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1. About This Manuail

This document defines the electrical and functional characteristics of the Cyrix CX-83D87
device. The device is described in sufficient detail ¢ provide both the system designer
and the programmer the information needed to evaluate and use the device. Detailed
descriptions of the internal architecture of the device are not contained in this
document.

2. References
The following documents are frequently cited throughout the body of this specification.
The reader should be familiar with their contents and have them availeble for reference

when using this manual:

1. "Microprocessor and Peripheral Handbook Volume | Microprocessor”, 1988, Intel
Corporation, 3065 Bowers Avenue, Santa Clara, CA 95051,

2. "80386 Hardware Reference Manual®, 1986, Intel Corporation, 3065 Bowers Avenue,
Santa Clara, CA 95051,

3. 780387 Programmer's Reference Manual®, 1987, intel Corporation, 3065 Bowers Avenue,
Santa Cicra, CA 95051,

4. "IEEE 754 Standard for Binary Floating Point Arithmetic”, 1985, Institute for Electrical and
Eiectronic Engineers, Inc., 345 East 471h Street, New York, NY 10017
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3. General Introduction
31 Overview

The Cyrix CX-83D87 is a CMQOS VLS| integrated circuit which is pin compatible and
software compatible with the intel 80387 math coprocessor yet offers substantially
improved performance. The CX-83D87 achieves 4 to 10 times greater performance than
the Intel 80387 by implementing its floating point primitive operations in hardware rather
than in a microprogrammed sequencer as the 80387 does. This approach allows the CX-
83087 to perform simpie fiocting point operations at the same speed as the 80386
processor can perform integer additions: square root, elementary functions and
transcendental functions are evaiuated correspondingly faster.

3.2 Circuit

The CX-83087 device is fabricated using a 1.0 micron, double layer metal CMOS process.
This permits the CX-83087 1o operate at clock rates of 20, 25 and 33 Mhz. State of the art
ESD profection and latch-up prevention circuits are incorporated into the CX-83087
design. The CX-83D87 is packaged in a 68-pin ceramic pin grid aray.

3.3 Standards

The CX-83D87 implements a full extended double precision |EEE-754-1985 architecture
using 80-bit internal format for dafa storage and computation. This format assures
maximum accuracy and operand/resutt compatibility with the original 80387.

3.4 Architecture

The CX-83D87 architecture is partitioned into three functional blocks: The Interface Unit,
the Execution Unit, and the Control Unit. The interface Unit manages the CX-83D87
interface to the host 80386 cevice. The Execution Unit performs all ficating point primitive
operations including operand type conversions, nomgciizations, additions, muttiplications,
divisions, and rounding of results. The Control Unit supervises the execution of primitives,
sequences primitives to realize complex operations, and controls traffic to/from the
Interface Unit.

35 Programming

The CX-83D87 processor provides the user 8 dafa regisiers accessed in a stack-like
manner, a control register, and a status regisier. The CX-83D87 ciso provides a data
register tag word which improves confext switching and stack performarce by
maintaining empty/non-empty status for each of the eight data registers. In addition,
registers in the 80386 contain pointers to (a) the memory location containing the current
CX-83D87 instruction word and (b) the memory location containing the operend
associated with that instruction (if any).

The instructions used to program the CX-83D87 are binary and function compatible with
those defined for the Intel 80387 Numeric Processor Extension (cf 2.1). Instructions are
provided which load/store data and constants, perform arithmetic, elementary, and
transcendental functions, manipulate fraction and exponent fields of operands. crd
control the status and operating mode of the CX-83087.
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3.4 Data Types

The Cyrix CX-83D87 supports IEEE-754 32-bit single precision, é4-bit double precision, and
80-bit extended double precision real data formats. The CX-83D87 also supports 18 digit
BCD integer data format and 16-bit, 32-bit, and &4-bit bincry integer data formats. The

CX-83D87 data formats are schematically depicted in the following figure.

Format Size Most Significant Least Significant
word 16 bits 1 ]
Integer iE 7
‘Short" 32 bits

Integer Ia ]23 ]»: l7 |
Integer %3 Jss 27 3 [31 = !'s 7
BCD 80bits | FP 10, 0[5, O[5, 5[5, 5[ 0, O[5, 5[0, 0[5 [0
Integer 75 N 82 ES 47 x 31 2 is 7
Single 32 bits [s[Exp] Significand |
Real 3wz s B
Double 64 bifs 5] 50 | Sgnicond . N ‘ |
Reo{ 63 i 51 47 3% 3 22 € 7
Extended | 8C bits HES [1[ Sgnificend . ‘ l ‘ ]
Rec( 79 n 62 3£ 47 35 31 23 g 7
Byte Displacement +9 | +8 | +7 | +6 ] +5 | +4 ( 43 ] 42 ] +1 | +0
From Base Address 1o [re {re | re [re s [ ra s [rc ] re

Memory Data Formats

Internally, all dota cre converted to 80-bit exiended precision fermat for storage and
manipulation. The range and precision provided by 80-bit extended precision format
allows the exact representation of 16, 32, & 44 bit binary integers, 18 digit 3CD infegers,
and 32 & &4 bit real numbers. Note that the reverse s not necessarily true: the resuits of
8C-bit calculations may require rounding to be represenied in the ofher formats. The
following figure snows the range and precision characteristics of each CX-83D87 dcta

type:

@
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. Format Size Dynamic Range Resolution
. word 16 bits -32768 lin216 |
| Integer +32767
“Short" 32 bits 2,147,483,648 1in 232
Integer +2,147,483,647
Long 64 bits 9.,223,382.027.854,875.808 1in 264
Integer +9.223.382,027.854,875.807
BCD 80 bits -999,999,999,999 999,999 1in 1018
Integer +999.999.999.999,999.999
Single 32 bits 5.8775x 1059 <INI< 1in 224
Real 3.4028 x 10738
Double 64 biis 1.1125x 107308 <N < 1in 283
Redl 1.7977 x 10+3C8
| Extended | 80bits 1.68105x% 104932 < N1 < 1in 264
| Redl 1.1897 x 10+4932

CX-83D87 Data Type Numerical Properties
3.7 Computdational Accuracy

The representction of real numizers in any number systiem of finite precision is inherently
approximate. A simple fracticn such cs 1/3 cannot e precisely represented in a finite
number of digits. This simple observation raises the poessibility that different computing
systemns may choose different methods of approximation and produce different resuits
given the same inputs and algorithms.

The IEEE-754 Standard for Binary Floating Point Arithmetic atfempts fo solve this probiem
by specifying the error bounds for the calculation of binary floating point values. These
error bounds are controlled in two ways: (1) by directly specifying the error cilowable ina
primitive calculation and (2) by specifying the exact rounding algorithms to be used. The
result of this standardization is that given the same set ¢f input values and rounding
instructions, all conformal machines will produce the same result fo within a defined
margin of error.

Computctions internal to the CX-83D87 are performed using 8C-bit extended precision
operands. The 15-bit exponent and the 64-bit significand data cre operated on using
independeni 15-bit & 67-bit integer arithmetic units. The significand ALU includes
provisions for handling exira Guard, Round, & indicator (sticky) bifs to assist in maintaining
precision when rounding.

These extra bits are used in IEEE specified rcunding modes and help maintain cccuracy
when the precision of a result exceeds that avaiicbie in the significand. The programmer
can select any of the four [EEE specified rounding modes ‘or use in computation: round
to nearest or even, round down, round up, and truncate.

In additicn, for the sake of compctibility with ecrlier generations of floating point
processors, a "precisicn control” function is provided o the programmer. This is used to




C
= yrlx-u.

specify that interncl results be maintained in singie, double. or extended precision range

and resolution.
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4. Instruction Set
4.1 Instruction Set Summary

The following table summarizes the operation and ailowed forms of every member of the
CX-83D87 instruction set:

Mnemonic Resutt Operation

F2XM1 TOS « 270%]

FABS TOS « |TOSH

FADD STA) « STH+TOS

FADD TOS « TOS+ST()

FADD TOS « TOS+M.DR

FADD TOS « TOS+MSR

FADDP STA-1) «  STU+TOS; SPSP+1

FIADD TOS « TOS+M.SI

FIADD TOS « TOS+M.WI

FCHS TOS « -TOS

FCLEX — Clear Exceptions

FCOM CC « TOS-ST(h

FCOM CC « TOS-MDR

FCOM CC « TOS-M.SR

[FCOMP CC « TOS-ST(: SPeSP+1 i
FCOMP CC « TOS-M.DR; SPe-SP+1 i
FCOMP CC « TOS-M.SR; SP-SP+1 ;
FCOMPP CC « TOS-ST(1); SPe-SP+2
FICOM CC « TOSMS! ;
FICOM CC « TOSMW 4
FICOMP CC « TOS-M.Sl: SP<5P+1 ’
FICOMP CC « TOS-M.W!; SP<SP+1

{FCOS TOS « COSGOS)

| FDECSTP SP « SP-1

FDIV STy « STM/TOS

|FOIV TOS « TOS/ST()

Fov TOS « TOS/M.DR

IFDIV TOS « TOS/M.SR

|FoIve STG-1) « ST()/TOS: SPSP+1

[ FDIVR TOS « ST(H/TOS

FDIVR ST « TOS/ST(R

| FDIVR TOS « M.DR/TCS

IFDIVR TOS « M.SR/TOS

FOIVRP STU-1) « TOS/ST(); SPSP+1

FIDIV TOS « TOS/M.SI

P FIDIV T0S « TOS/MWI

{FIDIVR TOS « M.SITOS

[FIDIVR TOS « MWI/TOS

’ﬁEE TAG() « Empty

{FINCSTP SP « SP+1

CRINIT —  Initicize
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FLD TOS « ST(D: SP<SP-1 1
£ TOS & M.DR: SPeSP-1 g
FLD TOS « M.LI; SP<5P-1 |
FLD TOS « M.SR; SPSP-1 :
FLD TOS e M.XR; SPeSP-1 |
FBLD TOS « M.BCD; SPSP-1 '
FILD TOS « M.SI; SPSP-1

FiLD TOS « M.WI SP<SP-1

FLDI TOS « 1.0; SP<SP-1

FLDCW CtlWord « Memory

FLDENV Env Regs « Memory

FLDL2E TOS « Logy(e): SP«5P-1

FLDL2T TOS « Logx10); SPSP-1

FLDLG2 TCS « Login(2); SPSP-1

FLDLN2 TOS « Loge2): SPeSP-1 i
FLDP! TOS « m: SPe-SP-1 |
FLDZ TOS « 0.0; SP<SP-1
TFMUL ST « ST(H'TCS !
EMUL TOS « TOS*ST() i
FMULP ST(-1) e ST()*TOS: SPe-SP+1

FMUL TOS « TOS*MDR

FMUL TOS « TOS*M.SR

FIMUL TOS « TOS™M.SI

FIMUL TOS « TOS*M.WI

FNOP — No Operation

FNCP(FEND -— No Operation

' FNOP(FDISD — No Operation

i FNCP(FSETPM) — No Operation

i r'd

EFPATAN 708 « ATAN(STE]S)): SPeSP+]

_ j(e}) i
FPREM TOS & Remizry) _
FPREM1 TOS « Rem(-STT—?%) ‘
'FPTAN TOS:ST(1) « 1: TANCTOS); SPSP-1 |
FRNDINT TOS « Round(TOS) ;
FRSTOR —  Restore siate. ;
FSAVE — Save state. |
FSCALE TOS « TOS 28D i
FSIN TOS « SINCOS) ;
FSINCOS TOS:ST(1} « COSSINTOS); SPe-SP+1

FSQRT TCS « VT0S 3
FST STG) « TOS ;
FST M.DR « TOS
FST MSR « TOS 1
|FSTP ST(1) « TOS: SPe-SP+1 1
[FSTP MDR « TOS: SP82+1
FSTP MU « TOS; SPe5P+1 ‘
FSTP MSR « TOS: SPSP+1

{FSTP MXR « TOS; SP5P+1

'F3STP M.3CD « TOS; SP5P+1

12
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AST MSl « TCS !
iFIST MW « TOS :
FISTP M.Sl « TOS; SPSP+1

FISTP MWI « TOS: SP<SP+1 :
FSTCW Memory « Control word. f
FSTENV Memory « Cil.Status,iP.DP.

FSTSW Memory « Status ;
FSTSWAX AX « Status !
FSuB ST() « ST(-TOS
FSUB TOS « TOS-ST( 1
FSUBP ST(-1) « ST()-TOS; SPeSP+1 |
FSUB TOS « TOSM.DR i
FSUB TOS « TOS-M.SR ;
FiSUB TOS « TOS-M.WI |
FISUB TOS « TOS-M.SI }
FSUBR TOS « STM-TOS 1
FSUBR ST = TOS-ST() !
\FSuBRP ST(-1) « TOS-ST(N: SP-SP+1

'FSUBR TOS « M.DR-TCS :
{FSUBR TOS « M.SRTCS |
[ FISUBR TOS « MWI-TOS f
FISUBR TOS « M.SFTOS

IFTST CC « 10500 ;
FUCOM CC « TOS-ST(h ‘
FUCOMP CC « TOS-ST(); SPe5P+1

FUCOMPP CC « TOS-ST(1}; SP<SP+2

FXAM CC « Class of TOS.

FXCH TOS & ST Exchange

FXTRACT TOS;ST()) « Signif: Exp; SP«SP-1

FYL2X TOS « ST(1)*LogGOS): SP-SP+1
FYL2XP1 TOS « ST(1)'Logx(1+TOS); SPe=5P+1

The abbreviations and conventions used in in the CX-83D87 instruction summary are:

1. TOS == Top of stack regisier pointed to by SS§ In Control Register.
(cf. Sec 4.3).

2. ST(1)== Nexi to Top of stack register (pointed to by S8S+1).

3. Memory operands are refered to as ‘M.XX" wherg "XX'=:

Wi > 16-Dbit integer:

"SIt --> 32-bif infeger:

e -> 64-bitinteger.

'SR > 32-Dit real

DR* -> b4-bit rech;

XR* -->  80-bit real:

‘BCD" --> 18-dligit BCD integer.

4, The "Operction” column refers to stack lkayout before insiruction execution.

5. The "Result” coiumn refers stack layout affer insiruction execution.
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é. Operands separated by a semicolon indicate that the lefimost destination
receives the leftmost source, e.g., TOS<--COSCTOS) in TSINCOS; ST(1)<-
SINOOS).

7. SP== CX-83D87 Stack Pointer (Contents of $SS).

8.  iP== CX-83D87 Instruction Pointer.

9. DP== CX-83D87 Data Pointer.

10.  S§T(H== Randomly addressed CX-83D87 data register |

11.  CC==Condition codes in CX-83D87 Status Register. (cf. Sec 4.3)
12.  Env Regs==SP, Status, Tags, IP. & OP.

4.2 Data Registers

The Cyrix CX-83D87 provides a set of eight 8C-bit data registers for use in computations.
These registers are accessed in a stack-iike fashion for programming purpcses. An
explicit data loed instruction (FLD) must be used to store a datum info the CX-83087 Top
of Stack’ prior to performing arthmetic operations on it. The lcad instruction causes a
‘push’ operction by decrementing the “stack pointer’ (SSS field of the Status Register) by
cne modulo 8 and locding the datum into the physical register newly addressed by SSS.

The CX-83D87 provides a complete set of ducl operand instructions to ecse
programming of its pseudo-stack register set. The instructions FADD, FCOM, FDIV, FMUL,
and FSUB perform arithmetic on the Top of Stack and either memory or explicitly
cddressed register operands. The result is placed in the Top of Stack. Note that
conversion of the memory operand to 80-bit intemal format is performed automatically.

All other CX-83D87 artthmetic instructions operate only on data contained in CX-83087
registers.

The explicit register acdressing feature operates by specifying the displacement () of the
target register from the cument Top of Stack. This displacement is added 1o the SSS field
modulo 8 (prior to any increment or decrement operations specified by the instruction) fo
calculate the physical register number.  Syntacticaily, ST is used 1o specify
displacement () from the Top of Stack. Thus. ST(C) is Top of Stack, ST(1) s next to Top of
Stack. and so on. Logical register references of the form ST{D are always relative to the
current Top of Stack.

The limited number of physical registers and the use of “wrapping” modulo 8 arfhmetic fo
address them leads to the possibility of a data register overwrite error. To prevent this
and to simplify error detection, the CX-83D87 maintains a register Tag Word cemprised of
+wo Dbits for each physical daia register. Tag Word fields assume one of four values
depending on the contents of their associated data registers, Valid(C00™), Zero("017),
Specicl(*107, and Empty('117). Tag values are maeintained transparently by the CX-83D087
and are only available to the programmer indirectly through the FSTENV and FSAVE
instructions. The Tag Word with tag fields for each associated physical register, tag(R). is
schemgatically depicted beiow:
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5 8§ 7 2
_Tog [ Tag® [ Tag® | Tog®@ [ Tagl® | Tag® | Tagh | Tag® |

The CX-83D87 detects two kinds of register operation erors: Source Register Empty and
Destination Register Full . The Source Register Empty eror occurs when an instruction
attempts to read a source operand from a data register which is Empty, i.e. TagR="11"
The Daia Register Full emor occurs when an attempt is made to store data into a register
which in nct Empty, Le. Tag(R)="11". In the context of load ('push*) and store ('pop®)
operations these errors are interpreted as stack wraparound/overfiow (Dest. Full) and
‘stack underflow” (Source Empty) conditions. Note that in other contexts, such as *FST
T(4).ST(Q)" with ST(4) not empty. or "FLD ST(0).ST(&)* with ST(4) empty, these errors also
cccur. Register errors generaie the Invalid Exception and are reported through the SF bit
of the Status Register.

The results of CX-83087 cperctions are converfed 1o the desired data ‘ormat and stored
in memory using the regisier store instruction, FST. The store instruction always uses the
Top of Stack as its source operand. All forms of the FST instruction cllow a "pop” of the
Top of Stcck upon completion,

“Pop’ opercticns are effected by marking the physical register addressed by the SSS field
of the Staius Register Empty and incrementing the SSS field by 1 modulo 8. "Pop’
opercticns are provided as options for the ducl operand insiructicns FADD. FDIV, FMUL,
FSUB. and FUCOM when using a data register source cperand. In adcition, FCOM
provides a ‘pop’ option when used with either memory or a data register as @ scurce
operand jo faciitate conditional testing. Finaily, both FCOM and FUCOM provide a
double "pop” form which compares the Top of Stack t¢ the next to Top of Stack ana
‘pops’ beth on compietion.

For special programming situations, the FFREE instruction con be used to mark an
explicitly adcressed register Empty. FINCSTP & FDECSTP can also e used to increment or
decrement the S8S feld of the Status Register.

