






























































































































































































































































































































































































































































































































































































































































































































































8: Reference s.cUon 

FINIT 8087/80287/80387 
Initiallze NDP 

Legal Forms 
FINIT 
FNINIT 

Description 

CW f- 037FH; SW f- SW & 4700H; TW f- OFFFFH 
CW f- 037FH; SW f- SW & 4700H; TW f- OFFFFH 

This instruction sets the FPU state to its default value. All registers are marked 
unused, all exceptions are masked, rounding control is set to nearest, and the 
operating mode is set to double-precision. 

The FINIT instruction tests for any unmasked exception before clearing the NDP 
state, unlike FNINIT, which does not. Consequently, the first floating-point instruc­
tion of an application should be FNINIT. 

Exceptions 

SF PEUE OE ZE DE IE 

I - I - I - I - I - I - - I 
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FIST 8087/80287/80387 

Integer Store 

Legal Forms 

FIST mem16 mem16 ~ int(ST) 

FIST mem32 mem32 ~ int(ST) 
FISTP mem16 mem16 ~ int(ST); pop() ; 

FISTP mem32 mem32 ~ int(ST); pope); 

FISTP mem64 mem64 ~ int(ST); pop ( ) ; 

Description 
This instruction rounds the current top of stack to an integer according to the con­
trol bits and stores the value in the specified operand. If the opcode is FISTP, the 
stack is popped after the store operation. Note that the sign of a floating-point 0 is 
lost upon conversion to the two's complement integer format. 

Two differences exist between FIST and FISTP. The FISTP instruction, which pops 
the stack after the store operation, can store a 64-bit integer; FIST cannot. The FIST 
instruction generates an invalid operation exception if the top of stack is a quiet 
NaN; FISTP does not. 

Exceptions 
SF PE UE OE ZE DE IE 

Ixlxl-I-I-I-Ix 

Example 

Before After 

ST 32.1 ST 32.1 
ST (1) 456.78 

~----~~~----~ ST (1) f--_---.:4"'-5.:;.:6 . ..:..;78"---_---l 

FIST DWORD PTR [EBP+42] 

Integer 32 stored into memory. 
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FISUB 
Integer Subtraction 

Legal Forms 
FrSUB mem16 
FrSUB mem32 

Description 

ST t- ST - real(mem16) 
ST t- ST - real(mem32) 

8: Reference Section 

8087/80287/80387 

This instruction converts the two's complement integer at the specified memory 
location to temp real format and subtracts it from the top of stack. The results of this 
instruction are identical to those obtained by FSUB. 

Exceptions 
SF PE DE OE ZE DE IE 

Ixlxlxlxl-Ix xl 
Example 

Before After 

ST 36.99 ST 33.99 
ST (1) 0.6 

r-------~------~ 
ST (1) 0.6 

r-------~------~ 

FISUB WORD PTR [A72H) 

Memory pointer is integer 3. 
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FISUBR 
Integer Subtraction Reversed 

Legal Forms 

FISUBR mem16 
FISUBR mem32 

Description 

ST f- real(mem16) - ST 
ST f- real(mem32) - ST 

8087/80287/80387 

This instruction converts the two's complement integer at the specified memory 
location to temp real format and subtracts the top of stack from it. The results of this 
instruction are identical to those obtained by FSUBR. 

Exceptions 

SF PE DE OE ZE DE IE 

Ixlxlxlxl - Ix xl 

Example 

Before After 

ST 36.99 ST -33.99 
ST (1) 1--___ 0._6 __ ---1 ST (1) 1---___ O:::.;..6:::...-__ -t 

FISUBR WORD PTR [A72H] 

Memory pointer is integer 3. 
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8: Ref_. Section 

FLD 8087/80287/80387 

Load Real 

Legal Forms 
FLO 
FLO 
FLO 
FLO 

mem32 
mem64 
mem80 
ST(n) 

Description 

push(mem32) 
push(mem64) 
push(mem80) 
push(ST(n) ) 

This instruction pushes a copy of the specified operand onto the floating-point 
stack. If you specify a 32-bit or 64-bit floating-point memory operand, it is con­
verted to temp real format before being stored. 

If the operand is a single- or double-precision value, the FPU might generate a 
denormal exception. A denormal exception is not generated by a value already in 
temp real format. 

Exceptions 
SF PE UE OE ZE DE IE 

Ixl-I-I-I-Ixlxl 

Example 

Before After 

ST 6.1 

ST 19362.0 

ST (1) 1--__ --'-7._11 __ ---1 

ST (1) 1--_1"'"'9::..36=2:.:.;:.0 __ --; 
ST (2) 7.11 

I----~~--~ 

FLD DWORD PTR [EDX] 

Memory pointer is short real 6.1. 
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FLDconsf 
Load Constant 

Legal Forms 
FL01 
FLOL2E 
FLOL2T 
FLOLG2 
FLOLN2 
FLOPI 
FLOZ 

Description 

push(1.0) 
push(l og2( e» 
push(log2(10» 
push(log10(2)} 
push(ln(2» 
push(PI) 
push(+O.O) 

8087/80287/80387 

This instruction pushes the constant value specified by the opcode onto the stack. 
The function In stands for log base e. 

Exceptions 
SF PE UE OE ZE DE IE 

Ixl-I-I-I-I-I-
Example 

Before After 

ST 3.141596 ... 
ST 4.0 ST (1) f--__ -'4c:..::.O'--_--i 

FLDPI 
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FLDCW 
Load Control Word 

Legal Form 
FLDCW mem16 

Description 

8: Reference Section 

8087/80287/80387 

CW f- mem16 

This instruction loads a new value for the control word from memory. FLDCW can 
unmask previously masked exceptions, triggering an unmasked exception. 

Exceptions 
SF PE VE OE ZE DE IE 

JxJxJxJxJxJx xJ 
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FLDENV 
Load Environment 

Legal Form 

FLDENV memp 

Description 

NDP +- memp 

8087/80287/80387 

This instruction loads the 28-byte block pointed to by memp into the environment 
registers of the FPU. The memory operand contains a new control word, status 
word, tag word, and error block. The memory format for the environment is shown 
in Figure 8-1. 

31 16 15 
Reserved Control word 
Reserved Status word 
Reserved Tag word 

Error offset (ElP) 
Reserved Error selector (CS) 

Data operand offset 
Reserved Data selector 

32-bit format 

15 

Control word 
Status word 
Tag word 

Instruction pointer o . 

IP 16191 

o Byte offset 

o 
4 
8 

12 
16 
20 
24 

o Byte offset 

o 
2 

4 

. 15 6 
8 

Operand pointero. 15 10 

OP16191 12 

16-bit format 

Figure 8-1. Floating-paint environment. 

Loading a new status word and control word can cause an unmasked exception. 

Exceptions 
SF PE UE OE ZE DE IE 

Ixlxlxlxlxlx x 
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FMUL 
Multiplication 

Legal Forms 
FMUL 
FMUL mem32 
FMUL mem64 
FMUL ST(n) 
FMUL ST. ST(n) 
FMUL ST(n). ST 
FMULP ST. ST(n) 
FMULP ST(n). ST 

Description 

ST(l) f- ST(l) * ST; pop(); 
ST f- ST * mem32 
ST f- ST * mem64 
ST f- ST * ST( n ) 
ST f- ST * ST( n ) 
ST(n) f- ST(n) * ST 
ST f- ST * ST(n); pop(); 
ST(n) f- ST(n) * ST; pop(); 

8: Reference Section 

8087/80287/80387 

This instruction multiplies the specified operands and stores them as indicated 
above. If you specify 32-bit or 64-bit memory operands, they are converted to temp 
real format before the multiplication takes place. If the opcode specifies, the stack is 
popped after the operation. 

Multiplying any value other than 0 by infinity results in infinity. Multiplying 0 by in­
finity is an invalid operation. 

Exceptions 
SF PE UE OE ZE DE IE 

IxlxlxJxl-lx xl 
Examples 

ST 
ST(1) 

ST (2) 

Before 

2.0 

0.01 

7.6 

After 

ST 0.02 
ST (1) 7.6 

FMUL 
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ST 

ST (1) 

ST (2) 

362 

Before 

2.0 

0.01 

7.6 

FMUL ST(1) 

ST 
ST (1) 

ST (2) 

After 

0.02 

0.Q1 

7.6 



FNOP 
No Operation 

Legal Form 
FNOP 

Description 

8087/80287/80387 

FNOP is an alias for the FST ST, ST instruction. It does nothing. 

Exceptions 
SF PE DE OE ZE DE IE 

1-1-1-1-1-1- -I 

Example 

Before After 

ST 3.3 ST 3.3 
ST (1) 19.6 

r-----~~----~ 
ST (1) 19.6 

r-----~------~ 

FNOP 
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FPATAN 8087/80287/80387 

Partial Arctangent 

Legal Form 
FPATAN ST(l) f- atan(ST(l) / ST); pop(); 

Description 
This instruction computes the arctangent in radians of ST(1) + ST. The mnemonic 
"partial arctangent" is inherited from earlier NDPs, which placed restrictions on the 
values of ST and ST(1). These values are not restricted on the 80387 or 80486. 

Exceptions 
SF PE UE OE ZE DE IE 

Ixlxlxl-I-Ixlxl 
Example 

Before After 

ST 2.0 ST 0.4636 ... 
ST (1) 1--__ ...:.1.=0 __ ---1 ST (1) 1--__ ....::;1=.0 __ ---1 

FPATAN 
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FPREM 
Partial Remainder 

Legal Form 
FPREM 

Description 

8: Reference Section 

8087/80287/80387 

ST ~ remainder (ST / 5T(I» 

This instruction uses repeated subtractions to compute the remainder of ST divided 
by ST(l). Because this operation could require a large number of iterations (during 
which time the NOP would be inaccessible), the instruction halts after producing 
a partial remainder. The value in ST is reduced by a factor of up to 264 in a Single 
iteration. 

If the remainder is a partial value (that is, the operation does not complete), the C2 
status bit is set to 1. If the remainder is less than the value of ST(1), the operation is 
complete and bit C2 is cleared to O. By testing the value of C2, the FPREM instruc­
tion may be executed repeatedly until the remainder operation yields an exact 
result. Additionally, when the instruction is complete (C2 = 0), the three least signifi­
cant bits of the quotient of ST + ST(l) can be computed by the following formula: 

Q = co X 4 + C3 X 2 + C1 

where CO, C1, and C3 are the remaining status bits. 

The FPREM instruction reduces operands for the transcendental functions to legal 
values. For example, the operand to F2XM1 must be -1 ~ ST ~ 1. FPREM produces an 
exact result, and the precision control and rounding control bits are ignored during 
execution. 

The FPREM1 instruction produces the IEEE-754 standard partial remainder value, 
which may be different from FPREM when there are two integers equally close to 
ST + ST(1). FPREM rounds toward 0, and FPREM1 chooses the even value. 

Exceptions 
SF PE UE OE ZE DE IE 

1-1-1-1-1-1- -I 
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Example 

Before After 

ST 6 ST 2 
ST (1) 1--___ 4-=---__ ---l ST (1) 1--__ ---=-4 __ -I 

FPREM C2=O 
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FPREM1 
IEEE Partial Remainder 

Legal Form 
FPREMI 

Description 

ST f- remainder (ST + ST(l» 

8: Reference Section 

80387 

This instruction uses repeated subtractions to compute the remainder of ST divided 
by STO). Because this operation could require a large number of iterations (during 
which time the NDP would be inaccessible), the instruction halts after producing 
a partial remainder. The value in ST is reduced by a factor of up to 264 in a single 
iteration. 

If the remainder is a partial value (that is, the operation is not complete), th6 C2 
status bit is set to 1. If the remainder is less than the value of STO), the operation is 
complete and bit C2 is cleared to 0. By testing the value of C2, the FPREM1 instruc­
tion may be executed repeatedly until the remainder operations yield an exact 
result. Additionally, when the instruction is complete (C2 = 0), the three least signifi­
cant bits of the quotient of ST + STO) can be computed by the following formula: 

Q = co x 4 + C3 x 2 + C1 

where CO, C1, and C3 are the remaining status bits. 

The FPREM1 instruction reduces operands for the transcendental functions of the 
80387 to legal values. For example, the operand to F2XM1 must be -1 ::; ST ::; 1. 
FPREM1 always produces an exact result, and the precision control and rounding 
control bits are ignored during execution. 

The FPREM1 instruction produces the IEEE-754 standard partial remainder value, 
which may be different from FPREM when there are two integers equally close to 
ST + ST(1). FPREM always rounds toward 0, and FPREM1 always chooses the even 
value. 

Exceptions 
SF PE UE OE ZE DE IE 

xl - xl - I - Ix xl 
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Example 

Before After 

ST 6.0 ST 2.0 

ST (1) 1----.....:4;.:..::.°'------1 ST (1) 1--__ ....:;4:..:;:..0 __ ---1 

FPREMI C2=0 
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8: Reference Section 

FPTAN 8087/80287/80387 

Partial Tangent 

Legal Form 
FPTAN 

Description 

5T f--- tan(5T); push(l.O); 

This instruction computes the tangent of the top of stack and arranges the NDP 
stack such that: 

ST(1) = tan (original ST) 
ST 

The denominator is always 1.0 after the FPTAN instruction. 

The operand value must be a positive number that is expressed in radians less than 
PI x 262 , or no operation takes place and the C2 condition code bit is set to 1. If the 
input operand is legal, C2 is cleared to O. 

Exceptions 
SF PE UE OE ZE DE IE 

Ixlxlxl-I-Ix xl 

Example 

Before After 

ST 1.0 

ST 0.78539 ... 
ST (1) t--__ ---'-6_.2 ___ -i 

ST (1) 1--__ ----':..:1..0:..° __ --1 
ST (2) 6.2 

~------~------~ 

FPTAN 
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FRNDINT 
Round to Integer 

Legal Form 
FRNDINT 

Description 

ST ~ int(ST) 

8087/80287/80387 

This instruction rounds the value at the top of stack to an integer based on the set­
tings of the round control (RC) field in the control word. See Chapter 2 for a discus­
sion of the NDP rounding modes. 

Exceptions 
SF PE DE OE ZE DE IE 

Ixlxl-I-I-lxJxl 
Example 

Before After 

ST 1.06 ST 1.0 
ST (1) 1--__ ..::..60;;.;...1=--__ -1 ST (1) 1--__ ..;;..60;;.;...1"'--__ -1 

FRNDINT 
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FRSTOR 
Restore NDP State 

Legal Form 
FRSTOR memp 

Description 

8: Reference Section 

8087/80287/80387 

NDP f- memp 

This instruction loads the entire floating-point processor state from the 108-byte 
block of data beginning at memp. Use the FSAVE instruction to store the NDP state. 
Figure 8-2 shows the format of the state block. 

Environment 
portion 

Register 
portion 

31 

ST(l)o .. 15 

ST(3)o .. 15 

ST(S)o .. 15 

ST(7)o .. 15 

IS 

Control word 

Status word 

Tag word 

Instruction pointer o .. 15 

IP I 6 .. 19 1 

Operand pointero .. 15 

OPI 6 .. 191 

ST(O)o . .31 

ST(0)32 .. 63 

ST(O)64 .. 79 

ST(1)16 . .47 

ST(I)48 .. 79 

ST(2)o .. 31 

ST(2)32 .. 63 

ST(2)64 .. 79 

ST(3)16 .. 47 

ST(3)48 .. 79 

ST(4)o .. 31 

ST(4)32 .. 63 

ST(4)64 .. 79 

. ST(S)16 . .47 

ST(S)48 .. 79 

ST(6)o .. 31 

ST(6)32 .. 63 

ST(6)64 .. 79 

ST(7)16 . .47 

ST(7)48 .. 79 

16-bit format (real & V86 modes) 

Figure 8-2. NDP state. 

o Byte offset 

0 

2 

4 

6 

8 

10 

12 

14 

18 

22 

26 

30 

34 

38 

42 

46 

50 

54 

58 

62 

66 

70 

74 

78 

82 

86 

90 

(continued) 
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FIGURE 8-2. continued 
31 

Environment 
portion 

Reserved 

Reserved 

Reserved 

16 15 
Control word 

Status word 

Tag word 

Error offset (EIP) 

Register 
portion 

Reserved Error selector (CS) 

Data operand offset 

Reserved Data selector 

ST(O)o .. 31 

ST(0)32 .. 63 

ST(1)o .. 15 ST(O)64 .. 79 

ST(1)16 . .47 

ST(1)48 .. 79 

ST(2)0 . .31 

ST(2)32 .. 63 

ST(3)0 .. 15 ST(2)64 .. 79 

ST(3)16 . .47 

ST(3)48 .. 79 

ST(4) 0 .. 31 

ST(4)32 .. 63 

ST(5)0 .. 15 ST(4)64 .. 79 

ST(5)16 . .47 

ST(5)48 .. 79 

ST(6)0 . .31 

ST(6)32 .. 63 

ST(7)o .. 15 ST(6)64 .. 79 

ST(7)16 . .47 

ST(7)48 .. 79 

32-bit format 

o Byte offset 

o 
4 
8 

12 
16 
20 

24 

28 
32 

36 

40 

44 

48 
52 

56 
60 

64 

68 
72 
76 
80 
84 
88 
92 
96 

100 
104 

New unmasked exceptions might be triggered because a new status word and con­
trol word are loaded. 

Exceptions 
SF PE UE OE ZE DE IE 

Ixlxlxlxlxlxlxl 
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FSAVE 
Save NDP State 

Legal Forms 
FSAVE memp 
FNSAVE memp 

Description 

memp f- NDP 
memp f- NDP 

8: Reference Section 

8087/80287/80387 

This instruction stores the complete processor state of the floating-point unit in 
memory beginning at location memp. Figure 8-3 shows the format of the state block. 

Environment 
portion 

Register 
portion 

31 

ST(1)O.15 

ST(3)O.15 

ST(5)OI5 

ST(7)o .. 15 

15 o 
Control word 

Status word 

Tag word 

Instruction pointer o .. 15 

IP 16 .. 191 
Operand pointer o .. 15 

OP16 .. 191 

ST(0)O.31 

ST(0)32 .. 63 

ST(0)6479 

ST(1)16.47 

ST(1)48 .. 79 

ST(2) O .. 31 

ST(2)32 .. 63 

ST(2)64 .. 79 

ST(3)16.47 

ST(3)48 .. 79 

ST(4) 0 31 

ST(4)32 .. 63 

ST( 4)6479 

ST(5)16.47 

ST(5)48.79 

ST(6) 0 31 

ST(6)32.63 

ST(6)6479 

ST(7)16.47 

ST(7)48.79 

16-bit format (real & v86 modes) 

Figure 8-3. NDP state. 

Byte offset 

0 

2 

4 

6 

8 

10 

12 

14 

18 

22 

26 

30 

34 

38 

42 

46 

50 

54 

58 

62 

66 

70 

74 

78 

82 

86 

90 

(continued) 
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Figure 8-3. continued 

31 

Environment 
portion 

Reserved 

Reserved 

Reserved 

16 15 
Control word 

Status word 

Tag word 

Error offset (EIP) 

Register 
portion 

Reserved Error selector (CS) 

Data operand offset 

Reserved Data selector 

ST(O) 0 31 

ST(0)32 .. 63 

ST(l)o .15 ST(0)64.79 

ST(1\6.47 

ST(1)48 .. 79 

ST(2) 0.31 

ST(2)32 .. 63 

ST(3)0.15 ST(2)64 .79 

ST(3)16 .47 

ST(3)48 .79 

ST(4) 0 .31 

ST(4)3263 

ST(5)015 ST(4)6479 

ST(S)16 . .47 

ST(5)48 .. 79 
ST(6) 0 31 

ST(6)32 .63 

ST(7)015 ST(6)6479 

ST(7)16 . .47 

ST(7)48 .. 79 

32-bit format 

o Byte offset 

o 
4 
8 

12 
16 
20 

24 

28 

32 

36 
40 

44 
48 
52 

56 
60 

64 

68 
72 
76 
80 
84 
88 
92 
96 

100 

104 

After the FSAVE is completed, the NDP state is set to the initialized state, as if an 
FNINIT instruction had been executed. 

The FSAVE form of the instruction tests for any unmasked exceptions before exe­
cuting the save, while FSAVE does not. If you use FSAVE, pendi'ng exceptions are re­
instated when the state block is loaded by an FRSTOR instruction. FSAVE is not 
executed until previous floating-point instructions complete. 

Exceptions 
SF PE UE OE ZE DE IE 

1-1-1-1-1-1- -I 
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FSCALE 
Scale by 2 n 

Legal Form 
FSCALE 

Description 

8: Reterence Section 

8087/80287/80387 

ST f- ST * 2int (ST(l)) 

This instruction scales the top of stack value by the power of 2 in ST(l). If the value 
in ST(1) is not an integer, it is "chopped" before being used as an exponent. Chop­
ping generates the nearest integer smaller than the original value. 

The NDP does not perform a multiply operation, but it uses the identity (x x 2n) (1.0 
x 2m) = X X 2n+m and adds the integral portion of ST(1) to the exponent of ST. 

Exceptions 
SF PE UE OE ZE DE IE 

Ixlxlxlxl - Ix xl 

Example 

ST 
ST (1) 

ST (2) 

Before 

1.0 

3.01 

92.6 

FSCALE 

ST 
ST (1) 

ST(2) 

After 

8.0 

3.01 

92.6 
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FSETPM 
Set Protected Mode 

Legal Form 
FSETPM 

Description 

80287/80387 

This instruction performs no operation on the 80387 or 80486. It is required on the 
80287 to signal that the CPU is entering protected mode and is supported for com­
patibility only. 

Exceptions 
SF PE UE OE ZE DE IE 

1-1- -1-1-1- -I 
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FSIN 
Sine 

Legal Form 
FSIN 

Description 

8: Ref.renc. SectIon 

80387 

ST f- sin(ST>; 

This instruction computes the sine of the top of stack and stores the result in ST. 
The value in ST is assumed to be in radians. 

The input operand to FSIN must be a value such that I ST I < 263, or no operation 
takes place and the C2 condition code is set to 1. If the operand is a legal value, C2 
is cleared to O. 

