Mode 
_e Mode 

INTERRUPT INSTRUCTIONS 
~ 

INT = Interrupt: 

Type Specified I 11001101 I type ! 37 b 

Type 3 I 11001100 I 33 b 

INTO = Interrupt 41t Overflow flag Set I 11001110 ! 
II OF = 1 35 b,e 

If OF = 0 3 3 b,e 

Bound = Interrupt 51t Detect Value I 01100010 I mod reg rim! 
Out of Range 

If Out of Range 44 b,e e,g,h,l,k, r 

If In Range 10 10 b,e e, g, h,i, k, r 

Protected Mode Only (INT) 

INT: Type Specified 

Via Interrup1 or Trap Gate 

to Same Privilege Level 59 g,i,k,r 

Via Interrup1 or Trap Gate 

to Different Privilege Level 99 g,l,k,r 

From 286 Task to 286 TSS via Task Gate 282 Q,i,k,r 

From 286 Task to 386 TSS via Task Gate 309 Q,),k,r 

From 268 Task to vir! 8086 md via Task Gate 226 Q,l,k,r 

From 386 Task to 286 TSS via Task Gate 284 g,l,k.r 

From 386 Task to 386 TSS via Task Gate 311 g,l,k,r 

From 368 Task to vir! 8086 md via Task Gate 228 g,l,k,r 

From vir! 8086 md to 286 TSS via Task Gate 289 g,l,k,r 

From vir! 8086 md to 386 TSS via Task Gate 316 g,J,k,r 

From vir! 8086 md to priv level 0 via Trap Gate or Interrupt Gate 119 

INT:TVPE3 

Via Interrupt or Trap Gate 

to Same Privilege Level 59 g,l, k, r 

Via Interrupt or Trap Gate 

to Different Privilege Level 99 g,l,k, r 

From 286 Task to 286 TSS via Task Gate 278 g,l,k,r 

From 286 Task to 386 TSS via Task Gate 305 g,j,k,r 

From 268 Task to Vor! 8086 md via Task Gate 222 g,l,k,r 

From 386 Task to 286 TSS via Task Gate 280 g,l, k,r 

From 386 Task to 386 TSS via Task Gate 307 g,l, k,r 

From 368 Task to Vir! 8086 md via Task Gate 224 g,l,k,r 

From vir! 8086 md to 286 TSS via Task Gate 285 g,l, k,r 

From vir! 8086 md to 386 TSS via Task Gate 312 g,l,k,r 

From vir! 8086 md to priv level 0 via Trap Gate or Interrup1 Gate lt9 

INTO: 

Via Interrupt or Trap Grate 

to Same Privilege Level 59 g,l, k,r 

Via Interrupt or Trap Gate 

to Different Privilege level 99 g,l,k, r 

From 286 Task to 286 TSS via Task Gate 280 g,/,k, r 

From 286 Task to 386 TSS via Task Gate 307 g,l,k, r 

From 268 Task to vir! 8086 md via Task Gate 224 g,l, k, r 

From 386 Task to 286 TSS via Task Gate 282 iI,l,k, r 
From 386 Task to 386 TSS via Task Gate 309 g,l,k.r 
From 368 Task to vir! 8086 md via Task Gate 226 ' g,J,k, r 
From vir! 8086 md to 286 TSS via Task Gate 287 g,I,k, r 

From vir! 8086 md to 388 TSS via Task Gate 314 g,l,k, r 

From vir! 8086 md to priv level 0 via Trap Gate or Interrupt Gate 119 
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INSTRUCTION FORMAT AND TIMING 

a e - ns rue Ion T bl 81803861 t t" SetCI kC oe oun tS ummary (C t' onlnue d) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addre .. Protected Addre .. Protected 

Mode or Virtual Mode or Virtual 
Virtual Addre .. Virtual Add .... 
8086 Mode 8088 Mode 
Mode Mode 

INTERRUPT INSTRUCTIONS (Continued) 

BOUND: 

Via Interrupt or Trap Gate 

to Same Privilege Level 59 g,i, k, r 

Via Interrupt or Trap Gate 
to Different Privilege Level 99 g,i, k, r 

From 286 Task to 286 TSS via Task Gate 254 g, i, k, r 

From 286 Task to 386 TSS via Task Gate 284 g,i, k, r 

From 268 Task to virt 8088 Mode via Task Gate 231 g,i, k, r 

From 386 Task to 286 TSS via Task Gate 264 g,i, k,r 

From 386 Task to 386 TSS via Task Gate 294 g,i, k, r 

From 368 Task to virt 8086 Mode via Task Gate 243 g,i, k,r, 

From virt 8088 Mode to 286 TSS via Task Gate 264 g, i, k, r 

From virt 8086 Mode to 386 TSS via Task Gate 294 g,i,k, r 

From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 119 

INTERRUPT RETURN 

IRET ~ Interrupt Return I 11001111 I 22 g, h,i, k, r 

Protected Mode Only (IRET) 
To the Same Privilege Level (within task) 38 g, h,i, k,r 

To Different Privilege Level (within task) 82 g,h,i, k,r 

From 286 Task to 286 TSS 232 h,i,k, r 

From 286 Task to 386 TSS 265 h, i, k, r 

From 286 Task to Virtual 8086 Task 214 h, i, k, r 

From 286 Task to Virtual 8086 Mode (within task) 60 

From 386 Task to 286 TSS 271 h, i, k, r 

From 386 Task to 386 TSS 275 h,i, k, r 

From 386 Task to Virtual 8086 Task 224 h,i, k, r 

From 386 Task to Virtual 8086 Mode (within task) 60 

PROCESSOR CONTROL 

HLT ~ HALT I 11110100 I 5 5 I 

MOV ~ Move to and From Control/DebuglTest Registers 

CRO/CR2/CR3 from register I 00001111 I 00100010 11 eeareg I 10/4/5 10/4/5 I 

Register From CRO~3 I 00001111 00100000 11 aee reg I 6 6 I 

DRO-3 From Register I 00001111 00100011 11 eee reg I 22 22 I 

DR6-7 From Register I 00001111 00100011 11 see reg I 16 16 I 

Register from DR6-7 I 00001111 00100001 11 eeereg I 14 14 I 

Register from DRO-3 I 00001111 00100001 I 11 eee reg I 22 22 I 

TR6-7 from Register I 00001111 00100110 I 11 eeereg I 12 12 I 

Register from TR6-7 I 00001111 00100100 I 11 eeereg I 12 12 I 

NOP = No Operation I 10010000 3 3 

WArr ~ Walt until BUSY", pin I. negated I 1 0011 011 I 6 6 

E-13 



INSTRUCTION FORMAT AND TIMING 

T bl 81 803861 a e - nstruct on S CI kC et DC Dun tS ummary (C ontlnue d) 
CLOCK COUNT NOTES 

R •• I Reel 
INSTRUCTION FORMAT Addr ... Protected Addro •• Protected 

Modo or Virtual Modo or Virtual 
VIrtual Add .... Virtual Addre .. 
8086 Mode 8086 Mode 
Mode Mode 

PROCESSOR EXTENSION INSTRUCTIONS 

Processor Extension Escape I 11011 TTT I modLLL rIm I See h 

TIT and LLL bits are opcode 80287/80387 

information for coprocessor. data sheets for 

clock counts 

PREFIX BYTES 

Addre .. Size Prellx I 01100111 I 0 0 

LOCK ~ Bua Lock Prellx I 11110000 I 0 0 m 

Operand Size Prellx I 01100110 I 0 0 

Segment Override Prefix 

CS: I 00101110 I 0 0 

OS: I 00111110 
, 

0 0 

ES; I 00100110 
, 

0 0 

FS: I 01100100 I 0 0 

GS; I 01100101 I 0 0 

ss: , 
00110110 

, 
0 0 

PROTECTION CONTROL 

ARPL = Adjust Requelted Privilege Level 

From Register/Memory I 01100011 I mod rag rIm' N/A 20/21 a h 

LAR = Load Acceaa Rights 

From Register IMemory 
, 

00001111 
, 

00000010 I mod reg rIm' N/A 15/16 a g,h,i,p 

LGDT = Load Global Descriptor 

Table Register I 00001111 I 00000001 I modOl 0 rIm' 11 11 b,c h,l 

LIDT = Load Interrupt Descriptor 

Table Register I 00001111 I 00000001 I modO 11 rIm I 11 11 b, c h,l 

LLDT = Load Local Deacrlptor 

Table Register to 
Register/Memory I 00001111 I 00000000 I modOl 0 rIm I N/A 20/24 a g,h,i,l 

