


























































































































































































































































































































































































































; PART 5, Coprocessor instructions

by F2XM1 Computer 2%-1
o Exceptions: P,U, D, 1,$
L F2XM1 (no operands)
- Operands Execution clocks Code bytes Example
e 8 287 387 486
‘;| No operands 211-476  211-476  242(140-279) 2 F2XM1
- FABS Absolute value
”_l Exceptions: |
o FABS (no operands)
- o Operands Execution clocks Code bytes Example
& 2871 387 486
) No operands ~ 10-17 10-17 22 3 2 FABS
o FADD Add real
o Exceptions: |,D, O, U, P
D FADD / /source/destination, source
'__“: Operands Execution clocks Code bytes  Example
- & 87 37 486
HST,ST(i))  70-100 70-100  23-34 10(8-20) 2 FADD ST,ST(4)
= ST(i),ST
e short real 90-120+EA  90-120  24-32  10(8-20) 2-4 FADD AIR_TEMP{SI|
- longreal  95-125:EA 95-125  20-37  10(8-20) 2-4 FADD [BX].MEAN
o FADDP Add real and pop
T Exceptions: 1,D, O, U, P
7 FADDP destination, source
_ Operands Execution clocks Code bytes Example
D &7 287 %87 486
. ST([),ST 75105 75-105 2334  10(8-20) 2 FADDP ST(2),ST
\___/
.
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FBLD Packed decimal (BCD) load

Exceptions: |
FBLD source
Operands Execution clocks Code bytes  Example
8 %87 387 486
Packed decimal 290-310  290-310 5 75(70-103) 24 FBLD YTD_SALES
FBSTP Packed decimal (BCD) store and pop
Exceptions: |
FBSTP destination
Operands Execution clocks Code bytes  Example
87 287 87 486
Packed decimal  520-540+EA  520-540+EA 512-534  175(172-176) 2-4 FBSTP
[BX).FORECAST
FCHS Change sign
Exceptions: |
FCHS (no operands)
Operands Execution clocks Code bytes Example
8 87 3 486
No operands ~ 10-17 10-17 24-25 6 2 FCHS
FCLEX Clear exceptions
FNCLEX ,
Exceptions: None
FCLEX/FNCLEX (no operands)
Operands Execution clocks Code bytes Example
& 287 3,7 488
Nooperands  2-8 2-8 " 7 FNCLEX
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FCOM Compare real

Exceptions: |, D

FCOM / /source
Operands Execution clocks Code bytes  Example

& 27 7 486

ST 40-50 4050 24 4 FCOM ST(1)
short real 60-70+EA  60-70 26 4 2-4 FCOM [BP).UPPER_LIMIT
long real 65-75+EA  65-75 31 4 2-4 FCOM WAVELENGTH
FCOMP Compare real and pop

Exceptions: |, D

FCOMP / /source
Operands Execution clocks Code bytes  Example

&7 287 387 486

NIST() 42-52 45-52 26 4 2 FCOMP ST(2)
short real 63-73+EA  63-73 26 4 2-4 FCOMP [BP+2).N_READINGS
long real 67-77+EA  67-77 31 4 2-4 FCOMP DENSITY
FCOMPP Compare real and pop twice

Exceptions: I, D

FCOMPP (no operands)
Operands Execution clocks Code bytes ~ Example

& 81 3 486

No operands ~ 45-55 45-55 26 5 FCOMPP
FCOS Cosine of ST(0)

387 and 486 only

Exceptions: IS,I,D, U, P

FCOS
Operands Execution clocks Code bytes Example

87 287 387 486

No operands 123-772" - 241(193-279) 2 FCOS

*These timings hold for operands in the range /x/ /4. For operands not in this range, up to 76 additional clocks may

be needed to reduce the operand.
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FDECSTP Decrement stack pointer

Exceptions: None

FDECSTP (no operands) ‘

Operands Execution clocks Code bytes Example (
8 287 387 486 -

No operands 6-12 6-12 22 3 2 FDECSTP P
FDISI Disable interrupts .
FNDISI 8087 only :

Exceptions: None

FDISI (no operands)

Execution clocks: Operand word Code ’

Operands Typical Range transfers bytes Example
No operands 5 2-8 0 2 FDISI
FDIV Divide real