Exceptions 
SF PE UE OE ZE DE IE 

Ixlxlxl-I-Ixlxl 
Example 

Before After 

ST 3.14159 ... ST 0.0 

ST (1) 1--__ 8_8_.6 __ ---1 ST (1) 1--_----'8:...:8"'"".6 __ ---1 

FSIN 
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FSINCOS 
Sine and Cosine 

Legal Form 
FSINCOS 

Description 

temp +- ST; ST +- sin(temp) 
push(cos(temp» 

80387 

This instruction computes both the sine and ·cosine of the top of stack, although the 
values might be less precise than those generated by FSIN and Fcas. The value in 
ST is assumed to be in radians. 

The input operand to FSINCaS must be a value such that I ST I < 263 or no opera­
tion takes place and the C2 condition code is set to 1. If the operand is a legal value, 
C2 is cleared to 0, the top of stack is the cosine value, and ST(1) contains the sine. 

Exceptions 
SF PE UE OE ZE DE IE 

Ixlxlxl-I-Ixlxl 
Example 

Before After 

ST -1.0 

ST 3.14159 ... 

ST (1) 1--_---'8;:.::8"".6'-_--i 

ST (1) 1--___ 0_.°-'--__ --1 

ST (2) 1--_---.:8=8.:..:;.6 __ --i 

FSINCOS 
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FSQRT 
Square Root 

Legal Form 
FSQRT 

Description 

8: Reference Section 

8087/80287/80387 

ST +- sqrt(ST) 

This instruction replaces the top of stack with the square root of the original value. 
Taking the square root of a negative value results in an invalid operation, except 
that the square root of negative zero (-0.0) is defined as -0.0. The square root of 
infinity (positive) is defined to be infinity. 

Exceptions 
SF PE DE OE ZE DE IE 

I x I x I x I - I - I x I x I 
Example 

Before After 

ST 2.0 ST 1.4142 ... 

ST (1)f--__ ..;..2....;1..:::..3 -----I ST (1) 21.3 
f-----~----~ 

FSQRT 
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FST 8087/80287/80387 

Store Floating Point 

Legal Forms 

FST mem32 mem32 f- ST 
FST mem64 mem64 f- ST 
FST ST( n) ST( n) f- ST 
FSTP mem32 mem32 f- ST; pope ) ; 
FSTP mem64 mem64 f- ST; pop ( ) ; 
FSTP mem80 mem80 f- ST; pope); 
FSTP ST(n) ST(n) f- ST; pope); 

Description 
This instruction stores the top of stack in the designated destination. If the opcode 
is FSTP, the stack top is popped (discarded) after the store operation. If the destina­
tion is a 32-bit or 64-bit real memory operand, the top of stack is rounded according 
to the rounding control (Re) bits of the control word. 

Note that the FSTP form of this instruction can store a temp real (SO-bit) value, 
while the FST form cannot. 

Exceptions 
SF PE UE OE ZE DE IE 

Ixlxlxlxl - Ixlxl 

Example 

Before After 

ST 69.0 ST 69.0 

ST (1) f--_---'9c.::;8.:.:;:.6 __ ---I ST (1) 98.6 
~----~~----~ 

FST QWORD PTR [ESI] 

Memory pointer is long real 69.0. 
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FSTCW 
Store Control Word 

Legal Forms 
FSTCW mem16 
FNSTCW mem16 

Description 

mem16 f- CW 
mem16 f- CW 

8: Reference Section 

8087/80287/80387 

This instruction stores the contents of the control word (CW) register in memory. 
The FSTCW form of the instruction checks for unmasked exceptions before the 
control word is stored, while FNSTCW does not. 

Exceptions 
SF PE UE OE ZE DE IE 

1-1-1-1-1-1- -I 
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FSTENV 
Store Environment 

Legal Forms 
FSTENV memp 
FNSTENV memp 

Description 

memp f- env(NDP) 
memp f- env(NDP) 

8087/80287/80387 

This instruction stores the contents of the floating-point environment registers (CW, 
SW, TW, and error pointers) in memory beginning at memp. Figure 8-4 outlines the 
format of the 28-byte environment block. 

31 16 15 
ReselVed Control word 
ReselVed Status word 
ReselVed Tag word 

Error offset (EIP) 
ReselVed Error selector (CS) 

Data operand offset 
ReselVed Data selector 

32-bit format 

15 

Control word 
Status word 
Tag word 

o Byte offset 

o 
4 
8 

12 
16 
20 
24 

o Byte offset 

o 
2 

4 
Instruction pointero .. 15 6 

IP I 6 .. 191 8 

Operand pointero .. 15 10 

OPI 6 .. 191 12 

16-bit format 

Figure 8-4. NDP environment. 

The FSTENV form of the instruction checks for unmasked exceptions before the 
environment is stored, while FNSTENV does not. If unmasked exceptions are pend­
ing before FNSTENV is executed, they are reactivated if the environment block is 
loaded with FLDENV. 

Exceptions 
SF PE UE OE ZE DE IE 

-1-1-1-1-1- -I 

382 



FSTSW 8087/80287/80387 

Store Status Word 

Legal Forms 
FSTSW AX AX t- SW 
FSTSW mem16 mem16 t- SW 
FNSTSW AX AX t- SW 
FNSTSW mem16 mem16 t- SW 

Description 
This instruction stores the contents of the NDP status word in memory or in the AX 
register. The FSTSW form of the instruction checks for unmasked exceptions before 
the control word is stored, while FNSTSW does not. 

Exceptions 
SF PE DE OE ZE DE IE 

I - I - I - I - I - I - - I 
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FSUB 
Subtraction 

Legal Forms 
FSUB 
FSUB 
FSUB 
FSUB 
FSUB 
FSUB 
FSUBP 
FSUBP 

mem32 
mem64 
ST(n) 
ST. ST(n) 
ST( n). ST 
ST. ST(n) 
ST( n). ST 

Description 

ST(l) f- ST - ST(l): pope): 
ST f- ST - mem32 
ST f- ST - mem64 
ST f- ST - 5T(n) 
ST f- ST - ST(n) 
ST(n) f- ST(n) - ST 
ST f- 5T - ST(n): pope): 
ST(n) f- ST(n) - ST: pop(): 

8087/80287/80387 

This instruction subtracts the specified operands and stores the result on the stack 
as shown above. Optionally, the top-of-stack is also popped. 

If you specify a 32-bit or 64-bit real memory operand, it is converted to temp real 
format before it is subtracted from ST. 

If any real value is subtracted from infinity or infinity is subtracted from any real 
value, the result is infinity. Subtracting two infinities of the same sign is an invalid 
operation. 

Exceptions 
SF PE UE OE ZE DE IE 

Ixlxlxlxl-Ixlxl 
Examples 

ST 
ST(1) 

ST(2) 

384 

Before 

9.81 
6.3 

72.0 

FSUB 

ST 
ST(1) 

After 

3.51 
72.0 



ST 

ST (1) 

ST (2) 

Before 

9.81 
6.3 

72.0 

ST 
ST(1) 

ST(2) 

FSUB DWORD PTR [ESI+4) 

Memory pointer is short real 2.2. 

8: Reference Section 

After 

7.61 
6.3 

72.0 
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FSUBR 
Subtraction Reversed 

Legal Forms 
FSUBR 
FSUBR mem32 
FSUBR mem64 
FSUBR ST(n) 
FSUBR ST. ST( n) 
FSUBR ST(n). ST 
FSUBRP ST. ST(n) 
FSUBRP ST(n). ST 

Description 

ST(U +- ST(U - ST: pop(): 
ST +- mem32 - ST 
ST +- mem64 - ST 
ST +- ST( n) - ST 
ST +- ST( n) - ST 
ST(n) +- ST - ST(n) 
ST +- ST(n) - ST: pop(): 
ST(n) +- ST - ST(n): pope): 

8087/80287/80387 

This instruction subtracts the specified operands and stores the result on the stack 
as shown above. This instruction is equivalent to FSUB except that the subtrahend 
and minuend are exchanged. Optionally, the top of stack is also popped . 

. If you specify a 32-bit or 64-bit real memory operand, it is converted to temp real 
format before it is subtracted from ST. 

If any real value is subtracted from infinity or infinity is subtracted from any real 
value, the result is infinity. Subtracting two infinities of the same sign is an invalid 
operation. 

Exceptions 
SF PE UE OE ZE DE IE 

I x I x I x I x I - I x I x I 

Examples 

ST 
ST(1) 

ST(2) 

386 

Before 

9.81 

6.3 
72.0 

FSUBR 

ST 
ST(1) 

After 

-3.51 
72.0 



ST 
ST(1) 
ST(2) 

Before 

9.81 
6.3 

72.0 

ST 
ST(1) 
ST(2) 

FSUBR DWORD PTR [ESI+4) 

Memory pointer is short real 2.2. 

8: Reference Section 

After 

-7.61 
6.3 

72.0 
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FTST 
Test for Zero 

Legal Form 
FTST 

Description 

8087/80287/80387 

compare (ST. 0.0) 

This instruction compares the top of stack with 0.0 and sets the floating-point con­
dition codes according to the results of the comparison. 

The following table shows the condition code settings that result from the com­
parison function. FTST considers +0.0 and -0.0 to be equal. 

ConditUm C3 C2 Cl CO 

ST>O.O 0 0 0 
ST< 0.0 0 0 1 
ST= 0.0 1 0 0 
STis a NaN 1 1 1 

The condition codes are arranged in the status word so that C3, C2, and CO map into 
the same bit positions as the ZF, PF, and CF bits of the EFLAGS register. Thus, issu­
ing the following instructions sets the EFLAGS register as if the comparison had 
been performed on integer values: 

FTST 
FSTSW 
SAHF 

AX 
Floating-paint compare 
Store status word to AX 
Store AH into flags 

You can then use any conditional jump instruction ClE, ]NE, ]A, ]AE, ]B, or ]BE) to 
branch on the result of the comparison. Use]P to test whether ST is a NaN. 

Unlike most arithmetic operations, FTST will signal the Invalid (IE) exception if ST 
is a quiet NaN. 

Exceptions 
SF PE UE OE ZE DE IE 

Ixl-I-I-I-Ixlxl 
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Example 

Before After 

ST -37.37 ST -37.37 
ST (1) 1.0 

r-----~~----~ 
ST (1) 1--____ --:c1...:,.0 __ ----! 

FTST 
C3 C2 C1 Co 

I ° I 01 - 11 I 
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FUCOM 80387 

Unordered Compare 

Legal Forms 
FUCOM compare (ST. ST( 1) 

FUCOM mem32 compare (ST. mem32) 
FUCOM mem64 compare (ST. mem64) 
FUCOM ST(n) compare (ST. ST( n ) ) 
FUCOMP compare (ST. ST(1»; pop() 
FUCOMP mem32 compare (ST. mem32) ; pop() ; 
FUCOMP mem64 compare (ST. mem64) ; pop(); 
FUCOMP ST(n) compare (ST. ST( n» ; pop( ) ; 
FUCOMPP compare (ST. ST(1»; pop ( ) ; pop(); 

Description 
This instruction is identical to FCOM except that no exceptions are signaled if either 
operand in the compare function is a quiet NaN, (the comparison is unordered). 
FUCOM executes the function compare (apI, op2) and sets the floating-point con­
dition code according to the results of the comparison. The stack is optionally 
popped once or twice. 

The following table shows the condition code settings that result from the compare 
function. FUCOM considers +0.0 and -0.0 to be equal. 

Condition C3 C2 Cl CO 

opl > op2 0 0 0 
opl < op2 0 0 1 
opl = op2 1 0 0 
unordered 1 1 1 

(NaN compared) 

The condition codes are arranged in the status word so that C3, C2, and CO map into 
the same bit positions as the ZF, PF, and CF bits of the EFLAGS register. Thus, the 
following instructions set the EFLAGS register flags as if the comparison had been 
performed on integer values: 

FUCOM 
FSTSW 
SAHF 

op 
AX 

Floating-point compare 
Store status word to AX 
Store AH into flags 

You can then use any conditional jump instruction (JE, ]NE, lA, lAE, lB, or lBE) to 
branch on the result of the comparison. Use lP to test for unordered comparison. 
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8: Reterence Section 

Exceptions 
SF PE UE OE ZE DE IE 

IXI-I-I-I-IXIXI 

Example 

Before After 

ST -6.3 
ST (1) 7210.0 ST 7210.0 

0.1 ST (1) 0.1 

FUCOMP ST(2) 
C3 C2 C1 Co 

10 I 0 I - 11 I 
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FWAIT 
Wait Until Not Busy 

Legal Form 
FWAIT 

Description 

8087/80287/80387 

This is an alternative mnemonic for the WAIT instruction, but many assemblers 
allow you to encode it as FWAIT because it relates to the NDP. (See "WAIT" earlier 
in this chapter.) 

Exceptions 
SF PE UE OE ZE DE IE 

1-1-1-1-1-1- -I 
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FXAM 
Examine Top of Stack 

Legal Form 
FXAM 

Description 

8: Ref .... nc. Section 

8087/80287/80387 

cc ~ examine (ST) 

This instruction sets the condition code bits in the floating-point status word (SW) 
according to the value of the top of stack. The following table indicates the settings 
that can arise based on different values of ST. 

ST C3 C2 Cl CO 

Unsupported· 0 0 s 0 
NaN 0 0 s 1 
Valid (normal) 0 1 s 0 
Infinity 0 1 s 1 
Zero 1 0 s 0 
Unused (TW = empty) 1 0 s 1 
Denormal 1 1 s 0 
Unused (TW = empty) 1 1 s 1 

• Unsupported values are special bit patterns that were valid 
for the 8087 or 80287 but are no longer supported. These 
include pseudo-NaN, pseudo-zero, pseudo-infinity, 
and unnormals. 

The s bit in Cl is set to the sign of the value of ST, with 0 indicating a positive value 
and 1 indicating a negative. 

Exceptions 
SF PE DE OE ZE DE IE 

1-1-1-1-1-1- -I 
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Example 

Before After 

ST -00 ST -00 

ST (1)1--__ 4.:.,:6.:..:.0 __ --1 ST (1) 1--__ 4.:..:;6::..::.°'-_--1 

EXAM 
C3 Cz C1 Co 

101 01 - 11 I 
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FXCH 
Exchange Stack Elements 

Legal Forms 
FXCH 
FXCH STCn) 

Description 

temp f- ST; ST f- ST(l); ST(l) f- temp 
temp f- ST; ST f- ST(n); ST(n) f- temp 

8: Reference Section 

8087/80287/80387 

This instruction swaps the contents of the specified stack registers. This allows 
values to move to the top of stack, which is the standard operand location for many 
floating-point instructions. 

Exceptions 

SF PE DE \OE ZE DE IE 

I x I - I - I - I - I - I -

Example 

ST 
ST (1) 

ST (2) 

Before 

3.0 
2.0 
1.0 

FXCH 

ST 
ST(1) 

ST(2) 

After 

1.0 
2.0 
3.0 
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FXTRACT 
Extract Floating-Point Components 

Legal Form 
FXTRACT 

Description 

temp f- ST; ST f- exponent(temp) 
push(fraction(temp» 

8087/80287/80387 

This instruction breaks the top of stack into its constituent parts, the significand and 
the exponent. The exponent is stored as a true, unbiased value, not as just the bit 
pattern in the exponent field of the floating-point representation. This operation 
leaves the fraction or significand on the top of stack and the exponent at ST(1). The 
original value is destroyed. 

If the original top of stack is 0, the exponent portion is set to negative infinity. 

Exceptions 
SF PE UE OE ZE DE IE 

Ixl-I-I-Ixlx xl 

Example 

Before After 

ST 1.59 
ST 1.59 X 24 ST (1) 4.0 

r---------------~ 

FXTRACT 

396 



8: Reference Section 

FYL2X 8087/80287/80387 

Compute Y x logz X 

Legal Form 
FYL2X temp ~ 1092(5T); pop(); 5T ~ 5T * temp 

Description 
This instruction pops the top of stack, takes the base 2 logarithm, and multiplies the 
result by the new top of stack. Another way of expressing the function is: 

ST(1) X 10g2 ST 

The initial top of stack must be a positive value, 0 through infinity. If it is not, the 
results of the operation are undefined. 

You can also use this instruction to compute logarithms with a base other than 2, 
relying on the identity: 

logn x = (1og2 x) / (10g2 n) 

The following code fragment illustrates this computation. 

FL01 
FLO n 
FYL2X 
FL01 
FOIVP 5T( 1). 5T 
FLO x 
FYL2X 

Exceptions 
SF PE UE OE ZE DE IE 

Ixlxlxlxlxlx xl 

Example 

ST 
ST (1) 

ST (2) 

Before 

8.0 

0.01 

0.333 

1.0 
n. 1. 0 
1092 n 
1.0. 1092 n 
111092 n 
X. 1/1092 n 
1092 x * 1/1092 n 

ST 
ST (1) 

FYL2X 

After 

0.03 

0.333 
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FYL2XP1 8087/80287/80387 

Compute Y x log2 (X + 1) 

Legal Form 

FYL2XPI temp ~ l092(ST+l.O); pop(); ST ~ ST * temp 

Description 
This instruction pops the top of stack, adds 1.0 to the value, takes the base 2 
logarithm, and multiplies the result by the new top of stack. Another way of ex­
pressing the instruction is: 

ST(1) X log2 CST + 1.0) 

The initial top of stack must be within the range -1 + --,jZ /2:=; X:=; 1- --,jZ 12, or the 
result of the instruction is undefined. 

This instruction is provided so that adding 1.0 to the top of stack and executing 
FYL2X does not result in a precision loss. Because the FYL2XP1 function is com­
puted differently from the FYL2X instruction, a special range restriction exists. 
FYL2XP1 is also useful in computing the arcsinh, arccosh, and arctanh inverse 
hyperbolic trigonometric functions. 

Exceptions 
SF PE UE OE ZE DE IE 

Ixlxlxl-I-Ixlx 

Example 

ST 
ST (1) 

ST(2) 

398 

Before 

15.0 

10.0 

7.7 

After 

ST 40.0 
ST (1) 7.7 

FYL2XP1 



F2XM1 
Compute 2x - 1 

Legal Form 
F2XM1 

Description 

8: Reference Section 

8087/80287/80387 

ST ~ 2ST - 1 

This instruction replaces the current top of stack (ST) with the value of the function 
2ST - 1. However, the initial operand value must be within the range -0.5 $; x $; +0.5 
or the result of the operation is undefined. 

The function 2X - 1, rather than the simpler 2x, is provided to ensure precision when 
x is near 0 (for example, when computing hyperbolic trigonometric functions). 

Because the range of the F2XMl instruction is narrow, subroutines to compute 2n 

must use FRNDINT and FSCALE to bring the instruction into a legal range and scale 
the result to a proper value. 

You can compute the general function x Y by using the identity: 

xY = 2yx log2 x 

and using the FYL2X and F2XMl instructions. 

Exceptions 
SF PE DE OE ZE DE IE 

I x I x I x I - I - I x x I 
Example 

Before After 

ST 0.01 ST 0.0069 

ST (1) 1--__ ....:;3.....;..0 __ ---i ST (l)1--__ ..::.3.....;..0 __ ---i 

F2XMl 
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Exponent 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

20 

31 
32 

DecImal Value 

1 
2 
4 
8 

16 
32 
64 

128 
256 
512 

1024 
2048 
4096 
8192 

16384 
32768 
65536 

1048576 

2147483648 
4294967296 

Appendix A 

POWERS 
OF TWO 

Hex Value 

1 
2 
4 
8 

10 
20 
40 
80 

100 
200 
400 
BOO 

1000 
2000 
4000 
8000 

10000 

100000 

80000000 
100000000 
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Low-Order 
Bits 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

AppendixB 

ASCII 
CHARACTER 

SET 

Higb-Order Bits 
(J()()(J 0001 0010 0011 0100 0101 0110 0111 

NUL DLE space 0 @ p P 
SOH DCl ! 1 A Q a q 
STX DC2 2 B R b r 
ETX DC3 # 3 C S c s 
EOT DC4 $ 4 D T d t 
ENQ NAK % 5 E U e u 
ACK SYN & 6 F V f v 
BEL ETB 7 G W g w 
BS CAN ( 8 H X h x 
HT EM ) 9 I Y Y 
LF SUB J Z j z 
VT ESC + K [ k { 

FF FS < L \ 1 I 
CR GS M 1 m } 

SO RS > N 1\ n 
SI US / 0 0 DEL 
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AppendixC 

OPCODE 
TABLES* 

The following opcode tables aid in interpreting 80386/80486 object code. Use the 
high-order 4 bits of the opcode as an index to a row of the opcode table; use the 
low-order 4 bits as an index to a column of the table. If the opcade is OFH, refer to 
the 2-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 lower­
case letter, specifies the type of operand. 

Codes for Addressing Method 
A Direct address. The instruction has no mod rim byte; the address of the operand 
is encoded in the instruction; no base register, index register, or scaling factor can 
be applied-for example, far ]MP (EA). 

C The reg field of the mod rim byte selects a control register-for example, MOV 
(OFH 20H, OFH 22H). 

D The reg field of the mod rim byte selects a debug register-for example, MOV 
(OFH 21H, OFH 23H). 

E A mod rim 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 register, a scaling factor, or a displacement. 

• Adapted and reprinted by permission of Intel Corporation, copyright © 1986. 
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F Flags register. 

G The reg field of the mod rim byte selects a general register-for example, 
ADD (OOH). 

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-for example, JMP short, LOOP. 

M The mode rim byte may refer only to memory-for example, BOUND, LES, 
LDS, LSS, LFS, LGS. 

o The instruction has no mod rim byte; the offset of the operand is coded as a 
word or doubleword (depending on address size attribute) in the instruction. No 
base register, index register, or scaling factor can be applied-for example, MOV 
(AOH-A3H). 

R The mod field of the mod rim byte may refer only to a general register-for 
example, MOV (OFH 20H, OFH 26H). 

S The reg field of the mod rim byte selects a segment register-for example, 
MOV (SCH, SEH). 

T The reg field of the mod rim byte selects a test register-for example, 
MOV (OFH 24H). 

