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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 fo provide both the system designer
and the programmer the information needed to evaluate and use the device. Detalled
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, 3045
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

Cyrix FasMiath, CX-83D87, and CX-83587 are registered trademarks of Cyiix Co rporation.
Infel, 376, 386D, 3868X, 387DX. and 3873X ore registered trademarks of Infe! Corporation,
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3. General Introduction
3.1 Overview

The Cyrix CX-83887 is a CMOS VLS| integrated circuit which is socket compatible and
software compatible with the Intel 3875X math coprocessor yet offers substantially
improved performance. The CX-83587 requires 4 to 10 times fewer clock cycles io
execute floating point operations than the Intel 387SX. This was accomplished by
implementing its floating point primitive operations in hardware rather than in @
microprogrammed sequencer. This approach allows the CX-83587 to perform simple
floating point operations at the same speed as the 3865X processor can perform infeger
additions; square root, elementary functions. The transcendental functions are
evaluated correspondingly faster.

3.2 Circuit

The CX-83587 device is fabricated using a 1.0 micron, double layer metal CMOS process.
This permiis the CX-83587 to operate at clock rates of 16 and 20 Mnhz. State of the art ESD
protection and latch-up prevention circuits are incorporated into the CX-83587 design,
The CX-83587 is available In a 68-pin, ceramic j-lead package or PLCC package. Both
packages are identical in size, and shape fothe Intel 3875X 66 pin PLCC package.

33 Standards
The CX-83587 implements a full extended double precision |[EEE-754-1985 architecture

using 80-bit internal format for data storage and computation. This formaf assures
maximum accuracy and operand/result compatibility with the original 3875X.
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FasMath™ 83587 Block Diagram
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3.4 Architecture

The CX-83887 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,
divisions, and rounding of results. The Control Unit supervises the execution of primitives.
sequences primitives to realize complex operations, and controls traffic to/from the
Interface Unit,

3.5 Programming

The CX-83$87 processor provides the user 8 data registers accessed in a stack-iike
manner, a control register, and a status register. The CX-83587 also provides a data
register tag word which improves confext switching and stack performance by
maintaining empty/non-empty status for each of the eight data registers. In addition,
registers in the 3868X contain pointers to (a) the memory location containing the current
CX-83587 instruction word and (b) the memory location containing the operand
associated with that instruction (if any).

The instructions used to program the CX-83587 are binary and function compatible with
those defined for the Intel 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-83587.

3.6 Data Types

The Cyrix CX-83587 supports |EEE-754-1985 32-bit single precision, 64-bit double precision,
and 80-bit extended double precision real data formats. The CX-83587 also supports 18
digit BCD integer data format and 16-bif, 32-bit, and 64-bit binary infeger 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 LT 1]
Integer B
"Short” 32 bits [ ] | | |
Integer 3 % 5 7
Long | ¢4bits ] I
Integer & 5 a2 % 3l 2 15 7
BCD | 80bits | [S[XT0, B0, O, 00, 0 D, 0D, 0[5, 0 b, 5[ D0
Integer % N 63 s 4 T 2 I 7
Single 32 bits [s]Exe] Significond |
Real 3 eam s 7
Double &4 bits [S] Bxp [ Sgnificgnd . ; [ ]
Redal e 5 &1 47 % 31 2 15 7
Extended | 80 bitfs ]31 Exp |‘|| } Sigpiﬂcqmd I ; i . ; _1
Real T T L e T 7
Byte Displacement +9 | +8 | +7 +6 | +5 | +4 | +3 +2 | +1 +0
From Basa Address re |l re | te | 7o | 0|70 )| 70| 70| 70 20

Memory Data Formats

Internally, all data are converted to 80-bit extended precision format for storage and
manipulation. The range and precision provided by 80-bit extended precision format
allows 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 calculations may require rounding to be represented in the other formats. The
following figure shows the range and precision characteristics of each CX-83587 data

type.
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Format Size Dynamic Range ResoluiioL
Word 16 bits -32768 1in 216
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 1in264
Integer +9,223,382,027,854,875.807
BCD 80 bits -999,999,999.999,999.999 1in 1018
Integer +999.999,999,999,699 999
Single 32 bifs 5.8775% 1099 <INI< 1in 224
Real 3.4028 x 1038
Double 64 bits 1.1125x 10308 <IN < 1in 253
Real 1.7977 x 10+308
Extended | 80 bits 1.68105 x 10 4932 < NI < 1in 264
Real 1.1897 x 10+4932

CX-83587 Data Type Numerical Properiies
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 digits. This simple observation raises the possibility that different computing
systems may choose different methods of approximation and produce different results
given the same inputs and algorithms.

The IEEE-754-1985 Standard for Binary Floating Point Arithmetic aftempts to solve this
problem by specifying the error bounds for the calculation of binary floating point vaiues.
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
to be used. The result of this standardization is that given the same sef of input values
and rounding Instructions, all conformal machines will produce the same result to within a
defined margin of error.

Computations internal to the CX-83587 are performed using 80-bif extended precision
operands. The 15-bit exponent and the é4-bit 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 to assist in maintaining
precision when rounding.

These extra blts are used in IEEE specified rounding modes and help mainfain accuracy
when the precision of a result exceeds that available in the significand. The programmer
can select any of the four IEEE specified rounding modes for use in computation: round
to nearest or even, round down, round up, and truncate.

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




4, Instruction Set

4.1 Instruction Set Summary
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The following table summarizes the operation and allowed forms of every member of the

CX-83587 instruction set:

Mnemonic Result Operation

F2XM1 TOS « 2101

FABS 108 « 1TOSI

FADD STD « STH+TOS

FADD TOS « TOS+ST()

FADD TOS  TOS+M.DR

FADD TOS « TOS+M.SR

FADDP STG-1) « ST(MH+TOS; SP«SP+1
FIADD TOS « TOS+M.S!

FIADD TOS « TOS+M.WI

FCHS TOS « -TOS

FCLEX - Clear Exceptions
FCOM CC « TOS-5T()

FCOM CC « TOS-M.DR

FCOM CC « TOS-M.SR

FCOMP CC « TOS-ST(); SP«-SP+1
FCOMP CC « TOS-M.DR: SP«SP+1
FCOMP CC « TOS-M.SR: SP<SP+1
FCOMPP CC « TOS-5T(1); SPSP+2
FICOM CC « TOS-M.SI

FICOM CC « TOS-M.WI
FICOMP CC « TOS-M.SI; SPSP+1
FICOMP CC « TOS-M.WI; SP<SP+1
FCOS TOS « COSTOS)
FDECSTP SP « SP-1

FOIV ST « STMH/TOS

FDIV TOS « TOS/ST()

DIV TOS « TOS/M.DR

DIV TOS « TOS/M.SR

FDIVP STG-1) « STM/TOS; SPSP+1
FDIVR TOS « ST()/TOS

FDIVR ST() « TOS/ST(M

FDIVR TOS « M.DR/TOS

FDIVR TOS « M.SR/TOS

FDIVRP ST(-1) « TOS/ST(); SP5P+1
FIDIV TOS « TOS/M.SI

FIDIV TOS « TOS/M.WI

FIDIVR TOS « M.SITOS

FIDIVR TOS « MWI/TOS

FFREE TAG(D) « Empty

FINCSTP SP « SP+1

FINIT — Initialize
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FLD TOS « ST(D); SP«SP-1

FLD TOS « M.DR; SP«<SP-1

FLD TOS « M.LI; SP<5P-1

FLD TOS « M.SR; SPe-SP-1

FLD TOS « M.XR; SP«-SP-1

FBLD TOS « M.BCD; SPSP-1

FILD TOS « M. SP<SP-1

FILD TOS « M.WI; SP<-SP-1 ]

FLD1 TOS « 1.0; SP<SP-1

FLDCW Cil Word « Memory

FLDENV Env Regs « Memory

FLDL2E TOS « Logye); SPe-SP-1

FLDL2T TOS « Loga(10); SP«SP-1

FLDLG2 TOS « Logn(®); SP«SP-1

FLDLN2 TOS « Logd2); SPSP-1

FLDPI TOS e 7 SPSP-1

FLDZ TOS « 0.0; SP«3SP-1

FMUL ST « STM'TOS

FMUL TOS « TOS*ST(H

FMULP ST(-1) « ST(*TOS: SP«-S5P+1

FMUL TOS « TOS'M.DR

FMUL TOS « TOS*M.SR

FIMUL TOS « TOS'M.SI

FIMUL TOS « TOS'M.WI

FNOP — No Operation
STC1.

FPATAN TOS « ATAN(']'-'Og): SPe-SP+1

FPREM TOS « Rem(-;%‘}

FPREM1 TOS « Rem(sl%%)

FPTAN TOS:ST(1) « 1; TANTOS); SP«SP-1

FRINDINT TOS « Round(OS)

FRSTOR -— Restore state.

FSAVE - Save state.

FSCALE TOS « T10O5*2¢T

FSIN TOS « SINCTOS)

FSINCOS TOS:ST(1) « COSSINTOS); SPeSP+1

FSQRT TOS « +/TOS

FST ST() « TOS

FST M.DR « TOS

FST MSR « TOS

FSTP ST(F1) « TOS: SPe-5P+1

FSTP M.DR « TOS; SP<5P+1

FSTP MLl « TOS; SP<5P+1

FSTP MSR « TOS; SP«SP+1

FSTP MXR « TOS; SP<SP+1

FBSTP M.BCD « TOS; SP«3P+]
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FIST M.8l « TOS

FIST MW « TCS

FISTP M.Sl &= TOS; SPe-SP+1
FISTP MWI « TOS; SP-SP+1
FSTCW Memory « Control word.
FSTENV Memory « Ctl,Status.IP.DP.
FSTSW Memory « Status

FSTSWAX AX « Status

FSUB ST « STM-TOS

FSUB TOS « TOS-ST(D

FSugp STG-1) «  ST-TOS: SPeSP+1
FSUB TOS « TOS-M.DR

FsuB TOS « TOS-M.SR-

FISUB TOS « TOS-M.WI

FISUB TOS « TOS-M.SI

FSUBR TOS « ST(M)-TOS

FSUBR ST « TOS-ST()

FSUBRP ST(-1) « TOS-ST(); SPe—5P+1
FSUBR TOS « M.DR-TOS

FSUBR TOS & M.SR-TOS

FISUBR TOS « MWI-TOS

FISUBR T08 « M.SI-TOS

FTST CC « TOS00

FUCOM CC « TOS-ST()

FUCOMP CC « TOS-ST(i); SP5P+1
FUCOMPP CC « TOS-8T(1); SP«S8P+2
FXAM CC « Class of TOS.

FXCH TOS «» ST() Exchange
FXTRACT TOS:SI(1) « Signif; Exp; SP—SP-1
FyL2X TOS « ST(1)*LogxTOS); SP«-SP+1
FYLZXP1 TOS « ST(1)*'Loga(1+TOS); SP—5P+1

The abbreviations and conventions used in the CX-83587 instruction sum mary are:

I.

TOS == Top of stack register pointed to by S3S in Status Register,

(cf. Sec 4.3).

ST(1)== Next to Top of stack register (pointed to by S55+1).

Memory operands are referred 1o as “M.XX" where "XX'=:

W >
g —>
"L -—>
SR -
DR >
KR >
‘BCD" --»

16-bit integer;

32-bit integer;

64-bit integer;

32-bit reql:

&4-bit real;

80-bit real;

18-digit BCD integer.

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

The "Result" column refers to stack layout afferinstruction execution.




FasMaih™ 83587 User Manual

6. Operands separated by a semicolon indicate that the leffmost destination
receives the leftmost source, e.g., TOS<-~COSTOS) In FSINCOS; ST(1)<—
SINCTOS).

7. SP== CX-83587 Stack Pointer (Contents of S58).

8.  IP== CX-83387 Instruction Pointer.

9. DP==CX-83587 Data Pointer.

10.  STi)== Randomly addressed CX-83587 data register i.

11. CC== Condition 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
explicit data load instruction (FLD) must be used to store a datum into the CX-83587 “Top
of Stack’ prior fo performing arithmetic operations on it. The load instruction causes a
"push’ operation by decrementing the “stack pointer' (SSS field of the Status Register) by
one modulo 8 and loading the datum into the physical register newly addressed by SSS.

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

All other CX-83887 arithmetic instructions operafe only on data confained in CX-83387
registers.

The explicit register addressing fecture operates by specifying the displacement (i) of ihe
target register from the current 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() 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 fo
address them leads to the possibility of a data register overwrite 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 fields assume one of four values
depending on the contents of their associated data registers: Valid("'00", Zero("017),
Special('10"), and Empty('117), Note: Denormal, Infinity, @NaN, SNaN and unsupported
formats will be tagged as "Special’. Tag values are maintained transparently by the CX-
83387 and are only available to the programmer indirectly through the FSTENV and
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FSAVE instructions. The Tag Word with tag fields for each associated physical register,
tag(R), is schematically depicted below:

15 B 7 D
[ Tog® | Tag® | Tag®) [ Tagd [ Tag® | Tag@ [ Tagh | Tag® |

TAG VALUES:

0.9] = Valid

o1 = Zero

10 & Denormal, Infinity, @NaN, SNaN, and Unsupported
11 = Empty

The CX-83587 detects two kinds of register operation erors: Source Register Empty and
Destination Register Full . The Source Register Empty error occurs when an instruction
aftfempts to read a source operand from a data register which is Empty, i.e. Tag(Ry="11".
The Data Register Full emror occurs when an aftempt is made to store data into a register
which is not Empty, i.e. Tag(R)="11". In the context of load (‘push”) and siore ("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) STO)" with ST(4) not empty, or “FLD ST(0).5T(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 resufts of CX-83587 operations are converted to the desired data format and siored
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 @ "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 options 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 G data register as a source
operand to facilitate conditional testing. Finally, both FCOM and FUCOM provide o
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
explicitly addressed register as Empty. FINCSTP & FDECSTP can diso be used to increment
or decrement the SSS field of the Status Register.

4.3 Contrel & Status Registers

The Cyrix CX-83387 communicates information about its status and the resulis of
operations fo the host 386SX via the Status Register. The CX-83587 Status Register is
comprised of bit fields that reflect exception status, operation execution status, register
status, operand class, and comparison results. This register is continuously accessible to
the 3868X CPU regardless of the state of the Control or Execution Units.

15



FasMath™ 83587 User Manual

The CX-83587 Mode Control Register (MCR) is used by the 386SX pP to specify the
operating mode of the CX-83587 processor. The MCR contains bit fields which specify
the rounding mode fo be used, the precision with which to calculate results, and the
exception conditions which should be reported to the host via traps. The user controls
precision, rounding, and exception reporting by setting or clearing appropriafe bits in the
MCR.

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

Register s 12 1 8 7 43 [
Status BC3S S|[S C2CICO|ESSF P UO Z D |
|__Mode Ctl = * * *IRCRCPCPC|* * P U|O Z D |
| Exceptions/Masks
Table 3: CX-83587 Status Register & Mode Control Register

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

B8 - Copy of ES bit.

C3,C2LC1C0 - Condition code bits.

555 s Top of Stack Register number.

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

SF - Stack Fault or invalid register operation bit.

RC e Rounding Control bits:

00 - Roundtonearest oreven,
01 - Round toward minus infinity.
10 - Round toward plusinfinity.
11 - Tmuncate.

