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1. About This Manual

This document defines the electrical and functional characteristics of the Cyrix CX-83D87
device. The device is described in sutficient detail tc provide botn 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 nave them available for reference
when using this manual:

1. "Microprocessor and Peripheral Handbook Volume | Microprocessor”, 1983, intel
Corporation, 3065 Bowers Avenue, Santa Clara, CA 95051,

2. "80386 Hardware Reference Manual®, 19864, intel Corporatian, 3065 Bowers Avenue,
Santa Clara, CA 95051,

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

4. "|EEE 754 Standard for Binary Floating Point Arithmetic”, 1985, Institute for Electrical and
Eiectronic Engireers, Inc., 345 East 47th Street, New York, NY 10C17.
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3. General Introduction
3.1 Overview

The Cyrix CX-83D87 is o CMOS VLS| integrated circuit which is pin compctitle and
soffware 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 @ microprogrammed sequencer as the 80387 does. This approach allows the CX-
83087 to perform simple floating point operations at the same speed as the 80386
processor can perform integer additions; square root, elementary functions and
franscendental functions are evaiuated correspondingly faster.

3.2 Circuit

The CX-83D87 device is fabricated using a 1.0 micron, double layer metal CMOS process.
This permits the CX-83D87 to operate at clock rates of 20, 25 and 33 Mhz. State of the art
ESD protection and latch-up prevention circuits are incorporated into the CX-83D87
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 dota storage ond computation. This format assures
maximurm 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-83087
interface to the host 80386 device. The Execution Unit performs all flocting point primitive
operations including operand type conversions, nomaiizations, additions, muttiplications,
divisions. and rounding of results. The Control Unit supervises the execution of primitives,
sequences primitives 1o realize complex operatiors, and controls traffic to/from the
Interface Unit.

3.5 Programming

The CX-83D87 processor provides the user 8 data registers cccessed in @ stack-like
manner, ¢ control register, and a status regisier. The CX-83D87 aiso provides ¢ data
register tag word which improves context switching and stack performance by
maintaining empty/non-empty status for eacn of the eight data registers. In addition,
registers in the 80386 contain pointers to (@) the memory location containing the current
CX-83D87 instruction word and (b) the memory location containing the operand
associated with that instruction (if any).

The instructions used to program the CX-83D87 are binary and function compatiple with
those defined for the intef 80387 Numeric Processor Extension (cf 2.1). instructions are
provided which load/store data and constants, perform arithmetic, eilementary. and
transcendental functions, manipulate fraction and exponent fields of operonds, and
control the status and opercting mode of the CX-83087.
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3.6

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

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

Format Size Most Significant Least Significant
word 16 bits 1 ]
Integer = 7
“‘Short* 32 bits

Integer I:x ]2: ]15 l7 7
Long 64 bits I T T ]
integer %a Jss & las [31 = ! 3 7
Integer 75 N & 58 47 B a 2 15 7
Single 32 bits [s[Exp] Significand |
Real 3 FEEE 7
Double 64 Dits [SL Exp 1 Sigr\iﬁcqnd ] | R ‘ |
Reo{ 5] 3 51 47 35 3 2 € 7
Extendec | 8Cbits | [STEp  [1] Signficand L ; , ]
Reo{ 79 n &2 38 47 as 31 22 g 7
Byte Displacement 9 [ +8 [ +7 | +6 | +5 ] +4 [ +3 | +2 | +1 | 40
From Base Address v [re {re |1 [re s [ ra s [rc]re

Internally, all dcta are converted to 80-bit exiended precision format for storage and
manipulation. The range and precision provided by 80-oit exiended precision format
allows the exact representation of 16, 32, & 64 bit binary integers, 18 digit 3CD infegers,
and 32 & 44 bit reci numbers. Note that the reverse s not necessarily true: the resuis of
8C-bit calculations mcy require rounding to be represenied in the ofher formats. The
following figure snows the range and precision characteristics of each CX-83D87 data

type:

Memory Data Formats

@
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. Format Size Dynamic Range Resolution
- Wore 16 bits -32768 1in216 |
| Integer +32767
“Short* 32 bits 2,147,483,648 Tin 232
Integer +2,147,483,647
Long &4 bifs 9,223,382.027.854,875 808 1in 264
Integer +9.223.382,027.854,875.807
BCD 80 bifs -999,999,999,999.999,999 1in 1018
Integer +999.999.999.999,999.999
Single 32 bits 58775x 1039 <INI< 1in 224
Real 3.4028 x 10738
Double 4 bits 1.1125x 10308 <N < 1in 253
Real 1.7977 x 10+3C8
. Extended | 80 bifs 1.68105x 104932 < N1 < 1in 264
| Real 1.1897 x 10+4932

CX-83D87 Dcta Type Numericci Properties
37 Computdational Accuracy

The representction of real numiers in ony number sysiem of finite precision is inherenily
opproximate. A simple fraction such as 1/3 cannot e precisely represented in a finite
number of digits. This simple observation raises the pessibility that differert computing
systems mcy choose different methods of approximation and produce different resuits
given the same inpuis and algorithms.

The IEEE-754 Standcrd for Binary Fioating Point Arthmetic affempts fo solve this probiem
by specifying the error bounds for the cclculction of binary floating point values. These
error bounds are confrolled in two ways: (1) by directly specifying the error cilowable in a
primitive calculation and (2) by specifying the exact rounding algorithms o 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 to within a defined
margin of error.

Computations internal to the CX-83087 are performed using 8C-bit extenced precision
operands. The 15-bit exponent and the 44-bit significand cata cre operated on using
independeni 15-bit & 67-bit integer aritnmetic unifs. The significand ALU includes
provisions for handling extrc Guard, Round, & incicaior (sticky) bits to cssist in maintaining
precision when rounding.

These extra bits cre used in IEEE specified rcunding modes and help mairtain cccuracy
when the precision of a result exceeds that avaiiable in the significand. The programmer
can select cny of the four [EEE specified rounding modes for use in computation: round
to nearest or even, round down, round up, cnd truncate.

In additicn, for the sake of compatibility with ecrlier generations of floating point
processors, @ "precision control” function is provided o the programmer. This is used to
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specify that internal resuits be maintained in singte, double, or extended precision range
and resolfution.
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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 T0S « 270%]

FABS TOS « {TOSI

FADD ST) « STA+TOS

FADD TOS « TOS+ST()

FADD TOS « TOS+M.DR

FADD TOS « TOS+M.SR

FADDP STC-1) « ST()+TOS; SPSP+1
FIADD TOS « TOS+M.SI

FIADD TOS  TOS+M.WI

FCHS TOS < TOS

FCLEX — Clear Exceptions
FCOM CC « TO&STW

FCOM CC « TOS-MDR

FCOM CC « TOS-M.SR
FCOMP CC « TOS-ST(): SPe-SP+1
FCOMP CC « TOS-M.DR: SP<SP+1
FCOMP CC « TOS-M.SR; SP<SP+1
FCOMPP CC « TOS-ST(1); SPSP+2
FICOM CC « TOS-M.S!

FICOM CC « TOS-M.WI

FICOMP CC « TOS-M.SI; SP5P+1
FICOMP CC « TOS-M.WI: SP—SP+1
[FCOS TOS « COSGOS)

i FDECSTP SP « SP-1

FDIV ST) « STM/TOS

|FDIV TOS « TOS/ST()

[FDIV TOS « TOS/M.DR

IFDIV TOS « TOS/M.SR

[FoIve ST(-1) «  STA)/TOS: SPe-SP+1
[ FDIVR TOS « ST(H/TOS

FDIVR ST() & TOS/ST()

| FDIVR TOS « M.DR/TOS

IFDIVR TOS « M.SR/TOS

FDIVRP ST(-1) « TOS/ST(); SPSP+1
FIDIV TOS « TOS/M.SI

i FIDIV TOS « TOS/M.WI

IFiIDIVR TOS « M.SI/TOS

IFIDIVR TOS « MWI/TOS

FFREE TAG() « Empty

(FINCSTP SP « SP+1

CRINIT —  Initialze
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FLD TOS « ST(D: SP<SP-1 |
D TOS  M.DR; SPeSP-1 ;
FLD TOS « M.LI; SP5P-1 |
FLD TOS « M.SR; SPSP-1 i
FLD TOS « M.XR; SP5P-1 |
FBLD TOS « M.BCD; SPSP-1 i
FILD TOS « M.SI; SPSP-1

FiLD TOS « M.WI; SPSP-1

FLDI TOS « 1.0; SP<5P-1

FLDCW CtlWord « Memory

FLDENV Env Regs « Memory

FLDL2E TOS « Logy(e); SPSP-1

FLDL2T TOS « Log2(10); SP«SP-1

FLDLG?2 TOS « Log@in(2); SPSP-1

FLDLN2 TOS « Loge(2): SP<SP-1 ;
FLDP! TOS « m SPeSP-1 |
FLDZ TOS « 0.0; SP<SP-1
TFMUL ST() « ST('TCS !
FMUL TOS « TOS*ST() :
FMULP ST(-1) « ST()*TOS; SPeSP+1

FMUL TOS « TOS*MDR

FMUL TOS « TOS*M.SR

FIMUL TOS « TOS*™M.SI

FIMUL TOS « TOS'MWI

FNOP — No Operation

FNOP(FEND -— No Operation

'FNOP(FDISD — No Operction

i ENCP(FSETPM) —  No Operation

D ATAN - ST, ‘

[FPATAN TOS ¢ ATAN(TgY: SPe-SP+]

FPREM TOS « Rem(%) f
FPREM1 TOS « Rem(;—?%) ,‘
FPTAN TOS:ST(1) « 1: TANCTOS); SPSP-1 |
| FRNDINT TCS « Round(OS) :
FRSTOR — Restore state. '
FSAVE — Save state. |
FSCALE TOS « TOS 28D i
FSIN TOS « SINCTOS) !
FSINCOS TOS:ST(1) « COS:SINTOS); SPe-SP+1

FSQRT TOS « 708

FST STG) « TOS

FST M.DR « TOS

FST M.SR « TOS

|FSTP STC-1) « TOS: SPe-SP+1

[FSTP M.DR « TOS; $P52+1

FST2 MU « TCS: SP5P+1

FSTP M.SR « TOS; SPSP+1

{FSTP MXR « TOS; $P<5P+1

'F35TP M.3CD « TOS; SPeSP+]

12
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TFIsT MSl « TCS !
‘FIST MW! « TOS ;
iFISTP M.Sl « TOS; SP5P+1 i
FISTP MWl & TOS; SPSP+1 ;
FSTCW Memory « Control word. f
FSTENV Memory « Cil,Status,iP.DP. ‘
FSTSW Memory « Status ?
FSTSWAX AX « Status !
FSUB ST « ST(H-TOS
FSUB TOS « TOS-ST() )
FsuBP ST-1) «  ST()-TOS; SPSP+1 ;
FsuUB TOS « TOS-M.DR i
FSUB TOS « TOS-M.SR j
FISUB TOS « TOSM.WI |
FisUB TOS « TOS-M.S| }
FSUBR TOS « ST(-TOS ;
FSUBR ST() « TOS-ST() !
[EsuBRP ST(-1) « TOS-ST(): SPeSP+1

'FSUBR TOS « M.DR-TCS :
|FSUBR TOS « MSR-TOS |
I FISUBR TOS « MWITOS f
.FISUBR TOS « M.SKFTOS

[FTST CC « TOS-00 ;
[FUCOM CC « TOS-ST(h ‘
'Fucomp CC e TOSST(): SPSP+1 |
. FUCOMPP CC « TOSSI(1); SPSP+2 ‘
FXAM CC « Clgss of TOS.

FXCH TOS & ST(h Exchange

FXTRACT TOS:ST()) « Signif: Exp; SP5P-1

FYL2X TOS « ST(1)*Logz(TOS); SPSP+1
FYL2XP) TOS « SH(1)*Logx(1+TC8); SP5P+1

The abbreviations and convenfions used in in the CX-83087 instruction summary are:

1.

TOS == Top of stack register pointed to by SSS in Control Register.

(cf. Sec 4.3).

ST(1)== Next to Top of stack register {(pcinied to by S85+1).

Memory operands are refered to as *M.XX" where "XX'=:

Wit >
kb >
ur ->
SR >
‘DR* >
KR >
‘BCD® >

16-bit integer:
32-bit integer;
64-bit integer;
32-pit real;
64-oit real;
80-bit recl;

18-dligit BCD Integer.

The “Operation” column refers to stcek layout befere instruciion execution.

The "Resuft” column refers stack layout afferimsiruction execution.
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é. Operands separated by a semicolon indicate that the leftmost destination
receives the leftmost source, e.g., TOS<--COSTOS) in TSINCOS; ST(1)<--
SINCTOS).

7. SP== CX-83D87 Stack Pointer (Contents of 3SS).

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

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

10.  ST(h== Randomly addressed CX-83D87 data register I.

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

4.2 Data Registers

The Cyrix CX-83D87 provices a set of eight 80-bit data registers for use in computaticns.
These registers are accessed in a stack-like fashion for programming purpcses. An
explicit data load insfruction (FLD) must be used to store a datum into the CX-83087 “Top
of Stack” prior to performing arithmetic operations on it. The [oad instruction causes @
‘push’ operction by decrementing the “stack pointer’ (SSS field of the Status Registen by
cne modulo 8 and lcading the datum into the physical register newly cddressed by SSS.

Tne CX-83D87 prcvides a complete set of dual operand instructions to ease
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
addressed register operands. The result is placed in the Top of Stack. Note that
conversion of the memory cperand to 80-bit intemal format is performed actomctically.

All other CX-83D87 orithmetic instructions opercate only on data contained in CX-83D37
registers.

The explicit register addressing feature operates by specifying the displacement (D) of the
target register from the curent Top of Stack. This displacement is added to the SSS field
modulo 8 (prior to any increment or decrement opergiions specified by tne instruction) to
calculate the pnysical register numper. Syntacticaily, ST() is used to 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.

Tne limited number of physical registers and the use of “wrapping’ modulo 8 arirmetic o
address them leads to the possibility of a datfa register overwrite error. To prevent this
and to simplify error detection, the CX-83D87 mairtains a register Tag Word comprised of
hwo bits for each pnysical data register. Tag Word fields assume one of four values
depending on the contents of their associated data registers, Valiid('00%), Zero('01).
Specicl(*107, and Empty(C11%). Tag values are maintained fransparently by the CX-83087
cnd are only availcbie to the pregrammer indirectly througn the FSTENV and FSAVE
instructions. The Tag Word with tag fields for each associated physiccl register, tag(R). is
schemgatically depicted beiow:
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15 8 7 2
_Teg? [ Tag® | Tag®) [ Tag@ [ Tagd [ Tag® | Taglh | Tagd |

The CX-83087 detects two kinds of register operation erors: Source Register Empty and
Destination Register Full . The Source Register Empty error occurs when an instruction
atternpts to read a source operand from @ data register which is Empty, i.e. Tag(R)="11".
The Daia Register Full emor occurs when an attempt is made to store data into a register
which in nct Empty, Le. TagR="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
ST(4).ST(Q)" with ST(4) not empty. or "FLD ST(0).ST(&)* with ST(4) empty, these errors also
occur. Register errars generaie the Invalid Exception and cre reported through the SF bit
of the Status Register.

The resuits of CX-83C87 operations are converted to the desired daic format and stored
in memory using the register store instruction, FST. The store instruction always uses the
Top of Stack as its source operand. All forms cf the FST instruction aliow @ “pop” of the
Too of Stcck upon completion,

“Pop’ operctions cre effected by marking the physical register cddressed by the SSS field
cf the Staius Register Empty and incrementing the $SS field by 1 modulo 8. 'Pop’
opercticrs are provided cs options for the dual cperand insiructicns FADD. FOIV, FMUL,
FSUB. cnd FUCOM when using a data register source cperand. In adcition, FCOM
provices a ‘pep’ cption when used with either memory or a dcta register cs ¢ scurce
operand o faciitate conditional testing. Finally, both FCOM and FUCOM provide c
ceouble "pop’ form which compares the Top af Stack 1o ihe next tc Top of Stack and
‘Pops’ Botn on compietion.

For specicl programming situations, the FFREE insfruction can be used to mark cn
explicitly cddressed register Empty. FINCSTP & FOECSTP can clso e used to increment or
cdecrement the S8S field of the Status Register.