X Memory addressed by DS:SI-for example, MOVS, COMPS, OUTS, LODS, SCAS. 

Y Memory addressed by ES:DI -for example, MOVS, CMPS, INS, STOS. 

Codes for Operand Type 
a Two single-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 Doubleword (regardless of operand size attribute). 

p 32-bit or 4S-bit pointer, depending on operand size attribute. 

s 6-byte pseudodescriptor. 

v Word or doubleword, depending on operand size attribute. 

w Word (regardless of operand size attribute). 
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Register Codes 
When an operand is a register encoded in the opcode, the register is identified by 
its name, for example, AX, eL, or ESI. The name of the register indicates whether 
the register is 32 bits, 16 bits, or 8 bits. 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 
that the EAX register is used when the operand size attribute is 32. 
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One-Byte Opcode Table 

o 1 2 3 4 5 6 7 

o ADD ADD ADD ADD ADD ADD PUSH POP 
Eb,Gb EV,Gv Gb,Eb GV,Ev AL,Ib eAX,Iv ES ES 

ADC ADC ADC ADC ADC ADC PUSH POP 
Eb,Gb EV,Gv Gb,Eb GV,Ev AL,Ib eAX,Iv SS SS 

1 

AND AND AND AND AND AND 
ES: 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,Ib eAX,Iv 
DAA 2 

XOR XOR XOR XOR XOR XOR 
SS: 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,Ib eAX,Iv 
AAA 3 

INC INC INC INC INC INC INC INC 
eAX eCX eDX eBX eSP eBP eSI eDI 

4 

PUSH PUSH PUSH PUSH PUSH PUSH PUSH PUSH 
eAX eCX eDX eBX eSP eBP eSI eDI 

5 

PUSH AD POPAD 
BOUND ARPL 

GS: OPSIZE: ADRSIZE: 
GV,Ma EW,Rw 

FS: 6 

]0 ]NO ]B ]NB ]Z ]NZ ]BE ]NBE 
]b ]b ]b ]b ]b ]b ]b ]b 

7 

Group 1 Group 1 Group 1 TEST TEST XCHG XCHG 
Eb,Ib EV,Iv EV,Ib Eb,Gb EV,Gv Eb,Gb EV,Gv 

8 

XCHG XCHG XCHG XCHG XCHG XCHG XCHG 
NOP 

eCX,eAX eDX,eAX eBX,eAX eSP,eAX eBP,eAX eSI,eAX eDI,eAX 
9 

MOV MOV MOV MOV 
~OVSW/D CMPSW/D 

AL,Ob eAX,Ov Ob,AL OV,eAX 
MOVSB CMPSB A 

MOV MOV MOV MOV MOV MOV MOV MOV 
AL,Ib CL,Ib DL,Ib BL,Ib AH,Ib CH,lli DH,Ib BH,Ib 

B 

Group 2 Group 2 RET(near) 
RET(near) 

LES IDS MOV MOV 
Eb,Ib EV,Ib Iw GV,Mp Gv,Mp Eb,Ib EV,Iv 

C 

Group 2 Group 2 Group 2 Group 2 
AAM AAD XLAT 

Eb,l EV,l Eb,CL EV,CL 
D 

LOOPNE LOOPE LOOP ]CXZ IN IN OUT OUT 
]b ]b ]b ]b AL,Ib eAX,Ib Ib,AL Ib,eAX 

E 

LOCK 
REP 

HLT CMC 
Group 3 Group 3 

REPNE 
REPE Eb Ev 

F 

NOTE: All numbers are in hex. (continued) 
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One-Byte Opcode Table. continued 

8 9 A B C D E F 

o OR OR OR OR OR OR PUSH 2-byte 
Eb,Gb Ev,Gv Gb,Eb Gv,Ev AL,Ib eAX,Iv CS escape 

SBB SBB SBB SBB SBB SBB PUSH POP 
Eb,Gb Ev,Gv Gb,Eb Gv,Ev AL,Ib eAX,Iv DS DS 

1 

SUB SUB SUB SUB SUB SUB 
Eb,Gb Ev,Gv Gb,Eb Gv,Ev AL,Ib eAX,Iv 

CS: DAS 2 

CMP CMP CMP CMP CMP CMP 
Eb,Gb Ev,Gv Gb,Eb Gv,Ev AL,Ib eAX,Iv 

DS: AAS 3 

4 DEC DEC DEC DEC DEC DEC DEC DEC 
eAX eCX eDX eBX eSP eBP eSI eDI 

POP POP POP POP ROP POP POP POP 
eAX eCX eDX eBX eSP eBP eSI eDI 

5 

PUSH IMUL PUSH IMUL INSB INSW/D OUTSB OUTSW/D 
Iv Gv,Ev,Iv Ib Gv,Ev,Ib Yb,DX Yv,DX DX,Xb DX,Xv 

6 

JS JNS JP JNP JL JNL JLE JNLE 

Jb Jb Jb Jb Jb Jb Jb Jb 
7 

MOV MOV MOV MOV MOV LEA MOV POP 
Eb,Gb Ev,Gv Gb,Eb Gv,Ev Ew,Sw Gv,M Sw,Ew Ev 

8 

CALL PUSHF .. POPF 
CBW CWD 

Ap 
WAIT 

Fv Fv 
SAHF LAHF 9 

TEST TEST 
STOSW/D LODSW/D SCASW/D 

AL,Ib eAX,Iv 
STOSB LODSB SCASB A 

B 
MOV MOV MOV MOV MOV MOV MOV MOV 

eAX,Iv eCX,Iv eDX,Iv eBX,Iv eSP,Iv eBP,Iv eSI,Iv eDI,Iv 

ENTER RET far INT INT 
Iw,Ib 

LEAVE 
Iw 3 Ib 

INTO IRET C 

ESC ESC ESC ESC ESC ESC ESC ESC 
0 1 2 3 4 5 6 7 

D 

CALL JMP JMP JMP IN IN OUT OUT 
Av Jv Ap Jb AL,DX eAX,DX DX,AL DX,eAX 

E 

F CLC STC CLI STI CLD STD Group 4 Group 5 
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Two-Byte Opcode Table (first byte is OFH) 

o 1 2 3 4 5 6 7 

o Group 6 Group 7 
LAR LSL 

CLTS 
GV,Ew GV,Ew 

1 INVLPG 
Ea 

MOY MOY MOY MOY MOY MOY 
Cd,Rd Dd,Rd Rd,Cd Rd,Dd Td,Rd Rd,Td 

2 

3 

4 

5 

6 

7 

JO ' ]NO JB JNB JZ ]NZ JBE ]NBE 

Jv Jv Jv Jv Jv Jv Jv Jv 
8 

SETO SE1NO SETB SE1NB SETZ SE1NZ SETBE SE1NBE 
Eb Eb Eb Eb Eb Eb Eb Eb 

9 

PUSH POP BT SHLD SHLD ~MPXCHG CMPXCHG 
FS FS EV,Gv Ev,Gv,Ib Ev,Gv,CL Eb,Rb EV,Rv 

A 

A6 A7 
LSS BTR LFS LGS MOYZX MOYZX 
Mp EV,Gv Mp Mp GV,Eb Gv;Ew 

B 

XADD XADD 
Eb,Rb EV,Rv 

C 

D 

E 

F 

(continued) 
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Two-Byte Opcode Table. continued 

8 9 A B C D E F 

o INVD WBINVD 

1 

2 

3 

4 

5 

6 

7 

JS JNS JP JNP JL JNL JLE JNLE 
Jv Jv Jv Jv Jv Jv Jv Jv 

8 

SETS SETNS SETP SETNP SETL SETNL SETLE SETNLE 
Eb Eb Eb Eb Eb Eb Eb Eb 

9 

PUSH POP BTS SHRD SHRD IMUL 
GS GS EV,Gv EV,Gv,Ib EV,Gv,CL GV,Ev 

A 

Group 8 BTC BSF BSR MOVSX MOVSX 
EV,Ib EV,Gv GV,Ev GV,Ev GV,Eb GV,Ew 

B 

BSWAP BSWAP BSWAP BSWAP BSWAP BSWAP BSWAP BSWAP 
EAX ECX EDX EBX ESP EBP ESI ED! 

C 

D 

E 

F 
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Opcodes Determined by Bits 5, 4, 
and 3 of mod rim Byte: mod nnn rim 

G 1 
R 
o 
U 2 
p 

3 

4 

5 

6 

7 

8 

000 

ADD 

ROL 

TEST 
Ib/Iv 
INC 
Eb 

INC 
Ev 

SLDT 
Ew 

SGDT 
Ms 

001 010 

OR ADC 

ROR RCL 

NOT 

DEC 
Eb 

DEC CALL 
Ev Ev 

STR LLDT 
Ew Ew 

SmT LGDT 
Ms Ms 

011 100 101 

SBB AND SUB 

RCR SHL SHR 

NEG MUL IMUL 
AL!eAX AL!eAX 

CALL ]MP ]MP 
Ep Ev Ep 

LTR YERR YERW 
Ew Ew Ew 

LIDT SMSW 
Ms Ew 

BT BTS 

110 

XOR 

DIY 
AL!eAX 

PUSH 
Ev 

LMSW 
Ew 

BTR 

Numeric Data Processor Extensions 

111 

CMP 

SAR 

IDlY 
AL!eAX 

BTC 

The following tables show the opcode map to the 80386/80486 instruction set for 
the numeric data processor (NDP) extensions. The operand abbreviations for these 
tables are: 

Es Effective address, short real (32-bit) 

El Effective address, long real (64-bit) 

Et Effective address, temp real (80-bit) 

Ew Effective address, word C16-bit) 

Ed Effective address, doubleword (32-bit) 

Eq Effective address, quadword (64-bit) 

Eb Effective address, BCD (80-bit) 

Ea Effective address (no operand size) 

ST(i) Stack element i 

ST Stack top 
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00 
mod=Ol 

10 

mod=l1 

00 
mod=Ol 

10 

mod=l1 

rim 
000 

001 

010 

011 

100 

101 

110 

111 

7 6 5 

Format: I mod I 

000 001 010 

FAOO FMUL FCOM 
Es Es Es 

FAOO FMUL FCOM 
ST,STO) ST,ST(i) ST,STO) 

i=r/m 

000 001 010 

FLO FST 
Es Es 

FLO FXCH 
ST(O) ST(O) 

FNOP 

FLO FXCH 
ST(1) ST(1) 

FLO FXCH 
ST(2) ST(2) 

FLD FXCH 
ST(3) (3) 

FLO FXCH 
ST(4) ST(4) 

FLO FXCH 
ST(S) ST(S) 

FLO FXCH 
ST(6) ST(6) 

FLO FXCH 
ST(7) ST(7) 

4 3 2 

nnn 
I 

rim 

ESC 0 
nnn 

011 100 

FCOMP FSUB 
Es Es 

FCOMP FSUB 
ST,ST(i) ST,ST(i) 

ESC 1 
nnn 

011 100 

FSTP FLOENV 
Es Ea 

FCHS 

FABS 

FTST 

FXAM 

0 

Appendix C: Opcod. Tabl •• 

I 

101 110 111 

FSUBR FDIV FDIVR 
Es Es Es 

FSUBR FDIV FDIVR 
ST,STO) ST,ST(i) ST,STO) 

101 110 111 

FLDCW FSTENV FSTCW 
Ew Ea Ew 

FLDl F2XM1 FPREM 

FLOL2T FYL2X FYL2XPl 

FLOL2E FPTAN FSQRT 

FLOPI FPATAN FSINCOS 

FLOLG2 FXIRACT FRNDINT 

FLDLN2 FPREMI FSCALE 

FLOZ FDECS1P FSIN 

FINCSTP FCOS 
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00 
mod=Ol 

10 

mod=l1 

00 
mod=Ol 

10 

mod=ll 

rim 

00 
mod=Ol 

10 

mod=l1 

414 

000 

FIADD 
Ew 

·r/m=5 

000 

FILD 
Ew 

000 

(FENI) 

000 

FADD 
El 

FADD 
STO),ST 

l=r/m 

001 

FIMUL 
Ew 

FUCDMPP· 

001 

001 

(FDISI) I 

001 

FMUL 
El 

FMUL 
STO),ST 

010 

FICOM 
Ew 

010 

FIST 
Ew 

ESC 2 
nnn 

011 100 

FICOMP FISUB 
Ew Ew 

ESC 3 

nnn 
011 100 

FISTP FLD 
Ew Et 

Girup51 

Group 3a: mod=ll, nnn=100 

010 011 100 

FCLEX FINIT I (FSETPM) I 

ESC 4 

nnn 
010 011 100 

FCOM FCOMP FSUB 
El El El 

FCOM FCOMP FSUB 
ST(i),ST ST(i),ST STO),ST 

101 110 111 

FISUBR FIDIV FIDIVR 
Ew Ew Ew 

101 110 111 

FSTP 
Et 

101 110 111 

101 110 111 
FSUBR FDIV FDIVR 

El El El 

FSUBR FDIV FDIVR 
ST(i),ST STO),ST STO),ST 



00 
mod=Ol 

10 

mod=l1 

000 

FLD 
El 

FFREE 
ST(i) 

i=r/m 

000 

FIADD 
Ed 

FADDP 
ST(i),ST 

*r/m=OOl 

000 

FILD 
Ed 

FSTSW* 
AX 

*r/m=OOO 

001 010 

FST 
El 

FST 
ST(i) 

001 010 

FIMUL FICOM 
Ed Ed 

FMULP 
ST(i),ST 

001 010 

FIST 
Ed 

Appendix C: Opcode Table. 

ESC 5 

nnn 
011 100 101 110 111 

FSTP FRSTOR FSAVE FSTSW 
El Ea Ea Ew 

FSTP FUCOM FUCOMP 
ST(i) STO) ST(i) 

ESC 6 
nnn 

011 100 101 110 111 

FICOMP FISUB FISUBR FIDIV FIDIVR 
Ed Ed Ed Ed Ed 

FCOMPP' FSUBP FSUBRP FDIVP FDIVRP 
STO),ST ST(i),ST ST(i),ST ST(i),ST 

ESC 7 
nnn 

011 100 101 110 111 

FISTP FBLD FILD FBSTP FISTP 
Ed Eb Eq Eb Eq 
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AppendixD 

INSTRUCTION 
FORMAT AND 

TIMING* 

This appendix describes the 80386-family instruction set. A table lists all instruc­
tions with instruction encoding diagrams and clock counts. Details of the instruc­
tion encoding are provided in the following sections, which describe the encoding 
structure and the definition of fields occurring within the instructions. 

80386/80486 Instruction Encoding 
and Clock Count Summary 

To calculate elapsed time for an instruction, multiply the instruction clock count by 
the processor clock period (for example, 40 ns for a processor operating at 25 MHz). 

For more information on the encodings of instructions, refer to "Instruction Encod­
ing" (later in this appendix), which explains the structure of instruction encodings 
and defines the encodings of instruction fields. 

Instruction clock count assumptions 
1. The instruction has been prefetched and decoded and is ready for execution. 

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 execution. 

5. If an effective address is calculated, it does not use two general-register com­
ponents. One register scaling and displacement can be used within the clock 

• Adapted and reprinted by permission of Intel Corporation, 1986. 
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counts shown. However, if the effective address calculation uses two general­
register components, add one clock to the clock count shown on the 80386; one 
clock may be added on the 80486. 

6. Accesses are aligned. Misaligned accesses require another memory read cycle. 

7. On the 80486, one additional clock may be added under the following 
conditions: 

• The base register used as an effective address in one instruction is the desti­
nation register of the immediately preceding instruction. 

• Displacement mode addressing and immediate addressing are used in the 
same instruction. 

8. A page translation hits the TLB. 

9. The cache on the 80486 is enabled and the following conditions are true: 

• Cache fills complete before the next access to the same cache line. 

• ]MP targets hit the cache. 

• No invalidate cycles occur. 

• Instructions that read consecutive memory words start on a 16-byte 
boundary. 

10. In the 80386sx, add one read cycle for every 16 bits over the initial 16 bits 
accessed by the instruction. 

Instruction clock count notation 
1. If two clock counts are given, the smaller one refers to a register operand, and 

the larger one refers to a memory operand. 

2. n = number of times repeated. 

3. m = number of components in the next instruction executed, where any 
displacement counts as one component, any immediate data counts as one 
component, and each of the other bytes of the instruction and prefix(es) counts 
as one component. 

Instruction notes for table 
The following are instruction notes for the "General Notes" column of the table 
titled "80386/80486 Instruction Set Clock Summary," which begins on page 421. 
The instruction notes for the "Cache Notes" column are found on page 438 as table 
footnotes. 

Notes a through c apply to real address mode only: 

a. This is a protected-mode instruction. Trying to execute in real mode results in 
exception 6 (invalid opcode). 
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b. Exception 13 fault (general protection) occurs in real mode if an operand refer­
ence is made that partially or fully extends beyond the maximum CS, DS, ES, 
FS, or GS limit, FFFFH. Exception 12 fault (stack segment limit violation or not 
present) occurs in real mode if an operand reference is made that partially or 
fully extends beyond the maximum SS limit. 

e. This instruction may be executed in real mode where it initializes the CPU for 
protected mode. 

Notes d through g apply to real address mode and protected virtual address mode: 

d. The 80386 and 80486 use an early-out multiply algorithm. The number of 
clocks depends on the position of the most significant bit in the operand 
(multiplier). 

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

Actual Clock = if m < > 0 then max ([log2 I m I ], 3) + 6 clocks 

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

e. An exception might occur, depending on the value of the operand. 

f. LOCK is 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 protected virtual address mode only: 

h. Exception 13 fault (general protection violation) occurs if the memory operand 
in CS, DS, ES, FS, or GS cannot be used because of a segment limit violation or 
because of an access rights violation. If a stack limit is violated, an exception 12 
(stack segment limit violation or not present) occurs. 

i. For segment load operations, the CPL, RPL, and DPL must agree with the privi­
lege rules to avoid an exception 13 fault (general protection violation). The seg­
ment's descriptor must indicate "present" or exception 11 (CS, DS, ES, FS, or GS 
not present). If the SS register is loaded and a stack segment not present is 
detected, an exception 12 (stack segment limit violation or not present) occurs. 

j. All segment descriptor accesses in the GDT or LDT made by this instruction 
assert LOCK to maintain descriptor integrity in multiprocessor environments. 

k. ]MP, CALL, INT, RET, and IRET instructions referring to another code segment 
cause an exception 13 (general protection violation) if an applicable privilege 
rule is violated. 

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

m. An exception 13 fault occurs if CPL is greater than IOPL. 
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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 ;Ire updated only if CPL is equal to O. 

o. The PE bit of the MSW (CRO) cannot be reset by this instruction. Use MOV into 
CRO 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) occurs before the 
ESC instruction executes. An exception 12 fault (stack segment limit violation 
or not present) occurs 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) 
occurs. 
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• N ... 