PC - Precision Control bits:
00 - 24-bit mantissa.
01 - Reserved.
10 - 53-bit mantissa.
11 - 64-bit mantissa.

Exception Status &
Mask Bits -- "1* in Status Register indicates exception:
*17in MCR masks exception trap.
P - Precision emor.
U Underflow error.
O - Qverflow error.
Z - Divide by zero eror.
D - Denomndlized operand error.
I - Invalid operation.
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4.4 Exceplion Handling
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The CX-83887 performs extensive data checking during the data input and type
conversion 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 Exception, Divide By Zero Exception, Denormal
Operand Exception, Invalid Operation Exception. and Register Error.  These seven
exceptions map info six separately enabled exception traps (invalid operation and
register errors are reported on the same trap). Exception traps are unmasked (enabled)
by writing a "0" into the appropriate bit of the CX-83587 Mode Control Register.

When the CX-83587 arithmetic unit detects an exception, it sets the corresponding
exception status bit in the CX-83587 Status Word in all cases except Underflow when
Underflow is masked. In this case, the Underflow bit is only set if Precision Exception is also
set. The CX-83587 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 |EEE-754-1985 specified result is stored In the destination and an Error trap
sequence Is infficted. 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
frap sequence is begun.

45 Precision Excepfion

This exception Is caused by the production of a result which Is not exactly representable
in the destination location of the instruction. For instance, the number 1710 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 Preclsion Exception to be set.

4.6 Underflow Exception

This exception is caused by the production of a result which is finy 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 Underflow 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 resulf is
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multiplied by 22457, rounded, and stored in the destination register. This behavior occurs
for all underflow cases except ihe 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 is written.

4.7 Overflow Excepfion

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

When Overflow is unmasked, the Overflow Exception causes the results fo be scaled o fit
in the destination format. In this case, if the destination Is a stack register, the true 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 will produce +/- = just as if Overflow was masked. If the
destination is memory, the instruction Is aborted and no result is written.

4.8 Denormal 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 denormal
operand.

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

4.9 Divide By Zero Exception

This exception is caused by an attempt 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 ifs sign set to the
exclusive-or of the operands' signs. For FXTRACT, ST(1) Is sef to -e> and TOS is sef to zero
with its sign set 1o the sign of the initicl operand.

When Divide By Zero is unmasked the exception status is set and an exception trap
sequence is intiated without wiiting any resuft 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 excepfion trap
sequence is initiated and the destination is left undisturbed. This exception is indicated
by simultanecusly setting the Invalid and Stack Fault bits In the Status Word.

When a Stack Error is signaled, the C1 status bif indicates whether the error was
Destination Register Full (C1="1%) or Source Register Empty (C1="0").

4.11 Invaiid Operation Exceplion

The IEEE-754-1085 Standard provides for the detection and reporting of attempts to
perform arithmetic on operands that cannot provide meaningful results. Such attempfs
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are called Invalid 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 wriften 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 Quietized Nan.
QNaN & SNaN Any Arthmetic The @NaN.
SNaN & SNaN Any Arithmetic Larger SNaN Quietized.
"QNaN & QNaN Any Arithmetic Larger QHGN,
NalN FCOM(P)(P) & FTST CC= Unordered,
(+e0,00) OF (=, +oa) Addition &NaN Indefinite.
(400,+59) OF (~o0 -00) Subtraction QNaN Indefinite.
0,00 Muttiplication QNaN Indefinite.
(a,00) OF (0.0) Division QNaN Indefinite.
Zero Divisor Partial Remainder QiNaN Indefinite.
= Dividend Partial Rermainder QNaN Indefinite.

o0 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 Infeger/BCD Indefinite.
Empty Register Exchange Registers Set Empty to @NaN
Indefinite & exchange.

"Note: Generally the use of a @NaN as an operand in these contexts does not
generate the Invalid Exception. Al other Invalid Operations in the table
produce the Invalid Exception.

Certain 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 details.

4.12 Detailed Instruction Descriptions

The detfailed instruction descriptions provide a complete reference on the use of each
CX-83887 instruction. The insfruction mnemonic, 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 lefter 'B' into their mnemonics are included in the listings
under their basic type, i.e. FIADD is described under FADD. With this single exception, all
the CX-83887 instructions are catalogued alphabetically by mnemonic in this section.

The integer variants presented under their bosic type are: FIADD, FICOM, FIDIV, FILD,
FIMUL, FIST, & FISUB. Similarly, the BCD integer forms are grouped with FLD (FBLD) and FST
(FBSTP).
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Detailed instruction descriptions are presented In the following standard format:

Syntax:

Forms:

Operands:

Operation:

Status:

Exceptions:

ZerofInf:

Notes:

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

A complete list of the permitted operand source & destination
combingations for the instruction.

A detailed table showing all permitted operand types. the
instruction encoding for each fype, 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-83587 condition codes
of each instruction.

A table which summarizes the possitle exceptions an instruction
can produce and the resulting exception status bifs in the Status
Reqgister.

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

descriptions:

Syntax:

Forms:

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

Angle brackets ("<>") indicate an argument of type "<type >" 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(0)" to the
Intel assembler.

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

<Memory> refers to a legal 386SX memory operand address, e.g.
"DWORD PTR 01007,
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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"
&4-bit Integer Memory location "QWORD PTR*
32-bit Real Memory Location "DWORD PTR"
&4-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:

$XX
MD
R/IM
P
REG
SIB
DISP

Hexadecimal value of 1st byte.

2-bit 386SX "MOD" field.(of MOD R/M.)
3-bit 3865X "Reg/Mem" figld.(MOD R/M.)
1-bit specifying “pop*=1/no "pop"=0.
3-bits specifying CX-83387 data register.
386SX Stack Index Base field.

3865X Displacement field.

Cycle counts are given in 384SX clock cycles and assume no wait
states and no DMA overhead in the host system.

Stafus: Status bits are indicated as:

ZTo-c

Undefined after instruction execution.
Setto "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 fype and specify the result stored in the
destination based on the trap mode: masked or unmasked.
Exceptions which are not pessible fora 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 |Setto 0" unconditionally.
M __|Settothe value loaded from memory.
Zero/Inf: Special symbois used have the following definitions:
=" |"Converfed to".
sgn() | Arithmetic sign of argument Q.
X | A paositive, finite, nonzero integer,
' A positive, finite, nonzero integer.
NaN | Not a Number.
R |Zero as produced by current RC mode.
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Syntax;
Forms:

Operands:

Operation:

Status:

Excepftions:

Zero/infinity:

Notes:
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Function Evaluation: 2%-1. F2XMI1
F2XM1
F2XM1
Inst Source Operand Encoding Cycles
[F2XM1_[TopofStack  [$D9] 11110000 | [ 14-66 |

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

Arguments | x1> 1.0 produce undefined results without signaling any
exceptions.

Result of Instruction c3 C2 c1! Co
Normal Execution: U u 0 U
Register Eror.  Source Reg Empty U U 0 U

Type Mode Result § PU O Z D |
Precision Masked Rounded -1 -1 - -
Unmasked Rounded -11]- -1-
Underflow Masked Denorm/fZero B R R I N
Unmasked | Round&Scale |- J- 11 |- 1-{[-1|-
Overflow N/A N/A
Div by Zero N/A N/A
Denormal WMasked OperandUsed |- 1-|-|-|-|1]-
Unmasked | Trap/Unaltered } - |- |- |- 1-11]-
Invalid Cp Masked QNaN -t-t-1-3-1-11
Unmasked | Trap/Unaitered |- |- |- |- |- |- |1
Reg Error Masked &NaN 1T1-1-1-1-1-1
Unmasked Trap/Abort T1-1-1-1-1-11
X Resuit
+0 +0
-0 0
-ca -1
too Fee

1. After a Precision Exception the "C1" stafus bif indicates whether
rounding was away from zero.
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Syntax:
Forms:

Operands:
Operation;

Status:

Exceptions:

Zero/Infinity:

Notes:
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Floating Absolute Value FABS
FABS
FABS
Inst Source Operand Encoding Cycles
[FABS  [Top of Stack [sDe] 11100001 ] [ 4 ]

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

Stack Is set to zero (positive).

Result of Instruction C3 c2 Cl CO
Normal Execution: U U 0 U
Register Emor.  Source Reg Empty U U 0 U
Type Mode Result S P O Z D |
Reg Error Masked QNaN 1]- -1-1-10
Unmasked Trap/Abort 1 = l-1-11

OP1 Result

+0 +0

-0 +0

=) +oo

Foo +oo

None.
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Syntax;

Forms:

Operands:

Operation:

Status:

Exceptions:
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Floating Point Add FADD

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

FADD <TOS>,<Memory>

FADD <TOS>,<Register>

FADD(P) <Register>,<10S>

Inst Source Operand Encoding Cycles

FIADD [ 16-bit Integer SDE [MD 000 R/M | SIB.DISP 13
FIADD | 32-bit Integer SDA|MD 000 R/M | SIB,DISP 15
FADD | 32-bit Real $D8 |MD 000 R/M | SIB,DISP 15
FADD | 64-bit Real $DC|MD 000 R/M | SIB.DISP 19
FADD | 80-bit Register $D8| 11 000 REG 6
FADD |Top of Stack $DC} 11 000 REG )
FADDP | Top of Stack SDE | 11 000 REG 6 |

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
stackis popped,

Result of Instruction C3 c2 c1l Cco
Normal Execution: U U 8] U
Register Error: Source Reg Empty U u 0 U
Type Mode Result S P U O Z D |
Precision Masked Rounded [~ = = Tal=]s
Unmasked Rounded 1{-f-1-1-
Underflow Masked Denom/Zero 11 -]-
Unmasked | Round&Scale |- |- 1 ]-]-1-1]-
Overflow Masked R{ea) -1 -
Unmasked | Round &Scale |- |- |- 11 -
Div by Zero N/A N/A i
Denormal Masked Denorm Used -1- -f1-111-
Unmasked Trap/Abort -1 - -1-411-
Invalid Op Masked QNaN -1- == |1
Unmasked Unaltered 2 - 1
Register Error Masked QNaN 1 -1-1- 10
Unmasked Unaltered ] - -1- 11
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FADD Floating Point Add FADD
Zero/Infinity: OP1 OP2 Result OP1 OP2 Resut

+0 +0 +0 +o0 400 +eo

'0 '0 ‘D o ] =00

+0 -0 RO +eo -e0 Inv Op

0 +0 R{0) o0 +oo Inv Op

-X +X RO +o0 X +e0

+X -X R(O) =00 X -0
Notes: 1. After a Precision Exception the "C1* status bit indicates whether

rounding was away from zero,
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FCHS Floating Change Sign FCHS

Syntax: FCHS

Forms: FCHS

Operands: Inst Source Operand Encoding Cycles
[FCHS [ Top of Stack [sD9] 11100000 | [ 4 |

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

Status: Result of Instruction C3 C2 Cl Co
Normal Execution: U U 0 U
Register Error: Source Reg Empty U U U
Exceptions: Type Mode Result s PU O Z D |
Reg Error Masked QNaN T1-1-1-1-1-11
Unmasked Trap/Abort 1] - - - 11
Zero/infinity: OP1  Result OP1  Result
+0 -0 +oo —oa
_0 + —o +oo
Notes: 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:  All CX-83387 exception flags are reset to zero. The busy flag is reset to
zero. ERROR# goes inactive.

Status: Result of Instruction C3 C2 Cl1 CO
Unconditional: LV T80 T 08 1§ |
Exceptions: Type Mode Result S P U Oz D |
| None | N/A [ AlCleared [oJoJoJoJo[o]0]

Zero/Infinity:  None.

Notes; None.

27



FCOM

Syntax:

Forms:

Operands:

Operation:

Status;

Exceptions:
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Floating Point Compare FCOM
FCOM(P)  ((<DST>,)<SRC>)

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

inst Source Operand Encoding Cycles
FICOM(P) | 16-bit Integer SDE | MDO1p R/M | SIB,DISP 1
FICOM(P) | 32-bit Integer SDA| MDOIp R/M | SIB.DISP 13
FCOM(P) | 32-bit Real $D8 | MDOIp R/M | SIB.DISP 13
FCOMD |64-bit Real $DC| MDO1p R/M | SIB,DISP 17
FCOM(P) | 80-bit Reg SD8| 1101pREG 4
FCOMPP | 80-bit Reg SDE| 11011001 4

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 s 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.

Result of Instruction &3 Cc2 Cl C0
Normal Execution: DST > SRC 0 0 0 0
DST < SRC 0 0 0 ]
DST = SRC 1 0 0 0
Unordered 1 1 0 1
Register Eror:  Source Reg Empty 1 ] 0 ]
Type Mode Result S PU O Z D |
Precision N/A N/A
Underflow N/A N/A
Cverflow N/A N/A
Div by Zero N/A N/A
Denormal Masked QNaN -1-1-1-1-11
Unmasked Trap/Abort -l-1-=1-t-11}-
invalid Op Masked "Unordered” -1-1-1-1-1-17
Unmasked Trap/Abort? -l-1-1-1-1- 1
Register Error Masked ‘Unordered” 1Ti-1-1-1-1-11
Unmasked Trap/Abori? 11-1- L -1-11
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FCOM Floating Point Compare FCOM
Zero/Infinity: DST - SRC Result DST- SRC  Result
+0 +0 = $oo +o0 =
0 -0 = -oa = =
+0 0 = +oo -o0 DST>SRC
0 +0 = ~o0 +eo | DST<SRC
+0 +X DST<SRC | +e X DST>SRC
-0 +X DST<SRC | - X DST<SRC
+0 -X DST>SRC X o0 DST>SRC
-0 -X DST=SRC X +eo DST<SRC
NaN X Unordered| X NaN | Unordered

Notes: 1. @NAN 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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Syntax:

Forms:

Operands:

Operation:

Status:

Exceptions:

Zero/Infinity:

Notes:
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Function Evaluation: Cos(x). FCOS
FCOS
FCOS
Inst Source Operand Encoding Cycles
[FCOS [ Top of Stack [spe[ i | | 597 |

The Top of Stack contains the source operand (x). The instruction requires
09 in radians and returns (y) such that y= cos(x). The result (y) is
nomalzed and rounded according to the RC mode in effect. The vaiue
(y) replaces the contents of the Top of Stack. The source operand (x)

must be in the range 1x1 <263,

Result of Instruction C3 c2 ci! co
Incomplete Reduction of (x): U 1 0 U
Normal completion: U 0 0 U
Register Eror: Source Reg Empty U U 0 U

Type Mode Result s PU O 2 D |
Precision Masked Rounded 1 -1-1-1-
Unmasked Rounded -1 -t
Underflow N/A N/A
Overflow N/A N/A
Div by Zero N/A N/A
Denormal Masked OperandUsed |[-{-|-|-1-11]-
Unmasked | Trap/Unaltered § - |- |- - 1-11]-
invalid Op Masked QNaN N N EE RN N R
Unmasked | Trap/Unattered |- |- |- [- |- |- |
Register Error Masked QNaN Vl-1-1-1- ]
Unmasked Unaltered 11-1-1-1- 1
X Result
+0 +1
-0 +]
+oo Invalid Op.
50 Invalid Op.

1. After a Precision Exception the "C1° status bit indicates whether
rounding was away fram zero.
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FDECSTP Decrement CX-83587 Stack Pointer FDECSTP

Syntax: FDECSTP

Forms: FDECSTP

Operands: Inst Source Operand Encoding Cycles
[FDECSTP | None [spe]l 1mmotnio | | 5 ]

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 C1 CO
[Unconditional: [ U T u T o T u

Exceptions: Type Mode Result S PUQZ D |
[ Nore T NA T NA [ L1011

Zero/Infinity:  None.