LMSW = Load Machine Status Word 

From Register/Memory I 00001111 I 00000001 I mod 11 0 rIm' 10/13 10/13 b, C h,l 

LSL = Load Segment Limit 

From Register IMemory I 00001111 I 00000011 I mod reg rIm I 
Byte-Granular Limit N/A 20/21 a g, h,i, P 
Page-Granular Limit N/A 25/26 a g, h,i,p 

LTR = Load Task Register 

From Register/Memory I 00001111 I 00000000 I modOOl rIm' N/A 23/27 a g, h,i,l 

SGDT = Store Global Descriptor 

Table Reglater I 00001111 I 00000001 I modOOO rIm' 9 9 b,c h 
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INSTRUCTION FORMAT AND TIMING 

T bl a 3 e 8·1. 80 86 nstructlon S C et lock c ount S ummary ( c ontinued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addre .. Protected Addre .. Protected 

Mode or Virtual Mode or Virtual 
Virtual Add .... Virtual Addre .. 
8086 Mode 8086 Mode 
Mode Mode 

SlOT - Store Interrupt Descriptor 

Table Reglater I 00001111 I 00000001 ImodOOl rim I 9 9 b,c h 

SLOT - Store Local Descriptor Table Register 

To RegisterlMemory I 00001111 I 00000000 I modOO 0 rim I N/A 2/2 a h 

SMSW - Store Machine 
StatuaWord I 00001111 I 00000001 Imodl00 r/ml 10113 10/13 b,c h, I 

STR - Store Task Register 

To RegisterlMemory I 00001111 I 00000000 ImodOOl r/ml N/A 2/2 a h 

VERR - Verily Read Acc .... 

RegisterlMemory I 00001111 I 00000000 Imodl00 rim I N/A 10/11 a g, h,l, P 

VERW - Verily Write Acceaa. I 00001111 I 00000000 Imodl0l r/ml N/A 15/16 • g,h,j,p 

INSTRUCTION NOTES~FOR TABLE 8-1 

Notes a through c apply to 80386 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, OS, 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 80386 Real Address Mode and 80386 Protected Virtual Address Mode: 
d. The 80386 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 (II092 1m II. 3) + 6 clocks: 

if m = 0 then 9 clocks (where m is the multiplier) 
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 80386 Protected Virtual Address Mode only: 
h. Exception 13 fault (general protection violation) will occur if the memory operand in CS. OS, 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 OPL 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, OS, 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 GOT or LOT made by this instruction will automatically assert LOCKiI' 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. 
I. 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 = O. 
o. The PE bit of the MSW (CRO) 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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INSTRUCTION FORMAT AND TIMING 

8.2 INSTRUCTION ENCODING 

8.2.1 Overview 

All instruction encodings are subsets of the general 
instruction format shown in Figure 8-1. Instructions 
consist of one or two primary opcode bytes, possibly 
an address specifier consisting of the "mod rIm" 
byte and "scaled index" byte, a displacement if re­
quired, and an immediate data field if required. 

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

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

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

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

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

Figure S-1 illustrates several of the fields that can 
appear in an instruction, such as the mod field and 
the rim field, but the Figure does not show all fields. 
Several smaller fields also appear in certain instruc­
tions, sometimes within the opcode bytes them­
selves. Table S-2 is a complete list of all fields ap­
pearing in the S03S6 instruction set. Further ahead, 
following Table S-2, are detailed tables for each 
field. 

ITTT T TT TT I TTT T TTT T I mod TTT rim I ss index base Id321161s1 none data32 I 161s1 none 

Z 07 01\7653201\7653201\ 1\ 1 '-------v-----....J. . '---_--..... '---__...---
opcode 

\ 

"mod rim" 
byte 

1 

immediate 
data (one or two bytes) 

(T represents an 
opcode bit.) register and address 

mode specifier 

address 
displacement 
(4, 2, 1 bytes 

or none) 
(4, 2, 1 bytes 

or none) 

Figure 8-1. General Instruction Format 

Table 8-2. Fields within 80386 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 rim Address Mode Specifier (Effective Address can be a General Register) 2 for mod; 

3 for rim 
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, OS, ES 2 
sreg3 Segment Register Specifier for CS, S5, OS, ES, FS, GS 3 
tttn For Conditional Instructions, Specifies a Condition Asserted 

or a Condition Negated 4 
Note: Table 8·1 shows encoding of indIVidual instructions. 
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INSTRUCTION FORMAT AND TIMING 

8.2.2 32-Bit Extensions of the 
Instruction Set 

With the 80386, the 86/186/286 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 instructions referencing mem­
ory. This orthogonal instruction set extension .is ac­
complished having a Default (D) bit in the code seg­
ment descriptor, and by having 2 prefixes to the in­
struction set. 

Whether the instruction defaults to operations of 16 
bits or 32 bits depends on the setting of the 0 bit in 
the code segment descriptor, which gives the de­
fault length (either 32 bits or 16 bits) for both 0pE:!r­
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 0 value of 0 is assumed internally by the 80386 
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 anyop­
code bytes and affect only the instruction they pre­
cede. If necessary, one or both of the prefixes may 
be placed before the opcode bytes. The presence of 
the Operand Size Prefix and the Effective Address 
Prefix will toggle the operand size or the effective 
address size, respectively, to the value "opposite" 
from the Default setting. For example, if the default 
operand size is for 32-bit data operations, then pres· 
ence of the Operand Size Prefix toggles the instruc· 
tion to 16·bit data operation. As another example, if 
the default effective address size is 16 bits, pres­
ence of the Effective Address Size prefix toggles the 
instruction to use 32-bit effective address computa­
tions. 

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

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

8.2.3 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. 

E-17 

8.2.3.1 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 
wField During 16-Bit During 32-Bit 

Data Operations Data Operations 

0 8 Bits 8 Bits 
1 16 Bits 32 Bits 

8.2.3.2 ENCODING OF THE GENERAL 
REGISTER (reg) FIELD 

The general register is specified by the reg field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod rim" byte, or as the rim 
field of the "mod rim" byte. 

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

Register Selected Register Selected 
reg Field During 16-Blt During 32-Blt 

000 
001 
010 
011 
100 
101 
101 
101 

reg 

000 
001 
010 
011 
100 
101 
110 
111 

Data Operations Data Operations 

AX EAX 
CX ECX 
OX EDX 
BX EBX 
5P ESP 
BP EBP 
SI ESI 
01 EDI 

Encoding of reg Field When w Field 
Is Present in Instruction 

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

Function of w Field 

(whenw = 0) (whenw = 1) 

AL AX 
CL CX 
DL OX 
BL BX 
AH SP 
CH BP 
DH 51 
BH 01 
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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 OL EDX 
011 BL EBX 
100 AH ESP 
101 CH EBP 
110 OH ESI 
111 BH EOI 

8.2.3.3 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 80386 FS and GS segment 
registers to be specified. 

2·Bit sreg2 Field 

2·Bit 
Segment 

sreg2 Field 
Register 
Selected 

00 ES 
01 CS 
10 SS 
11 OS 

3·Bit sreg3 Field 

3·Bit 
Segment 

sreg3 Field 
Register 
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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8.2.3.4 ENCODING OF ADDRESS MODE 

Except for special instructions, such as PUSH 
POP, where the addressing mode is pre·determinE 
the addressing mode for the current instruction 
specified by addressing by1es following the priml 
opcode. The primary addressing by1e is the "m 
rim" by1e, and a second by1e of addressing inforrr 
tion, the "s-i-b" (scale-index-base) by1e, can I 

specified. 

The s-i-b by1e (scale-index-base by1e) is specifi. 
when using 32-bit addressing mode and the "m. 
rim" by1e has rim = 100 and mod = 00,01 or 1 
When the sib by1e is present, the 32-bit addressi, 
mode is a function of the mod, ss, index, and ba: 
fields. 

The primary addressing by1e, the "mod rim" by1 
also contains three bits (shown as TIT in Figure 8-
sometimes used as an extension of the primary 01 
code. The three bits, however, may also be used ( 
a register field (reg). 

When calculating an effective address, either 16-t 
addressing or 32-bit addressing is used. 16-bit a( 
dressing uses 16-bit address components to calcl 
late the effective address while 32-bit addressin 
uses 32-bit address components to calculate the e 
fective address. When 16-bit addressing is used, th 
"mod rim" by1e is interpreted as a 16-bit addressin 
mode specifier. When 32-bit addressing is used, th 
"mod rim" byte is interpreted as a 32-bit addressin 
mode specifier. 