Exceptions: 1,D,Z,0,U,P

FDIV / /source/destination, source

Operands Execution clocks Code bytes  Example
& 287 %7 486
/IST(i),ST 193-203 193-203 88-91 73 2 FDIV
short real 215-225  215-225 89 73 2-4 FDIV DISTANCE
long real 220-230  220-230 94 73 2-4 FDIV ARC[DI]
1IST,ST() 73
FDIVP Divide real and pop
Exceptions: 1, D, Z, O, U, P
FDIVP destination, source ,
Operands Execution clocks Code bytes ~ Example -
& 7 %7 486 -
NIST(H),ST 197-207 198-209 8891 73 2 FDIVP ST(4),ST ;
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FDIVR Divide real reversed
Exceptions: ,D,Z, O, U, P
FDIVR / /source/destination, source
Operands Execution clocks Code bytes Example
87 87 37 486
NST,ST()Y  194-204 198208 8891 73 2 FDIVR ST(2),ST
ST(i),ST 73
shortreal  216-226+EA 215-225 89 73 24 FDIVR [BX].PULSE_RATE
longreal  221-231+EA 220230 94 73 24 FDIVR RECORDER.FREQUENCY
FDIVRP Divide real reversed and pop
Exceptions: 1.D,Z,. O, U, P
FDIVRP destination, source
Operands Execution clocks Code bytes Example
& 28 38 486
ST(i),ST 198-208 198-208 88-91 73 2 FDIVRP ST(1),ST
FENI Enable interrupts
FNENI 8087 only
Exceptions: None
FENI (no operands)
Operands Execution clock  Code bytes Example
87
(no operands)  5(2-8) 2 FNENI
FFREE Free register
Exceptions: None
FFREE destination
Operands Execution clocks Code bytes Example
& 287 31 486
ST() 9-16 9-16 18 3 2 FFREE ST(1)
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FIADD Integer add
Exceptions:|,D, O, P
FIADD source
Operands Execution clocks Code  Example
bytes
[ 287 387 486
word integer  102-137+EA  102-137 71-85 22.5(19-32) 2-4 FIADD DISTANCE_TRAVELLED

short integer

108-143+EA  108-143 57-72  24(20-35) 2-4

FIADD PULSE_COUNT [SI]

FICOM Integer compare
Exceptions: |, D
FICOM source
Operands Execution clocks Code bytes Example
[ 287 381 486
word integer  72-86+EA  72-86 7175  18(16-20) 2-4 FICOM TOOL.N_PASSES

short integer

78-91+4EA 7891 56-63 16.5(15-17) 2-4

FICOM [BP+4].PARM_COUNT

FICOMP Integer compare and pop
Exceptions: I, D
FICOMP source
Operands Execution clocks Code bytes Example
8 27 387 486
word integer ~ 74-88+EA  74-.88 71-75  18(16-20) 24 FICOMP [BP}.LIMIT [SI}

short integer

80-93+EA  80-93 56-63 16.5(15-17) 2-4

FICOMP N_SAMPLES

FIDIV Integer divide
Exceptions:1,D,Z,0,U,P
FIDIV source
Operands Execution clocks Code  Example
bytes
87 287 387 486
word integer  224-238+EA  224-238  136-140 73 24 FIDIV SURVEY.OBSERVATIONS

short integer

230-243+EA  230-243  120-127 73 2-4

FIDIV RELATIVE_ANGLE [DI}
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FIDIVR Integer divide reversed
Exceptions:1,D,Z, O, U, P
FIDIVR source
Operands Execution clocks Code bytes  Example
87 287 387 486

word integer  225-230+EA 224238 135141 73 24

FIDIVR [BP].X_COORD

short integer  231-245+EA  230-243 121-128 73 2-4 FIDIVR FREQUENCY
FILD Integer load
Exceptions: |
FILD source
Operands Execution clocks Code bytes Example
8 287 387 486
word integer  46-54+EA 4654 6165 115(9-12) 24 FILD [BX].SEQUENCE
shortinteger 52-60+EA  52-60 4552 14.5(13-16) 24 FILD STANDOFF [DI]
long integer  60-68+EA  60-68 56-67 16.8(10-18) 2-4 FILD RESPONSE.COUNT
FIMUL Integer muitiply
Exceptions: I,D, O, P
FIMUL source
Operands Execution clocks Code bytes Example
87 287 381 488
word integer 124-138+EA 124-138 7687 8 2-4 FIMUL BEARING
short integer 130-144+EA 130-144 61-82 8 2-4 FIMUL POSITION.Z_AXIS
FINCSTP Increment stack pointer
Exceptions: None
FINCSTP (no operands)
Operands Execution clocks Code bytes Example
8 287 37 486
No operands 6-12 6-12 21 3 2 FINCSTP
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FINIT Initialize processor

