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1. About This Manual

This document defines the electrical and functional characteristics of the Cyrix CX-83587
device. The device is described in sufficient detail to provide both the system designer
and the programmer the information needed to evaluate and use the device. Detailed
descriptions of the internal architecture of the device are not contained in this
document.

2. References

The following documents are frequently cited throughout the body of this specification.
The reader should be familiar with their contents and have them available for reference
when using this manual:

1. "Microprocessors”, 1990, intel Corporation, 3065 Bowers Avenue, Santa Clara, CA
95051,

2. "376 Embedded Processor Hardware Reference Manual”, 1988, Intel Corporation, 3065
Bowers Avenue, Santa Clara, CA 95051.

3. “80386 Hardware Reference Manual®, 1987, Intel Corporation, 3065 Bowers Avenue,
Santa Clara, CA 95051,

4, "80387 Programmer's Reference Manual®, 1987, Intel Corporation, 3065 Bowers Avenue,
Santa Clara, CA 95051,

5. "IEEE-754-1985 Standard for Binary Floating Point Arithmetic”, 1985, Institute for Electrical
and Electronic Engineers, Inc., 345 East 47th Street, New York, NY 10017.

Trademarks

Cyiix FasMath, CX-83D87, and CX-83587 are registered tradematrks of Cyrix Corporation.
Infel, 376, 386DX, 3865X, 387DX, and 3875X are registered frademarks of Intel Corporation.

.
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3. General Introduction
3.1 Overview

The Cyrix CX-83587 Is a CMOS VLS integrated circuit which is socket compatible and
software compatible with the Intel 387SX math coprocessor yet offers substantially
Improved performance. The CX-83587 requires 4 to 10 times fewer clock cycles to
execute floating polnt operations than the Intel 387SX. This was accomplished by
Implementing its floating polnt primitive operations in hardware rather than in a
microprogrammed sequencer. This approach allows the CX-83%87 to perform simple
floating polnt operations at the same speed as the 3865X processor can perform integer
additions; square root, elementary functions. The transcendental functions are
evaluated correspondingly faster,

3.2 Circuit

The CX-83887 device Is fabricated using a 1.0 micron, double layer metal CMOS process,
This permits the CX-83587 to operate at clock rates of 16 and 20 Mhz. State of the art ESD
protection and latch-up prevention circuits are incorporated into the CX-83387 design.
The CX-83587 Is avallable in a 68-pin, ceramic j-lead package or PLCC package. Both
packages are identical In size, and shape to the Intel 387SX 68 pin PLCC package.

3.3 Standards
The CX-83587 implements a full extended double precision IEEE-754-1985 architecture

using 80-bit internal format for data storage and computation. This format assures
maximum accuracy qnd operand/result compatibility with the original 3875X.

f 2 MELOP Interface Copmands: ST
‘ : Control [T 716 = Bus g
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. - A g e 54 Unit " Data lntefface’i
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FasMath™ 83587 Block Diagram
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34 Architeclure

The CX-83S87 architecture is partitioned into three functional blocks: The Interface Unit,
the Execution Unit, and the Control Unit. The Interface Unit manages the CX-83587
interface to the host 386SX device. The Execution Unit performs all floating point primitive
operations Including operand type conversions, normalizations, additions, multiplications,
divislons, and rounding of results. The Control Unit supervises the execution of primitives,
sequences primitives to realize complex operations, and controls traffic to/from the
Interface Unit.

3.5 Programming

The CX-83587 processor provides the user 8 data registers accessed in a stack-like
manner, a control register, and a status register. The CX-83587 also provides a data
register tag word which improves context switching and stack performance by
malntaining empty/non-empty status for each of the eight data registers. in addition,
registers In the 386SX contain pointers to (@) the memory location containing the current
CX-83587 Instruction word and (b) the memory location containing the operand
assoclated with that Instruction (if any).

The Instructions used to program the CX-83587 are binary and function compatible with
those defined for the intet 387SX Numeric Processor Extension (cf 2.1). Instructions are
provided which load/store data and constants, perform arithmetic, elementary, and
transcendental functions, manipulate fraction and exponent fields of operands, and
control the status and operating mode of the CX-83887.

3.6 Data Types

The Cyrix CX-83587 supports IEEE-754-1985 32-bit single precision, 64-bit double preclsion,
and 80-bit extended double precision real data formats. The CX-83587 also supports 18
diglt BCD Integer data format and 16-bit, 32-bit, and 64-bit binary integer data formats.
The CX-83887 data formats are schematically depicted in the following figure.
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Format Size Most Significant Least Significant
Word 16 bits '
Integer

*Short* 32 bits

Integer

Long 64 bits [ |

Integer : 3t 2
BCD | 80Pfs | BPD, 0/ b, 0 b, D[ D, 0 5, 6 5, 0[5, 0[5, 0[5, 0
integer & a7 e B L O
single | 32bits nd ]
Reai e
Double | 64 bits 5 Somoond ' e
Reai Bl Expssl -29471 1 i

Extended

Memory Data Formats

Infernally, all data are converted to 80-bit extended precision format for storage and
manipulation. The range and precision provided by 80-bit extended preclsion format
aliows the exact representation of 16, 32, & 64 bit binary integers, 18 digit BCD integers.
and 32 & 64 bit real numbers. Note that the reverse is not necessarily true: the results of
80-bit calculatlons may require rounding to be represented in the other formats. The
following figure shows the range and precision characteristics of each CX-83887 data

type.
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Format Size Dynamic Range Resolution
Word 16 bits -32768 1in216
Integer +32767
*Short" 32 bits -2,147.483,648 1in 232
Integer +2,147,483,647
Long 64 bits -9.223,382,027,854,875.808 1in 264
Integer +9,223,382,027,854,875,807
BCD 80 bits -999.999.999.999.999.999 1in 1018
Integer +999.999,999.999,999.999
Single 32 bits 5.8775x 1039 <INI< 1in 224
Real 3.4028 x 10138
Double 64 bits 1.1125x 10308 <IN 1< 11n 253
Real 1.7977 x 10+308
Extended | 80 bits 1.68105x 104932 <INI< 1in 264
Real 1.1897 x 10+4932

CX-83587 Data Type Numerical Properties
3.7 Computational Accuracy

The representation of real numbers in any number system of finite precision is inherently
approximate, A simple fraction such as 1/3 cannot be precisely represented In a finite
number of diglts. This simple observatilon ralses the possibility that different computing
systemns may choose different methods of approximation and produce different sesults
given the same Inputs and algorithms. ;

The IEEE-754-1985 Standard for Binary Floating Point Arithmetic attempts o solve this
problem by specifying the error bounds for the calculation of binary floating point values.
These error bounds are controlled In two ways: (1) by directly specifying the error
allowable In a primitive calculation and (2) by specifying the exact rounding algorithms
fo be used. The resuit of this standardization is that given the same set of Input values
and rounding Instructions, ali conformal machines will produce the same result to within a
defined margin of error,

Computatlons Intemal to the CX-83587 are performed using 80-bit extended precision
operands. The 15-bit exponent and the é4-blt significand data are operated on using
independent 15-bit & 75-bit integer arithmetic units. The significand ALU includes
provisions for handling extra Guard, Round, & Indicator (sticky) bits fo assist In maintalning
precision when rounding.

These extra bits are used In [EEE specified rounding modes and help maintain accuracy
when the precision of @ result exceeds that available in the significand. The programmer
can select any of the four IEEE specified rounding modes for use in computation: round
1o nearest or even, round down, round up, and truncate.

In addition, for the sake of compatibility with earlier generations of floating point
processors, a "precision control” function Is provided to the programmer. This Is used to
specify that internal results be maintained In single, double, or extended precision range
and resolution.,

10
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The following table summarizes the operation and allowed forms of every member of the

CX-83587 Instruction set:

Mnemonic Result Operdtion

F2XM1 TOS « 21037

FABS TOS « 1TOS|

FADD ST() « STMH+TOS

FADD TOS « TOS+ST()

FADD TOS « TOS+M.DR

FADD TOS « TOS+M.SR

FADDP ST(-1) « ST(M+TOS; SPSP+1

FIADD TOS « TOS+M.SI

FIADD TOS « TOS+M.WiI

FCHS TOS « -TOS

FCLEX -— Clear Exceptions

FCOM CC « TOS-ST()

FCOM CC « TOS-M.DR

FCOM CC « TOS-M.SR

FCOMP CC « TOS-ST(I); SP¢-SP+1

FCOMP CC « TOS-M.DR; SPSP+1

FCOMP CC « TOS-M.SR; SP<SP+1

FCOMPP CC « TOS-ST(1); SP«SP+2

FICOM CC « TOS-M.8!

FICOM CC « TOS-M.WI

FICOMP CC « TOS-M.Sl; SPSP+1

FICOMP CC « TOS-M.Wi; SP«SP+1

FCOS TOS « COS(TOS)

FDECSTP SP ¢« §P-1

FDIV ST() « STH/TOS

FDivV TOS « TOS/ST()

FDIV TOS « TOS/M.DR

FDIV TOS « TOS/M.SR

FDIVP ST(-1) « ST()/TOS; SPSP+1
_|FDIVR TOS « ST(H/TOS

FDIVR ST() « TOS/ST(H

FDIVR TOS « M.DR/TOS

FDIVR TOS « M.SR/TOS

FDIVRP ST(-1) «~ TOS/ST(); SPSP+1

FIDIV TOS « TOS/M.SI

FIDIV TOS « TOS/M.WI

FIDIVR TOS « M.SI/TOS

FIDIVR TOS « MWITOS

FFREE TAG(D) « Empty

FINCSTP SP « SP+1

FINIT -— Initlalize

1t
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FLD TOS « ST(D; SP<SP-1
FLD TOS « M.DR; SP¢-SP-1
FLD TOS « M.L; SPSP-1
FLD TOS « M.SR; SP<SP-1
FLD TOS « MXR; SP«SP-1
FBLD TOS « M.BCD; SP«SP-1
FILD TOS « M.SI: SP«SP-1
FILD TOS « M.WI; SPSP-1
FLD1 TOS « 1.0; SP«SP-1
FLDCW CtiWord « Memory
FLDENV Env Regs « Memory
FLDL2E TOS ¢« Logy(e); SP&SP-1
FLOL2T TOS « Loga(10); SP«SP-1
FLOLG2 TOS « Log10(2); SP<SP-1
FLDLN2 TOS « Log«(2); SPe-SP-1
FLDPI TOS « m; SP«SP-1
FLDZ TOS « 0.0; SP<SP-1
FMUL ST() « STMH'TOS
FMUL TOS « TOS"ST()
FMULP ST(-1) « ST(*TOS; SP«-SP+1
FMUL TOS « TOS*M.DR
FMUL TOS ¢~ TOS*"M.SR
FIMUL TOS « TOS*M.SI
FIMUL TOS « TOS'‘M.WI
FNOP -— No Operation
FPATAN TOS « ATAN(%()—IS)): SPSP+1
TOS
FPREM TOS & Rem(sm))
TOS
FPREM1 TOS « Rem('ST—u;)
FPTAN TOS:ST(1) « 1; TANCTOS); SP«SP-1
FRNDINT TOS « Round@OS) -
FRSTOR - Restore state,
FSAVE - Save state.
FSCALE TOS « TOS*26GT)
FSIN TOS « SINCTOS)
FSINCOS TOS:ST(1) « COS:SINCTOS); SPSP+1
FSQRT TOS « 108
FST ST() « TOS
FST M.DR « TOS
FST MSR « TOS
FSTP ST(-1) « TOS; SPSP+1
FSTP M.DR « TOS; SP«-SP+1
FSTP MU « TOS; SP<SP+1
FSTP M.SR « TOS; SPSP+1
FsTP MXR « TOS: SP<SP+1
FBSTP M.BCD « TOS; SP«-SP+1

12 -
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FIsT M8l « TOS

FIST MWI « TOS

FistP M.Sl & TOS; SP-SP+1
FISTP MWI| « TOS; SPe-SP+1
FSTCW Memory < Control word.
FSTENV Memory « CtlStatus,IP,DP,
FSTSW Memory ¢« Status

FSTSWAX AX < Status

FSUB ST « ST(H-TOS

FSUB TOS « TOS-ST()

FSUBP ST(-1) & ST()-TOS; SPSP+1
FSuB TOS « TOS-M.DR

FsUB TOS « TOS-M.SR

FISUB TOS « TOS-M.W!

FisuB TOS « TOS-M.Si

FSUBR TOS « ST()-TOS

FSUBR ST() « TOS-ST()

FSUBRP ST(-1) « TOS-ST(D); SPe-SP+1
FSUBR TOS « M.DR-TOCS

FSUBR TOS « M.SR-TOS

FISUBR TOS « M.WI-TOS

FISUBR TOS « M.SI-TOS

FTST CC « T0S-0.0

FUCOM CC « TOS-ST(D)

FUCOMP CC « TOS-ST(); SPSP+1
FUCOMPP "CC « TOS-ST(1): SPSP+2
FXAM CC « Class of TOS.

FXCH TOS & ST() Exchange
FXTRACT TOS:ST(1) « SIgnif; Exp: SPeSP-1
FYL2X TOS « ST(1)*Logx(TOS); SP-SP+1
FYL2XP1 TOS « ST(1)*Logo(1+TOS); SP—SP+1

The abbreviations and conventions used In the CX-83s87 instruction summary are:

1.

TOS == Top of stack re
(cf. Sec 4.3).

gister polnted to by $SS in Status Register.

ST(1)== Next to Top of stack register (pointed to by SS5+1).

Memory operands are referred to as *M.XX* where XX =

IWII
*g|*
e
ISRI
DR
IXRI
‘BCD"

->
->

16-bit integer;
32-bit Integer;
64-bit integer;
32-bit reql;
64-bit real;
80-bit reat;

18-dligit BCD Integer.

The "Operation” column refers to stack layout before instruction execution.

The "Result* column refers to stack layout aftfer Instruction execution.

13
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6. Operands separated by a semicolon indicate that the leftmost destination
receives the leftmost source, €.g.. TOS<--COS(TOS) in FSINCOS; ST(1)<--
SINCTOS).

7.  SP==CX-83587 Stack Pointer (Contents of SSS).

8. IP==CX-83587 Instruction Pointer.

9.  DP==CX-83387 Data Pointer.

10. ST()== Randomly addressed CX-83587 data register .

11. CC== Conditlon codes In CX-83387 Status Register. (cf. Sec 4.3)
12. Env Regs==Status, Mode Control, and Tag Registers. IP & DP.
4.2 Data Registers

The Cyrix CX-83587 provides a set of eight 80-bit data registers for use in computations.
These registers are accessed In a stack-like fashion for programming purposes. An
explictt data load Instruction (FLD) must be used to store a datum into the CX-83887 *Top
of Stack® prior to performing arithmetic operations on it. The load instruction causes a
"push* operation by decrementing the “stack pointer” (SSS fleld of the Status Register) by
one modulo 8 and loading the datum info the physical register newly addressed by SSS.

The CX-83587 provides a complete set of dual operand instructions fo ease programming
of its pseudo-stack register set. The instructions FADD, FCOM, FDIV, FMUL, and FSUB
perform arithmetic operations on the Top of Stack and elther memory or explicitly
addressed register operands. The result Is placed in the Top of Stack. Note that
converslon of the memory operand to 80-bit intemal format Is performed automatically.

All other CX-83887 arithmetic instructions operate only on data contained in CX-83587
reglsters,

The explicit register addressing feature operates by specifying the displacement () 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 operations specified by the instruction) to
calculate the physical register number. Syntactically, ST() Is used to specify
displacement () from the Top of Stack. Thus, ST(0) is Top of Stack, ST(1) is next to Top of
Stack. and so on. Logical register references of the form ST() are always relative to the
current Top of Stack,

The limited number of physical registers and the use of "wrapping” modulo 8 arithmetic to
address them leads to the possibility of a data register overwiite error. To prevent this
and to simplify error detection, the CX-83587 maintains a register Tag Word comprised of
two bits for each physical data register. Tag Word flelds assume one of four values
depending on the contents of their associated data registers: Valid(*00"), Zero("01%),
Special(*10%. and EmptyC'11%). Note: Denormal, Infinity, QNaN, SNaN and unsupported
formats will be tagged as "Speclal’. Tag values are maintained transparently by the CX-
83387 and are only available to the programmer indirectly through the FSTENV and

14
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FSAVE Instructions. The Tag Word with tag fields for each associated physical register,
tag(R). Is schematically depicted below:

15 8 7 0
[ Tag® [ Tag® [ Tag®) [ Tag@ [ Tag®) | Tag@ [ Tag) | Tag® |

TAG VALUES:

00 = Valid

01 = Zero

10 = Denomal, Infinity, QNaN, SNaN, and Unsupported
1 = Empty

The CX-83587 detects two kinds of register operation errors: Source Register Empty and
Destination Register Full . The Source Register Empty error occurs when an instruction
aftempts to read a source operand from a data register which is Empty, L.e. Tag(R)="11".
The Data Register Full ermor occurs when an attempt is made to store data into a register
which Is not Empty, lLe. Tag(R="11". In the context of load (‘push”) and store ("‘pop”
operations these errors are interpreted as stack wraparound/overflow (Dest. Full) and
*stack underflow" (Source Empty) conditions. Note that in other contexts, such as "FST
ST(4) ST(O)" with ST(4) not empty, or "FLD ST(0).ST(6)" with ST(6) empty, these errors also
occur. Register errors generate the Invalid Exception and are reported through the SF bit
of the Status Register.

The results of CX-83887 operations are converted to the desired data 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 of the FST instruction allow a "pop* of the
Top of Stack upon completion.

*Pop" operations are effected by marking the physical register addressed by the SSS field
of the Status Register as Empty and incrementing the SSS field by 1 modulo 8. “Pop”
operations are provided as optlons for the dual operand instructions FADD, FDIV, FMUL,
FSUB, and FUCOM when using a data register destination operand. In addition, FCOM
provides a "pop” option when used with either memory or a data register as a source
operand to facllitate conditional testing. Finally, both FCOM and FUCOM provide a
double "pop" form which compares the Top of Stack to the next to Top of Stack and
"pops’ both upon completion.

For special programming situations, the FFREE instruction can be. used to mark an
explicttly addressed register as Empty. FINCSTP & FOECSTP can also be used to increment
or decrement the SSS field of the Status Register.

4.3 Control & Status Registers

The Cyrix CX-83587 communicates information about its status and the results of
operations to the host 386SX via the Status Register. The CX-83587 Status Register is
compiised of bit fields that reflect exception status, operation execution status, register
status, operand class, and comparison results. This register is continuously accessible to
the 386SX CPU regardless of the state of the Control or Execution Units.

16
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The CX-83S87 Mode Conirol Register (MCR) Is used by the 386SX uP to specify the
operating mode of the CX-83387 processor, The MCR contains bit fields which specify
the rounding mode to be used, the precision with which to calculate results, and the
exception conditions which should be reported fo the host via traps. The user controls
precision, rounding. and exception reporting by setting or clearing appropriate bits In the
MCR.

The following figure details the CX-83587 Status Register and Mode Control Register as
they appear to the programmer:

Reglster 15 12 N 87 a3 0
Status BC3S S|S C2CiCO|ES SF P UJO Z D |
Mode Cil * + ¢ *IRCRCPCPC|* * P UJO Z D |

Exceptions/Masks
Table 3: CX-83587 Status Register & Mode Control Register

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

B - Copy of ES bit.

c3.c2Cci1co - Condition code bits.

§SS - Top of Stack Register number,

ES - Error Indicator. Set to 1 if an unmasked exception ls
detected.

SF - Stack Fault or invalid register operation bit.

RC - Rounding Control bits;
00 - Roundto nearest oreven,
01 - Round toward minus infinity.

10 - Round toward plusinfinity.
11 - Tuncate.