43 Control & Status Registers

The Cyrix CX-83D87 communicates information abcut its stctus and the results of
operations to the hest 80386 via the Status Register. The CX-83D87 Status Register is
comprised of bit fields that reflect exception staius, operalion execution status, register
status, cperand class, and comparison results. This regisier is continuously accessibie to
the 80386 CPU regardless of the state of the Conirol or Execution Units.

The CX-83D87 Mode Control Register (MCR) is used by the 8C386 uP to specify the
opercting mode of the CX-83D87 processor. The MCR centairs bit fields which specify
the rouncing mode 1o be used, the precision with which 1o calculate results, and the
exception conditions which should be reporied 10 the host via fraps. The user conirols
precision, rounding, cnd exception reporting by setfiing or clearing cppropriate bits in the
MCR.

The foliowing figure details the CX-83D87 Status Register and Mode Control Register as
they appecr to the programmern:
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Status 3 C3 S

S C2CICO{ES SF P U |O Z D

Mode CHl Pt "IRCRCPCPC{* " P UJO Z D

Exceptions/Masks

Table 3: CX-83D87 Status Register & Mode Control Register

The bit fields used in Table 3 are defined as follows:

B - Copy of ES bit.
C3,c2.LC1.C0 — Condition cede bits.
SS8 - Tep of Stack Register number.
ES - Errorindicator. Set to 1 ¥ an unmasked exception is
detected.
SF - tack Fault or invalid register operation bit.
RC -- Rouncing Conirol bits:
00 - Roundto nearest or even.
01 - Roundtoward minus infinfty.
10 - Rourd toward pius infinity.
11 - Truncate.
PC - Precision Control bits:
00 - 24-bit mantissa.
01 - Reserved.
10 - 53-bit mantissa.
11 - 64-bit mantissa.

Exception Status &

Mask Bits -- 1" in Status Register incicates exception:
"1"in MCR masks exception frap.
P - Precision error.
U - Underflow error.
O - Overflow error.
Z - Diide by zero error.
D - Denomnalized operand eror.
! - invalid operation.
4.4 Exception Handling

The CX-83D87 performs extensive dafa checking cduring the data input and type
conversion process and during the process of performing calculations. The detection of
an inconsistency ¢r cn error is considered cr exception condition and is reported in the
CX-83D87 status word. Optionally, exceptions can initiate an exception trap sequence in

the host processor.

There are seven types of exceptions that the CX-83D87 can detect and report: Precision
Exception, Underflow Exception, Overflow Exception, Divide By Zero Exception, Denormal
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Operand Exception. Invalid Operation Exception, and Register Error.  These seven
excepfions map into six separately enabled exception traps — invaiid operation and
register errors are reported on the same trap. Exception traps are unmasked (enabled)
by writing a *0" into the appropriate bit of the CX-83D87 Mode Control Register.

When the CX-83D87 crithmetic unit detects an exception, it sets the coresponding
exception status bit in the CX-83D87 Status Word in all cases except Underflow when
Underflow is masked. In this case, the Underflow bit is only set if Precision Exception is also
set. The CX-83D87 Interface Unit compares the unmasked exceptions in the CX-83D87
Control Word against the exception status bits maintained in the Status Word. When an
unmasked exception is detected, a trap sequence is initiated by the interface Unit by
asserting the CX-83D87 ERRCR# output signal. Note that unmasking an exception will
cause an immediate trap if the exception status bit is set.

The detection of an exception during the execution of an instruction resutts in one of two
possible outcomes. If the exception is masked, the CX-83D87 generates the IEEE-754-
1985 specified resuit, stores the result in the destination location, and proceeds with
program execution. If the exception is unmasked and the exception is Precision,
Underflow, or Overflow, the IEEE-754-1985 specified result is stored in the destination and
an Eror trap seguence is initiated. If the exception is unmasked Zero Divide, Denormal, or
Invalid, the offending instruction is atorted, no resuit is written, and the Error trap
sequence is begun.

4.5 Precision Exception

This excegtion is caused by the production of a resuft which is not exccily representable
in the destination location of the instruction. For instance, the number 1/10 is not exactly
representable as a binary floating point number. Similarly, cil transcendental and
eiementary funciions return approximations 1o the infinitely precise, irational value. Both
situations will cause the Precision Exception to be set.

4.6 Underflow Exception

This exception is caused by the production of a result which is tiny in magnitude and
requires either a denomal or zero resuit 1o represent the value. The significance of the
Underflow Exception depends on the siate of the Underflow Mask bit. When Underflow is
masked the exception status is set only when the result is both denormal/zero gnd
precision has ceen lost .

When Underfiow is unmasked, ihe Underflow Exception occurs whenever the resuft would
pe denormal/zero. In this case, if the destination is @ stack register, the frue result is
muitiplied by 22457, rounded, and stored in the destination register. This behavior occurs
for cll underfiow cases except the extreme underflow produced by the FSCALE
instruction. FSCALE extreme underflow will produce +/- ¢ just as if Underflow was
masked. if the destination is memory, the instruction is aberted ard no resuft is written.

4.7 Overflow Exception
This excep*icn is caused by the production of a resuit which is larger in magnitude than

the cestinaiicn format can cccomodate. When Cverfiow is masked the exception status
is set and the result is rounded in accordance with the RC mede bits.




=Cyrix.

FasMath™ 83D87 User Manual

When Overfiow is unmasked, the Overflow Exception causes the results to be scaled to ot
in the destination format. In this case, if the destination is a stack register, the true result is
civided by 2257, rounded, cnd stored in the destination register. This behavior occurs
for all overflow ccses except the extreme overflow produced by the FSCALE instruction.
FSCALE extreme overflow will produce +/- = just as if Overflow was masked. If the
destinction is memory, the insiruction is aborted and no result is written,

4.8 Denormal Exception

This exception is caused by the use of ¢ denormal operand as input to an insiruction.
When Dencrmal is masked the instruction proceeds to completion using the denormal
operand.

When Denomnal is unmasked the exception status is set and an exception trap sequence
is initiafed without writing any resuit o the the destinction of the instruction,

4.9 Divide By Zero Exception

This exception is caused by an attempt 1o divide @ finite non-zerc operand dy zero. [n
addifion to the divide instruction, the FXTRACT and FYL2X instructions may generate this
exception. The masked response 1o this exception is fo return « with its sign set to the
exclusive-or of the cperands’ signs. For FXTRACT, ST(1) is set o -« and TOS is set to zero
with iis sign set 1o the sign of the initial operand.

When Divide By Zero is unmasked the exception stafus is set and an exception trap
sequence is infficted without writing any resuit 1o the the destination of the instruction.

4.10 Stack Error Exception

Register errors (cf. sec 2.4.2) produce the stack error exception. When masked the QNaN
indefinite overwriies the destination. When unmasked, an exception trap sequence is
initicted and the destination is left undisiurbed. This exception is indicated by
simuitaneousiy setting the Invalid and Stack Fouft bits in the Status Word.

When a Stack Zrrer is signaled, the C1 status it indicafes whether the error was
Destination Register Fuil (C1="17 or Source Register Empty (C1="07.

4.11 Invalid Operdation Exception

The IEEE-754 Standard provides for the defection and reporting of cifempts to perform
crithmetic on operands tha* cannot provide meaningful results. Such aftempts are
called Invalid Cperctions. When Invalid zxcepticon is unmasked, ine cccurence of such
an event causes ihe instruction 10 be aboried, a irap sequence 0 te initicted, and the
destination to be left undisturbed. When Invalid is masked, the appropriate IEEE specified
response s genercted and written into the destinaiion.
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The following table defines invalid operafions and thelr default (masked) resufts:

Operand(s) Invalid Operation Default Resutt
Unsupported Any Arthmetic QNaN Indefinite.
*NaN or (NaN,Valid) Any Arthmetic Quietzed Nan.
QNaN & SNaN Any Arithmetic The @NaN.
SNaN & SNaN Any Arithmetic Larger SNaN Quietized.
*QNGN & @NeN Any Arthmetic Larger @NaN.
NcN FCOM(P)(P) & FTST CC=Unocrdered.
i (+00,-00) OF (o0, +00) Addition QNaN Indefinite.
| (+oo,+) OF (-0 ,-00) Subtraction QNaN Indefinite.
0,00 Multiplication QNaN Indefinite.
(s,0) 0r (0.0) Division QNN indefinite.
Zero Divisor Partial Remainder GNaN indefinite,
« Dividend Parfial Remainder SNaN Indefinite.

%0

Forwarg Trigonometric

QNaN Indefinite.

L

Negative Number

Square Root, Log,

QNaN Indefinite.

-
1

Empty Reg, NaN, «

Integer & BCD Store

integer/B8CD Indefinite.

Exceeds infeger Range

Integer & BCD Store

integer/BCD Indefinite.

Empty Register

Exchange Registers

Set Empty to @Nan
Indefinite & exchange.

*Note: Generally *he use of a @NaN as an opercnd in these contexis does not
generate ne invalid Exception. All other invalid Opercticns in the fable
produce the Invalid Exception.

Certain other combinations of valid numbers, zeroes. and infinities may give rise 1o the
invalid Exception for FSCALE, FYL2X, & FYL2XP1. Please consuft section 4.12, Detailed
instruction Descriptions, for detcils.

4.12

Detailed Instruction Descriptions

The detailed instruction descriptions provide a complete reference on the use of each
The instruction mnemonic, its syntactical veriants, allowed
operands. encoding. operation, effect on status, possidle exceptions, and special

CX-83D87 instruction.

cpercnds/resuits are presented for each instruction type.

Please note that integer variants which cause insertior of the letter *I* and BCD variants
which cause insertion of the letter "B” into their mnemonics are included in the listings
under their basic type. i.e. FIADD is described under FADD. With this single excepticon, aif
*he CX-83D87 instructions are catalogued aiphabetically by mnemenic in this section.

The integer variants presented under their basic type cre: FIADD, FiICOM, FIDIV, FILD,
EIMUL, FIST, & FISUB. Similarly, the BCD integer forms are grouped with FLD (FBLD) and FST

(FBSTP).
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Detailed instruction descriptions are presented in the following standard format:

Syntax:

Forms:

Operands:

Operation:

Status:

Exceptions:

Zero/inf:

Notes:

A BNF-like description of the assembler syntax of the instruction.

An compilete list of the pemitted operand source & destination
combinations for the instruction.

A detailed table showing all permitted operand types, the
instruction encoding for each type, and the execution time in
clock cycles.

A textual descripticn of the action caused by the execution of the
instruction.

A table which summarizes the effect on CX-83D87 condition codes
of each instruction.

A table which summarizes the possible exceptions an instruction
can produce and the resulting exception status bits in the Status
Register.

A summary of the results produced when execuied with
extraordinary valued operands.

A brief statement of points of special interest not covered
elsewhere.

The following symbols and abbreviations are used throughout the detailed instruction

descriptions:

Syntax:

Forms:

Operands:

Sguare brackets (0" indicate an optional crgument. Nesting Is
permitted.

Angle brackets ("<>7) indicate an argument of type “<type >* must
be supplied. Allowed types are:

DST Destination operand.

SRC  Source operand.

Litercls cre: "P* (pop). "R" (reverse), and *,.

<TOS> refers to the Top of Stack register, denoted by "STG)" to the
Intel assembier.

<Reg> refers o an explicitly specified CX-83D87 data register
dencted by "ST()" where 0<i<7.

<Memory> refers *o a legal 80386 memecery operand address, e.g.
"DWORD PTR C100".

Scurce Operand specifications cre given for each form of the
instruction. The key to the specifications is:

20
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1 16-bit Integer Memory location "WORD PTR”

1 32-bit Integer Memery location *DWORD PTR"
1 64-bit Integer Memory location "QWORD PTR*
. 32-bit Real Memory Location "DWORD PTR*
,64-bif Real Memory Location "QWORD PTR
. 80-bit Real Memory Location "TBYTE PTR"
118 dig BCD Int. Memory location TBYTE PTR®
'80-bit Register Explicit register “ST(D"

Top of Stack Register "ST(O)”

Encoding fields may have the following values:

SXX |[Hexadecimal value of 1st byte.

MD 2-bit 80386 "MOD" field.(cf MOD R/M.)

R/M | 3-bit 80386 "Reg/Mem" field.(MOD R/M.)
o] 1-bit specifying ‘pop'=1/no "pop™=0.

REG | 3-bits specifying CX-83D87 data register.
SiB 80386 Stack Index Base field.

DISP | 80386 Displacement field.

Cycle counts are given in 80386 clock cycles and assume no wait
states and no DMA overhead in the host system.

Status: Status bits are indicated as:

U Undefined after instruction execution.
| Set to *1" as a result of instruction.
i 0 [Setto 0" asaresuit of instruction.
M Set to the value loaded from memory.

Exceptions:  Exceptions are listed by type and specify the result stored in the
destination based on the trap mode: masked or unmasked.
Exceptions which are not possible for a given instruction are shown
as "“N/A". Exception status bits are indicated as:

Unaffected by insiruction execution.
Set to *1" given specified exception.
Set to "0 unconditionglly.

Set to the value loaded from memory.

Lo—

Zero/Inf: Special symbols used have the following definitions:

Pt "‘Converted to”.
1 sgnO | Arithmetic sign of argument Q.
I X" | A positive, finite, norzero integer.
v A positive, finite, nonzero infeger.
NaN  |Not a Number.
RO Zero as produced by curent RC mode.

21
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Syntax:
Forms:

Qperands:

Operation:

Status:

£xceptions:

Zero/infinity:

Notes:
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Function Evaluation: 2%-1. F2XM1
F2XM1
F2XM1
Inst Source Operand Encodirg Cycles
F2XM1 [ Top of Stack [sDof 11110000 ] [ 14-67

The Tep of Stack contains the source operand (x). The function y=2%11s
evalucted and and the resuit is normalized cnd rounced according ¢ the
RC mode in effect. The result (y) replaces (x) in the Top of Stack. The
source cpercand (x) must be inthe range -1 <x < 1. To obfcin the vaiue 2%
(antilog2(x)), add 1 to the resuit.

Argumenis | x {2z 1.0 preduce undefined results without signaling any
exceptions.

Result of Instruction c3 C2 cil co
‘Normel Execution: U J o] J
‘Register £ror:  Scurce Reg Empty U U 0 U
Type Mode Result S P U O Z D
Precision Masked Rounded EE R S A -
Lnmasked Rounded IR
uncerflow Masked Denom/Zero ER DR A A A A B
Unmasked | Reund&Scale | - - 1 |-]-[-1-
Overflow N/A N/A
Div by Zero N/A N/A
Denormal Masked CperandlUsed |- {-|-1--|1]-
Unmasked | Trepo/Uncaltered |- |- |- |- |- ]-
invalic Cp Masked QNCN ER IR I IS AU IR
Unmasked | Trap/Uncltered |- |- |- 1-1-1-1"
Reg Error Mcsked QNN T -1-1-1-
Unmasked Trap/Abort Pl-b-1-1-4-11
X Result
+3 =L
| —eo -1
! O -0

1. A%er o Precision Excegtion the "Ci" status tit indicaies wheiher
rounding was away from zere.

]



FABS

Syntax:
Forms:

Operands:
COperction:

Status:

Exceptions:

Zero/infinity:

Notes:

FasMath™ 83087 User Manual

Floating Absolute Value FABS
FABS
FABS
Inst Source Operand Encoding Cycles
'FABS  [Top of Stack [sDo] 11100C01 | [ 2

The Top of Stack is always the source operand. The sign of the Tep of
Stack is set to zero (positive).

Result of instruction C2 C2 Ci CQg
i Normal Execution: Y U 0 U
'Register Error: Scurce Reg Empty y U 0 U
Type Mode Result S P U C Z D |
Reg Error Masked QNaN T -4-0--17,
Unmasked Trap/Aboert Ti-1-t-1-1-11v
QP Result
Lo -
I o

None.
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Syntax:

Forms:

Operands:

Operction:

Status:

Exceptions:
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Floating Point Add FADD

FADD {(<DST>,)<SRC>)

FADD <T0OS>,<Memory>

FADD <T10OS>,<Register>

FADDP <Register>,<TOS>

Inst Source Operand Enceding Cycles

|[FIADD [ 16-bif Infeger SDE |MD 000 R/M | SIB,DISP 13
FIADD | 32-bit infeger $SDA|MD 000 R/M |SIB.DISP 13
IFADD | 32-bit Real $D8 {MD 00O R/M | 8IB.DISP 13
|[FADD | 64-bit Real $DC|MD 000 R/M [ SI3,DISP 15
‘FADD | 80-bit Register $D8 | 11 CO0 REG 6
‘FADD | Top of Stack $CC| 11 COOREG 6
FADDP | Top of Stack SDE | 11 000 REG 6

The source and destination operands cre fetched. The scurceis
converfed to extended precision format if necessary. The operands are
added and the result is normclized and rounded cecording to the RC
mode in effect at the precision specified by the PC mode bits. The resultis
stored in the destinction register. When the “pop’ form is used., the tcp of
stack is pooped.

1

Result of Instrection C3 C2 Cl C2
Normal Execution: U U 0 v
"Register Error: Dest. Reg. Full 9] U 1 J [
| Source Reg Empty | U U 0 v
Type Mode Resulft S P U O Z D |
T Precision Masked Rounded -1 -T-T-T-
| Unmasked Rounded RN R R RN
I Underfiow Masked Denorm/zero |- |11 |-]-1]-1-
i Unmasked | Round &Scale |- |-V [|-1-1-1-
. Overflow Masked R(=) LN R AR O B AR A
! Unmasked | Round &Scale [ -4 -1- 1V} -1{-1]-
Div by Zero N/A N/A
| Dencrmal Masked DerormUsed |- |- {-1-~|-}|1]-
; Unmasxed Trap/Abort R EEERE
[ Invaiid Op Masked QNcN S I I I I e
; Unmasked Uraitered -- -1
Register Error Mcsked QNaN Ty -1-1-1-11Vi
Unmasked Unattered Yl-0-1-1-1-11"
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FADD Floating Point Add FADD
Zero/Infinity: OP1  OP2 Resutt OP1  OP2 Resul

[+0 +0 +0 +o0 +o0 +o0 :

| 0] 0 o) - | .~

I+ ] 0 RO 4o | = | INVOD

i -0 +0 RO -0 +oo nvOp |

X +X RO +oo X +oo !

i +X -X RO) -0 X -0

1. After a Precision Exception the *C1" status bit indicates wheiner
rounding was away from zero.

Notes:
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Syntcx:
Ferms:

Operands:
Cperation:

Status:
Exceptions:
Zero/Infinity:

Notes:
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Floating Change Sign FCHS
FCHS
FCHS
Inst Source Operand Encoding Cycles
FCHS [ Top of Stack JsD9] 11100000 | [ 4

The Top of Stack is atways the scurce operand. The sign of the Tep
of Stack is compiemented.