FNINIT -
Exceptions: None
FINIT/ENINIT (no operands)
Operands Execution clocks Code bytes Example
8 287 381 486
No operands ~ 2-8 2-8 33 17 2 FINIT
FIST Integer store
Exceptions: I, P
FIST destination
Code
Operands Execution clocks bytes Example
& 27 37 486
word integer  80-90+EA  80-90  82-95 334(29-34) 24 FIST OBS.COUNT {S]]
shortinteger 82-92+EA 8292 7993 324(28-34) 24  FIST [BP;.FACTORED_PULSES
FISTP Integer store and pop
Exceptions: I, P
FISTP destination
Operands Execution clocks Code bytes Example
87 287 387 486
word integer 82-92+EA  82-92 8295 33.4(29-34) 2-4 FISTP [BX].
ALPHA_COUNT [S1}
shortinteger 84-94+EA  84-94  79-93 334(29-34) 24 FISTP CORRECTED_TIME
long integer  94-105+EA  94-105 80-97 33.4(29-34) 24 FISTP PANEL. N_READINGS
FISUB Integer subtract
Exceptions: 1.D, O, P
FISUB source
Code
Operands Execution clocks bytes Example
8 87 31 486
word integer  102-137+EA  102-137  71-83 22.5(19-32) 24 FISUB BASE_FREQUENCY
shortinteger  108-143+EA  108-143  57-82 24(20-35) 24 FISUB TRAIN_SIZE D]
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FISUBR Integer subtract reversed
Exceptions: I,D, O, P
FISUBR source
Operands Execution clocks Code bytes Example
8 287 37 486
word integer  103-139+EA  102-137 72-84 22.5(19-32) 2-4 FISUBR FLOOR [BX][SI]
shortinteger  109-144+EA  108-143  58-83  24(20-35) 24 FISUBR BALANCE
FLD Load real
Exceptions: I, D
FLD source
Operands Execution clocks Code bytes  Example
8 %7 387 486
ST(i) 17-22 1722 14 4 2 FLD ST(0)
short real 38-56+EA 3856 20 3 2-4 FLD READING [SI}.PRESSURE
long real 40-60+EA 4060 25 3 2-4 FLD [BP).TEMPERATURE
Tempreal 53-85+EA  53-65 44 6 2-4 FLD SAVEREADING
FLDCW Load control word
Exceptions: None
FLDCW source
Operands Execution clocks Code bytes ~ Example
& 7 38 488
2 bytes 7-14+EA  7-14 19 4 2-4 FLDCW CONTROL_WORD
FLDENV Load environment
Exceptions: None
FLDENV source
Operands Execution clocks Code bytes Example
& 287 37 486
14 bytes 35-45:EA 3545 71 44 real or virtual  2-4 FLDENV [BP+86]
34 protected
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FLDLG2 Load logi02
Exceptions: |
FLDLG2 (no operands)
Operands Execution clocks Code bytes Example
8 287 387 486
No operands 18-24 18-24 41 8 2 FLDLG2
FLDLN2 Load loge?2
Exceptions: |
FLDLN2 (no operands)
Operands Execution clocks Code bytes ~ Example
& 87 %87 486
No operands ~ 17-23 17-23 41 8 2 FLDLN2
FLDL2E Load logee
Exceptions: |
FLDL2E (no operands)
Operands Execution clocks Code bytes ~ Example
& 81 38 486
No operands ~ 15-21 15-21 40 8 2 FLDL2E
FLDL2T Load log210
Exceptions: |
FLDL2T (no operands)
Operands Execution clocks Code bytes Example
& 21 %1 486
No operands ~ 16-22 16-22 40 8 2 FLDL2T
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FLDPI Load P (pi)
Exceptions: |
FLDPI (no operands)
Operands Execution clocks Code bytes ~ Example
87 287 387 486
No operands ~ 16-22 16-22 40 8 2 FLDPI
FLDZ Load +0.0
Exceptions: |
FLDZ (no operands)
Operands Execution clocks Code bytes  Example
o 87 87 486
No operands ~ 11-17 1117 20 4 2 FLDZ
FLD1 Load +1.0
Exceptions: |
FLD1 (no operands)
Operands Execution clocks Code bytes Example
& w1 W 48
No operands  15-21 15-21 24 4 2 FLD1