PC - Precision Control bits:
00 - 24-bit mantissa,
01 - Reserved. -

10 - 53-bit mantissa.
11 - é4-bit mantlssa.

Exception Status &
Mask Bits -- "1" in Status Register indicates exception:
*1* In MCR masks exception trap.
P - Precislon error.
U - Underflow eror.
O - Overflow error.
Z - Divide by zero error.
D - Denomalized operand error.
| - Invalid operation.
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4.4 Exception Handling

The CX-83587 performs extensive data checking during the data input and type
converslon process and during the process of performing calculations. The detection of
an inconsistency or an error is considered an exception condition and is reported in the
CX-83587 status word, Optionally, exceptions can Initiate an exception trap sequence in
the host processor.

There are seven types of exceptions that the CX-83587 can detect and report: Precision
Exception, Underflow Exception, Overflow Excepfion, Divide By Zero Exception, Denormai
Operand Exception, Invalid Operation Exception, and Register Error.  These seven
exceptions map into six separately enabled exception traps (invalid operation and
register emors are reported on the same trap), Exception traps are unmasked (enabled)
by writing a 0" Into the appropriate bit of the CX-83587 Mode Control Register.

When the CX-83887 arithmetic unit detects an exception, it sets the corresponding
exception status bit in the CX-83587 Status Word in ali cases except Underflow when
Underflow Is masked. In this case, the Underflow bit is only set if Precision Exception Is also
set. The CX-83887 Interface Unit compares the unmasked exceptions in the CX-83587
Control Word against the exception status bits maintained in the Status Word. When an
unmasked exception Is detected, a trap sequence Is initiated by the Interface Unit by
asserting the CX-83587 ERROR# 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-83587 generates the IEEE-754-1985
specified result, stores the result in the destination location, and proceeds with program
execution. If exceptions are unmasked and an exception is Precision, Underflow, or
Overflow, the IEEE-754-1985 specified result is stored in the destination and an Error trap
sequence Is Initiated. If exceptions are unmasked and the exception is Zero Divide,
Denormal, or Invalid, the offending instruction Is aborted, no result is written, and the Error
trap sequence is begun.

4.5 Precision Exception

This exceptlion Is caused by the production of a result which is not exactly representable
In the destination location of the Instruction. For instance, the number 1/10 is not exactly
representable as a binary floating point number. Similarly, all transcendental and
elementary functions return approximations to the infinitely precise, Irational value. Both
situations will cause the Precision Exception to be set.

4.6 Underflow Exception

This exception Is caused by the production of a result which is tiny in magnitude and
requires either a denomal or zero result to represent the value. The significance of the
Underflow Exception depends on the state of the Underflow Mask bit. When Underfiow is
masked the exception status Is set only when the result Is both denormal/zero and
precision has been lost .

When Underflow Is unmasked, the Underflow Exception occurs whenever the result would
be denormal/zero. In this case, if the destination is a stack register, the true result Is
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multiplied by 22457, rounded, and stored In the destination register. This behavior occurs
for all underflow cases except the extreme underflow produced by the FSCALE
instruction. FSCALE extreme underflow will produce +/- 0 just as if Underflow was
masked. if the destination Is memory, the instruction is aborted and no result s written,

4.7 Overflow Exceplion

This exception Is caused by the production of a resuit which is larger In magnitude than
the destination format can accommodate. When Overflow is masked the exception
status Is set and the result Is rounded In accordance with the RC mode bits.

When Overflow is unmasked, the Overflow Exception causes the results o be scaled to fit
In the destination format. In this case, If the destination Is a stack register, the frue result is
divided by 22457, rounded, and stored In the destination register. This behavior occurs
for all overflow cases except the extreme overflow produced by the FSCALE Instruction.
FSCALE extreme overflow wlill produce +/- » just as if Overflow was masked. If the
destination Is memory, the instruction is aborted and no resuit Is written.

4.8 Denomal Exception

This exception Is caused by the use of a denormal operand as input to an instruction.
When Denormal is masked the Instruction proceeds to completion using the denormait
operand.

When Denomal Is unmasked the exception status Is set and an exception trap sequence
is initlated without writing any result to the destination of the instruction.

49 Divide By Zero Exception

This exception is caused by an aftempt to divide a finite non-zero operand by zero. In
addition to the divide Instruction, the FXTRACT and FYL2X Instructions may generate this
exception. The masked response to this exception Is to return « with its sign set to the
exclusive-or of the operdnds’ signs. For FXTRACT, ST(1) Is set to -« and TCS Is set to zero
with its 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 Initiated without writing any result to the destination of the instruction.

4.10 Stack Error Exception
Register errors (cf. sec 2.4.2) produce the stack error exception. When masked, the
QNaN Indefinite overwrites the destination, When unmasked, an exception trap
sequence is initiated and the destination is left undisturbed. This exception is indicated
by simuitaneously setting the Invalid and Stack Fault bits in the Status Word.

When a Stack Error Is signaled, the C1 status bit indicates whether the eror was
Destination Register Full (C1="1") or Source Register Empty (C1="0").

4.11 Invalid Operation Exception

The IEEE-754-1985 Standard provides for the detection and reporting of attempts to
perform arithmetic on operands that cannot provide meaningful resuits. Such attempts

18
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are called Invalld Operations. When Invalid Exception is unmasked, the occurrence of
such an event causes the instruction to be aborted, a trap sequence to be initiated, and
the destination to be left undisturbed. When Invalid is masked, the appropriate IEEE
specifled response Is generated and written into the destination.

The following table defines invalid operations and their default (masked) results:

Operand(s) Invalid Operation Default Result
Unsupported Any Arthmetic QNaN Indefinite.
*NaN or (NaN Valid) Any Arithmetic Quiletized Nan.
QNaN & SNaN Any Arithmetic The QNaN.,
SNaN & SNaN Any Arithmetic Larger SNaN Quietized.
"QNaN & @NaN Any Arithmetic Larger QNaN,
NaN FCOM(P)(P) & FTST CC= Unordered.
(+90,700) OF (-00,+00) Addition QNaN Indefinite.
(+00,+09) OF (-00,700) Subtraction QNaN Indefinite.
0,00 Muttiplication QNaN Indefinite.
(ea,29) OF (0,0) Division QNaN Indefinite.
Zero Divisor Partial Remainder QNaN Indefinite.
o Dividend Partial Remainder QNaN Indefinite.

oo Forward Trigonometric QNaN Indefinite.
Negative Number Square Root, Log, QNaN Indefinite.
Empty Reg, NaN, « Integer & BCD Store Integer/BCD Indefinite.

Exceeds Integer Range Integer & BCD Store Integer/BCD Indefinite.
Empty Register Exchange Registers Set Empty to @NaN
) Indefinite & exchange.

*Note: Generally the use of a QNaN as an operand in these contexts does not
generate the Invalid Exception. All other Invalld Operations In the table
produce the Invalld Exception. ’

Certaln other combinations of valid numbers, zeroes, and infinities may give rise to the
Invalid Exception for FSCALE, FYL2X, & FYL2XP1. Please consult section 4.12, Detailed
Instruction Descriptions, for detalls,

4.12 Detailed Instruction Descriptions

The detailed instruction descriptions provide a complete reference on the use of each
CX-83587 Instruction. The Instruction mnemonie, its syntactical variants, allowed
operands, encoding, operation, effect on status, possible exceptions, and special
operands/results are presented for each instruction type.

Please note that integer variants which cause insertion of the letter *I* and BCD variants
which cause Insertion of the letter *B* into thelr mnemonics are included In the listings
under thelr basic type, i.e. FIADD is described under FADD. With this single exception, all
the CX-83587 instructions are catalogued alphabetically by mnemonic 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 fomat:

Syntax:

Forms:

Operands:

Operation:

Status:

Exceptions:

Zero/Inf:

Notes:

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

A complete list of the permitted cperand source & destination
combinations for fthe instruction.

A detalled table showing all permitted operand types, the
instruction encoding 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-83887 condition codes
of each instruction.

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

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

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

The following symbols and abbreviations are used throughout the detailed instruction

desciriptions:

Syntax:

Forms:

Square brackets (") indicate an optional argument. Nesting is
permitted.

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

DST-  Destination operand.

SRC  Source operand.

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

<TOS> refers to the Top of Stack register, denoted by "ST(Q)" to the
Intel assembler. :

<Reg> refers to an explicitly specified CX-83587 data register
denocted by "ST(D" where O<l<7.

<Memory> refers to a legal 386SX memory operand address, e.d.
"DWORD PTR 0100°.

T-4§-12Tt)‘é o
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Operands: Source Operand specifications are given for each form of the
instruction. The key to the specifications Is:

16-bit Integer Memory location *"WORD PTR"
32-bit Integer Memory location "DWORD PTR”
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"

18 dig BCD Int. Memory location *TBYTE PTR"
80-bit Register Explicit register *ST()"

Top of Stack Register "ST(0)"

Encoding fields may have the following values:

SXX
MD
R/M

p
REG
S8
DISP

Hexadecimal value of 1st byte.

2-blt 3865X "MOD" fleld.(of MOD R/M.)
3-bit 3865X "Reg/Mem" fleld.(MOD R/M.)
1-bit specifying "pop’=1/no "pop*=0.
3-bits specifying CX-83587 data register.
386SX Stack Index Base field.

386SX Displacement field.

Cycle counts are given in 386SX clock cycles and assume no wait

states and no DMA overhead in the host system,

Status: Status bits are Indicated as:

U
1
0
M

Undefined after instruction execution.
Set to "1 as a result of instruction.
Set to "0" as a result of instruction.
Set to the value loaded from memory.

Exceptions:  Exceptions are listed by type and specify the result stored in the

destination based on the trap mode: masked or unmasked.

Exceptions which are not possible for a given Instruction are shown

as "N/A". Exception status Bits are indicated as:

- Unaffected by instruction execution.
1 Set to *1" given specified exception.
0 |Set to "0" unconditionally.
M | Set to the value loaded from memory.
Zerofinf: Spectal symbols used have the following definitions:
*->* |"Converted to'.
sgnQ { Arithmetic sign of argument Q.
X A positive, finite, nonzero integer.
Y* A positive, finite, nonzero integer.
NaN  [Not a Number.
R) |Zero as produced by current RC mode.
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F2XM1 Function Evaluation: 2X-1. F2XM1

Syntax: F2XM1

Forms: F2XM1

Operands: Inst Source Operand Encoding Cycles
[F2XM1~ [Top of Stack [ $D9] 11110000 | [4-66 |

Operation:  The Top of Stack contains the source operand (). The function y=2%-11s
evaluated and the result Is normalized and rounded according to the RC
mode in effect. The result (y) replaces () in the Top of Stack. The source
operand (x) must be In the range -1 £x < 1. To obtain the value 2X
{antilog2(x). add 1 to the resutt,

Arguments 1x|2 1.0 produce undefined results without signaling any

exceptions.
Status: Result of Instruction C3 C2 cil co
Normal Execution: U U 0 U
|Register Error:  Source Reg Empty U U 0 U
Exceptions: Type Mode Result S PUOZD I
Precision Masked Rounded sy -t-F-1-1-
Unmasked Rounded -1t -1-1-1-1-
Underflow Masked Denorm/Zero N A RN EN EN BN
Unmasked { Round&Scale |- |- |1 ]|-1-1]-1-
Overflow N/A N/A
Div by Zero N/A N/A
Denormal Masked OperandUsed |- 1-1-1-1-11]|-
Unmasked | Trap/Unaltered {-F-J-1-§-1]1]-
Invalid Op Masked QNaN -1-1-1-1-1-1
Unmasked | Trap/Unaltered | - |- ]-1-1-1-}]1
Reg Error Masked QNaN Tl-1-1-1-1-11
Unmasked Trap/Abort 1{-1-1-1-1-I
Zero/Infinity: X Result
+0 +0
0 |} 0
-00 -1
+o0 +oco
Notes: 1. After a Precision Exception the "C1" status bit indicates whether

rounding was away from zero.
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FABS Floating Absolute Value FABS

Syntax: FABS

Forms: FABS

Operands: Inst Source Operand Encoding Cycles .
[FABS ] Top of Stack [sD?] 11100001 | | 4 ]

Operation:  The Top of Stack Is always the source operand. The sign of the Top of
Stack Is set to zero (positive).

Status: Result of Instruction C3 C2 Ci C0
Normal Execution: U U 0 U
Register Error: Source Reg Empty U u 0 U
Exceptions: Type Mode Result S PUO2Z D |
Reg Error Masked QNaN 1T1-1-1-1-1-11
Unmasked Trap/Abort 11-1-1-1-1-11

Zero/Infinity: OP1 Result

+0 +0

-0 +0

-0 +o0

+o0 +co

Notes: None.
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FADD Floating Point Add FADD
Syntax: FADD(P) ((<DST>,)<SRC>)
Forms: FADD <T0S>,<Memory>
FADD <10S>,<Register>
FADD(P) <Register>,<TOS>
Oberonds: Inst Source Operand Encoding 4 Cycles
FIADD | 16-bit integer $DE | MD 000 R/M {SIB.DISP 13
FIADD | 32-bit Integer $DA|MD 000 R/M | SIB.DISP 15
FADD | 32-bit Real $D8 |MD 000 R/M | SIB.DISP 15
FADD | é4-bit Real $DC{MD 000 R/M | SIB,DISP 19
FADD | 80-bit Register $D8] 11 000 REG 6
FADD |Top of Stack $DCJ 11 000 REG 6
FADDP | Top of Stack $DE | 11 000 REG 6

Operation:  The source and destination operands are fetched. The source is
converted to extended precision format if necessary. The operands are
added and the result is normalized and rounded according to the RC
mode In effect at the precision specified by the PC mode bits. The result is
stored In the destination register, When the *pop" form Is used, the top of
stack Is popped.

Status: Result of Instruction c3 C2 c1! Co
Normal Executlon: U U 0 U
Register Error: Source Reg Empty U U 0
Exceptions: Type Mode Result S PUOZ DI
Precision Masked Rounded 11-1-t-1-1-
Unmasked Rounded =1 -y-1-1-1-
Underflow Masked Denom/Zero |- |111{-1-1-1]-
Unmasked | Round&Scale {-1-11]-1-1-1|-
Overflow Masked R(eo) -y -1vb-1-1-
Unmasked | Round &Scale |- J-1-111-1-1|-
Div by Zero N/A N/A
Denormal Masked DenormUsed f-1-}1-1-1-111-
Unmasked Trap/Abort = 1-1-1-1-111-
Invalid Op Masked QNaN -1-1-1-1-1-1
Unmasked Unaltered -1-1-1-1-1-11
Register Error Masked QNaN TE-1-1-7-1-11
Unmasked Unaltered 1]1-4-1-1-41-11
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FADD Floating Point Add FADD
Zero/Infinity: OP1 OP2 Result OP1 OP2 Result

+0 +0 +0 +oo 400 400

-0 -0 0 -c0 00 -c0

+0 -0 RO) +00 00 Inv Op

-0 +0 RO o0 +o0 InvOp

-X +X RO +o0 X 400

+X -X RO -00 X 00
Notes: 1. After a Precision Exception the *C1* status bit indicates whether

rounding was away from zero.
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Floating Change Sign FCHS
FCHS
FCHS
Inst Source Operand Encoding Cycles
[FCHS | Top of Stack [$D9] 11100000 | [ 4 ]

The Top of Stack is always the source operand. The sign of the Top
of Stack s complemented.

Result of Instruction C3 C2 Cl Co
Normal Execution: U u 0 U
Register Error; Source Reg Empty U U 0 U
Type Mode Result S PUO Z D I
Reg Error Masked QNaN 11-1-1-1-1-1
Unmasked Trap/Abort 1{-1-1-1-1-11

OP1 Result OP1  Result

+0 -0 +oo ~o0

-0 +0 -0 +o0

None,
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FCLEX Clear Exceptions FCLEX

Syntax: FCLEX

Forms: FCLEX

Operands: Inst Source Operand Encoding Cycles
[FCLEX [None [SDB] 11100010 | | 4 ]

Operation: Al CX-83587 exception flags are reset to zero. The busy flag is reset to
zero. ERROR# goes Inactive.

Stafus: Result of Instruction C3 C2 Ci Co
tUnconditional: |l U T U T U T u ]

Exceptions: Type Mode Result S PUO 2 D |
[ None | NA T AiCleared [oJoJoJoJ0J0]0]

Zero/Infinty:  None.

Notes: None.
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FCOM Floating Point Compare FCOM

Syntax: FCOM(P) ((<DST>,)<SRC>)

Forms: FCOM(P) <TOS><Memory>

FCOM(P)(P) <TOS>,<Reg>

Operands: Inst Source Operand Encodin Cycles
FICOM(P) | 16-bit Integer S$DE { MDO1p R/M | SIB,DISP 11
FICOM(P) | 32-bit Integer $DA| MDO1p R/M | SIB.DISP 13
FCOM(P) § 32-bit Real $D8 | MDO1p R/M | SIB.DISP 13
FCOM.D | 64-bit Real $DC| MD O1p R/M | SIB.DISP 17
FCOM(P) | 80-bit Reg $D8| 11 0IpREG 4
FCOMPP | 80-bit Reg S$DE| 11011001 4

Operation:  The source operand is fetched and converted to extended precision
format if necessary. The source operand Is subtracted from the
destination (Top of Stack) and the condition codes are set according to
the result. When the *P" form Is used, the Top of Stack is popped. The "PP”
form causes two "pop” operations to take place.

The result "unordered” is produced when the operands are NaNs,
unsupported or when Stack Fault occurs. These operands also cause the
Invalid Exception.

Status: Result of Instruction C3 C2 Cl C0
Normal Execution: DST > SRC 0 0 0 0
DST < SRC 0 0 0 1
DST=SRC 1 0 0 0
Unordered 1 ] 0 1
Reglster Eror:  Source Reg Empty 1 1 0 1
Exceptions: Type Mode Result S PU O Z D I
Precislon N/A N/A
Underflow N/A N/A
Qverflow N/A N/A
Div by Zero N/A N/A
Denormal Masked QNaN ~f-1-1-1-

Unmasked Trap/Abort
Invalid Op Masked *Unordered®
Unmasked Trap/Abort?
Register Error Masked “Unordered”
Unmasked Trap/Abori?

'
1
1
[
[]
|

—
'
[
[
'
[
—t it |t | 1
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FCOM Floating Point Compare FCOM

Zero/Infinity: DST - SRC Result DST- SRC  Resuit

+0 +0 = +o0 +oc0 =

-o -0 = -0 -0 =

+0 -0 = +00 -00 DST>SRC
-0 +0 = -00 400 DST<SRC
+0 +X DST<SRC | +eo X DST>SRC
0 +X DST<SRC | -0 X DST<SRC
+0 -X DST>SRC X -c0 DST>SRC
0 -X DST>SRC X 400 DST<SRC
NaN X Unordered] X NaN | Unordere

Notes: 1. QNAN operands produce the invalid exception for this instruction.

2. CC bits are set to unordered and any *pop” operations are inhibited.
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Function Evaluation: Cos(X). FCOS
FCOS
FCOS
Inst Source Operand Encoding Cycles
[FCOS_ [Top of Stack [soo[ i | [ 597 ]

The Top of Stack contains the source operand (). The instruction requires
) In radlans and returns (y) such that y= cos(x). The result ¢y) is
nomnalzed and rounded according to the RC mode in effect. The value
(y) replaces the contfents of the Top of Stack. The source operand (X

must be in the range 1x| <263,

Result of Instruction C3 c2 c1! Co
Incomplete Reduction of (x): U 1 0 U
Normal completion: U 0 0 U
Reglster Error: Source Reg Empty U U 0 U

Type Mode Resutt S PU O 2Z D |
Precision Masked Rounded -{rt-F-1-1-1-
Unmasked Rounded ~drl-1-1-1-1-
Underflow N/A N/A
Overflow N/A N/A
Div by Zero N/A N/A
Denormal Masked OperandUsed {-|-1-|-|-|11]-
Unmasked | Trap/Unaitered |- - |-1-|-11]-
Invalid Op Masked QNaN -1-1-1-1-1-1
Unmasked | Trap/Unattered § - |- 1-1-1-1-11
Register Error Masked QNaN 11-1-1-1-1-1N
Unmasked Unaitered 11-1-1-1-1-11
X Resut
+0 +1
-0 +1
+oo Invalid Op.
-00 Invalid Op.