4.3 Control & Status Registers

The Cyrix CX-83D87 communiccates information abcut its stctus and the results of
operations tc the heost 80386 via the Stctus Register. The CX-83D87 Status Register is
comprised of it fields that reflect exception siaius, cperaficn execution staius, register
status, cperand class, and comparison resuits. 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 usec dy fhe 8C386 uP to specify the
operating mode of the CX-83D87 processor. The MCR coniains bit fields which specify
the rounding mode ¢ be used, the precision with which ¢ calculcte results, and the
exception conditions which sheuld be repcried 10 the hosi via fraps. The user confrols
precision, rounding, cnd excention reporting Dy setting or clearing cpprooriate bits in the
MCR.

The folicwing figure details the CX-83D87 Status Register and Mode Control Register as
they cppecr to the programmer:
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Status 83 C3Ss S|S C2CICOfESSF P UJO Z D

Mode Citl Y Y YIRCRCPCPC{* * 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.c2c1co - Concition cede bits.
§SS - Top of Stack Register number.
ES - Errorindicator. Setto 1if an unmasked exception is
detected.
SF - tack Fault or invalid register operation bit.
RC -- Rouncing Control bits:
00 - Roundto nearest or even.
Gl - Round toward minus infinfty.
10 - Round toward plus infinity.
11 - Truincate.
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:
"17in MCR masks exception trap.
P - Precision error.
U - Underflow eror.
O© - Overflow eror.
Z - Divide by zerc error.
D - Denomnalized cperand ermor.
! - invalid operation.
4.4 Exception Handling

The CX-83D87 performs extensive dafa checking curing the data input and type
conversion process and during the process of performing calculations, The detection of
an incensistency or an error is considered an exception concition and is reperted in the
CX-83D87 status word. Optionally, exceptions can initiate an exception trap sequence in

the nost processor.

There are seven fypes of exceptions that the CX-83087 can detect and report: Precision
Exception, Underflow Exception, Overflow Exception, Divide 8y 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 arithmetic unit detects an exception, it sets the cormrresponding
exception status bit in the CX-83D87 Status Word in all cases except Underflow when
Underflow is mcsked. 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 maintcined 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 results in one of two
possible outcomes. If the exception is masked, the CX-83D87 generates the IEEE-754-
1985 specified result, 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 s initiated. If the exception is unmasked Zero Divide, Denormal, or
Invalid, the offending instruction is acorted. no resuit is written, and the Error trap
sequence is begun.

4.5 Precision Exception

This excegtion is caused by the production of a resutt which is not excclly representable
in the destination location of the instruction. For instance, the number 1/10 is not exactly
representable cs a binary flocting point number. Similarly, cil transcendental and
eiementary funciions return approximations o the infinitely precise, imrctional value. Both
stuations will cause the Precision Exception to be sef.

4.6 Underflow Exception

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

When Underfiow is unmasked, ine Underflow Exception occurs whenever the resuft would
be denormcl/zero. In this case, if the destination is a stack register, the frue result is
muiltiplied by 27457, rouncded, and stored in the destination register. This behavior occurs
for all underfiow cases except the extreme underflow produced by the FSCALE
instruction. FSCALE extreme undefflow will produce +/- ¢ just as if Underflow was
masked. if the destination is memory, the insiruction is cborted ard no resuft is written.

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

the destinaiion format can cccomodate. When Overfiow is masked the exception status
is set and the result is rounded in accordance with the RC mode bits.
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When Cverfiow is unmasked, the Overflow Exception causes the results to be scaled to fit
in the destination format. In this case, if the destination is a stack register, the true result is
civided by 2245, rounded, and stored in the destinction register. This behavior occurs
for cll overflow ccses except the extreme overflow procuced by the FSCALE instruction.
FSCALE extreme overfiow will produce +/- = just as if Overflow was masked. If the
destinction is memory, the insiruction is aborted and no result is written.,

4.8 Denormai Exception

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

When Denomnal is unmasked the exception status is set and an exception trep sequence
is inftiated without writing any resuit to the the destinction of the instruction,

4.9 Divide By Zero Exception

This exception is caused by an attempt to divide a finite non-zero operand dy zero. [N
cddifion to the divide instruction, the FXTRACT cnd FYL2X insiructions may generate this
exception. Tre masked response t¢ this exception is to return = with its sign set to the
exclusive-or of the cperands’ signs. For FXTRACT, ST(1) s set 1o -= and TOS is set to zero
with iis sign set To the sign of the initial operand.

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

4.10 Stack Error Exception

Register errors (cf. sec 2.4.2) preduce the stack error exception. When masked the QNaN
indefinite overwriies the destinaticn. When unmasked, an exception trep sequence is
initiated and the destinction is left undisiurbed. This exception is indiccted by
simuitaneousiy setting the Invalid cnd Stack Fautt bits in the Status Word.

When a Stack Zrror is signaled, the C1 sfcius bit indicctes whether the error wcs
Destinction Regisier Fuil (Ci="17 or Source Register Empty (C1="09.

4.1 Invalid Operadtion Exception

The IEEE-754 Stcndard provides for the defection and reporting of cifempts to perform
arithmetic on opercnds that cannot provide meaningful results. Such aftempts are
called Invalid Cperctions. When Invalid xcepticn is unmasked, ine occurence of such
an event causes ine instruction 1o be aboried, a irap sequence 0 te intiated, and the
cdestinction to be left undisturbed. When Invalid is masked, the aporepriate IEEE specified
response s genercfed and written into the destination.
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The following table defines invalid operafions and thelr defauit (masked) results:

Operand(s) Invalid Operation Default Resutt
Unsupported Any Arthmetic QNaN Indefinite.
*NaN or (NaN,Valid) Any Arithmetic Quietized Nan.
QNaN & SNaN Any Arithmetic The @NaN.
SNaN & SNaN Any Arithmetic Larger SNaN Quietized.
*QNaN & QNaN Any Arithmetic Larger QNaN.
NaN FCOM(P)(P) & FTST CC=Unardered.
(#00,-09) Of (~o0,+0) Addition QNaN Indefinite.
i (+#00,4+) OF (~00,—0) Subtraction QNaN Indefinite.
0, Multiplication QNaN Indefinite.
(s,0) 0r (0.0) Division QNcN Indefinite.
Zero Divisor Particl Remainder QNaN indefinite,
« Dividend Partial Remainder SANaN Incefinite.

%0

Forwarg Trigonometric

Negative Number

Square Root, Log,

QNaN Indefinite. J
QNaN Indefinite. |

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 QNen
Indefinite & exchange.

*Note: Generclly the use of @ @QNaN as an opercnd in these contexts does not
generate tne Invalid Exception. All other invalid Operctions in the fable
procuce the Invalid Exception.

Certcin other combinations of valid numbers, zeroes, and infinities may give rise to the
invalid Exception for FSCALE, FYL2X, & FYL2XP1. Please censult section 4.12, Detailed
instruction Descriptions, for details.

4.12 Detailed Instruction Descriptions

Tne detailed instruction descriptions provide a complete reference on the use of each
CX-83D87 instruction. The instruction mnemonic, its syntactical variants, allowed
operands. encoding. operation, effect on stafus, possibie exceptions, ana special
operands/resuits are presented for each instruction type.

Please note that integer varianis which cause insertion cf the lefter *I* and BCD varicnis
which cause inseftion of the letter *B" into their mnemonics cre included in the listings
under their basic type, i.e. FIADD is described under FADD. With this single exception, ail
*he CX-83D87 instructions are catalogued aiphabetically by mnemenic in this section.

The integer variants presented under their basic type are: FIADD, FICOM, FIDIV, FILD,
FIMUL, 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 complete list of the pemitted operand source & destination
combinations for the instruction.

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

A textual description 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 resufts produced whnen execuied with
exfraordingry valued cperands.

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

The following symbols and abbreviations are used throughout the detailed instruction

descriptions:

Syntax:

Forms:

Operancs:

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 orerand.

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

<TOS> refers to the Top of Stack register, denoted by "ST(G)" to the
Intel assempier.

<Reg> refers to an explicitly specified CX-83287 data register
cenoted by "ST(})" wnere 0<I<7.

<Memory> refers ‘o a legal 80386 memory operand cddress, e.g.
"DWORD PTR C100".

Source Operand specifications are given for ecch form of the
instruction. Tne key to the specifications is:

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

1 32-bit Integer Memory location *DWORD PTR"
1 64-bit Integer Memory location "QWORD PTR*
. 32-bit Real Memory Location "DWORD PTR*
,64-bit 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 vaiue 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’=C.
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 overhecad 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" as aresuit of instruction.
M Set t0 the value loaded from memory.

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

Unaffected by insinuction execution.
Set to *1" given specified exception.
Set to "0 unconditionally.

Set to the value locded from memory.

Lo —

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

S ‘Converted o™
1 sgnO | Arithmetic sign of argument Q.
I X" | A positive, finite, norzero integer.
vy A positive, finite, norzero integer.
NaN [NotaNumber.
RO Zero as produced by curent RC mode.
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Syntax:
Forms:

Operands:

Operction:

Stctus:

£xceptions:

Zero/infinity:

Notes:

Function Evaluation: 2X-1.
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F2XM1

F2XM1
F2XM1
Inst Source Opercnd Encoding Cycles
F2XM1_ [TopofStack  [$D9] 11110000 | [ 14-67

The Top of Stack contains the source operand (X). The function y=2%11s
evciucted and and the resuit is normalized and rounced cccording tc the
RC mode in effect. The result (y) replaces () in the Top of Siack. The
source cperand () must be inthe range -1 <x < 1. To obiain the vaiue 2%X
(antiloga(x)), add 1 to the resuft.

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

excepfions.
Result of Instruction ca C2 o)l co
:Normal Execution: U U 0 J
'‘Register Erer:  Source Reg Empty U U 0 U
Type Mode Result S P U O o)
Precisicn Masked Rounded 11-1- -
Lnmasked Rounded i1 - - -
'+ Underflow Masked Denom/Zero |- |11 1]- - -
‘ Unmasked | Round &Scale |- (- | 1] - e
Overflow N/A N/A
Div by Zero N/A N/A
Denormai Masked CperandlUsed |- |- |- 1- -
Unmasked | Trep/Uncltered |- |- | - | - T -
invaiid Cp Masked QNCN -l - -] - -1
Urmasked | Treo/Uncliered |- |- |- | - -0
; Reg Errer Masked QNN Th- -] -
i Unmasked Trap/Abcrt Tl-1-1- - 01
X Resuft
+3 =L
| —eo -1
! G _—0

1. A%er a Precision Excegtion the "C1- status Bit indicaies wheiher
rounding was away from zero.

]
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FABS

Floating Absciute Value

Syntax: FABS
Forms: FABS
Operands: Inst Source Operand Encoding Cycles
'FABS [Top of Stack [soof 11100c01 | 4
Operction: The Top of Stack is always the source operand. The sign of the Top of
Stack is set to zero (positive).
Status: Resuit of instruction C2 C2 Ci CQO
{Neormal Execution: U U 0 U
'Register Eror: Scurce Reg Empty U U 0 U
Exceptions: Type Mode Result S P U C Z D |
Reg Error Masked QNaN T -4-0--17,
Urmasked Trap/Abort Ti-]-1-41-1-11]
Zero/infinity: OP) Resut
i ;O s !
ol I
Notes: None.
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Syntax:

Forms:

Operands:

Operction:

Stafus:

Exceptions:

Floating Point Add
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FADD

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

FADD <T0S8>,<Memory>

FADD <TOS>,<Register>

FADDP <Register>,<TOS>

Inst Source Operand Enceding Cycles

[FIADD 160t Infeger SDE [MD 000 R/M [SI3.DISP 13
:FIADD | 32-bit Integer SDA|MD 000 R/M |SIB.DISP 13
IFADD | 32-bit Real $D8 |MD 000 R/M | SB.DisP 13
|[FADD | 64-bit Reall $DC|MD 000 R/M | 518.DIsP 15
‘FADD | 80-bit Register $D8 | 11000 REG 6
‘FADD | Top of Stack $DC| 11 000 REG 6
'FADDP | Top of Stack SDE | 11 00O REG 6

The source and destinction operands cre fetched. The source is

converted to extended precision formet if necesscry. The operands cre

added and the resuft is normealized and rounded cccording to the RC

mode in effect at the precision specified by the PC mode bits. The resultis

stored in the destingtion register. When the "pop’ form is used. the tcp of

stack s popped.

1

Result of Instrection C3 C2 Cl C2
Normal Execution: U U 0 v
‘Register Eror: Dest. Reg. Full U U 1 J [
| Source Reg Empty | U U 0 U
Type Mode Resuit S P U O Z D |
T Precision Masked Rounded ST T-T1-T-1-
: Unmasked Rounded R R
I Underfiow Masked Denorm/Zero |- |11 |-]-1]-1-
i Unmasked | Round &Scale |- (- (1~ {-{-{-"
. Overflow Masked R(s) 111717
‘ Unmasked | Round &Sccie |- - 1-[14-1-1]-
Div by Zero N/A N/A
| Dencrmal Masked DenrormUsed |- |- {-1-~|-}|1]-
; Unmasked Trap/Abort - -1 -
[ Invaiid Op Masked QNN “T-1-1-1-1T-
: Unmasked Unaltered -- -1
Register Error Masked QNaN T -5 1-1-1Vv
Urmasked Unaltered Y- q0-1 1
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FADD

FADD Floating Point Add
Zero/Infinity: OP1  0OP2 Resutt OP1  OP2 Resuf

i +0 +0 +0 +o0 +o0 oo

J ‘O 'O —O -0 -0 ~co

I+ | 0 RO) 4o | - | InvOp

I -0 +0 RO o + | InvOp

X +X RO +oo X +oo

X -X RO oo X o0
Notes: 1. After a Precision Exception the *C1" status bit indicates wheiner

rounding was away from zero.
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FCHS Floating Change Sign FCHS
Syntax: FCHS
Forms: FCHS
Operands: Inst Source Opercnd Encoding Cycles
FCHS [ Top of Stack JsDo] 11 1000C0 | [ 4
Operation: The Top of Stack is always the scurce cperand. The sign of the Top
of Stack is compiemented.
Status: Result of Instruction C3 C2 Cl C2
‘Normai Execution: U [ C y
‘Register Eron Source Reg Empty U U C U
Exceptions: Tyce Moce Resuft S P U O Z D |
Reg Error Masked GNaN LN I IR A AT IR I
Unmasked Trap/Abort TH-1-1-1-1-11
Zero/Infinity: (@8] Result CP1 Resuit
+0 -0 +30 —oc !
-C +C 00 +o0
Notfes: None.




=Cyrix.

FCLEX

Syntax:
Forms:

Operands:
Operation:
Status:
Exceptions:

Zero/infinity:

Notes:
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Clear Exceptions FCLEX
FCLEX
FCLEX
Inst Source Operand Encoding Cyces
[FCLEX | 80-bit Register [sDB] 1110001C | [ 2

All CX-83D87 exception flags cre reset to zero. The busy flag is reset to
zero. ERROR# goes incctive.

Result of Instruction C3 c2 Ci C0
. Normgl Execution: [ v T U Ty T u
Type Mode Resuft S P U O Z D Jﬁ
None [ NA ] AiCleared JOJoJolc]oTo]o™
None.
None.
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Syntax:

Forms:

Operands:

Floating Point Compare
FCOM(P)

FCOM(P)
FCOM(P)

Inst Source Operand

((<DST>,)<SRC>)

<T0S>,<Memory>
<TOS>,<Reg>

Enceding
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FCOM

FCOM(P) | 16-bit integer SDE
FICOM(P) | 32-bit Integer SDA
FCOM(P) | 32-pit Real SD8
FCOM.D | 64-bit Real SDC
FCOMIP) | 83-bit Reg SD8
FCOMPP | 80-bit Reg SDE

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

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

Operciion:

Stafus:

Exceptions:

Tne source cperand is fetched and converted 10 extended precision

format if necesscry. The scurce operand is subtracted from the

destinction (Top of Stack) and the condition codes are set cccording 1o
the resuit. When the 'P form is used, the Top of Stack is popoed. The 7P
form causes fwo ‘pep’ operctions to take picce.

The resuft ‘uncrdered” is procuced when the cpercands cre NalNs,
unsupported or wnen Stack Fault occurs. These operands CisO cause ine
Invaiic Excepticn.