Resuit of Instruction C3 C2 C1 C2
‘Normai Executicn: U U C y
Register Eron Source Reg Empty U U C U
Tyee Moce Result S P U O Z D |
Reg Error Masked GNeN LN I IR A AT IR I
Unmasked Trap/Abort TH-1-1-1-1-11
CP1  Result OP1  Resuit
+0 -0 +30 -oc !
-C +C id +oa
None.




FCLEX

Syntax:
Forms:

Operands:
Operction:
Status:

Exceptions:

Zero/Infinity:

Notes:
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Clear Exceptions FCLEX
FCLEX
FCLEX
Inst Source Operand Encoding Cycles
[FCLEX ] 80-bit Register [$DB] 1110001C | [ 2

All CX-83D87 exception flags are reset to zero. The busy fiag is reset 1o
zero. ERROR# goes inactive.

Result of Instruction C3 C2 Ci CO
.Normal Execution: L u T u [ 9 T1°%
Tyoe Mode Resutt S P U O Z D |
None [ N/A ] AliCeared JOJoJ0JcJcc[0o:
Nene.
None.
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Syntax:

Forms:

Operands:

Fioating Point Compare
FCOM(P)

FCOM(P)
FCOM(P)

Inst

Source Operand

((<DST>,)<SRC>)

<TOS>,<Memory>
<TOS>,<Reg>

Encoding

FosMath™ 83D87 User Manual

FCOM

FHCOM{P)
FICOM(P)
FCOMP)
FCOM.D

FCOM®P)
FCOMPP

16-bit Integer
32-bit Infeger
32-bit Real
64-bit Real
83-bit Reg
80-bit Reg

SDE
SDA
SD8
SDC
SD8

SDE

MD O1p R/M
MD 01p R/M
MD Olp R/M
MD O1p R/M
1101p REG
11011001

$:8.DisP
$:3.DisP
SiB.DISP
Si8.DISP

Operction:

Stafus:

Excepii

The scurce operand is fetched and converted o extended precision
format if necessary. The source operand is subtracted from the

destinction Jop of Stcck) and the condition codes are set acceraing o
the resuit. When the 'P* form is used, the Top of Stack is popped. The PP
form causes ftwo “pop’ operations to take picce.

The resuft “unordered” is produced when the operands are Nai\s,
unsupported or when Stack Fault occurs. These operands Ciso cause ihe
Invaiic Exception.

Resuit of Instruciion

C3

C

N

9]
I

‘Normal Execution:

DST > SRC
DST< SRC
DST=SRC
Uncrdered

0
0
c

[Register £rror:

Source Reg Emoty

0
0
1
1

OO()C)OO

il ) —= O

Type

Mode

Resuit

O

Precision

N/A

N/A

i Urcerfiow

N/A

N/A

Cverflow

N/A

N/A

Div by Zero

N/A

N/A

Denormcl

Masked
Unmasked

Trap/Abort

QNGN

~

invelid Op

Masked
Unmasked

‘Unordered
Trap/Acorn?

Register zrrer

Masked
Unmasked

‘Unorderad”
Trap/Abori?
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FCOM Foating Point Compare FCOM
Zero/infinity: DST- SRC Result DST- SRC Resuft
+0 +0 = oo +oo = ;
0 -0 = -0 oo = |
+0 -0 = +o0 -o0 DST>SRC |
0 +0 = <o | 4o | DST<SRC|
+0 | +X | DST<SRC | += X | DST»SRC
0 | +X | DST<SRC | -= X | DsTesrC
| +0 | X | DSWSRC| X - | DST>SRC |
| 0 | X | DSSRC | X | += | DST<SRC!
| _NaN X | Unordered| X NcN | Unordered

Notes: 1. @NAN operands produce the invaiid exception for this instructon.

2. CC bits cre set 1o unordered and cny 'pop’ operctions cre inhinized.
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Synicx:
Forms:

Operands:
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Function Evaluation: Cos(x). FCOS
FCOS
FCOS

Inst Source Cperand Encoding Cycles

‘FCOS _[Top of Stack fsoof it | [ 5957

Cperciion:

Status:

The Tep of Sfack contains the source operand (). The instruction requires
X) in radians and returns () such that y= cos(x). The result (y) is
normalzed and rounded according to the RC mode in effect. The vaiue
(y) replaces the conients of the Top of Stack. The source operand (X
must oe in the range 1x! < 263,

Result of Instruction (oK) C2

O

Incemrpiete Reducticn of (x):
Normal completion:

<

1
0

[Register Eon Source Reg Empty

CcC|C C

Y

«—

EXCepiions:

td
u
C:
O
~
«

Type Mode Result

Precisicn Masked Rounced E I I AR R S
Unmasked Roeunded AR

Underflow N/A N/A

Cverfiow N/A N/A

Div by 780 N/A N/A

Cerormai Masked CperandUsed |- |- |-4{--11]-
Jnmasked | Trap/Unchtered |- |- |- -1-|T11-

invalid Cp Masked QNcN - - -1-70-
Unmasked | Trap/Uncttered |- |- |- |- |- |-

Register Error Masked QNaN Ti-1-1-1-1-
Urmasked Unattered Ti-1-1-1-1-

Zero/infinity:

Netes:

X Result
; +0 +1
) +1
I nvaid Cp.
o Invelid Op. !

1. Affer g Precision Excepticn the "C17 status bit incicciss whether
reuncing was away from zero.
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FDECSTP Decrement CX-83D87 Stack Pointer FDECSTP

Syntax: FDECSTP

Forms: FDECSTP

Operands: inst Source Operand Encoding Cycles
FDECSTP [ Nene [SD9] 11110110 | [ 5 °

Cperation: The CX-83D87 data register stack pointer is decremented modulo 8. The
resuft of decrementing SP=0 is SP=7.

Status: Resuft of Instruction C3 C2 Cl Cco
:Unconditionat: [ v [T v 1T o [ u 1

Exceptions: Type Mode Resuft S P U O 2 D |

Nore | N/A ] N/A T -1
Zero/infinity:  None.
Notes: This instruction nas no effect cn any data register's contents cr the Tag

Word.
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Syntax:

Forms:

Operands:

Cperction:

Status:
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Floating Point Divide FDIV
FDIV(R) ((<DST>,)<SRC>)
FDIV(R) <TOS>,<Memory>

FDIV(R) <TOS>,<Reg>
FDIV(R) <Reg>,<TOS>

Inst Source Operand Encoding Cycles
'FIDIV(R) | 16-bit Integer SDE| MD 1irR/M] SIB.DISP | 2G-31* |
(FIDIV(R) | 32-bit Integer SDA| MD 11rR/M| SIB.DISP | 20-31° |
[FDIV(R) 32-bit Real $D8| MD 11rR/M| SIBDISP | 20-31* !
}FDIV{R) 64-bit Real SOC[ MD11rR/M | SIB.DISP | 21-32*
IFDIVIR) 80-bit Reg 3081 11 11rREG 13-24*
FDIV Top of Stack SOC} 11 111.REG 14-25
FDIVR Top of Stack SDC| 11 11I0REG 13-24
FDIVP Top of Stack SDE|L M1 REG 14-25
{FDIVRP Top of Stack SDE| 11 11I0REG 13-24

*Add cne ciock cycie to these instruction execution times for reversed
operands.

The source operand is fetched and converied to extended precision
format if necessary. The cestination is divided by the source and the
quctient is normalized and rounded accerding to the RC moce in effect
at the precision specified by the PC mode btits. The guotiert repicces the
criginal contents of the destination register. When the "pop” form is usec,
the top of stack is poppec.

The “reverse” form causes the source 1o be divided by the destination. Tre
quotient is placed in the destination.

Resuit of instruction C3 C2 cit ce
Normel Execution: [ U 0 L
Register Emor: Source Reg =mpty U U 0 U |
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Floating Point Divide
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FDIV

Exceptions: Type Mode Resuft S P U O Z D |
* Precision Masked Rounded - E--1-1-1-
I Unmasked Rounded Sl TRt -0
| Underflow Masked | Denom/zero |- [TT71-71-1-1-
| Unmasked | Round&Scale |- [-41]-]-|-1]-
j Overflow Masked R(eo) -1 -q-1-
! Unmasked | Round&Scale |- {-{-{1]|-1]-1-
Div by Zero Masked o (Note 2) - - 1-1-11V]-1-
L Unmasked | Trep/Unattered [ - ] - |- |- 11¢}-1-
i Denormai Masked OperandUsed |- [- |- [-1{-]1]-
| Unmasked | Trap/Unagftered | - |- |- |-1-11]-
© Invalid Op Masked QNeN -r-1-1-1-1-1
Unmasked | Trep/Unatterec | - - [ -1-|-1- 11
Register Error Masked QNaN - ]-1-1-1-11
Unmasked Unchered T]l-1-1-1-1-]
Zero/Infinity: OP1 - OP2 Resutt CP1 + OP2 Result
+/-C | +/-0 Invelid +/=o | +/=e invalid
+0 +X +0 +oo +X oo |
-0 -X +C +o0 -X cos |
+0 -X 0 o0 +X oo
| G +X 0 -0 -X +20
X Y +03 +oo +0 o0
X -y +03 +o0 -0 -0
S'S <Y 03 o0 +0 -0
X +Y <03 o0 -0 +o0
Notes: 1. After a Precision Exception the “*C1" status bit incicates whether

rounding was away from zero.

2. Division by zero produces an infinity result with a sign equcl to the
exclusive-cor of the signs of the operands when Divide By Zero Excegtion is

masked.

3. Applies to division of X by Y producing exireme dencmgization or

underflow when Uncerflow Excepticn is masked..
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FFREE

Synfax:
Forms:

Operands:

Operction:
tatus:

Exceptions:

Zero/Infinity:

Notes:
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Free FHoating Point Register FFREE
FFREE (<DST>)
FFREE <Register>

Inst Source Operand Encoding Cycles
[FFREE [ 80-bit Register [SDDI 1T 000 REG | [ 5

The desiinction register tag is changed to empty. The contents of the
register are unaffected.

Result of Instruction C3 C2 (@} Co
Normal Execution: [ U [ v J o T ¢y
Type Moce Result S P U O Z D |
Nene T na ] N/A L-1-T-T-T-1-1T-
Nene.
None.
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FINCSTP

Syntax:
Forms:

Operands:
Operation:
Status:
Exceptions:

Zero/Infinity:

Notes:

increment CX-83D87 Stack Pointer

FINCSTP
FINCSTP
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FINCSTP

inst Source Operand Encoding Cycles
[FINCSTP] None [soe] 1111011l | [ 5
The CX-83D87 data register stack pointer is incremented modulo 8. The
resutt of incrementing SP=7 is SP=0.
Result of Instruction C3 Cc2 Cl Co
“Unconditionat: [ U U [ o T u
Type Moce Result S P U C Z D !
None 7N N/A [-T-T-T-T-1-1-
None.

This instruction has no effect on cny data register's contenis or the Tag

word.
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FINIT CX-83D87 Initiaiize FINIT
Syntax: FINIT
Forms: FINIT
Operands: Inst Source Cperand Encoding Cycles
[AINT [ Nore T3DB] 171100011 ] [ 5

Opercfion:  Tne CX-83D87 is sef fo its reset condition. The CX-83D87 Mode Control
Register is set to S037F 14, the CX-83D87 Status Register is reset to $SCOCO,
end cll data registers are marked empty (Tag word=$FFFF).

This action sets Rounding control to “round to necrest or even’ (RC=CO),
Precision conirol to 64-bit extended precision (PC=11), and the Top of

tack register number 1o zero (855=CC0). Al exceptions are clecred (=0). ¢l
cendition codes are cleared (Cp-C3=0), and ail exceptions are masked
(=1

This instruction differs frem a hardware reset by sefting MCR bit 0 (nvalid
Exception Mask) to 1 and Status Register bits 7 & G (Error and Invaild
Excepticn) 10 0.

Sictus: Resulr of Instruction C3 C2 Cl CC
“Unconditional. T 6 [ 6 [ o [ ¢
Exceptions: Type Mode Result s P U O Z D |
None I ~va T N/A [a]clcJofcloTo;

Zero/infinity:  None.

Notes: None.

36



Cyrix.

FasMath™ 83087 User Manual

FLD Load CX-83D87 Register FLD

Syntax: FLD ((<DST>,)<SRC>)

Forms: FLD <TOS>,<Memory>

FLD <TOS>,<Register>

Operands: inst Source Operand Encoding Cycles
IFILD 16-bit Integer SDF |MD OO0 R/M | SiB,DISP 7
{FILD 32-bit Integer $DB | MD COC R/M | SIB.DISP 7 ;
|FILD 64-bit Integer SDF [MD 101 R/M | SIB.DISP 9 |
1FBLD 18 dig BCD Int. S$DF |MD 10C R/M | SIB,DISP 32 ;
IFLD 32-bit Real $D9 |MD COO R/M | SIB.DISP 10
‘iFLD 64-bit Real $OD|MD CO0 R/M | SiB.DISP 12
{FLD 8C-bit Real SDB|MD 101 R/M | SiB.DISP N
'FLD Top of Stack SD9 [ 11 OO0 REG 4

Operction: The source operand is fetched and converted 1o extended precision
format ¥ necessary. The operand is stored In the destination register. If
TOS is the destination, the SSS field of the Conircl Register is pre-
decremented modulo 8.

Tatus: Result of Instruction c3 C2 Ci CO
‘Normcl Execution: U U 0 U
|Register Errorn Dest. Reg Fuil U U 1 U
! Source Reg Empty U U o] y
Exceptions: Type Mode Result s P U O Z D |
Precision N/A N/A
Underflow N/A N/A
Overflow N/A N/A
Div by Zero N/A N/A
Denormai’ Masked Denomn Used EO R R R A B B
onmasked rep/Abort AR
Invaild Cp* Masked QNcN -l-1-1-1-1-17
Unmasked Unatltered - l-t-1-1-0-10
Register Error Masked QNaN Tl-t-q--1-10
Jrmasked Uncitered Ti-4-1-1-1-17
Zerc/Infinity: CP1 Result Pl Resuit
+0 l 0 l +50 I [
-8 0 - -0
Notes: 1. Denomal and Invelid exceptions cannot cccur s a resutt of FLDEP or

FLD <reg> instructions..

7




FLD1

Syntax:

Forms:

Operands:

Operction:

Status:

Exceptions:

Zero/Irfinity:

Notes:

Cyrix.

FasMath™ 83087 User Manuci
Load Floating Constant= 1.0 FLD1
FLD1
FLD1
tnst Source Cperand Encoding Cycles
FLD1__ [8C-bit Internal [$09] 111071000 ] 1 4 -

The 8C-bit extended precisicn constant one (1.0} is pushed onto the Stack.

Result of Instruction C3 C2 Cl1 Co
INormal Execution: U Uy T 0 U
IRegister Emor.  Dest. Reg Full U v [ U .
Type Mode Resuit S P U O Z DI !
Precision N/A N/A §
Underfiow N/A N/A '
Cverflow N/A N/A
i DivbyZero N/A N/A
Denormail N/A N/A
invalid Cp N/A N/A
Register Error: Masked QNaN Ti-(-t-1-1-11
Urnmasked Trop/Abort it-l--1-1-17
None.
None.
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FLDCW Load CX-83D87 Mode Control Register FLDCW

Syntex: FLDCW <SRC>

Forms: FLDCW <Memory>

Cperands: Inst Source Operand Encoding Cycles
[FLDCW ] 2 Bytes [sDo[MDICTR/M SIBDISP | 4

Operation:  The CX-83D87 Mode Control Register is loaded with the centents of the
specified memory location. Note that exceptions indicated in the Status
Register due to previous operations may cause an ERROR# frap sequence
if the corresponding mask bit in the MCR is sef to 0 by this instruction.

Status: Result of Instruction C3 C2 Ci cC
Uncenditionak [ v JT vu T u T u
txcepficns: Tyoe Mode Resuft S P U O Z D |
None [ wa ] N/A -1-1-T-T-1-1--

Zero/Infinity:  None.

Notes: Nonre.

20
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FLDENV

Load CX-83D87 Environment

Syntax: FLDENV <SRC>

Forms: FLDENV <Memory>

Operands: Inst Seurce Operand Encoding Cycles
{FLDENV] 14 or 28 Bytes 1 $D9[MD J0OR/M [SBDISP | 22

Operation: The CX-83D87 “Environment” is locded frcm the memaory locction

32-pit Real Moce:

32-bit Protected Mode:

specified. The "Environment” consists of the Mode Control Word, the Status
Register. and the Tag Word which are loaded info the CX-83D87. The
‘Environment” also includes the CX-83D87 Instruction Pointer cnd the CX-
83087 Data Pointer which are loaded info 80386 CPU registers during
execltion of this insfruction.

The fermat of the "Environment” data structure is dependent on the
operaiing mode of the 80386 CPU and the operand size in effect.

Loading an "Envirenment” that contains a Status Register field with an
exception indicated and an MCR with that exception enabled causes an
ERRCOR# trap sequence when the next WAIT or exception checking CX-
83D87 instruction is executed.

The ERROR# signal is unconditionaily de-asserfed whiie the ‘Enviconment”
datais loaded. if the newly ioaded "Environment” cclls for an exception
trap, ERROR#F will be asserfed upon completion ¢f the "Environment” data
fransfer. A subsequent WAIT or exception checking instruction wiil
execuie a trop sequence.

3! 15 0

‘ Resarved Mode Control Word '
Reserved Status Word
Reserved Tag Word

! Ingtruction Pointer Offset

00CC0]  Cpcode(1G:8) | Ccde Segment Selector

. Dcta Operand Offset
Reserved | Cperand Seg Seiector

31 5 0
Reserved Mode Control Word :
Reserved ratus Word
Reserved Tag Werd

i Reserved Instruction Pir(15:0)

1000 | instruction Ptr(31:16) [0  Cocode(10:0)

] Reserved T Cpercnd PH{15.0)

10000 | Ogerand Pir31:76) ] 0000 [ 0000 [ 0C0C
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FLDENV Load CX-83D87 Environment FLDENV

16-bit Protected Mode: 15 8]
f Mode Controi Word J
i Status Word '
: Tag Word

instruction Ptr Ofiser :

Code Segment Selector |
Data Operand Offset

QOperand Seg Selector i

Status: Result of Instruction C3 C2 o} Co
“Loaded from Memory: [ M T M T M T ™
Exceptions: Type Mode Resuit S P U O Z D1
locded | N/A N/A IMIMIM MMM M

Zero/Infinity:  None.

Notes: None.

4]




Cyrix.

FaosMiath™ 83087 User Marual

FLDL2E Load Floating Constant= Loga(e) FLDL2E

Syntax: FLDL2E

Forms: FLDL2E

Operands: Inst Scurce Cperand Encoding Cycles
'FLDL2E | B0-bit Const. Jsoof 1110 | [ 7

Operction: The 80-tit extended precision constant appreximating Logo(e) is pushed
onto the Stack. The consiant is rounded according to the RC mode in

effect.
Status: Result of Instruction C3 C2 o) CC
Normal Execution: U U Q 9
‘Register Eron Cest. Reg rull U U i U
Exceptions: Tyoe Mcde Result S P U O Z D |
Precision N/A N/A
Uncerflow N/A N/A
Overfiow N/A N/A
Div by Zero N/A N/A
Denormal N/A N/A
invaid Op NJA N/A
. Register Errorn Masxked QNGN Tl-t-0-1-1-171
Unmasked rap/ADOT T)1-]-]-1-1-11:

Zero/infintty:  Ncne.