Instruction 

GeneralData Trantifer 
MOV=Move 

Register to register 

Register to memory 

Memory to register 

Immediate to register / short form 

/longform 

Immediate to memory 

Memory to accumulator 

Accumulator to memory 

Register to segment register (RM) 

(protected mode) 

Memory to segment register (RM) 

(protected mode) 

Segment register to register/memory 

MOVZX!MOVSX = Move zero/sign extension 

(z = 0 MOVZX!z = 1 MOVSX) 

Register to register 

Memory to register 

PUSH = Push 

Register / short form 

/longform 

Memory 

Segment register / short form 

/longform 

Immediate 

PUSH A = Push all 

80386/80486 Instruction Set Clock Summary 

80486 
Format Clocks 

1000100w mod reg rIm I 1 

1000100w mod reg rIm I 1 

1000101w mod reg rIm I 1 

1011w reg immediate data 1 

1100011w mod 000 rim I immediate data 1 

1100011w mod 000 rim I immedi ate data 1 

1010000w full displacement 1 

1010001w full di spl acement 1 

10001110 mod s reg 3r Iml 3 

9 

110001110 1 mod sreg 3r/ml 3 

9 

1 10001100 1 mod sreg 3r/ml 3 

1 00001111 1 1011z11w 1 mod reg rim 1 3 

1 00001111 1 1011zl1w 1 mod reg rim 1 3 

01010 reg 1 I 

11111111 1 mod 110 rim 1 4 

11111111 1 mod 110 rim 1 4 

000 sreg 21101 3 

00001111 1 10 sreg 3000 1 3 

011010s0 1 i mmedi ate data 1 

01100000 1 11 
--

Cache 
Miss Cache 80386 General 

Penalty Notes Clocks Notes 

2 b,h 

2 b,h 

2 4 b,h 

2 b,h 

2 b,h 

2 b,h 

2 4 b,h 

2 b,h 

2 b 

3 I 18 h,i,j 

2 5 b 

5 I 19 h,i,j 

2 b,h 

3 b,h 

2 6 b,h 

2 b,h 

5 b,h 

1 A 5 b,h 

2 b,h 

2 b,h 

2 b,h 

18 b,h 

(continued) 
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Cache 
80486 Miss Cache 80386 General 

Instruction Format Clocks Penalty Notes Clocks Notes 

pOP-Pop 
Register I short form 1 01011 reg 1 1 2 4 b,h 

olio 

= 
I long form 110001111 1 mod 000 rIm 1 4 1 5 b,h 

Memory 110001111 1 mod 000 rIm 1 5 2 A 5 b,h 

Segment register I short (RM) 1 000sreg2111 I 3 2 7 b 

Ilong(RM) 1 00001111 110 sreg 3001 I 3 2 7 b 

Protected mode I short 9 5 I 21 h,i,j 

Iiong 9 5 I 21 h,i,j 

paPA = Pop all 1 01100001 1 9 15 I 24 b,h 

XCHG = Exchange 

Register with register I 1000011w 1 mod reg rIm I 3 B 3 

Memory with register 1 1OOOO11W I mod reg rIm I 3 B 5 b,f,h 

Register with accumulator 110010 reg 1 5 B 3 

LEA - Load EA to register I 10001101 1 mod reg rIm 1 1 2 

Segment Control 

IDS = Load pointer to OS 111000101 I mod reg rIm I 6 7 I 7 b 

(protected mode) 12 10 I 22 h,i,j 

LES = Load pointer to ES I 11000100 I mod reg rIm I 6 7 I 7 b 

(protected mode) 12 10 I 22 h,i,j 

LFS = Load pointer to FS 1 00001111 I 10110100 I mod reg rIm I 6 7 I 7 b 

(protected mode) 12 10 I 25 h,i,j 

LGS = Load pointer to GS 1 00001111 110110101 1 mod reg rIm 1 6 7 I 7 b 

(protected mode) 12 10 I 25 h,i,j 

LSS = Load pointer to SS 1 00001111 I 10110010 I mod reg rIm 1 6 7 I 7 b 

(protected mode) 12 10 I 25 h,i,j 

Flag COIItrol 

CLC = Clear carry flag 111111000 1 2 2 

CID = Clear direction flag 111111100 I 2 2 



Cache 
80486 Miss Cache 80386 General 

Instruction Format Clocks Penalty Notes Clocks Notes 

CLI ~ Clear interrupt enable flag 111111010 1 5 3 m 

CMC ~ Complement carry flag 111110101 1 2 2 

LAHF ~ Load AH with flags 110011111 1 3 2 

POPF ~ Pop flags 110011101 1 9 5 b 

(protected mode) 6 5 h,n 

PUSHF ~ Push flags 110011100 1 4 4 b 

(protected mode) 3 4 h 

SAHF ~ Store AH from flags 110011110 1 2 3 

STC ~ Set carry flag 111111001 1 2 2 

SID ~ Set direction flag 111111001 1 2 2 

STI ~ Set interrupt enable flag 111111011 1 5 3 m 

Arithmetic 

TTT~OI ADD~Add 

TTT~ I IOR~LogicaIOR 

TTT ~ 2 I ADC ~ Add with carry 

TTT ~ 3 I SBB ~ Subtract with borrow 

TTT~41 AND~LogicaIAND 

TTT ~ 5 I SUB ~ Subtract 

TTT ~ 6 I XOR ~ Logical exclusive OR 

Register to register 1 OOTTTOdw mod reg rim 1 1 2 

Memory to register 1 OOTTTOlw mod reg rim 1 2 2 6 b,h 

Register to memory 1 OOTTTOOw mod reg rim 1 3 6 7 b.h 

Immediate to register 110000SW mod TTT rim 1 immediate data I 2 

Immediate to accumulator 1 00TTTI0w immediate data I 2 

Immediate to memory 110000SW mod TTT rim 1 immediate data 3 6 7 b,h 

~ 

~ 
INC ~ Increment 

Register I short form 1 01000 reg I I 2 

liang form I l111111w I mod 000 rim 1 I 2 
--

(continued) 
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Cache 
80486 Miss Cache 80386 General 

Instruction Format Clocks Penalty Notes Clocks Notes 

Memory I 1111111w I mod 000 rIm I 3 6 6 b,h .. DEC = Decrement 

I Register I sbort form I 01001 reg I I 2 

I long form I 1111111w I reg 001 rIm I immedi ate data I 2 

Memory I 1111111w I reg 001 rIm I immedi ate data 3 6 6 b,h 

NOT = Logical NOT I 1111011w I mod 010 rIm I 
Register I 2 

Memory 3 6 6 b,h 

NEG = Negate I 1111011w I mod 011 rIm I 
Register I 2 

Memory 3 6 6 b,h 

CMP = Compare 

Registerwith register 001110dw I mod reg rIm I 2 

Memory with register 0011100w I mod reg rIm 2 2 5 b,h 

Register with memory 0011101w I mod reg rIm 2 2 6 b,h 

Immediate with register 100000sw I mod 111 rIm immediate data I 2 

Immediate with memory 100000sw I mod 111 rIm i mmedi ate data 2 2 5 b,h 

Immediate with accwnulator 0011110w I immediate data I 2 

TEST ~ Logical AND with no result but flags 

Register with register 1000010w I mod reg rIm I I 2 

Memory with register 1000010w I mod reg rIm I 2 2 5 b,h 

Immediate with register 1111011w I mod 000 rIm I immedi ate data I 2 

Immediate with memory 1111011w I mod 000 rIm I i mmedi ate data 2 2 5 b,h 

Immediate with accwnulator 1010100w I i mmedi ate data I 2 

AAA = ASCII <!djust for add 00110111 I 3 4 

AAS = ASCII adjust for subtract 00111111 I 3 4 



Cache 
80486 Miss Cache 80386 General 

Instruction Format Clocks Penalty Notes Clocks Notes 

DAA = Decimal adjust for add I 00100111 I 2 4 

DAS = Decimal adjust for subtract I 00101111 I 2 4 

MUL - Unsigned multiply 

Accumulatorwith register I 1111011w I mod 100 rIm I 
-byte 13-18 C 9-14 d 

-word 13-26 C 9-22 d 

-dword 13-42 C 9-38 d 

I 1111011w I mod 100 rIm I " 
Accumulatorwithmemory 

-byte 13-18 1 C 12-17 b,d,h 

-word 13-26 1 C 12-25 b,d,h 

-dword 13-42 1 C 12-41 b,d,h 

IMUL = Integer mUltiply (signed) 

Accumulator with register I 1111011w I mod 100 rIm I 
-byte 13-18 C 9-14 d 

-word 13-26 C 9-22 d 

-dword 13-42 C 9-38 d 

Accumulatorwithmernory I 1111011w I mod 100 rIm I 
-byte 13-18 C 12-17 b,d,h 

-word 13-26 C 12-25 b,d,h 

-dword 13-42 C 12-41 b,d,h 

Registerwith register I 00001111 I 10101111 I mod reg rIm I 
-byte 13-18 C 9-14 d 

-word 13-26 C 9-22 d 

-dword 13-42 C 9-38 d 

Register with memory I 00001111 I 10101111 I mod reg rIm I .. 
tl 

-byte 13-18 1 C 12-17 b,d,h 

-word 13-26 1 c 12-25 b,d,h 

-dword 13-42 1 C 12-41 b,d,h 

(continued) 
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Cache 
80486 Miss Cache 80386 General 

Instruction Format Clocks Penalty Notes Clocks Notes 

Register with immediate to register I 011010s1 I mod reg rIm I Immediate data .. -byte 13-18 C 9-14 d 

= 
-word 13-26 C 9-22 d 

-dword 13-42 C 9-38 d 

Memorywith immediate to register I 011010s1 I mod reg rIm I I mmedi ate data 

-byte 13-18 2 C 12-17 b,d,h 

-word 13-26 2 C 12-25 b,d,h 

-dword 13-42 2 C 12-41 b,d,h 

DIV - Divide (unsigned) 

Accumulator by register I 11 11 011w I mod 110 rIm I 
-byte 16 14 e 

-word 24 22 e 

-dword 40 38 e 

Accumulator by memory I 1111011w I mod 110 rIm I 
-byte 16 17 b,e,h 

-word 24 25 b,e,h 

-dword 40 41 b,e,h 

IDlY - Integer divide (signed) 

Accumulator by register I 1111011w I mod 111 rIm I 
'-byte 19 19 e 

-word 27 27 e 

-dword 43 43 e 

Accumulator by memory I 1111011w I mod 111 rIm I 
-byte 20 22 b,e,h 

-word 28 30 b,e,h 

-dword 44 46 b,e,h 



Cache 
80486 Miss Cache 80386 General 

Instruction Format Clocks Pena1sy Notes Clocks Notes 

AAD = ASCII adjust for divide 111010101 1 00001010 1 14 19 

AAM = ASCII adjust for multiply 111010100 1 00001010 1 15 17 

CBW = Convert byte roword 110011000 1 3 3 

CWO = Convert word to dword 110011001 1 3 2 

Logic 

Shift/Rotate 

TTT = 0 /ROL = Rotate left 

TTT = 1 /ROR = Rotate right 

TTT - 2 /RCL - Rotate through carry left 

TTT = 3 / RCR = Rotate through carry right 

TTT = 4 / SHL/SAL = Shift left 

TTT = 5/ SHR = Shift right 

TTT = 7 / SAR = Shift arithmetic right 

Rotate through carry (RCLlRCR) 

Register by 1 1101000w mod TTl rIm 3 9 

Memorybyl 1101000w mod TTl rIm 4 6 10 b,h 

Register by CL 1101001w mod TTl rIm 8--30 D 9 

Memory by CL 1101001w mod TTl rIm 9-31 E 10 b,h 

Register immediate 1100000w mod TTl rIm immed a-bit data 8-30 D 9 

Memory immediate 1100000w mod TTl rIm immed a-bit data 9-31 E 10 b,h 

All others (ROLIROR/SHL/SHR/SAL/SAR 

Register by 1 1101000w mod lTT rIm 3 3 

Memory by 1 1101000w mod lTT rIm 4 6 7 b,h 

Register by CL 1101001w mod TTl rIm 3 3 .. 
~ 

Memory by CL 1101001w mod lTT rIm 4 6 7 b,h 

Register immediate 1100000w mod TTl rIm immed a-bit data 2 3 

Memory immediate 1100000w mod TTl rIm 1mmed a-bit data 4 6 7 b,h 

(continued) 
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Cache 
80486 Miss Cache 80386 General 

Instruction Format Clocks Penalty Notes Clocks Notes 

SHRD/SHLD - Shift rightlleft double .. r-O/SHLD - r-lISHRD 

I Register by immediate 00001111 1010rl00 mod reg rIm I 1mmed 8-bit data 2 3 

Memory by immediate 00001111 1010rl00 mod reg rIm I immed 8-bit data 3 6 7 

Register by CL 00001111 1010rl0l mod reg rIm I 3 3 

Memory by CL 00001111 1010rl0l mod reg rIm I 4 5 7 

BSWAP - Byte swap 00001111 11001 reg 1 N/A 

XADD - Exchange and add 

Register to register I 00001111 I 1100000w I mod reg rIm I 3 N/A 

Memory to register I 00001111 I 1100000w I mod reg rIm I 4 6 N/A 

CMPXCHG - Compare and Exchange 

Register to register I 00001111 I 1011000w I mod reg rIm I 6 N/A 

Memory to register I 00001111 I 1011000w I mod reg rIm I 7-10 2 F N/A 

String Instructions 

CMPS - Compare byte/word/dword 1010011w 8 6 P 10 b,h 

LODS = Load byte/word/dword 1010110w 5 2 5 b,h 

MOVS - Move byte/word/dword 1010010w 7 2 P 7 b,h 

SCAS - Scan byte/word/dword 1010111w 6 2 7 b,h 

STOS - Store byte/word/dword 1010101w 5 4 b,h 

REPE!REPNE CMPS - Repeated compare 

ECX-O 5 5 b,h 

ECX>O 7+7c P,Q 5+9c b,h 

REP LODS - Repeated load 

ECX-O 5 5 b,h 

ECX>O 7+4c P,R 5+& b,h 

REP MOVS = Repeated move 

ECX-O 5 7 b,h 



Cache 
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InstnlctWn Format Clocks Penalty Notes Clocks Notes 

ECX-1 13 1 P 11 b,h 

ECX>l 12+3c P,S 7+4c b,h 

REPE/REPNE SCAS - Repeated scan 

ECX=O 5 5 b,h 

ECX>O 7+5c T 5+8c b,h 

REP STOS = Repeated store 

ECX=O 5 5 b,h 

ECX>O 7+5c T 5+5c b,h 

XLAT =]fanslate byte 111010111 1 4 2 5 h 

ilIllnstruct10ns 

BSF = Bit scanforward 

Register, register 10000llll 110111100 ·1 mod reg rIm 1 6-42 L 1O+3b 

Memory; register 10000llll 110111100 1 mod reg rIm 1 7-43 2 M 1O+3b b,h 

BSR = Bit scan reverse 

Register, register 10000llll 1 10111101 1 mod reg rIm 1 6-103 N 10+3b 

Memory; register 100001111 1 IOll1101 1 mod reg rIm 1 7-104 0 1O+3b b,h 

BT = Bit test 

Register, immediate 10000llll 1 10111010 1 mod 100 rIm 1 immed 8-blt data 3 3 

Memory, immediate 10000llll 110111010 1 mod 100 rIm 1 immed 8-blt data 3 1 6 b,h 

Register, register 10000llll 1 101000ll 1 mod reg rIm 1 3 3 

Memory; register 10000llll 1 10100011 1 mod reg rIm 1 8 2 12 b,h 

Bit modify 

TTT - 5 I BTS - Bit test and set 

TTT - 6 IBTR - Bit test and reset .. 
fa 

TTT -7 IBTC = Bit test and complement 

Register, immediate 100001111 I IOll1010 1 mod TTT rIm 11mmed 8-blt data 6 6 

I 
Memory, immediate 100001111 1 10111010 1 mod TTT rIm 1 immed 8-bit data 8 2 8 b,h 

(continued) 
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80486 Miss Cache 80386 Genera' 

Instruction Format Clocks Penalty Notes Clocks Notes 

Register, register 1 00001111 110111011 1 mod TTl rIm 1 6 6 

& 
Memory, register 1 00001111 110111011 1 mod TTl rIm 1 13 3 13 b,h 

SETeee = Set byte on condition 1 00001111 1 1001cccc 1 mod 000 rIm 1 

ecce = 001 SEW = Set if overflow 

ecce = 011 SE1NO = Set if no overflow 

ecce = 02 1 SETB/SE1NAE = Setifbelow/Set if not above or equal 

eeee = 03 1 SE1NB/SETAE = Set if not below/Set if above or equal 

ecce = 04 1 SETE/SETZ = Set if equal/Set if zero 

ecce = 05 1 SE1NE/SE1NZ = Set if not equal/Set if not zero 

ecce = 06 1 SETBE/SE1NA = Set if below or equal/Set if not above 

eeee = 07 1 SE1NBE/SETA = Set if not below or equal/Set if above 

eeee - 08 1 SETS - Set if signed 

eeee = 09 1 SE1NS = Set if not signed 

eeee = 101 SETP ISETPE = Set if parity lSetif parity even 

eeee = 11 1 SElNP ISETPO = Set if not parity lSet if parity odd 

eeee = 121 SETVSE1NGE = Set ifless/Set if not greater or equal 

eeee = 13 1 SE1NVSETGE = Set if not less/Set if greater or equal 

eeee = 141 SETLE/SE1NG = Set ifless or equal/Set if not greater 

eeee = 151 SE1NLE/SETG = Set if not less or equal/Set if greater 

Register (condition true) 4 4 h 

Register (condition false) 3 4 h 

Memory (condition true) 3 5 h 

Memory (eondition false) 4 5 h 

CondItionalBrtmch 

Jee = Jump byte on condition 

8-bit displaceruen1 1 0111cccc 1 a-bit displ acement 

Full displacement 1 00001111 11000cccc 1 full d1 spl acement 

eeee = 00 IJO = Jump if overflow 

eeee = 01 IINO - Tumo if no overflow 
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eeee = 02 / JB,JNAE -Jump ifbelow,Jump if not above or equal 

eeee = 03 / JNB,JAE = Jump if not below/Jump if above or equal 

eece - 04 / JE/JZ -Jump if equal/Jump if zero 

cccc = 05 / JNE,JNZ - Jump if not equal/Jump if not zero 

cecc = 06 / JBElJNA = Jump if below or equal,Jump if not above 

eecc = 07 / JNBEIA = Jump if not below or equal/Jump if above 

ccce = 08 / JS = Jump if signed 

ccee - 09 / JNS = Jump if not signed 

eccc = 10 /JP,JPE = Jump ifparity/Jump if parity even 

eecc = 11 / JNP,JPO = Jump if not parity,Jump if parity odd 

eecc - 12/ JIJJNGE = Jump ifless/Jump if not greater or equal 

eccc = 13 / JNLjGE = Jump if not less,Jump if greater or equal 

cccc = 14/ )LE/JNG = Jump ifless or equal/Jump if not greater 

eecc - 15/ JNLElJG = Jump if not less or equal,Jump if greater 

Braneh taken 3 w 7+m r 

Branch not taken 1 W 3 

JCXZIJECXZ -Jump if CX/ECX is zero 111100011 1 a-bit displacement 

Braneh taken 8 W 9+m r 

Branch not taken 5 W 5 

WOP = Loop ECX times 111100010 1 a-bit di spl acement 

Branch taken 7 W l1+m r 

Branch not taken 6 W 11 

LOOPE/WOPZ - Loop if equallLoop if zero 111100001 1 a-bit displacement 

Branch taken 9 W l1+m r 

Branch not taken 6 W 11 

fa LOOPNEILOOPNZ = Loop if not equallLoop if not zero 111100000 1 a-bit displacement 

.... Branch taken 9 w l1+m r 

Branch not taken 6 W 11 

(continued) 
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Instruction Format 

Control Transfer 

JMP ~ Unconditional branch 

Short 11101001 8-bit displacement 

Direct within segment 11101001 full displacement 

Register indirect within segment 11111111 mod 100 rim I 
Memory indirect within segment 11111111 mod 100 rim I 
Direct intersegment (real mode) 11101010 unsigned full offset. selector 

Direct intersegment (protected mode) 

Via call gate, same privilege 

Via task gate 

ViaTSS 

Indirect intersegment (real mode) 111111111 1 mod 101 rim 1 

Indirect intersegment (protected mode) 

Via call gate, same privilege 

Via task gate 

ViaTSS 

CALL~Call 

Direct within segment 111101000 1 full di splacement 

Register indirect within segment 111111111 1 mod 010 rim 1 

Memory indirect within segment 111111111 1 mod 010 rim 1 

Direct intersegment (real mode) 110011010 1 unsigned full offset, selector 

Direct intersegment (protected mode) 

Via call gate, same privilege 

Via call gate, different privilege, no parameters 

Via call gate, different privilege, x parameters 

Via task gate 

80486 
Clocks 

3 

3 

5 

5 

17 

19 

32 

43+task 
switch 

42+task 
switch 

13 

18 

31 

41+task 
switch 

42+task 
switch 

3 

5 

5 

18 

20 

35 

69 

77+4x 

38+task 
switch 

Cache 
Miss Cache 80386 General 

Penalty Notes Clocks Notes 

G,W 7+m r 

G,W 7+m r 

G,W 7+m r 

5 G lO+m b,h,r 

2 G,V 12+m r 

3 I 27+m j,k,r 

6 I 45+m h,j,k,r 

3 I,] 44+task 
switch 

3 IJ 44+task 
switch 

9 G,I 17+m b 

10 I 31+m h,j,k,r 

13 I 49+m 

10 IJ 49+task 
switch 

10 I,] 49+task 
switch 

G,W 7+m b,r 

G,W 7+m b,r 

5 G lO+m b,h,r 

2 G,V 17+m b,h,r 

3 I 34+m b,j,k,r 

6 I 52+m h,j,k,r 

17 I 86+m h,j,k,r 

17+x I,K 94+4x+m h,j,k,r 

3 IJ 45+task 
switch 
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Instruction Format Clocks Penalty Notes Clocks Notes 

ViaTSS 37+task 3 IJ 45+task 
switch switch 

Jpdirect intersegment (real mode) 111111111 1 mod 011 rim 1 17 8 G 22+m 

Indirect intersegment (protected mode) 20 10 I 38+m h,j.k,r 

Via call gate, same privilege 35 13 I 52+m h,j,k,r 

Via call gate, different privilege, no parameters 69 24 I 86+m h,j,k,r 

Via call gate, different privilege, x parameters 77+4x 24+x I,K 94+4x+m h,j,k,r 

Via task gate 38+task 10 IJ 49+task 
switch switch 

ViaTSS 37+task 10 IJ 49+task 
switch switch 

RET = Return from call 

Within segment 111000011 1 5 5 lO+m b,g,h.r 

Within segment adjusting ESP 111000010 1 16-bit displacement 5 5 lO+m b,g,h,r 

Intersegment (real mode) 111001011 1 13 8 G 18+m b 

Intersegment adjusting ESP (real mode) 111001010 1 16-bit displacement 14 8 G 18+m b 

Intersegment (protected mode) 17 9 I 32+m g,h,j,k.r 

Intersegment adjusting ESP (protected mode) 18 9 I 32+m g,h,j,k.r 

Intersegment to different privilege level 35 12 I 68 h,j,k,r 

Intersegment to different privilege level adjusting ESP 36 12 I 68 h,j,k,r 

ENTER = Enter procedure 111001000 1 16-bit displacement, 8-bit level 

Level=O 14 10 b,h 

Level = 1 17 12 b,h 

Level (1) > 1 17+31 H 15+41 b,h 

LEAVE = Leave procedure 111001001 1 5 1 4 b,h 

Software J1fIertupt 

INT3 = Debug interrupt 111001100 1 int U int b 

a INTO = Interrupt on overflow 111001110 1 

Interrupt taken 2+int U 2+int b,e 

Interrupt not taken 3 3 

(continued) 
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Instruction Format Clocks Penalty Notes Clocks Notes 

INT = Interruptn 111001101 I type I 4+int U 4+int b,e 

i 
BOUND = Interrupt if out of range I 01100010 I mod reg rIm I 

rnterrupttaken 24+int 7 U ll+int b,e 

Interrupt not taken 7 7 U 10 

IRET - Interruptretum 111001111 I 
Real mode1V86 mode 15 8 22 

Protected mode, same privilege 20 11 I 38 g,h,j,k,r 

Protected mode, different privilege 36 19 I 82 g,h,j,k,r 

Protected mode, nested task 32+task 4 IJ 16+task 
switch switch 

Basic interrupt times (INT) 

Real mode 26 2 33 

Protected mode via gate, same privilege 44 6 I 59 

Protected mode via gate, different privilege 71 17 I 99 

Protected mode via task gate 37+task 3 IJ 5O+task 
switch switch 

V86 mode via gate 82 17 

V86 mode via task gate 37+task 3 J 50+task 
switch switch 

Basic task switch time (task switch) 

To286TSS 143 31 232-237 

To 386/486TSS 162 55 259-266 

To V86 TSS 140 37 178 

Processor Control 

HLT=Hait 111110100 I 4 5 I 

MOV = Move to/from control or debug register 

Register to CRO I 00001111 I 00100010 I 11eeereg I 17 2 10 I 

Register to CR2-3 I 00001111 I 00100010 I lleeereg I 4 4-5 I 

CRx to register I 00001111 I 00100000 I lleeereg I 4 6 I 
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Instruction Format Clocks Penalty Notes Clocks Notes 

DRO-3 to register 00001111 00100001 lleeereg 9 22 I 

DR6-7 to register 00001111 00100001 lleeereg 9 16 I 

Register to DRO-3 00001111 00100011 l1eeereg 10 22 I 

Registerto DR6-7 00001111 00100011 11eeereg 10 14 I 

TRx to register 00001111 00100100 lleeereg 4 12 I 

Register to TRx 00001111 00100110 Ileeereg 4 12 I 

CLTS ~ Clear task switched bit 00001111 00000110 7 2 5 c,1 

INVD ~ Invalidate cache 00001111 00001000 4 N/A 

WBINVLD ~ Write back and invalidate cache 00001111 00001001 5 N/A 

INVLPG ~ Invalidate TLB entry 00001111 00000001 mod 111 rim I 12 N/A 

NOP ~ No operation 10010000 1 3 

Prefix J¥es 

ADRSIZ ~ Address size override 01100111 1 0 ! 