Resuit of Instruciion

~
1%

w

C

N

@]
[$]

‘Normal Execution: DST > SRC

DST < SRC
DST = SRC
Unordered

0
0
0

Register Zrror:

Source Reg Emoty

0
0
1
1

oloowool0

il D —= O

Type

Mode

Resuit

Precision

N/A

N/A

i Urderfiow

N/A

N/A

Cverflow

N/A

N/A

Div by Zerc

N/A

N/A

Denormcl

Masked

LUnmasked Trop/Acort

QNN

invelid Op

Mcsked ‘Unordered
Unmcsked Trap/Acorn?

Register zrrer

Masked ‘Unorderad”
Unmasked Trap/Abori?
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FCOM Floating Point Compare FCOM
Zero/Infinity: DST - SRC Resutt DST- SRC  Result

+0 +0 = +oo +o0 = ;

-0 -0 = -0a -c0 = {

+0 0 = +o0 o0 DST>SRC |

-0 +0 = <o | +eo | DST<SRC |
+0 | +X | DST<SRC | +#= | X | DST>SRC |
0 | +X | DSI<SRC | -= X | DST<SRC |
| +0 | X | DSB>SRC | X - | DST>SRC |
0 | X | DSBSRC| X | 4= | DST<SRC!
| _NaN X JUnordered| X NeN | Uneordered

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

2. CC bits cre set to unordered and any "cop’ operciicns cre inhizited.
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Syniax:
Forms:

Operands:
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FCOS

Function Evaluation: Cos(x).
FCOS
FCOS

Inst Source Cpercnd

Encoding Cycles

{FCOS

[ Top of Stack fsoof i1 | [ 597

Coerciion:

Stetus:

The Top of Stack contains the source cperand (). The instruction reguires
() in racdians and returns () such that y= cos(x). The result (y) is
nermclzed and rounded cccording to the RC mode in effect. The vaiue
(y) replcces the conients of the Top of Stack. The scurce operand (0
must oe in the range 1x! < 263,

c3 C2

(@]

Result of Instruction

10

Incerrpiete Reduction of (x):
Normal completion:

<

1
0

[Register ETon

cC|C C

OO O

Y

«—

Source Reg Empty

£xcepiions:

ult

o>

Type Moge Res

Rouncec
Rounded

Masked
Unmasked

Precision

Underficw N/A N/A

Cverficw N/A N/A

Div by Zero N/A N/A

Masked
Jnmasked

Cerormai CperandUsed |- |- [|-1-1]- 1]}

Trap/Uncltered

QNeN
Trap/Unchtered

Maskeda
Unmasked

invaiic Cp

QNcN 1
Uncitered 1

Masxed
Urmasked

Register Error

Zero/infinity:

Netes:

Result
+1
+1
nveiid Op. |
Invalic Op. |

X
; +0
i

+oo

-0

1. After ¢ Precision Excepticn ihe "C17 status bit indicaies wheiher

rouncing was away from zero.
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FDECSTP Decrement CX-83087 Stack Pointer FDECSTP

Syntax: FDECSTP

Forms: FDECSTP

Operands: inst Source Operand Encoding Cycles
FDECSTP [ Nene [$D9] 11110110 | [ s

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

Status: Result of Instruction C3 c2 Cl CQ
:Unconditionat: [ v T v T o [ u 1

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

None [ NA ] N/A -1 -1
Zero/infinity:  None.
Notes: This instruction nas no effect on any data register's contents or the Tag

Word.
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FDIV Floating Point Divide FDIV

Syntax: FDIV(R) ((<DST>,)<SRC>)

Forms: FDIV(R) <TOS>,<Memory>
FDIV(R) <TOS>,<Reg>
FDIV(R) <Reg>,<TOS>

Opercnds: Inst Scurce Operand Enceding Cycles
'FIDIV(R) 16-bit Integer SDE| MD 1irR/M| SIB.DISP | 2G-31* |
(FIDIVIR) | 32-bit Integer SDA| MD 11rR/M| SIB.DISP | 20-31° |
IFDIV(R) 32-bit Redl $D8| MD 11rR/M| SIB.DISP | 20-31* !
}FDIV{R) 64-bit Real SOC| MD11rR/M | SiB.DISP | 21-32*
IFDIV(R) 80-bit Reg $D8| 11 11rREG 13-24*
FOIV Top of Stack SOC| 11 111.REG 14-25
FDIVR Top of Stack SDC| 11110REG 13-24
FDIVP Top of Stack SOE| 11111 REG 14-25
{FDIVRP Top of Stack SDE| 11 110REG 13-24
*Add cne ciock cycie to these instruction execution times for reversed
operands.

Cperction: The source cperand is fetched and converied to extended precision
format if necessary. The cestinction is divided by the source and the
quctient is normalized and rounded cccerding to the RC mode in effect
at the precision specified by the PC mode btits. The guotiert repicces the
crigincl contents of the cestination register. When the ‘pep” form is used,
the top of stack is popped.

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

Status: Resuit of instructicn c3 C2 cit CC
Normel Execution: [ U 0 L
Register Emor: Source Reg Empty U U 0 U j

32
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FDIV Floating Point Divide FDIV
Exceptions: Type Mode Resutt S P U O Z D |
‘ Precision Masked Rounded - E--1-1-1-
I Unmasked Rounded -l 1-1-
| Underflow Masked Dencmy/zero |- 111 |-1-1-1-
! Unmasked | Round&Scale |- f-41]-]-|-1]-
I Overflow Masked R(es) L3N I I IR U AR B A
! Unmasked | Round&Sccle |- §-{-{1]|-]-1-:
Div by Zero Masked o (Note 2) R IR N R (T AP A
L Unmasked | Trap/Unattered | - |- |- j-11}{-1-
i Denormal Masked OperandUsed |- |-|-]-1-[1]-
| Unmasked | Trap/Unattered | - |- |- |-§-11]|-
© Invalid Op Masked QNeN -r-r-1-1-1-1
Unmasked | Trap/Unafterec | - - [ - 1-[-1-111
Register Error Masked QNaN Tr-1-1-1-1-1i
Unmasked Unchered T]l-1-1-1-1-]
Zero/Infinity: OP1 - OP2 Resutt CPl = OP2 Result
C w0 +/0 | Invalid | #/=e | +/= | Invalid
¢ 40 +X +0 +oo +X o
[ -0 -X +C +o0 -X o |
+0 -X 0 oo +X o0
‘ -0 +X 0 -0 -X +o
L+X +Y +03 +oo +0 50
PoX Y +Q3 +90 0 =0
T Y -3 -0 +0 -
X +Y -3 oo 0 +oo
Notes: 1. After a Precision Exception the “C1" status bit indicates whether

rounding was away from zero.

2. Division by zero produces an infinify result with a sign equcl to ihe
exclusive-or of the signs of the operands when Divide By Zero Excagtion is
masked.

3. Applies to division of X by Y producing exireme denomgcization or
underflow when Uncerflow Excepticn is masked..
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Syntax:
Forms:

Opercnds:
Operction:

tafus:
Exceptions:

Zero/infinity:

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

Inst Source Operand Encoding Cycles
[FFREE | 8C-bit Register [SDDI 1T 000 REG | [ 5

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

Result of Instruction C3 C2 C1 CO
Normal Execution: [ U T u J o [T y
Tyce Moce Result S P U O 2 D |
None T NA ] N/A -T-T-T-T-1T-1-
Nene.
None.
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FINCSTP increment CX-83D87 Stack Pointer FINCSTP

Syntax: FINCSTP

Forms: FINCSTP

Operands: inst Source Operand Encoding Cycles
[FINCSTP] Nore [soe] 1111011l | [ 5

Operation: The CX-83D87 data register stack pointer is incremented modulo 8. The
resutt of incrementing SP=7 is SP=0.

tatus: Result of Instruction C3 c2 Cl o]
“Unconditional: l U T u JT o T U

Exceptions: Type Mode Result S P U C Z D !

None 7N N/A [-T-T-T-T-1-1-
Zero/Infinity:  None.
Notes: This instruction has no effect on any dafa register's contents or the Tag

word.
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Syntax:
Formes:

Operands:

Operafion:

Taius:
Exceptions:

Zero/Infinity:

Notes:
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CX-83D87 Inttiaiize FINIT

FINIT
FINIT

Inst Source Cperand Encodin Cycles
[FINT__[None [SDB] 11100011 ] 5

The CX-83D87 is set 10 its reset condition. The CX-83087 Mode Control
Register is set to SG37F 14, the CX-83D87 Status Register is reset to SCOCO,
and c¢ll data registers are marked empty (Tag word=SrFFr).

This action sets Rounding control to “round to nearest or even’ (RC=CC),
Precision conirol fo &4-bit extended precision (PC=11), and the Top of
Stack register number fo zero (S55=000). All exceptions are cleared (=0), ail

ondition codes cre cleared (Co-C3=0), and ail exceptions are masked
=)

This instruction Giffars from a hardware resat by setting MCR bit 0 ¢nvalid
Exception Masi) to 1 and Status Register bits 7 & C (Error and Invaiid
excecticn) to 0.

Resuit of Instruction C3 Cc2 C1 Cc3
6 T 6 [ 06 T3
Type Mode Result S P U O Z D |
None [ NAL T N/A [oJofoJofoJsofo;
None.,
None.
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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 000 R/M | SiB,DISP 7 !
EF!LD 32-bit Integer SDB|{MD COC R/M | SIB.DISP 7 1
IFILD 64-bit Integer SDF [MD 101 R/M | SIB.DISP 9 |
1FBLD 18 dig BCD Int, SDF [MD 10C R/M | SIB,DISP 32 ;
IFLD 32-bit Real SD? |MD CO0 R/M | SIB.DISP 10
‘iFLD 64-bit Real SOD[MD CO0 R/M | SiB.DisP 12
|FLD 8C-bit Real SDBIMD 107 R/M | SIB.DISP 1
'FLD Top of Stack SD9| 11 COOREG 4

Operction: The source opercand is fetched and converted to extended precision
format if necessary. The operand is stored in the destinction register. If
TOS is the destination, the SSS field of the Control Register is pre-
decremented moduio 8.

Status: Result of Instruction C3 C2 C1 o]
‘Nomnci Execution: U U 0 y
|Register Errer: Dest. Reg Full U U 1 U
! Source Reg Empty U U o] y
Exceptions: Type Mode Resuft 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
Denormati’ Masked Denorm Used CO EE R R A B B
nmasked rcp/Abort R R R
Invaiid Cp: Masked QNGN C I IR I i B O
Unmacsked Unaltered Sl -1-0-1-]0
Register Error Masked QNaN -t -1-1-1-
Jrmasked Unaitered T1-41-1-1-1-1
Zerc/Infinity: CP1 Result CP1 Resuit
+0 l +0 I +20 I +oo
-8 0 -2 -
Netes: 1. Denommal and Invalid exceptions cannot cccur as @ result of FLDEP or

FLD <reg> instructions..

7
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Syntax:

Forms:

Cperands:

Operction:

Status:

Exceptions:

Zero/Irfinity:

Notes:

=Cyrix. “
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Load Floating Constant= 1.0 FLD1
FLD1
FLD1
nst Source Cpercnd Encoding Cycles
FLD1__ [8Coit Intemal [$09] 111071003 | [ 4 -

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

Result of Instruction c3 C2 Cl1 Co
INormal Execution: U u 1T 0 U
'Register Emor. ~ Dest. Reg Ful U L[ y
Type Mode Resuit S P U O Z D |
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 Tl-q0-4-1-1-11
Unmasked Trap/Abort - l-1- -0
None.
None.
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Syntcx:
Forms:

Operands:

Operation:

Stctus:
txcepficns:

Zero/Infinity:

Notes:

FasMath™ 83087 User Manual

Load CX-83D87 Mode Control Register FLDCW

FLDCW <SRC>
FLDCW <Memory>

Inst Source Operand Encoding Cycles
[FLDCW ] 2 Bytes [sDo[MDICIR/M JSIBDISP | 4

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# trap sequence
if the corresponding mask bit in the MCR is set to 0 by this instruction.

Result of Instruction C3 C2 Ci CcC
Uncenditional: T v [T vu T u 1T U
Type Mode Result S P U O Z O |
Nore | WA T NJA LTI T-T-1-
None.
Nonre.

20




=Cyrix.

FeshMath™ 83087 User Manuai

FLDENV Load CX-83D87 Environment FLDENV

Syntax: FLDENV <SRC>
Forms: FLDENV <Memory>
Operands: Inst Source Operand Encoding Cycles

{FLDENV] 14 or 28 Bytes 1 $D9[MD J00R/M [SIBDISP | 22

Operation: The CX-83D87 “Environment® is locded frcm the memory location
specified. The “Envirecnment” gonsists 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-83087 Insiruction Pointer and the CX-
83087 Data Pointer which are loaded info 80386 CPU registers during
execution of this insfruction.

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

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

The ERROR# signal is unconditionailly de-asserred while the "Environment”
detais loaded. if the newly ioaded "Environment” cclls for cn exception
trap, ERROR#F will be asserfed upon completion cf the "Environment” data
fransfer. A subsequent WAIT cr exception checking instruction wiil
execuie a frep sequence.

32-Dit Protected Mode: 3! 15 0
‘ Reserved Mode Control Word '
Reserved Status Word
Reserved Tag Waord
Ingtruction Pointer Offset
COCC0]  Cpcode(1G:0) | Code Segment Selector
Data Operand Offset
Reserved | Cpercnd Seg Seiector
32-pit Real Mode: 31 15 o
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 0
f Mode Control Word J
i Status Word '
: Tag Word

instruction Pir Ofiset :
Code Segment Selector |
Data Operand Offset
Operand Seg Selector

Status: Result of Instruction C3 Cc2 C1 Cco
“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.
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FLDL2E Load Foafing Constant= Logo(e) FLDL2E

Syniax: FLDL2E

Forms: FLDL2E

Operands: Inst Scurce Cperand Enceding Cycles
'FLDL2E | B0-bif Const. Jsoof 1micioic | [ 7

Cperation: The 80-tit extended precision constant approximating Logo(ed is pushed
onto the Stack. The consiant is rounded according to the RC mode in
effect.

Status: Result of Insiruction C3 C2 o) cC
Normal Execution: U U Q U
‘Register Eror 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 oy Zero N/A N/A
Denormal N/A N/A
invaid Op N/A N/A
. Register Errorn Masxked QNcN Tl-t-0-1-1-171
Unmasked rap/ADort T)1-1-1-1-1-11

Zero/infinity:  Necne.

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

Syntax: FLDL2T

Forms: FLDL2T

Operands: Inst Source Operand Encoding Cycles
[FLDL2T [80-bit Const. [sDe] 11101001 | [ 8 |

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

effect.
tatus: Result of Instruction C3 [0 Cl C0
‘Normal Executicn: U U c U
‘Register Emor: 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
Denormai N/A N/A !
invalid Op N/A N/A ;
Register Zren: fasked QNaN T---1-0-0
Unmasked Trap/Abort - - -1-1-

Zero/infinity:  None.

Notes: None.
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FLDLG2 Load Floating Constant= Log10(2) FLDLG2
Syntex: FLDLG2
Forms: FLDLG2
Cperands: Inst Source Operand Encoding Cycles
|FLDLG2 | 80-oit Const. [sbe] o100 | 1 s
Cperction:  The 80-bit extended precision censtant apgroximating Log10(2) is pushed

ontc the Stack. The constant is rcunded according to the RC mode in
|

effect.
Status: Result of Instruction C3 C2 C1 Co
"Normai Execution: U U ) j ‘
Register trror: Dest. Reg Full U U 1 9
Excepticns: Type Moce Result S P U O Z D |
| Precision N/A N/
Underflow N/A N/A
Overfliow N/A N/A
Div 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: Ncne.




yrix.

FasMath™ 83087 User Manucl

FLDLN2 Load Hoating Constant= Ln(2) FLDLN?2

Syntax: FLDLN2

Forms: FLDLN2

Operands: Inst Source Operand Encoding Cycles
[FLDLN2 | 8C-bit Corst. [sDo] 11101107 [ [ 6

Operction: 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.
Status: Result of Instruction C3 C2 [of} C0
Normal Execution: Jy [ U 1T o L
‘Register Eror:.  Dest, Reg Full u 1 u T g
Exceptions: Type Mode Result S P U OC Z 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 QNaN Ti-1-1-1-47-13
Unmasked Trap/Abort Ti-t-1-1-1-I

Zero/Infinity:  None.