Notes: None.
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FLDL2T Load Floafing Constant= Log2(10) FLDL2T

Syntax: FLDL2T

Forms: FLDL2T

Operands: inst Source Operand Encoding Cycles
[FLDLZT [80-bit Corst. [sDe] 11101001 | [ 8 1

Operation: The 80-bit extended precision constant approximating Log2(10) is pushed
onto the Stack. The constant is rounded cccording to the RC mode in

effect.
tatus: Resuit of Instruction C3 C2 Cl o]
'Normail Executicn: U U c U
‘Register Erron Dest. Reg Full v U 1 U
Exceptions: Type Mode Resuit S P U O Z D |
i Precision N/A N/A
i Underfiow N/A N/A
' Overflow N/A N/A
Div by Zero N/A N/A
Denormcl N/A N/A !
invalid Op N/A N/A
Register Error: fasked QNaN Ti-l---1- 00
Unmasked Trap/Abort Ph-l--1-1- 1)

Zero/infinity:  None.

Notes: None.




Cyrix.

FasMaih™ B3D87 User Manual
FLDLG2 Load Floating Constant= Log10(2) FLDLG2
Syntax: FLDLG2
Forms: FLDLG2
Cperands: Inst Source Operand Encoding Cycles
|FLDLG2 | 80-oit Const. [sDe] 10100 | 1
Cperction:  The 80-bit extended precision censtant approximating Log10(2) is pushed

onte the Stack. The constant is rounded cccording to the RC mode in
|
! effect.

Status: Result of Instruction C3

c2 C1 Co
"Normai Execution: U U ) J ‘
Register rror: Dest. Reg Full U U 1 Y
Exceptions: Type Mcede Resuit S P U O Z D |
| Precision N/A N/
underflow N/A N/A
Overfliow N/A N/A
Civ by Zero N/A N/A
Denormal N/A N/A
invalid Op N/A N/A
Register Error: Masked QNcN Pl-(-1-1-1-11
Unmasked Trap/Abort Ti-)-)-q-0-11

Zero/Infinity:  None.

Nctes: None.




FLDLN2

Syntex:
Forms:

Operands:

Operction:

Status:

Exceptions:

Zero/Infinity:

Notes:

FasMath™ 83087 User Manucl

Load Floating Constant= Ln(2) FLDLN2
FLDLN2
FLDLN2
Inst Source Ooerand Encoding Cycles
[FLDLN2 [ 8C-bit Const. [sDo[ 11101107 [ [ 6

The 80-bit extended precision constant approximating Ln(2) is cushed
onto the Stack. The constant is rounded according te the RC mode in
effect.

Result of Instruction C3 C2 [} C0
Normal Execution: Jy [ U 1T © L
‘Register Eror:.  Dest, Reg Full u T u T U
Type Mode Result S P U O 7 D i
Precision N/A N/A
Underflow N/A N/A
Overflow N/A N/A
Div by Zero N/A N/A
Dencrmal N/A N/A
invalid Op N/A N/A
Register Error: Masked QNcN Ti-1-1-1-1-13
Unmasked Trap/Abort Ti-t-1-1-1-I
None.
None.
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FLDPI Load Hoating Constant= . FLDPI

Syntax: FLDP!

Forms: FLDPI

Operands: Inst Source Operand Encoding Cycies
[FLOPI [ 80-pit Const.  [SD9J 11101011 [ 1

Operation: Tne 8C-bit extended precision constant approximating = (PD is pushed
onfo the Stack. The constant is rounded according to the RC mode in

effect.
Status: Result of Instruction C3 C2 Ci CQ
'Normal Execution: 8] U 0 9]
‘Register Eror:  Dest. Reg Full U U 1 U
Exceptions: Type Mode Result S P U O Z D |
Precision N/A N/A
Underflow N/A N/A
Overflow N/A N/A
Civ by Zero N/A N/A ;
Denormcl N/A N/A 3
Invaiid Op N/A N/A
Register Error: Masxed QNaN I EREE R
Unmasked Trap/Abort Tl-1-1-1-1-11

Zsro/infinity:  Ncne.

Notes: None.
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FLDZ Load Floating Constant= 0.0. FLDZ
Syntax: FLDZ
Forms: FLDZ
Operands: inst Source Cperand Encoding Cycles
FLDZ [ 80-bit Conrst. spe[ 11181110 [ [ 4 1

Operation: The 8C-bit extended precision constant zero (C.0) is pushed onto the Stack.

Status: Result of Instruction c3 C2 Cl C0
“Normal Execution: U [ U c 1T U =
Register Error. Dest. Reg Full | u [ u 1T [ v
Exceptions: Type Mode Resutt S P U O Z D |
Precision N/A N/A
Underflow N/A N/A
Overflow N/A N/A
Div by Zero N/A N/A i
Denormmcl N/A N/A :
Invalid Op N/A N/A .
Register Erron Masked QNaN Tp-f-1-1-1-31
Unmasked Trap/Abert Tl-1-1-71-1-1

Zero/Infinity:  None.

Notes: None.
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FMUL Floating Point Multiply FMUL
Syntax: FMUL ((<DST>,)<SRC>})
Forms: FMUL <TOS>,<Memory>

FMUL <TOS>,<Register>
FMULP  <Register>,<TOS>

Operands: Inst Source Cperand Encoding Cycles

i FIMUL 16-bit Integer SDE| MD 001 R/M|SiB.DISP 1
;‘FIMUL 32-bit integer SDA| MD 007 R/M | SIB,DISP 16
IFMUL | 32-bif Real 308 | MD 001 R/M|SIB.DISP 16

| FMUL 64-pit Real SDC| MD 001 R/M|SIB.DISP 1 ;
(FMUL | 80-bif Register $D8| 11001 REG 10
IFMUL | Top of Stack $DC| 11001 REG 0
I FMULP | Top of Stack $D 11001 REG 10

Operation: The scurce and destination cperands are fetched. The scurce is
cenverted 10 extended precision format if necessary. The opercnds are
multiciied and the result is normalized and rounded accerding to the RC
mode in effect at the precision specified by the PC mode bifs. The resuiti
stored in the destination register. When the "pop” form is used. the top of
stack is popped.

&

Status: Result of Instruction C3 C2 c1! C3a
‘Normei Execution: U U 0 U !
| Register error: Dest. Reg Full U U i u
. Source Reg Empty U U 0 U
Exceptions: Type Moce Result S P U OC Z D |
: Precision Masked Rounded STiT0-1-1-1T-T-
Unmasked Rounded STt
Underfiow Mgsked Denomm/Zero ST i-l-t1-t-
. Unmasked | Round &Scgle |- - 13- -([-1-
Overfiow Masked R(=) RO SRR IR B R B
i Unmasked | Reund &Scale |- t- -1 [-[-1-
Div by Zero N/A N/A
! Denormal Masked Benom Used CO R B T N S
i Unmasked Trap/Abort -0
Invcid Cp Masked QNeN R B R R T N B
Unmasked Unaitered Sl l-1- 1
Register Error: Masked QNeN Ti-t-1-1-1-111
Unmasked Unattered Tl-1-1-1-0-1

AR
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Zero/Infinity:

Notes:
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Floating Point Multiply FMUL
OP1  OP2 Resuft OP1  OP2  Resutt
i +0 +0 +0 +o0 +oo +o0 j
1 +0 -0 0 +oo o0 o0 |
I -0 +0 0 oo 400 oo :
i -C -0 +0 bl -o0 +o0 ‘,
LoX +0 +0 +oo +X +o0 ]
I +X -0 0 +oo -X -0 "
=X +J -0 00 +X o0
Cox -0 +0 ~ | X 4o |
Lo#X +Y +02 +% +0 Inv. Op.
Cax oo 2 +< | 0| inv.Op. !
-X +Y 02 -se +0 inv. Op. !
X -y +( -0 0| inv.Op. !

1. After @ Precision Exception the "C1” status bit indicates whether
reunding was away from zero.

2. For cases in which X fimes Y produces extreme underflow and
Underflow Exception is maskad, the result is denormalized 1o zero

AC




FNOP

Syntax:
Forms:

Cperands:

Cperation:

tatus:

Exceptions:

Zero/infinity:

Notes:
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No Operation FNOP
FNOP
FNOP
Inst Source Operand Encoding Cycles
{FNOP [ None Jsoe[MDoI0OXC | [ 4

No operction is performed in the CX-83087.

Result of Instruction C3 C2 Ci Co
[Unconditional: T u T v J ¢ T u
Type Mode Resutt P U O Z D |

Nene [ wa ] N/A -T1-1-1- TJI

None.

Nene.

&n




Z
b

CY'in e —— e —

FasMath™ 83087 User Manual

FPATAN Function Eval: Ton‘1(¥) FPATAN

Syntax: FPATAN

Forms: FPATAN

Operands: Inst Source Operand Encoding Cycles
{FPATAN] Top of Stack [sDo] 11110017 ] 189-125 1

Operation: The Top of Stack contains the first source opercnd (x). The next to Top of
tack contains the second source operand (y). The instruction computes

(2) in radians such that z= Ton-Tg(Z). The result (2) is normciized and

rounded according to the RC mode in effect. The Top of Stack () is
popped. The value (2) replaces the contents of the new Top of Stack (v3.
The source operands (x) and {y) are unresiricted inrange.

The resuft () falls in the range -x <z < +r according fo the following tabie:

Sgn(y)  Sgn(x = Resuit
+ + <] O<zx< i-
. + + >1 %< z< %
: >1 z <7< ﬁ
+ - 5%2< 7
<1 §E< <
+ - 2 2
l - + <1 0> z> %
- + >] Z >z> § ‘
1 Zs >-§ ﬁ‘
) j > 272772
! 3n
- - <1 g I
Status: Result of instruction C3 2 i ce
‘Normal completion: U Y C U
i Register Error: Source Reg Empty U U o] U |
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FPATAN Function Eval: Tcn‘1(¥) FPATAN

Exceptions: Type Mode Resutt S P U O Z D |
! Precision Masked Rounded T-1-1-1r-1-
| Unmasked Rounded IR
Underflow Masked Denom/Zero LN IR AR B AT B A B
! Unmasked | Round&Scale |- |- |1 }-1-1-1{-:
Overflow N/A N/A !
I DivbyZero N/A N/A .
1 Denormgl Masked Denorm Used RO A N A N R A
! Unmasked Trap/Abort S {-q- -ty
nvalid Op Masked QNaN R R
Unmasked Uncltered Sl q-1
Register Error; Masked QNaN Y-t 1-1-1-11
Unmasked Unaltered T{-{-1-1-1-1
Zero/Infinity: y X Result
Yy=+0 | +a2x2+0| 2z=+0
y=-0 [ +02x2+0| z=-0
y=+0 | ~e<x<0 2= 41
y=-0 | ~=<x<0 Z=-n
y > +0 x=0 z= +g
v >+0 X = 420 z2=+0
y > +0 X = -co Z=+n
y <-0 x=0 z= % ‘
y<-0 X = o0 z=0 .
y<-0 X = - z=-%
; T
LY =4 | e <X < 4o Z=+§
Y = 400 X = 4o z= 1':7:
3z
Y = 40 X = -0 Z= +T |
ks
| y:—oc -0 < X € o0 Z=—‘2—
b
y = -0 X = 400 zZ= -2—
3
y = =20 X = - zZ= -—4—

After a Precision Exception the *C1" staius bit indicctes whether

Ncies: 1.
rounding was cway from zero.
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Syntax:
Forms:

Operands:

Operation:

Status:

Exceptions:
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Floating Point Remainder (NON-IEEE) FPREM
FPREM
FPREM
inst Source Operand Encoding Cycles
[FPREM _ [Top of Stack [ SD9] 11111000 | [ 4

The Top of Stack contains the source operand (x). The next to Top of
Stack contains the operand (y). The remainder (2) is caiculcted such that

. X ) )
z=x - y'qwhere (Q) is the guotient g= ; obtained by chopping the excct

value toward zero. The result (2) is replaces the contents of the Tep of
tack.

FPREM will reduce the exponent of the argument (x) by 63 or more 'n
each pass. The C2 stctus bit indicates whether the result nas been
reduced completely, i.e.. whether izi<lyl. When completely reduced,
the quotient (@) module 8 may be read from the condition register.

Result of Instruction C3 c2 C1 Ca
;Reduction incomplete: 0 1 c 0
‘Reduction Complete:(@dmod8= 0 o] C C 0

1 0 C 1 c
2 i 0 0 0
3 i 0 1 C
4 s} C C 1
5 s} 0 1 ]
5 1 0 e 1
7 i 0 1 1
'Register Emor: Source Reg Empty U U C U
Type Mode Resuit S P U 0 Z D
Precision N/A N/A
Underflow Masked Dencrmai L TR S R AR A
Unmasked | Round&Scale |- - 14-1-1-1]-
Overflow N/A N/A
Div by Zerc N/A N/A
Denormal Aasked Denorm Used LR IR T SR R B
unmasked Trap/Abort R R
invalid Op Masked QNcaN N IR T R N
Unmasked Unaitered - - -t 0-1- 0
Register Eron: Masked QNaN IR N R R
Unmasked Unattered R




T
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FPREM Floating Point Remainder (NON-IEEE) FPREM
Zero/Infinity: X Y Result
; x=0 y=0 invalid Op.
i ox=0 y=01] Invaid Op.
I x=-0 [y=0| 0 ;
: x =+0 y=#0 +0 i
| X = - Invaid Op. |
‘m<x<4o ly==| xg=0
Notes: The sign of the remainder is the same as the sign of (). If (y) eveniy i.

divides (x) the remainder is zero.
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FPREM1 Floating Point Remainder (EEE) FPREM1

Syntax: FPREM1

Forms: FPREM1
Operands; inst Source Operand Encoding Cycles
FPREMT [TopofStock _ [SD9] 1110101 | [ 50

Operation: Tne Top of Stack contains the source operand (x). The nexf to Top of
tack contains the operand (y). The remainder (@) is calculated such that

. X o I
z=x - y*q where (@) is the quotient g= ; obicined by reunding the excact

value to necrest/even. The result (2) replaces the contents of the Top of
Stack. This instruction is compatibie with the [EEE 754-1985 specification.

FPREM 1 will reduce the exponent of the argument (x) by é3 ormere in
each pass. The C2 status it indicates whether the result has been

Y,

reduced completely, i.e., whether [zig! 5! When compietely recducec,

the quotient () medulo 8 may be recd from ihe condition register.

Status: Result of instruction C3 C2 C1 CC
Reduction Incomglete: 0 1 o] 0
Recuciion Compigte:(cymods8= O C 8] o] C

I 1 0 C 1 0
‘ 2 1 0 2 o
3 1 o] 1 s}
4 0 0 C 1
5 0 0 i 1
6 1 C ¢ 1
7 1 C 1 1
Register Error: Source Reg Empty U 9] 0 U
Exceptions: Type Mode Resutt S P U QO Z D |
Precision N/A N/A
Underfiow Masked Denormat R IR IR T A B
Unmesked | Round &Sccle - - (1 b4 -1-
: Overflow N/A N/A
. DivbyZero N/A N/A
Dencrmal Masked DenomuUsed |- {-1-1-1-1%V]-,
Unmasked Trap/Abert - - -0 T1-
Invaiild Cp Macsked QNaN B IRV IR R B O I
Unmasked Unctiered -ttt
Register Errer: Masked QNaN T -1t
Jnmasked Uncitered Ti-t-1-1-1-
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FPREM1 Floating Point Remainder (IEEE) FPREM1
Zero/Infinity: X y Result

I x=0 y=0{ InvalidOp. !

| x20 | y=0]| InvaidOp. |

box=-0 f yz0| 0 X

iox=+0] y=0| 40 i

i X = oo - Invalid Op. |

lrm<X<too| Y=oo| x:q=0 |

Neftes: The sign of the remainder is not necessarily the same as the sign of ().
If (y) evenly divides (x) the remainder is zero.




FPTAN

Syntax:
Forms:

Operands:

Coperation:

Status:

Excepfions:

Zero/Infinity:

Notes:

Function Eval: Tan(x)

FPTAN
FPTAN

Inst

Source Operand

Encoding

FPTAN — [Top of Steck

1309l 11110010

The Top of Stack contains the source operand (x). The instruction requires
(x) In raclicns and returns (y) such that y=tan(x). The result () is normelized
and rounced cccording to the RC mode in effect. The value (y) replaces
the contents of the Top of Stack. The vaiue 1is pushed onto the stack into
a new Top of Stack register. The scurce operand (x) must be in the range

Ix1 <263,

< clo —Q

Result of Instruction C3
[Inceomplete Reduction of () 9
iNormai compietion: U

Register Errorn Dest Reg Full U
Source Reg eEmpty U
Type Mode Resuit S
Precision Masked Rounded -
Unmasked Rounded -
Uncerflow Masked Dencm/Zero -
unmasked | Round & Scale | -
Qverflow N/A N/A
Div by Zero N/A N/A
Dencrmal Masked Denomn Used -
Unmasked Trap/Abort -
Invelid Cp Masked SNaN? -
Urmasked Uncitered -
Register Srrof: Masked GNaN? 1
Unmasked Unaifered 1
X Resuft
+0 y=+0
-0 y=-0
+o0 Invalid Op.
- Invaid Cp.

1. After ¢ Brecisicn Zxception the 'C7 status it indic
rounding was away from zero.

2. The GNeN replaces both (5 and ().
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FRNDINT

Cpercnds:

Coperation:

Statfus:

Excepficns:

Zerc/infinity:

Ngtes:

Fostath™ 83087 User Manual

FRNDINT

Round to Intfeger

FRNDINT
FRNDINT
Inst Source Operand Encoding Cycles
(FRNDINT JTepofStack  [$D9J1111116C | [ 6

Tre contents of the Top of Stack are rounded 1o an integer. The rounding
cperation to be performed is specified by the RC mode tits of the control
word.