Tables on the following three pages define all er 
codings of all 16-bit addressing modes and 32-b 
addressing modes. 



INSTRUCTION FORMAT AND TIMING 

Table 8-1. 80386 Instruction Set Clock Count Summary (Continued) 
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 mcdreg rim 7 22 b h.i.i 

LES ~ Load Pointer to ES I 11000100 mod reg rim 7 22 b h. i.i 

LFS ~ Load Pointer to FS I 00001111 10110100 mod reg rim I 7 25 b h,i,j 

LGS ~ Load Pointer to GS I 00001111 10110101 mod reg rim I 7 25 b h.i.i 

LSS ~ Load Pointer to SS I 00001111 10110010 mod reg rim I 7 22 b h.i.i 

FLAG CONTROL 

CLC ~ Clear Carry Flag I 11111000 2 2 

CLD ~ Clear Direction Flag I 11111100 2 2 

CLI ~ Clear Interrupt Enable Flag I 11111010 3 3 m 

ClTS ~ Clear Task Switched Flag I 00001111 00000110 I 5 5 c I 

CMC ~ Complement Carry Flag 11110101 2 2 

LAHF ~ load AH Into Flag 10011111 2 2 

POPF ~ Pop Flags 10011101 5 5 b h. n 

PUSHF ~ Push Flags 10011100 4 <4 b h 

SAHF ~ Store AH Into Flags 10011110 3 3 

STC ~ Set Carry Flag 11111001 2 2 

STD ~ Set Direction Flag 
I I 11111001 2 2 

STI ~ Set Interrupt Enable Flag 1 11111011 3 3 m 

ARITHMETIC 
ADD ~ Add 

Register to Register 1 OOOOOOdw I mod reg rim I 2 2 

Register to Memory I OOOOOOOw I mod reg rim I 7 7 b h 

Memory to Register I 000000lw I mod reg rim I 6 6 b h 

Immediate to Register/Memory I 100000sw ImcdOOO rim I immediate data 2/7 2/7 b h 

Immediate to Accumulator (short form) I 0000010w I immediate data 2 2 

ADC ~ Add With Carry 

Register to Register 000100dw I mod reg rIm I 2 2 

Register to Memory 0001000w I mod reg rim I 7 7 b h 

Memory to Register 0001001w I mod reg rim I 6 6 b h 

Immediate to Register/Memory 100000sw I modOl 0, rim I immediate data 2/7 217 b h 

Immediate to Accumulator (short form) 0001010w I immediate data 2 2 

INC ~ Increment 

Register/Memory I l111111w I modOOO rim I 2/6 2/6 b h 

Register (short form) 101000 reg I 2 2 

SUB ~ Subtract 

Register from Register I 001010dw I mod reg rim I 2 2 
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Table 8-1. 80386 Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Rell 
INSTRUCTION FORMAT Addre •• Protected Addre •• Protected 

Mode or Virtual Mod_or Virtual 
Virtual Addr ••• Virtual Addr ... 
8086 Mode 8086 Mode 
Mode Mode 

ARITHMETIC (Continued) 

Register from Memory I 00 t 0 1 OOw ImOdreg r/ml 7 7 b h 

Memory from Register I Q010101w Imodreg r/ml 6 6 b h 

Immediate from Register/Memory 11 OOOOOsw ImOd 1 0 1 r/ml immediate data 217 217 b h 

Immediate from Accumulator (short form) IOO10110wl immediate data 2 2 

sse = Subtract with Borrow 

Register from Register I 000110dw ImOdrag r/ml 2 2 

Register from Memory I 00011 OOw ImOdrag r/ml 7 7 b h 

Memory from Register 10001101wlmOdrag rim I 6 6 b h 

Iml!lediate from Register/Memory 11 OOOOOsw ImOdO 11 r/ml immediate data 217 217 b h 

Immediate from Accumulator (short form) 10001110wl immediate data 2 2 

DEC = Decrement 

Register/Memory I lllllllWlragOOI r/ml 2/6 2/6 b h 

Register (short form) 101001 re91 2 2 

CMP ~ Compare 

Register with Register 100111 Odw I mod rag r/ml 2 2 

Memory with Register I 00111 OOw ImOdrag r/ml 5 5 b h 

Register with Memory 10011101 w ImOdreg r/ml 6 6 b h 

Immediate with Register/Memory !100000sw ImOdlll r/ml immediate data 2/5 2/5 b h 

Immediate with Accumulator (short form) ! 001111 Ow t immediate data 2 2 

NEG ~ Change Sign ! 1111011wlmodOIl r/ml 2/6 2/6 b h 

AAA ~ ASCII Adjust lor Add I 00110111 I 4 4 

AAS - ASCII Adjust lor Subtract I 00111111 I 4 4 

DAA ~ Decimal Adjust lor Add I 00100111 I 4 4 

DAS ~ Decimal Adjust lor Subtract I 00101111 I 4 4 

MUL ~ Multiply (unsigned) 

Accumulator with Register/Memory I 1111011wlmOdl00 r/ml 

Multiplier-Byte 9-14/12-17 9-14/12-17 b,d d, h 

-Word 9-22112·25 9-22/12-25 b,d d, h 

-Doubleword '9-38/12-41 9-38/12-41 b, d d, h 

IMUL ~ Integer Multiply (signed) 

Accumulator with Register/Memory I 1111011w ImOdl00 r/ml 
Multiplier-Byte I 9-14/12·17 9-14/12-17 b,d d, h 

-Word 

I 
9-22/12·25 9-22/12-25 b, d d, h 

-Doubleword 9-38/12-41 9-38/12-41 b, d d, h 

Register with Register/Memory ! 00001111 I 10101111 I mod reg r/ml 

-Word 9-22/12·25 9-22/12-25 b, d d, h 

-Ooubleword 9-38/12-41 9-38/12-41 b, d d, h 

Register/Memory with Immediate to Register I 01101 Os 1 ImOdreg r!~1 immediate data 

-Word 9-22/12-25 9-22/12-25 b, d d, h 

-Doubleword 9-38/12·41 9-38/12-41 b, d d, h 
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INSTRUCTION FORMAT AND TIMING 

Table 8-1. 80386 Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

ARITHMETIC (Continued) 
DIV - Divide (Unsigned) 

Accumulator by Register/Memory I 1 1 11 01 1 W ImOd 11 0 r/ml 

Divisor-Byte 14/17 14/17 b,e e,h 
-Word 22/25 22/25 b,e e,h 
-Doubleword 38/41 38/41 b,e e,h 

IDIV - Integer Divide (Signed) 

Accumulator By Register/Memory 11 1 11 01 1 W ImOd 111 r/ml 

Divisor-Byte 19/22 19/22 b,e e,h 
-Word 27/30 27/30 b,a e,h 
-Doubleword 43/46 43/46 b,a e,h 

AAD - ASCII Adjust lor Divide I 11010101 I 000010101 19 19 

AAM - ASCII Adjust lor Multiply I 11010100 I 000010101 17 17 

CBW - Convert Byte to Word I 100110001 3 3 

CWD - Convert Word to Double Word I 10011001 1 2 2 

LOGIC 

Shift Rotate Instructions 

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

Register/Memory by 1 11101000W ImOdTIT r/ml 3/7 317 b h 

Register/Memory by CL 11101001 w ImOdTIT r/ml 317 3(7 b h 

Register/MemorybylmmediateCount 111 OOOOOw I mod TIT r/m!immed a-bit data 317 3/7 b h 

Through Carry (RCL and RCR) 

Register/Memory by 1 11101 OOOw ImOdTIT r/ml 9(10 9(10 b h 

Register(Memory by CL I 1101001wlmOdTIT r/ml 9(10 9(10 b h 

Register/Memory by Immediate Count \11 a 0 a a a w I mod TTT r/mlimmed 8-bitdata 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 I 00001111 I 1 01 001 00 I mod reg r/mlimmed a-bit data 317 317 

Register/Memory by CL I 00001111 I 10100101 I mod reg r/ml 317 317 

SHRD ~ Shill Right Double 

Register J Memory by Immediate I 00001111 I 10101100 I mod reg r / ml immed 8-bit data 3(7 3/7 

Register/Memory by CL I 00001111 I 10101101 I mod reg r/ml 3(7 3/7 

AND - And 

Register to Register 1001 OOOdw Imadrag rim I 2 2 
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INSTRUCTION FORMAT AND TIMING 

T bl a e 8-1. 803861 nstructlon et oc S CI kC ount S ummar (C ontlnue d) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addr ... Protected Addre .. Protected 