Notes: This instruction has no effect on any data register's contents or the Tag
Word.
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Syntax:

Forms:

Operands:

Operation:

Status:
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DIV

Floating Point Divide F

FDIVIRI(P)  {(<DST>,)<SRC>)

FDIV(R) <T0S>,<Memory>

FDIV(R) <TOS>,<Reg>

FDIV(R)(P) <Reg>,<T0OS>

Inst Source Operand Encoding Cycles

FIDIV(R) | 16-bit Integer SDE| MD 11rR/M| SIBDISP | 20-31*
FIDIV(R) | 32-bif Integer spA| MD 11rR/M | SIB.DISP | 22-33*
FDIV(R) 32-bit Real sD8| MD1IrR/M| SIB.DISP | 22-33°
FDIV(R) 64-bit Real sDC| MD 1IrR/M | SIBDISP | 25-36*
FDIVI(R) 80-bit Reg sp8| 11 11rREG 13-24*
FDIV Top of Stack SDC 11 111 REG 14-25
FDIVR Top of Stack $DC| 11 110REG 13-24
FDIVP Top of Stack SDE| 11111 REG 14-25
FDIVRP Top of Stack SDE| 11 110REG 13-24

*Add one clock cycle to these instruction execution times for reversed

operands.

The source operand is fetched and converted fo extended precision
format 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 desfination register. When the "pop” form is used,

the top of stack is popped.

The “reverse” form causes the source fo be divided by the destination. The

quotient is placed in the destination

Result of Instruction C3 C2 cl! Co
Normal Execution: U U 0 u_ |
Register Emor;  Source Reg Empty U U 0 U
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Exceptions:

ZerofInfinity:

Notes:
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Floating Point Divide FDIV
Type Mode Resutt S PU O Z D |
Precision Masked Rounded -1 -f-1-1-1-
Unmasked Rounded - -1-1--
Underflow Masked Denomy/Zero |- |1 (1 ]-1-1-
Unmasked | Round &Scale |- |- |1 - -1 -
Overflow Masked R(e) -1-1-11 -1-
Unmasked | Round&Scale |- |-|-|1]- -
Div by Zero Masked = (Note 2) -l-1-t-10 -1
Unmasked | Trap/Unattered |- |- |- |- |1]-
Denommal Masked CperandUsed |- |-1-1-1-[1
Unmasked | Trap/Unattered |- |- |- |- ]-|1]-
Invalid Cp Masked QNaN ~1-1-1-1-1-1
Unmasked | Trap/Unaltered | - |- |- |-{(-1]- |1
Register Error Masked QNaN T1-1-1-1-1-11
Unmasked Unaltered 11-1-1-1-1-11

OP1 + OP2 Resutt OP1+ OP2 Result

+/-0 | +/-0 | Invalid | +/- [ +/=~ | Invalid
+0 +X +0 +oa +X +o0
0 -X +0 +oo -X -eo
+0 -X 0 -o0 +X oo
-0 +X 0 oo -X oo
+X +Y +03 +oo +0 +oo
-X Y +03 oo 0 o8
+X 'Y '03 ] +D o0
-X +Y -03 -0 -0 +oa

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

2. Division by zero produces an infinity result with a sign equalto 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 denormalization or
underflow when Underflow Exception is masked..
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Syntax:

Forms:

Operands:

Operation:

Status:

Exceptions:

Zero/Infinity:

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

Inst Source Operand Encoding Cycles
[FFREE [ 80-bit Register [sDD] 11 000 REG | [ 5 ]

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

Result of Instruction C3 C2 Cl Co
[Unconditional: [ U T U T o [ u 1]
Type Mode Result S P U QO Z D |

None | N/A | N/A -1 1-1-1-]
None.
None.
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FINCSTP Increment CX-83587 Stack Pointer FINCSTP
Syntax: FINCSTP
Forms: FINCSTP
Operands: Inst Source Operand Encoding Cycles
| FINCSTP] None [sD9] 11110111 ] [ 5 ]

Operation:  The CX-B3387 data register stack pointer is incremented modulo 8. The
result of incrementing SP=7 Is SP=0,

Status: Result of Instruction C3 Cc2 C1 Co
[Unconditional: [ v T U T o T u ]

Exceptions: Type Mode Resutt S PU O Z D I
[ None [ NA ] N/A [1-I-T-T-1-T-]

Zero/Infinity:  None,

Notes: This instruction has no effect on any data register's contents or the Tag
Word.
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Syntax:

Forms:

Operands:

Operation:

Status:

Exceptions:

Zero/Infinity:

Notes:
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CX-83587 Initialize FINIT
FINIT
FINIT
Inst Source Cperand Encoding Cycles
[FINT__ | None [spB[ 11100011 | [ 5 ]

The CX-83587 is set to ifs reset condition. The CX-83587 Mode Control
Reglster is set to $037F 14, the CX-83887 Status Register is reset to $0000,
and dll data registers are marked empty (Tag word=5FFFF).

This action sets Rounding control to *round fo nearest or even® (RC=00),
Precision control fo 64-bit extended precision (PC=11), and the Top of
Stack register number o zero (838=000). All exceptions are cleared {=0), all
condition codes are cleared (Cg-C3=0), and all exceptions are masked
=1.

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

Result of Instructlon &3 C2 Cl Co
[Unconditional: [ o [ o [ o [ o |
Type Mode Resuft S PUO Z D |
[ None [ NA ] N/A [ocJoJoJoJoJo]o |
None.
None.
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FLD Load CX-83587 Register FLD

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

Forms: FLD <10S>,<Memory>

FLD <T0OS>,<Register>

Operands: Inst Source Operand Encoding Cycles
FILD 16-bit Integer SDF {MD 000 R/M | SIB.DISP 7
FILD 32-bit Integer $DB |MD 000 R/M | SIB,DISP Q
FILD &4-bit Integer SOF |MD 101 R/M | SIB.DISP 13
FELD 18 dig BCD Int, SDF IMD 100 R/M | SIB,DISP 36
FLD 32-bit Real $D9 |MD 000 R/M | 8IB,DISP 12
FLD 64-bit Real $SDD|MD 000 R/M | SIB.DISP 16
FLD 80-bit Real SDB |MD 101 R/M | SIB,DISP 15
FLD Top of Stack 509 | 11 000 REG 4

Operation: The source operand [s fetched and converted to extended precision
format if necessary. The operand is stored in the destination register. If
TOS is the destination, the SS5S field of the Control Register s pre-
decremented modulo 8,

Status: Result of Instruction C3 C2 C1 Co
Normal Execution: U U 0 U
Register Emor:  Dest. Reg Full U U 1 U
Source Reg Empty U U 0 U
Exceptions: Type Mode Result S P U O Z D |
Precision N/A N/A
Underflow N/A N/A
Overflow N/A N/A
Div by Zero N/A N/A
Denormal’ Masked Denom Used =l-1-1-1-11
Unmasked Trap/Abort =f-1-1-1-111-
Invalid Op! Masked QNaN -1-1-1-1-1-1
Unmasked Unaltered =t-=1-1-1-1-11
Register Error Masked QNah Tf-1-1-1-1-11
Unmasked Unaftered T{-1-1-1-1-1]1
Zero/infinity: OP1 Resuft OP1  Resuff
+0 +0 4oa +oo
-0 0 ~o0 -co
Notes: 1. Denormal and Invalid exceptions cannot occur as a result of FLD 80-bit

real or FLD <reg> instructions..
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FLD1

Syntax:

Forms:

Operands:

OCperation:

Status:

Exceptions:
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Load Floating Constant= 1.0 FLD1
FLD1
FLD1
Inst Source Operand Encoding Cycles
[FLD1 | 80-bit Intemal [509] 11101000 | [ 4 ]

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

Result of Instruction Cc3 C2 Cl Co
Normal Execution: U U 0 u
Register Eror:  Dest. Reg Full Y U 1 U
Type Mode Resuft S PUOZI 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 1 -1- -1
Unmasked Trap/Abort 1i{-1-1- - 11

Zero/Iinfinity:  None.

Notes:

None,
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FLDCW Load CX-83587 Mode Control Register FLDCW

Syntax; FLDCW <SRC>

Forms: FLDCW <Memory>

Operands: Inst Source Operand Encoding Cycles
|FLDCW | 2 Bytes [SD9[MD 101R/M [SIBDISP [ 4 |

Operafion:  The CX-83587 Mode Control Register is loaded with the contents of the
specified memory location, Note that exceptions indicated in the Status
Register due fo previous cperations may cause an ERROR# trap sequence
if the corresponding mask bit in the MCR is set to 0 by this instruction.

Status: Result of Instruction C3 Cc2 Ci COo
[Unconditional; [ U T U T v [ u 7
Exceptions: Type Mode Result S P U O Z D 1
L None | NA ] N/A feled-0-0-1-§-]

Zero/fInfinity:  None.

Notes: None.
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Synia:
Forms:

Operands:

Operation:
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Load CX-83587 Environment FLDE NV

FLDENV <SRC>
FLDENV <Memory>

Inst Source Operand Encoding Cycles

[FLDENV ] 14 or 28 Bytes [SD9[MD 100R/M JSBDISP [ 22 |

The CX-83587 "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-835887. The "Environment”
also includes the CX-83887 Instruction Pointer and the CX-83587 Data
Pointer 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 contains a Status Register field with an
exception indicated and an MCR with that exception enabled causes an
ERROR# trap seqguence 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 "Envircnment” data
fransfer. A subsequent WAIT or exception checking instruction will
execute a frap sequence,

32-bit Protected Mode: 31 15 0

32-bit Real Mode: 31 15 0

Reserved Mode Conirol Word
_ Reserved Status Word
Reserved Tag Word
Instruction Pointer Offset
00000]  Opcode(10:0) | Code Segment Selector
Data Operand Offset
Reserved | Operand Seg Selector

Reserved Mode Control Word |
Reserved Status Word
Reserved Tag Word
Reserved Instruction Pir(15:0)
0000 | Instruction Pir(31:16) [ 0] Opcode(10:0)
~ Reserved | Operand Pir(15:0)
0000 | Operand Pir(31:16) [ 0000 [ 0000 | 0000 |
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FLDENV Load CX-83$87 Environment FLDENV
16-bit Protected Mode: i o! 0
Mode Control Word
Status Word
Tag Word

Instruction Ptr Offset
Code Segment Selector
Data Operand Offset
Operand Seg Selector

16-bit Real Mode: 15 0
Mode Control Word
Status Word
Tag Word
Instruction Pir(15:0)
IP(19:16) | 0]  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 | ™M ]
Exceptions: Type Mode Result S PUO Z D |
| loaded [ NA ] N/A [MIMIMM MMM ]

Zero/infinity:  None.

Notes: None.
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FLDL2E Load Floating Constant= Log2(e) FLDL2E

Syntax: FLDL2E

Formns: FLDL2E

Operands: Inst Source Operand Encoding Cycles
[FLDL2E | 80-bit Const. [sD9] 11101010 | [ 7 ]

Operation;  The 80-bif extended precision constant approximating Loga{e) is pushed
onto the Stack. The constant is rounded according to the RC mode in

effect.
Status: Result of Instruction 3 C2 Cl1 Co
Normal Execution: U U 0 u
Register Emor:  Dest. Reg Full U U ] U
Exceptions: Type Mode Resutt s P U O Z D |
Precision N/A N/A |
Underflow N/A N/A
Cverflow N/A N/A
Div by Zero N/A N/A
Denormal N/A N/A
Invalid Op N/A N/A
Register Emor: Masked QNaN T1-1-1-1-1-11
Unmasked Trap/Abort T-1-1-1-1-11

Zero/infinity:  None.

Notes: None.
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FLDL2T

Syntax:
Forms:

Operands:

Operation:

Startus:

Exceptions:

Zero/Infinity;

Notes:
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Load Foating Constant= Log2(10) FLDL2T
FLDL2T
FLDL2T
Inst Source Operand Encoding Cycles
[FLDL2T [80-bit Const. [soe] 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 CO
Normal Execution: U U 0 U
Register Error: Dest. Reg Full U U 1 U
Type Mode Result S PUOZ D I
Precision N/A N/A
Underflow N/A N/A
Overflow N/A NJA
Div by Zero N/A N/A
Denormal N/A N/A
Invalid Op N/A N/A
Register Error: Masked QNaN T -1-1-1- 1
Unmasked Trap/Abort T1-1-1-1- 1
None,
None.
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FLDLG2

Syntax:
Forms:

Operands:

Operation:

Status:

Exceptions:
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Load Floating Constant= Log10(2) FLDLG?2
FLDLG2
FLDLG?2
Inst  Source Operand Encoding Cycles
[FLDLG? | 80-bit Const. [$D9] 11101100 | I

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 Ci CO
Normal Execution: U U 0 U
Register Eror:  Dest. Reg Full U U 1 U
Type Mode Resuft S PUOZD 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 Emor: Masked QNaN f-1-1-1-1-1
Unmasked Trap/Abort T1-1-1-1-]1-11

Zero/Infinify:  None.

Notes:

None.




FLDLN2

Syntax:
Forms:

Operands:

Operation:

Status:

Exceptions:

Zero/Infinity:

Notes:

Load Floating Constant= Ln(2) FLDLN2
FLDLN2
FLDLN2

Inst Source Operand Encoding Cycles
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[FLDLNZ ] 80-bit Const.

[sD9] 11101107 |

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.
Result of Instruction C3 C1
Normal Execution: U 0
Register Error: Dest. Reg Full U ]
Type Mode Result U O 72 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
Unmasked Trap/Abort

None.

None.
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FLDPI Load Floating Constant= r. FLDPI

Syntan FLDPI

Forms: FLDPI

Operands: Inst Source Operand Encoding Cycies
[FLDPI [ 80-bit Const. [sD9] 11101011 | [ 6

Operation:  The 80-bit extended precision constant approximating = (P is pushed
onto the Stack, The constont is rounded according fo the RC mode in

effect.
Status: Result of Instruction &3 Cc2 2 CO
‘Eormal Execution: U U 0 U
Register Emror; Dest. Reg Full U U 1 U
Exceptions: Type Mode Result s pPU 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
Dencrmal N/A N/A
Invalid Cp N/A N/A
Register Emror: Masked QNaN 11-1-1-1-1-1
Unmasked Trap/Abort 11-1-1-1-1-11

Zero/Infinity:  None.

Nofes: None.
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FLDZ

Syntax:
Forms:

Operands:

Operation:

Status:

Exceptions;
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Load Floating Constant=0.0. FLDZ
FLDZ
FLDZ
Inst Source Operand Encoding Cycles
[FLDZ | 80-bit Const. [sD9] 11101110 ] [ 4 ]

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

Result of Instruction C3 Cc2 Cl CO
Normal Execution: U u 0 U
Register Eror:  Dest. Reg Full U U 1 U
Type Mode Result S PU O Z D |
Precision N/A N/A
Underflow N/A N/A
Qverflow N/A N/A
Div by Zero N/A N/A
Denormal N/A N/A
Invalid Op N/A N/A
Register Emor: Masked QNaN 1]-1- -1
Unmasked Trap/Abort 11-1]- - 11

Zerofinfinity:  None.