Result of Instruction C3 Cc2 C C2
| Normgcl Execution: Reund Down U U C U
Round Up U U ] U
‘Register Eqorn Source Reg Empty U U C U
Tyoe Moce Result S P LU C 2Z2 D |
Precision Masked Rounded Pt -0-0-
Jnmasked Rounded TH-1-1-1-1-
Lncerlow N/A N/A
Cverfow N/A N/A
Div oy Zero N/A N/A
Denormal Mcsked Denorm Used Lo R B A AR R
Unmasked Trap/Abcrt [ ER R RN RN
Invaid Cp Masked QNeN ol-T-1-1-1-1i:
Unmasked Uncltered Ol-]-]-1-1-11:
Register Zrrer Masxed QNeN Tp-4-1-41-1-11
Unmasked Unaltered T -0 1-11
CS Resuft
-C -C

1.1 TCS conicins an unsucperied, the invaid Sxception is caused.
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FRSTOR Load CX-83D87 Environment & Registers FRSTOR
Syntax: FRSTOR <DST>
Forms: FRSTOR <Memory>

Operands: inst Source Operand Encoding Cycles
[FRSTOR 94 or 108 8yfes | SDD] MD 100 R/M[SIBDISP | 95 |

Operation:  The CX-83D87 "Envirorment” and the CX-83D87 registers are jcaded from
the memory locction specified. The *Environment” consists of the Mode
Control Word, the Status Register, and the Tag Word which are loaded
info the CX-83D87. The *Environment” clso incluces the CX-83087
Instruction Pointer and the CX-83D87 Data Poinfer which are locded into
80386 CPU registers durng execution of this instruction.

The format of the data structure saved in memory is dependent cn the
opercting mode of the 80386 CPU and the operand size in effect. See
FSAVE for complete deiails.

Restoring cn "Environment” that contairs a Status Register figld witn an
excepiion indiccled and an MCR with that exception enabied causes an
ERROR# frap sequence when the next WAIT or exception checking CX-
83087 instruction is executed.

The ERROR# signal is uncenditionally de-asserted while the “Environment”
cand register data is loaded. if the newly locced "Environment” calis for an
excepticn frap, ERROR# will be asserred upon compietion of ¢l data
fransters. A subseguent WAIT or exception checking insiruction will
execute ¢ frap sequence.

The CX-83D87 registers are loaded from the 80 consecutive byte memory
locctions foillowing the "Environment” regardiess of the 80386 mode or
data size in effect.

fatus: Result of Instruction C3 C2 Ci CS
Loaded from Memory: I M T M T M [ M
Exceptions: Type Mode Resuit P U O Z D | §
locaded [ nNA ] N/A M IMIMIM MMM

Zero/infinity:  Nene.

Notes: Nene.
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FSAVE Save CX-83D87 Environment & Registers FSAVE
Syntax: FSAVE <DST>

Forms: FSAVE <Memory>

Operands: Inst Dest Operand Encoding Cycles

[FSAVE  [940or 108 Byfes | SDD[MD 11OR/M [SBDIS? | 102 !

Opercticn: The CX-83D87 "Environment” and the CX-83D87 registers are saved to the
memory location specified. The "Environment” consists of the Mode
Control Word, the Status Register, and the Tag Word from the CX-83D87 |
and the CX-83D87 Instruction Peinter and CX-83D87 Dcta Pointer from the i
80386 CPY internal registers. ;

Tne CX-83D87 is set to its condition following an FINIT. The CX-83D87 Mode
Control Register is set to S037F 14, the CX-83087 Status Register is reset 1o
30000, and all data registers are marked empty (Tag word=$FFFF).

This action sets Rounding confrol fo ‘round 1o nearest or even’ (RC=CO),
Precision confrol to é4-bit extended precision (PC=11), and the Top of

tack register number to zero (S58=CC0). Al exceptions are cieared (=}, cll
condition codes are clecred (Cp-C3=0), and cll exceptions are masked
(=1

This instruction differs from ¢ hardware reset by sefting MCR bt C (Invalid
Exception Mask) to 1 and Status Register dits 7 & 0 {Error and Invaiid
Excepticn) to 0.

The format of the "Environment” data structure is dependent on the
operating mode of the 80386 CPU and the operand size in effect. See
below for complete details. The CX-83D87 data registers cre saved 1o
consecutive memory lccaticns following the "Envirenment” dlock
regardless of the 80386 mode or data size in effect.

9]
o

tatus: Resuilt of Instruction C3 C2 C1
Unchanged [ s [ o [ ¢

(&)

—

Exceptions: None.
Zero/infinity:  None.

Nctes: None.
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FSAVE Save CX-83D87 Environment & Registers FSAVE
32-bit Protected Mode: 31 15 0

! Reserved Mode Control Word E
Reserved Status Word | 04
i Reserved Tag Word 108!
[ instruction Pointer Offset oC!
100000 | Opcode(10:0) | Code Segment Selector | 10
i Data Operand Offset 141
f Reserved | Operanc seg Selector 18
i RO Significanc(31:0) iCl
! RO Significand(63:32) 20
t R1 Significand(150) B[ RO Exponent 24
: R1 Significand(47:16) 28
S R1 Exponent [ Rl Significandi63:48) 2C;
1 R2 Significand(31:0) 30
! R2 Significand(¢3:32) 34
: R3 Significand(150) ] R2 Exponent 38 |
| R3 Significand(47:16) 3C
s] R3 Exponrent | R3Significanci(63:48) 40
' R4 Significand(31.0) 44
R4 Significand(¢3:32) 48 1
! R5 Signficana(15:0) B[ R4 Exponent 4C,
RS Significand47:16) 80!
5] R5 Exporent |~ R5Significarc(63:48) 54
: Ré Significand(31:0) 58 !
Ré Significanc(63:32) 5C:
R7 Signficanc(15:0) B R6 Exponent &0

R7 Significand(47:16) &4

5] R7 Expcnent | R7Signficanc63:48; 48

61
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FSAVE Save CX-83D87 Environment & Registers FSAVE
32-bit Real Mode: 31 15 0
. Reserved Mode Control Word ca
Reserved Status Word 04
Reserved Tag Word 08
! Reserved Instruction Ptr(15.C) oc’
0000 | Instruction P1r(31:16) [0 Opcode(1G:0) [ 10
Reserved [ Operand Pir(15:0) 14
10000 | Operand Pr(31:16) [ 0000 [ oooo Tcocef 18
] RO Significand(31:0) 1C!
RO Significand(63:32) 20
RISignificarc(i50)  B] RO Exporent 24
R1 Significandi47:16) 28
s R1 Exponent | R1Significand(63:48) C:
R2 Significanc(31:0) 3C;
R2 Significand(¢3:32} 34!
R3 Significanc(15:0) B[ R2 Exponent 38
R3 Significand(47:14) 3C!
5] R3 Zxponent [ R3Significanc(63:48) 40!
R4 Significand(31:0) 44
R4 Significand(63:32) 45
RS Sigrificanc (500 B R4 Exporent 4C:
R5 Significand(47:16) )
5] R5 Exponent | R5 Signiticanc(é3:48) 54 |
Ré Significand(31:0) 58 .
R6 Significand(63:32) 5C.
R7 Significand(15:0) ﬁ R6 Exponent 60!
R7 Significand(47:16) 64
ST R7 Exporent | R7 Significand(63:48) 68
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FSAVE Save CX-83D87 Environment & Registers

16-pit Protected Mode:

63

FSAVE
15 0

" Mode Control Worg 0}
[ Status Word 02
| Tag Word C4 !
i instruction Ptr Offset C6 |
| Code Segment Selector 08 !
Data Operand Offset OA’
Operand Seg Selector oC!

RO Significand(15:0) 0Ot
RQ Significand(31:16) 10
RO Significand(47:32) 12
RQ Significand(63:48) 14
ST RO Exponent 16
Repeat for R 18"
Repeat for R2 22"
Repeat for R3 2C!
Repeat for R4 36 |
Repeat for RS 40,
Repeat for R 4A

R7 Significand(15:0) 34
R7 Significand(31:16) 56
R7 Significand(47:32) 58 .
" R7 Signiicand(63:48) 5A
Nl R7 Exponent 5C,
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FSCALE Floating Multiply by 2n FSCALE
Syntax: FSCALE

Forms: FSCALE
Operands: Inst Source Operand Encoding Cycles
[FSCALE [TopofStack  [SDO[11111101 | [ 8

Operation: The contents of the Top of Stack () are multiplied by 2" where (n) is the
contents of the next to Top of Stack. The resutt y= x* 2N is normaiized cnd
rounded according to the RC mede in effect. The resutt (y) replaces the
contenis of the Top of Stack. The value (n) s an infeger determined by
chopping actuci contents of the next to Top of Stack toward zero.

Status: ResLli of Instruction c3 c2 c1! co
{Normal Execution: U U 0 U
I Register Eror: Source Reg Empty U U 0 U
Excepticns: Type Mode Resuit S P U C Z D |
Precision Masked Rounded -1 - |-
Urmasked Reunded S -1 -
. Uncerfow Masked Denorm/Zero (- |1 [T 1-1-1-]-"
' Unmasked | Round &Scaie?2 [ - |- [1}-1-1-|-
Qverfiow Masked R(e=) EE S R B B A A
Unmasked | Round &Scaie? |- |- |- {1]-1-]|-
Div by Zero N/A N/A
Denormal Masked Denom Used -0
! Unmasked Trcp/Abort i1
| Invelid Op Masked QNcN RS RN R R
! Unmasked Unaitered Sl ]-b-1- -1
Register Errorn Masked QNaN -t l-q-1-11
Unmasked Unaltered T1--1-f-1-11
Zero/Infinity: X n Resuit
! +0 -00 +Q
-G %0 0
0 +50 inval. Co.
o0 -0 Inval Co.
: oo o0 Inval. Cp.
+o0 ~codNK+oe +20
} o0 colNC+0 -o0 :
x=0 oo sgn{x)’=
x4} oo HelplcoNs]
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Notes:
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Floating Multiply by 20 FSCALE

1. After a Precision Exception the "C1" status bit indicates whether
rounding was acway from zero.

2. In the event of 'massive’ over/underflow in which exponent adjustment
by -/+ 24,576 does not yield a nommal result, the instruction retums a signed

% OF 2870 respeciively.

AR
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FSIN

Syntax:
Forms:

Cperands:

Operction:

Status:

Exceptions:

Zero/Infinity:

Notes:

FSIN

Function Evaluation: Sin(x).
FSIN
FSIN

Inst Source Cperand Encoding
[FSIN [TopofStack  [spe 11111110 |

The Top of Stack contains the source eperand (x). The instruction requires
) in radians and returns (y) such that y=sin(x). The result () is normaized
and rounded according to the RC mode in effect. The vaiue (y) replaces
the contents of the Top of Stack. The source operand (x) must be in the
range x| < 283,

Cycles
] 563 |

! o

Resuit of instructicn C3 C2

Incomplete Reguction of (x):

U i
.Normai completion: U 0
U U

C|C

Register Errorn Scurce Reg Emply

Tyoe Moce Result

w

Precisicn Masked
Unmasked

Rounded -
Rounded -

Uncerflow asked Denorm/Zero -

Unmasked | Round & Scaie | -

[ PRI b T
'
'
'
'
'

Cverflow N/A N/A

Div by Zero N/A N/A

Denormcl Masked Denorm Used -1 l-r- 0T
Unmasked Trap/Abort -l-f-t-r- 0

Invelid Qo Masked QNaN -

Unmasked Uncltered

Register Eror: Masked QNaN

Unmasxked Unaltered

X Result
v +0 +0
-C -0
420 invaiid Op.
20 Inveaiid Co.

1. After o Precision Excegtion the "C 1" sictus Dit indicafes wnether
roundng was away from zero.

—
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Syntax:
Forms:

Operands:

COperation:

Stotus:

Exceptions:

2ero/infinity:

Notes:

FasMath™ 83D87 User Manuct

FSINCOS

Function Eval: Sin(x) & Cos(x)

FSINCOS
FSINCOS
inst Source Cperand Encoding Cycles
[FSINCOS [TopofStack  [SDS] 11111011 | [ 5104

The Top of Stack contains the source operand (x). The instruction requires
) in radians and returns (v) and (@ such that y=sin(x) and z= cos(x). The
results (y) & (@) are normaiized and rounded accerding to the RC mode in
effect. The value () replaces the contents of the Top of Stack. The value
() s pushed onto the'stack into a new Top of Stack register. The scurce
operand (x) must be in the range I x} <263,

Result of Instruction C3 C2 ¢l ce
incomplete Reduction of (x: L i C U
Normal completion: U 0 o] U
Register Emron Dest Reg Full U U i U

Source Reg Empty U U J U
Type Mode Resutt S P U O D |
Precision Masked Rounded -] - -
Unmasked Rounded -lig- - 1-
Urderfiow Masked Denom/Zero -] -} -
Unmasked | Round &Scale [-f- 11 |- -] -
Cverflow N/A N/A
Div by Zero N/A N/A
Denormal Masked DenomUsed |- |- |- -
Unmasked Trap/Abort EEE 1] -
Invaiid Op Masked QNaN B I A -1
Unmasked Unaltered - l- - -1
Register Error: Masked QNcN Ti-1-1- -1
Unmasked Unchtered 11-01-1- - 11
X Resutt
+0 y=+0:z=+1
-0 y=-Ciz=+1
+o0 invalid Op.
oo Invaid Co.

5

reunding was away Tom zero.

67
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FSQRT

Floating Point Square Root

Syntex: FSQRT

Forms: FSQRT

Operands: Inst Source Operand Ercodirg Cycles
[Fs@rT ~ [TopofStack  [SD9] 11111010 | ] 26

Operation: The contents of the Top of Stack (x) are repiaced by V. The result is

nomclized and rounded according to the RC mode in effect at the
precision specified by the PC mode bits.

Status: Result of Instruction c3 C2 ¢l Co
'Normal Execution: U U 0 U i
iRegister Emor:  Dest Reg Full U U 1 U ‘
| Source Reg Empty U U 0 9] !

Exceptions: Type Mode Result S P U O D

Precision Masked Rounded Y- - -
Unmasked Rounded -] -
! Underflow N/A N/
i Overflow N/A N/A
Div by Zero N/A N/A
j Denormal Masked Denorm Used Sl- -1 1
. Unmasked Trap/Abort e E 1
} invalid Op Masked QNN -1 1 -
! Unmasked Unaltered -0 -
| Register Emror: Masked QNaN L I I -
Unmasked Uncltered 1Th--1- -
Zero/Infinity: X Result
; +0 +0
: -0 3 .
| -eozx<-0 Invai. Op.
i 400 +oo i
Nofes: 1. Affer ¢ Precision Exception the "C1” siatus bit incicates wnether

rounding was away from zero.

AR
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Syntex:

Forms:

Operands:

Opergtion:

Status:

Excepfions:

FasMath™ 83087 Usar Manual

Store CX-83D87 Register FST

FST(P) (<DST>)

FST(P) <Memory>

FST(P) <Register>

inst Dest Operand Encoding Cycies

FiST(P) 16-bif Integer SOF | MDO1p R/M [ SIB.DISP 0
(FIST(P) 32-bif Integer SOB| MD Clp R/M | SIB.DISP 0
(FISTP 64-bit Integer SDF { MD 111 R/M | SIB.DISP o
FBSTP 18 dig BCD int. | SDF | MD 110R/M | SI1B.DISP 61 ¢
FST(P) 32-bit Real $D9 | MDO1p R/M | SIB.DISP 9
FSTEP) 64-it Real $DOD| MDO1p R/M | SIB.DISP (R
FSTP 80-bif Real SCB| MD 111 R/M | SIB.DISP 13
LEST(P) 80-bit Register SDD| 1101p REG 4

The source operand (x) is fetched from the Top of Stack and. if necessary,
converted to the destination data format and rounded according to the
RC mode in effect. The resuif is stored in the destination. When the "pop”
form is used, the Top of Stack is popped upon completion.

The operand is rounded 1o the width of the destination according to the
RC moce specified. if the desfinafion type is 32-dit or é4-bit real ard the
operand s zero, =, or NaN, the significand cnd tne exponent are
chopped and transferred s-is.

Result of insiruction C c2 cil Co
Nermel Execution: Y Y C U
'Register Error: Scurce Reg empty J Y o] U
Type Mode Resutt S P U O 2 D |
Precision Masked Reunded LR R SRV A A I
Urmasked Rounded il f-t-r-1-
Underflow? Masked Rounded -1-0v-0- -
Unmasked Trap/Abort - - l--
Overflow? Macsked Rounced -I-1-100-1-1-
Unmasked Trap/Abcrt b -1
Div by Zero N/A N/A
Denormai N/A N/A :
invalid Cp3 Masked QNaN E S I A I I
Unmagsked Trap/Abert -t - -1
Register Esron Masked QNGN T-1-1-1-1-1
Unmasked Trap/Abort Tl-4-1-1-1-1"

o9
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Zero/infinity:

Notes:
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Store CX-83D87 Register FST
X Result
Empty Invalid Op. |
'f NaN->integer Invalid Op. |
| e>infeger Invaiid Op. |
i Ixl>Int Range Invalid Op. |

1. After a Precision Exception the "C 1" status bit incicates whether
reunding was away from zero.

2. Exception can only occur when the destination operand is 32 or 64 bit
real format.

3. Storing into an integer or BCD destination when the cperand is of
grecter magnitude than the destination format supperts produces this
exception.
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FSTCW Store CX-83D87 Mode Control Register FSTCW

Syntax: FSTCW <DST>

Forms: FSTCW <Memory>

Operands: Inst Dest Operand Encoding Cycles
[FSTCW ]2 Bytes [SD9[ MD T1IR/MISBDISP | 5

Operation: The confents of the CX-83D87 Mode Controi Register are stored into the
specified memory location.

Status: Result of instruction C3 C2 C1 C3
“Unconditionat: ] v [ U y Y
exceptions: Type Mode Resutt S P U QO Z D |

T V2SI N7 N S 8 N I N

Zero/Infinity:  None.

Notes: None.
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Syntax:
Forms:

Operands:

Operation:

FasMath™ 83D87 User Marual

Load CX-83D87 Environment FSTENV
FSTENV <DST>
FSTENV <Memory>

Inst Source Operand Enceding Cycles
'FSTENV [ 14 or 28 Bytes [sD9] MD 1NOR/M[SBDISP | 17 |

The CX-83D87 "Environment” is saved to the memory location specified.
The "Environment” consists of the Mode Control Word, the Status Register,
and the Tag Word which are saved from the CX-83087. Tne *Environment®
also includes the CX-83087 Instruction Pointer cnd the CX-83D87 Data
Pointer which are saved from 80386 CPU registers during execution of this
instruction.

The FSTENV instruction sets cll the exception mask bits of the MCR o 1
thereby masking ail exceptions. This causes the ERRCR# signal to be de-
csserfed.

The FSTENV insiruction is designed for use in exception handlersto help
anclyze the exception concition. The format of the “Envircnmeni” data
structure is dependent on the opercting mocde of the 80386 CPU and the
operand size in effect.