1. After a Precision Exception the "C1" status bit indicates whether
rounding was away from zero.
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FDECSTP Decrement CX-83887 Stack Pointer FDECSTP

Syntax: FDECSTP

Forms: FDECSTP

Operands: Inst Source Operand Encoding Cycles
|FDECSTP] None |$Do] 11110110 | | 5 1]

Operation:  The CX-83587 data register stack pointer Is decremented modulo 8. The
result of decrementing SP=0 Is SP=7.

Status: Result of Instruction C3 C2 Ci Cco
[Unconditionat: |l v 1T u T o T uvu
Exceptions: Type Mode Resuft S PUOZD |
L _None [ NA ] N/A [-f-1-T-T-1-1-1

Zero/Infinity:  None,

Notes: This Instruction has no effect on any data register's contents or the Tag
Word.
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FDIV Floating Point Divide FDIV
Syntax: EDIVR)(P)  ((<DST>,)<SRC>)
Forms: FDIV(R) <T0S>,<Memory>

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

Operands: Inst Source Operand Encoding Cycles
FIDIV(R) | 16-bit integer SDE| MD 11rR/M| SIB,DISP | 20-31*
FIDIV(R) | 32-bit Integer SDA| MD 1IrR/M | SIBDISP | 22-33°
FDIVRR) | 32-bit Real $D8{ MD 11rR/M| SIBDISP | 22-33*
FDIV(R) | 64-bit Real $DC| MD 11rR/M| SIB.DISP | 25-36°
FDIV(R) | 80-bit Reg $D8| 11 1IrREG 13-24*
FOIv Top of Stack $DC} 11 111 REG 14-25
FDIVR Top of Stack $DC] 11 110REG 13-24
FDIVP Top of Stack $DE{ 11 111 REG 14-25
FDIVRP | Top of Stack $DE| 11 110REG 13-24
*Add one clock cycle to these instruction execution times for reversed
operands.

Operation:  The source operand is fetched and converted to extended precision
tormat if necessary. The destination Is divided by the source and the
quotient Is normalized and rounded according to the RC mode in effect
at the precision specified by the PC mode bits. The quotient replaces the
original contents of the destination register. When the "pop” form is used,
the top of stack is popped.

The “reverse" form causes the source to be divided by the destination. The
quotient Is placed in the destination.

Status: Result of Instruction C3 C2 C1! Cco
Normal Execution: U U 0 U
Reglister Eror: _ Source Reg Empty U ] 0 U
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Floating Point Divide FDIV
Type Mode Resutt S PUO2Z D i
Precision Masked Rounded ~1tvr-i-1-1-1-
Unmasked Rounded =11 y-1-1-1-1-
Underflow Masked Denomn/Zero -1 i1 y-1-1-1-
Unmasked | Round&Scale |- |-f11-1-1]-1-
Overflow Masked R(e0) -1-1-11 -1-
Unmasked | Round &Scale |- {-|-|1]-1]-]-
Div by Zero Masked oo (Note 2) =1-t-1-111-1-
Unmasked | Trap/Unaitered |- |- |--11¢1-1|-
Denormal Masked OperondUsed |- f-1-1-1-111]-
Unmasked | Trap/Unattered |- |- }-]-1-]1]-
Invalid Op Masked QNaN -1-1-1-1-1-11
Unmasked | Trap/Unaltered |- f-1-]-1-1-]1
Register Error Masked QNaN T1-1-1-4-1-11
Unmasked Unaltered 13- 1-1-1-1-1]11
OP1 + OP2 Result OP1+ OP2 Result
+/0 | +/-0 | Invalid | +/<o | +/~ | Invalid

+0 +X +0 +o0 +X +oo

-0 -X +0 +o0 -X -00

+0 -X 0 -o0 +X -00

-0 +X 0 -c0 -X 400

+X +Y +03 400 +0 400

-X -Y +03 +o0 -0 -00

+X | -y -03 o | 40 -0

-X +Y 08 -00 -0 +o0

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

2. Divislon by zero produces an infinity result with a sign equal to the

exclusive-or of the signs of the operands when Divide By Zero Exception is

masked.

3. Applies to division of X by Y producing extreme denomalization or

underflow when Underflow Exception Is masked..
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FFREE Frée Floating Point Register FFREE

Syntox: - FFREE {<DST>)

Forms: FFREE  <Register>

Operands: Inst Source Operand Encoding Cycles
[FFREE | 80-bff Register | SDD] 11 000 REG | I

Operation:  The destination register tag Is changed to empty. The contents of the
register are unaffected.

Status: Result of Insiruction C3 C2 Ci C0
[Unconditional: [0 T u T o T u |

Exceptions: Type Mode Result § PUOZD I
None | NA | N/A --1-1-1-1-1-1

Zero/Infinity:  None.

Notes: None.
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FINCSTP

FINCSTP Increment CX-83587 Stack Pointer

Syntax: FINCSTP |

Forms: FINCSTP

Opercnds.: Inst Source Operand Encoding Cycles
[FINCSTP] None [soo] oy T [ 5 ]

Operation:  The CX-83387 data register stack pointer is incremented modulo 8, The

result of iInctementing SP=7 Is SP=0,

Status: Result of Instruction C3 C2 C1 CO0
{Unconditional: Ll U T uTT o T u ]

Exceptions: Type Mode Result S PUOZ D I
L__None [ NA ] N/A L-1-T-T-1T-T-1-1

Zero/Infinity:  None.

Notes: This lnsirucﬂqn has no effect on any data register's contents or the Tag

Word.
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FINIT CX-83587 Initialize - FINIT
Syntax; FINIT
Forms: FINIT
Operands: Inst Source Operand Encoding Cycles
[FINT [ None [SDB] 11100011 | [ 5 ]

Operation:  The CX-833887 is set to its reset condition. The CX-83587 Mode Control
Register Is set to $037F 4. the CX-83587 Status Register Is reset to S0000,
and all data registers are marked empty (Tag word=$FFFP).

This action sets Rounding control to “round o nearest or even® (RC=00),
Precision control to 64-bit extended precision (PC=11), and the Top of
Stack register number to zero (§55=000). All exceptlions are cleared (=0), all
condition codes are cleared (Co-C3=0), and all excepfions are masked
=N,

This Instruction differs from a hardware reset by setting MCR bit 0 (Invalid
Exception Mask) to 1 and Status Register bits 7 & O (Error and Invalid

Exception) t0 0.
Status: Result of Instruction C3 C2 C1 CO
{Unconditional: - I o ] o JT o ] o ]
Exceptlons: Type Mode Result S PUOZ D I
| None | N/A ] N/A JoJoJolojoJoJo]

Zero/Infinity:  None.

Notes: None.
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Cyrixm

FLD Load CX-83587 Register FLD

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

Forms: FLD <TOS>,<Memory>

FLD <TOS>,<Register>

Operands: Inst  Source Operand Encoding Cycles
FILD 16-bit Integer $OF |MD 000 R/M | SiB,DISP 7
FILD 32-bit Integer $DB {MD 000 R/M |SIB,DISP 9
FILD 64-bif integer $DF | MD 101 R/M | SIB.DISP 13
FBLD 18 dig BCD Int, $DF {MD 100 R/M |SIB.DISP 36
FLD 32-bit Real $D9 |MD 000 R/M |SIB.DISP 12
FLD 64-bit Real $DD|MD 000 R/M | SIB.DISP 16
FLD 80-bit Real $DB [MD 101 R/M | SIB.DISP 15
FLD Top of Stack $D9] 11 000 REG 4

Operation:  The source operand Is fetched and converted to extended precision
format if necessary. The operand Is stored in the destination register. If
TOS Is the destination, the SSS field of the Control Reglster Is pre-

decremented modulo 8.
Status: Result of Instruction C3 C2 C1 C0
Normal Execution: 1] 1] 0 1]
Register Emor: Dest. Reg Full U u 1 U
Source Reg Empty U U 0 U
Exceptlons: Type Mode Resuft S PUOZ D |
Precision N/A N/A
Underflow N/A N/A
Overflow N/A N/A
Div by Zero N/A N/A
Denormall Masked DenomUsed |-1-}-1-1]-11]-
Unmasked Trap/Abort =l-f-1-1-111-
Invalid Op! Masked QNaN =1-1-1-1-1-1
Unmasked Unaltered ~l-1-1-1-1-1]1
Reglster Error Masked QNaN Tr-1-t-1-1-1
Unmasked Unaltered T1-1-1-1- 1
Zero/infinity: OP1 Result OP1  Result
+0 +0 +o0 +00
-0 -0 -00 -00
Notes: 1. Denomal and Invalid exceptions cannot occur as a result of FLD 80-bit

real or FLD <reg> Instructions..

37




CYRIX CORP

Cyrﬁxm

FLD1

Syntax;
Forms:

Operands:

Operation:

Status:

Exceptions:
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Load Floating Constant= 1.0 FLD1
FLD1
FLD1
Inst Source Operand Encoding Cycles
[FID1 [ 800t Infemal [ SD9] 11101000 | [ 4

The 80-bit extended precision constant one (1.0) Is pushed onto the Stack.

Result of instruction C3 C2 C1 C0

Normal Executlion: U U 0 U

|Register Emor:  Dest. Reg Full U U 1 U

Type Mode Result s PUOZ DI
Precision N/A N/A
Underflow N/A N/A
Overflow 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 QNaN 11-4-1-1-1-11

Unmasked Trap/Abort 1T1-1-F-1-1-11

Zero/Infinity:  None.

Notes:

None.
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Syntox:
Formes:

Operands:

Operatlon:

Status:

Notes:

FLDCW

Exceptions:
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Load CX-83587 Mode Control Register FLDCW
FLDCW <SRC>
FLDCW <Memory>
Inst Source Operand Encoding Cycles
[FLDCW ] 2 Bytes JspoMDIOTR/M [SIBDISP T 4 ]
The CX-83587 Mode Control Register Is loaded with the cron'ren’rs of the

specifled 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.

Resuit of Instruction C3 C2 Ci CO
[Unconditional: ] v JT u 17U T v ]
Type Mode Result S PU O Z D |
| None [ NA ] N/A P-1-1-1-1-1T-1-1

Zero/Infinity:  None.

None.
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Operands:

Operation:
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Load CX-83S87 Environment ' FLDENV
FLDENV <SRC>
- FLDENV <Memory>
Inst Source Operand Encoding Cycles
[FLDENV | 14 or 28 Bytes [SDO]MD 100R/M [SIBDISP__ | 22 |
The CX-83387 *Environment” is loaded from the memory location specified.

The *Environment* consists of the Mode Control Word, the Status Register.,
and the Tag Word which are loaded into the CX-83587. The "Environment”
also Includes the CX-83587 Instruction Pointer and the CX-83887 Data
Polnter which are loaded into 80386 CPU registers during execution of this
Instruction.

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

Loading an *Environment" that contalns a Status Register field with an
exceptlon Indicated and an MCR with that exception enabled causes an
ERROR# trap sequence when the next WAIT or exception checking CX-
83587 Instruction Is executed.

The ERROR# signal is unconditionally de-asserted while the "Environment”
data is loaded. If the newly loaded "Environment” calls for an exception
trap, ERROR# will be asserted upon completion of the "Environment* data
transfer. A subsequent WAIT or exception checking instruction will
execute a trap sequence.

32-bit Profected Mode: 31 15 0
Reserved Mode Control Word
Reserved Status Word
Reserved Tag Word
Instruction Pointer Offset
00000]  Opcode(10:0) | Code Segment Selector
Data Operand Offset
Reserved | Operand Seg Selector
32-bit Real Mode: 31 15 0
Reserved Mode Control Word
Reserved Status Word
Reserved Tag Word
Reserved Instruction Ptr(15:0)
0000 | Instruction Pir(31:16) [ O]  Opcode(10:0)
Reserved | Operand Pt(15:0)
0000 | Operand Ptr(31:16) [ 0006 T 0000 | 0000
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FLDENV Load CX-83587 Environment FLDENV

16-bit Protected Mode: 15 0
Mode Control Word
Status Word
Tag Word
Instruction Pir Offset
Code Segment Selector
Data Operand Offset
Operand Seg Selector

16-bit Real Mode: 15 0
Mode Control Word
Status Word
Tag Word
Instruction Ptr(15:0)
IP(19:16) ] O]  Opcode(10:0)
Operand Ptr(15:0)
DP(19:16)] 0000 | 0000] 0000

Status: Result of Instruction C3 C2 Cl CO
[Loaded from Memory: I M T M T M T ™M ]

Exceptions: Type Mode Result S PUOZ D |
[ loaded | NA ] N/A IMIMIMIMM[M][M]

Zero/Infinity;  None.

Notes: None,
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FLDL2E Load Floating Constant= Loga(e) FLDL2E

Syntax: FLDL2E

foms  FLDL2E

Operands: Inst Source Operand Encoding Cycles
[FLDL2E [ 80-bit Const. [$D9] 11101010 | [ 7 1]

Operation:  The 80-bit extended precision constant approximating Logo(e) is pushed
onto the Stack. The constant is rounded according to the RC mode in

effect,
Status: Result of Instruction C3 C2 l CO
Normal Executlon: U U 0 U
Register Error: Dest, Reg Full U U 1 U
Exceptions: Type Mode Result S PU 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
Denormal N/A N/A
Invalid Op N/A N/A
Register Error: Masked QNaN 11-1-1-1-1-1
Unmasked Trap/Abort Ti-1-1-1-1-11

Zero/Infinity:  None.

Notes: None.

42




CYRIX CORP

Cyrﬁxm

FLDL2T

Syntax:
Forms:

Operands:

Operation:

Status:

Exceptlons:
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Load Floating Constant= Log2(10) FLDL2T
FLDL2T
FLDL2T
Inst Source Operand Encoding Cycles
[FLDL2T [ 80-bit Const. [sDo] 11101001 | 8

The 80-bit extended precision constant approximating Log2¢10) is pushed
onto the Stack. The constant Is rounded according to the RC mode In

effect.
Result of Instruction C3 C2 Cl C0
Normal Execution: U U 0 U
Register Error: Dest. Reg Full U U 1 U
Type Mode Result S PU O 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
Denormal N/A N/A
Invalid Op N/A N/A
Register Error: Masked QNaN 11- -1-1-11
Unmasked Trap/Abort 1] - =1-1- I

Zero/Infinity:  None.

Notes:

None.
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Syntax:
Forms:

Operands:

Operatlon:

Status:

Exceptions:

Zero/Infinity:

Notes:
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Load Floating Constant=Log10(2) FLDLG2
FLDLG2
FLDLG2
Inst Source Opserand Encoding Cycles
[FLOLG?2 | 80-bit Const. [$D9] 11101100 | 8
The 80-bit extended precision constant approximating Log10(2) Is pushed

onto the Stack. The constant Is rounded according to the RC mode in

effect. .
Result of Instruction C3 C2 Cl C0
Normal Execution: U U 0 U
Reglster Error: Dest. Reg Full U U 1 9]
Type Mode Result S PU 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
Denormal N/A N/A
Invalid Op N/A N/A
Register Error: Masked QNaN T1-1-1-t-1-11
Unmasked Trap/Abort 11-1-1-1-1-11
None.
None,
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FLDLN2 Load Floating Constant= Ln(2) FLDLN2

Syntax: FLDLN2 '

Forms: FLDLN2

Operands: Inst Source Operand Encoding Cycles
[FLDLNZ [ 80-bit Const. [SO9] 11101101 | [ 6 ]

Operation:  The 80-bit extended precision constant approximating Ln(2) is pushed
onto the Stack, The constant Is rounded according to the RC mode in

effect.
Status: Result of Instruction C3 C2 Cl C0
Normal Execution: U U 0 U
Register Emror: Dest. Reg Full U U 1 U
Exceptions: Type Mode Result S PU O Z D |
Preclsion N/A N/A
Underflow N/A N/A
Overflow 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 ~ QNaN 11-1-1-1t-1-1
Unmasked Trap/Abort 1T1-1-1-1-1-11

Zero/Infinity:  None.

Notes: None.
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FLDPI Load Flootiﬁg Constant= . FLDPI

Syntax: FLDPI

Forms: FLDPI

Operands: Inst Source Operand Encoding Cycles
[FLDPI | 80-bit Const. [sDef 11101011 | 76 ]

Operation:  The 80-bit extended preclsion constant approximating = (Pi Is pushed
onto the Stack. The constant Is rounded according to the RC mode in

effect.
Status: Result of Instruction C3 Cc2 Cl CO
Normal Execution: U U 0 U
(Register Emor: Dest. Reg Full U U 1 U
Exceptlions: Type Mode Result S PU O Z D |
Preclsion N/A N/A
Underflow N/A N/A
OQverflow N/A N/A
Div by Zero N/A N/A
Denormal N/A N/A
Invalld Op N/A N/A
Register Error: Masked QNaN T -1-1-1-1-11
Unmasked Trap/Abort Tl1-1-1-1-1-11

Zoro/Infinity:  None.

Notes: None,
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FLDZ " Load Floating Constant= 0.0. FLDZ

Syntax: FLDZ

Forms: FLDZ

Operands: Inst Source Operand Encoding Cycles
[FLDZ | 80-bit Const. [$D9] 11101110 | 4 ]

Operation:  The 80-bit extended precision constant zero (0.0) is pushed onto the Stack.

Status: Result of Instruction C3 C2 Cl CO
Normal Execution: U U 0 U
|Register Emor: ~ Dest. Reg Full U U 1 Y
Exceptions: Type Mode Result S P U O Z D |
Precision N/A N/A
Underflow N/A N/A
Overflow N/A N/A
Div by Zero N/A N/A
Denormal N/A N/A
Invalid Op N/A N/A
Register Error: Masked QNaN Ti-1-1-1-1-11
Unmasked Trap/Abort Ti-1-1-1-1-11

Zero/infinity:  None.

Notes: None.
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Operation:

Status:

Exceptions:
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Floating Point Multiply FMUL

FMUL(P) ((<DST>,)<SRC>)

FMUL <T10S>,<Memory>

FMUL <T0S>,<Register>

FMUL(P) <Register>,<TOS>

Inst Source Operand Encoding Cycles

FIMUL | 16-bit Integer SDE | MD 001 R/M] SIB.DISP 16
FIMUL | 32-blt Integer SDA] MD 001 R/M| SIB.DISP 18
FMUL | 32-bit Real $D8 | MD 001 R/M|SIB,DISP 18
FMUL | 64-bit Real $DC{ MD 001 R/M] SIB.DISP 22
FMUL | 80-bit Register $D8| 11001 REG 10
FMUL | Top of Stack $DC| 11001 REG 10
FMULP | Top of Stack $DE| 11001 REG 10

The source and destination operands are fetched. The source is
converted to extended precision format If necessary. The operands are
mutiplied and the result is normalized and rounded according to the RC

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

stored in the destination register. When the "pop® form is used. the top of

stack ls popped.