Notes:

None.
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FMUL

Syntax:

Forms:

Operands:

Operation:

Status:

Exceptions:
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Floating Point Multiply FMUL

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

FMUL <105>,<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-bif 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 sDC| MD 001 R/M| SIB.DISP 22
FMUL 80-bit Reglster sD8| 11001 REG 10
FMUL | Top of Stack SDC| 11001 REG 10
FMULP | Top of Stack SDE| 11001 REG 10

The source and destination operands are fetched. The source is
converted to extended precision format if necessary. The opera nds are
multiplied and the resutt is normalzed and rounded according to the RC

mode In effect at the precision specified by the PC mod

e bits, The result is

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

stack is popped.

Result of Instruction C3 o ¢! co
[Normal Execution: U U 0 U
[RegisterEmor: __Source Reg Empty | U U 0 U
Type Mode Result s PU O Z D |
Precision Masked Rounded I I A S e
Unmasked Rounded =47 = ] = -
Underflow Masked Denom/Zero =111 -t -
Unmasked | Round &Scale |- |- |1 |- SO
Qverflow Masked R{ea) - -11l-1-
Unmasked | Round &Scale | - |- |- |1 - |-
Div by Zero NIA N/A
Denormal Masked Denorm Used - - - 11
Unmasked Trap/Abort - - |- 11-
Invalid Cp Masked aNaiN - - 1- - - 11
Unmasked Unaltered = = -1- 01
Register Error: Masked QNaN - - -1
Unmasked Unattered 1 - 1
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FMUL Floating Point Multiply FMUL

Zero/fInfinity: QP1 OP2 Resuit OP1 OP2 Resuft
+0 +0 +0 +oo +eo oo
+0 -0 0 +o0 oo -0
-0 +0 0 wo | oo ~e0
-0 -0 +0 oo -0 teo
+X +0 +0 +o0 +X +o0
+X -0 0 +o0 -X -oo
-X +0 0 -0 +X o0
-X -0 +0 -co -X +o0
+X +Y +02 +50 +0 inv. Op.
+X | Y 02 +o | 0| Inv.Op.
X | o4y 02 ~ | +0 | Inv.Op.
-X -Y +02 -00 -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 extrerne 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 [$D9] 11 010000 | [ 4 |

Operation:  No operation is performed in the CX-83587.

Status: Result of Instruction C3 Cc2 Cl C0
[Unconditional: U T v [ u T v |
Exceptions: Type Mode Resutt PUOZD I 8§
None [ N/A | N/A -1-1-1-1-1-1-1{

Zerofinfinity:  None.

Notes: None.




FPATAN

syntax:
Forms:

Operands:

Operation:

Status;
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Function Eval: Tan™! (E) FPATAN
FPATAN
FPATAN
Inst Source Operand Encoding Cycles
|FPATAN] Top of Stack [sDo] 11110011 [ 90-127 ]
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 2= 1cm‘1(z>9. The result (2) s normalized and

rounded according to the RC mode in effect. The Top of Stack () is
popped. The value (2) replaces the contents of the new Top of Stack (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:

Sgnly)  Sgn(x) f Result
T
+ + <] O<z< 2
+ + >1 Zoz<l
4 2
+ - =] L < Z< E
2 4
+ - <] §E <Z< T
4
rid
- +- <] 0>z> 7
L 5
- + >1 217> 5
- = >1 Z>2> 3L
2 4
& = <] E >Z> -1
4
Result of Instruction C3 Cc2 Cil Co
Normal completion: u U U
Register Eror: ~ Source RegEmpty | U U 0 U
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FPATAN Function Eval: Tan1 () FPATAN

Exceptions: Type Mode Result S
Precision Masked Rounded -
Unmasked Rounded - -1-1-1-1-
Underflow Masked Denomn/fZero - 11-1-1-1-
Unmasked | Round & Scale |- |- |1 ]-0-]1-1-
Overflow N/A N/A
Div by Zero N/A N/A
Denormal Masked Denom Used -b-1-1-1-111-
Unmasked Trap/Abort -1-1-1-1-1
Invalid Cp Masked QNaN -1-1-1-1-1-
Unmasked Unaltered -l-1-8-1- |-
Register Emor: Masked QNaN Ti-1-1-1-
Unmasked Unaltered 1{-1-1-1-

u oz D |

Y (R b v |
1

Y p—— ]

Zero/Infinity: s X Result
y=+0 | +eezx2+0| z=+40
y=-0 | +eozxz+0
y=+0 | ~e<x<-0
y=-0 | -=<x<-0

N NN
nonn
446

y>+0 x=0

It
+
o Mja

y)--i-o X = oo
y>+0 X = -co

e o | ™~
on
4
a

y <-0 x=0

Mo ™
non
A brola

y<-0 X = 4oa
y <-0 =-e0

Y =4oo oo < X < +oo

- ~ -
] n 1]
] + o+
& 3 3
A = b
= i [
A ) '{
+
5
™~ (4] o Il
[l 1] L] I
+ + +
n]f;-‘ﬂ Ala M)A

~<
1]
g
>
[
&
g
I
I

-
1}

|
8
Fas
]
8
~
1l

b'|r§: sla ol

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

Syntax:
Forms:

Operands;

Operation:

Status:

Exceptions:
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Floating Point Remainder (NON-IEEE) FPREM
FPREM
FPREM
Inst Source Operand Encoding Cycles
[FPREM  [TopofStack  [$D9] 11111000 | [ 48 |

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

z= X - y*qwhere (@ Is the quotient g= gob’rained by chopping the exact

value toward zero. The result (2) is replaces the contents of the Top of
stack.

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

Result of Instruction C3 c2 C1 Co
Reduction Incomplete: 0 1 0 0
Reduction Complete:(@qdmod8= 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 ]
b 1 0 0 1
7 1 0 ] 1
Register Emor: Source Reg Empty u U 0 U
Type Mode Resutt S PUOZD I
Precision N/A N/A
Underflow Masked Denormal -1 1-1-
Unmasked | Round &Scale {- |- |1 ]-|-1]-]-
Overflow N/A N/A
Div by Zero N/A N/A
Denormal Masked Denorm Used -l-1-1-1-111-
Unmasked Trap/Abort =l-1-1-1-11]-
invalid Op Masked QNaN -1 1-1-1-11
Unmasked Unaltered -l--1-1-1-11
Register Emor: Masked QNaN 11-1-1-1-1-11
Unmasked Unattered Tt foslie g = fs LT 4
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FPREM Floating Point Remainder (NON-IEEE) FPREM
Zero/Infintty: X y Result

x=0 y=0| InvalidOp.

x#0 y=0 | InvalidOp.

x=-0 y=0 | -0

x=+0 | y=z0 +0

X=o0 - Invalid Op.

< X<t | Y=o xqg=0

Notes: The sign of the remainder is the same as the sign of 0. If (y) evenly

divides () the remdainder is zero,




FPREMT

Syntax:
Forms:

Operands:

Operation:

Status:

Exceptions:
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Floating Point Remainder (IEEE) FPREM1
FPREM1
FPREMI1
Inst Source Operand Encoding Cycles
[FPREM1 [TopofStack  [sD9] 11110101 | | 49 |
The Top of Stack contains the source operand (x). The next to Top of

Stack contains the cperand (). The remainder (2) Is calculated such that
. . X ; :
z=x - y*q where (@) is the quotient g= ;ob'rcnned by rounding the exact

value to nearest/even. The result (2) 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 argurnent (x) by 63 or more in
each pass. The C2 status bit indicates whether the result has been

Xy,

reduced completely, i.e., whether 1zl <] 5 When completely reduced,

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

Result of Instruction C3 C2 Cl CO
Reduction Incomplete: 0 1 0 0
Reduction Complete:(g)mod8= 0 0 0 6] 0

1 0 0 1 0
2 1 0 0 0
3 1 0 ] 0
4 0 0 0 1
5 0 0 1 1
b 1 0 0 1
7 1 0 ] ]
| Register Eror. Source Reg Empty u U 0 U
Type Mode Result S P U O Z D |
Precision N/A N/A
Underflow Masked Denormal -l-1-1-1-1-1-
Unmasked | Round &Scale |- |- |1 |-]-1-1-
Overflow N/A N/A
Div by Zero N/A N/A
Denormal Masked Denorm Used =l=1-1=-1=-11]1-
Unmasked Trap/Abort --b-1-t-10 -
Invalid Op Masked QNaN == = 1= 1= ==
Unmasked Unaltered = l-d1-1-1-1-11
Reglster Error: Masked QNaN T1-1-1- 1
Unmasked Unaitered 11-1- 1
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FPREMI1 Floating Point Remainder (IEEE) FPREM1
Zero/Infinity: X ¥ Result

x=0 y=0| Invalid Op.

x#0 y=0| Invalid Op.

x=-0 | y#0| 0

x=40 | y=20| +0

X=eo - Invalld Op.

—w<x<+os| Y=oa| xqg=0

Notes: The sign of the remainder is not necessarily the same as the sign of ().

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




FPTAN

Syntax:
Forms:

Operands:

Operation:

Status:

Exceptions:

Zero/Infinity:

Nofes:
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Function Eval: Tan(x) FPTAN
FPTAN
FPTAN
Inst Source Operand Encoding Cycles
[FPTAN  [TopofStack  [$D9[ 11110010 | [ 582 |

The Top of Stack contains the source operand (x). The instruction requires
00 in radians and retumns (y) such that y=tan(). The result (v) is normalized
and rounded according fo 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
a new Top of Stack register. The source operand (x) must be in the range
Ixl <263,

Result of Instruction C3 0P cil Co
Incomplete Reduction of (x): u ] 0 §]
Normal completion: U 0 0 U
Register Eror; Dest Reg Full U U 1 U

Source Reg Empty U U 0 U
Type Mode Result S PU QO Z D |
Precision Masked Rounded - 11 - - -
Unmasked Rounded = 11f-]- - |-
Underflow Masked Denorm/Zero =iy -
Unmasked | Round & Scale =1 4-1- -
Overflow N/A N/A
Div by Zero N/A N/A
Denormal Masked CenormUsed |- 1-]-|-1-111-
Unmasked Trap/Abort -l- -]
Invalid Op Masked QNaN2 -1-1-1-1-1-1
Unmasked Unaltered - l-1-1-1-1-11
Register Error: Masked QNaN2 T1-1-1-1- 1
Unmasked Unattered T1-1-1-1- 1
X Result
+0 y=+0
-0 y=-0
+00 Invalid Cp.
-o0 Invalid Op. |

1. After a Precision Exception the "C1" stafus bit indicates whether
rounding was away frorn zero.

2. The QNaN replaces both (x} and (y).

o7



FasMath™ 83587 User Manual

FRNDINT Round to Integer FRNDINT

Syntax: FRNDINT

Forms: FRNDINT

Operands; Inst Source Operand Encoding Cycles
[FRNDINT [Top of Stack [ sD9] 11111100 | [ 6 ]

Operation.

Status:

Exceptions:

Zero/Infinity:

Notes:

The contents of the Top of Stack are rounded to an integer. The rounding
operation to be performed is specified by the RC mode bits of the control
word.

Result of Instruction i) c2 1 CO
Normal Execution: Round Down u u 0 u
Round Up u U 1 U
Register Eror:  Source Reg Empty U U 0 U
Type Mode Result s P U O Z D |
Precision Masked Rounded - - - - |-
Unmasked Rounded - -1~
Underflow N/A N/A
Overflow N/A N/A
Div by Zero N/A N/A
Dencrmal Masked Denorm Used - -1- 11-
Unmasked Trap/Abort - |- -l-41]-
Invalid Op? Masked QNaN 0l-1- -1
Unmasked Unaltered ol-1-1- 1
Register Emor: Masked QNaMN 1 - - ]
Unmasked Unattered Ti-1-1- 1
TOS Result
+0 +
0 -0
Foo +oo
-o0 -0

1. If TOS contains an unsupported, the Invalid Exception is caused.
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FRSTOR Load CX-83587 Environment & Registers FRSTOR
Syntax; FRSTOR <DST>

Forms: FRSTOR <Memory>
Operands: Inst Source Operand Encoding Cycles
[FRSTOR |94 or 108 Bytes | SDD| MD 100R/M[SIBDISP [ 135 ]

Operation:  The CX-83587 "Environment” and the CX-833587 registers are loaded from
the memory location specified. The "Environment" consists of the Mode
Conirol 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-83587 Data Pointer which are loaded into
80386 CPU registers during execution of this instruction,

The formart of the data structure saved in memory is dependent on the
operating mode of the 803846 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# frap sequence when the next WAIT or exception checking CX-
83587 instruction is executed.

The ERROR# signal 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
transfers. A subsequent WAIT or exception checking instruction will
execute a trap sequence.

The CX-83587 registers are loaded from the 80 consecutive byte memory
locdtions following the "Environment" regardless of the 80386 mode or
data size in effect.

Status: Result of Instruction C3 c2 Cl Co
|Loaded from Memory: I M T M T M [ ™M ]
Exceptions: Type Mode Result P U O Z DI 8§
| Loaded | N/A ] N/A IMIMIMIMIM][M]M ]

Zero/Infinity:  None,

Notes: None,
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FSAVE Save CX-83587 Environment & Registers FSAVE
Synfax: FSAVE <DST>

Forms: FSAVE <Memory>

Operands: inst Dest Operand Encoding Cycles

[FSAVE [ 94 or 108 Bytes [SDD[MD 110 R/M [SBOISP | 142 |

Operation:  The CX-83S87 “Environment” and the CX-83587 registers are saved to the
memory location specified. The *Environment” consists of the Mode
Control Word, the Status Register, and the Tag Word from the CX-83587
and the CX-83587 Instruction Pointer and CX-83587 Data Pointer from the
80386 CPU internal registers.

The CX-83587 is set to its condition following an FINIT. The CX-83387 Mode
Control Register is set to $037F 6. the CX-83587 Status Register is reset to
$0000, and all data registers are marked empty (Tag word=S$FFFF).

This action sets Rounding control to "round to nearest or even” (RC=00),
Precision control to é4-bit extended precision (PC=1 1). and the Top of
Stack register number to zero (555=000). All exceptions are cleared (=0), all
condition codes are cleared (Cg-C3=0), and all exceptions 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 & 0 (Error and Invaiid
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 detais. The CX-83587 data registers are saved to
consecutive memory locations following the “Environment” block
regardless of the 80386 mode or data size in effect.

Status: Result of Instruction C3 C2 Cl Co
[Unconditional: [0 o [ o | 0]
Exceptions: Type Mode Result s P U O Z D |
None [ NA ] N/A [oJoJoJofofo]o ]

Zero/Infinity:  None.