Mocle or Virtual Mocleor Virtual 
Virtual Add .... Virtual Addre .. 
B086 Mocle 8086 Mode 
Mocle Mode 

LOGIC (Continued) 

Register to Memory I 0010000w I mod reg rlml 7 7 b h 

Memory to Register I 0010001 w I mod reg rlml 6 6 b h 

Immediate to Register/Memory I 1 OOOOOOw Imodl00 r/m\ immediate data 217 217 b h 

Immediate to Accumulator (Short Form) I 001001 Ow I immediate data 2 2 

TEST ~ And Function to Flags, No Result 

Register/Memory and Register I 100001 Ow I mod reg rlml 215 215 b h 

Immediate Data and Register/Memory I 1111011w ImodOOO r/ml immediate data 215 215 b h 

Immediate Data and Accumulator 
(Short Form) I 1 0 1 0 1 0 0 w I immediate data 2 2 

OR ~ Or 

Register to Register 000010dw ImOdreg rlml 2 2 

Register to Memory 00001 OOw ImOdreg rlml 7 7 b h 

Memory to Register 0000101w I mod reg rlml 6 6 b h 

Immediate to Register/Memory 1000000w ImodOOl r/ml immediate data 217 217 b h 

I mmediate to Accumulator (Short Form) 000011 Ow I immediate data 2 2 

XOR ~ ExclUSive Or 

Register to Register 0011 OOdw ImOdreg rlml 2 2 

Register to Memory 0011 OOOw ImOdreg rlml 7 7 b h 

Memory to Register 0011001w ImOdreg rlml 6 6 b h 

Immediate to Register/Memory 1 OOOOOOw Imodl1 0 rIm I immediate data 217 217 b h 

Immediate to Accumulator (Short Form) o 0 1 1 0 1 0 w I immediate data 2 2 

NOT ~ Invert Register IMemory I 1111011w ImodOl0 rIm I 
Clk 

216 216 b h 

STRING MANIPULATION Count 
Virtual 

CMPS ~ Compare Byte Word I 1010011 w 8086 
10 10 b h Mode 

INS ~ Input BytelWord from OX Port I 0110110w I t29 15 9-/29" b h,m 

LODS ~ Load BytelWord to ALI AXIEAX I 1010110w 5 5 b h 

MOVS ~ Move Byte Word I 1010010w 7 7 b h 

OUTS ~ Output BytelWord to OX Port I 0110111 w I t28 14 8-/28·· b h,m 

SCAS ~ Scan Byte Word I 1010111 w 7 7 b h 

STOS ~ Store BytelWord from 

ALIAXIEX I 1010101 wi 4 4 b h 

XLAT ~ Translate String I 11010111 I 5 5 h 

REPEATED STRING MANIPULATION 
Repeated by Count in CX or ECX 

REPE CMPS ~ Compare String 

(Find Non-Match) I 11110011 I 1010011 wi 5+9n 5+9n b h 

• If CPL ,;; IOPL •• If CPL > IOPL 
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INSTRUCTION FORMAT AND TIMING 

T bl a e8-1.803 861 nstruct on S CI et ock C ount S ummary (C ontinue d) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addre .. Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Addre .. Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

REPEATED STRING MANIPULATION (Continued) 

REPNE CMPS ~ Compare String ClkCount 

(Find Match) 11110010 1010011Wl 
Virtual 

5+9n 5+9n b h 8086 Mode 

REP INS ~ Input StrIng 11110010 0110110wI I t27+Sn 13+6n 7 + 6n*/27 + 6n"'· b h.m 

REP LODS ~ Load String 11110010 1010110wl 5+6n 5+6n b h 

REP MOVS ~ Move String 11110010 1010010wl 7+4n 7+4n b h 

REP OUTS ~ OUlput String 11110010 0110111 w I I t26+5n 12+5n 6+5n"'/26+5n"" b h. m 

REPE SCAS ~ SCan String 

(Find Non-ALI AX/EAX) I 11110011 1,0,01" w I 5+6n 5+6n b h 

REPNE SCAS ~ SCan String 

(Find AL/ AX/EAX) 1""00'01'0'0"'WI 5+6n 5+6n b h 

REP STOS ~ Star. String 111'100'01'0'0'01wl 5+5n 5+5n b h 

BIT MANIPULATION 

BSF ~ Scan Bit Forward 100001111 I 10111100lmOdreg r/ml 10+3n 10+3n b h 

lISA = scan BII Re.e, ... 1000011111 1 0 1 1 1 1 0 1 Imod reg rlml 10+3n 10+3n b h 

BT~ Test Bit 

Register/Memory. Immediate I 0 a 0 0 1111 I 1 0 111 0 1 0 Imod 1 00 r/mlimmed 8-bit datal 3/6 3/6 b h 

Register/Memory. Register 10000",,1,0,0001, Imodreg rlml 3112 3/12 b h 

BTC ~ Te .. Bit Ind Complement 

Register/Memory, Immediate I a 0 a 01111 I 1 011 1 01 0 Imod 1 11 r/mlimmed 6-bit datal 6/6 6/6 b h 

Register/Memory. Register I 00001111 I 1 a 1 1 1 0 11 Imod reg r/ml 6/13 6/13 b h 

BTR ~ T •• t Bit Ind Rept 

Register/Memory. Immediate 100001111 I 1 a 1 1 1 0 1 0 Imod 1 1 0 r/mlimmed a-bit datal 6/6 6/6 b h 

Register/Memory. Register 100001111 I 1 0 1 1 00 1 1 Imod reg r/ml S/13 6/13 b h 

BTS ~ Te.t Bit and Set 

Registar/Memory.lmmediate LOOOOIIIII'0"'0'0Imod'0' r/mlimmed 6-bit datal S/8 6/8 b h 

Register/Memory. Register 1000011111,010,0"lmOdreg r/ml 6/13 6/13 b h 

CONTROL TRANSFER 

CALL ~ Call 

Direct Within Segment I 1 1 1 a 1 0 0 0 l,ulI displacement 7+m 7+m b r 

Register/Memory 

Indirect Within Segment 111 111111 Imodo 1 0 r/ml 
7+ml 7+m/ b h. r 10+m 10+m 

Direct Intersegment I 1 00 1 1 0 1 0 IUnSigned full offset. selector 17+m 34+m b i.k.r 

Notes: 
t Clock count shown applies if 1/0 permission allows 110 to the port in virtual 8086 mode. If 110 bit map denies permission 
exception 13 fault occurs; refer to clock counts for INT 3 instruction . 
• If CPL ,;: 10PL •• If CPL > 10PL 
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INSTRUCTION FORMAT AND TIMING 

Table 8-1. 80386 Instruction Set Clock Count Summarlf (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Addre •• Protected 

Mode or Virtual Mode"r Virtual 
Virtual Address Virtual Addre •• 
8086 Mode 8086 Mode 
Mode Mode 

CONTROL TRANSFER (Continued) 

Protected Mode Only (Direct Inters8gment) 

Via Call Gate to Same Privilege Level 52+m h,i,k,r 

Via Call Gate to Diff,erent Privilege Level, 
(No Parameters) 86+m h,i,k,r 

Via Call Gate to Different Privilege level, 
(x Parameters) 94+4x+m h,i,k,r 

From 286 Task to 286 TSS 273 h,i,k,r 

From 286 Task to 386 TSS 298 h,i,k,r 

From 286 Task to Virtual 8086 Task (386 TSS) 217 h,i,k,r 

From 386 Task to 286 TSS 273 h,i,k,r 

From 386 Task to 386 TSS 300 h,i,k,r 

From 386 Task to Virtual 8086 Task (386 TSS) 217 h,i,k,r 

Indirect Intersegment I t1111111 Imod011 r/ml 22+m 38+m b h,i,k,r 

Protected Mode Only (Indirect Intersegment) 

Via Call Gate to Same Privilege Level 56+m h,i,k,r 

Via Call Gate to Different Privilege Level, 
(No Parameters) 90+m h,i,k,r 

Via Call Gate to Different Privilege Level, 
(x Parameters) 98+4x+m h,i,k,r 

From 286 Task to 286 TSS 278 h,i,k,r 

From 286 Task to 386 TSS 303 h,i,k,r 

From 286 Task to Virtual 8086 Task (386 TSS) 221 h,i,k,r 

From 386 Task to 286 TSS 278 h,i,k,r 

From 386 Task to 386 TSS 305 h,i,k,r 

From 386 Task to Virtual 8086 Task (386 TSS) 
10 l,~ 

221 h,i,k,r 

JMP = Unconditional Jump /' 