Result of Instruction C3 c2 cil Co

Normal Execution: U U 0 U

{Reglster Error: Source Reg Empty U U 0 U
Type Mode Result S PUOZ D |
Preclsion Masked Rounded -l -1-1-1-4-
Unmasked Rounded -111]- -{-1-
Underflow Masked Denom/Zero |- 1Yt -1-1-1-
Unmasked | Round &Scale |- |- 11 |-1-1-1-
Overflow Masked R(e0) -1-1-111-1-1-
Unmasked | Round & Scale | - <11 t-1-1-

Div by Zero N/A N/A

Denormail Masked Denorm Used -1-t-1-111-
Unmasked Trap/Abort -1-1-1-1-111-
Invalid Op Masked QNaN -1-1-1-1-1-I
Unmasked Unaitered =1-t-1-1-1-11
Register Error: Masked QNaN 1i-1-1-1-1-10
Unmasked Unaltered 11-1-1-1-1-11

48




CYRIX CORP J6GE D WE 25894819 0000L&89 1 EECYR

chixm

'T:@Tzﬁs —
FasMath™ 83587 User Manual

FMUL Floating Point Muitiply FMUL
Zero/Infinity: QOP1 OP2 Result OP1 OP2 Result
+0 40 +0 400 400 oo
.{ +0 -0 0 +oo0 ~00 -o0
0 +0 0 =0 | oo -00
! -0 0 +0 -00 oo +oo
+X +0 +0 +00 +X +o0
: +X -0 0 400 -X ~o0
i X +0 0 -0 +X oo
: -X 0 +0 -0 -X 400
+X | +y +02 4+ | +0 | Inv.Op.
X | - 02 +o | 0| Inv.Op.
X |+ 02 < | +0 | Inv.Op.
X Y +02 -0 0 | Inv.Op.
Notes: 1. After a Precision Exception the "C1* status bit indicates whether

rounding was away from zero.

2. For cases In which X times Y produces eifreme underflow and
Underflow Exception Is masked, the result Is denormalized to zero.
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FNOP No Operation FNOP

Syntax: FNOP

Forms: FNOP

Operands: Inst’ Source Operand Encoding Cycles
[FNOP | None [$D9711 010000 | [ a

Operation:  No operation Is performed in the CX-83887.

T‘T9~12: ‘

Manual

Status: Result of Instruction C3 C2 C1 COo
{Unconditionat: | 7 u T u T v 1T uvu ]

Exceptions: Type Mode Result PUOZDII §
[ None [ NA ] N/A -1-1-1-1-1-1-

Zero/infinity;  None.

Notes: None.
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FPATAN Function Eval: Ton'](z) FPATAN

Syntax: FPATAN

Forms: FPATAN

Operands: Inst Source Operand Encoding Cycles
[FPATAN] Top of Stack [$D9] 11110011 | [90127 ]

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

@ in radians such that z= fon']g—%). The result (@ Is normalized and

rounded according to the RC mode in effect. The Top of Stack (x) Is
popped. The value (2) replaces the contents of the new Top of Stack (y).
The source operands (x) and (y) are unrestricted in range.

The result (2) falls In the range -x <z < +r according to the following table;

sgnty)  Sgneo  |Y Result
T
+ + <1 O<z« v
+ + >] E< z2< z
4 2
+ - >1 Z<2< 3n
, 2 4
+ - <] bl <7< T
4
T
- + <] 0> z> Vi
- + >1 Iz >z> X
4 2
; - - >1 L5z 3=
2 4
- - <] 93 >2> -
Status: Result of Instruction C3 C2 ci! Co
Normal completion: U U 0 U
Register Error: Source Reg Empty U U 0 U
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FPATAN Function Eval: Tcm“(%) FPATAN

Exceptions: Type Mode Result S
Precision Masked Rounded -
Unmasked Rounded -
Underflow Masked Denom/Zero | -
Unmasked | Round & Scale | -
Overtlow N/A N/A
Div by Zero N/A N/A
Denormal - Masked DPenom Used 1=y -1-t-¥14-
Unmasked Trap/Abort -1-1-1-1-11
Invalid Op Masked QNaN =1-1-1-1-1-
Unmasked Unaltered - 1-1-1-1-1-
Reglster Error; Masked QNaN 11-1-1-1-1-
Unmasked Unaltered 11-1-1-1-1-

PR PR
L]
[}
L]
L}
L}

—_— | ]

Zero/Infinity: y X Result
y=+40 [ +02x240] z=+0
y=-0 |+02x240]| z=-0
y=40 | -<x<0 Z=+n
y=-0 | -<x<-0 Z=-r

y>+0 x=0 z=+§

y>+0 X = oo z=+0
y>+0 X = -oco Z=+x
y<-0 x=0

y<-0 X = +oo
y<-0 X = -o0

N NN N
]
a bl

Y =+o0 | 00 <X < +oo

]
+

Yy = +oo X = +oo

N
h
e ota ol
sl

Y = +oo X=-00

N
n
+

y=-0 | o0o<X<+oo

N
I
ala noja

y=-oo X = +o0

N
1t

y=-oo X=-00 Z=-"F

Notes: 1. After a Preclision Exception the "C1° status bit indicates whether
rounding was away from zero, -
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Syntax;
Forms:

Operands:

Operation:

Status:

J6E D WE 2549419 0000193 3 EECYR

T749-i§—65

FasMaith™ 83587 User Manuai

Flodﬂng Point Remainder (NON-IEEE) FPREM
FPREM
FPREM
Inst _ Source Operand Encoding Cycles
[FPREM  |Top ofStack | SD9] 11111000 | [ 28 ]

The Top of Stack contains the source operand (x). The next to Top of
Stack contains the operand (y). The remainder (@) Is calculated such that

z=X - y*'q where (@) Is the quotient g= $obfolned by chopping the exact

value toward zero. The resuit (2) is replaces the contents of the Top of
Stack.

FPREM will reduce the exponent of the argument (x) by 63 or more in
each pass. The C2 status bit Indicates whether the result has been
reduced completely, i.e., whether 1z1<lyl. When completely reduced,
the quotient (9) modulo 8 may be read from the condition register.

Exceptlons:

Result of Instruction C3 C2 Cl C0
Reduction Incomplete: 0 1 0 0
Reduction Complete:(@)mod8= 0 0 0 0 0

1 0 0 1 0
2 ] 0 0 0
3 1 0 1 0
4 0 0 0 1
5 0 0 i 1
6 1 0 0 1
7 1 0 1 1
| Register Eror: Source Reg Empty U U 0 U
Type Mode Result S PU O Z D I
Preclsion N/A N/A
Underfiow Masked Denormal -t-1-1-1-1-1-
Unmasked { Round&Scale |- -1 ]-}1-1-1]-
Overflow N/A N/A
Div by Zero N/A N/A
Denormal Masked Denom Used =l-1-1-1-11]-
Unmasked Trap/Abort =1-1-1-1-11]-
Invalid Op Masked QNaN =l-1-1-1:1-I
Unmasked Unaltered =l-1-1-41-1-1
Register Error: Masked QNaN T1-1-1-1-1-11
Unmasked Unaltered 11-1-1-1-1-11
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FPREM Floating Point Remainder (NON-IEEE)
Zero/Infinity: . X y Result
x=0 y=0] InvalidOp.
x20 y=01] InvalldOp.
x=-0 y#0 | -0
x=40 |y=20] 40
X = oo - Invalid Op.
0 K< X< +oo | Y=00 X;q:O
Notes: The sign of the remainder Is the same as the sign of (). If (y) evenly

divides (x) the remainder Is zero.
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Cyrixm

FPREM1 Floating Point Remainder (IEEE) FPREM1

Syntax: FPREM1

Forms: FPREM1

Operands: Inst Source Operand Encoding Cycles
[FPREM1_ JTop of Stack [ $D9] 11 110 101 | 29 ]

Operation:  The Top of Stack contalns the source operand (). The next to Top of
Stack contains the operand (y). The remainder (2) Is calculated such that
z=X - y*q where (@ is the quotient g= éobtcined by rounding the exact

value 10 nearest/even. The resutlt (z) replaces the contents of the Top of
Stack. This instruction Is compatible with the IEEE 754-1985 specification.

FPREM1 will reduce the exponent of the argument (x) by 63 or more In
each pass. The C2 status bit Indicates whether the resutt has been

reduced completely, i.e., whether 1z1 sl%l . When completely reduced,

the quotient (q) modulo 8 may be read from the condition register.

Status: Result of Instruction C3 C2 C1 C0
Reduction Incomplete: 0 1 0 0
Reduction Complete:(@mod8= 0 0 0 0 0

1 0 0 1 0
2 1 0] 0 0
3 1 0 1 0
4 0 0] 0 1
5 0 0 1 1
6 1 0 0 1
7 ] 0 1 1
| Reglister Error: Source Reg Empty Y] U 0 U
Exceptions: Type Mode Result §$ PU O Z D |
Precision N/A N/A
Underflow Masked Denormal =iy 1-t-1-1-
Unmasked | Round&Scale |- -1 ]-]-}-1-
Qverflow N/A N/A
Div by Zero N/A N/A
Denormal Masked DenomUsed |-|-1-|-[-]1]-
Unmasked Trap/Abort = f-1-1-1-11]-
Invalid Op Masked QNaN -1-1-1-1-1-
Unmasked Unaltered =t-¥-1-1-1-11
Reglster Error: Masked QNaN T1-1-1-1-1-11
Unmasked Unaltered 11-1-1-]- 1
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FPREMI1 Floating Point Remainder (IEEE) FPREM1
Zero/Infinity: X y Resuit

x=0 y=0] Invald Op.

x=0 y=0] Invalid Op.

x=-0 | y#0| -0

x=+0 | y20| +0

X =00 - Invalid Op.

0 & X < too] Y=o0 x:q=0

Notes: The sign of the remainder Is not necessarily the same as the sign of (0.

if (y) evenly divides () the remainder Is zero.
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FPTAN

Syntax:
Forms:

Operands:

Operation:

Status:

Exceptions:

Zero/Infinity:

Notes:

3,E D BN 2589819 0000197 O EECYR
7-49-12-05

FasMath™ 83587 User Manual

Function Eval: Tan(x) FPTAN
FPTAN
FPTAN
Inst _ Source Operand Encoding Cycles
[FPTAN _ [TopofStack [ SD9] 11 110010 } [ 582 ]

The Top of Stack contains the source operand (). The instruction requires
() In radlans and returns (y) such that y=tan(). The resutt (y) Is normalized
and rounded according to the RC mode In effect, The value (y) replaces
the contents of the Top of Stack. The value 1 is pushed onto the stack Into
anew L%p of Stack register. The source operand (x) must be In the range
Ix| <209,

Result of Instruction C3 C2 ci! Co
Incomplete Reduction of (x): U 1 0 U
Normal completion: V] 0 0 U
Register Error: Dest Reg Full u U 1 U

Source Reg Empty U U 0 U
Type Mode Result S PUO2Z D I
Precision Masked Rounded -1y -1-1-1-1-
Unmasked Rounded =i t-1-1-1-1-
Underflow Masked Denom/Zero |- 1|1 i-1-1|-1-
Unmasked | Round &Scale {- - ]1(-1-1]-1-
Qverflow N/A N/A
Div by Zero N/A N/A
Denormal Masked DenomUsed |- ]-|-[]-1-§1]-
Unmasked Trap/Abort =i-t-1-1-111-
Invalid Op Masked QNaN2 -1-1-1-1-1- I
Unmasked Unattered e R BN ER ER R
Register Emor: | Masked QNaN2 vl-1-1-1-1-h
Unmasked Unaltered TP-1-1-1-1-1]1
X Result
+0 y=+0
-0 y=-0
+00 Invalid Op.
-c0 invalid Op.

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

2. The QNaN replaces both (x) and ().
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FRNDINT Round to integer FRNDINT

Syntax: FRNDINT

Forms: FRNDINT

Operands: Inst Source Operand Encoding Cycles
[FRNDINT |Top of Stack [ $D9] 11111100 | [ %

Operation:  The contents of the Top of Stack are rounded to an Integer. The rounding
operatlion to be performed Is specified by the RC mode bits of the control
word.

Status: Result of Instruction C3 C2 Cl1 C0
Normal Execution: Round Down U U 0 u

Round Up U U 1 U
_ | Register Error: Source Reg Empty U U 0 U
Exceptions: Type Mode Result S U O zZ D |
Precision Masked Rounded - -t-1-1-1-
Unmasked Rounded - -l-1-1-1-
Underflow N/A N/A
Overflow N/A N/A
Div by Zero N/A N/A
Denormal Masked Denomm Used - -f-1-11]-
Unmasked Trap/Abort - -1-1-11]-
Invalid Op! Masked QNaN 0 -1-1-1-1
Unmasked Unattered 0 -1-1-1-11
Register Error: Masked QNaN 1 -1-1-1-I"
Unmasked Unattered 1 -1-1-1-1)
Zero/Infinity: TOS Rosult
+0 +0
-0 -0
+o0 oo
Notes: 1. it TOS contains an unsupported, the invalid Exception Is cdused.
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FRSTOR

Syntax:
Forms:;

Operands:

Operation;

Status:

Exceptions:
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Load CX-83587 Environment & Registers FRSTOR
FRSTOR <DST>
FRSTOR <Memory>

Inst Source Operand Encoding Cycles
(FRSTOR [ 94 or 108 Bytes | SDD] MD 100 R/M[SIBDISP | 135 ]

The CX-83887 "Environment™ and the CX-83387 registers are loaded from
the memory location specified. The *Environment” consists of the Mode
Control Word, the Status Register, and the Tag Word which are loaded
into the CX-83587. The "Environment” dlso includes the CX-83587
Instruction Pointer and the CX-83887 Data Pointer which are loaded into
80386 CPU registers during execution of this instruction.

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

Restoring an "Environment” that contains a Status Register field with an
exception indicated and an MCR with that exception enabled causes an
ERROR# trap sequence when the next WAIT or exception checking CX-
83587 Instructlon Is executed.

The ERROR# signai is unconditionally de-asserted while the “Environment”
and register data Is loaded. if the newly loaded "Environment” calls for an
exception trap, ERROR# will be asserted upon completion of all data
fransfers. A subsequent WAIT or exception checking instruction will
execute a trap sequence.

The CX-83587 reglisters are loaded from the 80 consecutive byte memory
locations following the *Environment" regardless of the 80386 mode or
data size In effect,

Result of Instruction C3 C2 Cl CQ
[Loaded from Memory: I M T M T M T ™M |
Type Mode Resutt PUOZD I §
[ loaded [ NA ] N/A IMIMIMIM[M[M[M]

Zero/Infinity:  None.

Notes:

None,
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FSAVE

Syntax:
Forms:

Operands:

Operation:

Status:

Exceptions:

Zero/Infinity:

Notes:
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Save CX-83587 Environment & Registers FSAVE
FSAVE <DST>
FSAVE <Memory>
Inst Dest Operand Encoding Cycles
[FSAVE | 94 or 108 Bytes | SDD]MD 110 R/M |SIBDISP [ 142 |

The CX-83587 "Environment* and the CX-83587 registers are saved fo the
memory locatlon specified, The “Environment” consists of the Mode
Control Word, the Status Register, and the Tag Word from the CX-83587
and the CX-83587 Instruction Pointer and CX-83587 Data Pointer from the
80386 CPU Internal registers.

The CX-83887 Is set to Its condition following an FINIT. The CX-83587 Mode
Control Register Is set to $037F14., the CX-83887 Status Register is reset to
$0000, and all data registers are marked empty (Tag word=$FFFF).

This action sets Rounding controt fo "round to nearest or even® (RC=00),
Precision controt to 64-bit extended precision (PC=11), and the Top of
Stack register number to zero (835=000). All exceptions are cleared (=0), all
condition codes are cleared (Co-C3=0). and all exceptions are masked
=N,

This instruction differs from a hardware reset by setting MCR bit O (invalid
Exception Mask) to 1 and Status Register bits 7 & O (Error and Invalid
Exception) to 0.

The format of the "Environment” data structure Is dependent on the
operating mode of the 80386 CPU and the operand size in effect. See
below for complete details. The CX-83587 data registers are saved to
consecutive memoty locations following the “Environment® block
regardless of the 80386 mode or data size in effect.

Result of Instruction C3 C2 C1 Co
[Unconditional: o [T o J o [ o |
Type Mode ‘Result S PU O Z D |

None I N/A ] N/A [oJoJoJoJoJo]o |
None.
None.
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FSAVE Save CX-83387 Environment & Registers FSAVE

32-bit Protected Mode: 31 15 0

Reserved Modse Control Word 00

Reserved Status Word 04

Reserved Tag Word 08
Instruction Pointer Offset oC

00000__ | Opcode(10:0) | Code Segment Selector | 10
' Data Operand Offset 14
Reserved | _Operand Seg Selector 18

RO Significand(31:0) 1C

RO Significand(63:32) 20

R1 Significand(15:0) Bl RO Exponent 24

R1 Signiflcand(47:16) 28

S| R1 Exponent | R1Significand(63:48) 2C
R2 Significand(31:0) 30

R2 Significand(63:32) 34

R3 Significand(15:0) Bl R2 Exponent 38

R3 Significand(47:16) 3C

S] R3 Exponent | R3 Significand(63:48) 40
R4 Significand(31:0) 44

R4 Significand(63:32) 48

R5 Significand(15:0) B R4 Exponent 4C

R5 Significand(47:16) 50

S| RS Exponent | RS Significand(63:48) 54
Ré Significand(31:0) 58

R6 Significand(63:32) 5C

R7 Significand(15:0) Bl Ré Exponent 60

R7 Significand(47:14) 64

S] R7 Exponent | R7 Significand(63:48) 68
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32-bit Real Mode:
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Save CX-83587 Environment & Registers FSAVE
31 15 0

Reserved Mode Control Word o0

Reserved Status Word 04

Reserved Tag Word 08

Reserved Instruction Ptr(15:0) cC

0000 | Instruction Pir(31:16) ol Opcode(10:0) | 10
Reserved I Operand Ptr(15:0) 14

0000 | Operand Ptr(31:16) J 0000 J 0000 | 0000 18
RO Significand(31:0) 1C

RO Significand(63:32) 20

R1 Significand(150)  B| RO Exponent 24

R1 Significand(47:16) 28

S R1 Exponent | R1 Significand(43:48) 2C
R2 Significand(31:0) 30

R2 Significand(63:32) 34

R3 Significand(15:0) ___ B] R2 Exponent 38

R3 Significand(47:16) 3C

S| R3 Exponent I R3 Significand(63:48) 40
R4 Significand(31:0) 44

R4 Significand(63:32) 48
R5 Significand(15:0) | R4 Exponent 4C

R5 Significand(47:16) 50

S| R5 Exponent | RS Significand(63:48) 54
Ré Significand(31:0) 58
R6 Significand(63:32) 5C

R7 Significand(15:0) __ B | R6 Exponent 60

R7 Significand(47:16) 44

sl R7 Exponent | R7 Significand(63:48) 68
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T-49-12-05

FSAVE Save CX-83887 Environment & Registers FSAVE
16-bit Protected Mode: 16 0

Mode Control Word 00

Status Word 02

Tag Word 04

Instruction Pir Offset 06

Code Segment Selector 08

Data Operand Offset 0A

Operand Seg Selector oC

RO Significand(15:0) 0E

RO Significand(31:16) 10

RO Significand(47:32) 12

RO Significand(63:48) 14

S] RO Exponent 16

Repeat for R1 18

Repeat for R2 22

Repeat for R3 2C

Repeat for R4 36

Repeat for RS 40

Repeat for R6 4A

R7 Significand(15:0) 64

R7 Significand(31:16) 56

R7 Significand(47:32) 58

R7 Significand(63:48) 5A

S| R7 Exponent 5C
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FSAVE Save CX-83587 Environment & Registers FSAVE
16-bit Real Mode: 15 0
Mode Control Word 00
Status Word 02
Tag Word 04
Instruction Ptr(15:0) 06
IP(19:16)| 0] Opcode(10:0) | 08
Operand Pir(15:0) 0A
DP(19:16)] 0000] 0000] 0000] OC
RO Significand(15:0) QE
RO Significand(31:16) 10
RO Significand(47:32) 12
RO Significand(63:48) 14
S| RO Exponent 16
Repeat for R1 18
Repeat for R2 22
Repeat for R3 2C
Repeat for R4 36
Repeat for RS 40
Repeat for R6 4A
R7 Significand(15:0) 54
R7 Significand(31:16) 56
R7 Significand(47:32) 58
R7 Significand(63:48) 5A
S] R7 Exponent 5C
64
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FSCALE Floating Multiply by 20 FSCALE
Syntax: FSCALE
Forms: FSCALE
Operands: Inst Source Operand Encoding Cycles
[FSCALE [Top of Stack [spe] 1111101 | | 8 ]
Operation:  The contents of the Top of Stack (x) are multiplied by 2N where (n) Is the
contents of the next to Top of Stack. The result y= x* 2N is normalized and
rounded according to the RC mode In effect. The result (y) replaces the
contents of the Top of Stack. The value (n) Is an integer determined by
chopping actual contents of the next to Top of Stack toward zero.
Status: Resuit of Instruction C3 Cc2 c1! co
Normal Execution: U Y] 0 U
Register Emror: Source Reg Empty U U 0 V)
Exceptions: Type Mode Result S PUO Z D |
Precision Masked Rounded =11 t-1-1-1-1-
Unmasked Rounded =i i-1-1-1-1-
Underflow Masked Denom/Zero |- 111} -1-1-1-
Unmasked | Round &Scale? | - |- |1 ]-|-1]-1-
Overflow Masked R(eo) -1-1-114-1-1-
Unmasked | Round &Scate? | - |- |- |1]-]-1-
Div by Zero N/A N/A
Denormal Masked DenomUsed |-{-1-1-]-11]-
Unmasked Trap/Abort “{-1-f-1-11]-
Invalid Op Masked QNaN -1-t-1-1-1-I
Unmasked Unaltered =l-1-1-1-1-11
Register Error: Masked QNaN T1-]-1-1-}-11
Unmasked Unattered 11-1-1-1-1-11
Zero/Infinity: X n Result
+0 ~00 +0
0 -00 0
0 400 Inval. Op.
400 o0 Inval Op.
-co -%0 Inval. Op.
+o0o0 -00<N<+o0 400
-0 ~o<N<+o00 =00
x20 +00 $gN(X) e
%20 00 sgn(x)*0
65
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FSCALE

Notes:

3LE D WM 25894159 000020k & EMECYR

T-49-12-05

FasMath™ 83587 User Manual

Floating Multiply by 20 FSCALE

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

2. In the event of 'massive” over/underflow in which exponent adjustment
by -/+ 24,576 does not yleld a normal resutt, the Instructlon returns a signed

o0 Or Zero respectively.
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FSIN

Syntax:
Forms:

Operands:

Operation:

Status:

Exceptions:

Zero/Infinity:

Notes:
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Function Evaluation: Sin¢x).