OPSIZ ~ Operand size override 01100110 1 0 

LOCK ~ Bus lock 11110000 1 0 

CS ~ Code segment override 00101110 1 0 

OS ~ Data segment override 00111110 1 0 

ES ~ Extra segment override 00100110 1 0 

FS ~ FS segment override 01100100 1 0 

GS ~ GS segment override 01100101 1 0 

SS = Stack segment override 00110110 1 0 
! 

Protection Control 

ARPL ~ Adjust requested privilege level I 01100011 I mod reg rim I 

From register 9 20 a 

From memory 9 21 a,h 

t LAR ~ Load access rights I 00001111 I 00000010 I mod reg rim I 
en From register 11 3 15 a 

From memory 11 5 16 a,g,h,j,p 
"------ -----

(continued) 
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Instruction Format Clocks PenaUy Notes Clocks Notes 

LGOT = Load GOT register I 00001111 I 00000001 I mod 010 rim I 12 5 11 b,c,h,1 

t 
G) 

LlOT = Load IDT register I 00001111 I 00000001 I mod 011 rim I 12 5 11 b,c,h,1 

LLDT = Load LOT register I 00001111 I 00000000 I mod 010 rim I 
From register 11 3 20 a 

From memory 11 6 24 a,g,h,j,1 

LMSW = Load machine status word I 00001111 I 00000001 I mod 110 rim I 
From register 13 10 b,c,h,1 

From memory 13 1 13 b,c,h,! 

LSL = Load segment limit I 00001111 I 00000011 I mod reg rim I 
From register 10 3 20-25 a,g,h,j,p 

From memory 10 6 21-26 a,g,h,j,p 

LTR = Load task register I 00001111 I 00000000 I mod 001 rim I 
From register 20 23 a,g,h,j,1 

From memory 20 27 a,g,h,j,1 

SGOT = Store GOT register I 00001111 I 00000001 I mod 000 rim I 10 9 b,c,h 

SlOT = Store lOT register I 00001111 I 00000001 I mod 001 rim I 10 9 b,c,h 

SLDT = Store SOT register I 00001111 I 00000000 I mod 000 rim I 
To register 2 2 a,h 

To memory 3 2 a,h 

SMSW = Store machine status word I 00001111 I 00000001 I mod 100 rim I 
To register 2 10 b,c,h,1 

To memory 3 13 b,c,h,1 

STR = Store task register I 00001111 I 00000000 I mod 001 rim I 
To register 2 2 a,h 

To memory 3 2 a,h 

VERR = Verify read access I 00001111 I 00000000 I mod 100 rim I 
Register 11 3 10 a,g,h,j,p 

Memory 11 7 11 a,g,h,j,p 



ClkCount Cache 
Virtual 80486 Miss Cache 80386 General 

InstnicUon ,Format 8086 Mode Clocks Penalty Notes Clocks Notes 

~VERW - Verify write access I 00001111 I 00000000 I mod 101 rIm I 
Register 11 3 15 a,g,h,j,p 

Memory 11 7 16 a.g.h,j,p 

I/OlnstrucUons 

IN - Input from port 

Fixed port/ 1110010w port number I 26 

I Variable port I 1110110w I I 27 

Real mode 14 12/13 

Protected mode (CPL <- IOPL) 9/8 6/7 

'Protect mode (CPL>IOPL) 29/28 26127 

V86mode 27 26/27 

OUT-Outputtoport 

Fixed port/ I 1110011w I port number I 24 

I I Variable port Ill10111w I 25 

Real mode 16 10/11 

Protected mode (CP <-IOPL) 10/11 415 

Protect mode (CPL>IOPL) 31/30 24125 

V86mode 29 24125 

INS = Input string I 0110110w I I 29 I 
Real mode 17 15 

Protected mode (CPL<-IOPL) 10 9 

Protect mode (CPL>IOPL) 32 29 

V86mode 30 29 

OUTS = Output string I 0110111w I I 28 I 
Real mode 17 14 

t Protected mode (CPL<=IOPL) 10 8 I 

... Protect mode (CPL>IOPL) 32 28 

I 

V86mode 30 28 
---

(continued) 
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Instruction Format 

REP INS = Repeated input string 111110010 I 0110110w 

Real mode 

Protected mode (CPL<=IOPL) 

Protect mode (CPl>IOPL) 

V86mode 

REP OUTS - Repeated output string 111110010 I 0110111w 

Real mode 

Protected mode (CPL<-IOPL) 

Protect mode (CPl>IOPL) 

V86mode 

Cache Notes: 

A., Assuming that the operand address and stack address fall in 
different cache sets. 

B. Always locked, no cache hit case. 
C. Clocks = 10 + max(logA mI ),n) 

m = multiplier value (min clocks for m = 0) 
n = 3/5 for±m 

D. Clocks = {quotient(countloperand length)}*7+9 
= 8 if count ~ operand length (8/16/32) 

E. Clocks = {quotient(countloperand length)}*7+9 
= 9 if count ~ operand length (8/16/32) 

F. Equal/not equal cases (penalty is the same regardless of lock). 

I 

I 

G. Assuming that addresses for memory read (for indirection), stack 
push/pop, and branch fall in different cache sets. 

H. Penalty for cache miss: add 6 clocks for every 16 bytes copied to 
new stack frame. 

1. Add 11 clocks for every unaccessed deSCriptor load. 
J. Refer to task switch clock counts table for value of TS. 
K. Add 4 extra clocks to the cache miss penalty for each 16 bytes. 
For notes L-M: (b = 0--3, nonzero byte number); 

o = 0-1, nonzero nibble number); 
(n = 0-3, nonbit number in nibble); 

ClkCount Cache 
Virtual 80486 Miss Cache 80386 General 

8086Mode Clocks Penally Notes Clocks Notes 

27+6n 

26+5n 

I 
16+& 

10+& 

30+& 

29+& 

I 
17+5c 

1l+5c 

31+5c 

30+5c 

L. Clocks = 8+4(b+1) + 30+1) + 3(n+1) 
= 6 if second operand = 0 

M. Clocks = 9+4(b+1) + 30+1) + 3(n+1) 
= 7 if second operand = 0 

For notes N-O: (n = bit position 0-31) 

N. Clocks = 7 + 3C32-n) 
6 if second operand = 0 

o. Clocks = 8 + 3C32-n) 
7 if second operand = 0 

13+6c 

7+6c 

27+6c 

27+6c 

12+5c 

6+5c 

26+5c 

26+5c 

P. Assuming that the two string addresses fall in different cache sets. 
Q. Cache miss penalty: add 6 clocks for every 16 bytes compared. Entire 

penalty on first compare. 
R Cache miss penalty: add 2 clocks for every 16 bytes of data. Entire 

penalty on first load. 
S. Cache miss penalty: add 4 clocks for every 16 bytes moved. (1 clock for 

the first operation and 3 for the second) 
T. Cache miss penalty: add 4 clocks for every 16 bytes scanned. (2 clocks 

each for first and second operations) 
U. Refer to interrupt clock counts table for value of INT. 
V. Clock count includes one clock for using both displacement and immediate. 
w. Refer to assumption 6 in the case of a cache miss. 

I 



Appendix D: Instruction Format and Timing 

Instruction Encoding 
All instruction encodings are subsets of the general instruction format shown in 
Figure D-l. Instructions consist of one or two primary opcode bytes, possibly an ad­
dress specifier consisting of the mod rim byte and scaled index byte, a displace­
ment if required, and an immediate data field if required. 

Within the primary opcode or opcodes, smaller encoding fields can be defined. 
These fields vary according to the class of operation. The fields define information 
such as direction of the operation, size of the displacements, register encoding, and 
sign extension. 

Almost all instructions that refer 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, which fully specifies the 
addressing mode. 

Addressing modes can include a displacement immediately following the mod rim 
byte or the scaled index byte. If a displacement is present, the possible sizes are 8, 
16, and 32 bits. 

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

Figure D-1 illustrates some of the fields that can appear in an instruction, such as 
the mod field and the rim field. Several smaller fields also appear in certain instruc­
tions, sometimes within the opcode bytes. The table on the following page is a 
complete list of all fields appearing in the 80386-family instruction set. Detailed 
tables for each field appear later in this appendix. 

I TI 111111 I TI 111111 Imod TIT r/ml ssindexbase I d321161s1 none data32 I 161s1 none 

7 0 7 0 76 53 2 0 76 5 3 2 0 
\ J\ J\ )\.,~_-, __ -,)\,--__ --,-__ -,) 

I I I 
opcode "mod rim" "s-i-b" address immediate 

(one or two bytes) \ byte byte) displacement data 
(T represents an I (4,2,1 bytes (4,2,1 bytes 

opcode bit) register and address or none) or none) 
mode specifier 

Figure D-l. General instruction format. 
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Field 
Name 

w 

d 
s 

reg 
modr/m 

ss 
index 
base 
sreg2 
sreg3 
cccc 

Fields within 80386 Instructions 

Description 

Specifies whether data is byte size or full size (full size 
is either 16 or 32 bits) 

Specifies direction of data operation 
Specifies whether an immediate data field must be 

sign-extended 
General register specifier 
Address mode specifier (effective address can be a 

general register) 
Scale factor for scaled index address mode 
General register to be used as index register 
General register to be used as base register 
Segment register specifier for CS, SS, DS, ES 
Segment register specifier for CS, SS, DS, ES, FS, GS 
For conditional instructions, specifies a condition 

asserted or a condition negated 

NOTE: Figure D-l shows encoding of individual instructions. 

32·bit extensions of the instruction set 

Number 
of Bits 

1 

1 
1 

3 
2 for mod; 

2 
3 
3 
2 

3 
4 

3 for rim 

With the 80386, the 8086/80186/80286 instruction set is extended in two orthogonal 
directions: 32-bit forms of all 16-bit instructions support the 32-bit data types, and 
32-bit addressing modes are available for all instructions referring to memory. This 
orthogonal instruction set extension is accomplished by having a default (D) bit in 
the code segment descriptor and by having two prefixes to the instruction set. 

Whether the instruction defaults to operations of 16 bits or 32 bits depends on the 
setting of the D bit in the code segment descriptor. The D bit specifies the default 
length (either 16 bits or 32 bits) for both operands and effective addresses when 
executing that code segment. Real address mode and virtual 8086 mode use no 
code segment descriptors, but the 80386 internally assumes a D value of 0 when 
operating in those modes (for 16-bit default sizes compatible with the 
8086/80186/80286). 

Two prefixes, the operand size prefix and the effective address size prefix, allow 
overriding the default selection of operand size and effective address size. These 
prefixes can precede any opcode bytes and affect only the instruction they pre­
cede. If necessary, one or both prefixes can be placed before the opcode bytes. The 
presence of the operand size prefix and the effective address size prefix toggles the 
operand size or the effective address size to the value opposite that of the default 
setting. For example, if the default operand size is for 32-bit data operations, the 
presence of the operand size prefix toggles the instruction to 16-bit data operations. 
If the default effective address size is 16 bits, the presence of the effective address 
size prefix toggles the instruction to use 32-bit effective address computations. 
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These 32-bit extensions are available in all 80386/80486 modes, including real ad­
dress mode or virtual 8086 mode. In these two modes the default is always 16 bits, 
so prefixes are needed to specify 32-bit operands or addresses. 

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

Encoding of instruction fields 
Several fields indicate register selection, addressing mode, and so on within the 
instruction. The encodings of these fields are defined in the following tables. 

Encoding of the operand length (w) field 
For any given instruction performing a data operation, the instruction executes 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 1 byte or the full operation size, as 
shown in the table below. 

wField 

o 
1 

Operand Length Encoding 

Operand Size During 
16-Bit Data operations 

8 bits 
16 bits 

operand Size During 
32-Bit Data Operations 

8 bits 
32 bits 

Encoding of the general register (reg) field 
The general register is specified by the reg field, which can 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. The following tables illustrate reg field encoding. 

Encoding of reg Field When w Field Is Not Present in Instruction 

reg Field 

000 
.001 

010 
011 
100 
101 
101 
101 

Register Selected During 
16-Btt Data operations 

AX 
CX 
DX 
BX 
SP 
BP 
SI 
D! 

Register Selected During 
32-Bit Data Operations 

EAX 
ECX 
EDX 
EBX 
ESP 
EBP 
ESI 
ED! 
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Encoding of reg Field When w Field Is Present in Instruction 

reg Field 

000 
001 
010 
011 
100 
101 
110 
111 

Register Specified by reg Field During 16-BU Data operations 

Function ofw Field 
Wbenw-O 

AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 

Function ofw Field 
Wbenw-l 

AX 
CX 
DX 
BX 
SP 
BP 
SI 
DI 

Encoding of reg Field When w Field Is Present in Instruction 

Register Specified by reg Field During 32-Bit Data operations 

reg Field 

000 
001 
010 
011 
100 
101 
110 
111 

Function of w Field 
Wbenw-Q 

AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 

Function ofw Field 
Wbenw-l 

EAX 
ECX 
EDX 
EBX 
ESP 
EBP 
ESI 
EDI 

Encoding of the seg..-ent register (sreg) field 
The sreg field in certain instructions is a 2-bit field that allows one of the four 80286 
segment registers to be specified. The sreg field in other instructions is a 3-bit field 
that allows the FS and GS segment registers to be specified. The following two 
tables show the selected segment registers. 

2-Bit sreg2 Field 

00 
01 
10 
11 
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2-Bit sreg2 Field 

Segment Register Selected 

ES 
CS 
SS 
DS 



3-Btt sreg3 Field 

000 
001 
010 
all 
100 
101 
110 
111 

Appendix D: Instruction Format and Timing 

3-Bit sreg3 Field 

Segment Register Selected 

ES 
CS 
SS 
DS 
FS 
GS 
Do not use 
Do not use 

Encoding of address mode 
Except for special instructions such as PUSH and POP, where the addressing mode 
is predetermined, 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 information, the s-i-b (scale-index­
base) byte, can be specified. 

The s-i-b 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 s-i-b 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 3 bits (shown as TTT 
in Figure D-1) sometimes used as an extension of the primary opcode. The 3 bits, 
however, can also be used as a register field (reg). 

When calculating an effective address, either 16-bit addressing or 32-bit addressing 
is used. To calculate the effective address, 16-bit addressing uses 16-bit address com­
ponents, whereas 32-bit addressing uses 32-bit address components. When 16-bit 
addressing is used, the mod rim byte is interpreted as a 16-bit addressing mode 
specifier. When 32-bit addressing is used, the mod rim byte is interpreted as a 32-
bit addressing mode specifier. 

The following tables define all encodings of all 16-bit addressing modes and 32-bit 
addressing modes. 
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mod rim 

00000 
00001 
00010 
00011 
00100 
00101 
00110 
00111 

01000 
01001 
01010 
01011 
01100 
01101 
01110 
01111 

10000 
10001 
10010 
10011 
10100 
10 101 
10110 
10111 

11 000 
11 001 
11010 
11011 
11100 
11101 
11110 
11111 

mod rim 

11 000 
11 001 
11 010 
11011 
11100 
11101 
11110 
11111 
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Encoding of 32-Bit Address Mode with mod rim Byte 
(no s-i-b Byte Present) 

Effective Address 

DS:[EAX) 
DS:[Eex] 
DS:[EDX] 
DS:[EBX] 
s-i-b is present 
DS:d32 
DS:[ESI) 
DS:[EDI) 
DS:[EAX+d8) 

DS:[ECX+d8) 
DS:[EDX +d8) 
DS:[EBX +d8) 
s-i-b is present 
SS:[EBP+d8) 
DS:[ESI+d8) 
DS:[EDI+d8) 

DS:[EAX +d32) 
DS:[ECX +d32) 
DS:[EDX+d32) 
DS:[EBX+d32) 
s-i-b is present 
SS:[EBP+d32) 
DS:[ESI+d32) 
DS:[EDI+d32) 

register-see below 
register-see below 
register-see below 
register-see below 
register-see below 
register-see below 
register-see below 
register-see below 

Register Specified by reg or rim During 16-Bit Data operations 
Function ofw Field 
Wbenw=O 

AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 

Function ofw Field 
Wbenw-l 

AX 
ex 
DX 
BX 
SP 
BP 
SI 
DI 



modr/m 

11 000 
11 001 
11 010 
11011 
11100 
11101 
11110 
11111 
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Encoding of 32-Bit Address Mode with mod rim Byte 
(no s-i-b Byte Present) 

Register Specified by reg or r/m During 32-Bit Data operations 

Function ofw Field 
Wbenw=O 

AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 

Function of w Field 
Wbenw .. J 

EAX 
ECX 
EDX 
EBX 
ESP 
EBP 
ESI 
EDI 

Encoding of 32-Bit Address Mode (mod rim Byte and s-i-b Byte Present) 

Mod Base 

00000 
00001 
00010 
00011 
00100 
00101 
00110 
00111 

01000 
01001 
01010 
01011 
01100 
01101 
01110 
01111 

10000 
10001 
10 010 
10011 
10100 
10101 
10110 
10111 

Effective Address 

DS:[EAX+(scaled index)] 
DS:[ECX+(scaled index)] 
DS:[EDX+(scaied index)] 
DS:[EBX+(scaied index)] 
DS:[ESP+(scaled index)] 
DS:[d32+(scaied index)] 
DS:[ESI+(scaied index)] 
DS:[EDI+(scaied index)] 

DS:[EAX +(scaled index)+d8] 
DS:[ECX +(scaled index)+d8] 
DS:[EDX +(scaied index)+d8] 
DS:[EBX +(scaied index)+d8] 
SS:[ESP+(scaled index)+d8] 
SS:[EBP+(scaied index)+d8] 
DS:[ESI +(scaied index)+d8] 
DS:[EDI+(scaled index)+d8] 

DS:[EAX +(scaied index)+d32] 
DS:[ECX +(scaled index)+d32] 
DS:[EDX +(scaled index)+d32] 
DS:[EBX +(scaled index)+d32] 
SS:[ESP+(scaied index)+d32] 
SS:[EBP+(scaied index)+d32] 
DS:[ESI +(scaied index)+d32] 
DS:[EDI+(scaied index)+d32] 

NOTE: Mod field in mod rim byte; ss, index, base fields in s-i-b byte. 

ss Scale Factor 

00 xl 
01 x2 
10 x4 
11 x8 
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Index Index Register 

000 EAX 
001 ECX 
010 EDX 
011 EBX 
100 no index reg" 
101 EBP 
110 ESI 
111 EDI 

• When index field is 100, indicating no index register, ss field must equal 00. If index is 100 and ss does 
not equal 00, the effective address is undefined. 

modr/m 

00000 
00001 
00010 
00011 
00100 
00101 
00110 
00111 

01000 
01001 
01010 
01011 
01100 
01101 
01110 
01111 

10000 
10001 
10010 
10011 
10 100 
10 101 
10 110 
10111 

11 000 
11 001 
11 010 
11011 
11100 
11101 
11110 
11111 
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Encoding of 16-Bit Address Mode with mod rim Byte 

Effective Address 

DS:[BX+SI] 
DS:[BX+DI] 
SS:[BP+SI] 
SS:[BP+DI] 
DS:[SI] 
DS:[DI] 
DS:[d16] 
DS:[BX] 
DS:[BX +SI+d8] 

DS:[BX+DI+d8] 
SS:[BP+SI +d8] 
SS:[BP+DI +d8] 
DS:[SI+d8] 
DS:[DI+d8] 
SS:[BP+d8] 
DS:[BX+d8] 

DS:[BX+SI+d16] 
DS:[BX+DI+d16] 
SS:[BP+SI+d16] 
SS:[BP+DI+d16] 
DS:[SI+d16] 
DS:[DI+d16] 
SS:[BP+dl6] 
DS:[BX+dl6] 

register-see page 447 
register-see page 447 
register-see page 447 
register-see page 447 
register-see page 447 
register-see page 447 
register-see page 447 
register-see page 447 
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mod rim 

11 000 
11 001 
11 010 
11 011 
11100 
11101 
11110 
11 111 

mod rim 

11 000 
11 001 
11 010 
11011 
11100 
11 101 
11110 
11111 

Encoding of16-Bit Address Mode with mod rim Byte 

Register Specljied by rim During 16-Bit Data operations 

Function ofw Field Function of w Field 
Wbenw - 0 Wbenw -1 

AL AX 
CL CX 
DL DX 
BL BX 
AH SP 
CH BP 
DH SI 
BH DI 

Encoding of16-Bit Address Mode with mod rim Byte 

Register Specified by rim During 32-Bit Data operations 

Function of w Field 
Wbenw '" 0 

AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 

Function ofw Field 
Wbenw=1 

EAX 
ECX 
EDX 
EBX 
ESP 
EBP 
ESI 
EDI 

Encoding of operation direction (d) field 
In many 2-operand instructions, the d field indicates which operand is the source 
and which is the destination, as shown in the following table. 

d 

o 

1 

Operation Direction Encoding 

Direction of operation 

Register/Memory f- Register 
reg field indicates source operand; mod rim or mod ss index base 

indicates destination operand 
Register f- Register/Memory 
reg field indicates destination operand; mod rim or mod ss index 

base indicates source operand 

Encoding of sign extend (s) field 
The s field occurs in instructions with immediate 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. The table on the following page shows s field encoding. 
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Sign Extend Encoding 

s Effect on Immediate Data 8 Effect on Immediate Data 16/32 

o 
1 

None 
Sign extend data 8 to fill 

16-bit or 32-bit destination 

None 
None 

Encoding of conditional test (cccc) field 
For the conditional instructions (conditional jumps and set on condition), cccc is 
encoded with the condition to test. The following table shows encoding of the 
cccc field. 