Short 1 1 11 0~1'18-bitdisPlacementl 7+m 7+m r 

Direct within Segment 1 11101001 I full displacement 7+m 7+m r 

RegisterlMemory Indirect within Segment I 11111111 Imod100 r/ml 7+ml 7+ml 
b h,r 

10+m 10+m 

Direct Intersegment 1 11101010 I unsigned full offset, selector 12+m 27+m j,k,r 

Protected Mode Only (Direct Intersegment) 

Via Call Gate to Same Privilege Level 45+m h,i,k,r 

From 286 Task to 286 TSS 274 h,i.k,r 

From 286 Task to 386 TSS 301 h,i,k,r 

From 286 Task to Virtual 8086 Task (386 TSS) 218 h,i,k,r 

From 386 Task to 286 TSS 270 h,j,k,r 

From 386 Task to 386 TSS 303 h,i,k,r 

From 386 Task to Virtual 8086 Task (386 TSS) 220 h,i.k,r 

Indirect Intersegment 111111111 I mod 1 01 r/ml 17+m 31 +m b h,i,k,r 

Protected Mode Only (Indirect Intersegment) 

Via Call Gate to Same Privilege Level 49+m h,i.k,r 

From 286 Task to 286 TSS 279 h,i.k,r 

From 286 Task to 386 TSS 306 h,i,k,r 

From 286 Task to Virtual 8086 Task (386 TSS) 222 h,i.k,r 

From 386 Task to 286 TSS 275 h,i.k,r 

From 386 Task to 386 TSS 308 h,i,k,r 

From 386 Task to Virtual 8086 Task (386 TSS) 224 h,i,k,r 
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INSTRUCTION FORMAT AND TIMING 

a e - ns rue T bl 81803861 t tl on SetCI kC oe oun tS umm~ (C f on Inue d) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Addre •• Protected 

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 I 11000011 I 10 + m 10 + m b g, h, r 

Within Segment Adding Immediate to SP I 11000010 I 16-bit displ I 10 + m 10 + m b g, h, r 

Intersegment I 11001011 I 18 + m 32+m b g, h,j, k, r 

Intersegment Adding Immediate to SP I 11001010 I 16-bit displ I 18 + m 32+m b g, h, j, k, r 

Protected Mode Only (RET): 
to Different Privilege Level 

Intersegment 68 h,j,k, r 
Intersegment Adding Immediate to SP 68 h, j, k, r 

CONDITIONAL JUMPS 
NOTE: Times Are Jump "Taken or Not Taken" 
JO ~ Jump on Overflow 

a-Bit Displacement I 01110000 I 8-bitdispl I 7+mor3 7+mor3 r 

Full Displacement I 00001111 I 10000000 I full displacement 7 + mor3 7 + mor3 r 

JNO ~ Jump on Not Overflow 

8-Bit Displacement I 01110001 I 8-bitdispl I 7 + mor3 7 + mor3 r 

Full Displacement I 00001111 I 10000001 I full displacement 7 + mor3 7 + mor3 r 

JB/JNAE - Jump on Below/NotAbove Dr Equal 

a .. Bit Displacement 1011100101 8-bltdispl 1 7 + mor3 7 + mor3 r 

Full Displacement lOOOOlllll 1 0 0 0 0 0 1 0 1 full displacement 7 + mor3 7 + mor3 r 

JNB/JAE ~ Jump on Not Below/Above or Equal 

a-Bit Displacement I 01110011 I 8-bitdispl I 7 + mor3 7 + mor3 r 

Full Displacement I 00001111 I 10000011 I full displacement 7 + mor3 7 + mor3 r 

JE/JZ ~ Jump on Equal/Zero 

a-Bit Displacement I 01110100 I 8-bitdispl I 7+mor3 7 + mor3 r 

Full Displacement I 00001111 I 10000100 I full displacement 7 + morS 7 + mor3 r 

JNE/JNZ ~ Jump on Not EquallNot Zero 

8-Bit Displacement I 01110101 I 8-Mdispl I 7 + mor3 7 + mor3 r 

Full Displacement I 00001111 I 10000101 I full displacement 7 + mor3 7 + mor3 r 

JBE/JNA ~ Jump on Below or Eqlllll/Not Abo.e 

8-Bit Displacement I 01110110 I 8-bitdispl I 7+mor3 7 + mor3 r 

Full Displacement I 00001111 I 10000110 I full displacement 7 + mor3 7 + mor3 r 

JNBEI JA ~ Jump on Not Below Dr Eqlllll/ Abov. 

8-Bit Displacement I 01110111 I 8-bitdispl I 7 + mor3 7 + mor3 r 

Full Displacement I 00001111 I 10000111 I full displacement 7 + mor3 7 + mor3 r 

JS ~ Jump on Sign 

8-Bit Displacement I 01111000 I 8-bitdispl I 7 + mor3 7 + mor3 r 

Full Displacement I 00001111 I 10001000 I full displacement 7 + mor3 7 + mor3 r 
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INSTRUCTION FORMAT AND TIMING 

a e T bl 8 -1. 803861 nstructlon et oc S CI kC ount S ummary (C ontlnue d) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Addreas Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

CONDITIONAL JUMPS (Continued) 

JNS ~ Jump on Not Sign 

8-Bit Displacement I 01111001 I 8-bitdispl I 7 + morS 7+mor3 , 
Full Displacement I 00001111 I 10001001 I full displacement 7 + mor3 7 + m or3 , 

JP/JPE ~ Jump on Parlty/Parlty Even 

S-Bit Displacement I 01111010 I 8-bit displ I 7+mor3 7 + m 0,3 , 
Full Displacement I 00001111 I 10001010 I full displacement 7+mor3 7 + mor3 , 

JNP/JPO ~ Jump on Not Parlty/Parlty Odd 

8-Bit Displacement I 01111011 I 8-bit displ I 7+mor3 7 + m or3 , 
Full Displacement I 00001111 I 10001011 I full displacement 7+mor3 7 + m or3 , 

JL/JNGE ~ Jump on Less/Not Greater 0' Equal 

8-Bit Displacement I 01111100 I 8-bitdispl I 7+mor3 7 + m 0,3 , 
Full Displacement I 00001111 I 10001100 I full displacement 7 + morS 7 + m or3 , 

JNL/JGE ~ Jump on Not Less/Greater 0' Equal 

8-Bit Displacement I 01111101 I 8-bitdispl I 7 +- mor3 7 + m or3 , 
Full Displacement I 00001111 I 10001101 I full displacement 7 + mor3 7 + mor3 , 

JLE/JNG ~ Jump on Less or Equal/Not Greater 

8-Bit Displacement I 01111110 I 8-bit displ I 7+mor3 7+ morS , 
Full Displacement I 00001111 I 10001110 I full displacement 7+mor3 7 + m or3 , 

JNLE/JG ~ Jump on Not Less or Equal/Greate, 

8-Bit Displacement I 01111111 I 8-bitdispl I 7 + mor3 7 + mor3 , 
Full Displacement I 00001111 I 10001111 I full displacement 7+mor3 7+ mor3 , 

JCXZ ~ Jump on CX Zero I 11100011 I 8-bitdispl I 9+mor5 9 + mor5 , 
JECXZ ~ Jump on ECX Zero I 11100011 I 8-bitdispl I 9+mor5 9 + mor5 , 
(Address Size Prefix Differentiates JCXZ from JECXZ) 

LOOP ~ Loop CX Times I 11100010 I 8-bit displ I 11 + m 11 + m , 

LOOPZ/LOOPE ~ Loop with 
Ze,o/Equal I 11100001 I 8-bitdispl I 11 + m 11 + m , 

LOOPNZlLOOPNE ~ Loop While 
Not Zero I 11100000 I 8-bit displ I 11 + m 11 + m , 

CONDITIONAL BYTE SET 
NOTE: Times Are Register/Memory 

SETO ~ Set Byte on Overflow 

To Register/Memory I 00001111 I 10010000 I modOOO ,1m I 4/5 4/5 h 

SETNO ~ Set Byte on Not Overflow 

To Register/Memory I 00001111 I 10010001 I modOOO ,1m I 4/5 4/5 h 

SETB/SETNAE ~ Set Byte on BelowlNot Above or Equal 

To Register/Memory I 00001111 I 10010010 I modOOO ,1m I 4/5 4/5 h 
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INSTRUCTION FORMAT AND TIMING 

Table 8-1. 80386 Instruction Set Clock Count Summary (Continued) 
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 IMemory I 00001111 I 10010011 I modOOO rim I 4/5 4/5 h 