?-49-12-05

FasMath™ 83587 User Manual

FSIN

FSIN
FSIN
Inst Source Operand Encoding Cycles
{FSIN | Top of Stack [spe] 11111110 | | 563 ]

The Top of Stack contains the source operand (x). The Instruction requires
) In radians and returns (y) such that y=sin(x). The resutt (y) is normalized
and rounded according to the RC mode In effect. The valus ) replaces
the contents of the Top of Stack. The source operand (x) must be In the

range x| <263,

Result of Instruction C3 Cc2 ci! Co
Incomplete Reduction of (x): U 1 0 U
Normal completion: U 0 0 U
Register Error: Source Reg Empty U U 0 U

Type Mode Result S PUO Z D |
Precision Masked Rounded -1 -t-i-1-1-
Unmasked Rounded =1 -l-1-1-1-
Underflow Masked Denorm/Zero =111 -1-1]-
Unmasked | Round &Scale |- |- |1]-1-1-]-
Overflow N/A N/A
Div by Zero N/A N/A
Denormail Masked Denorm Used “l1-1-1-t-111-
Unmasked Trap/Abort =1-1-1-1-111-
Invalid Op Masked QNaN -1-1-1-1-1-1
Unmasked Unaltered =1-1-1-1-1-1
Register Emor: Masked QNaN Tl-1-1-1-1-11
Unmasked Unaltered 11-1-1-1-1-1
X Result
+0 +0
-0 0
+oo Invalid Op.
-00 Invalid Op.

1. After a Preclsion Exception the *C1" status bit indicates whether
rounding was away from zero.
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FSINCOS  Funciion Eval: Sin(x) & Cos(x) FSINCOS
Syntax: FSINCOS

Forms: FSINCOS

R T e IO | T o104 ]

Operation:  The Top of Stack contains the source operand (). The instruction requires
o) In radians and returns (y) and (@ such that y=sin(x) and z= cos(x). The
results (y) & (2) are normalized 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 Ix1 <263,

Status:  Result of Instruction C3 C2 ci! Co
Incomplete Reduction of (x): U 1 0 U
Normal completion: U 0 0 U
Register Eror:  Dest Reg Full U U 1 u
Source Reg Empty U U 0 U
Exceptions: Type Mode Resutt S PUOZ D |
Preclsion Masked Rounded -1vt-1- -f-
Unmasked Rounded 11 y-1-1-1-1-
Underflow Masked Denomn/Zero AR R BN
Unmasked | Round&Scale |- f-J11-]-41-1]-
Qvertlow N/A N/A
Div by Zero N/A N/A
Denormal Masked Denomn Used -1-1-1-1-11]-
Unmasked Trap/Abort - l-1-1-1-111-
Invalid Op Masked QNaN -b-1-1-1-1-11
Unmasked Unaltered -1-1-1-31-1-1
Register Error: Masked QNaN T1-1-1-1-1-11
Unmasked Unaltered 11-1-1-31-1-11
Zero/Infinity: X Result
+0 y=+0;z=+1
-0 y=-0;z=+1
+o0 Invalid Op.
-c0 Invalid Op.
Notes: 1. After a Precision Exception the "C1" status bit indicates whether

rounding was away from zero.
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FSQRT Floating Point Square Root FSQRT
Syntax: FSQRT

Forms: FSQRT

Operands: Inst Source Operand Encoding Cycles

: [FSeRrT - ]Top of Stack [sDol 11111010 ] | 26 ]

Operation:  The contents of the Top of Stack (x) are replaced by v'x. The result is
nomaiized and rounded according 10 the RC mode in effect at the
precislon specified by the PC mode bits.

Status: Result of Instruction C3 C2 ci! Co
Normal Execution: U U 0 U
|Register Emor:  Source Reg Empty U U 0 U
Exceptlions: Type Mode Resuft S PU O Z D I
Precision Masked Rounded -1 y-1-1-1-1-
Unmasked Rounded -l -l-1-1-1-
Underflow N/A N/A
Qverflow N/A N/A
Div by Zero N/A N/A
Denormal Masked Denomn Used < t-1-1-1-111-
Unmasked Trap/Abort <~ f-1-1-1-111-
Invalid Op Masked QNaN =t-1-1-1-1-11
Unmasked Unaltered =t-1-1-1-1-1]1
Register Error: Masked QNaN Ti-1-1-1-1-11
Unmasked Unaitered 11-1-1-1-1-11
Zero/Infinity: X Result
+0 +0
-0 0
-00xX<-0 Inval. Op.
+o0 +oo
Notes: 1. After a Precision Exception the "C1" status bit indicates whether

rounding was away from zero.
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Syntax:

Forms:

Operands:

Operation:

Status:

Exceptions:
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Store CX-83587 Register FST

FST(P) (<DST>)

FST(P) <Memory>

FST(P) <Register>

Inst Dest Operand Encoding Cycles

FIST(P) 16-bit Integer $DF | MDO1p R/M | SIB,DISP 1
FIST(P) 32-bit Integer $DB{ MD 01p R/M | SIB.DISP 13
FISTP 64-bit Integer $DF | MD 111 R/M | SIB,DISP 15
FBSTP 18 digBCD Int. | $DF | MD 110R/M | SIB,DISP 65
FST(P) 32-bit Real $D9| MD Q1p R/M | SIB,DISP n
FST(P) 64-bit Real $DD| MD 01p R/M | SIB,DISP 15
FSTP 80-bit Real $DB| MD 111 R/M | SIB,DISP 17
FST(P) 80-bit Register $DD} 1101p REG 4

The source operand (x) Is fetched from the Top of Stack and, if necessary,
converted to the destination data format and rounded according to the
RC mode in effect. The result 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 widih of the destination according to the
RC mode specified. If the destination type is 32-bit or 64-bit real and the
operand is zero, «, or NaN, the significand and the exponent are
chopped and transferred as-is.

Result of Instruction C3 C2 cil co
Normal Execution: U U 0 U
Register Error: Source Reg Empty U U 0 U
Type Mode Result S PUO Z D |
Precision Masked Rounded 1= 1-1-1-1-
Unmasked Rounded -l -l-1-1-1-
Underflow? Masked Rounded -l-1vi-1-1-1-
Unmasked Trap/Abort -t ]-1-1-1-
Overflow? Masked Rounded -t-1-117T7-1-1-
Unmasked Trap/Abort - -1vb-1-1-
Div by Zero N/A N/A
Denormat N/A N/A
Invalld Op3 Masked QNaN -1-1-1-1-1-1
Unmasked Trap/Abort =1-1-1-1-1-11
Register Error: Masked QNaN Tl1-1-1-1-1-11
Unmasked Trap/Abort 1i-1-1-1-1-11
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FST

Zero/infinity:

Notes:
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Store CX-83S87 Register
X Result
Empty Invalid Op.
NaN->Integer Invalid Op.
«->Integer Invalid Op.
I x1>Int Range Invalid Op.

1. After a Preclsion Exception the *C1” status bit indicates 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 operand is of
greater magnitude than the destination format supports produces this

exception.
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Syntax:
Forms:

Operands:

Operation:

Status:

Exceptlons:

3LE D WE 2589819 0000212 3 EMCYR
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Store CX-83587 Mode Control Register FSTCW

FSTCW <DST>
FSTCW <Memory>

Inst Dest Operand Encoding Cycles
[FSTCW | 2 Bytes [SD9] MD 1T1R/M]SIBDISP | 4

The contents of the CX-83387 Mode Control Register are stored into the
specified memory location.

Result of Instruction C3 C2 C1 C0
{Unconditional: [FTu T v T u 1T u ]
Type Mode Result S PUO Z D |
I None [ NA N/A [-T-T-1-1-1-1-1

Zero/Infinity:  None.

Notes:

None.
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FSTENV Load CX-83587 Environment FSTENV

Syntax: FSTENV <DST>

Forms: FSTENV <Memory>

Operands; Inst Source Operand Encodin Cycles
[FSTENV | 14 or 28 Bytes | SD9] MD 110 R/M]SIB.DISP | 17 ]

Operation:  The CX-83587 *Environment* Is saved to the memory location specified.
The "Environment” consists of the Mode Control Word, the Status Register,,
and the Tag Word which are saved from the CX-83887. The "Environment”
also includes the CX-83587 Instruction Pointer and the CX-83587 Data

| Polnter which are saved from- 80386 CPU registers during executlon of this

instruction, ’

The FSTENV Instruction sets all the exception mask bits of the MCR to 1
thereby masking all exceptions. This causes the ERROR# signal to be de-
; asserted,

: The FSTENV instruction Is designed for use in exception handlers to help

i analyze the exceptlon condition, The format of the "Environment® data

) structure Is dependent on the operating mode of the 80386 CPU and the
operand size In effect.

32-bit Protected Mode: 31 15 0
Reserved Mode Control Word
Reserved Status Word
Reserved Tag Word
Instruction Polnter Offset
00000]  Opcode(10:0) | Code Segment Selector
Data Operand Offset
Reserved ] Operand Seg Selector
32-bit Real Mode: K] 15 0
Reserved Mode Control Word
Reserved Status Word
Reserved Tag Word
Reserved Instruction Pir(15:0)
0000 | Instruction Ptr(31:16) | O] Opcode(10:0)
Reserved ] Operand Ph(15:0)
0000 | Operand Ptr(31:16) | 0000 ] 0000 [ 0000
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FSTENV

JLE D W 2589819 0000214 7 EECYR

Store CX-83587 Environment

16-bit Protected Mode:

16-bit Real Mode:

Status:

Exceptions:

Resuit of Instruction

FasMath™ 83587 Use

r Manual

FSTENV

15

0

Mode Control Word

Status Word

Tag Word

Instruction Pir Offset

Code Segment Selector

Data Operand Offset

Operand Seg Selector

18 0

Mode Control Word

Status Word

Tag Word

Instruction Ptr(15:0)

1P(19:16) | 0] Opcode(10:0)

[Operand PH{(15:0)

DP(19:16)] 0000 | 0000] 0000

C3 C2 Ci Co

[Uncondttional: [ vV T u T uTlTu |
Type Mode Resutt S PU O Z D |
[ Nome T "NA ] N/A [-T-1-1-1-1-1-1

Zero/Infinity: None.

Notes:

None.
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FSTSW Store CX-83587 Status Register FSTSW
Syntax: FSTSW <DST>
Forms: FSTSW <Memory>
Operands: Inst Dest Operand Encoding Cycles
[FSTSW [ 2 Bytes [SOD] MD 111 R/M][SIBDISP | 4 |

Operation:  The contents of the CX-83587 Status Register are stored Into the specified
memorty location.

Status: Result of Instruction C3 C2 Cl Co
[Unconditional: Il u T u T uvullu |

Exceptions; Type Mode Result S PUOZ D I
[___None | NA ] N/A f-1-1-1-1-1-1-]

Zero/Infinity:  None.

Notes: None.
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Cyrﬁxm

FSTSWAX  store CX-83587 Status to AX FSTSWAX

Syntox: FSTSWAX

Forms: FSTSWAX

Operands: Inst Dest Operand Encoding Cycles
[FSTSWAX | 80386 AXReg | SDF] 11100000 | [ 2 |

Operation:  The contents of the CX-83387 Status Register are stored Into the 80386 AX
register, The contents of the AX register may then be transferred to the
80386 flags with the SAHF instruction. The following table shows how the
80386 conditlonal branch Instructions can be used to decode CX-83587
status reflecting the results of FCOM execution:

80386 Branch Result of FCOM  C3 C2 C1 CO
JA DST > SRC 0 0 0 0
JB DST < SRC 0 0] 0] 1
JE DST = SRC 1 0 0 0
JP Unordered ] 1 0 1
Status: Result of Instruction C3 C2 Cl1 C0
{Unconditional: [0 T v T u T u 1
Exceptions: Type Mode Result S PUO2Z D |
None | NA | N/A -1-f-1-1-1-1-1
Zero/Infinity:  None.
Notes: This instruction transfers the contents of the CX-83887 Status Register to the

AX register before 80386 Instruction execution may proceed.
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Syntax;

Forms:

Operands:
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Operatlon:

Status:

Exceptlons:

Floating Point Subtract FSUB

FSUB(R)(P) ((<DST>,)<SRC>)

FSUB(R) <T0S>,<Memory>

FSUB(R) <TOS>,<Reg>

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

- Inst Source Operand Encoding Cycles

FISUB 16-bit Integer $DE| MD 10r R/M | SIB,DISP 13
FISUB 32-bit Integer SDA] MD 10r R/M | SIB,DISP 15
FsuB 32-bit Real $D8| MD 10rR/M | SIB,DISP 15
FSUB é4-bit Real SDC} MD 10r R/M | SIB.DISP 19
FSUB 80-bit Register $D8! 11 10rREG 6
FSUB Top of Stack S$DC{ 11101 REG 6
FSUBR | Top of Stack $DC| 11 100 REG 6
FSUBP | 80-bit Register S$DE| 11 101 REG 6
FSUBRP | 80-bit Register $DE| 11100 REG 6

The source and destination operands are fetched. The source is

converted to extended precision format if necessary. The source operand

Is subtracted from the destination and the result Is normalized and

rounded according to the RC mode In effect at the precision specified by
the PC mode bits. The resuit Is stored In the destination register. When the

‘pop" form Is used, the top of stack is popped.

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

the source operand.
Result of Instruction C3 C2 Cl C0
Normal Executlon: V] U 0 U
| Register Eror: Source Reg Empty V] U 0 U
Type Mode Result S PUO2Z D I
Precision Masked Rounded =11 y-1-1-1-1-
Unmasked Rounded =1 -1-1-1-1-
Underflow Masked Denom/Zero |- 11 |1]|-1]-1-1-
Unmasked | Round&Scale |- |-11Y]-1-1-1-
Overflow Masked R(es) -l-1-111-1-1-
Unmasked | Round & Scale | - {1 ]-1-1-
Div by Zero N/A N/A
Denormal Masked Denormn Used =l-1-1-1-111-
Unmasked Trap/Abort = -1-1-1-4111-
Invalid Op Masked QNaN =1-1-t1-1-1-11
Unmasked Unaltered -1-1-1-1-1-1
Register Error: Masked QNaN 11-1-1-1-1-1
Unmasked Unaitered 11-1-1-1-1-1
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Zero/Infinity:

Notes:
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Floating Point Subtract FSUB
OP1- OP2 Result OP1- OP2 Result
+0 +0 RO +o0 t+e0 | Inv. Op.
-0 0 RO ~o0 -o | Inv. Op.
+0 "0 +0 +o0 -00 +co
‘0 +0 -0 =00 +co -0
+X +X R(O) +oo X +o0
-X -X R(O) -o0 X oo
X -00 +00
X +o0 -00

After a Precision Exception the *C1*
was away from zero.

78
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FTST Test Top of Stack FTST
Syntax: FTST
Forms: FIST
Operands: Inst Dest Operand Encoding Cycles
{FTST | Top of Stack [$D9] 11100100 | ] 6 1]
Operation:  The contents of the Top of Stack are compared to zero. The condition
code results are the same as those produced by the FCOM Instruction
with the exception of detecting equality to -0. The Top of Stack is the
destination and the constant zero is the source,
The result "unordered” Is produced when the operand is NaN, unsupported
or when Stack Fault occurs.
Status: Result of Instruction C3 C2 C1 C0
Normal Execution: DST>0 0 0 0 0
DST<0 0 0 0 1
DST=+0 1 0 0 0
DST=-0 1 0 1 0
Unordered 1 ] 0 1
Reglster Emor: Source Reg Empty U U 0 U
Exceptions: Type Mode Resutt PUOZD1t S
Exceptions: Type Mode Result S PUOZ D I
Precision N/A N/A
Underflow N/A N/A
Overflow N/A N/A
Div by Zero N/A N/A
Denormal Masked Denomn Used - =t-1-111-
! Unmasked | DenomUsed | - -f-1-111-
Invalid Op?! Masked Unattered - =1-1-1- 1
Unmasked Unaltered - =l-1-1-11
Register Error: Masked Unaitered 1 -1-1-1-11
Unmasked Unaitered 1 -1-1-1-11
Zero/Infinity: DST Result
+0 =0
0 =0
+00 >0
-00 <0
Notes: 1. @NAN operands produce the Invalid Exception in this instruction.
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Syntax:
Forms:

Operands:

Obero'rlon:

Status:

Exceptlons:
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Unordered Compare FUCOM
FUCOM(P) ((<DST>,)<SRC>)
FUCOM(P)(P) <TOS>,<Reg>
Inst Source Operand Encoding Cycles
FUCOM | 80-bit Reglster |$DD| 11 100 REG 4
FUCOMP | 80-bit Register | $DDj 11101 REG 4
FUCOMPH 80-bit Register | SDA| 11101001 4
The source operand Is fetched and subtracted from the destination (Top

of Stack) and the condition codes are set according to the resutt. 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 FCOM instruction except that it
does not cause the Invalid Exception when one of the operands is a

QNaN,

The result *unordered" Is produced when the operands are NaNs,
unsupported or when Stack Fault occurs.