Notes: None.
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FSAVE Save CX-83587 Environment & Registers FSAVE
32-bit Protected Mode: 31 15 0

Reserved Mode Control Word 00

Reserved Status Word 04

Reserved Tag Word 08

Instruction Pointer Offset 0C

00000 | Opcode(10:0) | Code Segment Selector | 10

Data Operand Offset 14

Reserved | Operand Seg Selecior | 18

RO Significand(31:0) 1C

RO Significand(63:32) 20

R1 Significand(15:0) ] RO Exponent 24

R1 Significand(47:16) 28

s] R1 Exponent [ RISignificand(63:48) 2C

R2 Significand(31:0) 30

R2 Significand(63:32) 34

R3 Significand(15:0) | R2 Exponent 38

R3 Significand(47:16) ke

S| R3 Exponent | R3Significand(63:48) 40

R4 Significand(31:0) 44

R4 Significand(63:32) 48

RS Significand(15:0) ] R4 Exponent 4C

RS Significand(47:16) 50

S| R5 Exponent | RS Significand(63:48) 54

Ré Significand(31:0) 58

R6 Significand(63:32) SC

R7 Significand(15:0) Bl R6 Exponent &0

R7 Significand(47:16) 64

S| R7 Exponent |  R7 Significand(63:48) 68
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32-bit Real Mode:
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Save CX-833887 Environment & Registers FSAVE
31 15 0
Reserved Mode Control Word 0|
Reserved Status Word 04
Reserved Tag Word 08 |
Reserved Instruction P1r(15:0) oC
0000 | instruction Pr(31:16) | 0] Opcode(10:0) | 10
Reserved | Operand Ptr(15:0) 14
0000 | Operand Pir(31:16) ] 0000 [ 0000 | 0000j 18
RO Significand(31:0) 1C
RO Significand(63:32) 20
R1 Significand(15:0) 3 RO Exponent 24
R1 Significand(47:16) 28
ST R1 Exponent [ RI Significand(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 [ R3Significand(63:48) 40
R4 Significand(31:0) A4
R4 Significand(63:32) 48
R5 Significand(150) B R4 Exponent 4C
R5 Significand(47:16) 50
ST R5 Exponent [R5 Significand(63:48) 54
R6 Significand(31:0) 58
R6 Significand(63:32) 5C
R7 Significand(15:0) Bl Ré Exponent &0
R7 Significand(47:16) 64
s| R7 Exponent [ R7 Significand(63:48) 68
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FSAVE Save CX-83387 Environment & Registers FSAVE
16-bit Protected Mode: 156 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 0C

RO Significand(15:0) QOE

RO Significand(31:16) 10

RO Significand(47:32) 12

RO Significand(63:48) 14

51 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(31:14) 56

R7 Significand(47:32) 58

R7 Significand(63:48) 5A

S| R7 Exponent 5C
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16-bit Real Mode:
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Save CX-83$87 Environment & Registers FSAVE
15 0

Mode Control Word 00
Status Word 02

Tag Word 04
Instruction Ptr(15:0) 06
IP(19:16) [ O] Opcode(10:0) | 08
Operand Pir(15:0) 0A
DP(19:16)] 0000] 0000] 0000} OC
RO Significand(15:0) OE
RO Significand(31:16) 10
RO Significand(47:32) 12
RO Significand(63:48) 14
5] RO Exponent 16
[ Repeat for R1 18
Repeat for R2 22

Repeat for R3 2C

Repeat for R4 36

Repeat for RE 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
5] R7 Exponent 5C
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FSCALE Floating Multiply by 2N FSCALE

Syntax: FSCALE

Forms: FSCALE

Operands: Inst Source Operand Encoding Cycles
[FSCALE | Top of Stack [sDe] 11111101 | [ 8 |

Operation: The contents of the Tep of Stack (x) are multiplied by 2N where (M) is the
contents of the next to Top of Stack. The resutt y= x* 2N is normalized and
rounded according to the RC moede 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: Result of Instruction C3 C2 ci! CO
Normal Execution: 8] u 0] U
Register Emor.  Source Reg Empty u U 0 U
Exceptions: Type Mode Result S PUOZD I
Precision Masked Rounded - |1 - -
Unmasked Rounded S ERE -1-
Underflow Masked DenomyZero |- (1§11 |-
Unmasked | Round & Scale? |- |- J1[-|-]-]-
Overflow Masked R(ee) -yl y-1-1-
Unmasked | Round &Scale? |- |- |- [1]- |- |-
Div by Zero N/A N/A
Denormal Masked DenomUsed |- |-|-|-|-|1]-
Unmasked Trap/Abort == -t -
Invalid Op Masked QNaN =l1-1-1-1-1-11
Unmasked Unaltered == ]-0-1-]-11
Register Error: Masked QNalN T{-]-71-1-1-11
Unmasked Unaltered Fi=]=]=1+}=|]
Zero/Infinity: X n Result
40 oo +0
-0 -0 0
0 +o0 Inval, Op.
+oo -oa Inval Op.
o0 o2 Inval. Op.
+oa oo [<+oo +oa
-oa o<+ -c0
%20 +0a SgN(x)"es
xz0 -oo sgn(3'0
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Notes:
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FSCALE

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

Floating Multiply by 2N

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

= Of 210 respectively.




FSIN

Syntax:
Forms:

Operands:

Operation:

Status:

Exceptions:

Zero/infinity:

Notes:

FasMath™ 83587 User Manual

FSIN

Function Evaluation: Singx),

FSIN
FSIN
Inst Source Operand Encoding Cycles
[FSIN [TopofStack  [spe] 11111110 | [ 563 ]

The Top of Stack contains the source operand (). The instruction requires
(x) In radians and returns (y) such that y= sin(x), The result (y) is normalized
and rounded according to the RC mode in effect. The value (y) replaces
the contents of the Tep of Stack, The source operand (x) must be in the

range Ix1 €263,

Result of Instruction

C3 C2 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 PU O Z D |
Precision Masked Rounded =1 b=t -1-1-1-
Unmasked Rounded -11]-1- - |-
Underflow Masked DenomyfZero |- |11 ]- -]-
Unmasked | Round &Scale |- |- 111 - -] -
Overflow N/A N/A
Div by Zero N/A N/A
Denormal Masked Denorm Used -1-1-1- 11-
Unmasked Trap/Abort - = 1]-
Invalid Op Masked QNaN - - - 11
Unmasked Unaltered - - |- |
Register Error: Masked QiNaN 1 - ]
Unmasked Unaitered 11- -1-1-11
X Resuft
40 +0
-0 0
+o0 Invalid Op.
o3 Invalid Op.,

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

Syntax: FSINCOS

Forms: FSINCOS

Operands: Inst Source Operand Encoding Cycles
[FSINCOS [TopofStack [ $D9] 1111101 | [ 5104 ]

Operafion:  The Top of Stack contains the source operand (0. The instruction requires
0 in radians and refurns (y) and (2 such that y= sin(x) and z= cos(x). The
results () & (2) are normalized and rounded according 10 the RC mode in
etfect. The value (y) replaces the contents of the Top of Stack. The value
(@) is pushed onfo the sfack into a new Top of Stack regisier. The source

operand (x) must be in the range 1x1 < 203,

Status: Result of Instruction C3 c2 cil co
Incomplete Reduction of (0. u 1 0 u
Normal completion: u 0 0 U
Register Error. Dest Reg Full u u 1 U
Source Reg Empty U U 0 U
Exceptions: Type Mode Result S PN @ 2 D)
Precision Masked Rounded =11 . =i =
Unmasked Rounded T1-1-1-1-1-
Underflow Masked Denom/Zero |- V11 -|-}-1|-
Unmasked | Round&Scale |- |- |1 h-{-]-1-
Overflow N/A N/A
Div by Zero N/A N/A ]
Denormal Masked DenomUsed |-|-1-|-1-111-
Unmasked Trap/Abort -1 -1-1-11]-
Invalid Op Masked QNaN -1-1-1-1-1-1
Unmasked Unattered -l-t-1-1-1-11
Register Eror: Masked QNaM 1T1-1-1-1-1-11
L Unmasked Unaitered 1 -0-0-1-f-11
Zero/Infinity: X Result
+0 y=+0;z=+1
-0 y=-0;z=+1
+eo invalid Op.
~c0 Invalid Op.
Notes: 1. Affer a Precision Exception the "C1" status bit indicates whether

rounding was away from zero.
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FSQRT

Syntax:
Forms:

Operands:

Operation:

Status:

Exceptions:

Zero/Infinity:

Notes:

FasMath™ 83587 User Manual

Floating Point Square Root FSQRT
FSQRT
FSQRT
Inst Source Operand Encoding Cycles
[FSQRT  [Top of Stack [$D9] 11111010 ] | 26 ]

The contents of the Top of Stack (x) are replaced by Vx. The resuit is
nomalized and rounded according to the RC mode in effect at the
preclsion specified by the PC mode bits.

Result of Instruction C3 C2 cl Co
Normal Execution: u u 0 U
Register Erron: Source Reg Empty U U 0 U
Type Mode Result S P UG Z D |
Precision Masked Rounded - 11 - - |-
Unmasked Rounded 1] - -1-1-
Underflow N/A N/A
Overflow N/A N/A
Div by Zero N/A N/A
Denormal Masked Denomn Used - |- -1 -
Unmasked Trap/Abort - |- -1 -
Invalid Op Masked QNaN <1-1- -1- 1
Unmasked Unattered - 1-1- -1- 11
Register Error: Masked NaN ] - -1- 11
Unmasked Unaltered 1(-1- -1-11
X Result
+0 +0
0 0
~eo<-0) Inval. Op.
+co +oo

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

Syntax:

Forms:

Operands:

Operation:

Status:

Exceptions:
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Store CX-83587 Register FST

FST(P) {<DST>)

FST(P) <Memory>

FST(P) <Reqgister>

Inst Dest Operand Encoding Cycles

FIST(P) 16-bit Integer SDF | MD O1p R/M [ SIB.DISP 11
FIST(P) 32-bit Integer $DB| MD 01p R/M | SIB.DISP 13
FISTP b4-bit Integer SDF | MD 111 R/M | SIB.DISP 15
FBSTP 18 dig BCD Int. SDF | MD 110R/M | SIB.DISP 65
FST(P) 32-bit Real $D9 | MD O1p R/M | SIB,DISP 11
FST(P) 64-bit Real $DD| MD01p R/M | SIB.DISP 15
FSTP 80-bit Real SDB| MD 111 R/M | SIB.DISP 17
FST(P) 80-bit Register $DD| 11 01p 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 width of the destination according fo 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 fransferred as-is.

Result of Instruction C3 C2 ci! CO
Normal Execution: U U 0 U
Register Eror: Source Reg Empty U U 0 U
Type Mode Result S PU O Z D |
Precision Masked Rounded -1 - 1-1-1-
Unmasked Rounded 11-1- -
Underflow? Masked Rounded -1 - 5
Unmasked Trap/Abort -1 )-]- -
Overflow? Masked Rounded - {1 -
Unmasked Trap/Abort - 11-1|-
Div by Zero N/A N/A
Denormal N/A N/A
Invalid Op3 Masked QNaN - - - 11
Unmasked Trap/Abort -1-1- -1- 11
Register Emor: Masked QNaN =] - -1-17
Unmasked Trap/Abort ] -l-1-1-11
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FST

Zero/infinity:

Notes:

Store CX-83887 Register
X Result
Empty Invalid Op.
NaN->Integer invalid Op.
w->nteger Invalid Op.
I x1>Inf Range invalid Op.
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FST

1. After a Precision 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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FSTCW Store CX-83587 Mode Control Register FSTCW

Syntax: FSTCW <DST>

Forms: FSTCW <Memory>

Operands: Inst Dest Operand Encoding Cycles
[FSTCW | 2 Bytes [SD9[ MD 1T R/M[SBDISP | 4 ]

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

Status: Result of Instruction C3 c2 C1 Co
[Unconditionat: U [ u [T u [ u |
Exceptions: Type Mode Result s PU O Z D |
! None [ WA ] N/A T 1-T-1-1-1-1

Zero/Infinity:  None.

MNotes: None.
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FSTENV Load CX-83S87 Environment FSTENYV

Syntax: FSTENV <DST>

Forms: FSTENV <Memory>

Operands: Inst Source Operand Encoding Cycles
[FSTENV | 14 or 28 Bytes [ SD9] MD 110R/M[SBDISP [ 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
Pointer which are saved from 80386 CPU registers during execution 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
analyze the exception 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 Pointer Offset
00000]  Opcode(100) | Code Segment Selector
Data Operand Offset
Reserved |  Operand Seq 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) 0]  Opcode(10:0)
Reserved ] Operand PH(15:0)
0000 | Operand Pir(31:16) [ 0000 [ 0000 [ 0000
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FSTENV Store CX-835887 Environment FSTENV

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

1&6-bit Real Mode: 5 0
’7 Mode ControlWord |
Status Word
Tag Word
Instruction Pr(15:0)
iP(19:16) [ 0]  Opcode(10:0)
[Operand Pir(15:0)
’Bptw;wl& 0000 [ 0000] 0000

Status: Result of Instruction C3 C2 Cl C0
[Unconditional: v [ u [ v [ U i
Exceptions: Type Mode Result s P U O Z D |
None | NA | N/A [--[-[-1-T-1-

Zero/Infinity:  None.

Notes: None.
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FSTSW Store CX-83$87 Status Register FSTSW

Syntax; FSTSW <DST>

Forms: FSTSW <Memory>

Operands: Inst Dest Operand Encoding Cycles
[FSTSW |2 Bytes [SDD] MD TT1R/MJSBDISP [ 4 ]

Operation: The contents of the CX-83387 Status Register are stored into the specified
memory location.

Status: Result of Instruction C3 C2 Cl Co
| Unconditional; | U T u J u T v 7
Exceptions: Type Mode Result s U @ Z b |
[__None [ NA | N/A F-T-1-T-0-1-1

Zero/infinity:  None,

Notes: None,
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FSTSWAX  store Cx-83587 Status to AX FSTSWAX

Syntax: FSTSWAX

Forms: FSTSWAX

Operands: Inst Dest Operand Encoding Cycles
[FSTSWAX | 80386 AXReg | SDF] 11100000 | | 4 |

Operation:  The contents of the CX-83587 Sfatus 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 fable shows how the
80386 conditional branch instructions can be used to decode CX-83587
status reflecting the resutts of FCOM execution:

80384 Branch Result of FCOM  C3 c2 C1 COo
JA DST > SRC 0 0 0 0
JB DST < SRC 0 0 0 1
JE DST =SRC 1 0 0 0
JP Unordered 1 1 0 1
Status: Result of Instruction C3 C2 Cl Co
[Unconditional: v [ v [ v [ U |
Exceptions: Type Mode Result $ PUOZ D I
[ None [ NA | N/A - T-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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FSUB

Syntax;

Forms:

Operands:

Operation:

Status:

Exceptions:
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Floating Point Subtract FSUB
FSUB(R)(P)  ({<DST>,)<SRC>)

FSUB(R) <1CS>,<Memory>

FSUB(R) <TOS>,<Reg>

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

Inst Source Operand Encoding Cycles

FISUB 16-bit Integer SDE | MD 10r R/M | SIB.DISP 13
FISUB 32-bit Integer SDA| MD 10r R/M | SIB,DISP 15
FSuB 32-bit Real SD8| MD 10r R/M | SIB.DISP 15
FSUB 64-bit Real SDC| MD 10r R/M | SIB.DISP 19
FSUB 80-bit Reglster SD8{ 11 10r REG b
FSUB Top of Stack SDC| 11101 REG 6
FSUBR | Top of Stack SDC| 11 100 REG 6
FSUBP | 80-bit Register SDE| 11101 REG 6
FSUBRP | 80-bit Register SDE| 11100 REG b

The source and destination operands are fetched. The source is
converted to extended precision format if necessary. The source operand
is subtracted from the destindtion and the resuit 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.

The “reverse" form causes the destination operand to be subtracted from
the source operand.