SETE/SETZ ~ set Byte on Equal/Zero 

To Register/Memory I 00001111 I 10010100 I modOOO rim I 4/5 4/5 h 

SETNE/SETNZ ~ set Byte on Not Equal/Not Zero 

To Register IMemory I 00001111 I 10010101 I modOOO r/ml 4/5 4/5 h 

SETBE/SETNA ~ Set Byte on Below or Equal/Not Above 

To Register/Memory I 00001111 I 10010110 I modOOO r/ml 4/5 4/5 h 

SETNBE/SETA ~ Set Byte on Not Below or Equal/ Above 

To Register/Memory I 00001111 I 10010111 I modOOO rim I 4/5 4/5 h 

SETS ~ Set Byte on Sign 

To Register/Memory I 00001111 I 10011000 I mcdOOO r/ml 4/5 4/5 h 

SETNS ~ set Byte on Not Sign 

To Register/Memory I 00001111 I 10011001 I modOOO r/ml 4/5 4/5 h 

SETP /SETPE ~ Set Byte on Parity/Parity Even 

To Register/Memory I 00001111 I 10011010 I modOOO rim I 4/5 4/5 h 

SETNP/SETPO ~ Set Byte on Not Parlty/Parily Odd 

To Register/Memory I 00001111 I 10011011 I mcdOOO rim I 4/5 4/5 h 

SETL/SETNGE ~ Set Byte on Less/Not Greater Of Equal 

To Register/Memory I 00001111 I 10011100 I modOOO r/ml 4/5 4/5 h 

SETNL/SETGE ~ set Byte on Not Less/Greater or Equal 

To Register/Memory I 00001111 I 01111101 I modOOO rim I 4/5 4/5 h 

SETLE/SETNG ~ set Byte on Less or Equal/Not Greater 

To Register/Memory I 00001111 I 10011110 I modOOO rim I 4/5 4/5 h 

SETNLE/SETG ~ set Byte on Not Les. Dr Equal/Greater 

To Register/Memory I 00001111 I 10011111 I madOOO r/ml 4/5 4/5 h 

ENTER ~ Enter Procedure I 1 1 0 0 1 0 0 0 I 16-bit displacement, B-bitlevel I 
L~O 10 10 b h 
L ~ 1 12 12 b h 

L> 1 15 + 15 + b h 

4(n ~ 1) 4(n ~ 1) 

l.EAVE = Leave Procedure I 11001001 I 4 4 b h 

E~11 



INSTRUCTION FORMAT AND TIMING 

Table 8-1. 80386 Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addre •• Prolected Addre .. Prolecled 

Mode or Virtual Mode or Virtual 
Virtual Addre .. Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

INTERRUPT INSTRUCTIONS 
-

INT ~ Inlerrupl: 

Type Specified I 11001101 I type I 37 b 

Type 3 I 11001100 I 33 b 

INTO ~ Inlerrupl411 Overflow Flag Sell 11001110 I 
If OF ~ 1 35 b.e 

IIOF ~ 0 3 3 b. e 

Bound ~ Inlerrupl 5 II Delecl Value I 01100010 I mod reg rim I 
Oulol Range 

II Out of Range 44 b. e e. g. h. I. k. r 

II In Range 10 10 b. e e. g. h.l. k. r 

Prolecled Mode Only (INT) 

INT: Type Specilled 

Via Interrupt or Trap Gate 

to Same Privilege Level 59 g.l. k. r 

Via Interrupt or Trap Gate 
to Different Privilege Level 99 g.l. k. r 

From 286 Task to 286 TSS via Task Gate 282 g.l. k. r 

From 286 Task to 386 TSS via Task Gate 309 g.l. k. r 

From 268 Task to virt 8086 md via Task Gate 226 g.l. k. r 

From 386 Task to 286 TSS via Task Gate 284 g.l. k.r 

From 386 Task to 386 TSS via Task Gate 311 g.l. k.r 

From 368 Task to virt 8086 md via Task Gate 228 g.l. k. r 

From virt 8086 md to 286 TSS via Task Gate 289 g.l. k.r 

From virt 8086 md to 386 TSS via Task Gate 316 9.1. k.r 

From virt B086 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.l. k.r 

Via Interrupt or Trap Gate 
to Different Privilege Level 99 g.l. k.r 

From 286 Task to 286 TSS via Task Gate 278 g.l. k.r 

From 286 Task to 386 TSS via Task Gale 305 g.l. k. r 

From 268 Task to Virt 8086 md via Task Gate 222 g. I. k. r 

From 386 Task to 286 TSS via Task Gate 280 9.1. k.r 

From 386 Task to 386 TSS via Task Gate 307 9.1. k. r 

From 368 Task to Virt 8086 md via Task Gate 224 9.1. k.r 

From virt 8086 md to 286 TSS via Task Gate 285 g.l. k. r 

From virt 8086 md to 386 TSS via Task Gate 312 9.1. k.r 

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 g.l. k. r 

Via Interrupt or Trap Gate 

to Different Privilege ievel 99 9.1. k. r 

From 286 Task to 286 TSS via Task Gate 280 g.l. k. r 

From 286 Task to 386 TSS via Task Gate 307 g.l. k. r 

From 268 Task to virt 80B6 md via Task Gate 224 9.1. k. r 

From 386 Task to 286 TSS via Task Gate 282 g.l. k. r 

From 386 Task to 386 TSS via Task Gate 309 g.l. k. r 

From 368 Task to virt 8086 md via Task Gate 226 I g,j, k, r 

From virt 8086 md to 286 TSS via Task Gate 287 9. I. k. r 

From virt 8086 md to 386 TSS via Task Gate 314 9.1. k. r 

From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 119 
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INSTRUCTION FORMAT AND TIMING 

a e - .8 38 Tbl81 061 nstructon et oc S CI kC ount S ummary ( c ontinued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8066 Mode 
Mode Mode 

INTERRUPT INSTRUCTIONS (Continued) 

BOUND: 

Via Interrupt or Trap Gate 
to Same Privilege Level 59 g, j, k, r 

Via Interrupt or Trap Gate 
to Different Privilege Level 99 g, j, k, r 

From 286 Task to 286 TSS via Task Gate 254 g,j, k, r 
From 286 Task to 386 TSS via Task Gate 284 g,j, k, r 
From 268 Task to virt 8086 MOde via Task Gate 231 g,j, k,r 
From 386 Task to 286 TSS via Task Gate 264 g,j, k,r 
From 386 Task to 386 TSS via Task Gate 294 g, j, k, r 
From 368 Task tovirt 8086 Mode via Task Gate 243 g, j, k, r, 
From virt 8086 Mode to 286 TSS via Task Gate 264 g,j, k, r 
From virt 8086 Mode to 386 TSS via Task Gate 294 g,j, k, r 
From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 119 

INTERRUPT RETURN 

IRET ~ Interrupt Return I 11001111 I 22 g, h, j, k, r 

Protected MOde Only (I RET) 
To the Same Privilege Level (within task) 38 g, h,j, k, r 
To Different Privilege Level (within task) 82 g, h, j, k, r 
From 286 Task to 286 TSS 232 h,j, k, r 
From 286 Task to 386 TSS 265 h,j,k,r 
From 286 Task to Virtual80S6 Task 214 h,i, k, r 
From 286 Task to Virtual 80S6 Mode (within task) 60 
From 386 Task to 286 TSS 271 h,j,k, r 
From 386 Task to 386 TSS 275 h,j, k, r 
From 386 Task to Virtual80S6 Task 224 h,j,k,r 
From 386 Task to Virtual 80S6 Mode (within task) 60 

PROCESSOR CONTROL 

HLT ~ HALT I 11110100 I 5 5 I 

MOV ~ Move to and From Control/DebuglTest Reglaters 

CRO/CR2/CR3 from register I 00001111 I 00100010 I 11 eeereg 10/4/5 10/4/5 I 

Register From CRO-3 I 00001111 I 00100000 I 11 eee reg 6 6 I 

DRO-3 From Register I 00001111 I 00100011 I 1 1 eee reg 22 22 I 

DR6-7 From Register I 00001111 I 00100011 I 1 1 eee reg 16 16 I 

Register from DRS-7 I 00001111 I 00100001 I 11 eee reg 14 14 I 

Register from DRO-3 I 00001111 I 00100001 I 11 eeereg I 22 22 I 

TR6-7 from Register I 00001111 I 00100110 I 11 eee reg I 12 12 I 

Register from TR6-7 I 00001111 I 00100100 I 11 eee reg I 12 12 I 

NOP = No Operation I 10010000 I 3 3 

WAIT ~ Walt unlll BUSY # pin 10 negated I 10011011 I 6 6 
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Table 8·1. 80386 Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Rael 
INSTRUCTION FORMAT Add .... Protected Add .... Protected 