Reserved Mede Control Word

32-bit Protected Mode: 31 15 9]
L

32-cit Real Mode: 31 15

Reserved tatus Word
Reserved Tog Word
Instruction Poinfer Offset
100000 | Cpcoce(1C:0) | Code Segment Selecror
: Data Operand Offset i
Reserved | Operand Seg Seiector

o

Reserved Mode Control Word
' Reserved Status Word |
Reserved Tag Word
Reserved instructiion Ptr(15:C)
0000 | Instruction Pr(31:16) [ C[  CpcodeliC:C)
Reserved | Opercnd P1(15:0)
0000 | Cperand Ptr(31:16) ] 0000 ] o000 [ coco
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16-bit Protected Mode:

Store CX-83D87 Environment
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FSTENV
15 0
Mode Control Word |
tatus Word K
! Tag Word

Instruction Ptr Offset

Code Segment Selector |

Datc Operend Offset |
Operand Seg Selector

Status: Result of Instruction C3 Cc2 i Co
“Uncorditional: T U T v T u T u
Exceptions: Tyee Mode Resutt S PU O Z D |
None | NA [ N/A -I-I-1-1-1-1-
Zero/Infinity:  None.
Notes: Nore.
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FSTSW Store CX-83D87 Status Register FSTSW
Syntax: FSTSW <DST>
Forms: FSTSW <Memory>
Operands: Inst Dest Operand Enceding Cycles
FSTSW_ [ 2Bytes SDD] MD 111 R/M]SIB.DIS? 5
Operaticn: The contents of the CX-83D87 Status Register are siored into the specified
memaory location.

Status: Result of Instruction 3 C2 C1 ]

Unconcitional: 1 U y U U
Result S P U C Z D 1
LTI 1-1-

Mcde
[ N/A

Tyce
NG [ NA

Exceptions:
Nene
Zero/Infinity:  None
Notes: None
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FSTSWAX Store CX-83D87 Status to AX FSTSWAX

Syntax: FSTSWAX

Forms: FSTSWAX

Operands: Inst Dest Operand Encoding Cycies
FSTSWAX | 80386 AXReg [SDF[ 11100000 1 5 1

Operation: The contents of the CX-83D87 Status Register are stored into the 80386 AX
register. The contents of the AX register may then be fransfered to the
80386 fiags with the SAHF instruction. The following table shows how the
80386 conditional branch instructions can be used to decode TX-83D87
status reflecting the results of FCOM execution:

80386 Branch Result of FCOM C3 C2 Cl (o]
JA DST > SRC C 0 o] o
2B DST < SRC o 0 0 I
JE DS8T=3SRC i 0 0 o
JP Unordered 1 ] 0 ] |
Status: Result of Instruction C3 C C1 C0
Unconditionci: ] v T v T v J u
Exceptions: Type Mode Result S P U O Z D |

Noe WA T NA T LT LI

Zero/Infinity:  Ncre.

This insiruction transfers the contents of the CX-83087 Siafus Registerto the

Notes:
AX register before 80386 insiruction execution may proceed..
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FSUB Floating Point Subtract FSUB

Syntcx: FSUB(R) ((<DST>,)<SRC>)
Ferms: FSUB(R) <TOS>,<Memory>
FSUB(R) <TOS>,<Reg>
FSUB(R)(P) <Reg>,<TOS>
Operands: Inst Source Cperand Encoding Cycles
FISUB 16-pit Integer SDE|{ MD 10r R/M | SiB,DISP 13 |
(FISUB 32-bit Integer SDA| MD 1CrR/M | SIB.DISP 13 “
1FSUB 32-bit Recl SC8| MD 10r R/M | SIB.DISP 13
FSUB &4-bit Reci SDC| MD 10r R/M | Si3.DISP 15
1FSUB 80-bif Register S$D8| 11 1CrREG 6
(FSUB Top of Stack $DC] 11 101 REG é
'FSUBR | Top of Stack $DC| 11 120.REG é
(FSU3P | 83-bit Register $DEY 11101 REG 6
[FSUBRP | 80-bit Register SDE| 11 1C0R=G 6

Cperction: Tre scurce and destingtion operands cre fetched. Thescurce is
converted to extended precision format if necessary. The scurce operand
is subtracted from the destination and the resuit is normelized ana
rounded according to the RC mode in effect at the precision specified by
the PC mede bits. The resuii is stered in the destinaiion register. When the
‘pop’ form is used, the Tep of stack is pepped.

The “reverse” form causes the destination operand o be subtracted from
the source operand

Status: Result of instruction C3 Cc2 C1I Co
Normai Execution: U U 8! g
invelid Ex: Source Reg Empty U ) J L
Exceptions: Tyoe Mode Result S P U O Z D |
Precisiocn Mcsked Reunded 1 - - -
Unmasked Rrounced HEEEREE RN R
Underfow Macsked Denorm/Zero EE IR B A A TR
Unmasked | Round&Sccie |- |- 11 -|-1-1-
Cverfiow Masked R(s0) RO A N I B S A
Unmasked | Round&Scale |- |- [-11]-]-1]-
Div by Zero N/A N/A
Denormal Masked Cenorm Used L IR AR R B B
Unmasked Trap/Abort e R R
Invaiid Cp Masked QNeN -l--t-i- -1
Unmasked Uncitered -l -t--0-1- 1
Register =ron Mcsked QNeN Pl-t-1-01-1- 17
Unmasked Uncitered Tl-1-1-1-1-11

e
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FSUB Floating Point Subtract FSUB
Zero/Infintty: OP1- OP2 Result OP1- QP2 Result
I +0 +0 RO +oo 4+ | Inv. Op. |
I o | 0 REO) o | e | inv.Op.
+0 -0 +0 +oo o0 +o0 |
J 0 +0 ) | 4w oo
+X +X RO +oo X +o0
I x| x RO) - | X o
| X ~o oo
L X +o0 o0
Notes: After a Precision Exception the "C1° stafus bit indicates whether rounding

w@s away from zero.
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FTST

Syntex:
Forms:

Cperands:

Operction:

Stctus:

Exceptions:

Excentions:

Zero/Infinity:

Notes:

Test Top of Stack

FasMcth™ 83D87 User Manual

FTST

FTST
FTST
Inst Dest Opercnd Enceding Cycles
[FIST  [Top of Stack TsDs] 11100100 | 16

The contents of the Top of Stack are compcred o zerc. The condition
code resutts are the same as those produced by the FCOM instruction
with the exception of detecting equclity o -C. The Top of Stack is the

cestincticn and the constant zero is the source.

The result "unordered® is produced when the operand is NaN, unsupporied

or when Stack Fauit occurs.

Result of Instruction C3 Cc2 o} Co
Normai execution: DST>0 ) 0 0 G
| DST<0 0 0 o] 1
! DST=+0 1 o C C
DST=-C 1 0 1 0
Unordered 1 1 0 1
Register Zrror: Source Reg Empiy U U 0 U
Tyce Mode Result P U C Z D i S
Tyoe Mode Resuit S P U C Z D |
Precisicn N/A N/A
Underflow N/A N/A
Overflow N/A N/A
Div by Zero N/A N/A
Denormcl Masxed Dencrm Used E A R A I A
Unmasked Cenom Used R
invaiid Op* Masked Unaitered h- -1
Unmasked Unaitered b -1
Register Zrrer Masked Urcitered Tl-1-1-1-1-11
Unmasked Uncitered T - 1-1-1-1-117
DST Result
+0
-0 =0
+oa >C
-50 <0

1. @NAN opercnds produce the Invalid Exception in ihis insiruciion.
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Syntax:
Forms:

Operands:

Inst

Unordered Compare

FUCOM(P)
FUCOMI(P)(P)

Source Cperand

FasMath™ 83D87 User Marual

FUCOM
((<DST>,})<SRC>)
<TOS>,<Reg>

Encoding Cycles

FUCOM
[FUCOMP
‘FUCOMPH

80-bit Register
8C-bit Register
80-bit Register

SOD
SDD
SDE

11 100 REG 4 ‘
11101 REG 4
11011001 15

Cperation:

Status:

Exceptions:

The scurce operand is fetched and subtracted from the destination (Tep
of Stack) and the condition codes are set according 10 the result. When
the *P" form is used, the Tep of Stack is popped. The *PP" form compares
the Top of Stack and the next to Top of Stack and causes two "pop”

operations upon completion.

This instruction has the same effect as the FCCM instruction except that it
does not cause the Invalid Exception when one of the operands is @

QNaN.

The result “unordered” is produced when the opercnds are NaNs,
unsuppcrted or when Stack Fault occurs.

Result of Insiruction

(@)

Nermcl execution:

DST> SRC
DST < SRC
DST = SRC

Unordered

Register Emon

Source Reg Empty

N @]
ool

Y O
[eXoNally

olooool|0
o _olo

Type

Mode

Resuit S

O
~N
lw]

Precision

N/A

N/A

Underflow

N/A

N/A

Overflow

N/A

N/A

Div by Zero

N/A

N/A

! Denormal

Masked
Unmasked

Cenorm Used -
Denom Used -

'
'
,

Invalid Op

Masked
Unmasked

Unordered -
Uncitered -

Register Error:

Masked
Unmasked

Unorcered
Uncltered
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Zero/Infinity:

Notes:
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Unordered Compare FUCOM

DST- SRC  Resutt DST- SRC  Resuft

‘ +0 +0 = +oo +oo = i

| -0 0 = oo 0 = |

! +0 -0 = +o0 e DST>SRC i

% -0 +0 = o0 +00 | DST<SRC|

|40 +X | DST<SRC | +oo X | DST>SRC|

: 0 +X | DST<SRC | o X | DST<SRC!

i +0 X IDST>SRC | X < | DST>SRC |
0 -X | DST>SRC | X +oo | DST<SRC |

KN




FXAM

Syntax:
Forms:

Operands:

Cperation:

Exceptions:

Zero/Infinity:

Notes:

_Cyrix\ﬂ -
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FXAM

Report Class of Operand

FXAM
FXAM
Inst Source Opercnd Encocing Cycles
FXAM [ 80-bit Register [ SD9] 11100 101 | T 3 ¢

The Top of Stack is always the source operand. The Top of Siack is
examined and condition codes are set according to its class as
specified below.

The "CV* Status bit incicates the sign of the Top of Stack cperand:
*C'=pcsitive; "1'=negative.

Contents of TOS C3 C2 CC
Unsuppceried 0 0 ol
NaN o] 0 1
Normal 0 1 C
infinity c 1 1
Zero 1 o] c
Emprﬂ 1 G 1
Denomal 1 1 C
Type Mode Result S 2 U O Z D |
Nore | ™A ] N/A [-T-T-T-T-1- -
Ncne.

1. i the stack is empty, the result is ‘Empty” and the sign is
undefined. No exceprtion is gererated.
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FXCH Exchange Register with TOS FXCH

syniax: FXCH (SRC)

‘orms: FXCH <Reg>

Dperands: Inst Source Operand Encoding Cycles
[FXCH J80bitRegister  [SDO[ 11001 REG | [ 4

dperation: The contents of the Top of Stack and the source register are exchanged.

tatus: Result of Instruction C3 C2 Cl C0
“Normal Execution: U U 0 U
‘Invalid Ex: Source Reg Empty 1 1 Q 1 i
xceptions: Type Mode Resutt s P U O Z D |
Precision N/A N/A i
Underflow N/A N/A ‘
OQverflow N/A N/A i
Div by Zero N/A N/A
. Denormal N/A N/A Tl
Invalid Op N/A N/A |
Register Error: Masked GNaN Th--1-4-1-17:
! Unmasked Unattered - 1-]-1-111
sro/Infinity: Cperand Result
Empty | invaid Ex.
otfes: None.
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FXTRACT Extract Exponent FXTRACT

Syntax: FXTRACT

Forms: FXTRACT

Operands: Inst Source Operand Encoding Cycles
{FXTRACT | TopofStack _ [SD9] 11110100 | [ 8 7

Operation: The Top of Stack contains the source operand (x). The exponent flield of
(x) is converted to an 8C-bit extended precision real number (y) and
pushed on the stack, i.e. y=INI{Logz00) is pushed. The original cperand
x) is modified by having its exponent set to zere, i.e. after execution
1.0<ix1<2.C. The sign of (x) is preserved.

Status: Result of Ingtruction C3 C2 C Co
{Normal Execution: U U C Y
-Register Error: Dest Reg Full U U 1 U
Source Reg Empty y U 0 U
Exceptions: Type Mode Result S P U O Z D |
Precision N/A N/A
Ungerfiow N/A N/A
! Overflow N/A N/A
. DibyZero Masked TOS=05T1=- |- [-T-7-17]-1-"
: Unmasked Trap/Abort EO R T T T B P
, Dencrmal Masked DenomuUsed - J-f-f-|-]J1]-
: Unmasked Trcp/Abort R ER N RN
Invalid Cp Masked GNeN L R T I A IO R
Unmasked Uncitered Sl
Register Eror: Masked QNcN Vl-g--1- 1
Unmasked Unattered B
Zero/Infinity: X Result
i +C y = +0; X = -; Zero Div. Ex.
: -C y =-0;x = = Zerc Div. Ex.
D e Y= -eo; X = 4oo ‘
! +o0 Y = o0 X = o0

Notes: None.
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YL2X Function Evcluation: y*Log2(x). FYL2X

yniax: FYL2X

orms: FYL2X

dperands: Inst Scurce Operand Encoding Cycles
[FYL2X_ ] Top of Stack [sD9] 11110007 | ] 693

dperction: The Top of Stack contains the source operand (x). The next to Top of
Stack contains the scurce operand (y). The function z=y*loga(x) is
evclucted and the result is normaiized and reunded according to the RC
mode in effect. The stack is popped and the resutt (2) is replaces {y) cs
the new Top of Stack. The source operand (x) must be inthe range C<x <

+o0,
tatus: Result of Instruction C3 C2 c1! o
‘Normal Execution: U U 0 U
IRegister Eror: Source Reg Empty U U 0 U
xceptions: Tyce Mocde Result S P U O Z D |
Precision Masked Rounded S N IR I IR I
Unmasked Rounded RN R N
Lncerfiow Masxed Denom/Zero EO R R A R B
Unmasked | Reund & Scail S l- il
Overflow Masked R(==) -y v -1
Unmasked | Reund&Scale [ - |- - {1 1-1-1]-
Div by Zero Aasked TOS=—~o R R R I A AR B
Urmasked Trap/Abort -
Denormai Masked Denomm Used S R R R I IR
Unmasked Trap/Abort RN R
Invaic Ce Masked QNaN EE IE BT R R B
Urmasked Uncltered i -1 11!
Register £mon Masked QNeN T - 1-1-1{-171
Unmasked Unaftered RN R
are/infinity: Y X Result

- x <0 Invalid Cp.
y=0 x=0 Zero Div Ex
y=0 x=0 Invalid Cp.
y =0 X = Invalid Op.

y=o | x>1 y
Coy=e [0<x<i -y
; y>+0| x= o
I y<0 X = o0 -0
y=0 X =0 Invelid Cp.
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FYL2X Function Evaluation: y*Log2(x). FYL2X

Notes: 1. After a Precision Exception the "C1" status bit indicates whether
rounding was away from zero.




FYL2XP1

Syntax:
Forms:

Operands:

Operction:

Status:

Exceptions:

’yriX'v

FasMath™ 83087 User Monual

Function Evat: y*Logo(x+1). FYL2XP1
FYL2XP1
FYL2XP1
Inst Source Operand Encoding Cycles
'FYL2XP1[Top ofStack  [SD9] 11111001 [ [ 690 |

The Top of Stack contains the source operand (x). The next to Top of
Stack contains the source operand (y). The function z=y*logo(x+1) is
evaluated and the result is normalized and rounded according to the RC
mode in effect. The stack is popped and the result (2) replaces (y) as the
new Top of Stack. The cperand (x) must be in the range

Iy 1~
¥2 N2
—-la<x<l—

2 2

Use FYL2XP1 to cclculate log2(x) when x| is close fo 1. FYL2XP1 provides
greater accuracy than FYL2X in this case. The magnitude of the input
argument must be necr zero, so be sure to subtract one from (x) befere
using FYL2XPT.

Result of Instruction C3 C2 c1! CO
Normci Execution: U U 0 U
.Register Erron: Source Reg empty U U c U
Type Mode Resutt S P U O Z D |
Precision Masked Rounced -1 -f- - 1- ,
Unmasked Rounded R R R
Underflow Masked Denom/Zero EN IR A B -
Unmasked | Round&Sccle |- |- |1 ]-1-1-1]-
Overflow N/A N/A
Div by Zero N/A N/A
Cenormal Masked Dencm Used B N B R R
Unmasked Trep/Aboert o R R B
| invaid Op Masked SNaN ST 1-1-1
‘ Unmasked Unaltered R R
Register Error: Masked NaN Y- 1-1-1-1-171
Unmasked Ungitered 1]- - -1

RA
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FYL2XP1 Function Eval: y*Logox+1). FYL2XP1
Zero/Infinity: Y X Result
k y2+0 x=-0 0
i y2+0 x=+0 +0
. v<0 x=-0 +0
y<0 x=+0 -0
y = x=0 Invalid Op.
i y = x>0 y
| y== -l<x<0 -y
Ly> +0 X = o0 +oo
iy< 0 X =eo -oo
' y=0 X = oo Invalid Op.
Notes: 1. After a Precision Exception the "C1° status Cif indicates whether

rounding was away from zero.

a7
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4.13 Instruction Execution Times

his section presents twe values for CX-83D87 instruction executicn times. The Basic
xecution Time (BET) is the number of clock cycies that the CX-83D87 requires o
iccomplish the execution of an instruction and is given in the individuai instruction
lescriptions. The Intel System Time (ISD) is the fime required by an CX-83D87/Intel 80386
sombination which inciudes the 80386 overhead of instruction setup and coperand
ransfer. The difference between the BET and the IS8T is due entirely to 8C386 protoco!
werhead. In beth cases, no wait states cre included and no allowance for DMA
werhead is included.

he CX-83D87 device can be used with cn inferface that simuitanecusly supports Doih
0386 coprocessor cccesses and memory mapped /O accesses. Using the memory
acpped scheme, insiruction setup, including operand iransfer, can usuclly be
1ccomglished by the 80386 in paraliel with the previous instruction execution in the CX-
3D87. A smcrt interface can deliver sustained executicn rates equai 1o the BET values.