Result of Instruction C3 C2 &l C0
Normal Execution: U 8] 0 U |
Register Error: Source Reg Empty U u 0 U
Type Mode Result 5. P O Z D |
Precision Masked Rounded =41 -1-1-1-
Unmasked Rounded - -1 -
Underflow Masked Denomm/Zerc =11 11 -
Unmasked | Round & Scale -1 - -
Overflow Masked R{eo) S I T I T I
Unmasked | Round&Scale |- 1-|-111-]-
Div by Zero N/A N/A |
Denormal Masked Denormn Used =l-1-1-1-11
Unmasked Trap/Abort = l-1-1-1-11]1-
Invalid Op Masked QNaN SO R N R A I
Unmasked Unaltered == 0-1-1-1-11
Register Emor: | Masked QNaN Vi-f-1-1-1-17]
Unmasked Unaltered 11 |- |- |- 1]
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FSUB

OP1- OP2 Result

+eo +oo Inv. Op.
w0 - | Inv, Op.
] ~oa +0o0
=02 +oo =00
+oo X +ee
—o0 X -ca

X ] 4o

X +oo -

FSUB Floating Point Subtract
Zero/Infinity: OP1 - QP2 Resuft

+0 +0 RO

-0 -0 RO

+ -0 +0

0 +0 0

+X +X RO

-A -X RO
Notes: After a Precision Exception the "C1”

was away from zero.
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FTST - Test Top of Stack FTST
Syntax; FTST
Forms: FTST
Operands: Inst Dest Operand Encoding Cycles
[FIST [ Top of Stack [SDO] 11700100 | [ 6 |
Cperation: 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 o -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 Cl C0
Normal Execution: DST>0 0 0 0 0
DST<0 0 0 0 ]
DST =40 1 0 0 0
DST=-0 ] 0 1 0
Unordered 1 1 0 1
Register Emor: Source Reg Empty U U 0 U
Exceptions: Type Mode Result P U O Z 1 8
Exceptions: Type Mode Resuft S P U O D |
Precision N/A N/A
Underflow N/A N/A
Overflow N/A N/A
Div by Zero N/A N/A
Denormal Masked DenomUsed |- |- |- 1
Unmasked | DenomUsed |- |- |- 11 -
Invalid Op! Masked Unaltered - -1
Unmasked Unattered - |- 1- - 11
Register Error: Masked Unattered 11-1- -1
Unmasked Unattered 11-|- -1
Zero/Infinity: DST Result
+0 =0
-0 =0
oo >0
B <0
Notes: 1. @NAN operands produce the Invalid Exception in this instruction.
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FUCOM

Syntax:
Forms:

Operands:

Operation:

Status:

Exceptions:
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Unordered Compare FUCOM
FUCOM(P) ((<DST>,)<SRC>)
FUCOM(P)(P) <T0S>,<Reg>
Inst Source Operand Encoding Cycles
FUCOM | 80-bit Register | SDD| 11 100 REG 4
FUCOMP | 80-bit Register |$DD} 11101 REG 4
FUCOMPH 80-bit Register | $DA| 11101001 4
The source operand is fetched and subtracted from the destination (Top

of Stack) and the condition codes are set according to the resulf. 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 complstion.

This instruction has the same effect as the FCOM Instruction except that it

does not cause the Invalid Exception when one of the operandsis a

QNaN.

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

Result of Instruction Cc3 C? C) (@i1]
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
Register Error: Source Reg Empty ] 1 0 1
Type Mode Result s PU O 2Z D
Precision N/A N/A
Underflow N/A N/A
Cverflow N/A N/A
Div by Zero N/A N/A
Denormal Masked DenomUsed |- |-}|-1}- 1
Unmasked | DenomuUsed |- |- }-1-1-11
Invalid Op Masked Unordered - -1
Unmasked Unattered -1-1-1- 1
Register Eror: Masked Unordered 1{-1-1-1-1-
Unmasked Unaltered 11 - -1-




FUCOM

Zero/Infinity:

Notes:

None.
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Unordered Compare FUCOM

DST - SRC Resutt DST- SRC  Result

+0 +0 = +eo +oo =

0 -0 = -o0 -oo =

0 | 0 = 4o | -0 | DST>SRC

0 +0 = -0 +oo | DST<SRC

+0 +X | DST<SRC | oo X DST>SRC

-0 +X | DST<SRC | -= X DST<SRC

+ -X DST>SRC X -0 | DST>SRC

0 -X | DST>8RC X +eo | DST<SRC
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FXAM Report Class of Operand FXAM

Syntax: EXAM

Forms: FXAM

Operands: Inst Source Operand Encoding Cycles
[FXAM | 80-bit Register [$D9] 11100101 | I~ 8

Operation:  The Top of Stack is always the source operand. The Top of Stack is
examined and condition codes are set according to ifs 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
Unsupporfed
NaN
Normai
Infinity
Zero
Empty!
Denomal

—_— — 000 O

Exceptions: Type Mode Result S PU O Z D |
None [ A ] N/A -1-1-1-1-1-1-1

Zero/Infinity;  None.

Notes: 1. Ifthe stack is empty. the resutt is "Empty” and the sign is
undefined. No exception is generated.
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rXCH
Syntax:

Forms:

Operands:

Cperation:

Status:

Exceptions:

Zero/Infinity:

Notes:
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Exchange Register with TOS FXCH
FXCH (SRC)
FXCH <Reg>
Inst Source Operand Encoding Cycles
[FXCH__[80-bit Register | SD9] 11001 REG | [ 4 ]

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

Result of Instruction C3 C2 Cl Cco
Normal Execution: u U 0 U
Regilster Eror: Source Reg Empty ] 1 0 1
Type Mode Result 5§ P U 2 B 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 T]-1- 1
Unmasked Unaltered 11-1- - 1
Operand Result
[ Empty | InvalidEx. |
None.
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FXTRACT Extract Exponent FXTRACT

Syntax: FXTRACT

Forms: FXTRACT

Operands: Inst Source Operand Encoding Cycles
[FXTRACT | Top ofStack _ [$D9] 11110100 | [ 7

Operation:  The Top of Stack contains the source operand (x). The exponent figld of
() is converted to an 80-bit extended precision real number (y) and
pushed on the stack, i.e. y=INT(Log2(x)) is pushed. The original operand
() Is modified by having its exponent set to zero, 1.e. after execution
1.0<1x1<2.0. The sign of (x) is preserved.

Status: Result of Instruction C3 Cc2 C1 CO
Normal Execution: U V] 0 U
Register Emror: Dest Reg Full u u 1 u
Source Reg Empty U U 0 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 Masked TOS=0ST1== |- |-}{-{-11]-1-
Unmasked Trap/Abort - 1-0-1vl-1-
Denormal Masked Denorm Used -1
Unmasked Trap/Abort -ty -10 -
Invalid Op Masked QNaN -l-1-1-8-0- 0
Unmasked Unaitered -l-1-1-1-1-11
Register Error: Masked QNaN 11-1-1-1-1-1
Unmasked Unaltered T -1-1-1-1-111
Zero/Infinity: X Result
+0 y = +0; x = -o5; Zero Div. Ex.
-0 y =-0; % = —~<; Zero Div. Ex.
] Y ==00; X=+tea
+oa Y = oo) W= +oo
Notes: None.




FYL2X

Syntox:
Forms:

Operands:

Operation:

Status:

Exceptions:

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

The Top of Stack contains the source operand (x). The next to Top of
Stack contains the source operand (y). The function z=y*log2(x) is
evaluated and the result is normalized and rounded according o 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 inthe range 0 <x <

+oo

Result of Instruction C3 02 C1! C0
Normal Execution: U U 0 U
Register Error: Source Reg Empty U U 0 U
Type Mode Resulf 5 PLU & Z B |
Precision Masked Rounded - -T-T-T-T-
Unmasked Rounded -1 ]-]- - |-
Underflow Masked Denomy/Zero S I e )
Unmasked | Round &Scale |- |- |1 ]-1-1]-]-
Cverflow Masked R{e) e =L EsT=T=
Unmasked | Round &Scale |- |- [-|1]-]-]-
Div by Zero Masked TOS=-w -l-1-1-111-1-
Unmasked Trap/Abort -l-f-1-111-1-
Denormal Masked DenormUsed |- |-[-1-]-1[|1]-
Unmasked Trap/Abort =l=1-1=1-11]-
Invalid Op Masked QNalN - |- -1
Unmasked Unaltered -l=1-=-1-1-1-]1
Register Emor: Masked QNalN 11-1-1-1- 1
Unmasked Unaltered 11-1-1-1- 1]
¥ X Result

-- x<0 Invalid Op.
y#=0 x=0 | Zero Div. Ex.
yv=0 x=0 Invalid Op.
y=ea | %=1 Invalid Op.

Y=o x> 1 Y
Y= Dex<l =Y
y>40] X=eo oo
y<O0| x=e -so

y=0 K=o Invalid Op.
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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;

Exceptions:

Function Eval: y*Loga(x+1). FYL2XP1
FYL2XP1
FYL2XP1
Inst Source Operand Encoding Cycles
[FYL2XP1] Top of Stack [SD9] 117111001 | [ 690 |

The Top of Stack contains the source operand (x). The next to Top of
Stack contains the source operand (y). The function zsy*iega(«+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

V2 P
7-] <X < ]~—§—,

Use FYLZXP]1 to calculate log2(x) when | x| is close to 1. FYLZXP1 provides
greater accuracy than FYL2X in ihis case. The magnitude of the input
argument must be near zero, so be sure to subtract one from (k) before
using FYL2XP1.
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Result of Instruction C3 Cc2 ci! co
Normal Execution: U U 0 U
Register Error: Source Reg Empty U u 0 U
Type Mode Result S PUO 2 D |
Precision Masked Rounded -1 ---1-1-
Unmasked Rounded 1(-1-1-
Underflow Masked Denom/Zero 111 -
Unmasked | Round & Scale - 11 - -
Cverflow N/A N/A
Div by Zero N/A N/A
Denormal Masked Denom Used -1-1- -1
Unmasked Trap/Abort --1- -111-
Invalid Op Masked QNaN -1-1- o
Unmasked Unaltered - |- - 1
Register Error; Masked QNaN [ - |
Unmasked Unaltered T o ) s 1
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FYL2XP1 Function Eval: y*Logo(x+1). FYL2XP1
Zero/Infinity: v X Result

y=+0 x=-0 -0

yz+0 x=+0 +0

y<-0 x=-0 +0

y<-0 x=+0 -0

Yy =00 x=0 Invalid Op.

Y=o x>0 ¥

¥ =00 -l<x<0 -y

y>+0 X =oe +o0

Y <] ¥ = oo —oo

y=0 | x=e | InvaidOp. |
Notes: 1. After a Precision Exception the "C1" status bit indicates whether

rounding was away from zero,
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4.13 Instruction Execution Times

This section presents two values for CX-83587 instruction execution fimes. The Basic
Execufion Time (BET) is the number of clock cycles that the CX-83587 underlying
architecture will execute a given instruction and are the times given in the individual
instruction descriptions. The Intel System Time (IST) is the time required by an CX-
83587/Intel 3865X combination which includes the 3865X overhead of insfruction setup
and operand fransfer. The difference between the BET and-the I5T is due entirely o
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 pair and the 386SX/387SX pair and
measuring the instruction-to-instruction delay time. This technigque provides performance
figures based upon observed in-system throughput. The ST 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 3845X 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 times enly valid input arguments where used and
no exceptions were generated except for the precision exception, For the
tfranscendental functions, the restrictions listed below were placed on the inpuf
arguments.
All forward trigonometric functions 0 < ST(Q) < /4.

F2XM1 0 < ST < 0.5.

FPATAN 1 <81 <2 & 0<ST(1) < ™/32,
FYL2X 0<STOM) <SQART(2) & 1<8T¢) <2,
FYL2XP1 O<STO) <SQRT(2) & 1<ST(DH <2
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Mnemonic Result Qperaticn 83587-BET| 83587-1ST | '387SX ST
F2XM1 TOS « 2195 14-b6 63 339
FABS TOS « |ITOSI 4 11 29
FADD ST() « SHD+TOS 6 15 34
FADD TOS « TOS+ST() 6 15 34
FADD TOS « TOS+M.DR 19 24 37
FADD TOS « TOS+HM.SR 15 19 32
FADDP STG-1) « ST(H+TOS o] 15 34
FIADD TOS « TOS+M.S| 15 19 54
FIADD TOS « TOS+M.WI 13 26 76
FCHS 105 « TOS'C-D) 4 1 34
FCLEX Clear Exceptions 4 15 15
FCOM CC « TOS-ST() 4 11 29
FCOM CC « TOS-M.DR 17 24 37
FCOM CC « TOSM.SR 13 19 30
FCOMP CC « TOS-ST(i) 4 IR 29
FCOMP CC « TOS-M.DR 17 24 37
FCOMP CC « TOSM.SR 13 19 28
FCOMPP CC « TOS-ST(D 4 11 34
FICOM CC « TOS-MS 13 19 51
FICOM CC « TOS-MWI 1 26 70
FICOMP CC « TOSM.S 13 19 53
FICOMP CC « TOS-M.WI 11 26 70
FCOS TOS « COSTOSs) 507 87 569
FDECSIP SP « SP-1 5 15 29
DIV STy « ST(/TOS 14-25 31 99
FDIV TOS « TOS/STH 13-24 27 94
FDIV TOS « TOS/M.DR 25-36 34 103
FDIV TOS « TOS/M.SR 22-33 29 95
FDIVP STE-1) « STM/TOS 14-25 19 92
FDIVR TOS « ST(H/TOS 13-24 27 94
FDIVR ST() « TOS/STM 14-25 19 90
FDIVR TOS « M.DRTOS 26-37 34 103
FDIVR TOS « M.SR/TOS 23-34 29 95
FDIVRP ST0-1) « TOS/ST(H 13-24 27 o9
FIDIV TOS « TOS/M.SI 22-33 29 120
FIDIV TOS « TOS/M.WI 20-31 4 136
FIDIVR TOS « M.SITOS 23-34 29 120
FIDIVR TOS « MWI/TOS 21-32 41 142
FFREE TAG() « Empty b 15 24
FINCSTP SP « SP+1 ) 15 29
FINIT -— Initialze 5 15 15
FLD TOS « ST 4 1 19
FLD TOS « M.DR 16 24 34
FLD TOS « MSR 12 21 25
FLD TOS « MXR 15 38 52
FBLD TOS « M.BCD 36 52 274
FILD TOS « MLl 13 25 58
FILD TOS « M.SI @ 20 50
FILD TOS « MWI 7 21 58
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Mnemonic Resuit Operdgtion 83587-BET | 83S87-1ST | '3875X IST
FLDI TOS « One 6 1 29
FLDCW CtlWord « Memory 4 20 32
FLDENV Env Regs « Memory 22 83 109
FLDLZE TOS « Logs(e) 7-8 11 44
FLDL2T TOS « Log(10) 8-9 11 44
FLDLG2 TOS « Logio(® 8-9 15 44
FLDLN2 TOS « Logae(2 &7 11 44
FLDPI TOS & = &7 11 44
FLDZ TOS « Zero 7 11 29
FMUL ST() « ST(M)*TOS 10 19 59
FMUL TOS « TOS*ST(H) 10 19 54
FMULP ST(-1) « STM*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*MWI 16 3 76
FNOP -— No Operation 4 11 19
FPATAN TOS « ATAN(%) 90-127 83 434
FPREM TOS « Rem(STT?%} 48 51 119
FPREM1 TOS « Rem(%) 49 51 144
FPTAN TOS:ST() «  1; TANOOS) 582 75 354
FRNDINT TOS « Round(TOS) (o] 15 74
FRSTOR -— Restore state 135 325 458
FSAVE - Save state 142 366 557
FSCALE TOS « TOS*2GTMN 8 15 79
FSIN TOS « SIN(TOS) 563 63 509
FSINCOS TOS:ST(1) « COSSINTOS) 5-104 95 614
FSQRT TOS « JTOS 26 31 129
FST ST « TOS 4 11 19
FST M.DR « TOS 15 34 54
FST M.SR « TOS N 28 40
FSTP SI(i-1) « TOS 4 11 24
FSTP MDR « TOS 15 34 54
FSTP M.SR « TOS 1N 28 40
FSTP M.XR « TOS 17 37 65
FBSTP M.BCD « TOS 65 74 536
FIST M.Sl « TOS 13 27 84
FIST MWI « TOS "N 26 87
FISTP MLl « TOS 15 32 Q2
FISTP MS « TOS 13 27 84
FISTP MWI « TOS 1 26 87
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[Mnemonic Result  Opergtion 83587-BET| 83587-IST | '387SXIST
FSTCW Memory « Control word. 4 14 15
FSTENV Memory « Ctl.Status.|P.DP. 17 Q92 188
FSTSW Memory « Status 4 14 15
FSTSWAX AX « Status 4 10 11
FSUB SI() « STD-TOS b 15 34
FsuB TOS « TOS-ST() b 15 29
FSUBP STE-1) « ST(D-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.SI 15 20 54
FSUBR TOS « STH-TOS o] 15 29
FSUBR ST() « TOS-ST 6 15 34
FSUBRP STG-1) « TOS-ST(H o] 15 34
FSUBR TOS « M.DR-TOS 19 25 37
FSUBR TOS « M.SR-TCS 15 20 29
FISUBR TOS « M.WI-TOS 13 26 76
FISUBR TOS « M.SI-TOS 18 20 53
FTST CC « TOS00 b 15 34
FUCOM CC « TOS-SI() 4 11 29
FUCOMP CC « TOS-SI() 4 1 29
FUCOMPP CC « TOSSI(H 4 1 34
FXRAM CC « Class of TOS 3 1 3@
FXCH TOS « ST(D Exchange 4 11 24
FXTRACT TOS:ST(1) « Signif; Exponent 7 15 74
FYLZX TOS « ST(1)'Logx(TOS) 693 87 519
FYL2XP1 TOS « ST(1)'Logy(1+TO%) 490 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 numeric processor extension protocol. The interface consists of a 16-bit
bidirectional data bus, bus confrol signals, CX-83587 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 asserfed 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 identifies the CX-83887 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 is used to synchronize the CX-83387 bus interface to the
processor bus. Most of the interface signals are sampled on the rising edge of this clock
or driven relative o the rising edge of this clock. This signai also supplies the clock for the
internal processor circuitry. The CPUCLK2 signal is divided by two to obtain the basic
internal clock rate of the CX-83887. This input accepts MOS level inputs. The input to this
pin must be the same signal that drives the 386SX processor.