FMUL Multiply real

Exceptions: I,D, O, U, P

FMUL / /source/destination,source

Code
Operands Execution clocks bytes Example
87 287 387 486

/iST(),ST/ST, 90-105,ST(1)* 90-105 90-145 2057 16 2  FMULST,ST(3)
/IST(i),ST/ST, ST,ST(1) 130-145 90-145 2057 16 2  FMULST,ST(3)
short real 110-1254EA  110-125 27-35 11 24 FMUL SPEED_FACTOR
long real* 112-126+EA  112-168 32-57 2-4  FMUL [BP].HEIGHT
long real 154-168+EA 112-168 32-57 14 2-4 FMUL [BP].HEIGHT

*Occurs when one or both operands is "short™-it has 40 trailing zeros in its fraction (for example, it was loaded from
a short-real memory operand).
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FMULP

Multiply real and pop

Exceptions: |,D, O, U, P
FMULP destination,source

Operands Execution clocks Code bytes Example

‘87 287 387 486
ST(i)ST* 94-108  198-208  29-57 2 FMULP ST(1),8T
ST(i),ST 134-148 198-208 2957 16 2 FMULP ST(1),ST

*Occurs when one or both operands is "short™-it has 40 trailing zeros in its fraction (for example, it was loaded from
a short-real memory operand).

FNOP No operation
Exceptions: None
FNOP (no operands)
Operands Execution clocks Code bytes Example
& %7 37 486
No operands 10-16 10-16 12 3 2 FNOP
FPATAN Partial arctangent
Exceptions: U, P (operands not checked)
FPATAN (no operands)
Operands Execution clocks Code bytes Example
8 287 387 486
No operands ~ 250-800 250-800  314-487 5(2-17) 2 FPATAN
FPREM Partial remainder
Exceptions: |, D, U
FPREM (no operands)
Operands Execution clocks Code bytes Example
8 287 387 4%
Nooperands 15190  15-190 74155 2(2-8) 2 FPREM
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FPREM1 Partial remainder
387 and i486 only

Exceptions:1,D,U

FPREM (no operands)
Operands Execution clocks Code bytes Example
& 27 3 486
No operands 95-185  945(72-167) 2 FPREM1
FPTAN Partial tangent
Exceptions: I, P (operands not checked)
FPTAN (no operands)
Operands Execution clocks Code bytes Example
8 287 38 486
No operands ~ 30-540  30-540 191-573  244(200-273) 2 FPTAN

FRNDINT Round to integer

Exceptions: |, P

FRNDINT (no operands)

Operands Execution clocks Code bytes Example
87 87 387 486

No operands ~ 16-50 16-50 66-80 29.1(21-30) 2 FRNDINT
FRSTOR Restore saved state

Exceptions: None

FRSTOR source
Operands Execution clocks Code bytes Example

8 87 387 486
94 bytes  197-207+EA  205-215 308 131 real orvirtual  2-4 FRSTOR [BP)
120 protected

Note: The 80287 execution clock count for this instruction is not meaningful in determining overall instruction execu-
tion time. For typical frequency ratios of the 80286 and 80287 clocks, 80287 execution occurs in parallel with the op-
erand transters. The operand transfers determine the overall execution time of the instructions. For 80286:80287
clock frequency ratios of 4:8, 1:1, and 8:5, the overall execution clock count for this instruction is estimated at 490,
302, and 227 80287 clocks, respectively.
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FSAVE Save state

FNSAVE :
Exceptions: None e
FSAVE/FNSAVE destination

Operands Execution clocks Code bytes Example

87 287 387 486
94 bytes 197-207+EA 205215  375-376 2-4 FSAVE [BP]

Note: The 80287 execution clock count for this instruction is not meaningful in determining overall instruction execu-
tion time. For typical frequency ratios of the 80286 and 80287 clocks, 80287 execution occurs in parallel with the op-
erand transfers. The operand transfers determine the overall execution time of the instruction. For 80286:80287
clock frequency ratios of 4:8, 1:1, and 8:5, the overall execution clock count for this instruction is estimated at 376,
233, and 174 80287 clocks, respectively.