Notes: None.
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FLDPI Load Hoating Constant= . FLDPI

Syntax: FLDPI

Forms: FLDPI

Operands: Inst Source Operand Encoding Cycies
IFLDPI__ [ 80-bit Const. C[soof 11010n ] 1 ¢

Operation: Tne 80-bit extended precision constant approximating = (P is pushed
onfo the Stack. The constant is rounded according 1o the RC mode in

effect.
Status: Result of Instruction C3 C2 Ci Co
'Normal Execution: y U 0 U
Register Error: 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
Div by Zero N/A N/A :
Denormcl N/A N/A i
Inveid Op N/A N/A
Register Error: Masxed QNaN I EREE R
Unmasked Trep/Abort T-1-1-1-1-171:

i 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 Const. spe] 11181110 [ [ 4

Cperation: The B80-bit extended precision constant zero (0.0) is pushed onto the Stack.

Status: Result of tnstruction C3 C2 Cl Co
-Normal Execution: T U T U c T U
Register Error.  Dest. Reg Full [ u [ u 1T [ v
Exceptions: Type Mode Result S P U O Z D |
Precision N/A N/A
Unrderflow 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 Erton Masked QNaN Ti-4-1-7-1-31
Unmasked Trep/Abert Tl-1-1-71-1-1

Zero/Infinity:  None.

Nofes: None.
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FMUL Floating Point Multiply FMUL
Syntox: 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 0071 R/M | SIB,DISP 16 : :
I FMUL 32-bit Real S8 | MD 001 R/M| SIB.DISP 16
1 FMUL 64-Dit Real SDC| MD 001 R/M| SIB.DISP 1 ;
‘FMUL | 80-bif Register SD8| 11001 REG 10
IFMUL | Top of Stack $DC| 11001 REG 00
EMULP | Top of Stack SDE| 11001 REG 10

Operafion: The scurce and destination coerancs are fetched. The scurce is
cenverted fo extended precisicn format if necessary. The opercnds are
multiciied and the result is normalized and rounded according to the RC
made in effect at the precision specified by the PC mode Gits. The resit |
stored in the destination register. When the "pep” form is used. the top of
stack is popped.

&

Status: Result of Instruction C3 C2 c1! Ca
‘Normei Execution: U U 0 U !
| Regisier error: Dest. Reg Full U U i U
. Source Reg Empty U U 0 U
Exceptions: Type Mode Result S P U OC Z D |
: Precision Masked Rounded STil-l-0-1- 1
Unmasked Reunded STt -- -
Underfiow Mgsked Denomm/Zero ST i-l-t1-t-
. Unmasked | Reund &Sccgle |- F- 13- -([-1-
Overfiow Masked R(=) RO SRR IR B R B
i Unmasked | Reund&Scale |-} - |- |1 [-[-1-
Div by Zero N/A N/A
! Denormal Masked Cenorm Used CO R B T N S
i Unmasked Trap/Abort -l -]
Inveid Cp Masked QNaN R B R R T N B
Unmasked Unaitered -l -1 1-0-11
Register Eror: Masked QNeN Ti-t-1-1-1-111
Unmasked Unattered Tl-1-1-1-0-1

AR
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FMUL Floating Point Multiply FMUL

Zero/Infinity: OP1  OP2 Resuft OP1  OP2 Result
i +0 +0 +0 +o0 +o0 +o0 H
AR IR I A R
I -0 +0 0 o0 +o0 oo {
i -C -0 +0 -0 -0 +o0 i
bo+X +0 +0 +oo +X +o0 !
[o+X -0 - +oo -X 00 :
X |40 0 - | X e
PoX 0 +0 oo X +oo ‘
L+X +Y +02 +00 +0 Inv. Op.
Poax |y 02 + | -0 | inv.Op. !
-X +Y 02 -se +0 inv. Op. !
XY +0? | ¢ | inv.Op.
Notes: 1. Affer ¢ Precision Exception the "C1” status it indiccates whether

reunding was Gway from zerc,

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

AC
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Syntax:
Forms:

Cperands:

Cperation:

Tatus:

£xceptions:

Zero/infinity:

Notes:

FasMath™ 83087 User Manual

No Operation FNOP
FNOP
FNOP
Inst Source Operand Encoding Cycles
{FNOP ] Nore Jsoe[MDoI0OXC | [ 4

No operction is performed in the CX-83087.

Result of Instruction C3 C2 Ci Co
[Unconditional: T v T v [ ¢ T u
Type Mode Result P U C Z D |
Ve T ve T wA T T LT TTT

None.

None.
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FPATAN Function Eval: Tan~! (if) FPATAN

Syntax: FPATAN

Forms: FPATAN

Operands: Inst Source Operand Encoding Cycles
{FPATAN] Top of Stack [soe] 11110017 ] 189125 1

Qperation: 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

(@) in radians such that z= Ton‘lg(x). The result (2) is normaiized and

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

The resuft (2 falls in the range -1 £z < +r according o ihe following table:

Sgnly)  Sgn(x ;’ Resuit
+ + <] O0< z< :4'-
. + + >1 %< 2< %
‘ > 3 <2< ﬁ
+ - 5%2< 7
<1 §E< <
+ - 2 2
" - + <l 0> z> % ‘
: - + >] -2 >7> -§ ‘
; B N
L j > 27272
! 3n
i - - <1 g I
Status: Result of instruction (o] C2 cl o
‘Normgel completion: Y y C U
i Register Error: Source Reg Empty U U 0 U |
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Function Eval: Tan-1 (z)
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FPATAN

[ R i

Excepticns: Type Moce Result
' Precision Masked Rounded
1 Unmasked Rounded
| Underfiow Masked Denorm/Zero
; Unmasked | Round & Scale
Qverflow N/A N/A
i DivbyZero N/A N/A
' Denormcl Masked Denorm Used
| Unmasked Trap/Abort
Invaiid Op Masked QNaN
Unmasked Uncltered
Register Error: Masked QNaN
Unmasked Unaltered
Zero/Infinfy: y X Resuft
y=+0 | +02x2+0| z=+0
y=-0 | $eo2x2+0 z=-0
y=+0 | ~e<x<0 2=+1
y=-0 | ~egx<L z2=-1
y>+C x=C 2= *%
y>+0 X = +o0 z2=+0
y>+C X = 00 z=+n
y<-0 x=0 z= %
y<-0 X = 400 z=-0
y<-0 X = -2 Z=-n
i T
; Y = 400 | w0 <X < fo2 2=+§ i
y = 400 X = +oc z= 1’%
3z
Y = 400 X = -0 z=+T ‘
b
. y——oe o <X < too Z=——2—
‘ T
Yy =~ X = +0 zZ= -2‘
3z
y = =20 X = =20 Z= -—A—
Notes: Afer g Precision Exception the *C1  sigius bit indicates whether

1.
rounding was cway from zero.
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FPREM Floating Point Remainder (NON-IEEE) FPREM

Syntax: FPREM

Forms: FPREM

Operands: inst Source Operand Enceding Cycles
[FPREM  [TopofStack [ SDS] 11111060 | [ 4% |

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

z=x - y'gwhere (Q) is the guctient g= § obicined by chopping the excct

value toward zero. The result (2) s replaces the confents of the Tep of
tack.

FPREM will reduce the exponent ¢f the argument (x) by 43 or more in
each pass. The C2 status bit indicates whether the result has been
reduced completely, i.e., whnether izi<lyl. When completely reauced,
the quotient (q) modulo 8 may be read from ihe condition register.

Status: Result of Instruction C3 C2 C1 Ca
;Reduction incompiete: 0 1 C 0
'Reduction Complete:(@modd= 0 0 C C 0

1 0 C 1 C
2 i 0 C 8)
3 i 0 1 0
4 0 o] C 1
5 0 0 1 ]
5 1 0 0 1
7 i 0 1 1
'Register Erorn: Source Reg Empty U U C U
Exceptions: Type Mode Result S » U O 2 D
Precision N/A N/A
Uncerflow Masked Dencrmai L TR S R AR A
Unmasked | Round&Scale |- |- 11-1-1-1]-
Overflow N/A N/A
Div by Zerc N/A N/A
Denormal Aasked Dencrm Used EE IET R SR CT AR
unmasked Trap/Abort R R
invalid Op Masked QNcaN EO IR EE B AP B
Unmasked Unaitered B R EER
Register Emor: Masked QNaN -l -1
Unmasked Unattered BN
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FPREM Floating Point Remainder (NON-IEEE) FPREM
Zero/Infinity: X Y Result
; x=0 y=0 Invalid Op.
i xz0 y=0 Invaiid Op.
[ox=0 y=0 | 0 i
. o x=+0 |y=20 ] +0 |
| X = oo - Invaiid Op. ;‘
fwex<+e fy=>| xq=0
Notes: The sign of the remainder is the same as the sign of (). If (v} 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 Operend Encocing Cycles
FPREM1 [Topof Steck _ [$DS[ 11110101 | 80

Operatiom: The Top of Stack contains the source operand (x). The next to Top of
tack contains the operand (y). The remainder (z) is cclculated such that

) X o )
z=x - y*q wherte (Q) is the quotient a= v obicined by reunding the exact

value 1o necrest/even. The result (2) replaces the confents of the Top of
Stack. This instruction s compctioie with the (EEE 754-1985 specification.

FPREM1 will reduce the exponent of the crgument () by é3 or mere in
each pass. The C2 stctus bif indicates whether the resclt has been

Y,

reduced ccmpletely, i.e., whether [z1<! 5l When ccempietely reduced.

the guotient (g) medulo 8 may be recd from the condition register.

Status: Result of instruction C3 C2 C1 CC
Recduction Incomglste: 0 i o ] ¢
Recucticn Compiefe:(gymocs= C C 0 C

I 1 0 C 1 0
‘ 2 1 0 e o
3 1 C 1 3

4 0 0 c 1

5 0 0 i 1

b 1 C 0 1

7 1 C 1 1

Register Erron Source Reg Empty U U Q U

Exceptions: Type Mode Result S P U O Z D |

‘ Precision N/A N/A
Uncerfiow Masked Dencrmai R I I T A B
Unmcsked | Reund &Sccle f -~ - v l-{-]-1-
! Cverflow N/A N/A
. DivbyZero N/A N/A ‘
Dencrmal Mesked DenomuUsed |- |-1-1-[-1%V}|-,
Unmasked Trap/Abert RN
Invaiild Cp Mcsked QNaN R IR B N B O I
Unmasked Uncitered o R R R R e
Register Errer: Masked QNaN I T N N A 1
Unmacsked Uncitered -t 1-1-1-
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FPREM1 Floating Point Remainder (IEEE) FPREMI1

Zero/Irfinity: X % Result
I x=0 y=0] InvalidOp. !
Y oxx0 y=0] Invaid Op. |
box=-0 | yz0| 0 X
i x=+0 ] y=20] +0 i
[ X=e [~ Invalid Op. |
fm< X<t Y=ow| x:q=0 |
Neftes: The sign of the remainder is not necessarily the same as the sign of (x).

If (y) evenly divides (x) the remainder is zero.




FPTAN

Function Eval: Tan{x)

Syntax: FPTAN
Forms: FPTAN
Operands: Inst Source Operand Encoding
FPTAN  [TopofStcck  [SDOT 11110010 |
Coperation: The Top of Stack contains the source operand (x). The instruction requires
(x) In racicns and returns (y) such that y=tan(x). The resuli (v} is normelzed
cnd rounded cccerding 1o the RC mode in effect. The value (y) replaces
the contents of the Top of Stack. The vaiue 1is pushed onto the stack intc
G new Top of Stack register. The scurce operand (x) must be in the range
Ix1 <263,
Status: Result of Instruction C3 c2 cy! C0
[Inccmplete Reduction of (x): U 1 C U
‘Normai compietion: U 0 C U
Register Erron Dest Reg Full U U 1 U
Source Reg Empty U U 0 U

Excepfions: ype Mode Result
Precisicn Masked Rounded
Unmasked Reunded
Uncerflow Masked Dencm/Zero
unmasked | Round & Sccle
Qverflow N/A N/A
Div by Zer N/A N/A
Denormal Masked Denomn Usea
Unmasked Trap/Abort
Irvalid Cp Masked SNaN?
Urmasked Unalered
. Register Eror. | Masked GNaN?
Unmasked Unaifered
Zero/Infinity: X Resuft
+0 y=+0
-G y=-0
+o0 Invalid Op.
-sc Invaid Cp.
Notes:

reunding was awgy from zere.

1. After ¢ Brecisicn Zxception the 'Ci7 stctus it indicaies whether

2. The GNaN replaces both (X and ().
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FRNDINT Round to Integer FRNDINT
Syntex: FRNDINT

Forms: FRNDINT
Cpercnds: Inst Source Opercnd Encoding Cycles
[FRNDINT JTop of Stack [ SD9] 11111166 | [ &6 ¢

Cperaction: Tre contenis of the Top of Stack are rounded to an integer. Tre rounding
cperarion 1o be performed is specified by the RC mode bits of the contro!

word. !
Status: Result of Instruction 3 Cc2 C C2 ;
| Normgl Execution: Round Down U U C U |
Roundip | U U ! U !
Register Error Source Reg Empty U U C U
Exceptions: Tyoe Moce Result S P U O Z D ;
Precision Masked Rounded S T-T-T-T-T7- !
Jnmasked Rounced R
Lnderiow N/A N/A !
Cveriow N/A N/A |
Div oy Zero N/A N/A
Derormci Masked DenormuUsed |- |- (- [|-[-13]- i
Unmasked Trap/Abcrt R e N R
Invaid Op’ Macsked QNcN ol-T-1-1-1-17:
Unmasked Uncltered Ol-1-1-1-1-11:
Register Zrron: Masxed QNeN Tp-4-1-43-1-171
Unmasked Unaltered -1
Zero/infinity: TCS Resuft
-C -C
o0 o0
-0 -5
Ngtes: 1. 1fTCS conrains an unsucporied, the invaid Sxception is caused.
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FRSTOR Load CX-83D87 Environment & Registers FRSTOR
Syntex: FRSTOR <DST>
Forms: FRSTOR <Memory>

Operands: Inst Source Operand Enceoding Cycles
[FRSTOR [ 94 or 108 Byfes | 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 during execuiion of this instruction.

The format of the clata structure saved in memory is dependent on the
operating mode of the 80386 CPU and the operand size in effect. See
FSAVE for complete deiails.

Restoring cn "Envircnment™ that contairs a Status Reg'ster field with an
excepiion indicaled and an MCR with Thet exception encbied causes an
ERRCR# irap sequence when the next WAIT or exception checking CX-
83087 insiruction is execufed.

The ERROR# signal is unconditionally de-csserfed while the “Environment”
and register data is loaded. ifihe newiy locced "Environment” calis for an
exception frap, ERRCR# will be asseried upon compietion of ¢l data
fransters. A subseguent WAIT or exception checking insiruction will
execute c irop seguence.

The CX-83087 registers are loaded from the 80 consecutive byte memory
lacctions foillowing the "Environment” regardiess of the 80386 mode or
data size in effect.

Status: Result of Instruction C3 C2 Ci 5]
Locded from Memory: I M T M T M [ M
Exceptions: Type Mode Resuit P U O Z D | §
locded [ NA ] N/A M IMIMIM MMM

Zero/infinity:  Nene.

Notes: None.

59



e,

Cyrix.

FasMath™ 83087 User Manual

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

Forms: FSAVE <Memory>

Opercnds: Inst Dest Operand Enceding Cycles

[FSAVE  [94or 108 Byfes | SDD[MD 11OR/M [SBDIS? | 102 !

Operction: The CX-83D87 "Environment” and the CX-83D87 registers are saved to the
memaory location specified. The "Environment” consists of the Mode
Controi Word, the Stctus Register, and the Tag Werd from the CX-83D87 |
and the CX-83D87 Instruction Peinter and CX-83D87 Dcte Pointer from the i
80386 CPU internal registers. i

The CX-83D87 is set to its condition following an FINIT. The CX-83D87 Mode
Control Register is set to S037F 14, the CX-83D87 Stctus Register is reset 1o
$CC00, cnd all date registers are marked empty (Tag word=S$FFFE).

This action sets Rounding conirol tc ‘round to nearest or even’ (RC=CC),
Precision control to é4-bit extended precision (PC=11), and the Top of
Stack register number to zero (S35=0C0). Al exceptions are cieared (=0}, cll
condition codes are clecrec (Cp-C3a=0), and all excepticns are masked
=M.