3875XCLK2 (Ignored)
The CX-83587 ignores this input signal to maintain socket compatibllity with the 3875X,
ADS# (Address Strobe)

The ADS# signal is an input to the CX-83587 and indicates that the information on NPS1#,
NPS2, W/R#. and CMDO# is valid and should be sampled af the rising edge of CPUCLK?.
(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 CPUCLKZ  This signal is
normally connected to the 386SX ADS# signal.

BUSY# (Busy Status)
The BUSY# signal is an oufput from the CX-83387 and its active condition indicates that
the floating point processor is busy. The signal is referenced to CPUCLK2. This signal is
normally connected to the BUSY# input of the 386SX,

CKM (Ignored)

The CX-83587 ignores this input signal fo maintain socket compatibility with the 387X,
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CMDO# (Select Command Porf)

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 normailly connected fo the 386SX 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 bif of a transfer. These signals are normailly
connected o the D15-DO pins of the 3868X. 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 387SX compatible device by
being active. If ERROR# is going fo be asserted during an instruction it will be asserted
prior to BUSY# being made inactive.

NPS1# (Numeric Processor Select)

The NPS1# input is used as a select signal to the CX-83887. Tnis signal is sampled
simultaneously with ADS# and NPS2 to determine if the current bus cycle is infended for
the CX-83587. (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 3865X. Setup and hold times are
referenced to the rising edge of CPUCLK2.

NPS$2(Numerc Processor Select)

The NPS2 inpuf is used as a select signal 1o the CX-83587. This signal is sampled
simulfaneously with ADS# and NPS1# fo determine if the current bus cycle is infended for
the CX-83587. (See Table 5.1-1 for NPS2's use in defining the current bus cycle), NPS2is
normally connected to the A3l output of the 386SX. Setup and hold times are
referenced to 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-83887 is ready for a data transfer with the hosi processor.
When all data transfers have been completed the signal will go inactive. PERER will not
be active when BUSY# is inactive. This signal is normally connected to the 3865X PERER
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-83S887 bus interface uses
READY# and ADS# 1o 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-83S87 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
to the READY# input of the 3868X or the READY# generator for the system. READYO# in
the CX-83587 operates independently of BUSY# and PEREQ. Therefore, communication
protocols other than the standard 386SX Numeric Processor Extension protocol can be
more edasily implemented.

RESETIN (Systemn Resef)

The RESETIN input performs a total reset of the CX-83587. It must remain active for a
minimum of 20 input clock pericds. The active to inactive transition of RESETIN must be
synchronous with CPUCLK2 to match internal clock phases with that of the 3B4SX. After
RESETIN goes inactive, READYO#, BUSY#, and PEREQ are set to the Inactive state and
ERROR# is set active. This signal condition indicates to a 384SX that a 3875X compatible
numerics coprocessor is connected. At least 8 clock periods must transpire after RESETIN
goes inactive before the first CX-83587 access. This pin is normally connected to the
386SX RESET Input.

STEN (Status Enable)

The STEN input enables the functioning of the CX-83587 when active. All outputs of the
CX-83887 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-83887 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/RE (Write or Read)

The W/R# input to the CX-83587 indicates the direction of the current bus cycle. This
signal is sampled simultaneously with ADS#, CMDO#, NPST# and NPS2 on the rising edge
of CPUCLK2. (See Table 5.1-1 for W/R#'s use in defining the cumrent bus cycle). W/R# is
normally connecied 1o the 3865X W/R# output; setup and hold time are referenced to
the rising edge of CPUCLK2.
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NPST# NPS2 CMDO# W/R# |BusCycleType
(MI/O#) (A31) (A2)
1 . - - Not a Coprocessor bus cycle
Not a Coprocessor bus cycle

E 0 -
0 1 0 0 Coproc Status or Mode Cnitl 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
signals to ensure that no coprocessor accesses are generated by the 3B4SX before the
coprocessor is able to complete the transfer. This cliows the CX-83587 to issue READYO#
immediately affer receiving ADS#. Therefore, the processor bus is available for DMA
cycles during the coprocessor instructions. However, the time required fo check these
signals contributes to the coprocessor overhead and slows down execution of the
numeric Instructions.

The following sections describe the bus activity that occurs for the various categories of
nummeric Instructions. The CX-83887 is fully synchronous to the 386SX bus operation and
supports both pipelined and non-pipelined bus cycles. Examples of the coprocessor's 1/O
interface operation for the different categories of instructions are provided. The bus
cycles run by the 386SX to feteh instructions or to fransfer operands to or from mermory
are not shown, Also, the 3865X 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, NPS1#, 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 inferface
characteristics. The # BUS CYCLES column includes the instruction opcode transfer and
its operand fransfer(s) in the count of bus cycles. The EARLY WRITE column indicates that
the 3865X may wirite the opcode even if BUSY+# is active. The USES BUSY# and USES
PEREQ columns Indicate if 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 identifies the category to which the instruction belongs.
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#Bus | Early Uses Uses
instruction Operand Cycles | Write BUSY# | PERE@ Type
FCLEX 1 J - = E
FFREE ST 1 - v - A
Ffunct 1 - R - A
FINIT 1 y - - E
FLD 64-bit real 5 v ! = B
FLD 64-pit integer 5 wI y = B
FLD 32-bit integer 3 v v - B
FLD 32-bit real 3 ! Y - B
FLD 80-bit real ) - y y C
FLD 80-bit BCD b - J v C
FLD 16-bit integer 2 -~ N ¥ c
FLDconst 1 = Y - A
FLDCW two Bytes 2 - ¥ J C
FLDENV block pointer 8 -~ v y C
Fmath ST(D.ST 1 - \ - A
Fmath ST.ST(D 1 2y VJ B A
Fmath 64-bit real 5 V V - B
Fmath 64-bit integer 5 Y ¥ - B
Fmath 32-bit integer 3 ) ! - B
Fmath 32-bit real 3 3 i = B
Fmath 16-bit infeger 2 - \’ V G
Fops ST 1 - ¥ - A
FRSTOR block pointer 48 - ¥ A C
FSAVE block pointer 48 —~ ! V C
FST 16-bit integer 2 - i y (5
FST 32-bit integer 3 - v ¥ (2
FST 32-bit real 3 - ! y C
FST 64-bit real 5 - ! vy C
FST 64-bit infeger 5 - v V C
FST 80-bit real 6 - ! Y C
FST 80-bit BCD 6 — vy v &
FSTCW two Bytes 2 - - - D
FSTENV block pointer 8 - v v &
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, FLDPI, FLDLG?2,

FLDLN2, and FLDZ instructions.

Fops represents the FLD ST(), FXCH ST(0), FNOP, FCHS, FABS,
FTST, 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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5.3 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 transfers between the
386SX and the CX-83587. The 3865X coprocessor protocol fests BUSY# and waits for
BUSY# fo be inactive. The ERROR# signal is then examined. If ERROR# is asserted, the
3865X executes a trap to the coprocessor exception trap routine. If ERROR# is not
asserted, the 386SX writes the opcode fo 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-
pipelined bus cycle operation. The first access occurs when the CX-83587 is idle and
starts immediately. The second access is delayed by the 386SX until BUSY# goes inactive.

Inlel |11 L1 Inlel |
READYOH# |__r \___r
BUSY# I | L

PEREQ

ERROR# I

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 3865X
1o the CX-83587. The execution of this instruction category is characterized by the 3863X
writing the opcode whether or not BUSY# is active. The 386SX then waits for BUSY# to
become inactive (if necessary) and examines the ERROR# signal. If ERROR# is asserted,
the 386SX executes a trap to the coprocessor exception frap routing. 1f ERROR# is not
asserfed, the 3865 then transfers the operand (2 memory cycles for 32-bit operands, 4
memory cycles for 64-bif 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-83387 asserts BUSY# after the operand is
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accepted and remaoves BUSY# when the operation is cormnplete. 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-pipelined bus cycle operation. The initial state of the CX-83587 is idle
allowing the 3868X to immediately fransfer both the instruction opcode and the operand.
The second instruction is initiated while the CX-83387 is busy. The opcode transfer is
completed but the operand transfer is not initiated by the 384SX until BUSY# goes
inactive.

[ Tll T2| T1| T2 | l | 1| 2| | | 71|

ADS# | I

READYO#

BUSY# |

Figure 5.2 Category B, Coprocessor Bus Sequence

55 Category C Instructions

The category C instructions are characterized by the use of the PEREQ signal to
synchronize the movement of the operand. Al store operand instructions and ihe load
operand with 16-bit and 80-it data values comprise this category. The coprocessor bus
activity is characterized by the 3865X waiting for BUSY# to be inactive before writing the
opcoede to the CX-83587. The 386SX then waits for BUSY# and PEREQ to be active before
transfering 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 fransfer 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 1o transfer the 80-bif 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-83587 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-83887 initially
busy.

| fnlel | | Inlelolel ||
ssocua UL UL
sseuo LI LML U
ADSH L_r
READYO# Lo
st ||

PEREQ

ERROR# l
[ OPCGDE

[OPERAND

—— o e e emm e e mmm e E—— e mmm e

Figure 5.3 Category C, Coprocessor Bus Sequence

5.6 Category D instructions

The category D instructions are those operations that wait for BUSY# to 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 registers. The duration of the operation is so short that the BUSY+# signal is not
asserfed. Figure 5.4 shows the coprocessor mode synchronization waiting for BUSY# fo
go inactive.
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I I O R I o -2 I I A

386 CLK2 ||||||||||||””HH||||||||””|H|”|||||||H|||

— — — — — — e e e o o o e

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 condition 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 control portion of the CX-83587. The entire instruction consists
of writing the operation code fo the coprocessor. There are no operands to transfer and

no synchronization to be performed.
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The CX-83387 is packaged In a 68 pin j-lead cerquad package. The following diagraom
details the pinout of the CX-83587.

NC

8

s N S e S s S e s I e e s e e e e 0 o s |

D1
Vss
Vee
D2
D8
Vss
Vee
Vss
D9
D10
D11
Vec
Vs
Veo
Vss

.

Top Side View
g ¥ 8, Byid 4 g
2no0d8S50288884885¢
L M 0 3 Mo/, M om o 1 0O Mmoo,
17 1

CX-83587-20GC

© 1989 Cyrix Corporation
a4 52

35 51
LT LTI T T 7 T O T L1 T 7
R QOB S5 Z % 80 %N 0k kR 5 oZ
528 285”258 8883a5
B @ P g 5 &
[¥T) (a4

| B o o o PR S s R S ) N Y N S I P N S o o s v e i e

NC
NC

NC

Vee

Vss

Ve

Vs

Vss

CHM
Vee
READYO#
PEREQ
Vss
CPUCLK2
NC

NC
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The following chart provides a cross reference of signal name to pin number

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 Vce 37 CPUCLK2 | 54
vee 4 Vss 21 Vss 38 Vss 55
Vss 5 Vee 22 P.U. 39 PERER 56
D5 o3 D2 23 STEN 40 READYO# | 57
D4 7 D8 24 W/R# 41 Vce 58
D3 8 Vss 25 Vss 42 CKM 59
Vee 9 Vee 26 Vce 43 Vss o0
NC 10 Vss 27 NPS1# 44 Vss 61
D15 n 09 28 NPS2 45 vee 62
D14 12 D10 29 Vee 46 Vss 63
Vcc 13 D11 30 ADS# 47 vee 64
/55 14 Vee 31 CMDO# 48 NC 65
D13 15 Vss 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 Vee for the device to
operate properly.

The Cyrix CX-83387 is available in a ceramic J-lead cerquad package. This package is
identical in size shape, and pin-out to the Infel 3875X 68-pin PLCC package. The
package is described in the following section.

6.1 Mechanical Package Specifications:

The dimensions for both the cerquad package and the PLCC package are detailed on
the following pages.
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Top Side View
Ceramic J-Lead Package
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PLCC Package
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7. Electrical Specifications
7.1 Absclute Maximum Ratings

The following fable lists absolute maximum ratings for the CX-83587 device. Stresses
beyond those listed under "Absolute Maximum Ratings’ may cause permanent damage
fo 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 reliability and (2) result in premature failure even when there is no immediately
apparent sign of failure. Prolonged exposure to conditions at or near “Absolute
Maximum Ratings' may also result in reduced useful life and reliability.