Result of Instruction C3 C2 Cl CO
Normal Execution: DST > SRC 0 0 0 0
DST < SRC 0 0 0 1
DST = SRC 1 0 0 0
Unordered 1 1 0 1
Reglster Error: Source Reg Empty 1 1 0 ]
Type Mode Result S PUO2ZD I
Precision N/A N/A
Underflow N/A N/A
Overflow N/A N/A
Div by Zero N/A N/A
Denormal Masked Denomn Used -t-1-1-1-11]-
Unmasked | Denomn Used -l-1-1-F-11}-
Invalid Op Masked Unordered - 1-F-1-1-117]-
Unmasked Unaltered -d-1-1-1-111-
Register Error: Masked Unordered T1-1-1-1-1-11
Unmasked Unailtered 11-4-1-1-1-11
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FUCOM

Zero/Infinity:

JLE D EE 2589819 000022k 4 EECYR

Unordered Compare

DST - SRC Result
+0 +0 = 400 +o0
-0 -0 = -c0 -c0
+0 -0 = +o0 -00
0 +0 = -oa +o0
+0 +X [ DST<SRC | +e X
-0 +X | DST<SRC -00 X
+0 -X DST>SRC X o0
-0 -X | DST>SRC X +o0
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FXAM Report Class of Operand FXAM

Syntax: FXAM

Forms: FXAM

Operands: Inst Source Operand Encoding Cycles
[FXAM | 80-bit Register [ SD9] 11100101 | [ 3

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

Status: The "C1* Status bit indicates the sign of the Top of Stack operand:
"0"=positive; "1"=negative.
Contents of TOS C3 C2 C0
Unsupported 0 0 0
NaN 0 0] 1
Normal 0 1 0
Infinity 0 1 1
Zero 1 0 0
Empty! 1 0 1
Denomnal 1 1 0
Exceptions: Type Mode Result S PUOZ DI
[ _None [ NA | N/A --1-1-1-1-1-]
Zero/Infinity:  None.
Notes: 1. If the stack is empty, the result is "Empty” and the sign is

undefined. No exception is generated.
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FXCH Exchange Register with TOS FXCH
Syntax: FXCH (SRC)
Forms: FXCH <Reg>

Operands: Inst Source Operand Encoding Cycles
[FXCH_[80-bit Register [ SD9] 11 001 REG | [ 4

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

Status: Result of Instruction C3 Cc2 C1 CO

Normal Execution: U U 0 U
|Register Error: ~ Source Reg Empty i 1 0 1
Exceptions: Type Mode Result S PU 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
Denormal N/A N/A
Invalld Op N/A N/A
Register Error: Masked QNaN Tr-1-1-1-1-11
Unmasked Unaitered 11-1-1-1-1-1
Zero/Infinity: Operand Result
[ Empty | InvalidEx. |

Notes: None.
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FXTRACT Extract Exponent FXTRACT

Syntax: FXTRACT

Forms: FXTRACT

Operands: Inst Source Operand Encoding Cycles
[FXTRACT | Top of Stack [ SD9] 11110100 | 7 ]

Operation:  The Top of Stack contains the source operand (x). The exponent field of
0 Is converted to an 80-bit extended precision real number (y) and
pushed on the stack, i.e. y=INT(Loga(x)) Is pushed. The original operand
() Is modifled by having its exponent set to zero, l.e. after execution
1.0<1x1<2.0. The sign of () Is preserved.

Status: Result of Instruction C3 C2 C1 CO

Normal Execution: U U 0 U

Register Error: Dest Reg Fult V] U 1 U

Source Reg Empty U V] 0 U

Excepilons: Type Mode Resutt S PUOZ DI

Precision N/A N/A
Underflow N/A N/A
Overflow N/A N/A

Div by Zero Masked TOS=0.ST 1=~ -y-1-1-
Unmasked Trap/Abort -1-1-1-

LI P p—y

Denormal Masked DenomUsed j-t-1-1- 11]-
Unmasked Trap/Abort -1-1-1- 11-
Invalld Op Masked QNaN -1-1-1-1-1-1
Unmasked Unaltered -1-1-1- - 11
Register Emror: Masked QNaN t-1-1-1-1-11
Unmasked Unaltered 11-1-1-1- 1
Zero/Infinity: X Resutt
+0 y = +0; X = -0; Zoro Div. Ex,
-0 y =-0; X = <o; Zoro Div. Ex.
-0Q y= =00, X = +o00
400 Y =400, X = +oo
Notes: None.
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Syntax:
Forms;

Operands:

Operation:

Status:

Exceptlons:

Zero/Infinlty:
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FYL2X

Function Evaluation: y*Log2(x).
FYL2X
FYL2X
Inst Source Operand Encoding Cycles
[FYL2X [ Top of Stack [sDof 11110001 | [ 693 ]

The Top of Stack contains the source operand (x). The next to Top of

Stack contalns the source operand (y). The function z=y*logo(x) is
evaluated and the result is normalized and rounded according to the RC

mode In effect. The stack is popped and the result () is replaces (y) as

the new Top of Stack. The source operand (x) must be in the range 0 < x <

oo,

Result of Instruction c3 C2 cil CO
Normal Execution: U U -0 U
Register Emor;  Source Reg Empty U 1] 0 U

Type Mode Result S PU O 2z D I
Precision Masked Rounded -1 -1-1-1-
Unmasked Rounded -1t l-1-1-10-
Underfiow Masked Denom/Zero -tvpvE-t-1-1-
Unmasked | Round &Scale {-|-111-}|-1-]-
Overflow Masked R(ea) -1-1-11 -1-
Unmasked | Round&Scale |- ]-]-11]-1]-1-
Div by Zero Masked TOS=-00 --1-1-111{-1-
Unmasked Trap/Abort - l-1-111-9-
Denormal Masked DenormUsed |- |-1-1-1-T
Unmasked Trap/Abort ~1-t-1-1-§11-
Invalid Op Masked QNaN ~t-1-1-1-1- 00
Unmasked Unaltered -l-1-1-1-1-11
Register Error: Masked QNaN V-1-1-1- 1
Unmasked Unaltered 1{-1-1-1-1-11
y X Result
-- x<0 Invalid Op.
y#0 x=0 | Zero Div, Ex.
y=0 x=0 Invalid Op.
Y=o | x=1 Invalid Op.
y=oo | X>1 Y
Y= [0<x<] -y
y>+0| X=o 400
y<0] Xx=0 -0
y=0 | x=e« | InvaldOp.
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FYL2X Function Evaluation: y*Log2(x). FYL2X

Notes: 1. After a Precision Exception the "C1" status bit indicates whether
rounding was away from zero.
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FYL2XP1

Syntax:
Forms:

Operands:

Operation:

Status:

Exceptlons:
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Function Eval: y*Log2(x+1). FYL2XP1
FYL2XP1
FYL2XP1
Inst Source Operand Encoding Cycles
|FYL2XP1] Top of Stack [sDe] 11111001 | | 690 ]

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

Vz \a

T-] <X< ]T.

Use FYL2XP1 to calculate log2(x) when Ix1 Is close to 1. FYL2XP1 provides
greater accuracy than FYL2X in this case. The magnitude of the input
argument must be near zero, so be sure to subtract one from (x) before
using FYL2XP1,

Result of Instruction C3 c2 c1! co
Normal Execution: U U 0 U
Register Error: Source Reg Empty U U 0 U
Type Mode Result S PU O Z D I
Precision Masked Rounded 1T1-1-1-1-1-
Unmasked Rounded i1 y-1-1-1-1-
Underflow Masked Denom/Zero |- |1}1}-1]- -
Unmasked | Round&Scale |- }t-t1{-{-1-]-
Qverflow N/A N/A
Div by Zero N/A N/A
Denormal Masked Denomn Used =t-1-1-1-111-
Unmasked Trap/Abort = 1-1-1-1-11]-
Invalld Op Masked QNaN -l-1-1-1-1-11
Unmasked Unaltered = 1-1-1-1-1-11
Register Error; Masked QNaN TEh-1-1-1-1-11
Unmasked Unaitered TP-41-1-1-1-11
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Function Eval: y*Log2(x+1).

y X Result
y2+0 x=-0 -0
y2+0 x=+0 +0
y<-0 x=-0 +0
y<0 Xx=+0 -0
y=oo x=0 Invalid Op.
Y=o x>0 Y
Y=o -1<x<0 v
y>+0 X=oo 400
y<-0 X = o0 -0
y=0 X=oc0 Invalid Op.

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

FYL2XP1
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413 Instruction Execution Times

This sectlon presents two values for CX-83S87 instruction execution times. The Basic
Execution Time (BED Is the number of clock cycles that the CX-83587 underlying
architecture will execute a given Instruction and are the times given in the Individuat
Instruction descriptions. The Intel System Time (ST is the time required by an CX-
83587/Intel 3865X combination which includes the 3865X overhead of instruction setup
and operand transfer, The difference between the BET and-the IST Is due entirely to
386SX PEREQ & BUSY# protocol overhead. In both cases, no wait states are included
and no allowance for DMA overhead is Included.

IST values are obtained by submitting instruction streams consisting of several repetitions
of a given instruction to the 386SX/CX-83587 palr and the 3865X/3875X pair and
measuring the instruction-to-instruction delay time. This technique provides performance
figures based upon observed in-system throughput. The IST observed in a stream of
dissimilar instructions will vary substantially based on the prior and following instructions.
This occurs because of the different activities in the 3865X during the various Instructions
and because the execution times of some instructions have a dependency on the value
of the input data.  When measuring IST Himes only valid input arguments where used and
no exceptlons were generated except for the precision exception. For the
transcendental functions, the restrictions listed below were placed on the input
arguments,
All forward tigonometric functions 0 < ST(0) < T/4.

F2XM1 0 <ST(0) <0.5.

FPATAN 1<8TM <2 & 0 <ST(1) <™/32.
FYL2X 0<STO<SQART(D) & 1<SKH<2.
FYL2XP1 0<SHO <SART() & 1<S(DH<2.
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Mnemonic Result  Operaticn 83S87-BET| 83587-1ST | '387SXIST
F2XM1 TOS « 27051 14-66 63 339
FABS TOS « |1TOSI 4 11 29
FADD ST{) « ST(H+TOS 6 15 34
FADD TOS « TOS+ST(D 6 15 34
FADD TOS « TOS+M.DR 19 24 37
FADD TOS « TOS+M.SR 15 19 32
FADDP ST¢-1) « ST(MH+TOS 6 15 34
FIADD TOS « TOS+M.SI 15 19 54
FIADD TOS « TOS+M.Wi 13 26 76
FCHS TOS « TOS'-1) 4 1 34
FCLEX Clear Exceptlons 4 15 15
FCOM CC « TOS-ST( 4 11 29
FCOM CC « TOS-M.DR 17 24 37
FCOM CC « TOS-M.SR 13 19 30
FCOMP CC « TOS-ST(y 4 N 29
FCOMP CC « TOS-M.DR 17 24 37
FCOMP CC « TOS-M.SR 13 19 28
FCOMPP CC « TOS-ST(D 4 N 34
FICOM CC « TOS-M.S 13 19 51
FICOM CC « TOS-MWI 1 26 70
FICOMP CC « TOS-MSI 13 19 53
FICOMP CC « TOS-M.WI 11 26 70
FCOS TOS « COSTOS) 597 87 569
FDECSTP 8P « 8P-1 5 15 29
FDIV ST() « STMH/TOS 14-25 31 9
FDIV TOS « TOS/ST() 13-24 27 94
FDIV TOS « TOS/M.DR 25-36 34 103
FDIV TOS « TOS/M.SR 22-33 29 95
FDIVP ST@-1) « ST(H)/TOS 14-25 19 99
FODIVR TOS « ST(H/TOS 13-24 27 94
FDIVR ST(D « TOS/STM 14-25 19 99
FOIVR TOS « M.DR/TOS 26-37 34 103
FDIVR TOS « M.SR/TOS 23-34 29 25
FDIVRP STC¢-1) « TOS/ST() 13-24 27 99
FIDIV TOS « TOS/M.SI 22-33 29 120
FiDIV TOS « TOS/M.WI 20-31 41 136
FIDIVR TOS « M.SI/TOS 23-34 29 120
FIDIVR TOS « MWI/TOS 21-32 41 142
FFREE TAG() « Empty 5 15 24
FINCSTP SP « SP+1 5 15 29
FINIT -— Inttlalze 5 15 15
FLD TOS « ST 4 11 19
FLD TOS « MDR 16 26 34
FLD TOS « MSR 12 21 25
FLD TOS - MXR 15 38 52
FBLD TOS « M.BCD 36 52 274
FILD TOS « M.L 13 25 58
FILD TOS « M. 9 20 50
FILD TOS « M.WI 7 21 58
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Mnemonic Result Operation 83587-BET| 83587-IST | '387SX IST
FLD1 TOS « One 6 11 29
FLDCW CHiWord « Memory 4 20 32
FLDENV Env Regs « Memory 22 a3 109
FLDL2E TOS « Logy(e) 7-8 11 44
FLDL2T TOS « Logx10) 8-9 1 44
FLDLG2 TOS « Logip(2) 8-9 15 44
FLDLN2 TOS « Loge(® 67 11 44
FLDPI TOS e = &7 n 44
FLDZ TOS « Zero 7 11 29
FMUL ST « STMH'TOS 10 19 59
FMUL TOS « TOS*ST() 10 19 54
FMULP ST(-1) « ST(H*TOS 10 19 59
FMUL TOS ¢ TOS*M.DR 22 25 45
FMUL TOS « TOS*M.SR 18 20 35
FIMUL TOS « TOS*M.SI 18 20 60
FIMUL TOS « TOS*"M.WI 16 3 76
FNOP -— No Operation 4 11 19
FPATAN TOS « ATAN(%) 90-127 83 434
TOS
FPREM TOS « Rem(sm)) 48 51 119
FPREM1 TOS Rem(%) 49 51 144
FPTAN TOS:ST(1) « 1; TANTOS) 5-82 75 354
FRNDINT TOS « Round(dOS) é 15 74
FRSTOR - Restore state 135 325 458
FSAVE - Save state 142 366 557
FSCALE TOS « TOS* 261 8 15 79
FSIN TOS « SIN(CTOS) 563 63 509
FSINCOS TOS:ST(1) <~ COS:SINCTOS) 5-104 95 614
FSQRT TOS « TOS 26 31 129
FST ST() « TOS 4 11 19
FST M.DR « TOS 15 34 54
FST MSR « TOS 11 28 40
FSTP ST¢-1) « TOS 4 N 24
FSTP MDR « TOS 15 K} 54
FSTP M.SR « TOS 1 28 40
FSTP MXR « TOS 17 37 65
FBSTP M.BCD « TOS 65 74 536
FIST M.Sl « TOS 13 27 84
FIST MWI « TOS 11 26 87
FISTP M.Ll « TOS 15 32 92
FISTP M.Sl « TOS 13 27 84
FISTP MWI « TOS 1 26 87
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Mnemonic Result Operction 83587-BET| 83587-1ST ] '387SX IST
FSTCW Memoty « Control word. 4 14 15
FSTENV Memory « Ctl.Status,IP.DP. 17 92 188
FSTSW Memory « Status 4 14 15
FSTSWAX AX « Status 4 10 11
FSUB ST « ST(H-TOS 6 16 34
FSUB TOS « TOS-ST(D -] 15 29
FSUBP ST¢-1) « ST(R-TOS 6 15 34
FSUB TOS « TOS-M.DR 19 25 37
FSUB TOS « TOS-M.SR 15 20 29
FIsuB TOS « TOS-M.WI 13 26 76
FISUB TOS « TOS-M.8I 15 20 54
FSUBR TOS « ST(H-TOS 6 15 29
FSUBR ST « TOS-ST( 6 15 34
FSUBRP ST(-1) « TOS-ST(D 6 15 34
FSUBR TOS « M.DR-TOS 19 25 37
FSUBR TOS « M.SR-TOCS 15 20 29
FISUBR TOS « MWI-TOS 13 26 76
FISUBR TOS « M.SI-TOS 15 20 53
FTST CC « TOS-00 6 15 34
FUCOM CC « TOS-ST(h 4 n 29
FUCOMP CC « TOS-ST() 4 n 29
FUCOMPP CC « TOS-SI(1) 4 11 34
FXAM CC « Class of TOS 3 11 39
FXCH TOS & ST() Exchange 4 n 24
FXTRACT TOS:ST(1) « Signif; Exponent 7 15 74
FYL2x TOS « ST(1)*Log,(TOS) 693 87 519
FYL2XP1 TOS « ST(1)*Logx(1+TOS) 690 79 544
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5. Host Processor Interface

The CX-83887 processor interfaces directly to the Intel 386SX microprocessor bus following
the standard numerlc processor extension protocol. The interface consists of a 14-bit
bldirectional data bus, bus control signals, CX-83S87 status signals, and power
connections.

In the following discussion of the hardware interface., the '#' symbol at the end of a signal
name Indicates that the active or asserted state occurs when the signal is at a low
voltage. When no '#' is present after the name, the signal Is active at a high voltage
level, :

5.1 Signal Description

Each paragraph identifles the CX-83587 signals by name, provides the signal function, the
active state, signal direction, and reference signal for each. The signal discussions are
arranged In alphabetical order to assist locating the desired topic.

CPUCLK2 (3865X clock input)

This signal Is an Input and s used to synchronize the CX-83587 bus Interface to the
processor bus. Most of the interface signals are sampled on the rising edge of this clock
or driven relative to the rising edge of this clock. This signal also supplies the clock for the
Infernal processor circuitry. The CPUCLK2 signal is divided by two to obtain the baslc
Internal clock rate of the CX-83887. This input accepts MOS level inpufs. The input to this
pin must be the same signal that drives the 3865X processor.

387SXCLK2 (gnored)

The CX-83S887 Ignores this input signal to maintain socket compatibility with the 387SX.
ADS# (Address Strobe)

The ADS# signal is an input to the CX-83387 and Indicates that the information on NPS1#,
NPS2, W/R#, and CMDO# s valid and should be sampled af the rising edge of CPUCLK2.
(See Table 5.1-1 for current bus cycle definition based upon NPS1#, NPS2, W/R#, and
CMDO# Inputs). The setup and hold times are referenced to CPUCLK2  This signal is
normally connected to the 386SX ADS# signal.

BUSY# (Busy Status)
The BUSY# signal is an output from the CX-83887 and its active condition Indicates that
the ficating polint processor is busy. The signal is referenced to CPUCLK2, This signal is
normally connected to the BUSY# input of the 386SX,

CKM (gnored)

The CX-83887 Ignores this input signal to maintain socket compatibility with the 387SX.
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CMDO# (Select Command Port)

The CMDO# input indicates that the current CX-83587 bus cycle Is accessing the
command port. When inactive the current CX-83587 bus cycle Is accessing the data
port. This signal Is sampled with the rising edge of CPUCLK2 when ADS#, NPS1#, NPS2,
and W/R# are active. (See Table 5.1-1 for CMDO#'s use In defining the current bus
cycle). CMDO# is normally connected to the 3865X A2 output. The setup and hold times
are referenced to CPUCLK2.

D15-D0 (Data Bus)

These bidirectional signals are used to transfer information between the host processor
and the CX-83587. D15 is the most significant bit of a transfer. These signals are normally
connected to the D15-DO pins of the 386SX. The timing of these lines Is referenced to
CPUCLK2.

ERROR# (Error Status)

The ERROR# output normally reflects the status of the ES bit in the status register.
Immediately after reset, it Identifies the coprocessor as an 3875X compatible device by
belng active. If ERROR# s going to be asserted during an Instruction It will be asserted
prior to BUSY# being made Inactive. .