This instruction differs from a hardware reset by setting MCR bit C (Invalid
Exception Mask) t0 1 and Status Register dits 7 & 0 {Error and Invaiid
Exception) to 0.

The format of the "Environment” data structure is dependent on ihe
operating mode of the 80384 CPU and the operand size in effect. See
below for complete detcils. The CX-83D87 data registers cre saved to
consecutive memory locgtions following the "Envirenment” biock
regcrdless of the 80386 mode or data size in effect.

9]
&

tatus: Resuit of Instruction C3 Cc2 Cl
Unchcnged [ s [ o [ ¢

(&)

—

Exceptions: None.
Zero/infinity:  None.

Notes: None.




Cyrix.

FSAVE

Save CX-83D87 Environment & Registers

\

FosMath™ 83087 Usar Manuai

FSAVE

32-bit Protected Mode: 31 15

! Reserved Mode Control Word [ 0]
Reserved Status Word | C4,
i Reserved Tag Word 108!
[ Instruction Pointer Offset oC!

100000 | Opcode(10:0) | Code Segment Selector | 10
i Data Operand Offset 141
! Reserved Operand Seg Selector 181
v RO Significand(31:0) iCl
! RO Significand(63:32) 20
t R1 Significand(150) B[ RO Exponent 24
: R1 Significand(47:16) 28 ;
S R1 Exponent [ RlSignificandi63:48) 2C;
: R2 Significend(31:Q) 30
! R2 Significand{$3:32) 34
R3 Significand(150). ] R2 Exponent 38 |
| R3 Sigrificand(47:16) 3C|
s] R3 Exporent | R3Signifcancié3:48) 40
' R4 Significanc(31:0) 44!
R4 Significanc(63:32) 48 !
! R5 Significand(15:0) B R4 Exponent 4C
RS Significand47:16) 80
5] R5 Exporent [ R5Significend(é3:43) 54
i R6 Significand(31:0} 58 !
R6 Significanc(63:32) 5C:
R7 Significand(15:0) B] R6 Exponent &0
' R7 Significand(47:16) &4
S R7 Expenent | R7Signficanc63:48; 68 |

G
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FSAVE

32-cit Real Mode:

FasMath™ 83D87 User Marual

Save CX-83D87 Environment & Registers FSAVE
3] 15 0
Reserved Mode Control Word ca
Reserved Status Word 04
Reserved Tag Word 08,
! Reserved Instruction Ptr(15.C) oc!
000 | Instruction P1r(31:16) [0 Opcode(1G:0) [ 10
Reserved Operand Pir(15:0) 14|
10000 | Opercnd Pr31:16) T ooco [ 0oo0 [ Cooc| 18
] RO Significand(31:0) 1C!
RO Significand(63:32) 20
RISignificarc(150)  B] RO Exporent 24
R1 Significandi47:16) 28
3 R1 Exponent | RI1Significand(63:48) C!
R2 Significanc(31:0) 30
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
R5 Sigrificanc (501 B R4 Exporent 4C:
R5 Significand(47:16) 50
5] R5 Exponent | R5 Signiticanc(é3:48) 54 |
Ré Significand(31:C) 58 .
R6 Significand(63:32) 5C.
R7 Significand(15:0) ﬁ R6 Exponent 60!
R7 Significond{47:16) 64
ST R7 Exporent | R7 Significand(63:48) 68
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FSAVE Save CX-83D87 Environment & Registers

16-bit Protected Mode:

63

FSAVE
15 0

" Mode Control Word 01
r Status Word 02 :
| Tag Word C4 !
| instruction Ptr Offset C6 |
i Code Segment Selector c8 !
Daic Operand Offset [
Opercand Seg Selector oC!

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

R7 Significana(15:0) 34
R7 Significand(31:16) 56
R7 Significand(47:32) 58 .
"R7 Sigrificand(63:48) 5A.
Tr R7 Exponrent 5C;
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FSCALE Floating Multiply by 2 FSCALE

Syntax: FSCALE

Forms: FSCALE
Opercnds: Inst Source Cperand Encoding Cycles
[FSCALE [TopofStack  [SDO[11111101 | [ 8

Operction: The contents of the Top of Stack (x) are muttiplied by 2N where (n) is the
centents of the next to Top of Stack. The result y= x* 2N is normaized cnd
rounced accerding to the RC mede in effect. The resutt (y) replaces the
contents of the Top of Stack. The value (n) s an infeger determined by
chopping cctuct contents of the next to Top of Stack toward zero.

Status: Result of Instruction C3 C2 C1! [@e]
Normal Execution: U U 0 U
| Register Error: Scurce Reg Empty U U o U
Exceptions: Type Mode Resuit S P U C Z D |
Precision Masked Rounded -1 -
Unmasked Rounded N EAEEEEEEE
. Uncerfow Masked Denorm/Zero (- |1 [T 1-1-1-]-"
‘ Unmasked | Round & Scaie? |- |- [1{-1-1[-]-
Overfiow Masked R(e=) E S S B B O A
Unmasked | Round &Scale? |- |- |- {1]-1-]-
Div by Zero N/A N/A
Denormail Masked Denom Used E RN I A A A
. Unmasked Trep/Abort i1
| Invelid Op Masked QNaN SR R I I I
! Unmasked Unaitered R
Register Erron Masked QNeN Tl-d-)-q-1-11
Unmasked Unatltered T{-1-1-41-1-1?
Zero/Infinity: X n Result
! +0 -00 +Q
-G o0 0
0 +00 inval. Oo.
+o0 20 Invol Co.
: -oe -oa Inval. Cp.
+0 ~codN<+e +20 :
} -0 ~cadNL+o0 -0
x=0 +oo $gn(x) e
x=0 -0 sgne)*C
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FSCALE

Cyrix.

FSCALE

Notes:

Floating Multiply by 2N
1. After a Precision Exception the "C1" status bit indicates whether

rounding was cway from zero.
2. In the event of "'massive’ over/underflow in which exponent adjustment
by -/+ 24.576 does not yield a normal result, the instruction retums a signed

= O Zero respectively.

AR
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FSIN

Syntax:
Forms:

Operands:

Operction:

Exceptions:

Zero/Infinty:

Notes:

FasMath™ 83087 User Manucl

FSIN

Function Evaluation: Sin(x).

FSIN
FSIN
Inst Source Operand Encoding Cycles
{FSIN [TopofSteck  [sDol 11111110 ] 563 |

The Top of Stack cantains the source cperand (x). The instruction requires
0 inradians end returns (y) such that y= sin(x). The result (y) is normaized
and rounded according to the RC mode in effect. The vaiue (y) replcces
the contents of the Top of Stack. The source operand (x) must be in the
range x| €253,

Resuit of instruction c3 c2 ¢! co
\Incomplete Recuction of (x): U 1 0 U
.Normcl completion: 8] 0 0 U

Register Error: Source Reg Empty U U o 9]

Tyoe Mode Result S » U O Z D |
Precisicn Masked Rounded -1t
Unmasked Rounded RN R
Uncerflow Masked Denorm/Zero E R B IR A A
Unmasked | Round &Scaie [ - [- T {-[|-{-1-

Overflow N/A N/A

" DivbyZero N/A N/A
Denormci Masked Denorm Used -l- -1 -
Unmasked Trap/Abort R ER RN
Invelid Qo Mcsked QNaN si- - --1-1
Urmasked Uncitered Sl b - -0
Register Eror: Masked QNeN T{-1-{-1-1{-11
Unmasked | Unalfered SN

X Result

+C +0

-C 0

+o0 nvaid Op.
-50 Inveaiid Co.

1. Afer a Precision Excegtion the "C1" sicius bit indicaies wnether
roundng was away from zero.

—
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FSINCOS FSINCOS

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

Syntax: FSINCOS
Forms: FSINCOS
Cperands: inst Source Operand Encoding Cycles
[FSINCCS [TopofStack  [SDS] 11111011 | [ 5104
Cperation: The Top of Stack contains the source operand (X). The instruction requires
) in radians and returns (y) and (@) such that y= sin(x) and z= cos(x). The
results (v) & (2) are normcized and rounded according to the RC mode in
effect. The value (y) replaces the contents of the Top of Stack. The value
(2) is pushed onto the stack into a new Top of Stack register. The source
operand (x) must be in the range x| <263,
Stetus: Result of instruction C3 C2 cil CC
incomplete Reduction of (x): L i C U
Normal completion: U 0 o] U
Register Error. Dest Reg Full Y 8] 1 u
Source Reg Empty U U J J
Exceptions: Type Mode Resuft S P U O D |
Precision Masked Rounded -] - -
Unmasked Rounded -1 -1
Urderfiow Masked Denom/Zero - vig- -4 -
Unmasked | Round &Scaie |- - 11 §- -] -
Cverflow N/A N/A
Div by Zero N/A N/A
Denormal Masked Denom Used =y} T-
Unmasked Trap/Abort R 11-
Invaiid Op Masked QNaN L AN AR I -1
Unmasked Ungltered R -1
Register Srmor: Masked QNcN Ti-1-1- -1
Unmasked Uncttered 11-01-1- - 11
Zero/infinity: X Result
+3 y=+0:z=+1
-0 y=-Ciz=+1
450 invalid Op.
o0 Invaid Co.
Notes: 1. After g Precision Exception the "C17 stctus ot indiccies wheih

reunding was away from zero.
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FSQRT

Syntax:
Forms:

Operands:

Operation:

Status:

Exceptions:

Zero/Infinity:

Notes:

byr IXYM L |

FasMath™ 83D87 User Manucl

FSQRT

Foating Point Square Root

FSQRT
FSQRT
Inst Source Operend Encodirg Cycles
[FS@RT  JTopofStack ~ [sD9] 11111010 | ] 26

The contents of the Top of Stack (x) are repiaced by Vx. The result is
nomclized and rounded gccording to the RC mode in effect at the
precision specified by the PC mode bits.

Result of Instruction C3 c2 cil Co
'Normal Execution: U U 0 U i
iRegister Emor: Dest Reg Full U U 1 U ‘
I Source Reg Empty U U 0 9] !
Type Mode Result S P U O Z |
Precision Masked Rounded STr7-7-7-1-7-
Unmasked Rounded R R BN
1 Underflow N/A N/ !
Overflow N/A N/A :
Div by Zero N/A N/A
j Denormal Masked Denomm Used L T R S R B
. Unmasked Trap/Abort Sl- -1 -
} invalid Op Masked QNN -t
i Unmasked Unaltered sl - -1-1-1
| Register Error: Masked aNaN L IR N B R I O
‘ Unmasked Uncltered Tl---1-71-[7
X Resuft
40 +0 !
: -0 Ro; ;
| -s0x<0 Invai. Op.
i +50 +50 ;

1. Afier ¢ Precision Exception the "C1” siatus Lit indicates wnether
rounding wcs away from zero.

AR
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FST

Syntex:

Forms:

Operands:

Operction:

Status:

Exceptions:

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-bit Integer SDF | MDO1p R/M [SIB.DISP 0
(FIST(P) 32-bit Integer SDR| MD Clp R/M | SIB.DISP 0
(FISTP 64-bit Integer SDF | MD 111 R/M | SIB.DISP o
FBSTP 18 ig BCDiInt. | SDF | MD 110R/M | SIB.DISP 61 ¢
FST(P) 32-bit Real $D9 | MD O1p R/M | SiB.DISP 9
FSTP) 64-bit Real $DD| MDO1p R/M | SIB.DISP o
£STP 80-bif Recl SCB| MD 111 R/M | SIB.DISP 13
LEST(P) 80-bit Register SDD| 11 01p REG 4

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

The operand is rounded to the width of the destination according to the
RC mode specified. if the desfination type is 32-dit or é4-bit real ard the
operand is zero, =, or NaN, the significand and Tne exponent are
chopped and transferred as-is.

Result of insiruction C c2 ci! Co
Normcl 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
Unmasked Rounded il f-t-r-1-
Underflow? Masked Rounded -1-0v-0- -
Unmasked Trap/Abort -t - -1
Overflow? Masked Rounced --1-1v1-1-1-
Unmasked Trap/Abort b -1
Div by Zero N/A N/A
Denormai N/A N/A :
invalic Cp3 Masked QNaN E S I A I I
Unmasked Trap/Adort -t - -1
Register Error: Masked QNN T -1-1-1-1-4°
Unmasked Trap/Abort Tl-4-1-1-1-1"

&9
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FST Store CX-83D87 Register FST
Zero/infinity: X Result

; Empty Invalid Op. !

i NoN->integer invalid Cp. |

| s=->infeger Invaiid Op. |

i Ixl>Int Range Invelid Op. |
Notes: 1. After a Precision £xception the "C1” status bit incicates whether

rounding 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 supports procuces this
exception.
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FSTCW Store CX-83D87 Mode Cenirol Register FSTCW

Syntox: FSTCW <DST>

Forms: FSTCW <Memory>

Operands: inst Dest Operanrdg Encoding Cycles
FSTCW [ 2 Bytes [sOS [ MD 11 R/M]SIBDIP | &

Operation:  The contents of fne CX-83D87 Mode Controi Regisier are stored info the
specified memory location.

Status: Result of Instruction C3 c2 C1 CC
TUncondrionat: Tu [ ¢ [T v 4
Exceptions: Tyee Mode Resurt S P U C Z D

None | MN/A ] NIA I EEE

Zero/Infinity:  None.

Notes: Nene.
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FSTENV

Syntex:
Forms:

Opercnds:

perction:

FasMath™ 83D87 User Marual

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

Inst Source Operand Encoding Cycles
"FSTENV [ 14 or 28 Bytes [sDO] MD 1gR/M[SIBDISP [ 17 ]

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

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

The FSTENV instruction is designed for use in exception handlers to help
analyze the exception conciiion. The format of the “Envircnment” dcta
structure s depencent on the operating mode cf the 80386 CPU and the
operand size in effect.

Reserved Mcde Control Werd

32-bit Protected Mode: 31 15 9]
L

32-pit Reci Mode: 31 15

Reserved tatus Word
Reserved Teg Word
Instruction Poinfer Offset
‘00000 Opcede(1G:0) | Code Segmeni Selecior
: Dcta Operand Offset i
Reserved | OperandSeg Seiector ¢

o

Reserved Moce Control Word
! Reserved Status Word |
Reserved Tag Word
Reserved instruciion Ptr(15:C)
0000 | Instruction Pr(31:16) [ C[  OpcogeliC:O)
Reserved ] Operand P1r(15:C)
0000 | Operand Ptr(31:18) ] 0000 J oo [ ceco
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Store CX-83D87 Environment FSTENV

146-bit Protected Mode:

Result of Instruction

IS 0
Mode Control Word |
Status Word K
! Tag Word
Instruction Ptr Offset
Code Segment Selector
Datc Operend Offset |
Operand Seg Selector

c3 c2 Cl o
' v T v T u T u
Resutt S P U O Z D |

N I S B B B DA B
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FSTSW Store CX-83D87 Status Register FSTSW
Syntax: FSTSW <DST>
Forms: FSTSW <Memory>
Operands: Inst Dest Operand Enceding Cycles
FSTSW [ 28Bytes SDD] MD 111 R/M]SIB.DIS? 5
Operation: The contents of the CX-83D87 Status Register are siored into the specified
memory location.
Status: Result of Instruction 3 C2 C1 @8]
Unconcitional: 1 U y U U
Result S PU OC Z D 1
I 1-1-1-

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:
FOrms:

Operands:

Operation:

Status:

Excepticns:

Zera/Infinity:

Notes:

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

The contents of the CX-83D87 Status Register are stored into the 80386 AX
register. The contents of the AX register may then be transfered to the
8C386 fiags with the SAHF instruction. The following table shows how the
8C386 conditional branch instructions can be used to decode CX-83D87
status reflecting the results of FCOM execution:

80386 Branch Result of FCCM C3 C2 C [&0]
JA DST > SRC C 0 o] O
.B DST < SRC o] 0 0 o
JE D8T=SRC i Q Q c
JP Unordered 1 1 0 1!
Result of Instruction C3 Cc2 C1 Co
Unconditiongi: { v [ JT u T u
Type Mode Result s P U O zZ D 1

Nene [ ~NnA T N/A T-[-T-T-1-1-[-

Ncre.