3T values are obfained by submilting instruction streams consisting of severci repetitions
f a given insiruction to the 80386/CX-83D87 pair and measurng the insiruction-to-
sfruction delay time.  This fechnigue provides performance figures tased upon
bserved in-system throughput. The IST observed in a stream of cissimiiar instructicns will
ary subsiantially based on the pricr and foilcwing instructions. s occurs secause of
~e different cctivities in the 80386 during *he varicus instructions and beccuse the
xecution times of scme CX-283D87 instructions nave a dependency on the value of ine
out data. Some exampies of this are the FSIN, FCCS, FSINCOS instructions. These
wstructions perform argument reduction if the inpur dafe magnitude is greater 1han
=~
ppreximately % These two factcers resuit In variations of up 1o 5% among IST

neasurements.
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Mnemonic Resuft Cperaiion 83D87-BET| 83D87-IST ‘387 1ST
(F2XM1 TOS - 2587 14-67 67 3424
{FABS TOS « 1T0S! 4 16 29
FADD ST(Y « STMH+TCS 6 16 34
{FADD TOS « TOS+ST() 6 16 34
FADD TOS « TOS+M.DR 15 21 33
|FADD TOS « TCS+M.SR 13 17 29
{FADDP STC-1) « ST(+TOS 6 16 39
|F1ADD TOS « TOS+MS! 13 17 53
{FIADD TOS « TOS+M.WI 13 17 76
[FCHS TOS « TCS'¢D) 4 16 34
' FCLEX Clecr Exception 4 24 26
FCOM CC < 105510 4 16 29
FCOM CC « TCSMDR 13 21 33
[FCOM CC « TOSMSR 11 17 29
‘FCOMP C e« TOS-ST() 4 16 29
[FCOMP CC « TOS-M.DR 13 21 33
FCOMP CC « TOSM.SR 1 17 29
FCON:PP C e TCSST(D 4 16 3z
|FICOM C « TOS-M.SI 1] 17 53
FICOM CC e~ TOS-M.WI b 29 70
FICOMP CC « TOS-MSi 11 17 53
'FICOMP CC « TOSMW 1 2 o
FCCS TOS  CCS0% 597 97 282
{EDECST SP « SP-1 5 16 35
FOIV SHY « Si0/sCS 14-25 16-25 72
|FDIV TOS « TOS/STG) 13-24 1624 59
FDIV TOS « TOS/M.DR 21-32 21-32 9
(FOIV TOS - TOS/MSR G-3] 20-31 95
FDIVP STU-1) « STO/TOS 14-25 16-25 %9
[FDIVR TOS « ST(H/TCS 13-24 1624 94
[FDIVR ST) « TOS/ST( 14-25 16-25 99
iFDIVR TOS « M.DR/CS 22-33 22-33 59
“FDIVR TOS « M.SR/TCS 21-32 21-32 55
FOIVRP ST-1) « TCS/STE) 13-24 1624 59
FIDIV TOS e TOS/M.SI 20-31 263" 119
FIDIV TOS = TOS/MW 20-31 30-41 126
FIDIVR TOS - MSI/TOS 21-32 21-32 19
FIDIVR TOS « M.WI/TOS 21-32 36-41 142
[FFREE TAG() « Empiy 5 22 36
'FINCSTP SP « SP+l 5 16 35
(FINIT —  Infigize 5 26 26
{FLD TCS « ST(Y 4 6 9
'FLD TOS « MR 12 21 27
JFLD TOS « MSR 10 17 23
FRL 708 « MXR T 38 49
'FBLD TOS « M.BCD 32 40 271
FILD TOS e M. 9 23 51
FILD TCS « MSI 7 17 43
'ALD TOS « MW 7 29 58
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Mnemaonic Resclt Operation 83DR7-BET| 83D87-IST ‘387 IST
FLD1 TOS « Cne 6 16 29
FLDCW CHWerd « Memory 4 38 42
FLDENV Env Regs « Memory 22 12 123
FLOL2E TOS « Loga(e) 7-8 16 44
FLDL2T TOS « Logz(10) 8-9 16 44
FLDLG? TOS e Logi(®) 8-9 16 44
FLDLN2 TOS « Logd &7 16 44
FLDPI TS e« = &7 16 44

FLDZ T0S « Zero 7 16 29
FMUL ST « STH*TOS 10 16 54 !
FMUL TOS « TOS*STD) 10 16 54 !
FMULP ST(-1Y « ST(H'TOS 10 16 59
FMUL TOS « TOS'M.ER 18 21 &7 !
FMIUL TCS « TOS'M.SR 16 18 4] !
FiMUL TCS « TOS'™MSI ) 18 65 ;
FiMUL TCS « TOS'™M.WI 16 29 76 i
FNCP -— No Cpercticn 4 22 22 :
FNCP - No Operation 4 22 22
FNOP -— No Cperation 4 22 22
FNOP -— No Cpercticn 4 22 22

e

FRPATAN TCS « ATAN(S‘.éIS') 89-125 125 430
FPREM TCS « Rem(;—?%) 49° 49 134
FPREM1 TCS « Rem(ST—T?TS)-) 80 50 159
FPTAN TOS:ST(1) « 1. TANCOS) 5-82 82 394
FRNDINT TOS « Round(GOS) 5 16 74
FRSTOR -— Restore state g5 362 511
FSAVE -~ Save state 102 444 514
FSCALE TOS « TCS' 280D 8 16 79

FSIN 708 « SINGCS) 5-63 63 524
FSINCCS TOS:ST(1) « COS.SINTCS) 5104 1 629
FSQRT TOS « ~TCS 26 26 134

FST ST() « TOS 4 16 19

FST M.DR « TOS 11 38 45 i
FST M.SR « TOS 9 32 37 !
FSTP ST¢-1) « TOS 4 16 24

FSTP M.DR « TOS i 38 45 ;
FSTP MSR « TOS ? 32 37 |
FSTP MXR - TCS 13 44 52 1
FBSTP M.BCD « TCS 61 61 523 i
FIST M.« TCS 10 32 81 ;
FisT MWl « TS 10 34 87

FISTP ML « TCS n 35 83

FiSTP M8« TCS 10 32 81

FISTP MW« TOS 10 34 87
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Mnemonic Resuit Operation 83D87-BET|{ 83D87-IST 38757
'FSTCW Memeory «- Coertrol word. 5 19 19
[FSTENV Memory « Ctl.Staius.IP.DP. 17 123 163
-FSTSW Memory « Stctus 5 19 19
| FSTSWAX AX « Status 5 16 17
FSuB ST « ST(H-TOS 6 16 29
{FSUB TOS « TOS-STM 6 16 34
[FsuBP STC-1) «  ST(-TOS 6 16 32
'FSUB TOS « TOS-M.DR 15 21 33
“FSUB TCS « TOS-M.SR 13 17 29
:FiSUB TOS « TOS-M.WI 13 26 7
(FISUB TOS « TCS-M.SI 13 17 53
IFSUBR TOS « ST(H-TOS 6 16 29
iFSUBR ST « TOS-STER) 6 16 34
. FSUBRP ST(-1) « TOS-ST() 6 16 34
‘FSUBR TOS « M.DRTOS 15 21 33
iFSUBR TCS « M.SR-TOS 13 17 29
FISUBR TOS « M.WITOS i3 2% 76
'FISUBR TOS « M.S-ICS 13 17 53
FrST CC « T0S-00 6 16 34
FUCOM C « TOS-STM 4 1 29
[FUCOMP CC « TOSSTH) 4 16 49
FUCOMPP CC « TOSSHD 15 16 49
TFXAM CC « Class of TOS 3 16 39
'FXCH TOS & $7(¢) Exchenge 4 16 24
TFXTRACT TOS:5T(1) « Signif; Exponent 8 16 74
TFYL2X TOS « ST(H)'Log,(FOS) 6-93 93 488
I FYL2XP] 0S « ST(1)'Logz(1+7CS) 690 5C 543







FasMath™ 83087 User Manuci

5. Host Processor Interface

The CX-83D87 processer interfaces directly to the Intel 8038& microprocessor bus
following the standard numeric processor extension protocol. The interface consists of o
32-bit bidirectionai data bus. bus control signals, CX-83087 status signals, and power
connections. The CX-83D87 interface is ciso easly adapted to other microprecessor
buses and communication protocols such as a memory mcpped peripherci
configuration.

In the foilowing discussion of the hardware interface, the '#' symbol at the end of a signal
name indicates that the active or asserted state occurs when the signet is ¢t ¢ iow
voltage. When no '# is present cfier the name, the signal is acfive at a high voitage
level.

5.1 Signal Description

Each paragreph identifies the CX-83087 signals by name, provides the signal functicn,
the active siate, signal direction. and reference signal for ecch. The signal discussicns
are arranged in clphabetical order 1o assist locating the cesired topic.

386CLK2 (80386 clock input)

This signal is an input and is used to synchronize the CX-83D87 bus interface o the
processor bus. Most of the interface signcls are sampled on the fsing edge of this clcck
or driven relative 10 the rising ecge of this clock. This signai aiso supplies the ciock for ithe
interncl processer circuitry. The 386CILK2 signal is divided by two o obtain the tasic
interncl clock rate of the CX-83087. This input accepts either MCS level inpuis. Trhe irput
to this pin must be the same signcl that drives the 80386 processor.

387CLK2 (Nct Connected)

The CX-83D87 does rot use this signai and leaves *he pin unconnected 1o mcinicin pin
compatibility with the 80387.

ADS# (Address Stroce)

The ADS# signclis an input to the CX-83D87 cnd indicaies that the information on NPS1#,
NPS2, W/R#, cnd CMDC# is valid and should be sampled af the next rising edge of
3846CLK2. Tre setup and hold times cre referenced to 386CLL2. Tnis signai is normaly
connected to the 80386 ADS# signai.

BUSY# (Busy Sictus) T4/ 7//’4”
Tne BUSY# signaiis an output from the CX-83D87 and its active condition indicaies that

i
the flocting ocint processor is busy. The signal is referenced fc 386CLK2. This signat is
rormaly connected fo the 3USY# input of the 8C386.

CKM (Net Connectec)

The CX-83087 does not use 1™ signai and leaves the pin unconnecied fo mainicin oin
COMpDCT ity witn *ne 80337,
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CMDO# (Select Command Por)

ke CMDO# input indicates that the current CX-83D87 bus cycle is accessing the
sommand port. When inactive the current CX-83D87 bus cycle Is cccessing the data
»ort. This signalis sampied with the rising edge of 386CLK2 when ADS#, NPS1#, NPS2, and
TEN are active. This signalis normally connected to the 80386 A2 output. The setup and
wld times are referenced to 386CLK2.

D31-DO (Data Bus)

hese bidirectional signals are used te transfer information between the host processor
nd the CX-83087. D31 is the most significant bit of a transfer. These signals are normally
;onnected to the D31-D0 pins of the 83386. The timing of these lines is referenced to
86CLK2.

ERROR# (Eror Statusy  Cefpec?

he ERROR# output normaily reflects the stafus of the ES bit in the status register.
nmediately after reset, it identifies the coprocessor as an 80387 compatitle device by
seing active. If ERROR# is going to be asserted during an instruction it will be assered
rior To BUSY# being made inactive.

NPS1# (Numeric Processor Select)  "4< 2«

ne NPS1# inpuf is used cs a select signal to the CX-83D87. This signal is sampled
muitaneously with ADS# and NPS2 1o determine if the current bus cycle is intfended for
e CX-83087. This signaiis normaily connected to the M/IO# output of ine 80386. Seiup
ind hold times cre referenced o the rising edge of 3846CLK2.

NPS2 (Numefic Processor Selecs) < o«

he NPS2 inpuf is used as a select signal to the CX-83D87. This signal is sampled
muftaneously with ADS# and NPS1# to determine if the cumrent bus cycle is intended for
ne CX-83D87. This signal is normally connected to the A37 output of the 80386. Setup
ind hold times are referenced to the rising edge of 386CLK2.

£~ e

PEREQ (Processor Extension Regues?) iz, 7,7~
ne PEREQ signcl is an output from the CX-83087 1o the 83386 processor. When active,
~is signal indicates that the CX-83D8&7 is ready for a data transfer with the nost processoer.
vhen all data transfers have been completed the signal will go inactive. PEREQ will not
e active when BUSY# is inactive. This signal is normally connected to the 80386 PEREQ
put.

READY# (Bus Ready)
he READY# input is sampled con the rising edge of 386CLK2. The active siate of READY#

dicates that the current bus cycle is teing concluded. The CX-83D87 bus interface uses
EADY# and ADS# to track the 80386 bus cycies and remain synchronized with the 80386

Q4
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operation. This signal is normally connected to the same signal that drives the READY#
input of the 8C386.

READYO# (CX-83D87 Recdy)

The READYC# cutput is activated when the CX-83D87 is ready to conclude a bus cycle.
READYO# is referenced 10 the rising edge of 386CLK2. This signai is normally connected
to the READY# input of the 80386 or the READY# generator for the system. READYO# in
the CX-83D87 operctes independently of BUSY# and PEREQ. Therefore, communication
protocols cther than the standard 8C386 Numeric Processor Extension protocol can be
moere easily implemented. Memory mapped or /O mapped protecols can use
READYC# cs the complete synchronization and handshaking protocol.

RESETIN (System Reset)

The RESETIN imnput performs a total reset of the CX-83D87. 1t must remain active for a
minimum c¢f T30 input clock pefivds The active to inactive fransition of RESETN must be
synchronous with 386CLK2 to match internal clock phases with that of the 88384, Afer
RESETIN goes inactive, READYO#, BUSY#, and PERZQ are set to the inactive stare and
ERROR# is set cctive. This signcl condifion indicates ‘o an 82386 that an 80387
compctibie numerics coprocessor is connected. At lecst TBD ciock periods must
transpire cfier RESETIN goes incctive before the first CX-83D87 access. This pin is normally
conrected to the 80386 RESET input.

STEN (Sicrus Znable)

The STEN input enables the functioning of the CX-83D87 when active. Al cutouis cf ine
CX-83087 are tri-stated when this signal s inactive. The ofher input signg’s cre ‘gnored
while STEN is inactive. This signal can be used fo assist In board level testing dy iscicting
the CX-83D87 from the remainder of the circuit. This signaiis normally connecied to VCC
through ¢ resisior so thet it can be pulied inactive during testing.

W/R# (Write orRecd)

The W/R# input “o the CX-83D87 indicaies *he direciicn of the current bus cycle. T
signal is scmpied smuttanecusly with ADS#, CMDO#, NPS1# and NPS2 on ihe fsing ecge
of 386CLK2. Tnis signal is normally cornected fo the BC386 W/R# culput.

5.2 Bus Operation

The CX-83D87 is compatitie with the 80386 NPX prctoco: and can cisc be opercied in €
memory mapped or /O mapped protocol. Tne infel NPX coprocesser orofocol
operation uses the BUSY# and PEREQ signals to ensure that no NPX GC"
genercted by the 80386 before ine COprocessor is cble 1o compiete the ira
allows the CX-83D87 ‘o issue READVO# immediately afier receiving ADS#. The
orocesser bus s availabie fer DMA \,ycies curing *he NPX instructions. Howevor
required 1o check *hese signa's ceniripuies fo the coprocesser overnead and vo\./s dow“
execution ¢f the NPX instructions.

The mapped oretccos ?nc‘ecse net

system ,,e
cvernecd. in c mapged prefocet conti

iguratio
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nstecd, READYO# is used to extend any bus cycles that the CX-83D87 is not ready to
somplefe immedictely. The bus is held in a waiting condition durng this fime and is not
wvailcble for DMA activity.

e foliowing sections describe the bus activity that occurs for the various categories ¢f
wmeric instructions. The CX-83D87 is fully synchronous to the 80386 bus operation and
upports both pipelined and non-pipelined bus cycles. Examples of coprocessor mode
yperation and mepped mode operation for the different categories of instructions are
srovided. The bus cycles run by the 80386 to fetch instructions or to transfer operands to
nemory are not shown. Also, the 80386 usually does not respond fo the BUSY#, ERROR#
and PEREQ changes as rapidly as indicated herein. The diagrams shown in this section
nerely reflect the sequenrce of occurrences and the method of synchronization; they are
Yot meant to imply cctual execution fimes or bus cycle durations. STEN, NPS1#, and
\PS2 are assumed active during this cycle and are not shown. The CMD# and W/R#
ignals should be vaiid during the cycle also.

‘ne following table categorizes the CX-83D87 insiructions by their interface
sharacteristics. The # BUS CYCLES coiumn inciudes the instruction opcode fransfer and
‘s operand transfer(s) in the count of bus cycles. The EARLY WRITE column indicates that
he 80386 may wirite the cpcode even if BUSY# is active. The USES BUSY# and USES
PEREQ columns indicate if the referenced signal is ufilized during *he instruciion
sxecution. A check mark (v) indicates that the signal is active during the instruction,
vhile a dash (-) indiccties that the signai is nct active during the instruction. The TYPE
solumn identifies the category to which the instruction beiongs.
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# Bus Ecrly Uses Uses
nstruction Opercnd Cycles | Write BUSY# PEREQ Type
TFCLEX i ~ - - E
FFREE ST ] -~ - A
[Ffunct 1 - v - A
FINIT ] N - - E
FLD b4-bit rec 3 N v - 3
FLD 64-oit integer 3 v N - B
‘FLD 32-bit integer 2 N N - 3
FLD 32-bit reci 2 v v - 3
FLD 8C-oit reci 4 - v v C
FLD 8C-pit BCD 4 D C
FLD 16-bit integer 2 - v N C
| FLDconst 1 - N - A
IFLDCW two By*es 2 - J C
|FLDENV olcck pointer 8 - v ~ C
‘Fmatt ST(0.ST N - N - A
|Emath ST.ST(H 1 ~ ~ A
iFmath 64-oit real 3 N Vv - 3
[Fmath &4-0it infeger 3 v - )
‘Fmath 32-pit integer 2 N N - 3
'Fmaih 32-oit rec 2 N y - 3
Emath 1¢6-ti integer 2 - M % C
ele) ST 1 - ] - A
FRSTCR clock pointer 28 - v C
FSAVE olock pointer 28 - v C
FST 1é-oit integer 2 - vV ~ C
FST 32-oit integer 2 - 5 C
(FST 32-it reci 2 - B N C
'FST b4-0't recl 3 -~ . N C
FST 54-it integer 3 - N C
{FST 8C-oit recl 4 - C
JFST 8C-oit BCD 4 - N ' C
LESTCW Two Bytes 2 - - - )
CFSTINV siock peinter 8 - ~ : C
FSTSW AX 2 - - - b]
ESTSW wo Bytes 2 — - — D
Fmath represents the FADD, FCCM, FCCMP, FDIV, FDIVR, FMUL, F5UB,

and FSUBR insiructions.

FLDcenst represents the SLDL2T, FLDL2E FLDP, ELDLG2,
FLDLN2, cnc FLDZ insiructionrs.

Fops represents the FLD ST(D, FXCH ST(). FNOP, FCHS, FASS,

D1,

FTST, FXAM, FUCCOM, FUCCMP, FUCOMPP, and FCOMPP instructicns.

Ffunct represents the F2XM1, FYLZX, FPTAN, FPATAN, FXTRACT,
FPREM T, FDECSTR, FINCSTR, FPREM, FYL2XP
FRADINT, FSCALE, FSIN, end FCOS instructicrs.