NPST# (Numerlc Processor Select)

The NPS1# input is used as a select signal to the CX-83587. This signal is sampled
simuttaneously with ADS# and NPS2 to determine if the current bus cycle is intended for
the CX-83887. (See Table 5.1-1 for NPS1#'s use in defining the current bus cycle), NPS1#
is normally connected to the M/IO# output of the 384SX. Setup and hold times are
referenced to the rising edge of CPUCLK2,

NPS2(Numeric Processor Select)

The NPS2 Input Is used as a select signal to the CX-83587. This signal is sampled
simultaneously with ADS# and NPS1# to determine if the current bus cycle is intended for
the CX-83587. (See Table 5.1-1 for NPS2's use In defining the current bus cycle). NPS2 is
nomally connected to the A31 output of the 386SX. Setup and hold times are
referenced fo the rising edge of CPUCLK2,

PEREQ (Processor Extension Request)

The PEREQ signal Is an output from the CX-83587 to the 3865X processor. When active,
this signal indicates that the CX-83587 is ready for a data transfer with the host processor.
When all data transfers have been completed the signal will go Inactive. PEREQ will not
be active when BUSY# Is inactive. This signal is nomally connected to the 386SX PEREQ
input,
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READY# (Bus Ready)

The READY# input Is sampled on the rising edge of CPUCLK2. The active state of READY#
Indicates that the current bus cycle Is being concluded. The CX-83$87 bus interface uses
READY# and ADS# to track the 386SX bus cycles and remain synchronized with the 3865X
operation. This signal Is normally connected to the same signal that drives the READY#
input of the 386SX.

READYO# (CX-83587 Ready)

The READYO# output Is activated when the CX-83587 Is ready to conclude a bus cycle.
READYO+# Is referenced to the rising edge of CPUCLK2. This signal is normally connected
1o the READY# Input of the 3845X or the READY# generator for the system. READYO# in
the CX-83887 operates Independently of BUSY# and PEREQ. Therefore, communication
protocols other than the standard 3865X Numeric Processor Extension protocol can be
more easily Implemented.

RESETIN (System Reset)

The RESETIN input performs a total reset of the CX-83387. it must remain active for a
minimum of 20 Input clock perlods. The active to inactive transition of RESETIN must be
synchronous with CPUCLK2 to match internal clock phases with that of the 384SX. After
RESETIN goes inactive, READYO#, BUSY#, and PEREQ are set to the inactive state and
ERROR# s set active. This signal condition indicates to a 386SX that a 3875X compatible
numerics coprocessor Is connected. At least 8 clock periods must transpire after RESETIN
goes Inactive before the first CX-83887 access. This pin is normally connected to the
386SX RESET input,

STEN (Status Enable)

The STEN Input enables the functioning of the CX-83S87 when active. All outputs of the
CX-83587 are tri-stated when this signal is inactive. The other input signals are ignored
while STEN Is Inactive. This signal can be used to assist in board level testing by isolating
the CX-83587 from the remainder of the circuit. This signal is normally connected to VCC
through a resistor so that it can be pulled Inactive during testing.

W/R# (Write or Read)

The W/R# input to the CX-83587 indicates the direction of the current bus cycle. This
signal Is sampled simulttaneously with ADS#, CMDO#, NPS1# and NPS2 on the nsing edge
of CPUCLK2. (See Table 5.1-1 for W/R#'s use in defining the current bus cycle). W/R# Is
normally connected to the 386SX W/R# output; setup and hold time are referenced to
the rising edge of CPUCLK2.
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NPSI# | NP52 | CMDO¥ | W/R¥ |BusCycleType
~i/o# | a3 (A2)

1 - - Not a Coprocessor bus cycle

- 0 - - Not a Coprocessor bus cycle

0 ) 0 0 Coproc Status or Mode Cntl Reg Read
0 1 0 1 Coproc Opcode Write

0 1 1 0 Coproc¢ Data Write

0 1 1 1 Coproc Data Read

Table 5.1-1 PC Bus Cycle definition
52 Bus Operation

The CX-83587 Is compatible with the 3865X coprocessor protocol and executes reads
and writes at zero wait-states. The coprocessor protocol uses the BUSY# and PEREQ
slgnals to ensure that no coprocessor accesses are generated by the 3865X before the
coprocessor Is able to complete the fransfer. This allows the CX-83587 to issue READYO#
immediately after recelving ADS#. Therefore, the processor bus is avallable for DMA
cycles during the coprocessor Instructions. However, the time required to check these
signals contributes to the coprocessor overhead and slows down execution of the
numeric instructions.

The followlng sectlons describe the bus activity that occurs for the varlous categories of
numeric Instructions. The CX-83387 is fully synchronous to the 386SX bus operation and
supports both pipelined and non-pipelined bus cycles. Examples of the coprocessor's {/O
interface operation for the different categories of instructions are provided. The bus
cycles run by the 386SX to fetch instructions or to transfer operands to or from memory
are not shown. Also, the 386SX usually does not respond to the BUSY#, ERROR# and
PEREQ changes as rapidly as Indicated herein. The diagrams shown in this section merely
reflect the sequence of events and the method of synchronization; they are not meant
to imply actual execution times or bus cycle durations. STEN, NP§1#, and NPS2 are
assumed active during this cycle and are not shown. The CMDO# and W/R# signals
should be valid during the cycle also,

The following table categorizes the CX-83587 instructions by their interface
characteristics. The # BUS CYCLES column Includes the instruction opcode transfer and
its operand transfer(s) In the count of bus cycles. The EARLY WRITE column indicates that
the 386SX may write the opcode even if BUSY# Is active. The USES BUSY# and USES
PEREQ columns indicate Iif the referenced signal is utilized during the instruction
execution. A check mark () indicates that the signal is active during the instruction,
while a dash (-) Indicates that the signal is not active during the Instruction. The TYPE
column Identifles the category to which the Instruction belongs.
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#Bus | Eary Uses Uses
Instruction Operand Cycles | Wiite BUSY# | PEREQ | Type
FCLEX 1 v - - E
FFREE STQ) 1 - v - A
Ffunct 1 - v - A
FINIT - 1 7 - - E
FLD 64-bit real 5 ¥ ) - B
FLD 64-blt integer 5 ) J - B
FLD 32-bit Integer 3 v ¥ - B8
FLD 32-bit real 3 y v - B
FLD 80-bit real 6 - ) ) C
FLD 80-bit BCD 6 - ¥ ¥ C
FLD 16-bit integer 2 - y v C
FLDconst 1 - ) - A
FLDCW two Bytes 2 - v ) C
FLDENV block pointer 8 - 4 ¥ C
Fmath ST(i).ST 1 - y - A
Fmath ST.ST() 1 - J - A
Fmath 64-bit real 5 v v - B
Fmath 64-bit Integer 5 v v - B
Fmath 32-bit integer 3 v v - B
Fmath 32-bit real 3 ) y - B
Fmath 16-bit integer 2 - ¥ v C
Fops 0] 1 - \ - A
FRSTOR block pointer 48 - v y C
FSAVE block pointer 48 - ) ) C
FST 16-bit Integer 2 - v ¥ C
FST 32-bit'integer 3 - v y C
FST 32-bit real .3 - ) v C
FST 64-bit real 5 - v { C
FST 64-bit integer 5 - v v Cc
FST 80-bit real 6 - ¥ v C
FST 80-bit BCD 6 - v v C
FSTCW two Bytes 2 - - - D
FSTENV block pointer 8 - v v C
FSTSW AX 2 - - - D
FSTSW two Bytes 2 — - - D

Fmath represents the FADD, FCOM, FCOMP, FDIV, FDIVR, FMUL, FSUB,
and FSUBR Instructions. )
FLDconst represents the FLD1, FLDL2T, FLDL2E, FLDP1, FLDLG?2,
FLDLN2, and FLDZ instructions,
Fops represents the FLD ST(l), FXCH ST(), FNOP, FCHS, FABS,
FIST, FXAM, FUCOM, FUCOMP, FUCOMPP, and FCOMPP instructions.

Ffunct represents the F2XM1, FYL2X, FPTAN, FPATAN, FXTRACT,
FPREM1, FDECSTP, FINCSTP, FPREM, FYL2XP1, FSQRT, FSINCOS,

FRNDINT, FSCALE, FSIN, and FCOS instructions.
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53 Category A Instructions

The category A Instructions are the simplest type of CX-83S87 Instruction. These
Instructions operate on internal registers and have no operand fransfers between the
386SX and the CX-83587. The 386SX coprocessor protocol tests BUSY# and waits for
BUSY# to be Inactlive. The ERROR# signal is then examined. If ERROR# is asserted, the
386SX executes a trap to the coprocessor exception trap routine. If ERROR# Is not
asserted, the 386SX writes the opcode to the coprocessor and continues to the next
Instruction. The coprocessor asserts BUSY# during execution of the requested operation.
ERROR# will be asserted if an unmasked exception condition occurs during the
operation.

Figure 5.1 shows the bus signals during two successive category A Instructions in the non-
plpelined bus cycle operation. The first access occurs when the CX-83587 Is Idle and
starts immediately. The second access is delayed by the 3865SX until BUSY# goes Inactive.

|of=l 11T 11 Inlel | |
sscwe ULy

Figure 5.1 Category A, Coprocessor Bus Sequence

54 Category B Instructions

The category B instructions require the transfer of two or four 16-bit words from the 386SX
1o the CX-83387. The execution of this instruction category Is characterized by the 386SX
wiriting the opcode whether or not BUSY# Is active. The 3845X then waits for BUSY# {o
become Inactive (If necessary) and examines the ERROR# signal. If ERROR# Is asserted,
the 386SX executes a trap to the coprocessor exception trap routine. If ERROR# s not
asserted, the 386SX then transfers the operand (2 memory cycles for 32-bit operands, 4
memoiy cycles for 64-bit operands). Since synchronization is accomplished using BUSY#
during the operand transfer phase, there is no activity on the PEREQ line. The 386SX then
proceeds to the next Instruction. The CX-83587 asserts BUSY# after the operand Is

JGE D M 2589419 0000238 T EECYR
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accepted and removes BUSY# when the operation is complete. ERROR# is asserted if an
unmasked exception condition occurs during the operation.

Figure 5.2 shows the bus activity for two successive category B instructions with a 32-bit
operand In non-plpelined bus cycle operation. The inifial state of the CX-83587 is idle
allowing the 386SX to Immediately transfer both the Instruction opcode and the operand.
The second instruction Is inltiated while the CX-83587 is busy. The opcode transfer Is
completed but the operand transfer is not initiated by the 386SX until BUSY# goes
inactive.

lnle|nlnl | Inlel | |«

386 CLK2 ””””””H”H””Hl””””l”””HH”””

ADS#

READYO#

BUSY#

Figure 5.2 Category B, Coprocessor Bus Sequence

55 Category C Insimciiéns

The category C instructions are characterized by the use of the PEREQ signal to
synchronize the movement of the operand. All store operand instructions and the load
operand with 16-bit and 80-bit data values comprise this category. The coprocessor bus
activity Is characterized by the 386SX waiting for BUSY# to be Inactive before writing the
opcode to the CX-83587. The 386SX then waits for BUSY# and PEREQ to be active before
transfening the operand.

The operand transfer can take 1, 2, 4 or 5 bus cycles as determined by its size. One bus
cycle Is required to transfer the 16-bit word Integer and two bus cycles are required to
transfer 32-bit short Infeger and single precision real formats, Four bus cycles are used to
transfer the 64-bit long Integer and 64-bit double precision real formats. Five bus cycles
are used to transfer the 80-bit extended real and the 80-bit packed BCD formats.
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BUSY# Is active and PEREQ is inactive during the time that the CX-83887 Is generating the
properly rounded value for the designated format. When the value Is ready to be
transferred, PEREQ Is made active. In the coprocessor operation mode the 386SX will not
try to read the value until PEREQ Is active.

Figure 5.3 shows a non-pipelined bus cycle FSTP 32-bit integer with the CX-83587 inifially

" busy.

| lnlel | | Inle|nlel ||
386 CLK2 HH|IHHl|||||||||H“|||H|||H||HH”HHHH

Figure 5.3 Category C, Coprocessor Bus Sequence

5.6 Category D Instructions

The category D Instructions are those operations that wait for BUSY# o be Inactive
before transfering the instruction opcode and then transfer the operand (if there Is one)
immediately without using PEREQ. These Instructions involve only the store of the status or
control reglsters. The duration of the operation is so short that the BUSY# signal is not

asserted. Figure 5.4 shows the coprocessor mode synchronization waiting for BUSY# to
go Inactive. '
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| T Inlel Inlel |1 | |

386 CLK2 |”Hl||”|””||“Il|lH|||H””HHHHHHHH

Figure 5.4 Category D, Coprocessor Bus Sequence

5.7 Category E Instructions

The category E Instructions represent those Instructions that are executed regardiess of
the conditlon of BUSY#. BUSY# will be asserted during the instruction if it Is not already
asserted. PEREQ Is Inactive during the execution of these instructions. These instructions
operate on the status and ¢ontrol portion of the CX-83587. The entire Instruction consists
of writing the operation code to the coprocessor. There are no operands to transfer and
no synchronization to be performed.
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6. Mechanical Specifications

The CX-83587 Is packaged In ¢ 68 pin J-lead cerquad package. The following diagram
details the pinout of the CX-83587.

Top Side View
N ™ O < wn Q Q
2508852028838 8285¢
- | St SO e T s Y e Y e T e N e Y s I e OOX o A st BN ey Y e | | o T g I s |
7 1\
NC E 18 68F| NC
Do ] 0 nNc
. C ?E |
Vss [ 1 NC
Vee [ 0 Vec
D2 ] 1 Vss
D8 [ 1 vee
Vs [ TM 0 ves
ves asivia v
vss 1 CKM
D9 N Vee
g:“’ E CX-83887-20GC ] READYO#
. [ PEREQ
vee [ © 1989 Cyrix Corporation N s
Vss ] ] CPUCLK2
Vee [ 1 NC
Vss [} 82[1 NC
L a5 51 J
| % [ N DN R S [ EM i Wy At D s S QO S R S e | | N g S gy Sy v |
2RO GDSZ % 89 % U% kRS
LRI R IR I RIS
@ @ z 2 g 8
i O @
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Signal Pin Signal Pin Signal Pin Signal Pin
NC 1 NC 18 ERROR# 35 NC 52
D7 2 Do 19 BUSY# 36 NC 53
Dé 3 D1 20 Vee 37 CPUCLK2 | 54
Vece 4 Vss 21 Vss 38 Vss 65
Vss 5 Vee 22 P.U. 39 PEREQ 56
D5 6 D2 23 STEN 40 READYO# | &7

D4 7 D8 24 W/R# 41 Vee 58
D3 8 Vss 25 Vss 42 CKM 59
Vce 9 Vee 26 Vee 43 Vss 60
NC 10 Vss 27 NPS1# 44 Vss 61

D15 N D9 28 NPS2 45 vece 62
D14 12 D10 29 \/e7e} 46 Vss 63
Vce 13 D11 30 ADS# 47 vee 64
Vss 14 Vce 31 CMDO# 48 NC 65
D13 16 Vss -1 32 READY# 49 Vss 66
D12 16 Vee 33 P.U. 50 NC 67

NC 17 Vss 34 RESETIN 51 NC 68

Note: Pins 39 and 50 shown as P.U. ('Pull Up") must be tied to Vec for the device to
operate properly.

The Cyrix CX-83587 is available in a ceramic j-lead cerquad package. This package is
Identical In size.shape, and pin-out to the Inte! 3875X 68-pin PLCC package. The
package Is described in the following section,

6.1 Mechanlcal Package Specifications:

The dimensions for both the cerquad package and the PLCC package are detailed on
the following pages.
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Note: 1. All dimensions in inches (milimeters).
2. Solder dip finish.,
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Top Side View ,
0.045+.003
PLCC Package /(0.1 14:.008)
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Note: 1. All dimensions in Inches (milimeters).
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3. Seating plane and Tweezing coplanarity are within .004 inches

106




CYRIX CORP JGE D WE 2589819 000024k 9 EECYR

‘T-49-12-05

FasMath™ 83587 User Manual

Cyrixm

7. Elechical Specifications
7.1 Absolute Maximum Ratings

The following table lists absolute maximum ratings for the CX-83387 device. Stresses
beyond those listed under "Absolute Maximum Ratings* may cause permanent damage
to the device. These are stress ratings only and do not imply that operation under any
conditions other than those listed under *"Recommended Operating Conditions" is
possible. Exposure to conditions beyond the "Absolute Maximum Ratings® (1) will reduce
device rellabliity and (2) result in premature fallure even when there is no immediately
apparent sign of fallure. Prolonged exposure to conditions at or near "Absolute
Maximum Ratings® may also result in reduced useful life and rellability,

Parameter Min. Max. Units Notes
Case Temperature 0 +100° ‘C Power Applied
Storage Temperature -65° +150° ‘C No Bias
Supply Voltage, VCC 0.5 +6.0 | Volts With respect to Vss
Voltage On Any Pin 0.5 |vCc+0.5 | Volts With Respect to Vss
Power Dissipation 1.6 | Watts
Input Clamp Current, liK 10 mA VI<VSs or VisVCe
Output Clamp Current, IOK 25 mA VO<VSSs or VO>VCC

7.2 Recommended Operating Conditions

The following table presents the recommended operating conditions for the device:

Parameter Min. Max. | Units Notes
TC Case Temperature 0° +85° ‘C Power Applied
Vce Supply Voltage +4.5 +5.5 | Volts With respect to Vss
VIH _High Level Input 2.0 vce Volts
VIL  Low Level Input 0.0 0.8 | Volts
IOH Output Curmrent(High) -1.0 mA VOH=VOH(miIn)
oL Qutput Current (Low) +4.0 mA VOL=VOl(max)
K Input Clamp Current +10 mA VI<VSS or VI>VCC
[OK  Output Clamp Current +25 mA VO<VSSs or VO>VCC
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Parameter Min. Max. Units Notes
VCL Clockinput Low 0 0.8 Volts With respect to Vss
VCH Clock Input High 3.7 Vee Volts
VOL OQutput Low Voliage +0.45 Volts jOL=4.0 mA
VOH Output High Voltage 2.4 Volts I0H=1.0 mA
IcC; Supply Current - Idle ] mA CiK2=20 Mhz (Typ=6)
ICCR Supply Current - Running 300 mA CLK2=20 Mhz (Typ=150)
Il Input Leakage +15 A O<VIN<VCC
Lo 1/O Leakage +15 pA 0.45<vVo<vcce
CIN Input Capacitance 10 pf . fe=1 Mhz
Co 1/0O Capacitance 12 pf fc=1 Mhz
Ccik Clock Capacitance 20 pf fc=1 Mhz
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The following table summarizes the timing requirements of the CX-83587-20 and -16

devices.
CX-83587 Speed 20 Mhz 16 Mhz
Pin Sym | Parameter| Min | Max | Min | Max Fig. Notes
(nsec) [(nsec) [(nsec) [nsec)
CLK2 T Period 25 500 |31.25 | 500 7.1 2.0V
CLK2 T2a | HighTime 8 9 20v
CLK2 T2b | HighTime 5 5 3.8v
CLK2 T3a | LowTime 8 9 20V
CLK2 T3b | LowTime 6 7 0.8v
CLK2 T4 Fall Time ) 8 8 3.7vTo 0.8V
CLK2 T5 Rise Time 8 8 0.8VTo 3.7V
READYO# 17 OutDelay| 3 23 4 27 7.2 CL=75 pf
PEREQ 17 OutDelay | 5 28 5 30 Cl=75pf
BUSY# 17 OutDelay| 5 28 5 30 CL=75 pf
ERROR# 17 OutDelay| 5 28 5 30 CL=75 pf
D15-D0 T8 Out Delay 1 32 1 37 7.3 CL=120 pf
D16-D0 T1I0 | SetupTime] 10 ) 10
D15-D0 ™m HoldTime | 1 n
D15-D0 Ti12 | FloatTime | 6 27 ) 33 CL=120 pf
PEREQ T13 | Float Time 1 40 1 45 CL=75 pf
BUSY# T13 | Float Time 1 40 1 45 CL=75 pf
ERROR# T13 | Float Time 1 40 1 45 CL=75 pf
READYO# T13 | Float Time 1 40 1 45 CL=75 pf
ADS# T14 | SetupTime| 15 20 7.3
ADS# T16 | Hold Time 5 5
READY# T16 | SetupTime| 10 10 7.3
READY# T17 | HoldTime 4 4
CMDO#, NPS1#, [ T16 | Setup Time| 15 20 7.3
NPS2, W/R#
CMDO#, NPS1#, { T17 | Hold Time 0 0]
NPS2, W/R#
STEN T16 | SetupTime| 15 20 7.3
STEN T17 | Hold Time 2 2
RESETIN T8 | SetupTime] 12 13 74
RESETIN T19 | Hold Time 4 4
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(CLK) PHASE 2*

CPUCLK2

20V 2.0V7

9
RESETIN
T8

Reset Timing

*Note: Phase 2 Is defined to be the second full CLK2 period after RESET falls.