FSCALE Scale

Exceptions: |, O, U

FSCALE (no operands)
Operands Execution clocks Code bytes ~ Example
& & % 48
No operands ~ 32-38 32-38 67-86  31(30-32) 2 FSCALE
FSETPM Set protected mode
Exceptions: None
FSETPM (no operands)
Operands Execution clock Code bytes Example
287
No operands  2-8 2 FSETPM
FSIN Sine of ST(0)
387 and 486 only
Exceptions: IS,1,D, U, P
FSIN
Operands Execution clocks Code bytes Example
387 486
No operands 122-771* 241(193-279) 2 FSIN
*These timings hold for operands in the range /x/ /4. For operands not in this range, up to 76 additional clocks may \

be needed to reduce the operand.

140 PART 5, Coprocessor instructions



FSINCOS

Sine and cosine of ST(0)
387 and i486 only

Exceptions: IS,1.D, U, P

FSINCOS
Operands Execution clocks Code bytes Example
387 486
No operands ~ 194-809* 291(243-329) 2 FSINCOS

*These timings hold for operands in the range /x/ /4. For operands not in this range, up-to 76 additional clocks may
be needed to reduce the operand.

FSQRT Square root
Exceptions: I, D, P
FSQRT (no operands)
Operands Execution clocks Code bytes Example
8 287 387 486
No operands 180-186 180-186 122-123  85.5(83-87) 2 FSQRT
FST Store real
Exceptions: 1, O, U, P
FST destination
Operands Execution clocks Code bytes ~ Example
& 287 %7 486
ST(i) 15-22 15-22 1 3 2 FST ST(3)
short real 84-90+EA 84-90 44 7 2-4 FST CORRELATION [DI)
long real 96-104+EA96-104 45 8 2-4 FST MEAN_READING
FSTCW Store control word
FNSTCW
Exceptions: None
FSTCW destination
Operands Execution clocks Code bytes  Example
&7 287 3.7 486
2 bytes 12-18+EA  12-18 15 2-4 FSTCW SAVE_CONTROL
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FSTENV

Store environment

FNSTENV
Exceptions: None s
FSTENYV destination
Operands Execution clocks Code bytess ~ Example
87 87 387 486
14 bytes 40-504EA  40-50 103-104 2-4 FSTENV [BP]
FSTP Store real and pop .
Exceptions: I, O, U, P
FSTP destination
Operands Execution clocks Code bytes  Example
87 287 37 486
ST(i) 17-24 17-24 12 3 2 FSTP ST(2)
short real 86-92+EA  86-92 44 7 2-4 FSTP [BX]. ADJUSTED_RPM
long real 98-106+EA 98-106 45 8 2-4 FSTP TOTAL_DOSAGE
Temp real 52-58+EA  52-58 53 6 24 FSTP REG_SAVE [SI]
FSTSW Store status word
FNSTSW
Exceptions: None
FSTSW /FNSTSW destination
Operands Execution clocks Code bytes Example
87 287 381 486
2 bytes 12-18+EA 12-18 15 3 2-4 FSTSW SAVE_STATUS
FSTSW AX  Store status word to AX
FNSTSW AX :
Exceptions: None
FSTSW destination
Operands Execution clocks Code bytes Example
87 287 37 486 |
AX 10-16 13 3 2 FSTSW AX ’
142
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FSUB Subtract real

Exceptions: ,D, O, U, P

FSUB / /source/ destination,source
Operands Execution clocks Code bytes  Example

8 281 387 486

UST.ST/iY  70-100 70-100 2637 7(5-17) 2 FSUB ST,ST(2)
ST(),ST
short real 90-120+EA  90-120 24-32  7(5-17) 24 FSUB BASE_VALUE
long real 95-125+¢EA  95-125 28-36  7(5-17) 24 FSUB COORDINATE.X
FSUBP Subtract real and pop