FSQRT, FSINCOS.



rasMcin™ 83087 User Manual

5.3 Category A Instructions

ne caiegery A instructicns cre the simplest tyce of CX-83D87 instruction. These
nsiructions opercte on internal registers and have no operand ransfers between re
83386 and the CX-83D87. The 80384 coprocessor orerocai tests BJSY# and wails for
BUSY# {0 be incciive. The ERRCR# signal is then examined. f ERRCR# is asserted, the
80386 executes @ 1rap to the coprocessor excepiion trap roure. ZRRCR# is not
asserted, the 30386 writes the cocode (o the coprocesser and confinues *o the next
insiruction. The coprocesser asserts BUSY# curing execution of the requested cperction.
ERROR# wili be assered f an unmasked exception congition occurs Guring the

cpection.

Figure £.2-1a snows ihe bus signals during two successive categery A instructions in *h
ccerocesser nterface mode. The first access occurs when the le and stars
immecicrely. The second cccess is celayed by *ne 80386 unti BU ces inaciive.

F.gure 3.2-10 snows the tus seguence for three successive category A insiructions when
the CX-83087 is memory mapped. The first cccess occurs whnen tne CX-83D87 is idle and
completes immediciely. The second cccess (s initicted prior to the CX-83D87 compieting

the first coercticn. There are no waif stafes inserted in ine Dus cycle since *he CX-83D87
cen bu o r 7 uct t be initicted un*il the current
cpercil re first coercticn compietes.

¢

cempelss anc tre second
£

5
Jogxi
a0

x

:
cperct y of Tne meppec nterface o
piceine coercticn code ransfer while
USYE s
3USY# !

e s
s LU U UL
apse L] L

ReADYOS 1 L]

BUSY= L

PEREQ

ERROR# |

no
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[nlel Inlel folwoie] ||

sece | JUUUTUUUUUUUTUUUT LU UUTULY
svsay U U UUUULULHULTULL
ADS | | L]
L LT L]

PEREQ

ERROR# |

OPCODE

OPERAND Figure 5.2-1b Categery A, Mapped Bus Sequence

5.4 Category B Instructions

The category B irstructions raguire the transfer of one or two 32-bit words from the 80386
to the CX-83D87. The execution ¢f ihis instruction f‘ofeﬂory is characterized oy the 88386
writing the opcode whether or ngt 3USY# is active. The 80386 then waits for BUSY# 1o
pecome inactive (f necessary) acnd examines the ZRROR#F signal. If ERROR# is csseried.
the 80386 executes a trap 10 the coprocessor excegtion trap routine. If ERROR# is nct
asserted, the 80386 then transfers the operand (1 memory cycle for 32-bit coerancs, 2
memory cycles for 64-dit operands). Since synchronizarion is accompiished using 3USY#
during the operand transfer phase. *here is no activity on the PEREQ line. The 80336 then
proceecs 1o the next instruction. The CX-83087 asserts BUSY# cffer the opercnd s
cccepted and removes 3USY# when the cperation is compiete. ERIOR# s asseried if an
unmasked exception condition cccurs durng the coeralion.

Figure 5.2-2c shows the bus acivity for Two s\,cvesslve cctegory B instructions wiin & 32-
oit operand in the coprocesser mode. The initial stare of the CTX-83087 is idle clww ng
the 80386 to immediciely T'Ghs.e' both the instruction opcode cnd the opercrc. The
second instruction is initiaied while the CX-83D87 is busy. The opcode
completed but the operand fransfer is not initfiated by the 80386 unti BUSY#
inactive.

Figure 5.2-2b shows ‘r‘a bus sequence short infeger (32-bi
for an CX-83D87 n the mcpped mode that is infficily Ec;e‘ The first instruction and iis
operand cre frensferred immediciel ne second instruction s inificted while the CX-

=
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3D87 is still busy. The cperation code transfers immediately but READYO# s withheld
om the operand transfer until the preceding instruction is completed.

[olnlnlel | Iolel | In]el

wover L] L || .

PEREQ

ERROR#

OPCODE

OPERAND Figure 5.2-2a Category B, Coprocessor Bus Sequence

nmn
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T1|T2| ITIIT‘Z]TIITWITW]TI|T2|

READym§ l_,__ = J
BUSY# \ o J———_—

PEREQ

]TI T

ERROR# |

OPCODE
OPERAND: Figure 5.2-2b Category B, Mapped Bus Sequence

5.5 Category C Instructions

Tne category C instructicns are characierized by *he use of the PEREQ signal o
synchronize the movement of the operand. All store operand instructions and the load
cperand with 16-bit and 8C-bit data vaiues comprise this category. The Coprocessor bus
activity is characterzed by the 80386 waiting for BUSY# o be inactive before wrifing the
opcode to the CX-83D87. The 80386 then waits for BUSY# and PEREQ 10 be active before
transfeming the operand.

The operand tfransfer can fake 1. 2, or 3 bus cycles as determined Dy ifs size. One bus
cycle is required to transfer the 16-bif word integer. 32-bit short integer, and 32-cii single
crecision reci formats. Two bus cycles are used fo tfransfer the b64-pit long integer and 64-
bit double precision recl formats. Three bus cycies are used fo fransfer the 80-bit
extended recl and the 80-bit packed BCD formais.

3USY+# is aciive and PEREQ is inactive during the fime that the CX-83D87 is generating the
properly rounced value for the designcted format. when the value is ready to be
ransferred, PEREQ is made active. in the coprocessor operation mode the 803846 will not
try to read the value until PERER 's cctive, In the mepped ooeraiion mode READYO# will
be withheld if ¢ recd atfempt is made before the vaiue is properly formaited.

Figure 5.2-3a shows @ coprocessor mode FSTP 64-bit infeger with the CX-83D87 infiichy
busy. Figure 5.2-3b shows a mcpped mode store of an 80-pit BCD vaiue when the CX-
83D87 is initiclly icle. Figure 5.2-3c shows ¢ mapped mode store of an 8C-pbit 3CD vaiu
when the CX-83D87 is infficily busy.
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| dnlel L Inlelul=l |

sscue [UTTTUTUTITTTUTTUUUTTUT
oo L LT LT U LT LU
5 S
-
L

BUSY#

PEREQ J

ERROR# I

OPCODE | — — — — —~——- —~—-—— ——————

OPERAND Figure 53.2-3a Category C, Coprocessor Bus Sequence

o]l w2 neln|e] |

ssece [ TUTULTUTUUTUUUTHIUIIU U
eseo UL UL U UL
ADS# W
BUSY# —l

PEREQ l

[

ERROR# |

OPCODE

Figure 5.2-3b Category C, Mapped, Initially Idle Bus Sequence
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RIS E M P P P
] |

PEREQ ] —I

ERROR# !

OPCODE
OPERAND Figure 5.2-3¢ Category C, Mapped, Initially Busy Bus Sequence

5.6 Category D Instructions

The category D instructions cre inose cperations that wait for BUSY# o pe inactive

before transtering the instruciion opcode and then fransfer the cperand (f there is one)

immedictely without using PEREQ. These instructions inveive only the sicre of the stctus or

conirol registers. The durciicn cf *he operation is so short that the BUSY# signal is not

asserted. Figure 5.2-4a shows the coprocesscr mode synchronization waiting for 8USY# to

go inactive. Figure 5.2-4D shows the mapped mcde synchronization 0f READYCO# Deing
o

heid ‘nactive until the CX-83D87 is ready to proceed.
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I T S O RN 1 I
386 CLK2 l I l
(SYSCLK) I I l
READYO# L
BUSY#

PEREQ

ERROR# |

OPCODE
OPERAND

Figure 5.2-4a Caiegory D, Coprocessor Bus Sequence

AR R T N R3O U O N

386 CLK2

(SYS CLK)

ADS# U L__[ '
READYO# [ : l f
BUSY#

PEREQ

ERROR# !

OPCODE

OPERAND Figure 5.2-4b Category D, Mapped, Bus Sequence
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57 Category E Instructions

The category E instructions represent those instructions that are executed regardiess cf
the condition of BUSY#. BUSY# will be asserfed during the instruction if it is not ciready
asserted. PEREQ is iInactive during the execution of these instructions. These instructions
opercte on the status and control portion of the CX-83D87. The entire instruction consists
of writing the operation code to the copreccessor. There are no operands to fransfer and
no synchronization to be performed.
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5. Mechanical Specifications

he CX-83D87 is packcged in a 68 pin pin grid array package. The foliowing diagrams
Jdetail the pinout of the CX-83D87 from both the pin side and the top side:

A B C D E F G H J K L
PLO00CC000C
Jo000cc00cse

w

{RDYCH

©

g e
[0}
[¢]

000

8
0

o
i
w

z
-
H:

)] NS

Ne) [e2] ~

O [¢)

0O 0O
~_ -

9 9 <

o J ]

Z g

0 W

o {( <

c ;U.. 3

D18

@

D2

[
Soccocee

I

i D27

Soioooce

Pin Side View

®
00

Q
[N
w

(2

L{OC




o 2
(&) [a} (@]

0
0 2
> n

Mcih™ 83087 User Manrua!

.00,

0 2
0 >

O -—
O o
mVU o
QO
0
>

<r u

N
) mv
~0

6]
O
>
o
N
a 0

DO

CI00 000000

00

0.0

0
P4

®

167

Top Side View

2O SI000000000

O

: mvmvmumumw :

<r (o] O ~ 0 o

Cyr

1

17




yrix.

FasMath™ 83D87 User Manruci

he following chart provides a cross reference of signal name 1o pin cocrdinctes:

Signal Pin Signai Pin Signal Pin Signal Pin
ADS# K7 D12 Ad D29 Gni Vee B4
BUSY# | K2 D13 B5 D30 H10 Vece El
CKM m D14 A5 D31 H \ele Fl
CLK2 K10 D15 Bé ERR# 2 vee F10
CMD# | L8 Di6 A7 NPS1# | L& Vvee J2
D] H2 DV7 38 NPS2 K6 vee K5
D1 H1 D18 A8 N/C K9 Vee L7
D2 G2 D19 39 N/C K11 Vss 32
D3 Gl D20 310 PERQ K1 Vss 37
D4 D2 D21 AlC P.U. K3 Vss cn
[D5] D1 D22 311 P.U. L9 Vss E2
D6 Cc2 D23 [eale; RSTIN L1C Vss F2
o7 1 D24 D10 RDY# K8 Vss F1
L3 B1 D25 D1l ROYO#| L3 Vss J1
o9 A2 D26 EIC TEN L4 Vss 31
C10 33 D27 BTl vee Ab Vss L5
D11 A3 D28 G10];  Vvce A9 W/R# K&

Jote: Pins K3 and L9 shown as P.U. (Puii Up?) must be tied to Vec for the device to
cperate properly.

nhe Cyrix CX-83D87 is cvailable in boih "plastic’ and ceramic gin grid array packages.
‘hese packages cre described in the folowing sections.

6.1 Ceramic Pin Grid Array Package

‘ne cimensions for the ceramic package cre cefalied on ihe folowing page.
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6.2 Plastic Pin Grid Array Package

> Cyrix CX-83D87 "plastic” pin grid array package is an alternative to ceramic pin grd
ays. It offers supericr thermal properties and lower cost although it requires special
re in handling when soidered into PCB assemblies. The Cyrix CX-83D87 package uses

cdvanced material ccalled Triczine which combines low moisture absorption
aracteristics with high glassivation tempercture. Nevertheless, the sudden extreme
ct of wave soldering or reflow seldering can cause bubtles or fissures in the laminate
e to rapid hecting of trapped water vapor. This effect can lead to decreased device
cbility.

-83D87 PPGA devices are shipped in o dessicated, moisture seaied antistatic plastic
g. Preper practice for use in soldered assembly dictates siorage of the devices in their
sied bags until immedictely prior to PCB insertion and soidering. If the package seals
» broken or the devices are expcesed 1o meisture for any recsen, they should be baked
24 hours and etther moisture secled or stored in an crea of less than 10% RH until used.

en not subject to extreme thermat shock (as in sccketed cssemblies) the PPGA
juires no unusucl precautions.
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Electrical Specifications
7.1 Absolute Maximum Ratings

2 fouowing tcbie lists cbsciute maximum ratings for the CX-83D87 device. Siresses
wyond those listed uncler "Absoiute Maximum Ratings' may cause permanent camage
the device. These cre siress ratings only and do not imply that operciion under any
nditions ofher than those listed under "Recommended Cperating Conditions” is
sssible. Exposure to conditions beyond the *Absoiute Maximum Ratings’ (1) will reduce
wice reiicbility and (2) result in premature failure even when there is no immediately
sparent sign of failure. Prolonged exposure to conditions ¢t or near "Absclute
aximum Ratings™ may ciso result in reduced useful life and reliability.

Parameter Min. Max. Units Notes
15 Temperature 0 +100° 'C Power Appied
srage Temperciure -65° +150° 'C No 8ics :
ciy Voltage., VCC 0.5 +6.0 Volis Wrh respect 1o VSS |
tcge Cn Any Pin L5 (vece+0.5 Voifs With Respect 1o Vss
wer Dissipation 1.6 | Watts
sut Clemp Current, iK iC mA VI<VSS or Vi>VCC
rtout Clamp Current, (OK 25 TA VO<VSS or VC>VCC
7.2 Recommended Operating Conditions

3 foilowing tabie presents the recemmended operating conditions for the device:

Parameter Min. Max. Units Notes . '
Ambient Temperature 0 +70° 'C Power Appiie |
= Supply Voitcge +4.75 +5.25 | Vcits With respect 1o \/ss |
i High Level Input 2.0 VCe Veits
Low Level Input C.0 0.8 Volts
1 Cutput Cumreni(Hign) -1.2 mA VOH=VCH(MIR)
Output Current (Low) +4.0 mA VOL=VCL(Max)
input Clemp Current +i0 mA Vi<VSS ¢r Vi>VCC :
Cutput Ciamp Current +25 mA VO<VSS or VO»VCC .
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| Parameter Min. Max. Units Notes

ivcL Clock Input Low 0 0.8 Voits ith respect to Vss
iVCH Clock Input High 3.7 \Zele] Voits

VoL Qutput Low Voltcge +0.45 Volts OL=4.0 mA
1VOH OQutput Hign Voftage 2.4 Voits 10H=1.0 mA
[lcC  Supply Current 3C0 mA CLK2=20 Mhz (Typ=200)
HiLl Input Leakage +15 LA O<VIN<VCC

Lo 1/Q Leakage +15 A 0.48<V0O<VCC
'CIN_Input Copecifance 10 pf fc=1 Mn

'Co /O Capacitance 1 of fc=1 Mrz
,Ccx Clock Capccitance 20 pf fc=1 Mnz
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74 20 Mhz Switching Characteristics
he following table summarizes the timing reguirements of the CX-83D87-20 device.

Pin Symbol | Parameter | Min Max | Fig. Notes |
(nsec) | (nseq) |

JLK2 TI Period 25 8D 7.1 20V i
oLlk2 T2a High Time 8 TBD 20V !
SLK2 5  |High Tme 5 TBD 3.8V I
JLK2 T3a Low Time 8 8D 2.0V |
SLK2 b |LowTime 6 8D 0.8V |
oLK2 T4 Fall ime 8 37VTo 0.8V |
JLK2 T8 Rise Time 8 C8VTo3.7v |
EADYO# T7 Out Delay 3 31 7.2 Cl=75pf
EADYC# 17 Out Delay 3 27 CL=25 pf i
EREQ T7 Cut Deicy 5 34 CLl=75pf
Usv# 17 Out Celay 5 29 CL=75pf ;
RROR# 17 Out Delay 8 34 Cl=75pf J
331-C0 8 Out Delay 1 54 7.3 C.=12C pf
’31-DO0 710 |Setup Time 11 |
331-C0 T Held Time 11 |
)31-CC T2 Floct Time 6 27 CL=120 pf i
EREQ 713 |rloct Time ] 50 Ci=75 pf
USY# Ti3  |Floct Tme 1 50 CL=75 pf ;
RROR# 713 |Fleat Time 1 50 Cl=75pf |
EADYC# 713 rioct Time 1 C Cil=75pf :
DS#, W/R# T4 Setup Time 2] 7.3
DS#, W/R# T15 Hold Time 5 '
EADY# 116 |Setup Time 12 7.3
EADY# 717 Hold Time 4 |
‘MDOC#, NPST#, 16 Setup Time 1 7.3 |
1P$2 i
‘MDO#, NPS1#, T17 Hold Time 2 '
PS2 i
TEN 716 [Setuo Time 21 7.3 ]
TEN Ti7 =old Time 2 :
ESETIN Ti8 Setup Time 12 7.4
=SETIN 719 Hold Time 4
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386CLK2
2.0V

Delay F_TS_“>,<E~:
Cutput input
Tming

Min/Max

Timing ‘

386CLK2 Timing & I/O Measurement Points

Fig. 7.1

PHASE 2

(CLK)

PHASE 1

386CLK2
i T7 Max —>
L— 7 Min—>|
Any Output
OQutput Timing
Fig. 7.2
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(CLK) PHASE 2
386CLK2 20v 2.0V 2.0VH 2.0V 20v4
e 715 — :
14 < T _T 714
ADS# ; /
!
fe—— T 4— Fe— 715 —>
W/R X
i T16 : ~— 717 —ﬁ‘
NPS1# NPS2, 3< ’
STEN, CMDO# :
< T17 =] | 6 17—
READY# X
<TI0 T11—>
DATA IN (D0O-31) x x
18
<> — T11—>

DATA OUT (D0-31)

Data 1/O & Control Signal Timing

Fig. 7.3
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(CLK) PEASE 2"

386CLK2 /_\j_\zov

oV
i
lexiT19

]
Reset In t
?—»!T?a

Reset Timing

T £

*Note: Phase 2 is defined fo be tre second fuii CLK2 pericd after RESET fals.

Fg. 7.4

7.5 Interface Timing Parameters

The foliowing tcble sets forth the clock cycle timing reguirements for major CX-83D87
interface functions. Times are specified in 386CLK2 cyc.e counts. Please refer *o figure

7.5 for timing reference information.

Pin Symbol Parameter Min | Max | Notes
RESETIN 120 Time Active 10
RESETIN A Time Incctive iC Before st Cpcede Wrile
BUSY# 722 Tme Active 2
3USY# 123 Deiay Inactive 6 From ZRROR#E inacive
TERRCR#E 724 Delay Active 6 “rorm PEREQ Incchive
| BUSY# 125 De.qy Active 4 4 From READV# Active
(READY# 126 Ceicy o) Cpceoce Write 1o Next Cycle
READY# T27 Cecy o] Opercnc cycle 10

nex: opercnd cyce

117



yrix.

Fasiath™ 83D87 User Manual

(CLK) ! l - \f\f\Mf\f\M
386CLK2 W{V\ } . | 1 ‘N\!N\[[\

|

1
e T20 —re—T21 —> T26 } 127

AL

T24 1 723

RESET | |

ADS#

READY#

LT W

BUSY#

1

|

N

_i‘ y

| ) ‘_ P
o [Py
:L(—TQ‘S 1" ] 7.22l ; :

]

Functional Timing Diagram

Fig. 7.5