Fig. 7.4

1.5 Interface Timing Parameters

The following table sefs forth the clock cycle timing requirements for major CX-83587
Interface functions. Times are specified in CPUCLK2 cycle counts. Please refer to figure
7.5 for fiming reference Information.

Pin ]Symbol Parametet Max | Notes
RESETIN T20 {Time Active
RESETIN T21 |Time Inactive
BUSY# 122 |Time Active
BUSY# 123 |Delay Inactive From ERROR# Inactive
ERROR# | 124 |Delay Active From PEREQ Inactive

BUSY# 125 |Delay Active 4 | From READY# Active

Before 1st Opcode Write

o~o~o~oo8§.

READY# | T26 |Delay 0 Opcode Write to Next Cycle
READY# | 127 |Delay 0 Operand cycle to
| next operand cycle
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FasMath™ Glossary:

BASE: (1) a term used to describe the fundamental number for a logarithmic or
exponential function. In both cases, it Is a number that is raised to a power. The two
equations (y = log B of x) and (BY = x) are the same. Base Is sometimes called & radix.
(2) a number system pertaining to the base. Example: Base 2 is the binary number
system; base 10 Is the decimal number system; base 16 is the hexadecimal number
system. In each case a succeeding digit is an Increase by a factor of the base.

BIAS: A constant,

BIASED EXPONENT: An exponent which has been divided by a blas so as to have a valid
positive and negative range. For example, the double precision real format has a bias
of 1023 ((2‘ ‘/2]-1) when an exponent is non-zero. Given an 11-bit blased exponent of
1111111100, which is 2044, the true exponent Is 2044 -1023 which equals +1021,

BINARY CODED DECIMAL (BCD): A decimal number representation which occupies a
nibble (4-bits). A nibble is most often used to represent a hexadecimal digit; however
when representing a BCD value the hexadecimal values A through F ¢(1010- 1111 binary)
are not used. The FasMath™ processor supports the use of the BCD format by storing 18
decimal digits and the sign (+/-) into 10 bytes.

BINARY FLOATING-POINT NUMBER: A binary string made up of the following three
components: a sign, a signed exponent, and a significand. Its numerical value, if any. Is
the slgned product of Its significand and two raised to the power of its exponent,

BINARY POINT: A point or dot expressing the denominator of 2-N, Functionally the same
as a decimal point,

C0-C3 Four bits of the FasMath™ processor status register known as the *condition
code”. These bits are set to certain values by the compare, test, examine, and
remainder functions of the FasMath™ processor, Additionally, the C1 bit defines the
direction of round-up if precision exception is set.

CONDITION CODE: Four bits of the FasMath™ processor status register which indicate the
results of the compare, test, examine, and remainder functions of the FasMathT™M
processor as well a the direction of round-up if precision exception is set.

CONTROL MODE REGISTER: A 16-bit FasMath™ processor register which is programmed
to control the modes of computation as well as which exception can cause an interrupt.
After a hardware reset invalid exception Is masked and all other exceptions are
unmasked. Preclsion control is set to extended and rounding control is set to round
nearest, The control mode register contains the value $037E after reset.

DENORMAL: A nonzero floating-point number whose biased exponent has the reserved

value of zero as well as having a significand with a value of zero left of the binary point.
On the FasMath™ processor a denormal is @ number represented by:

O.binary_fraction * 2126 Where binary_fraction > 0.

3LE D BW 2589819 0000255 T EECYR
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DOUBLE EXTENDED FORMAT: An 80-bit format consisting of a sign bit, a 15-bit biased
exponent, and a é4-bit significand with an explicit integer bit and 63 fractional-part bits,
Also called the extended double precision format.

DOUBLE PRECISION FORMAT: A 64-bit format consisting of a sign bit, an 11-bit blased
exponent, and a 52-bit significand with an Implicit leading integer bit.

ENVIRONMENT: Cument state of the FasMath™ processor.

EXCEPTION: Any of the six conditions (invalid operand, denormal, numeric overflow,
numerlc underflow, zero-divide, and precision) detected by the FasMath™ processor
which causes an Interrupt or the status register to be changed.

EXCEPTION POINTERS: One or fwo pointers maintained by the 80386 to help exception
handlers ideniify the cause of a numerics processor exception. One pointer always
points to the most recently executed numerics processor instruction. The second
pointer polnts to the memory operand of the Instruction, only if the instruction had a
memory operand. The exceptlon pointers can be accessed with either the FSTENV or
FSAVE Instructions.

EXPONENT: (1) any number which denotes the power to which another number is raised.
(2) the field of an IEEE-754-1985 floating-point number that indicates the magnitude of the
number minus the blas for the particular precision format.

EXTENDED DOUBLE PRECISION FORMAT: An 80-bit format consisting of a sign bit, a 15-bit
blased exponent, and a 64-bit significand with an expliclt integer bit and 63 fractional-
part bits. Also called double extended format.

FLOATING-POINT: A number that Is expressed as a signed significand times a base
raised to the power of a signed exponent. In the case of the FasMath™ processor, the
base Is 2,

FRACTION: The fleld of the significand that lies to the right of its implled binary point.

GRADUAL UNDERFLOW: A method of minimizing the loss of accuracy in a result when an
underflow error condition occurs.

IMPLICIT INTEGER BIT: an Implyed *1* (single bif) left of the significand's binary point in the
single and double precision real formats that Is not explicitly represented as part of the
IEEE-754-1985 data format. That Is the IEEE formats assume a given significand lles to the
right of the binary point with a implled single bit of 1 to the left, for all numbers except
denomnals., Denormals have an implied single bit of 0.

INDEFINITE: A result from a function that cannot be precisely represented when the inputs
are such that no other reassonable answer Is possible. IEEE-754-1985 defines a quiet NaN
for each floating-point format to represent the indefinite value. For binary integer
formats the most negative number is considered the indefinite value. For the BCD
format, the sign byte and the two uppermost digit bytes contains all 1's.

A-2
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INEXACT: A result which could not be precisely represented and sets precision
exception In the FasMath™ processor's status register.

INFINITY: A number without bound. The IEEE-754-1985 specification considers infinity os
another number, subject to special rules of arithmetic. All three floating-point formats
(single, double and extended double precision) provide representations of +ee and -ce,

INTEGER: A whole number (positive, negative, or zero) that has no fractional part. It Is
quite common for Integers to be represented in a floating-point format:; this is what the
FasMath™ processor does whenever an integer Is pushed onto the FasMathT™M
processor stack.

INTEGER BIT: The part of the significand that fies to the left of the binary point. The Integer
bit Is always one, except for denormals. In the extended double precision format the
integer bit Is explicit. In the single and double precision formats the integer bit is implicit
and is not actually stored in memory.

INVALID OPERATION: Any exception which Is not covered by other exceptions reported
In the status register.

. LONG INTEGER: A 64-bit two's complement number.

LONG REAL: A 64-bif format consisting of a sign bit, an 11-bit biased exponent, and a 52-
bit significand with an Implicit leading integer bit. More commonly referred to as double
precision format,

MANTISSA: The component of a binary floating-point number that conslists of an explicit
or Implicit leading bit to the left of its Implied binary point and a fraction field to the right.
The mantissa Is also called the significand.

MASKED: A term used to describe a blocking of exceptions. The FasMath™ processor
exceptlon bits (P, U, O, Z, D, 1), found In the status register, are masked when a
corresponding bit In the control mode register Is set to one. When an exception bit is
masked, the FasMath™ processor will not generate an interrupt on an exception but will
provide its own exception recovery.

MODE: Two flelds In the status register, “rounding control* and "precision control* which
control the execution of arithmetic operations. Programs can set, sense. save, and
restore these fields.

NaN: An abbreviation for *Not a Number®; It Is a floating-point entity that does not
represent any numeric or Infinite value. There are two types of NaNs: (1) Signaling NaNs
(SNal) signal the Invalid operation exception whenever they appear as operands. (2)
Quiet NaNs (@NaN) propagate through aimost every “arithmetic operation without
signaling an exception.

NORMAL: The representation of a floating-point number in which the significand has an
Integer bit one (either explicit or implici).
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NORMALIZE: A number which has been converted from a denormal representationto a
nomal representation.

NUMERIC OVERFLOW: An exception generated when an answer Is finite but Is foo large
to be represented in the destination format. .

NUMERIC UNDERFLOW: An exception generated when an answer is oo small to be
topresented In the destination format. The |EEE-754-1985 standard specifies that an
attempt should be made to represent the number as a denormal.

PACKED DECIMAL: A BCD number. On the FasMath™ processor it Is a 10-byte quantity,
with 18 binary coded decimal digits and one byte for the sign.

POP: To remove the last item placed on the stack.

PRECISION: The number of bits needed to represent a significand of a floating-point
number.

PRECISION CONTROL: Two bits in the FasMath™ processor's control mode register
which allows all arithmetic operations to be performed with less precision. Since there Is
no performance advantage when using this option, its only use is for strict compatibliity
with the |EEE-754-1985 standard and with older main frame computer systems,

PRECISION EXCEPTION: An exception condition which occurs when the results of a
calculation is not exact. The IEEE-754-1985 specification refers to precision exception as
an “inexact® resutt,

PSEUDOZERO: A set of speclal values In the extended double precision format which
consists of numbers with a zero significand and an exponent that is neither all zeros nor
ail ones.

QUIET NaN (@NaN): A NaN which has a one In the most significant bit of the fractional part
of the significand. @NaNs can undergo certain operations without causing an
exception,

REAL: Any ratlonal or lrrational value (negative, positive, or zero) that can be
represented as a quantity or a number; this does not include imaginary numbers.

SHORT INTEGER: A 32-bit two's complement number.

SHORT REAL: A 32-bit format conslsting of a sign bit, an 8-bif biased exponent, and a 23-
bit significand with a leading impilicit integer bit. More commonly referred to as single
precision format.

SIGNALING NaN (SNaN): A NaN which has the most significant bit of the fractional part of
the significand equal to zero. A SNaN will cause an invalid-operation exception
whenever it enters into a calculation or comparison.

SIGNIFICAND: The component of a binary floating-point number that consists of an
explict or implicit leading bit equal to 1 that Is left of its Implied binary point and has a
fraction field to the right. The significand Is also called the mantissa.
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SINGLE PERCISION FORMAT: A 32-bit format conslsting of a sign bit, an 8-bit biased
exponent, and a 23-bit significand with a leading Impilicit integer bit.

§8S: The three-bit fleld of the status reglster which points to one of the elght FasMathiM
processor stack registers; this register is called the current top of stack.

STACK FAULT: An exception which results from either the source register being empty or
the destination register being full.

STATUS REGISTER: A 16-bit register which Indicates the current status of the FasMathi™M
processor. The status register contains condition codes, the stack pointer, busy, and
exception flags. The exception flags can be cleared through soffware. After a
hardware reset, the Invalld exception Is set and the status register will contain a value of
$8081,

TAG REGISTER: A 16-bit register that describes each of the eight FasMath™ processor's
stack registers. After a hardware reset all stack locations are tagged empty; thus, this
register contains all ones (SFFFF).

TEMPORARY REAL: An 80-bit format consisting of a sign bit, a 15-bit blased exponent,
and a 64-bit significand with an explicit integer bit and 63 fractional-part bits. More
commonly referred to as extended double preclsion format.

TOS: The stack register which is pointed to by the $SS bits in the status register.

TRANSCENDENTAL: Functions for which polynomlal formulas are used to approximate.,

The FasMathT™ processor supports transcendental operations such as trigonometric,
exponential, and logarithmic functions.

TWO'S COMPLEMENT: The IEEE-754-1985 defined method for representing integers. The
upper most bit determines the sign: 1 for a negative value, 0 for a positive value. For
example, the 8-bit number 11111000 is -8, obtained by subtracting 256 (28) from 248
(27426425424:23),

UNBIASED EXPONENT: The actual exponent value that tells where to place the binary
polnt of the significand of a floating-point number. For example, if a single precision
format blased exponent Is 142 (single precision has a Blas of 127) the unblased
exponent Is +15, Thus, the real number being represented is the significand with the
binary point shifted 15 bits to the right.

UNMASKED: a term that applies to each of the six FasMath™ processor exceptions:
I.D.ZOUP. An exception Is unmasked if a corresponding bit In the FasMathTM
processor control mode register Is sef to zero. If an exception is unmasked, the
FasMath™ processor will generate an Interrupt when the exception condition occurs.
The user can provide an Interrupt routine to customize exception recovery.

WORD INTEGER: A 16-bit two's complement integer format supported by both the 80386
and the FasMath™ processor.
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FasMath™ Opcode Map

The opcode map tables below are included to help in debugging. However, c- little
explanation on how to use and read these tables is in order.

The tables below are arranged In a spread sheet like manner with the upper byte of the
numerics. processor's 16-bit opcode identifying a particular table. The low byte's high
nibble of the numerics processor's opcode Identifies a particular row in the spread
sheet like table and the low byte's low nibble Identifies the column in the table. A picture
of this Is shown below.

Given a 16-bit opcode: 8-bits 4-bits 4-bits
Upper byte Low byte hgh nbble  Low byte low nbbble
| Opcode Map Table | Row | Column ]
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D8 D9
Low nibble Low nibble
High nibble 0... 7 6. F High nibble 0... 7 8. F
0,4,0r8 |FADD sy(g) + 32t real [FMUL 1 * 32t real 04,018 |fD 105« 32bitreal Undefined
1,5,019 | FCOM s10y =2 32:6it re |FCOMP sty =2 s2strect] | 1P OF 9 1FST 510y > 32.bitreal | FSTP  s10)-> 32:bit rel
2,6,0fA |FSUB srn)-a2-bitreal JFSUBR  32-tit rect -ST(0) 2,6,0rA FLDENV FLOCW
3,7,0tB |FDV ‘sio)/32-bitreal |FDIVR  32-uitreal / ST(0) 3,7,0rB FSTENV FSTCW
Low nibble Low nibble
Highnibble 0 1 2 34 567 89 ABCDEF |pghnihle 01 23456789 ABCDEF
c FADD _s1 =10 +s100 [FMUL __ s1(0) = 510 * $T) c FLD 108 <- ST FXCH _s10) <> ST@)
o0 T2] o] o] s] e[ 7]o] v [ 2] 3] 4] s[ ¢ 7 =fo D T2134]5]6]7 o1 [ 2] o] <] 5[ 6] 7
D FCOM sim=?510 _ |FCOMP sty =2 5100 4
mfo1T2] af o] s] o] 7{o] 1] 2] 2 a] s]e] 7 D o Undefined Undefined
P
£ FsuB srggrsrgoi-srm FSUBR sriopsr?-sr@ T T AEOnnr
ImJOojYj2)3)4) 6|l6|l7]0]1]2)13]4]6]6} 7 ClA TIX Lt JL L L §L
E His{u|V]siafuilV|o]|o]lo|o|plp]|D|VY
E FDV sty =510 /51y IFOIVR st = s10) /8T sis T M vivjupeduf |z
l-o|||2lai4|5io|7 o|||2|3i4|5io|1 2121 sy
ANt HIHHBRIHE
Xttt |AlT |R]EN RiL]|Q]I [NJC]I o
F Ml2]|Aa|Tir]|E|CiC E{i ? g |D LA N| S
Legend Example: VIXINIAIAIYS H [ olnle
U = Undefined Opcode FSQRT = Opcode DIFA i plP 1 ST
DA DB
ibble Low nibble
High nibble 0... ' 7 8. F High nibble 0... 7 8. F
0,4,0r8 |FIADD st +32bitint |FIMUL st * s2-bitint 0,4,0r8 1RID tos< s20itint Undefined
1L,5,0r? [FICOM s1(0)=? 32:bit Int | FICOMP s10) =7 32-tt int L5or? RSt s> s2bitint |FISTP s10) -» 32-bitint
2,6,0rA |FISUB sr)-a32bitint |FISUBR  32-bitint - ST@O) 2,6,0rA Undefined FLD 7108 <- 10 byte recl
3,7,0rB |[FDIV  s10)/32bitint [FIDIVR  32-bitint /ST 3,7,0r8 Undefined FSTP  s1(0) ->10 byte real
lownlbble fow nibbla
Hghnbble 0 1 2 34 567 89 ABCDEF Hahnlbble 01 2 34 567 89 ABCDEF
c Undefined Undefined c Undefined
D " Undefined Undsfined D Undefined
F F |F|F|F|F
: IR
E Undefined ulgl Undefined E clsletids] v Undefined
M Xt |e
P . M
[ ] .
F Undefined Undefined F Undefined
* The CX-83587 treats these Instructions as FNOP's.
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DC DD
Low nibble Low nibble
High nibble 0... 7 8. F High nibble 0... 7 8.. F
0.4,0r8 |FADD s1(0) + eabitroal [FMUL 510 * sabitroci 0,408 IFD  105< sabitreal Undefined
1,8,0r? |ECOM s1) =2 et real] FEOMP 510y 7 et e 15,069 1EST 51y > sabitreat [FSTP 10y » sabitrea
2. 6, orA FsuUB ST(0) - 64-bit real FSUBR &4-bit real - ST(0) 2: 6. orA ) FRSTOR Undefined
3,7,0rB | FDIV_ s1(0)76abitreal | FDIVR  eabit rect /570 3,7,0r8 FSAVE FSTSW
Low nibble Low nibble
Hahnibble 012 34567 89ABcDEF |Hohnbble g1 23456789ABCDEF
c FADD__ s10) = 510) + s70] FMUL _ 709 = 5100) * 570) c FFREE __sto) Undefined
t=[o 0 2[4 s]e]7 Jo]n] o[ 3[ <[ s] ] 7 i= o |+ [2[a]a]s]e]7
D Undefined Undefined D FST ST0) FSIP st
E FSUBR STQ) = ST(0) - ST() | FSUB STQ) = STG) - ST(0) = Oll I2|3I4|5|6|7 Dll!2la|d| 5|6|7
=lo 1] 2]a]a]s]e]7 o1 2] o] 4] o] o]+ E FUCOM sigy FUCOMP &1y
F FOIVR sty =51y /510 | FON 5100 =570 / STy = o fr [2]sfa]s[s[7]o[1]2] a] o] 5] ¢]7
t=lofr J2]a]a]sTe 7 o1 T2] 3] 4] &] o]+ F Undefined Undefined
DE DF
Lownibble Low nibble
High ribble 0... 7 8. F High nibble g... 7 8. F
0,4,0r8 |papp 1 + 16bitint [FIMUL  s10) * 16-bit int 0,4,0r8 JFID 1o 1ebitint Undefined
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