This insiruction transters the contents of the CX-83D87 Siatus Register to the
AX register before 80386 insiruction execution may proceed..
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Floating Point Subtract FSUB
FSUB(R) ((<DST>,)<SRC>)

FSUB(R) <TOS>,<Memory>

FSUB(R) <TOS>,<Reg>

FSUB(R)(P) <Reg>,<TOS>

Inst Source Cpercnd Encoding Cycles

‘FISUB 16-pit Integer SDE| MD 10r R/M | SiB.DISP 13 |
(FISUB 32-bit Integer SDA}] MD 10rR/M | SIB.DISP 13 “
IFSUB 32-bit Recl $08t MD 10r R/M | SIB.DISP 13 :
FSUB 64-bit Reci SDC| MD 16rR/M | S:B.DISP 15
1FSUB 80-bif Register SD8| 11 1CrREG 6
(FSUB Top of Stack $DC] 11101 REG é
‘FSUSR | Top of Stack $DC| 11 120.R6G 6
(FSUBP | 80-bit Register $DEY 11101 REG é
{FSUBRP | 80-bit Register SDE| 11 100 R=G 6

Tre source and destinction operands cre fetched. Thescurce is
converted fo extended precision formcet if necessary. The source opercnd
is subtracted from the destination and the resuit is normelized and
rounded according to the RC mode in effect ai the precision specified by
the PC made bits. The resuli is stcred in the destination register. When the
‘pop’ form s usea, the Top of stack is pepped.

The "reverse” form ccuses the cestinaiion opercand fo be suttracied frem
the scurce opercnd

Result of instructior C3 C2 C1I Co

Normai Execution: U U 8! U

invelid Ex: Source Reg Empiy U ) J L
Tyoe Mode Result S P U O Z D
Precision Masked Reuncec 1 - - -
Unmasked Rounced R EEER N R
Uncerflow Mcsked Denorm/Zero EO IR U AP A A
Unmasked | Round &Sccie |- |- 11 [-|-1-1-
Overfiow Mcsked R(=<) CON T R I N S B
Unmasked | Round & Sccale |- |- |- 11 ]-]-1-

Div by Zero N/A N/A

Denormcl Masked Cenorm Used L IR AR R B B
Unmasked Trap/Abort e R R
Invaiic Co Maskec QNcN -l--t-i- -1
Urmasked Uncitered R R
Register Zron Masked QNcN Tl1-t-1-1-1-17
Unmasked Unchered Tl-1-1-1-1-11
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FSUB Floating Point Subtfract FSUB
Zero/infinity: QOP1- OP2 Resutt OP1- OP2  Resutt
I +0 +0 RO +oo 4+ | Inv. Op. |
o | 0 RO = | = |inv.Op.
+0 -0 +0 +o0 o0 +oo |
J -0 +0 0 -%0 +oo o0 ‘
+X +X RO +oo X +oo i
I x| x| rO - X o
l X o0 +oo
L X +o0 ~o0
Notes: After a Precision Exception the "C1° sigfus bit indicates whether rounding

was away from zero.
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FTST FTST

Test Top of Stack

Syntex: FTST
Forms: FTST
Cperands: Inst Dest Cpercnd Encoding Cycles

TsDs] 11100100 | ]

[FIST [ Top of Stack

Operction: The contents of the Top of Stack are compcred to zero. The condition
code resufts are the same as those produced by the FCOM instruction
with the exception of detecting eguclity 1¢ 0. The Top of Stcck is the
destinction and the constant zero is the source.

The result "unordered® is produced when the operand is NaN, unsupporied
or when Stack Fault occurs.

Stctus: Result of Instruction C3 C2 o} Ca
Normci execution: DST >0 0 0 0 &
| DST<0 0 0 c 1

DST =+0 1 0 C 0
DST=-C 1 0 1 0
Unordered ) 1 0 1
Register Zrror: Scurce Reg Empty U U 0 U
Exceptions: Type Mode Result P o z o i S
Excepticns: Type Mode Resuit S Uu ¢ Z b 1
Precisicn N/A N/A
| Underflow N/A N/A
. OQverflow N/A N/A
Div by Zero N/A N/A
Denormat Masxed Denorm Used - EO TR T B
Unmasked Denomm Used - RN RN R
invaic Op- Masxed Unaltered - - ]-1- 00
Unmasked Uncitered - - -1 1- 1
Register Zrror Masked Urclered ] -1-1-1- 1
Urmasked Uncltered 1 S - - - 1
Zero/infinity: DST Result
+0 =0
-0 =5
+oa >C
-0 <0
Notes: 1. @NAN cpercnds produce the Invalid Exceotion in this insiruction.
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Syntax:
Forms:

Operands:

Operation:

Siatus:

Exceptions:

Cyrix.

FasMath™ 83D87 User Marual

Unordered Compare FUCOM

FUCOM(P)
FUCOM(P)(P)

Inst Source Operand

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

FUCOM 80-bit Register
{FUCOMP | 8C-bit Register
[FUCOMPR 8C-bit Register

Encoding Cycles
SOD| 11 100 REG 4 (
SDD| 111071 REG 4
SDE| 11011001 15

The scurce operand is fetched and subtracted from the desiination (Tep
of Stack) and the condition codes are set according 1o the resuit. When
the “P* form is used, the Top 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 insiruction except thet it
does not cause the Invalid Exception when one of ine operandsis a

QNaN.

Tne result “‘unordered’ is produced when the opercnds are NaNs,
unsupperted or when Stack Fault occurs.

Result of Insiruction C3 Cc2 1 C0
‘Nermcl execution: DST > SRC 0 o) 0 0
DST < SRC 0 0 o] 1
DST=SRC 1 0 0 0
Unordered 1 1 0 1
Register Emorn Source Reg Empty 1 1 0 ]
Type Mode Resuit S P U O Z D I
Precision N/A N/A
Underflow N/A N/A
Cverflow N/A N/A ﬁ‘
Div by Zero N/A N/A '
' Denormal Masked Cenom Used -]
i Unmasked { DenomUsed |- |- {-(-{-[1[-
1 Invalid Op Masked Unorcered EE A I R RO I
I Unmasked Uncitered R
. Register Error: Masked Unorcered P-0-)-1-1-1
Unmasked Uncitered Ti-1-1-1-1-17
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Unordered Compare FUCOM
DST- SRC  Resut DST- SRC  Resuft
‘ +0 +0 = oo +o0 = i
[ -0 -0 = o -0 = |
1 +0 0 = 4o | =0 | DST>SRC|
;\ -0 +0 = o0 +oo | DST<SRC |
i +0 +X | DST<SRC | +we X | DST>SRC|
: 0 +X | DST<SRC | = X | DST<SRC!
i+0 X | DST>SRC | X < | DST>SRC |
| -0 -X [ DST>SRC | X +oo | DST<SRC |

AN




FXAM

Syntox:
Forms:

Opercands:

Cperction:

Exceptions:

Zero/Infinity:

Notes:
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Report Class of Operand FXAM
FXAM
FXAM
Inst Source Cperand Encocing Cycles
FXAM ] 80-bit Register [sD9] 11100107 | T 3 1

The Top of Stack is clways the source operand. The Top of Siack is
excmined and condition codes are set cccording to ifs class as
specified below.

The "C1* Status bit indicates the sign of the Top of Stack operand:
*C'=positive; "1'=negative.

N
0O
o

Contents of TOS C3
Unsupported 0
NN o}
0
0
I
1
I

Normal
infinity
Zero
Emprﬂ
Dencmal

O O - ool

Type Mcde Resuft S P
None [ A ] N/A |-

None.

1.1f the stack is empty, the resutt is Empty’ ard the signis
uncefined. NO exceptfion is generaiec.
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syntax:
‘orms:

Dperands:

Dperation:

tatus:

xceptions:

sro/infinity:

FasMath™ 83D87 User Manual

Exchange Register with TOS FXCH
FXCH (SRC)
FXCH <Reg>
Inst Source Operand Encoding Cycles
[FXCH J80bitRegister  [SDO[ 11001 REG | [ 4

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

Result of instruction C3 C2 Ci CQ
‘Normal Execution: U U 0 U
‘Invalid Ex: Source Reg Empty 1 1 Q 1 i
Type Mode Resuft S PUOC Z D!
Precision N/A N/A i
Underflow N/A N/A :
Overflow N/A N/A 1
Div by Zero N/A N/A
. __Denormal N/A N/A 1
Invalid Op N/A N/A |
Register Eror: Masked QNaN Ti-1-1-1-1-17:
! Unmasked Unattered - -0-]-1-111
Cperand Result
Empty | invaid Ex.

None.
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FXTRACT Extract Exponent FXTRACT

Syntax: FXTRACT

Forms: FXTRACT

Operands: Inst Source Operand Encoding Cycles
(FXTRACT | Topof Stack _ [SD9] 11110100 | "8 ]

Opergtion: The Top of Stack contains the source operand (x). The exponent field of

Exceptions:

Zero/Infinity:

Notes:

(x) is converted 1o an 8C-bit extended precision recl number (y) and
pushed on the stack, i.e. y=INT(Logz(x)) is pushed. The original cperand
x) is modified by having its exponent set to zero, i.e. after execution
1.0<ix1<2.C. The sign of (x) is preserved.

Result of ingiruction C3 2 C Co
{Normal Execution: U U C U
-Register Error: Dest Reg Full U U 1 U
: Source Reg Empty y U 0 U
Type Mode Result S P U C Z D |
Precision N/ N/A
Uncerflow N/A N/A
| Overflow N/A N/A
. DibyZero Masked TOS=05T1=- |- [-T-7-171]-1-"
: Unmasked Trap/Abort EO R T T T B P
, Dencrmal Masked DenormuUsed - J-f-f-|-]J1]-
! Unmasked Trep/Abort RN
Inveclid Cp Masked SNaN S I I I N
Unmasked Uncitered Sl
Register Eror: Masked QNeN vl-3-101-1- 1t
Urmasked Uncttered -t
X Result
+C y = +0; x = -e; Z&ro Div. Ex.
: -C y =-0; x = <o, Zero Div. Ex.
[ Yy =) X =+ ‘
! +oo Y = o) X = oo

None.
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YL2X Function Evaluation: y*Logz(x). FYL2X

yricx: FYL2X

orms: FYL2X

dperands: Inst Scurce Operand Encoding Cycles
[FYL2X_ ] Top of Stack [sDo] 11110001 | ] 693

dperation: The Top of Stack ceontains the source operand (x). The next to Top of
Stack contains the source operand (y). The funciion z=y*loga(x) is
evclucted and the resuit is normalized and reunded according to the RC
mode in effect. The stack is popped and the result 20 is replaces {y) as
the new Top of Stack. The source operand (x) must be inthe range 8 <x <

+200,
tatus: Result of instruction C3 C2 c1l co
‘Normal Execution: U J 0 U
IRegister Eror: Source Reg Empty [V U 0 U
xceptions: Tyce Moce Result S P U O Z D |
Precision Masked Reunded B RN R I I I
Unmasked Rounced R R
Lncerfiow Masked Denom/Zero EO R R A R B
Unmasked | Round &Scale |- |- |V H-[-1-1-
Overflow Masked R(e=) -y v -1
Unmasked | Reund &Scale [ - |- - {1 1-1-1]-
Div by Zero Aasked TOS=—~o R R R I A AR B
Urmasied Trap/Abort -
Denormai Masked Denomm Used S R R R I IR
Unmasked Trap/Abort RN
Invaid Co Masked QNeN RO I R AT B I
Urmasked Uncltered i -1 11!
Register Emror: Macsxed QNeN T 1-1-f-1-1-11 {‘
Unmasked Unafiered T - -1-1-1-11"
sro/infinity: Y X Result

-- x<Q Invalid Cp.
y#0 x=0 Zero Div Ex
y=0 x=0 Invalid Cp.
y=o | x=1 Invalid Op.

y=o | X>] y
ooy=e [0<x<i -y
; y>+0| X= +oc
I y<0 X = o0 -0
y=0 X =0 Invalid Cp.
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FYL2X Function Evaluation: y*Log2(x). FYL2X

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




Jyrix.

FasMath™ 83087 User Manucl

FYL2XP1 Function Evat: y*Logo(x+1). FYL2XP1
Syntex: FYL2XP1
Forms: FYL2XP1
Operands: Inst Source Operand Encoding Cycles
{FYL2XP1[Top of Stack  TSD@] 11111001 [ 690 |
Operction: The Top of Stack contains the source operand (x). The next to Top of
Stack contains the source operand (y). The function z=y*loga(x+1) is
evalucted cnd 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 operand (x) must te in the range
V2, . V2
—2- -1 <X< T
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 near zero, so ce sure to subtract one from (x) befcre
using FYL2XP1.
Status: Result of Instructicn C3 C2 c1t CO
Normal Execution: U U 0 U
_Register Zrror: Source Reg Empty U U c U
Exceptions: Type Mode Resuit S P U O Z D |
Precision Masked Rounced - {1 sf- -1 ,
Unmasked Rounded R R R R
Underilow Masked Denom/Zero N IR R AT I B B
Unmasked | Round & Sccle |- |- |1 [-1-1-1]-
Overflow N/A N/A
Div oy Zero N/A N/A
Cenormal Masked Dencrm Used o I I I I I
Unmasked Trep/Abort B R R R
| nvaid Op Masked SNaN -1 1-1- 1
‘ Unmasked Unaltered -l-f--1-1- 40
Register Eror: Masked QNaN Y-t
Unmasked Uncitered 1]- - -1

A&
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FYL2XP1 Function Eval: y*Loga(x+1). FYL2XP1
Zero/Infinity: Yy X Result
i y2+0 x=-0 0
i y2+0 X=+0 +0
. y<0 x=-0 +0
y<-0 x =40 -0
y=o x=0 Invalid Op.
i Y= x>0 y
| y== -l<x<0 -y
I y>+0 X = o0 +oo
iy< 0 X = oo -o0
"y=0 X = oo Invalid Op.
Notes: 1. After @ Precision Exception the "C1" siatus bit indicates whether

rounding was away from zero.
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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 1o
1ccomplish the execution of cn instruction and is given in ihe individuci instruction
lescriptions. The Intel System Time (ISD) is the time required by an CX-83D87/intel 80386
sombination which inciudes the 80386 overhead of instruction setup and cperand
ransfer. The difference between the BET and the IST is due entirely to 8C386 protocol
werhead. In beth cases. no wait stetes cre included and no allowance for DMA
werhead is included.

he CX-83D87 device can be used with an interface that simuitanecusly supports both
(0386 coprocessor cccesses and memory mopped /O cccesses. Using the memory
acoped scheme, insiruction sefup, InCluding operand iransfer, can usuclly de
1iccomglished by the 803856 in paraliel with the previous instruction execution in the CX-
3D87. A smcrt interface can deliver susicined executicn rates equci to The BET values.