Mnemonic 

o 
NO 
B/NAE 
NB/AE 
E/Z 
NE/NZ 
BE/NA 
NBE/A 
S 
NS 
PIPE 
NP/PO 
L/NGE 
NL/GE 
LE/NG 
NLE/G 

Conditional Test Encoding 

Condition 

Overflow 
No overflow 
Below/not above or equal 
Not below/above or equal 
Equal/zero 
Not equal/not zero 
Below or equal/not above 
Not below or equal/above 
Sign 
Not sign 
Parity/parity even 
Not parity/parity odd 
Less than/not greater or equal 
Not less than/greater or equal 
Less than or equal/greater than 
Not less or equal/greater than 

cccc 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

Encoding of control, debug, and test registers (eee) field 
The eee field loads and stores the control, debug, and test registers. 

Encoding of eee When Interpreted as Control Register Field 

eeeCode 

000 
010 
011 

Reg Name 

CRO 
CR2 
CR3 

Do not use any other encoding. 
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Encoding of eee When Interpreted as Debug Register Field 

eeeCode Reg Name 

000 DRO 
001 DR1 
010 DR2 
011 DR3 
110 DR6 
111 DR7 

Do not use any other encoding. 

eeeCode 

011 
100 
101 
110 
111 

Encoding of eee When Interpreted as Test Register Field 

Reg Name 

TR3 
TR4 
TR5 
TR6 
TR7 

Do not use any other encoding. 

Floating·Point Extensions 
The table beginning on the following page shows NDP extensions to the basic 
instruction set. In the 80486, these instructions are implemented on-chip. An 80387 
is required to implement these instructions on 80386-based systems. 
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Instruction Encoding/Timing 

CLOCKCOUNTRANGE 

ENCODING 80387 80486 
INSTRUCTION 

Byte I Byte I Opdonal 32-Blt I 32-Blt I 64-Bit I 16-Blt 32-Blt I 32-Blt I 64-Bit I 16-Blt 
0 1 Bytes 2-6 Real Integer Real Integer Real Integer Real Integer 

I 
Data Transfer 

FLD=Loa(/a 

Integer/real memoCyto ST(O) ESC MF 1 MOO 000 RIM SI B/OISP I 20 45-52 25 61-65 3(2) 3(3) 3(3) 1}-16 (2) 

Long integer memory to ST(O) ESC III MOD 101 RIM SIB/DISP I 56-67 10-18(3) 

Extended real memory to ST(O) ESC 011 MOD 101 RIM SIB/DISP I 44 6(4) 

BCD memory to ST(O) ESC 111 MOD 100 RIM SIB/DISP I 266-275 70-103(4) 

ST(i) to ST(O) ESC 001 11000 ST(1) 14 4 

FST-Store 

ST(O) to integer/real memory I ESC MF 1 I MOD 010 RIM I SIB/DISP I 44 79-93 45 82-95 7 28-34 8 29--34 

ST(O) to ST(i) I ESC 101 111010 ST(1) I 11 3 

FSTP = Store and pop 

ST(O) to integer/real memorY I ESC MF 1 MOD 011 RIM SIB/DISP I 44 79-93 45 82-95 7 28-34 8 29-34 

ST(O) to long integer memory I ESC III MOD 111 RIM SIB/DISP I 80-97 29-34 

ST(O) to extended real I ESC 011 MOD 111 RIM SIB/DISP I 53 6 

ST(O) to BCD memory I ESC 111 MOD 110 RIM SIB/DISP I 512-534 172-176 

ST(O) to ST(i) I ESC 101 11001 ST (il 12 3 

FXCH = Exchange 

ST(i) andST(O) I ESC 001 111001 ST (il I 18 4 

Comparison 

FCOM = Compare 

Integer/real memory to ST(O) I ESC MF 0 I MOD 010 RIM I SIB/DISP I 26 56-63 31 71-75 4(2) 15-17(2) 4(3) 16-20(2) 

ST(i)toST(O) I ESC 000 111010 ST (1) I 24 4 

FCOMP = Compare and pop 

Integer/real memory to ST I ESC MF 0 I MOD 011 RIM I SIB/DISP I 26 56-63 31 71-75 4(2) 15-17(2) 4(3) 16-20(2) 

ST(i)toST(O) I ESC 000 111011 ST( il I 26 4 



CLOCKCOUNTKANGE 

ENCODING 80387 80486 
INSTRUCTION 

Byte I Byte I Optional :U:Bit I 32-Bit I 64-Bit I 16-Bit 32-Bit I 32-Bit I 64-Bit I 16-Bit 
0 1 Bytes 2--6 Real Integer Real Integer Real Integer Real Integer 

FCOMPP = Compare and pop twice 

ST(i) to ST(O) I ESC 110 I 11011001 I 26 5 

FTST=TestST(O) I ESC 001 111100100 I 28 4 

FUCOM = Unordered compare I ESC 101 111100 STU) I 24 4 

FUCOMP = Unordered compare I ESC 101 111101 SHU I 
and pop 26 4 

FUCOMPP = Unordered 
compare and pop tWice I ESC 010 111101001 I 26 5 

FXAM - Examine ST(O) I ESC 001 111100101 I 30-38 8 

Constants 

FLOZ = Load + 0.0 into ST(O) ESC 001 11101110 20 4 

FL01 = Load + 1.0intoST(0) ESC 001 11101000 24 4 

FLOP 1= Load pi into ST(O) ESC 001 11101011 40 8 

FLOL2T= Loadlog2(10) into ST(O) ESC 001 11101001 40 8 

FLOL2E a Load logz<e) into ST(O) ESC 001 11101010 40 8 

FLOLG2 = Load 10glO(2) into ST(O) ESC 001 11101100 I 41 8 

FLDIN2 = Load 10&,(2) ESC 001 ll10ll01 I 41 8 

Arithmetic 

FAOO=Add 

Integer/real memorywith ST(O) I ESC MF 0 I MOD 000 RIM I SIB/DISP I 24-32 57-72 29-37 71-85 8-20(2) 19-32(2) 8-20(3) 20-35(2) 

ST(O and ST(O) I ESC d P 0 IllOOO ST (1) I 23-31h 8-20 

: FSUB = Subtract ~ 

... 
Integer/real memory with ST(O) I ESC MF 0 I MOD 10 RIM I SIB/DISP I 24-32 57-82 28-36 71-83c 8-20(2) 18-32(2) 8-20(3) 20-35(2) 

ST(i) and ST(O) I ESC d P 0 11110 R RIM I 26-34d 8-20 

(continued) 



Instruction Encoding/Timing. continued 

CLOCK COUNT KANGE 

ENCODING 80387 80486 
INSTRUCTION 

Byte I Byte I optional 32-Bit I 32-Bit 1 64-Bit I 16-Bit 32-Bit I 32-Bit I 64-Bit I 16-Bit 
0 1 Bytes 2-6 Real Integer Real Integer Real Integer Real Integer 

~ 
N 

FMUL - Multiply 

Integer/real memory with ST(O) 1 ESC MF 0 1 MOD 001 RIM 1 SIB/DISP 1 27-35 61-82 32-57 76-87 11 (2) 22-24(2) 14(3) 23-27(2) 

ST(i) and ST(O) 1 ESC d P 0 1 11001RIM 1 29-57" 16 

FDIV - Divide 

Integer/real memory with ST(O) ESC MF 0 MOD 11R RIM 1 SIB/DISP 1 89 120-127' 94 136-140s 73(2) 84-86(2) 73(2) 85-89(2) 

ST(i) and ST(O) ESC d P 0 1111 R RIM I SSh 73 

FSQ RT' - Square root ESC Q01 11111010 122-129 83-87 

FSCALE = Scale ST(O) by ST(1) ESC 001 11111101 67-86 30-32 

FPREM = Partial remainder ESC 001 11111000 74-155 70-138 

FPREM 1 = Partial remainder (IEEE) ESC 001 11110101 95-185 72-167 

FRNDINT = Round ST(O) to integer ESC 001 11111100 66-80 21-30 

FXTRACT = Extract components ESC 001 11110100 70-76 16-20 
ofST(O) 

FABS = Absolute value ofST(O) 1 ESC 001 111100001 1 22 3 

FCHS-ChangesignofST(O) 1 ESC 001 111100000 1 24 25 6 I 
I 

Transcendental 

FCOSk-CosineofST(O) ESC 001 11111111 123-7721 193-279 

FPTANk = Partial tangentofST(O) ESC 001 1110010 191-497; 200-273 

FPATAN = Partial arctangent ESC 001 11110011 314-487 218-303 

FSINk = Sine of ST(O) ESC 001 11111110 122-771; 193-279 

FSINCOSk = Sine and cosine ofST(O) ESC 001 11111011 194-809' 243-392 

F2XM 11 = 2S11O)-1 1 ESC 001 111110000 1 211-476 140-279 

FYL2xm = ST(l). klg,(ST(O)) 1 ESC 001 111110001 1 120-538 196-329 

FYL2XP1 n = ST(1) 1 ESC 001 111111001 1 

• IDg,(ST(O) + 1.0) 257-547 171-326 



~ 
W 

ENCODING 
INSTRUCTION 

Byte I Byte I Optional 
0 1 Bytes 2-6 

ProcessorControl 

FINIT - Initialize NPX ESC 011 11100011 

FSTSW AX - Store status word ESC 111 11100000 

FLDCW - Load control word ESC 001 MOD 101 RIM SIB/DISP 

FSTCW - Store control word ESC 101 MOD 111 RIM SIB/DISP 

FSTSW - Store status word ESC 101 MOD 111 RIM SIB/DISP 

FCLEX - Clear exceptions ESC 011 11100010 

FSTENV - Store environment ESC 001 MOD 110 RIM SIB/DISP , 
FLDENV - Load environment ESC 001 MOD 100 RIM SIB/DISP 

FSA VE = Save state ESC 101 MOD 110 RIM SIB/DISP 

FRSTOR - Restore state ESC 101 MOD 100 RIM SIB/DISP 

FINCSTP = Increment stack pointer ESC 001 11110111 

FDECSTP - Decrement stack pointer ESC 001 11110110 

FFREE - Free ST(i) ESC 101 1100 ST(1) 

FNOP - No operation ESC 001 11010000 

NOTES: 

a. When loading single-precision or double-precision 0 from memory, 
add 5 clocks. 

b. Add 3 clocks to the range when d - 1. 

c. Add 1 clock to each range when R - 1. 

d. Add 3 clocks to the range when d = o. 
e. Typical = 52. (When d = 0, 46-54, typical = 49.) 

f. Add 1 clock to the range when R = 1. 

g. 135-141 when R = 1. 

h. Add 3 clocks to the range when d = 1. 

CLOCK COUNT RANGE 

80387 80486 

32-Bit I 32-Bit I 64-Bit I 16-Bit 
Real Integer Real Integer 

32-Bit I 32-Bit I 64-Bit I 16-Bit 
Real Integer Real Integer 

33 17 

13 3 

I 19 4(2) 

I 15 3 

I 15 3 

11 7 

I 103-104 56-{57 

I 71 34-44 

I 375-376 143-154 

I 308 120--131 (23-27) 

21 3 

22 3 

18 3 

12 3 

i. -0 ~ ST(O) ~ + 00. 

j. These timings hold for operands in the range I x I < 1tI4. For operands not in 
this range, up to 76 additional clocks might be needed to reduce the operand. 

k.0~1 ST(O) I <263. 

I. -1.0 ~ ST(O) ~ 1.0. 

m. 0 ~ ST(O) < 00, -00 < STet) < + 00. 

n. 0 ~ I ST(O) I < (2 - SQRT(2))I2, -00 < ST(1) < + 00. 





Appendix E 

INSTRUCTION 
DISASSEMBLY 

TABLE 

The table in this appendix allows you to decode 80386 instructions. It presents the 
same information as the opcode table in Appendix C but is easier to use. 

The table has the following format: 

[required byte(s)] [operand byte(s)] [instruction] 

At least one of the required bytes is an 8-bit hexadecimal value, and additional 
bytes may follow. The operand bytes have one of the following forms: 

ea The source and destination operands are encoded in the standard mod reg rim 
format described in Appendix D. 

ea/N The destination operand is encoded in the mod rim portion of the ea field, 
and the reg bits are set to IN. 

dataN N bytes of immediate data follow the instruction. 

-In/reg The standard mod reg rim encoding is interpreted so that the mod bits 
are ignored, the reg bits specify register n of a group (such as CR3), and the rim bits 
select a general 32-bit register. 

dispN A signed displacement (N bits in length) from the current instruction 
pointer (ElP) follows the instruction. 

The abbreviations Ea, Eb, Ew, and Ed stand for the effective address, byte, word, 
and doubleword indicated by the ea bits in the instruction. 

Instructions preceded by an asterisk (0) are 32-bit instructions that operate on 16-bit 
quantities when preceded with the OPSIZ: instruction prefix. For real mode, v86 
mode, and 286-compatible code segments, the behavior is reversed; that is, the in­
structions operate on 16-bit operands unless preceded with the OPSIZ: prefix. 
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Instruction Disassembly Table 

Instnlction Instnlction 
Bytes operation Bytes operation 

OOea ADDEb, reg8 .OF 88 disp32 JS disp32 
.01 ea ADD Ed, reg32 • OF 89 disp32 JNS disp32 
02 ea ADDreg8, Eb .OF 8A disp32 JP disp32 OP IJPE) 

.03 ea ADD reg32, Ed .OF 8B disp32 ]NP disp32 (]NPIJPO) 
04 data8 ADD AL, data8 .OF 8C disp32 JL disp32 (JLI]NGE) 

.05 data32 ADD EAX, data32 .OF 8D disp32 JNL disp32 (JNL/JGE) 

.06 PUSHES .OF 8E disp32 JLE disp32 (JLE/JNG) 
·07 POPES .OF 8F disp32 JNLE disp32 ONLE/JG) 
OBea OREb,reg8 OF 90ea SETOEb 

.0gea OR Ed, reg32 OF 91 ea SETNOEb 
OAea ORreg8, Eb OF 92 ea SETB Eb (SETB/SETNAE/ 

.OB ea ORreg32, Ed SETC) 
OC data8 ORAL, data8 OF 93 ea SETNB Eb (SETNB/SETAE/ 

.OD data32 OR EAX, data32 SETNC) 
·OE PUSHCS OF 94 ea SETZ Eb (SETZ/SETE) 
OFOOea/O SLDTEw OF 95 ea SETNZ Eb (SETNZ/SETNE) 
OF 00 ea/1 STREw OF 96 ea SETBE Eb (SETBE/SETNA) 
OF 00 ea/2 LLDTEw OF 97 ea SETNBE Eb (SETNBE/SETA) 
OF 00 ea/3 LTREw OF 98 ea SETSEb 
OF 00 ea/4 VERREw OF 99 ea SETNSEb 
OFOOea/5 VERWEw OF 9Aea SETP Eb (SETP/SETPE) 
OF 01 ea/O SGDTEa OF 9B ea SETNP Eb (SETNP/SETPO) 
OF 01 ea/1 SIDTEa OF9C ea SETL Eb (SETL/SETNGE) 
OF 01 ea/2 LGDTEa OF9D ea SETNL Eb (SETNL/SETGE) 
OF 01 ea/3 LIDTEa OF 9E ea SETLE Eb (SETLE/SETNG) 
OF 01 ea/4 SMSWEw OF 9F ea SETNLE Eb (SETNLE/SETG) 
OF 01 ea/6 LMSWEw ·OFAO PUSHFS 

.OF02 ea LAR reg32, Ew ·OFA1 POPFS 

.OF 03 ea LSL reg32, Ew ·OF A3 ea BTEd, reg32 
OF 06 CLTS .OF A4 ea data8 SHLD Ed, reg32, data8 
OF 08 INVD .OFA5 ea SHLD Ed, reg32, CL 
OF 09 WBINVD OFA6 CMPXCHG Eb, reg8 
OF 10 ea INVLPG, ea OFA7 CMPXCHG Ed, reg32 
OF 20 -In/reg MOV CRn, reg32 ·OFA8 PUSHGS 
OF 21 -In/reg MOV DRn, reg32 .OFA9 POPGS 
OF 22 -In/reg MOV reg32, CRn .OFAB ea BTS Ed, reg32 
OF 23 -In/reg MOV reg32, DRn .OF AC ea data8 SHRD Ed, reg32, data8 
OF 24 -In/reg MOV TRn, reg32 ·OFADea SHRD Ed, reg32, CL 
OF 26 -In/reg MOV reg32, TRn ·OFAFea IMUL reg32, Ed 

.OF 80 disp32 JO disp32 .OFB2 ea LSS reg32, Ea 

.OF 81 disp32 ]NO disp32 ·OFB3 ea BTR Ed, reg32 

.OF 82 disp32 JE disp32 (JEI]NAE) .0FB4 ea LFS reg32, Ea 
·OF 83 disp32 ]NB disp32 (]NB/JAE) ·OF B5 ea LGS reg32, Ea 
.OF 84 disp32 JZ disp32 OZ/JE) .OFB6 ea MOVZX reg32, Eb 
.OF 85 disp32 ]NZ disp32 (]NZI]NE) ·OF B7 ea MOVZX reg32, Ew 
.OF 86 disp32 JEE disp32 OBEI]NA) .OF BA ea/4 data8 BTEd, data8 
.OF 87 disp32 ]NBE disp32 (]NBEI .OF BA ea/S data8 BTS Ed, data8 

JA) .OF BA ea/6 data8 BTR Ed, data8 

(continued) 
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Instruction Disassembly Table. continued 

Instruction Instruction 
Bytes operation Bytes operation 

.OF BA eal7 data8 BTC Ed, data8 30ea XOREb, reg8 
-OFBB ea BTC Ed, reg32 -31 ea XOR Ed, reg32 
-OFBC ea BSF reg32, Ed 32 ea XORreg8, Eb 
-OFBD ea BSR reg32, Ed -33ea XOR reg32, Ed 
-OF BE ea MOVSX reg32, Eb 34 data8 XOR AL, data8 
.OF BF ea MOVSX reg32, Ew -35 data32 XOR EAX, data32 

OF CO XADD Eb, reg8 36 SS: 
OFC1 XADD Eb, reg32 37 AAA 
OFC8 BSWAPEAX 38 ea CMPEb, reg8 
OFC9 BSWAPECX '3gea CMP Ed, reg32 
OFCA BSWAPEDX 3Aea CMPreg8, Eb 
OFCB BSWAPEBX -3Bea CMP reg32, Ed 
OFCC BSWAPESP 3C data8 CMP AL, data8 
OF CD BSWAPEBP -3D data32 CMP EAX, data32 
OFCE BSWAPESI 3E os: 
OFCF BSWAPEDI 3F AAS 
10ea ADCEb, reg8 ·40 INCEAX 

-11 ea ADC Ed, reg32 .41 INCECX 
12 ea ADCreg8,Eb -42 INCEDX 

-13 ea ADC reg32, Ed .43 INCEBX 
14 data8 ADC At; data8 .44 INC ESP 

.15 data32 ADC EAX, data32 -45 INCEBP 

.16 PUSHSS -46 INCESI 
·17 POPSS -47 INCEDI 
18 ea SBB Eb, reg8 .48 DECEAX 

.19 ea SBB Ed, reg32 -49 DECECX 
1Aea SBB reg8, Eb .4A DECEDX 

.1B ea SBB reg32, Ed -4B DECEBX 
1C data8 SBB AL, data8 -4C DEC ESP 

-10 data32 SBB EAX, data32 -40 DECEBP 
-IE PUSHDS -4E DECESI 
·IF POP OS -4F DECEDI 
20ea ANDEb, reg8 ·50 PUSHEAX 

.21 ea AND Ed, reg32 -51 PUSHECX 
22 ea ANDreg8, Eb -52 PUSHEDX 

-23 ea AND reg32, Ed ·53 PUSHEBX 
24 data8 AND AL, data8 ·54 PUSH ESP 

-25 data32 AND EAX, data32 -55 PUSHEBP 
26 ES: ·56 PUSHESI 
27 DAA ·57 PUSHEDI 
28ea SUB Eb, reg8 -58 POPEAX 

-2gea SUB Ed, reg32 -59 POPECX 
2Aea SUB reg8, Eb -SA POPEDX 

-2Bea SUB reg32, Ed ·5B POPEBX 
2C data8 SUB AL, data8 -5C POP ESP 

*2D data32 SUB EAX, data32 ·50 POPEBP 
2E CS: -5E POPESI 
2F DAS .-5F POPEDI 

(continued) 
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Instruction Disassembly Table. continued 

Instruction Instruction 
Bytes operation Bytes operation 

-60 PUSH AD -S3 ea/O dataS ADD Ed, dataS 
.61 POPAD -S3 ea/l dataS OR Ed, dataS 
·62ea BOUND reg32, Ea -S3 ea/2 dataS ADC Ed, dataS 
63 ea ARPL Ew, reg16 -S3 ea/3 dataS SBB Ed, dataS 
64 FS: ,S3 ea/4 dataS AND Ed,dataS 
65 GS: .S3 ea/5 dataS SUB Ed, dataS 
66 OPSIZ: -S3 ea/6 dataS XOR Ed, dataS 
67 ADRSIZ: -S3 ean dataS CMP Ed, dataS 

-68 data 32 PUSH data32 84ea TEST Eb, regS 
.69 ea data32 lMUL reg32, Ed, data32*S5 ea TEST Ed, reg32 
6AdataS PUSH dataS 86ea XCHG Eb, regS 