Mode or Virtual Mode or Virtual 
Virtual Addre .. Virtual Addre .. 
8086 Mode 8086 Mode 
Mode Mode 

PROCESSOR EXTENSION INSTRUCTIONS 

Processor Extension Escape I 11011TTT ImodLLL rIm I See h 

TIT and LLL bits are opcode 80287/80387 

information for coprocessor. data sheets for 
clock counts 

PREFIX BYTES 

Addre .. Size P .. flx I 01100111 I 0 0 

LOCK ~ Bus Lock Prefix I 11110000 I 0 0 m 

Operand Size Prefix I 01100110 I 0 0 

segment Override Prefix 

CS: I 00101110 I 0 0 

DS: I 00111110 0 0 

ES: I 00100110 0 0 

FS: I 01100100 0 0 

GS: I 01100101 0 0 

ss: I 00110110 0 0 

PROTECTION CONTROL 

ARPL ~ AdJust Reque.ted Privilege Level 

From Register/Memory I 01100011 I mod reg r/ml N/A 20/21 a h 

LAR ~ Load Acce .. Rights 

From Register/Memory I 00001111 I 00000010 I mad reg rIm I N/A 15/16 a g, h,i, P 

LGDT ~ Load Global Descriptor 

Table Register I 00001111 I 00000001 ImodOl0 rIm I 11 11 b,c h, I 

LIDT ~ Load Interrupt DeSCriptor 

Table Register I 00001111 I 00000001 I modO 11 rIm I 11 11 b,c h,1 

LLDT ~ Load Local Descriptor 

Table Register to 
Register/Memory I 00001111 I 00000000 ImodOl0 rIm! N/A 20/24 a g,h,i,1 

LMSW ~ Load Machine Status Word 

From Register IMemory I 00001111 I 00000001 I mod 11 0 rIm! 10/13 10/13 b,c h, I 

LSL ~ Load Segment Limit 

From Register/Memory I 00001111 I 00000011 I mod reg r/ml 

Byte-Granular Limit N/A 20/21 a g,h,i, p 
Page-Granular Limit N/A 25/26 a g, h,i, P 

LTR ~ Load Task Register 

From Register/Memory I 00001111 I 00000000 ImOdOOI rIm! N/A 23/27 a g, h,i, I 

SGDT ~ Store Global D.scrlptor 

Table Register I 00001111 I 00000001 ImodOOO rIm! 9 9 b,c h 
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Table 8-1. 80386 Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addr ... Protected Add .... Protected 

Mode or Virtual Mod_or Virtual 
Virtual Addr ... Virtual Addr ... 
8086 Mod. 8086 Mode 
Mode Mod. 

SIDT - Store Interrupt Descriptor 

Table Regllter I 00001111 I 00000001 ImodOOl rIm I 9 9 b, C h 

SLDT - Stora Local Descriptor Table Reglater 

To RegisterlMemory I 00001111 I 00000000 I modOOO r/ml N/A 2/2 a h 

SMSW - Store Machine 
Statu. Word I 00001111 I 00000001 Imodl00 r/ml 10113 10/13 b,c h, I 

STR -Store Taak Reglater 

To Register/Memory I 00001111 I 00000000 I modOO 1 r/ml N/A 2/2 a h 

VERR - Verify Read Ace.a .. 

Register/Memory I 00001111 I 00000000 Imodl00 r/ml N/A 10/11 a g, h,j,p 

VERW - Verify Write Accessl I 00001111 I 00000000 I modI 0 1 rIm I N/A 15116 a g, h,i,p 

INSTRUCTION NOTES~FOR TABLE 8-1 

Note8 a through C apply to 80386 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, OS, 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 80386 Real Address Mode and 80386 Protected Vlrtuel Address Mode: 
d. The 80386 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 ([Iog2 Imll. 3) + 6 clocks: 

if m = 0 then 9 clocks (where m is the multiplier) 
e. An exception may occur, depending on the value of the operand. 
I. LOCKiI' is automatically asserted, regardless of the presence or absence of the LOCKiI' prefix, 
g. LOCKiI' is asserted during descriptor table accesses. 

Notes h through r apply to 80386 Protected Virtual Address Mode only: 
h. Exception 13 fault (general protection violation) will occur if the memory operand in CS, OS, 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 OPL 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, OS, 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 GOT or LOT made by this instruction will automatically assert LOCKiI' 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. 
I. 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 = O. 
o. The PE bit of the MSW (CRO) 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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8.2 INSTRUCTION ENCODING 

8.2.1 Overview 

All instruction encodings are subsets of the general 
instruction format shown in Figure 8-1. Instructions 
consist of one or two primary opcode bytes, possibly 
an address specifier consisting of the "mod rim" 
byte and "scaled index" byte, a displacement if re­
quired, and an immediate data field if required. 

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

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

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

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

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

Figure 8-1 illustrates several of the fields that can 
appear in an instruction, such as the mod field and 
the rim field, but the Figure does not show all fields. 
Several smaller fields also appear in certain instruc­
tions, sometimes within the opcode bytes them­
selves. Table 8-2 is a complete list of all fields ap­
pearing in the 80386 instruction set. Further ahead, 
following Table 8-2, are detailed tables for each 
field. 

ITTTTTTTTI TTTTTTTTI modTTTr/m I ssindexbase Id32116181 nonedata32 1 16181 none 

? 07 °1 \76532°/\76532°1\ 1\ I 
'------...------' T T --...... --- .... ---r--ooJ 

opcode 
(one or two bytes) 
(T represents an 

opcode bit.) 

\ 

"mod rim" 
byte 

"s-i-b" 
byte 

register and address 
mode specifier 

1 

address 
displacement 
(4, 2, 1 bytes 

or none) 

Figure 8-1. General Instruction Format 

Table 8-2 Fields within 80386 Instructions 

Field Name Description 

w Specifies if Data is Byte or Full Size (Full Size is either 16 or 32 Bits 
d Specifies Direction of Data Operation 
s Specifies if an Immediate Data Field Must be Sign-Extended 
reg General Register Specifier 
mod rim Address Mode Specifier (Effective Address can be a General Register) 

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

or a Condition Negated 

Note: Table 8-1 shows encoding of individual instructions. 
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immediate 
data 

(4, 2, 1 bytes 
or none) 

Number of Bits 

1 
1 
1 
3 

2 for mod; 
3 for rim 

2 
3 
3 
2 
3 

4 
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8.2.2 32-81t Extensions of the 
Instruction Set 

With the 80386, the 86/186/286 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 instructions referencing memo 
ory. This orthogonal instruction set extension is ac­
complished having a Default (D) bit in the code seg­
ment descriptor, and by having 2 prefixes to the in­
struction set. 

Whether the instruction defaults to operations of 16 
bits or 32 bits depends on the setting of the 0 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 0 value of 0 is assumed internally by the 80386 
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 by1es and affect only the instruction they pre­
cede. If necessary, one or both of the prefixes may 
be placed before the opcode bytes. The presence of 
the Operand Size Prefix and the Effective Address 
Prefix will toggle the operand size or the effective 
address size, respectively, to the value "opposite" 
from the Default setting. For example, if the default 
operand size is for 32-bit data operations, then pres­
ence of the Operand Size Prefix toggles the instruc­
tion to 16-bit data operation. As another example, if 
the default effective address size is 16 bits, pres­
ence of the Effective Address Size prefix toggles the 
instruction to use 32-bit effective address computa­
tions. 

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

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

~.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. 
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8.2.3.1 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 
wField During 16-8it During 32-8it 

Data Operations Data Operations 

0 8 Bits 8 Bits 
1 16 Bits 32 Bits 

8.2.3.2 ENCODING OF THE GENERAL 
REGISTER (reg) FIELD 

The general register is specified by the reg field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod rim" byte, or as the rim 
field of the "mod rim" byte. 