3T values are obfained by submitting instruction streams consisting of several repetiions
f a given insiruction to the 80386/CX-83D87 pair and measurng the insiruction-to-
Jstruction delay time.  This technigue provides performance figures nasad upon
bserved in-system throughput. The ST observed in a stream of dissimiiar instructions will
-ary subsianticily besed on the prior and foilcwing instructions. s occurs cecause of
~e different activities in the 80386 during *he various insiructions and beccuse the
wecution times of some CX-83D87 instructions have ¢ dependency on ine value of ihe
put date. Some exampies of this are the FSIN, FCCS, FSINCOS instruciions. These
wstructions perform crgument reduction if ihe inpur data magnitude is greater than

Sz . . . - -
pproximactely z Tnese two facters resuit in variations of up to 5% among IS

tecsurements.
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Mnemonic Resuft Cperction 83D87-BET| 83D87-15T ‘387 18T
(F2XM1 TOS - 2°%] 14-67 &7 3424
‘FABS TOS - [7OS] 4 16 29
FADD ST « STM+TOS 6 16 34
{FADD TOS « TOS+ST(H) & 16 34
FADD TOS « TOS+M.DR 15 21 33
|FADD TOS « TCS+M.SR 3 17 29
{FADDP STU-1) « STQ)+TOS 6 16 39
|F1ADD TOS  TOS+M.SI 13 17 53
{FIADD TOS « TOS+M.WI 13 17 76
[FCHS TOS « T1CS'(-1) 4 16 3z
(FCLEX Clear Excestion 4 26 24
FCOM CC « 105570 4 16 29
FCCM C « TOS-M.DR 13 21 33
IFCOM CC « TCS-M.SR 11 17 29
‘FCOMP C« TOSSTW 4 16 29
[FCOMP CC « TOS-M.DR 13 2 33
FCOMP CC « TOSMSR 17 17 29
. FCOMPP C e TCSST(H 4 ) 24
|FICOM C « TOS-M.S 1 17 3
'ACOM C « TCS-MMWI 1 29 o)
FICOMP CC « TOS-M.Si 1 17 53
'FICOMP CC « TOS-MWi 1N 29 0
FCCS 705  COSa0s) 597 97 282
{EDECST SP « SP-1 5 16 33
FOIV ST « SiG/CS 14-25 16-25 74
|FDIV TCS « TOS/STGR 13-24 16-24 %9
FDIV TOS « TOS/M.DR 21-32 21-32 9%
(FOIV TOS « TCS/MSR C-31 20-31 95
FDIVP STU-1) « STH/TCS 14-25 1625 99
[FDIVR TOS « ST(H/TCS 13-24 1624 94
[FDIVR ST « TOS/STE 14-25 16-25 99
iTDIVR TOS « M.DR/TCS 22-33 22-33 9%
“FDIVR TOS « M.SR/TCS 21-32 21-32 35
FOIVRP ST-1) « TOS/STER) 13-24 16-24 99
DIV TOS « TOS/M.S! 20-31 263" 119
FIDIV TOS - TCS/MM! 20-31 30-41 126
FIDIVR TOS - M.SI/TCS 21-32 21-32 119
FIDIVR TCS  MWI/TOS 21-32 30-4) 142
[FFREE TAGH « Empty 5 22 36
'FINCSTP P« SP+l 5 16 35
[FINIT —  Infigize 5 26 26
[FLD TOS « ST 4 i 9
'FlD TOS « MDR 12 21 27
‘FLD TOS « MSR 10 17 23
FFLT T0S « MXR 1 38 49
'FBLD CS « MBCD 32 40 271
FiLS TOS - M. = 21 51
FILD TOS « MG 7 17 VAl
FILD TOS MW 7 29 53
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Mnemaonic Resclt Operation 83DR7-BET| 83D87-IST ‘387 IST
FLD1 TOS « One 6 16 29
FLOCW CHWord « Memory 4 38 42
FLDENV Env Regs « Memory 22 112 123
FLDL2E TOS « Logxe) 7-8 16 44
FLDL2T TOS « Log(10) 8-9 16 44
FLDLG2 70S « Logie( 8-9 16 44
FLDLN2 TOS « Log«? 67 16 44
FLDPI TCS e« = 67 16 44

FLDZ T0S « Zero 7 16 29
FMUL ST « STH*TOS 10 16 54 !
FMUL TCS « TOS'STM) 10 16 54 :
FMULP ST(-1) &« ST(O*TOS 10 16 59
FMUL TCS « TOS*M.DR 18 21 57 !
FMVIUL TCS « TOS'M.SR 16 18 4] !
FiMUL TCS « TOS*MSI 16 18 65 i
FiMUL T0S « TOS'™M.WI 16 29 76 i
FNCP -— No Cperction 4 22 22 :
FNCP - Ne Operation 4 22 22

FNOP -—- No Operation 4 22 22

FNOP = No Cperaticn 4 22 22

e

FRATAN TCS « ATAN(S‘.éIS') 89-125 125 430
FPREM TCS « !?em(;—?%) 49* 49 134
FPREM1 TCS « Rem(ST—TO(TS)_) 80 50 159
FRPTAN TOS:ST(1) « 1. TANCTOS) 5-82 82 394
FRNDINT TCS « RoundCGOS) 6 16 74
FRSTOR -— Restore state 95 362 51
FSAVE -— Save state 102 444 514
FSCALE 705 « TOST2ET 8 16 79

FSIN TOS « SINGCS) 5-63 &3 524
FSINCC: TOS.ST(1) « COSSINTOCS) 5-1C4 104 629
FSQRT 708 « ~TCS 26 26 134

FST STH « 708 4 16 19

FST M.DR « TCS 11 33 45 i
FST MSR « TOS 9 32 37 |
F3TP STG-1) « TOS 4 16 24

FSTP MDR « TGOS I 38 45 |
FSTP MSR « TOS = 32 37 |
FSTP MXR « TOS 13 44 52 ;
FBSTP M.BCD « TCS é1 61 523 i
FIST MS « TCS 10 32 81 i
FiST MWl « TCS 10 34 87

FISTP ML « TCS 1 35 83

FiSTP MSl « TC 10 32 81

FISTP MW« TOS 1 34 87
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' Mnemcnic Resuit Operation 83D87-BET| 83D87-IST 3871587
'FSTCW Memeory « Certrol word. 5 19 16
FSTENV Memory « CH.Status, IP.DP. 17 123 163
-FSTSW Memory « Stctus 5 19 19
 FSTSWAX AX « Status 5 16 17
FSUB ST() « STE)-TCS 6 16 29
?FSUB TCS « TOS-STMH 6 16 34
[FSuBP ST(-1) « STM-TOS 6 16 32
FSUB TOS « TOS-M.DR 15 21 33
FSUB TCS « TOS-M.SR 13 17 29
(FISUB TOS « TOS-M.W! 13 29 7C
| FISUB TCS « TCS-M.SI 13 17 £3
'FSUBR TCS « ST(b-TOS ) 16 29
{FSUBR ST() « TOS-ST(R) 6 16 34
FSUBRP ST¢-1) « TOS-ST(M 6 16 3
'FSUBR TGS « M.DR-TOS 135 21 33
'FSUBR TCS « M.SR-TOS 13 17 29
FISUBR TOS « MWI-TCS i3 29 76
'FISUBR TCS « M.S-1CS 13 17 53
FeTsT CC « TOS-00 6 6 34
FUCCM C « TCS-ST 4 1 29
\FUCOMP CC « T0S-ST 4 16 49
FUCONMPP CC « T0S-S1(D 15 16 49
EXAM CC « Classcf T1CS 3 16 3¢
FXCH TOS & S$7() Exchange 4 6 24
CEXTRACT TOS:ST(1) « Signif: Exponent 3 16 74
TFYL2X TOS « ST()'Log(TOS) 693 93 488
| FYL2XP? CS « ST(1)'Log(1+7C9) 6-90 90 243

2l
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5. Host Processor Interface

The CX-83D87 processer interfaces directly to the Intel 80384 microprocessor bus
following the standard numeric processor extension protocol. The interface consists of ¢
32-bit bidirectionai data bus. bus control signals, CX-83087 status signals, cnd power
connections. The CX-83D87 interface is also easly adapted to other micreprecassor
buses and ccmmunication protocols such as @ memory mcpped peripherai
configuration.

In the foilowing discussion of the hardware interface, the '#' symbol at the end of asignal
name indicates that ihe active or asserted state occurs when the signal is ¢t ¢ icw
voltage. When no '# is present cfier the name, the signal is aciive at a high voioge
level.

5.1 Signal Description

Ecch pearagrepn identifies the CX-83087 signals by ncme, provides the signal functicn,
the active siate, signal direction. and reference signal for ecch. The signal discussicns
cre arranged in alphcbetical order 1o assist locating the cesired topic.

386CLK2 (80386 clock input)

This signcl is an input and is used to synchrenize the CX-83D87 bus interface to the
processor bus. Most cf the interface signals are sacmpled ¢cn the fdsing edge of ihis cicck
or driven relative ¢ the rising edge of this clock. This signai aiso supplies the ciock for ithe
interncl processor circuitry. The 386CLK2 signal is Civiced by two o obtain the tasc
internal clock rate of the CX-83D87. This input accepts either MCS level inputs. The irput
to this pin must be the same signal that drives the 80386 processor.

387CLK2 (Not Connrected)

The CX-83D87 does rot use this signai and leaves ‘he pin unconnecied to mcinicin pin
compatipiiity with the 80387.

ADS# (Address Stroce)

The ADS# signalis an input ¢ the CX-83087 cnd incicaies that ine information on NPS1#,
NPS2, W/R#, cnd CMDC# is valid and should be sampled cf the next rising ecdge of
3B6CLK2. Tre setup and hold times are referenced 1o 386CLLZ. This signci is normaly
connected to the 80386 ADS# signcil.

BUSY# (3usy Sictus) <4 //’N'
The BUSY# signciis an cutput from ine CX-83D87 and its active conditicn indiccies that
the flocting peint processor is busy. The signal is referenced fc 386CLK2. This signat |
rormaly conrected 1o the 3USY# input of the 8C386.

CKM (Net Connectec)

Tre CX-330

CCmpatniliy wi

cnd lecves the pin unconnecied to mainicir oin

< o
~1
Q.
Q
[0
@
b
O
<
P
@
@
'
Y
P
o
«)
o)
Q
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CMDO0# (Select Command Port)

ke CMDO# input indicates that the current CX-83D87 bus cycle is accessing the
sommand port. When incctive the current CX-83D87 bus cycle Is cccessing the data
ort. This signalis sacmpled 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
wold times are referenced to 386CLK2.

D31-DO (Deta Bus)

hese bicirectional signals are used to fransfer information between the host processor
ind the CX-83087. D31 is the most significant bit of a transfer. These signails are normally
;onnected o the D31-D0 pins of the 83386. The timing of these lines is re‘erenced to
86CLK2.

ERROR# (Eror Statugy eefpet?

he ERROR# output normaily reflects the status of the ES bit in the status register.
nmediately affer reset, it identifies the coprocessar as an 80387 compaticle device by
eing cctive. If ERROR# is going to be asserfed during an instruction it will be asseried
srior to BUSY# being made incctive.

NPS1# (Numeric Processor Select) 4% =«

ne NPS1# input is used &3 a select signal to the CX-83D87. This signal is sampled
muitcneously with ADS# cnc NPS2 to determine if the current bus cycle is intended for
e CX-83087. This signaiis normailly connected to the M/IO# output of ine 80386. Seiup
ind hold times are referenced 1o the rising edge of 386CLK2.

NPS2 (Numeric Processor Selecs) + .«

he NPS2 inpuf is used as a select signal to the CX-83D87. This sigral is sampled
muftaneously with ADS# cnd NPS1# to determine if the cument bus cycle is intended for
ne CX-83D87. This signal is normally connected to the A3T output of the 80386. Setup
ind held times are referenced to tre rising edge of 386CLK2.

£ oo

PEREQ (Processor Extersion Regues) o, 7,7~
ne PEREQ signcl is an output frem the CX-83D87 ¢ the 83386 processor. When active,
~is signal indicates that tne CX-83D87 is ready for ¢ data transter with the nost processor.
vhen all data trensfers have been completed the signal will go inactive. PEREQ will not
e active when BUSY# is incctive. This signal is normally connected to the 80386 PEREQ
put,

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

'dicctes that the current bus cycle is teing concluded. The CX-83D87 bus inferface uses
EADY# and ADS# to trock the 80386 bus cycies and remain synchronized with the 80386

Q4
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operation. This signclis normally connected to the same signal that drives the READY#
input of the 80386.

READYO# (CX-83D87 Recdy)

The READYC# output is activated when the CX-83D87 is ready to conclude a bus cycle.
READYO# is referenced 1o the rising edge of 386CLK2. This signciis normclly 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, communicction
profocols other then the standard 8C386 Numeric Processor Extension protocol cen be
more easily implemented. Memory mapped or /O mapped protocols can use
READYO# cs the complete synchronization and handshaking protocol.

RESETIN (System Reset)

Tne RESETIN input performs ¢ total reset of the CX-83D87. 1t must remain cctive for @
minimum of T30 input clock periods. The active 1o inactive transition of RESETN must be
synchronous with 386CLK2 to mgtich interncl clock phases with that of the 88384, Afer
RESETIN goes inactive, READYO#, BUSY#, cnd PERZIQ are set 1o the incctive sicte and
ERROR# is set cctive. This signcl condifion indicctes o an 82386 that an 80387
compctibie numerics coprocesser is connected. At lecst TBD ciock periocs must
transpire ofter RESETIN goes inactive before the first CX-83287 access. This pin is normclly
conrecied to the 80386 RESET input.

STEN (Sicius Enadle)
The STEN input encbles the functioning of the CX-83D87 when active. All cuipuis cf the
CX-83087 cre tri-stated when this signal is incctive. The ofher input signa's are ‘gnored
while STEN is inactive. This signal can be used fo assist in bocrd levei testing by isoiciing
the CX-83087 from the remcinder of the circuit. This signci is normally connected o VCC
through ¢ re. rsothct it can be pulied incctive during testing.

W/R# (Wiite or Recd)

The W/ :
signal is scmpied smu'tanecusly with ADS#, CMDC#, NPS1# and NPS2 on the rsing edge
of 386CLK2. This signc!is normclly cornected to the 80386 W/R# cuiput.

5.2 Bus Operation

The CX-83D87 is compatitie wiin the 8C386 NPX pretoco: and can cisc be operciedin ¢
memory mapped or /O mapped protocol. The infel NPX coprocsesser oret i
operation uses the BUSY# and PEREQ signals to ensure that no NPX cccesse
genercted by ihe 80386 before the coprocessor is cble 1o compiete the fransfer.
cllows the CX-83D87 ‘o issue READYO# immediately cfier receiving ADS#. Theref
processor bus s avaiicdie for DMA cycles during *he NPX insiructions. However, ine Hir
required 1o check *hese signa's cenirioutes fo the coprocesscr overnead and siows down
execution cf ihe NPX instructicns.

The MCPped DrotCCo’s incraecse net
cverhecd. in ¢ mapped prefocol ©
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astead, READYO# is used to extend any bus cycles that the CX-83D87 is not ready to
somplefe immedictely. The bus is held in @ waiting condition durng this time and is not
wvailcble for DMA activity.

ne foliowing sections describe the bus activity that occurs for the various categories of
wmeric instructions. The CX-83D87 is fully synchronous to the 80386 bus operation and
upports both pipelined cnd non-pipelined bus cycles. Examples of coprocessor mode
yperation and mapped mode operation for the different categories of instructions are
srovided. The bus cycles run by the 80386 to fetch instructians or to transfer operands to
nemory are not snown. Also, the 80386 usuclly does not respond fo the BUSY#, ERROR#
ind PEREQ changes as rcpidly 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 durctions. 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 instructions by their interface
sharacteristics. The # BUS CYCLES coiumn inciudes the insiruction opcede 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
JEREQ columns indiccte if the referenced signal is utilized during *he instruction
sxecution. A check mark (v) indicates that the signal is active during the instruction,
vhile a dash (-) indiccties thet the signai is nct active during the instruction. The TYPE
solumn identifies the category fo which ihe instruction beicngs.
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# Bus

nstructon Opercnd

Eary

Uses
Write

-

©

iFCLEX
FFREE ST
Ffunct
FINIT
FLD b4-5it recl
FLD 64-oit integer
(FLD 32-bit integer
FLD 32-oit reci
‘FLD 8C-oit reci
FLD 80-bit BCD
FLD 16-oit integer
[FLDconst

twO By'es
ciock pointer
Si().ST
ST.STH

&4-cit real
64-oit inTeger
32-oit integer
32-nit rec!
14-o# integer
STOH

cicck coirter
olcck poirter
16-oit integer
32-cit infeger
32-bit reci
&4-pit recl
&4-oit integer
8C-oit rec!
8C-oit BCD
WO Byies
picck poirter
AX

WO Byies

Cycles

AON N DBAEDMNNWW— —

N N

N OORN DR WWRNRNGO® -~ R KRR WL -

P N

|

UU()L)OOO()OOOOO)»()U’UIU’LUP)>()())>(7O()UJU7FDUJF“)>)>'T'r<)

Frathrepresents the FADD, FCCOM, FCCMP, FDIV, FDIVR, FVUL, |

and FSUBR insiructions.

FLDcenst represents the FLD1, FLDL2T, FLDLZE, FLDP! FLDLGZ,

FLDOLNZ, end FLDZ instructions.

Fops represents the FLD ST(D, FXCH ST, FNOP, FCHS, FABS,

FIST. FXAM, FUCCM, FUCCOMP, FUCOMPP, and FCOMPP insiructions.
L2X, FPTAN, FRATAN, FXTRACT,

~g
\OMN

Ffunct reoresents tne FZXM1, F

FPREMT, FOECSTP, FINCSTR, FPREM, FYL2XP T, FSQRT, FSIN

FRADINT, FSCALZ, FSIN, cnd FCOS instructicrs.