.6B ea dataS lMUL reg32, Ed, dataS -S7 ea XCHG Ed, reg32 
6c INSB 88ea MOVEb, regS 

-6D INSD .Sgea MOV Ed, reg32 
6E OUTSB SAea MOVregS, Eb 

·6F OUTSD ·SBea MOV reg32, Ed 
70dispS JOdispS se ea/s MOVEw, sreg 
71 dispS )NO dispB -SDea LEA reg32, Ea 
72 dispS )B dispS ()B/JNAE) SE ea/s MOVsreg,Ew 
73 dispB )NB dispS ONB/JAE) -SFea POP Ed 
74 dispB JZ dispS OZlJE) 90 NOP 
75 dispB JNZ dispB ONZlJNE) ·91 XCHG EAX, ECX 
76 dispB JBE dispB ()BE/JNA) '92 XCHG EAX, EDX 
77 dispB JNBE dispB ()NBE/JA) '93 XCHG EAX, EBX 
7S dispB JS dispB -94 XCHG EAX, ESP 
79 dispS JNS dispS '95 XCHG EAX, EBP 
7AdispS JP dispB OP /JPE) -96 XCHG EAX, ESI 
7BdispS JNP dispB ()NP/JPO) ·97 XCHG EAX, EDI 
7CdispS JL dispB (JL/JNGE) *9S CBW/CWDE 
7D dispB JNL dispS ONL/JGE) 99 CWD 
7EdispS JLE dispB OLE/)NG) 9A offset32 CALL offset32 
7F dispB JNLE dispB (JNLE/JG) 9B WAIT 
80 ea/O dataS ADD Eb, dataS ·9C PUSHFD 
80 ea/l dataB OREb, dataS ·9D POPFD 
80 ea/2 dataS ADC Eb, dataS 9E SAHF 
SO ea/3 dataS SBB Eb, dataS 9F LAHF 
80 ea/4 dataS AND Eb, dataS AOdisp MOV AL, [displ 
80 ea/5 dataS SUB Eb, dataS -AI disp MOV EAX, [displ 
SO ea/6 dataS XOR Eb, dataS A2 disp MOV [displ, AL 
SOean dataS CMP Eb, dataS -A3 disp MOV [displ, EAX 

*SI ea/O data32 ADD Ed, data32 A4 MOVSB 
.SI ea/l data32 OR Ed, data32 .A5 MOVSD 
-SI ea/2 data32 ADC Ed, data32 A6 CMPSB 
·SI ea/3 data32 SBB Ed, data32 -A7 CMPSD 
-SI ea/4 data32 AND Ed, data32 AS datas' TEST AL, dataS 
-SI ea/5 data32 SUB Ed, data32 *A9 data32 TEST EAX, data32 
-SI ea/6 data32 XOR Ed, data32 AA STOSB 
-SI ean data32 CMP Ed, data32 -AB STOSD 

(continued) 
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Instruction Disassembly Table. continued 

lnstnlction lnstnlction 
Bytes operation Bytes operation 

AC LOOSB OOea/O ROLEb,l 
·AO LOOSO OOea/1 ROREb,l 
AE SCASB OOea/2 RCLEb,l 

·AF SCASO OOea/3 RCREb,l 
BOdata8 MOV AL, data8 OOea/4 SHLEb,l 
B1 data8 MOV CL, data8 OOea/5 SHREb,l 
B2 data8 MOV OL, data8 OOea/7 SAREb,l 
B3 data8 MOV BL, data8 .01 ea/O ROLEd,l 
B4data8 MOV AH, data8 .01 ea/1 ROREd,l 
B5 data8 MOV CH, data8 .01 ea/2 RCLEd,l 
B6data8 MOV OH, data8 .01 ea/3 RCREd,l 
B7data8 MOV BH, data8 .01 ea/4 SHLEd,l 

.B8 data32 MOV EAX, data32 -01 ea/5 SHREd,l 

.B9 data32 MOV ECX, data32 -01 ea/7 SAREd,l 

.BAdata32 MOV EOX, data32 02 ea/O ROLEb, CL 

.BB data32 MOV EBX, data32 02 ea/1 ROREb,CL 

.BC data32 MOV ESP, data32 02 ea/2 RCLEb, CL 

.BO data32 MOV EBP, data32 02 ea/3 RCREb, CL 

.BE data32 MOV ESI, data32 02 ea/4 SHLEb, CL 
·BF data32 MOV EDI, data32 02 ea/5 SHREb, CL 

CO ea/O data8 ROL Eb, data8 02 ea/7 SAREb, CL 
CO ea/1 data8 ROR Eb, data8 -03 ea/O ROLEd, CL 
CO ea/2 data8 RCL Eb, data8 -03 ea/1 ROREd,CL 
CO ea/3 data8 RCR Eb, data8 -03 ea/2 RCLEd, CL 
COea/4 data8 SHL Eb, data8 -03 ea/3 RCREd, CL 
CO ea/5 data8 SHR Eb, data8 .03 ea/4 SHLEd, CL 
CO ea/7 data8 SAR Eb, data8 .03 ea/5 SHREd, CL 

.Cl ea/O data8 ROL Ed, data8 .03 ea/7 
, 

SAREd, CL 
.Cl ea/1 data8 ROR Ed, data8 04 AAM 
.C1 ea/2 data8 RCL Ed, data8 05 AAO 
.C1 ea/3 data8 RCR Ed, data8 07 XLAT 
.C1 ea/4 data8 SHL Ed, data8 08 ESC 0 (NOP) 
- C1 ea/5 data8 SHR Ed, data8 09 ESC 1 (NOP) 
-C1 ea/7 data8 SAR Ed, data8 OA ESC 2 (NOP) 
C2 data16 RETdata16 DB ESC 3 (NOP) 

. C3 RET DC ESC 4 (NOP) 
.C4ea LES reg32, Ed DO ESC 5 (NOP) 
.C5 ea LOS reg32, Ed DE ESC 6 (NOP) 
c6ea data8 MOV reg8, data8 OF ESC 7 (NOP) 

-C7 ea data32 MOV reg32, data32 EOdispB LOOPNE disp8 
C8 data16 data8 ENTER data16; data8 (LOOPNE!LOOPNZ) 
C9 LEAVE E1 disp8 LOOPEdisp8 
CAdata16 RETFdata16 (LOOPE!LOOPZ) 
CB RETF E2 dispB LOOPdisp8 
CC INT3 E3 disp8 ]CXZdisp8 
COdata8 INTdata8 E4data8 IN AL, data8 
CE INTO .E5 data8 IN EAX, data8 
CF IRET E6 data8 OUT data8, AL 

(continued) 
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Instruction Disassembly Table. continued 

lnstnlction lnstnlction 
Bytes operation Bytes operation 

-E7 data8 OUT data8, EAX -F7 ea/2 NOTEd 
-E8 ea32 CALLea32 -F7 ea/3 NEG Ed 
E9 disp32 ]MP disp32 -F7 ea/4 MULEAX,Ed 

-EAea48 ]MPFARea48 -F7 ea/5 IMULEAX,Ed 
EBdispB ]MP dispB *F7 ea/6 DIVEAX, Ed 
EC INAL,DX *F7 ea/7 IDIVEAX, Ed 

-ED INEAX,DX F8 CLC 
EE OUTDX,AL F9 STC 

-EF OUTDX,EAX FA CLI 
FO LOCK FB STI 
F2 REPNE/REPNZ FC CLD 
F3 REP/REPE/REPZ FD SID 
F4 HLT FE ea/O INCEb 
F5 CMC FE ea/l DECEb 
F6 ea/O data8 TEST Eb, data8 .FF ea/O INC Ed 
F6 ea/2 NOTEb .FF ea/l DEC Ed 
F6 ea/3 NEGEb -FF ea/2 CALLEd 
F6ea/4 MULAL,Eb -FF ea/3 CALLFARea 
F6 ea/5 IMULAL, Eb FFea/4 ]MPEd 
F6 ea/6 DIVAL, Eb ·FF ea/5 ]MPFARea 
F6ea/7 IDIVAL, Eb .FF ea/6 PUSHEd 

• F7 ea/O data32 TEST Ed, data32 

80387/80486-NDP Extensions (NDP Escapes) 

lnstnlction lnstnlction 
Bytes operation Bytes operation 

D8ea/O FADDRea132 Dgea/4 FLDENVEa 
D8ea/l FMULRea132 Dgea/5 FLDCWEw 
D8ea/2 FCOMReai32 Dgea/6 FSTENVEa 
D8ea/3 FCOMP Real32 Dgea/7 FSTCWEw 
D8ea/4 FSUBRea132 D9CO+i FLD ST(i) 
D8ea/5 FSUBR Reai32 D9C8+i FXCH ST(i) 
D8ea/6 FDIVRea132 D9DO FNOP 
D8ea/7 PDIVR Real32 D9EO FCHS 
D8CO+i FADD ST, ST(i) D9El PABS 
D8 C8+i FMUL ST, ST(i) D9E4 FTST 
D8DO+i FCOM, ST(i) D9E5 FXAM 
D8D8+i FCOMp, ST(i) D9E8 FLDI 
D8EO+i FSUB ST, ST(i) D9E9 FLDL2T 
D8E8+i FSUBR ST, ST(i) D9EA FLDL2E 
D8FO+i FDIV ST, ST(i) D9EB FLDPI 
D8F8+i FDIVR ST, ST(i) D9EC FLDLG2 
Dgea/O FLD Real32 D9ED .. FLDLN2 
Dgea/2 FSTReai32 D9EE FLDZ 
Dgea/3 FSTP Rea132 D9FO F2XMl 

(continued) 
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80387/80486 -NDP Extensions (NDP Escapes). continued 

Instruction Instruction 
Bytes Operation Bytes operation 

D9Fl FYL2X DCCS+i FMUL STO), ST 
D9F2 FPTAN DC EO+i FSUBR ST(i), ST 
D9F3 FPATAN DC ES+i FSUB ST(i), ST 
D9F4 FXTRACT DC FO+i FDIVR ST(i), ST 
D9F5 FPREMI DCF8+i FDIV STO), ST 
D9F6 FDECSTP DD ea/O FLD Real64 
D9F7 FINCSTP DD ea/2 FSTReal64 
D9FS FPREM DDea/3 FSTP Real64 
D9F9 FYL2XPI DDea/4 FRSTOREa 
D9FA FSQRT DDea/6 FSAVEEa 
D9FB FSINCOS DD ea/7 FSTSWEw 
D9FC FRNDINT DD CO+i FFREE ST(i) 
D9FD FSCALE DD DO+i FST ST(i) 
D9FE FSIN . DDDS+i FSTP ST(j) 
D9FF FCOS DD EO+i FUCOM STO) 
DAea/O FIADD Int32 DD ES+i FUCOMP ST(i) 
DA ea/l FIMUL Int32 DE ea/O FIADD Int16 
DAea/2 FICOM Int32 DE ea/l FIMUL Int16 
DA ea/3 FICOMP Int32 DE ea/2 FICOM Int16 
DA ea/4 FISUB Int32 DE ea/3 FICOMP Int16 
DAea/5 FISUBR Int32 DE ea/4 FISUB Int16 
DAea/6 FIDIV Int32 DE ea/5 FISUBR Int16 
DAea/7 FIDIVR Int32 DE ea/6 FIDIV Int16 
DAE9 FUCOMPP DE ea/7 FIDIVR Int16 
DB ea/O FILD Int32 DE CO+i FADDP ST(i), ST 
DB ea/2 FIST Int32 DECS+i FMULP ST(i), ST 
DB ea/3 FISTP Int32 DED9 FCOMPP 
DB ea/5 FLD RealSO DE EO+i FSUBRP STO), ST 
DB ea/7 FSTP RealSO DE ES+i FSUBP ST(i), ST 
DBE2 FCLEX DE FO+i FDIVRP STO), ST 
DBE3 FINIT DE FS+i FDIVP ST(i), ST 
DC ea/O FADDReal64 DFea/O FILD Int16 
DC ea/l FMULReal64 DF ea/2 FIST Int16 
DC ea/2 FCOMReal64 DFea/3 FISTP Int16 
DC ea/3 FCOMP Real64 DF ea/4 FBLDBcdSO 
DC ea/4 FSUB Real64 DF ea/5 FILD Int64 
DC ea/5 FSUBR Real64 DF ea/6 FBSTP BcdSO 
DC ea/6 FDIVReal64 DFea/7 FISTP Int64 
DC ea/7 FDIVR Real64 DFEO FSTSWAX 
DC CO+i FADD ST(i), ST 
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AppendixF 

BOB&-FAMILY 
PROCESSOR 

DIFFERENCES 

Although the 8086, 80286, 80386, and 80486 are object-code compatible, minor dif­
ferences among them have arisen during the evolution of this microprocessor 
family. This appendix describes these differences. 

Real-Mode Differences Between the 8086 and 
the 80386/80486 

The 8086 processor does not generate exceptions 6, 8-13, 16, or the 80486-unique 
exception 17. 

Instructions execute more rapidly. 

On the 80386/80486, the divide fault (INT 0) leaves the saved CS:EIP pointing to the 
faulting instruction. On the 8086, the value of CS:IP on the stack points to the in­
struction after the one that caused the fault. 

Opcodes that were not explicitly defined on the 8086 are interpreted as new in­
structions or cause the undefined opcode fault (INT 6) when executed on the 80386 
or 80486. 

When the PUSH SP instruction is executed, the value on the stack of the 80386 or 
80486 is the predecremented value, where the value pushed on the 8086 is the post­
decremented value of SP. If it is necessary to re-create the same stack value, use the 
following sequence of instructions in place of PUSH SP: 

PUSH BP 
MOV BP, SP 
XCHG BP, [BP] 
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The count value for shift and rotate instructions is taken modulo 32 in the 80386 and 
80486. The full value (up to 255) is used on the 8086, which can result in long in­
struction execution times. 

An instruction (including prefixes) cannot exceed 15 bytes. If it does, a general pro­
tection fault occurs. This does not occur under normal circumstances but might oc­
cur if you use multiple redundant prefixes. The 8086 has no such restrictions. 

Operands cannot extend across the segment bounds. If, for example, an instruction 
refers to a 16-bit operand at offset 65535, a general protection fault occurs. If the 
stack pointer is set to low memory (offset 2) and a 32-bit value is pushed, a stack 
fault occurs. In the 8086, addresses wrap around the segment boundary and are 
continuous from 65535 to O. Instruction execution behaves like an operand fetch. 

You can use the LOCK instruction only with certain instructions; otherwise, an un­
defined opcode fault occurs. (See Chapter 8 for a list of the legal instructions.) The 
8086 has no such restrictions. 

Sometimes the 8086 hangs while single-stepping. Later processors do not hang be­
cause the interrupt priorities are slightly different. This prevents a single-step trap 
from occurring until the handler returns if a hardware interrupt is invoked.-

The 8086 generates a divide fault if the quotient of an IDlV instruction is the largest 
possible negative number. The 80386 and 80486 generate the correct result. See the 
earlier discussion of the divide fault in this appendix. 

When the content of the FLAGS register is pushed onto the stack, bits 12-15 are al­
ways l's on the 8086. These bits represent new flags on later processors. 

The NMI interrupt masks all subsequent NMIs until an IRET is executed. NMIs are 
not masked on the 8086. 

The 80386 uses INT 16 as the coprocessor error vector. On the 8086, the system 
hardware must be programmed to generate an interrupt vector, and it can be any 
vector. On the 80486, you can select either mode of operation. 

When an NDP exception occurs on an 80386 or an 80486, the saved CS:EIP points 
to the faulting instruction, including any prefixes that might be part of the instruc­
tion. On the 8086, the saved CS:IP points only to the ESC portion of the faulting 
NDP instruction. 

Additional interrupts can occur if a program contains undetected bugs, such as the 
use of unimplemented opcodes or addressing beyond segment boundaries. 

The 8086 is limited to 1 MB of address space by having 20 physical hardware ad­
dress lines. Using selectors such as FFFFH can result in linear addresses beyond 1 
MB, but because there are only 20 address lines, the addresses wrap around to O. 

464 



Appendix F: 8088-Femll, Proce •• or DlUerence. 

Because there are 32 address lines on the 80386 and 80486, addresses greater than 
1 MB can be generated in real mode (up to lOFFEFH). If system software depends 
on the ability to wrap around to 0 after 1 MB, hardware must be added to an 80386 
system to force address line 21 to 0 in real mode. The 80486 has this hardware on 
the processor chip. 

Differences Between Virtual 8086 Mode and 
the 8086 

All previously listed differences also apply to v86 mode in comparison to real mode 
on the 8086. Following are some additional differences. 

I/O instructions in v86 mode are allowed only if the I/O permission bitmap for the 
v86 mode task is set up. . 

All exceptions (hardware and software interrupts) vector to the protected-mode 
lOT entries rather than through the real-mode interrupt mechanism. The protected­
mode handlers must simulate the real-mode vector process when appropriate. 

Differences Between the 80286 and the 
80386/80486 

As implemented on the 80286, the LOCK prefix causes all memory to be locked dur­
ing the prefixed instruction. On the 80386 and 80486, only the memory accessed by 
the prefixed instruction is locked. 

On RESET, any of the registers that contained undefined values on the 80286 can 
contain different values on later processors. 

Differences Between the 80386 and the 80486 
The 80486 will optionally generate an alignment fault on any memory reference in­
struction of more than a single byte. 

New bits have been defined in the control registers, page table entries, and flags. 

Differences Between the 8087 and the 
80387/80486·NDP 

Errors are signaled via a dedicated hardware pin on the 80387/80486-NOP instead 
of the standard CPU interrupt mechanism. The 80386 responds to coprocessor er­
rors via interrupts 7, 9, and 16 instead of an external hardware interrupt. The 80486 
generates interrupts 7 and 16-but not interrupt 9. 

The format of the error information in the 80387/80486-NOP environment varies 
depending on whether the processor is in real mode or in protected mode. The 
8087 supports only real-mode information. 
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The instructions FENIiFDISI are no-ops on the 80387/80486-NDP. 

The 8087 does not perform automatic normalization of denormalized reals. Instead, 
it signals a denormal exception and relies on the application to perform this opera­
tion. The 80387/80486-NDP will normalize these values and might execute faster if 
the denormal exception is masked when running 8087 programs. 

The 8087 requires explicit WAIT instructions before each floating-point instruction 
to synchronize with the 8086. The 80386 and the 80387 perform automatic synchro­
nization, as does the 80486 and its NDP. The WAIT instructions are unnecessary, 
but they will not cause the program to operate incorrectly. 

Differences Between the 80287 and the 
80387/80486·NDP 

The FSETPM instruction is a no-op on the 80387. 

The 80287 supports both affine and projective closure. Only affine closure is sup­
ported on the 80387/80486-NDP. Programs that rely on projective closure may gen­
erate different results on the 80387/80486-NDP than on the 80287. 

Differences Between the 80387 and the 80486 
Interrupt 9 will not be generated on the 80486. Interrupt 13 will be generated 
instead. 