Exceptions: 1,D, O, U, P

FSUBP destination, source
Operands Execution clocks Code bytes Example

& 287 387 486

ST(i),ST 75105 75-105  26-37 7(5-17) 2 FSUBP ST(2),ST
FSUBR Subtract real reversed

Exceptions: 1,D, O, U, P

FSUBR / /source/destination, source
Operands Execution clocks Code bytes Example

& 27 37 486

JIST,ST(i)/ 70-100 70-100 26-37  7(5-17) 2 FSUBR ST,ST(1)
ST(i,ST
short real 90-120+EA  90-120  25-33 7(5-17) 2-4 FSUBR VECTOR [S]]
long real 95-125+EA 95125  29-37 7(5-17) 24 FSUBR [BX].INDEX
FSUBRP Subtract real reversed and pop

Exceptions:,D, O, U, P

FSUBRP destination, source
Operands Execution clocks Code bytes ~ Example

8 287 387 486
ST(i),ST 75105 75105 2637  7(5-17) 2 FSUBRP ST(1),ST
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FTST Test stack fop against +0.0

Exceptions: |, D

FTST (no operands)
Operands Execution clocks Code bytes Example
8 287 37 48
No operands ~ 38-48 38-48 28 4 2 FTST
FUCOM Unordered compare

387 and i486 only

Exceptions: IS, 1. D

Operands Execution clocks Code bytes Example
87 486
/IST(i) 24 4 2 FUCOM ST(1)

FUCOMP Unordered compare
387 and i486 only

Exceptions: IS, I, D

Operands Execution clocks Code bytes Example
37 486
1IST(i) 26 4 2 FUCOMP ST(2)

FUCOMPP  Unordered compare
387 and 486 only

Exceptions: IS, 1, D

Operands Execution clocks Code bytes Example
37 486

No operands 26 5 2 FUCOMPP

FWAIT Wait

Exceptions: None (CPU instruction)
FWAIT (no operands)
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Operands Execution clocks Code bytes Example
¥ 486
No operands  3+51" 1-3 1 FWAIT

“n = number of time CPU examines BUSY line before 80287 completes execution of previous instruction.

FXAM Examine stack top
Exceptions: None
FXAM (no operands)
Operands Execution clocks Code bytes Example
8 287 387 486
No operands ~ 12-23 12-23 30-38 8 2 FXAM
FXCH Exchange registers
Exceptions: |
FXCH //destination
Operands Execution clocks Code bytes Example
8 287 387 486
1ST() 10-15 1015 18 4 2 FXCH ST(2)
FXTRACT Extract exponent and significant
Exceptions: |
FXTRACT (no operands)
Operands Execution clocks Code bytes Example
& 287 .7 48
No operands ~ 27-55 27-55 70-76  19(16-20) 2 FXTRACT
FYL2X Y * log2X
Exceptions: P (operands not checked)
FYL2X (no operands)
Operands Execution clocks Code bytes Example
8 287 37 486
No operands ~ 900-1100 900-1100 120-538 311(196-329) 2 FYL2X
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FYL2XP1 Y " log2(X+1)

Exceptions: P (operands not checked)
FYL2XP1 (no operands)

Operands Execution clocks Code bytes Example
& 28 W48

No operands ~ 700-1000 700-1000 257-547  313(171-326) 2 FYL2XP1

F2XM1 2%

Exceptions: U, P (operands not checked)
F2XM1 (no operands)

Operands Execution clocks Code bytes ~ Example
& 281 W 486
No operands ~ 310-630 310-630 211-476  242(140-279) 2 F2XM1

146 PART 5, Coprocessor instructions



0000000000000 NN0NNN0N0AR"AKABANBNNHNON00B0000000



TURBO

BORLAND

CORPORATE HEADQUARTERS: 1800 GREEN HILLS ROAD, P.0. BOX 660001, SCOTTS VALLEY, CA
95067-0001, (408) 438-5300. OFFICES IN: AUSTRALIA, DENMARK, FRANCE, GERMANY, TALY,
JAPAN, SWEDEN AND THE UNITED KINGDOM = PART # 15MN-ASD05-20 = BOR 14828