FSU

3.
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Category A Instructions

cticns cre the simplest tyce of CX-83D87 irstruction. These
on infernal registers cnd have no cperand ransfers between the
83D87. The 80386 coprocessor proioca tests BUSY# and wails for
The ERRCR# signcl is then examined. f ERRCR# is csserted, the
RRCR# is nct
e cococe 0 the coprocessar end confinues To the next
BUSY# dunng execution ¢f the reguested coerction.
unmasked excegticn condiicn occurs c"u ing the

i an

the bus signcis during two successive caiegory A inst
~mode. The first access ccours when 're C>< 33287
ond ¢ceess is delayed by the 80386

cticns in ine
e ard star's
wnti BUSY# goesinccriive.

ne Bus seguence for three successive category A insiructions when

cry mapped. The first cccess occurs wihen fne CX-83D87 is idle cnc
ely. The second access is initicted cr;or 10 the CX-83D87 cor“ole"ﬁg
There cre no wcr stcfes inserted in in sv/ le since *he CX-83D87
uction ca '7'10‘ “e cted un®ii the current
iticted cefcre ithe Tirst coercticn compietes.
st operaiion competes and fhe secend
cepckity of Tne map oec "‘erfcce ‘o

‘eting the opercticr ¢o ansfer wii

,.
Q

386 CLK2

(SYSCLK;

|nlml ||

ADS#

READYO#

BUSY=

PEREQ

ERROR#

Ao
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ssaxe  JUUTTUUUUTUUIUUUUU UL
s U HUULUUUULUL L
ADs: | | N
L L L]
BUSY# l L

PEREQ

ERROR#

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

5.4 Category B Instructions

The category B instructions raguire the frensfer of one or fwo 32-bit words from the 82384
to the CX-83D87. The execution cf this instruction category Is characterzed oy tne 80386
writing the opcode whether ¢r ngt 3USY# is active. The 80386 then waits for BUSY# to
become inactive (if necessary) and examines ihe ZRROR#F signal. [f ERRCR# is csserfed,
the 80386 executes a trap o the coprocessor excegtion trep routine. If ERROR
csserted, the 80386 ther trarsters the operand (1 memory cycle for 32-bit coerands, 2
memory Ccycles for 64-dit operands). Since synchronization is c\,compﬂs‘"ef‘ using 3USY#
durng the operand transfer phase, there is no activity on the PEREQ line. The 88336 then
proceeds tc the next instruction. The CX-83087 cssers BUSY# cffer the ogercnd s
accepted cnd removes 3USY# when the operction is compiete. ERROR# is asseried if an
unmasxed exception condition cccurs durng ire ooerafion.

Figure 5.2-2c shows the bus activity for two sycvesslve category B instructions with a 32-
it operand in the coprocesser mode. The indial state of the CX-83D87 is idie cliowing
the 80386 to immedictely trensfer Lotn the insiruction cpcode and the opercrnd. The
second instruction is inftiated while the CX-83D37 is cusy. The opcode tcnsfer s
completed tut the opercand transfer is not inifiated by the 80386 unti BUSY# goes
inactive.

e short infeger (32-ci) instruciions
i u.ly idie. Tne first instruction cnd s

e secend \rs,mc"oﬂ is initicred while tre CX-

Figure 5.2-2b shows ‘r*a Dus s
for an CX-83087 n the mﬂp
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3D87 is still busy. The cperation code fransfers immediately but READYO# is withheld
om the operand transfer until the preceding instruction is completed.

[olnlnlel | Iolel | Infel

READYO# R L P

PEREQ

ERROR#

OPCODE

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

nmn
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It nle] |nle|n]mwwn]o]

BUSY# j - r______

PEREQ

ERROR# |

OPCODE

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

55 Category C instructions

Tne category C instructicns are cheracterized by *he use of the PEREQ signal 1o
synchronize the movement of the opercnd. All store operand instructions end ihe locd
operand with 16-bit and 8C-bit data vaiues comprise this category. The coprocessor bus
activity is characterzed by the 80386 waiting for BUSY# 1o 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 opercnd transter can fcke 1, 2, or 3 bus cycies as determined by its size. One bus
cycle is required to transfer the 16-Dit word integer, 32-bit short integer, and 32-&ii single
precision reci formats. Two bus cycles cre used 1o transfer the 64-dit long integer and 64-
bit double precision recl formats. Three bus cycies cre used to transfer the 80-bif
extended recl! and the 80-bif packed BCD formais.

3USY# is cclive and PEREQ is incctive during the time that the CX-83D87 is genercting the
properly rcunced vclue for the designcted format. When the value is ready to be
transterred, PEREQ is made aciive. in the coprocessor operation mode the 80386 will net
iry to recd ihe velue until PERER s cciive. In the mepped operciion mode READYO# will
be withheld if ¢ recd affempt is made pefere the vaiue is properly formaited.

Figure 5.2-3a shows ¢ coprocessor mode FSTP 64-oit integer with the CX-23087 inficly
ousy. Figure 5.2-3b shows a mcpped mode store of an 80-dit BCD value when the CX-
83087 is initially icle. Figure 5.2-3¢ shows ¢ mcpped mode store of an 8C-pit BCO vaiu
when the CX-83D87 is initicily busy.
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| Andel D dul=lofel |

secue | ULUUUUTUT T UUILULLY
esco LT U LU
ADs# [ .  :  _-.:5
—
L

BUSY#

PEREQ J

ERROR# [

OPCODE | — — — ~— —~——-—~—————=——=—7—

OPERAND Figure 5.2-3a Category C, Coprocessor Bus Sequence

’TI!T’_’ITIITWITWITWITZITIITZITI|TZI [

ssecee | UTUTTUUUUUUTUUTTUTTUUUL
sseco U U U UULUUL
ADS# W
READYO# U L—J_L—J—I_i—
BUSY# —-j
PEREQ J

ERROR# ,

OPCODE

Figure 5.2-3b Category C, Mapped, Initially Idle Bus Sequence
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RN N BN PR P P
m |

PEREQ ] —I

ERROR# e

OPCODE

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

5.6 Category D Instructions

U

The cctegory

instructions cre those cperations that wait for BUSY# o De inactive
before transfering 1

ciicn opcede and then fransfer the cpercnd (Fthere is one)

immecicrely wit! £Q. These instructions invcive only the siore ¢f the stctus or
centrol regisiers. The durciicn of ‘he operaiion is s¢ short that the 3USY# signal is not
e 5.2-4c shews the coprocessor mode synchrenzatfion waiting for BUSY# fo

asserred. Figur
GO inactive. Figure 5.2-4b shows the mapped mcde synchronization of READYC# being
~

nreid ‘nactive until ihe CX-83D87 is recdy 10 proceed.
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N L I
sscoe JUUUTTUUUUUULLLUTULI
svseo LU LUTULT LU
READYO# L_I
BLSY#

PEREQ

ERROR# |

OPCODE

Figure 5.2-%a Category D, Copracessor Bus Sequence

[l el el | | [ ]

386 CLK2 I
(SYS CLK)
ADS# I L__[ '

READYO# - l {

BUSY#

PEREQ

ERROR# !

OPCODE

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

Tne category E instructions represent those instructions that are executec regardiess cf
the condition of BUSY#. BUSY# will be asserted during the instruction if it is not ciready
asserted. PEREQ is inactive during the execution of these instructions. These instructions
operate on the status and control portion of the CX-83D87. The entire instruction consists
of writing the ¢peration code to the coprocessor. There are no operands to transfer and
no synchronization to be performed.
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ne CX-83D87 is packaged in G 68 pin pin grid array package. The following diagrams
detcil the pinout of the CX-83D87 from both the pin side and the top side:
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‘he feliowing chart provides a cress reference of signal name 1o pin coordinctes:

Signal Pin Signat Pin Signal Pin Signal Pin
ADS# K7 D12 Ad D29 Gni vee B4
BUSY# | K2 D13 B5 D30 H1C Vee El
CKM Jn D14 A5 D31 H1l vee Fl
CLK2 K10 D15 B ERR# 2 Vee F10
CMD# | L8 Di6 A7 NPS1# [ L& Vee J2
DG H2 D17 38 NPS2 Kb vee K5
D1 H1 D18 A8 N/C K9 Vee L7
D2 G2 D19 89 N/C K11 Vss 32
D3 Gl D20 310 PERQ K1 Vss 37
D4 D2 D21 AlC P.U. K3 Vss cn
5 b1 D22 311 P.U. Lo Vss E2
Dé C2 D23 cic RSTIN L1C Vss F2
o7 Cl Dz4 D10 RDY# K8 Vss F11
C8 81 D25 DUl ROYO#| 13 Vss J1
[ A2 D26 E10 STEN L4 Vss J1
D10 33 D27 £ vee Ab Vss L5
D11 A3 D28 G10]; Vce A9 W/RE K&

Jote: Pirs K3 and L9 shown as P.U. (Puii Up") must be tied to Vee for the device to
>percie properly.

"he Cyrix CX-83D87 is cvcilable in beth "piastic’ and ceramic pin grid crray packages.
‘hese packages cre descriped in the foilowing sections.

6.1 Ceramic Pin Grid Array Package

‘e dimensions for the ceramic package are detaiied on the following page.
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6.2 Plastic Pin Grid Array Package

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

cdvanced material cclled Triczine which combines low moisture absorption
aracteristics with high glassivation tempercture. Nevertheless, the sudden extreme
ct of wave soldering or reflow soldering can cause bubkles or fissures in the lcminate
e to rapid heating of trapped water vepor. This effect can lecd to decreased device
cbility.

-83D87 PPGA devices are shipped in a dessicated, mcisture seaied cntisictic plastic
g. Proper practice for use in soldered assembly dictates siorage of the devices in their
sied bags untll immedictely prior to PCB insertion and soldering. I the packages seals
» broken or the devices are exposed 10 moisture for any reason, they should be baked
24 hours and either moisture secled or stored in an crea of less than 10% RH until used.

yen not subject to extreme thermct shock (as in sccketed cassemblies) the PPGA
juires no unusucl precautions.
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Electrical Specifications
7.1 Absolute Maximum Ratings

2 folowing fcbie lists cbsolute maximum rctings for the CX-83D87 device. Siresses
wyond those listed under "Absoiute Meximum Ratings' may cause permanent camage
the device, These cre siress ratings only and do not imply that operciion under cny
inditions ofher ﬂ'\cw these listed under ‘Recommended Opero"r‘g Conditions” is
sssible. Exposure to conditions beyond the "Absciute Maximum Ratings' (1) will reduce
wice reiicoility ond (2) result in premature failure even when there is no immediately
sparent sign of failure. Prolonged exposure to conditions ¢t or necr “Apsclute
aximum Ratings” may also result in reduced useful iife and reliability.

Pararneter Min. Max. Units Noles

15e Temperatfure 0 +100° 'C Power Appied
srage Temperciure -65° +150° 'C No 8ics

ciy Voltage., VCC 0.5 +6.0 Volis Wih respect 1o VSS |
tcge Cn Any Pin L5 (vee+0.5 Voit With Respect o Vss
wer Dissipaiion 1.6 Waftts
sut Clemp Current, iK iC mA VI<VSS or Vi>VCC
r#out Clamp Current, i\OK 25 A VO<VSS or Vo>VCC

7.2 Recommended Operating Conditions

3 foilowing Tabie presents the reccmmended operating conditions for the device:

Pararneter Min. Max. Units Notes . '
Ambient Temperaiur 0 +70° 'C Power Agpplie |
< Supply Voitcge +4.75 +5.25| Vcits With respect 10 \/ss |
i High Level Input 2.0 vVCe Veits
Low Level Input [oXe] 08 Voirs
1 Cutput Cumreni(Hign) -1.0 mA VOH=VCHE{mMIN)
Output Currert (Low) +4.0 mA VOL=VCL(Mex)
'nput Clamp Curent +i0 mA Vi<VSS or VI>VCC :
Cutput Ciemp Current +25 mA VO<V/SS or VO>VCC .
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7.3 DC Electrical Characteristics

i Parameter Min. Max. Units Notes

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

I'volL Qutput Low Voltage +0.45 Volts OL=4.0 mA
1VOH Qutput High Voltage 2.4 Volts 10H=1.0 mA
lcc  Supply Cument 3C0 mA Cik2=20 Mhz (Typ=200)
HiLl Input Leakage 15 pA O<VIN<VCC

Lo 1/Q Leakage +15 uA 0.45<VO<VCC
‘CIN_ Input Capacitance 10 pf fc=1Mrz
'Co /O Capacitance 1 of fe=1 Mz
,Ccx Clock Capccifance 20 pf fc=1 Mhz
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he following table summarizes the timing requirements of the CX-83D87-20 device.
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Pin Symbol | Parameter | Min Max | Fig. Notes |
(nsec) | (nsec¢) |

Sk2 T~ |Percd 25 78D 71 20V ;
K2 T2a  |High Time 8 TBD 2.0V !
SLK2 25 |High Time 5 TBD 3.8V I
SLK2 Ba |lowTime 8 TBD 20V |
K2 b |LowTime 6 18D 0.8v |
SLK2 T4 |FallTime 8 37VTo 08V |
SLK2 75 [Rise Tme 8 CavTodzv |
EADVO# T7 | Out Delay 3 3] 72 Cl=75pf
EADYO# 7 [OuiDelay 3 27 CL=25 pf |
EREQ 17 |Cut Delay 5 34 Cl=75pf !
Usv# 7 |OutCelay 5 29 Ci=75pt |
RROR# 77 lout Deley 5 34 Cl=75pf !
131-C0 T8 | Ouf Delay 1 54 73 C=12C of
’31-D0 T3 |Setup Time 11 !
331-00 T |Held Time 1 ]
)31-C0 712 |flect Tme 6 27 Cl=120pf |
EREQ T13 | Floct Tme ] 5C Ci=78pf |
Usvz Ti3  |Flogt Tme ! 50 CL=75pf |
RROR# T13 | flcat ime 1 50 Cl=75pf |
EADYO# T13  {Fioct Tme 1 0 Cl=75pf
DS#, W/R# Ti4  |Seiup Time 2] 73
DS#, W/R# T15 Hold Time 5 !
EADY# t16 Setup Time 12 7.3
EADY# 717 |Hoid Time 4 |
‘MDO#, NPS1#, T16 |Setup Time ] 73 |
1PS2 ;
MDO#, NPS1#, T17  {Hold Tme 2 i
PS2 i
TEN 116 |Betup Time 21 73 R
TEN 717 |Hold Tme 2 f
ESETIN Ti8 |Sefup Time i2 74
ESETIN T19  |Hold Time 4
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Cutput input
Tming

Timing ‘

386CLK2 Timing & I/O Measurement Points ‘

Fig. 7.1

(CLK)

386CLK2

Any Output

PHASE 2

Rel

PHASE 1

e T7 Max —

: |
<~ 7 Mm—»l

Qutput Timing

Fig. 7.2
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(CLK

386CLK2 20v 2.0V 2.0VH 2.0V 20v4

PHASE 2

e 715 — !
14 ‘— NS_T T4
ADS# ;/
|
fo——Tid— Fe— 715 —>{
W/R# < ).
i T16 : - TT7—>T‘
NPS1#,NPS2, 3< ;
STEN, CMDO# :
< T17 —>| | 716 7 —>

READY# X

= T10->pe— T11—>
DATAIN (DO-31) x x

<> — TH —>

DATA OUT (D0-31) '_(—:_>'—_

Data I/O & Control Signal Timing

fig. 7.3
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PHASE 2*

(CLK
386CLK2 20V 20V
1 t —_—

Reset In i
?—»!T?a

Reset Timing

T £

*Note: Phose 2 's defined to be the second fuil CLK2 periac c®er RESET fais.

Fg. 7.4
7.5 Interface Timing Parameters
The foliowing tcble sets forth the clock cycle timing requirements ‘or majer CX-83D87

interfcce functions. Times are specified in 386CLK2 cyc.e counts. Plecse refer *o figure
7.5 for fiming reference informction.

Pin Symbol Parameter Min | Max | Notes
RESETIN 120 Time Active 13
RESETIN ™ Time Incctive iC Before st Cpcode Write
USY# 722 Time Active 2

3USY# T23 Delay Incctive 6 From ZRRORE inactve

"ERRCOR#E 724 Delay Active & From PEREQ incctive
{BUSY# 125 Deiay Active 4 4 From READV#E# Active

(READY# 126 Ceicy o) Cpcoce Write 1o Nexi Cycie
READY# T27 Ceicy o] Cperang cyc'e o
nex: opercnd cyce i
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