The 80486 supports redirected error reporting of floating-point errors via the NE bit 
in eRO and the FERR\ and IGNNE\ hardware pins. 
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A 
AAA (ASCII Adjust After Addition) 

163 
AAD (ASCII Adjust Before Division) 

164 
AAM (ASCII Adjust After 

Multiplication) 165 
AAS (ASCII Adjust After Subtraction) 

166 
abort (exception class) 

coprocessor segment overrun 
(INT 9) 124 

defined 119-20 
double fault (INT 8) 123-24 

accessed (A) bit 56 
access rights 56, 93, 152 
accumulator 2, 71, 79, 89 
ADC (Add with Carry) 167 
ADD (Integer Addition) 168 
addresses 

effective 75, 89 
linear 18, 29, 48-50, 129, 138-40 
physical 18, 49, 135-37, 139-40, 143, 

151 
segment/offset 51 
virtual 49-52, 110, 135-37 

addressing modes. See instruction 
operands 

address translation 
virtual to linear 51-52 
virtual to physical 135-36 

affine closure 42 
AH register 24 
alias segments 111, 130 
alignment check (AC) bit 25-26,127 
alignment check fault (INT 17) 119, 

127 
alignment fault (INT 17H) 25 
alignment mask (AM) bit 30, 127 
AL register 24 
AND (Boolean AND) 169 

architecture 
80486 microarchitecture 19-20 
CPU microarchitecture 16-19 
evolution of 80x86 family 1-12 
instruction set 20-23 

arithmetic instructions 
floating-point 96-97 
integer 78-80 

arithmetic shifts 82-83 
ARPL (Adjust RPL) 170-71 
array indexing. See scaling 
ASCII 

character set 403 
instructions 80 
numeric format 22-23 

assembler notation conventions xiii 
associative memories 147 
auxiliary carry flag (AF) 28 
available (AVL) bit 56 
AX register 24 

B 
back link. See link field 
base address 

of the GDT 29 
of the IDT 28 
of a segment 51-53,57,106,150 

based addressing 
alone 73 
plus displacement 73 
plus displacement plus index 

75-76 
base pointer (EBP) register 4, 73 
base registers 73-76 
BCD instructions 

floating-point 95 
integer 80 

BCD numeric format 22-23,33, 
37-38 

BH register 24 
bias, floating-point exponent 34-36 
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big (B) bit 56 
binary fractions 33-36, 41 
BIST (built-in self test) (80486) 151 
bit instructions 80-82 
bit strings 20, 81-82 
bit test. See BT (Bit Test); BTC/80486 

(Bit Test and Complement); 
BTR (Bit Test and Reset); BTS 
(Bit Test and Set) 

BL register 24 
Boolean instructions 81-82 
BOUND (Check Array Boundaries) 

172-73 
bounds check fault (INT 5) 119, 122 
BP register 4, 24 
branch instructions 86-88 
breakpoint registers 129-33 
breakpoint trap 122 
BSF (Bit Scan Forward) 174-75 
BSR (Bit Scan Reverse) 176-77 
BSWAP (Byte Swap) 84, 178 
BT (Bit Test) 179-80 
BTC/80486 (Bit Test and 

Complement) 181-82 
BTR (Bit Test and Reset) 183-84 
BTS (Bit Test and Set) 185-86 
built-in self test. See BIST (built-in 

self test) (80486) 
Bus Interface Unit (BID) 16 
bus lock (LOCK\) 84,92,140 
busy (B) bit 40,114 
busy TSS 112, 116 
bytes 21 
BX register 24 

c 
cache 

descriptor 18, 28, 39 
internal (80486) 19-20, 145-48 
page table 18, 140-41 

cache disable (CD) bit 30 
CALL (Procedure Calls) 187-89 
call gate 104-5, 112, 129 
carry flag (CF) 28 
CBW (Convert Byte to Word) 190 
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CDQ (Convert Doubleword to 
Quadword) 191 

CH register 24 
CLC (Clear Carry Flag) 192 
CLD (Clear Direction Flag) 193 
CLI (Clear Interrupt Flag) 194 
clock signal 15 
CL register 24 
CLTS (Clear Task Switched Bit) 195 
CMC (Complement Carry Flag) 196 
CMP (Compare Integers) 197-98 
CMPS (Compare String) 199-200 
CMPXCHG (Compare and Exchange) 

201-2 
code segments 56 
concurrency. See multitasking 

support 
condition codes. See also NDP, 

register set 
EFLAGS register 25-28, 84, 86 
Jee (Jump if Condition) 87-88 
SETee (Set Byte on Condition) 

84-85 
conforming segments 56 
control instructions 97-98 
control registers (CRO-CR3) 30-32, 

84,115,126-27,139,150 
control tr;msfer instructions 86-88 
control word (CW) register 42-43 
coprocessor 

emulation of 31 
environment 97 
instructions 94-99 
introduction of 6-7 
monitor 31 
numeric formats 33-38 
registers 38 

coprocessor error fault (INT 16) 127 
coprocessor not available fault 

(INT 7) 123 
coprocessor segment overrun (INT 9) 

124 
CPU microarchitecture 16-19 
CS segment register 28, 49, 56, 102, 

150-51 



current privilege level (CPL) 26, 55, 
102-3,141 

CWD (Convert Word to Doubleword) 
203 

CWDE (Convert Word to Doubleword 
Extended) 204 

CX register 4, 24 

D 
DAA (Decimal Adjust AL After 

Addition) 205 
DAS (Decimal Adjust AL After 

Subtraction) 206 
data segments 56 
data transfer instructions 84-85 
data types 

ASCII 22-23 
BCD 22-23, 37-38 
bit strings 20 
bytes 21 
conventions xii-xiii 
doublewords (dwords) 22 
integers 21 
long reals (double-precision) 

33-37 
quadwords (qwords) 22 
short reals (single-precision) 33-37 
temp reals (extended-precision) 

33,34,35 
words 21 

debug breakpoints 122, 128-33 
debug exception (INT 1) 117, 122 
debug registers 32, 130-33 
DEC (Decrement) 207 
decimal instructions 80 
default (D) bit 56, 152 
denormal exception (DE) bit 42 
denormal floating-point numbers 37 
denormal operand mask (DM) bit 43 
descriptor cache 18, 28, 39. See also 

shadow registers 
descriptor formats 51-59, 111-13 
descriptor privilege level (DPL) 102-3 
descriptor tables 51, 58, 109-11 
descriptor type (TYPE) field 56, 112 

Index 

DH register 24 
differences, 8086-family processor 

463-66 
direct addressing 71-72 
direction flag (DF) 69, 88 
directory, page table 126, 138-41 
DI register 24 
dirty (D) bit 138 
disable interrupts (CLI) 27, 157-58 
displacement 68, 72, 73, 75-76 
DIV (Unsigned Division) 208-9 
divide fault 

80386-family (INT 0) 122 
80387 CZE exception) 42 

DL register 24 
double fault (INT 8) 119,123-24 
double-precision format (long real) 

33-37 
double shift 83 
doublewords Cdwords) 22 
DS segment register 5,49,88-89 
dword count field 105 
dwords 22 
DX register 24 

E 
EAX register 23, 24, 151 
EBP register 23, 24, 73, 75 
EBX register 23, 24 
ECX register 23, 24, 88, 89, 91 
EDI register 23, 24, 88 
EDX register 23, 24 
EFLAGS register 25-28,79,84,86 
ElP register 77 
emulate math coprocessor (EM) bit 

31, 123 
enable interrupts (STI) 27, 157-58 
ENTER (Enter New Stack Frame) 

210-11 
equal (branch condition) 86 
error codes 121-27 
ERROR\ pin 127 
error pointer registers 44-45,97 
error summary (ES) bit 41 
ESl register 24, 88 
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ESP register 24, 73, 77 
ES register 5, 49, 88 
exception masks 41, 43 
exceptions. See also floating-point 

exceptions 
80386/80486 

aborts 119-20 
protected-mode handling 118-28 
real-mode handling 152-53 
traps 118-19 
virtual 8086-mode (V86-mode) 

handling 159-60 
NDP 

conditions 41-43 
mask bits 41, 43 

execute-only segments 56 
execution unit 18 
expand-down segments 56-57 
exponent, floating-point 33-36 
extended-precision floating point 

(temp real) 33, 36, 41, 43 
extension type (ET) bit 31 

F 
FABS (Absolute Value) 330 
FADD (Addition) 331-32 
FAR CALLs andJMPs 115, 125, 129, 

154-55 
faults. See exceptions 
FBLD (BCD Load) 333 
FBSTP (BCD Store and Pop) 334 
FCHS (Change Sign) 335 
FCLEX (Clear Exceptions) 336 
FCOM (Compare) 337-38 
FCOS (Cosine) 339 
FDECSTP (Decrement Stack Pointer) 

340 
FDIV (Division) 341-42 
FDIVR (Division Reversed) 343-44 
FFREE (Free NDP Register) 345 
FIADD (Integer Addition) 346 
FICOM (Integer Compare) 347 
FIDIV (Integer Division) 348 
FIDIVR (Integer Division Reversed) 

349 
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FILD (Integer Load) 350 
FIMUL (Integer Multiplication) 351 
FINCSTP (Increment Stack Pointer) 

352 
FINIT (Initialize NDP) 353 
FIST (Integer Store) 354 
FISUB (Integer Subtraction) 355 
FISUBR (Integer Subtraction 

Reversed) 356 
flag register (EFLAGS) 25-28, 86 
FLD (Load Real) 357 
FLDconst (Load Constant) 358 
FLDCW (Load Control Word) 359 
FLDENV (Load Environment) 360 
floating-point condition codes 41-43 
floating-point environment 97 
floating-point exceptions 41-43,123, 

127 
floating-point formats 33-36 
floating-point instruction set 329 
floating-point support 32-33 
FLUSH\ 147-48 
FMUL (Multiplication) 361 
FNOP (No Operation) 363 
FPATAN (Partial Arctangent) 364 
FPREM (Partial Remainder) 365-66 
FPREMI (IEEE Partial Remainder) 

367-68 
FPTAN (Partial Tangent) 369 
fraction, binary 33-36, 41 
fragmentation 63,137 
frame pointer. See stack frame 
FRNDINT (Round to Integer) 370 
FRSTOR (Restore NDP State) 371-72 
FSAVE (Save NDP State) 373-74 
FSCALE (Scale by 2n) 375 
FSETPM (Set Protected Mode) 376 
FSIN (Sine) 377 
FSINCOS (Sine and Cosine) 378 
FSQRT (Square Root) 379 
FS segment register 28, 49, 91 
FST (Store Floating Point) 380 
FSTCW (Store Control Word) 381 
FSTENV (Store Environment) 382 
FSTSW (Store Status Word) 383 



FSUB (Subtraction) 384-85 
FSUBR (Subtraction Reversed) 

386-87 
FTST (Test for Zero) 388 
FUCOM (Unordered Compare) 

390-91 
FWAIT (Wait Until Not Busy) 33, 392 
FXAM (Examine Top of Stack) 

393-94 
FXCH (Exchange Stack Elements) 395 
FXTRACT (Extract Floating-Point 

Components) 396 
FYL2X (Compute Yx logzX) 397 
FYL2XPI (Compute Yx log2 (X + 1)) 

398 
F2XMl (Compute 2X -1) 399 

G 
gates 102,104-6,112-13,120-21,125 
GDTR register 29,58,107,155 
general protection fault (INT 13) 52, 

90, 119, 126, 157 
Global Descriptor Table (GDT) 29, 

58,93,106-11,121 
global enable (GO-G3) bits 132 
granularity (G) bit 54, 142, 155 
greater than (branch condition) 87 
GS segment register 28, 49, 91 

H 
HLT (Halt) 93, 212 

I 
IDIV (Integer (Signed) Division) 

213-14 
IDTR register 29, 58, 106, 150, 152, 154 
IEEE-754 floating-point format 7,31 
immediate operands 70 
implicit operands 69 
IMUL (Integer (Signed) 

Multiplication) 215 
IN (Input from I/O Port) 216-17 
INC (Increment) 218 
index addressing 

with base plus displacement 75-76 

index addressing, continued 
plus displacement 73-75 

index field 107, 109 
infinity 36, 42 
infinity control bit 42 
initial processor state 149-50 
input 

instruction 70-71, 90-91 
protection checks 117, 157 

Index 

INS (Input String from I/O Port) 85, 
219-20 

instruction categories 
arithmetic 78-80 
control transfer 86-88 
data transfer 84-85 
decimal arithmetic 80 
I/O 90-91 
logical 80-83 
miscellaneous 94 
pointer manipulation 89-90 
prefix 91-93 
stack 85-86 
string 88-89 
system 93 

instruction decode unit 18 
instruction disassembly table 455-61 
instruction formats and timings 15, 

68,417-53 
instruction operands 

immediate 70 
implicit 69 
I/O 70-71 
memory reference (see memory 

reference operands) 
register 69 

instruction prefetch queue 17 
instruction prefetch unit 17 
INT (Software Interrupt) 221-22 
integer data format 

8038621 
NDP 33 

Interrupt Descriptor Table (IDT) 
118-20, 142, 154-55, 159 

interrupt enable flag (IF) 27 
interrupt gates 104, 112-13, 120-21 
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interrupts 
disabling/enabling 27, 126, 157-58 
exceptions, faults, and traps 118-30 
gates for 104,112-13,120-21 
hardware 27, 118, 119 
masking 128 
in real mode 152-53 
software 27, 86, 119, 129, 159 
in virtual 8086 mode 159-60 

INTO (Interrupt on Overflow) 223 
invalid opcode fault (INT 6) 122-23 
invalid operation exception (IE) bit 

42 
invalid TSS fault (INT 10) 124-25 
INVD (Invalidate Cache) 93, 224 
INVLPG (Invalidate TLB Entry) 93, 

225 
I/O 

instructions 70-71, 90-91 
operands 70-71 
permission bitmap 117-18, 157 
permission checks 117, 157 
in protected mode 117 
in virtual 8086 mode 157 

I/O privilege level (IOPL) 26, 90, 117, 
157-59 

IRET (Interrupt Return) 226 

J 
Jee (Jump if Condition) 227-28 
JMP (Near, Far Jump) 229-30 

K 
KEN\ 148 

L 
LAHF (Load AH with Flags) 231 
LAR (Load Access Rights) 232-33 
LDS (Load DS) 246 
LDTR register 29, 115, 116, 125 
LEA (Load Effective Address) 234 
LEAVE (Leave Current Stack Frame) 

235 
LES (Load ES) 246 
less than (branch condition) 87 . 
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LFS (Load FS) 246 
LGDT (Load GDT Register) 236 
LGS (Load GS) 246 
LlDT (Load IDT Register) 237 
limit 54-55, 150-51 
linear addresses 18, 29, 48-50, 129, 

138-40 
linear memory, vs. segmented 

memory 47-49 
link field 115, 116 
LLDT (Load LDT Register) 238 
LMSW (Load Machine Status Word) 

239 
local descriptor table (LDT) 106-7, 

109-12 
local enable (1O-L3) bits 132 
LOCK (Assert Hardware LOCK\ 

Signal Prefix) 240-41 
LODS (Load String) 242-43 
logical shifts 82-83 
long real format (double-precision) 

33-37 
LOOPee (Loop Decrement ECX and 

Branch) 244-45 
Lseg (Load Segment Register) 246 
LSL (Load Segment Limit) 247-48 
LSS (Load SS) 246 
LTR (Load Task Register) 249 

M 
machine status word (MSW) 30, 155 
mask bits 41 
memory read/write breakpoints 

128-33 
memory reference operands 

based 73 
based plus displacement 73 
based plus index plus displacement 

75-76 
direct 71-72 
index plus displacement 73-75 
stack 76-78 

memory segments 4-6,47-57 
microarchitecture 16-20 
microcycle 67-68 



modes 
protected 7-8,10,31,101-33, 

154-55 
real 7, 149-53, 156 
transitions between 31, 156 
virtual 8086 10, 142-43, 156-60 

monitor coprocessor (MP) bit 31, 123 
MOV (Move Data/Selector/Special) 

250-52 
MOVS (Move String) 253-54 
MOVSX (Move with Sign Extension) 

255 
MOVZX (Move with Zero Extension) 

256 
MUL (Unsigned Multiplication) 

257-58 
multiprocessing 113 
multitasking support 31, 48, 59, 106, 

113-17,142-45 

N 
NaN (Not a Number) 37 
native mode 92, 149, 152 
NDP 

data formats supported 33-38 
defined 32 
register set 38-45 

NEG (Negate Integer) 259 
negative number formats 

floating-point 34 
integer 21 

nested task (NT) flag 26, 116 
Non-Maskable Interrupt (NMI) 27, 

118, 128, 158 
NOP (No Operation) 260 
NOT (Boolean Complement) 261 
not present fault (INT 11) 125 
no write-through (NW) bit 30 
null selector 109, 159 
numeric data processor. See NDP 
numeric formats 

BCD 22-23, 33, 37-38 
floating-point 33-36 
integer 21 

numerics exception (NE) bit 30, 127 

o 
offset 51 
opcodes, tables of 405-15 
OR (Boolean OR) 262 
OUT (Output to Port) 263-64 
output 

instruction 70-71, 90-91 
privilege checking 117,157 

Index 

OUTS (Output String) 265-66 
overflow exception (OE) bit 42 
overflow flag (OF) 26-27, 85, 88, 118, 

122 
overflow trap (INT 4) 119, 122 
override prefixes 

p 

address 91, 152 
operand size 92, 152-53 
segment 49, 71,91-92, 125-26 

page cache disable (PCD) bit 138 
Page Directory Entry (PDE) 138-40 
page enable (PG) bit 30,137,156 
page fault (INT 14) 126-27, 138, 141 
page frames 125 
page granularity (G) bit 54 
Page Table Entry (PTE) 138-42 
page write-through (PWT) bit 138 
paging 135-42, 157 
paging unit 18 
parallelism 16, 33 
parity flag (PF) 28, 85, 88 
permission checks 

I/O 117, 157 
between privilege rings 104-9 
segment access 101-4 

physical addresses 18, 49, 135-37, 
139-40, 143, 151 

pipelining 14,16 
pointer registers 3, 57, 71-78 
pointers 65, 89-90 
POP (Pop Segment RegisterNalue Off 

Stack) 267-68 
POPA (Pop All General Registers 

16-bit) 269 
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POPAD (Pop All General Registers 
32-bit) 270 

POPF (Pop Stack into FLAGS) 271 
POPFD (Pop Stack into EFLAGS) 272 
powers of two 401 
precision, floating-point 33 
precision control (PC) field 43 
precision exception (PE) bit 41, 155 
prefix instructions 

ADRSIZ 92, 152 
LOCK 92, 140, 155 
OPSIZ 92, 152 
repeat 89, 91 
segment override 49, 71, 91-92, 

125-26 
present (P) bit 

in descriptor 55,125 
in page table 126-27,138 

privilege levels 
current (CPL) 26, 55, 102-3, 141 
descriptor (DPL) 102 
paging and privilege 141-42 
rings 102-4 
transitions between 104-11 

processor differences. See 
differences,8086-family 
processor 

projective closure 42 
protected mode 

introduction to 7-8 
mechanism (80386/80486) 10, 

101-33 
switching into/away from 154-56 

protect enable (PE) bit 31, 156 
protection 

of pages 126-27,141-42 
of segments 101-4 

PUSH (Push Value onto Stack) 273-74 
PUSHA (Push 16-Bit General ' 

Registers) 275 
PUSHAD (Push 32-Bit General 

Registers) 276 
PUSHF (Push 16-Bit EFLAGS Register) 

277 
PUSHFD (Push EFLAGS Register) 278 
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Q 
quadwords 22 
quiet NaN 37 

R 
RAM, intelligent 146-47 
RCL (Rotate Through Carry Left) 

279-80 
RCR (Rotate Through Carry Right) 

281-82 
readable code segments 56 
read-only data segments 56, 62 
read/write (R!W) bit 

for debugging 131 
for paging 141 

READY\ 94 
real mode 7, 149-53 
real-mode differences, 8086-family 

processor. See differences 
8086-family processor ' 

real number formats 33-36 
register operands 69 
registers 

breakpoint 129-33 
control 30-32, 84, 115, 126-27, 139, 

150 
debug and test 32, 130-33 
general 23-25 
NDP 38-45 
protection 29 
segmentation (see segment 

registers) 
REP (Repeat String Prefix) 283 
requested privilege level (RPL) 58, 59, 

107 -9, 116, 125 
RESET 149-51 
resume flag (RF) 26, 128 
RET (Near Return from Subroutine) 

284 
RETF (Far Return from Subroutine) 

285 
return 

from interrupt 120, 160 
from subroutine 77 
from task switch 116, 120 



rings, protection 8, 102-4 
ROL (Rotate Left) 286-87 
ROR (Rotate Right) 288-89 
rotate instructions 83 
rounding control (RC) field 42-43 

S 
SAHF (Store AH in EFLAGS) 290 
SAL (Shift Left Arithmetic) 291-92 
SAR (Shift Right Arithmetic) 293-94 
SBB (Subtraction with Borrow) 295 
scaling 74, 93 
SCAS (Scan String) 296-97 
seg (Segment Override Prefix) 298. 

See also segment override prefix 
segmentation 

address translation in 47-52 
combining paging and 142 
introduction of 4-6 
protection in 52-57 

segmentation unit 18 
segment override prefix 49,71,91-92, 

125-26 
segment registers 

description of 28-29 
initialization of 149-50 
introduction of 4-5 
loading and storing 84, 109, 115, 125, 

160 
in virtual addressing 50,64 

selector 51,58-59,101-2,107-10,115 
self test. See BIST (built -in self test) 

(80486) 
SET cc (Set Byte on Condition) 

299-300 
SGDT (Store GDT Register) 301 
shadow registers 116,150-51. See also 

descriptor cache 
shared segments 62-63,142 
SHL (Shift Left Logical) 302-3 
SHLD (Shift Left Double) 304 
short real (single-precision) format 

33-36 
SHR (Shift Right Logical) 305-6 
SHRD (Shift Right Double) 307 

Index 

shutdown 123-24,158 
SIDT (Store IDT Register) 308 
signaling NaN 37 
sign flag (SF) 27, 85, 87, 88 
significand 33-35 
single-precision (short real) format 

33-36 
Single stepping 129, 153 
SI register 24 
SLDT (Store LDT Register) 309 
SMSW (Store Machine Status Word) 

310 
software breakpoints 122 
software interrupts 27, 86, 119, 129, 

159 
SP register 4, 24 
SS segment register 28-29, 49, 76, 

106, 159 
stack -based addressing 76-78 
stack fault (INT 12) 57, 77, 125-26 
stack fault (SF) bit 41 
stack frame 9, 73, 77 
stack overflow 76 
stack pointer (ESP) register 23-24, 73 
status word (SW) register 38, 40-43 
STC (Set Carry Flag) 311 
STD (Set Direction Flag) 312 
STI (Set Interrupt Flag) 313 
STOS (Store String) 314-15 
STR (Store Task Register) 316 
string instructions 27, 88-89, 91 
SUB (Subtraction) 317 
subroutine call 4, 77, 86 
supervisor pages 141-42 
swapping 

pagesI36-39,144-45 
segments 56, 60-62, 125 

syntax conventions xiv 

T 
table indicator (TO bit 58, 107, 109, 

121 
tag word (TW) register 38, 44 
task gate 104, 113, 120, 125 
task (TR) register 29, 106, 115 
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Task State Segment (TSS) 29, 106-7, 
111-18, 124, 125, 129 

task switched (TS) bit 31, 123 
task switching 115-17 
task switch trap (T) bit 129, 132 
temp real (extended-precision) 

format 33, 36, 41, 43 
TEST (Test Bits) 318 
test registers 32, 107 
thrashing 62 
top-of-stack (TOP) field 40-41 
translation lookaside buffer (TLB) 18, 

116,140-41,156 
trap flag (TF) 27, 129, 153 
trap gates 104, 112, 120, 125 
traps 118-19, 122, 129 
two-phase clock 15 
type (TYPE) field 56, 112-13, 114 

U 
undefined opcode fault (INT 6) 

122-23 ' 
underflow exception (UE) bit 40, 41 
unmasked exceptions 41 
unsigned comparisons 85,87 
user level pages 141-42 
user/supervisorCU/S) bit 127,141 

V 
v86 mode. See virtual 8086 mode 
vector table 119, 152-53 
VERR (Verify Read Access) 319-20 
VERW (Verify Write Access) 321-22 
virtual 8086 mode 10, 26, 156-60 
virtual addresses 49-52, 110, 135-37 
virtual memory 49-52, 55, 59-64, 

135-37 
virtual mode (VM) bit 26, 157, 159, 160 
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W 
WAIT (Wait Until Not Busy) 323 
WBINVD (Write Back and Invalidate 

Cache) 93, 324 
whetstone 32 
word count field. See dword count 

field 
words 21 
writable data segments 56 
write protect (WP) bit 30,141 

X 
XADD (Exchange and Add) 325 
XCHG (Exchange) 326 
XLATB (Translate Byte) 327 
XOR (Boolean Exclusive OR) 328 

Z 
zero divide exception (ZE) bit 42 
zero divide fault (INT 0) 122 
zero flag (ZF) 27, 85, 87, 88 
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