Encoding of reg Field When w Field 
Is not Present In Instruction 

Register Selected Register Selected 
reg Field During 16-8it During 32-81t 

000 
001 
010 
011 
100 
101 
101 
101 

reg 

000 
001 
010 
011 
100 
101 
110 
111 

Data Operations Data Operations 

AX EAX 
CX ECX 
OX EDX 
BX EBX 
SP ESP 
BP EBP 
SI ESI 
01 EDI 

Encoding of reg Field When w Field 
Is Present In Instruction 

Register Specified by reg Field 
During 16-81t Data Operations: 

Function of w Field 

(whenw = 0) (whenw = 1) 

AL AX 
CL CX 
DL OX 
BL BX 
AH SP 
CH BP 
DH SI 
BH 01 
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Register Specified by reg Field 
During 32-Blt Data Operations 

Function of w Field 
reg 

(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 

8.2.3.3 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 Sleg field in other instructions is a 
3-bit field, allowing the 80386 FS and GS segment 
registers to be specified. 

2-Blt sreg2 Field 

2-Blt 
Segment 

sreg2Fieid 
Register 
Selected 

00 ES 
01 CS 
10 SS 
11 OS 

3-Bit sreg3 Field 

3-Bit 
Segment 

sreg3 Field 
Register 
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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8.2.3.4 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 
rIm" 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 
rIm" byte has rIm = 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 rIm" byte, 
also contains three bits (shown as TTT in Figure 8-1) 
sometimes used as an extension of the primary op­
code. The three bits, however, may also be used as 
a register field (reg). 

When calculating an effective address, either 16-bit 
addressing or 32-bit addressing is used. l6-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 l6-bit addressing is used, the 
"mod rIm" byte is interpreted as a l6-bit addressing 
mode specifier. When 32-bit addressing is used, the 
"mod rIm" 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. 



INSTRUCTION FORMAT AND TIMING 

Encoding of 16-bit Address Mode with "mod rIm" Byte 

mod rIm Effective Address mod rIm Effective Address 

00000 OS:[BX+Slj 10000 OS:[BX+SI+d16) 
00001 OS:[BX+OI] 10001 OS:[BX+01+d16] 
00010 SS:[BP+SI] 10010 SS:[BP + SI+ d16] 
00011 SS:[BP+OI] 10011 SS:[BP+01+d16] 
00100 OS:[SI] 10100 OS:[SI+d16] 
00101 OS: [01] 10101 OS: [01 + di6) 
00110 OS:d16 10110 SS:[BP+d16] 
00111 OS: [BX] 10111 OS:[BX+d16] 

01000 OS: [BX + SI + d8] 11000 register-see below 
01001 OS: [BX + 01 + dB) 11001 register-see below 
01010 SS: [BP + SI + d8] 11010 register-see below 
01011 SS:[BP+01+d8] 11 011 register-see below 
01100 OS:[SI+d8) 11100 register-see below 
01101 OS:[01+d8) 11 101 register-see below 
01110 SS:[BP+d8) 11 110 register-see below 
01 111 OS:[BX+d8) 11 111 register-see below 

Register Specified by rIm 
During i6-Bit Data Operations 

mod rIm 
Function of w Field 

(whenw=O) (when w = 1) 

11000 AL AX 
11001 CL CX 
11010 OL OX 
11 011 BL BX 
11100 AH SP 
11 101 CH BP 
11 110 OH SI 
11 111 BH 01 

Register Specified by rIm 
During 32-Bit Data Operations 

mod rIm 
Function of w Field 

(whenw=O) (when w = 1) 

11000 AL EAX 
11001 CL ECX 
11010 OL EOX 
11 011 BL EBX 
11 100 AH ESP 
11 101 CH EBP 
11 110 OH ESI 
11 111 BH EOI 
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Encoding of 32-bit Address Mode with "mod rIm" byte (no "s-i-b" byte present): 

mod rIm Effective Address mod rIm Effective Address 

00000 DS:[EAX] 10000 DS: [EAX + d32] 
00001 DS:[ECX] 10001 DS: [ECX + d32] 
00010 DS:[EDX] 10010 DS:[EDX+d32] 
00011 DS:[EBX] 10011 DS: [EBX + d32] 
00100 s-i-b is present 10100 s-i-b is present 
00101 DS:d32 10101 SS:[EBP+d32] 
00110 DS:[ESIl 10110 DS: [ESI + d32] 
00111 DS:[EDIl 10 111 DS:[EDI+ d32j 

01000 DS:[EAX+d8] 11000 register-see below 
01001 DS:[ECX+d8] 11 001 register-see below 
01010 DS:[EDX+d8] 11010 register-see below 
01 011 DS:[EBX+d8] 11 011 register-see below 
01100 s-i-b is present 11100 register-see below 
01101 SS:[EBP+d8] 11 101 register-see below 
01 110 DS: [ESI + d8] 11 110 register-see below 
01 111 DS:[EDI+ d8] 11 111 register-see below 

Register Specified by reg or rIm 
during 16-Bit Data Operations: 

mod rIm 
function of w field 

(whenw=O) (whenw=1) 

11000 AL AX 
11001 CL CX 
11010 DL DX 
11 011 BL BX 
11100 AH SP 
11 101 CH BP 
11 110 DH SI 
11 111 BH DI 

Register Specified by reg or rIm 
during 32-Bit Data Operations: 

mod rIm function of w field 

(whenw=O) (whenw=1) 

11000 AL EAX 
11001 CL ECX 
11 010 DL EDX 
11 011 BL EBX 
11 100 AH ESP 
11 101 CH EBP 
11 110 DH ESI 
11 111 BH EDI 
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Encoding of 32-bit Address Mode ("mod rIm" byte and "s-i-b" byte present): 

mod base Effective Address 

00000 DS: [EAX + (scaled index)] 
00001 OS: [ECX + (scaled index)] 
00010 OS:[EDX + (scaled index)] 
00011 DS: [EBX + (scaled index)] 
00100 SS: [ESP + (scaled index)] 
00101 OS: [d32 + (scaled index)] 
00110 OS: [ESI + (scaled index)] 
00111 OS:[EDI + (scaled index)] 

01000 DS: [EAX + (scaled index) + dB] 
01001 DS: [ECX + (scaled index) + dB] 
01010 DS: [EDX + (scaled index) + dB] 
01011 DS:[EBX + (scaled index) + dB] 
01100 SS; [ESP + (scaled index) + dB] 
01 101 SS: [EBP + (scaled index) + dB] 
01110 DS: [ESI + (scaled index) + dB] 
01 111 DS: [EDI + (scaled index) + dB] 

10000 DS: [EAX + (scaled index) + d32] 
10001 DS: [ECX + (scaled index) + d32] 
10010 OS: [EDX + (scaled index) + d32] 
10011 DS: [EBX + (scaled index) + d32] 
10100 SS: [ESP + (scaled index) + d32] 
10101 SS: [EBP + (scaled index) + d32] 
10110 OS: [ESI + (scaled index) + d32] 
10111 DS: [EDI + (scaled index) + d32] 

NOTE: 
Mod field in "mod rim" byte; 55, index, base fields in 
"s-i-b" byte. 
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ss Scale Factor 

00 x1 
01 x2 
10 x4 
11 xB 

index Index Register 

000 EAX 
001 ECX 
010 EOX 
011 EBX 
100 no index reg"' 
101 EBP 
110 ESI 
111 EDI 

"IMPORTANT NOTE: 
When index field is 1 00, indicating "no index register," then 
ss field MUST equal 00. If index is 100 and ss does not 
equal 00, the effective address is undefined. 
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8.2.3.5 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 rIm" or "mod ss index base" Indicates 
Destination Operand 

1 Register <- - Register/Memory 
"reg" Field Indicates Destination Operand; 
"mod rIm" or "mod ss index base" Indicates 
Source Operand 

8_2.3.6 ENCODING OF SIGN·EXTEND (8) 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. 

Effect on Effect on 
Immediate Data8 Immediate Data 16132 

None None 

1 Sign-Extend Data8 to Fill None 
16·Bit or 32-Bit Destination 

8.2.3.7 ENCODING OF CONDITIONAL TEST 
(tttn) FIELD 

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

Mnemonic Condition tttn 

0 Overflow 0000 
NO No Overflow 0001 
BINAE Below/Not Above or Equal 0010 
NB/AE Not Belowl 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 
PIPE Parity/Parity Even 1010 
NP/PO Not Parity/Parity Odd 1011 
LlNGE 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 

8.2.3.8 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 

eeeCode Reg Name 

000 CRO 
010 CR2 
011 CR3 

Do not use any other encoding 

When Interpreted a8 Debug Register Field 

eeeCode Reg Name 

000 ORO 
001 DR1 
010 DR2 
011 DR3 
110 DR6 
111 DR7 

Do not use any other encoding 

When Interpreted a8 Test Register Field 

eeeCode Reg Name 

110 TR6 
111 TR7 

Do not use any other encoding 
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