Parameter Min. Max. Units Notes
Case Temperature -0 +100° G Power Applied
Storage Temperature -65° +150° G No Bias
Supply Voltage, VCC 0.5 +6.0 Volis With respect fo Vss
Vohage On Any Pin 0.5 [Vcc+s Volts With Respect fo Vss
Power Dissipation 1.6 | Watts
Input Clamp Current, lIK 10 mA VI<VSS or VI>VCC
Quiput Clamp Current, [OK 25 mA VO<VSS or VozVCe

1.2 Recommended Operating Conditions

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

Parameter Min. Max. Units Notes
TC Case Temperature -0° +85° C Power Applied
Vee Supply Vottage +4.5 +5.5 Voits With respect to Vss
VIH High Level Input 2.0 VCC Volis
VIL  Low Level Input 0.0 0.8 Volts
IOH  Output Current(High) -1.0 mA VOH=VOH(mMIN)
oL Qutput Current (Low) +4.0 mA VOoL=VOL(max)
K Input Clamp Current +10 mA Vi<VsS or VIsVCe
IOK  Output Clamp Current +25 mA VO<VSS or VosVee
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S
F Parameter Min. Max. Units Notes
VcL Clock Input Low 0 08 | Volts With respect 1o Vss
VCH Clock Input High 3.7 Vee Volts
VoL Output Low Voltage +0.45 Volts IoL=4.0 mA
vOH Output High Voltage 2.4 Volts IOH=1.0 mA
IcC) Supply Current - Idle 9 mA CLK2=20 Mhz (Typ=6)
IcCR Supply Current - Running 300 mA CLK2=20 Mhz (Typ=150)
I Input Leakage +15 pA 0<VINeVCC
Lo /O Leakage +15 WA 0.45<V0O<VCC
CIN Input Capacitance 10 pf fe=1 Mhz
Co /O Capacitance 12 pf fc=1 Mhz
[Ccx Clock Capacitance 20 of 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 Tl Period 25 500 3125 50 7.1 2.0V
CLK2 T2a High Time 8 Q 20V
CLK2 T2b High Time 5 i} 3.8V
CLK2 T3a | LowTime 8 9 20V
CLK2 T3b | LowTime b 7 0.8v
CLK2 T4 Fall Time 8 8 3.V To 08V
CLK2 T5 Rise Time 8 8 0.8V To 3.7V
READYO# T7 OutDelay| 3 23 4 27 7.2 CL=75 pf
PEREQ 17 QutDelay | 5 28 B 30 CL=75pf
BUSY# T7 QutDelay| 5 28 5 30 CL=75 pf
ERROR# T7 Qut Delay 5 28 & 30 CL=75 pf
D15-D0 T8 Out Delay 1 32 1 37 7.3 CL=120 pf
D15-D0Q T10 SetupTime|] 10 10
D15D0 T HoldTime | 11 11
D15-D0 T12 Float Time o) 27 6 33 CL=120 pf
PEREQ T13 Flogt Time ] 40 ] 45 CL=75pf
BUSY # T13 Float Time 1 40 ] 45 CL=75pf
ERROR# T13 | Float Time 1 40 ] 45 CL=75 pf
READYO# T13 | Float Time 1 40 1 45 CL=75 pf
ADS# T14 | SetupTime| 15 20 7.3
ADS# T15 Hold Time 5 5
READY# T1é | Setup Time| 10 10 7.3 |
READY# T17 | HoldTime 4 4
CMDO#, NPS1#, [ T16 | Setup Tme| 15 20 7.3
NPS2, W/R#
CMDO#, NPS1#, [ T17 | Hold Time 0 0
NPS2, W/R#
STEN T6 Setup Time| 15 20 7.3
STEN T17 Hold Time 2 2
RESETIN T8 | SetupTime| 12 13 7.4
RESETIN T19 | HoldTime 4 4
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(CLK

CPUCLK2

RESETIN

2.0V

2.0\-’7

119
\ <> T18

PHASE 2°

Reset Timing
‘Note: Phase 2 Is defined to be the second full CLK2 perlod after RESET falls.
Fig. 7.4
75 Interface Timing Parameters

The following table sets forth the clo
interface functions. Times are specifie
7.5 for timing reference information.

ck cycle timing requirements for major CX-83587
d in CPUCLK2 cycle counts. Please refer fo figure

Pin |Symbol Parameter Min | Max | Notes
RESETIN T20 |Time Active 20
RESETIN T21 Time Inactive 8 Before 1st Opcode Write
BUSY# T22 Time Active b
BUSY# T23 | DelayInactive b From ERROR# Inactive
ERROR# | T24 |Delay Active o] From PEREQ! Inactive
BUSY# 125 |Delay Active 4 From READY# Active
READY# | T26 |Delay 0 Opcode Write to Next Cycle
READY# | 727 |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
exponentiail function. In both cases, it is a number that is raised to a power, The two
equations (y = log g of x) and (BY = x) are the same. Base is sometimes called a radix.
(2) @ 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 bias so s to have a valid
positive and negative range. For example, the double precision real format has a bias
of 1023 ((211/2)-1) when an exponent is non-zero. Given an 11-bit bigsed exponent of
11111111100, 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 oftfen used to represent a hexadecimal digit; however
when representing a BCD value the hexadecimal values A through F (1010 - 1111 binany
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
cormponents: a sign, a signed exponent, and a significand. Its numerical value, if any, is
the signed product of its significand and two raised to the power of its exponent,

BINARY POINT: A point or dot expressing the denominator of 2N, 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 FasMathM
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. Precision control is set to extended and rounding control is set to round
nearest. The control mode register contains the value S037E 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:

0.binary_fraction * 2-126 Where binary_fraction > 0.
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DOUBLE EXTENDED FORMAT: An 80-bit format consisting of a sign bit, a 15-bit biased
exponent, and a 64-bit significand with an explicit integer bit and 63 fractional-part bifs.
Also called the extended double precision format.

DOUBLE PRECISION FORMAT: A é4-bit format consisting of a sign bit, an 11-bif biased
exponent, and a 52-bit significand with an implicit leading integer bit.

ENVIRONMENT: Current state of the FasMath™ processor.

EXCEPTION: Any of the six conditions (invalid operand, denormal, numeric overflow,
numeric 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 two pointers maintained by the 80386 to help exception
handlers Identify the cause of a numerics processor exception. One pointer always
points to the most recently executed numerics processor instruction. The second
pointer points to the memory operand of the instruction, only if the instruction had a
memory operand. The exception pointers can be accessed with either the FSTENV or
FSAVE instructions.

EXPONENT: (1) any number which denotes the power o which ancther nurmber is raised,
() the field of an [EEE-754-1985 floating-point number that indicates the magnitude of the
number minus the bias for the particular precision format.

EXTENDED DOUBLE PRECISION FORMAT: An 80-bit format consisting of a sign bif, a 15-bit
biased exponent, and a 44-bit significand with an explicit integer bit and 63 fractional-
part bits. Also called double exiended 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 field of the significand that lies to the right of its implied binary poinf.

GRADUAL UNDERELOW: A method of minimizing the loss of accuracy in @ result when an
underfiow error condition occurs.

IMPLICIT INTEGER BIT: an implyed *1* (single bit) left of the significand's binary point in the
single and double precision real formats that is not explicitly represented as parf of the
|EEE-754-1985 data format. That is the IEEE formats assume a given significand lies to the
right of the binary point with a implied single bit of 1 to the left, for all numbers except
denormals. 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 cll 1's.
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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 as
another number, subject to special rules of arthmetic. All three floating-point formats
(single, double and extended double precision) provide representations of +ee and —ee,

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 FasMathTM
processor stack.

INTEGER BIT: The part of the significand that lies to the left of the binary point. The integer
bif 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-bif two's complement number.

LONG REAL: 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. More commonly referred to as double
precision format.

MANTISSA: The component of a binary floating-point number that consists of an explicit
orimplicit leading bit to the left of its Implied binary point and a fraction field to the right.
The manjissa is also called the significand.

MASKED: A term used to describe a blocking of exceptions. The FasMath™ processor
exception bits (P, U, O, Z D, ), 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 fields in the status register, "rounding control” and "precision control® which
control the execution of arithmetic operations, Programs can sef, sense, save, and
restore these fields.

NaN: An abbreviation for "Not a Number'; it 15 a floating-point entity that does not
represent any numeric or infinlte value. There are two types of NaNs: (1) Signaling NaNs
{S8NaN) signal the invalid operation exception whenever they appear as operands. (2)
Quiet NaNs (@NaN) propagate through almost every arithmetic operation without
signaling an exception.

NORMAL: The representation of a fioating-point number in which the significand has an
integer bit one (either explicit or implicit).
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NORMALIZE: A number which has been converted from a denormal representation to a
normal representation.

NUMERIC OVERFLOW: An exception generated when an answer is finite but is oo large
1o be represented in the destination format.

NUMERIC UNDERFLOW: An exception generated when an answer is too small to be
represented in the destination format. The IEEE-754-1985 standard specifies that an
aftempt should be made to represent the number as a denormal,

PACKED DECIMAL: A BCD number. On the FasMath™ processor it is @ 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, ifs only use is for strict compafibility
with the IEEE-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” result,

PSEUDOZERO: A set of special values in the extended double precision format which
consists of numbers with a zero significand and an exponent that is neither all zercs nor
all 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 rational or irrational 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 consisting of a sign bit, an 8-bit biased exponent, and a 23-
bit significand with a leading implicit integer bit. More commeonly referred 0 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 wil 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
explicit 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 consisting of a sign bit, an 8-bit biased
exponent, and a 23-bit significand with a leading implicit integer bit.

$8S: The three-bit field of the status register which points to one of the eight FasMath™
processor stack registers; this register is called the current fop 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 FasMath™
processor. The status register contains condition codes, the stack pointer, busy, and
exception flags. The exception flags can be cleared through software. Affer a
hardware reset, the invalid exception is set and the status register will contain a value of
58081.

TAG REGISTER: A 14-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 biased exponent,
and a 64-bit significand with an explicit integer bit and 63 fractional-part bits. More
commonly referred to as extended double precision format,

TOS: The stack register which is pointed to by the SSS bits in the status register,

TRANSCENDENTAL: Functions for which polynomial formulas are used to approximate.
The FasMath™ 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
(27420425+24423),

UNBIASED EXPONENT: The actual exponent value that tells where to place the binary
point of the significand of a floafing-point number, For example, if a single precision
format biased exponent is 142 (single precision has a Bias of 127) the unbiased
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 fo each of the six FasMath™ processor exceptions:
1.D.Z.0.U.P. An exception is unmasked If a coresponding bit in the FasMathM
processor control mode register is set to zero. If an exception is unmasked, the
FasMath™ processor will generate an interrupt when the exception condition cccurs.
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 80384
and the FasMath™ processor.
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Opcode Map:

The opcode map tables below are included to help in debugging. However, a little
explanation on how 1o 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 processors 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 s shown below.

Given a 16-bit opcode: 8-bits 4-bits 4-bits
Uppear byte Low byte hgh nicole Low byle [ow nibble
| OpcodeMapTable | Row | Column |
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D8 D9
Hich nibble - ! 8- F | Hohnibble - 7 B d
0,4,0r8 |EADD stm+sonitrea [FMUL  sTe) * 32:bit rect 0,4,0r8 (D 1os<-320Mredl Undefined
1,509 | FCOM stpy =2 32-bit real [FCOMP 510 =7 32-bit real LS, or9 IrST  sim->azbitred |FSTP 510 > 32.6itreal
2,6,0rA |FSUB s1(0)- 32-Ditreal [FSUBR  32bitreal -ST(O) 2,6,0rA FLDENV FLDCW
3,7,0rB |FDNV si0)/32bitreal [FDIVR  30-pit real / 510) 3,7,0rB FSTENV FSTCW
Low nibble Low nibble
MO]QE;‘ISGTG?ABCDEF mm0123d56789ABCDEF
c FADD s10y=suo + st |FMUL  s10) = ST(0) * ST c FLD TOS <-5T() FXCH st <> ST
N DDEERERHONEEREDE ={o 1 J2]2]a]s]s[7 [o]1 2] a4l 57
D FCOM s1@ =751 FCOMP 510y =7 510 D b
Undefined Undefined
=lolil2| 3|l al 5|al7jolrv|2]a]aj 5{s]7 =]
DDEERERHEDREED :
E FSUB _stg) =s10)-sip [FSUBR st = 5103 - S10) ¢ ¢ =P e Tedele Te I+
s-o|1|213|n5¢?o|1|2|314|s|o[7 c|A T |x cle e o |
E alsfvlvlsfalvlvlo|o|e|olofo|p|Y
F FOV st =stmyz st IFPIVR sty = 5160 / ST0) s |s T M VL IEReE b f7
o i T2 2] & 5[ 6] o 1] 2] af a] s ¢] 7 el 1712
elele lele |p]r|f JE[E|F|F|F|F|F]E
21lyle|pr|x]e]o|! PIY |5 |S|R[S([5]C
lelr alt lrleln]|rie e |Njcjt o
F M|2|A|T|RI|E|lC]|C :‘ i $ g ID : Nis
Legend Example: I IAAIME TP | oln]e
U = Undefinod Opcods FSQRT = Opcode DIFA 1 PP 1 ST
DA DB
Low nibble Low nibble
ﬂghm alll 7 a.“ F H-mbﬁlﬂ Onn ? a... F
0,4,0r8 |FIADD s +32nitint |FIMUL 510y 32-bitint 0,408 |mID ros< 206t Undfined
1,5,0r9 [FICOM sugy =7 32:5itint |FICOMP s1(0) =7 32-bitint L5, 0r? |FST sio - 32birint | FISTP s10) -» 32-6itint
2,6,or A |FISUB  stmy-32citint [FISUBR  32-bitint - STEO) 2,6,0rA Undefined FLD 105 <- 10 byte real
3,7.0rB |FIDIV  si@/azwitint |[FIDVR - 32.6it int / ST00) 3,7,0r8 Undefined FSTP  si(0) -»10 byte recl
Low nibble Low pibble
Hi e 01 23456789 ABCDEF Hi ibble 01 2 34567 89 ABCDETF
c Undefined Undefined c Undeafined
D Undefined Undafined D Undefined
F FIF|F[F|F
u E plCc|l (5
E Undefined ulg| undefined E U 3 o Urdtatied
Y ilxttle
] X M
F .
F Undefined Undafined F Undefinad
* The CH-R3587 tracts theosa instructions os FNOPs
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DC DD
Low nibble Low nibble
MM 0;—- 7 alll F H_[gh_ﬂ.lm[ﬁ O-u ? B... F
0,4,0r8 FADD st + e4-bitreal [FMUL st * s4bit real 0.4,0r8 |pp 108 <- 84-bit redl Undefined
L.5,.0r? lrcom ST =7 84-bit reall FCOMP 51y -9 g5 reci 1,8 0r? gy ST(0) -> 84t real [FSTP 5700y -5 s4-6it rec
2.6,00A leop ST(0) - -t real | FSUBR  aabit real - ST0) 2,6,0rA FRSTOR Undefined
3. 7,0rB | ppy S100) / s4-bit real | FDIVR  sa-bit real / 510 3,7, 0rB FSAVE FSTSW
Lownbble Low nibble
Hahnbble 612345678 9ABCDE F Hohnbble 012 3456 789AaBcDE £
(& FADD st =510y + st} FMUL 5700 = 87003 * 8760) c FFREE _ st) Undsfined
i=fof1 ] 2[aTa] s[s]7 o] 1] 2[ o[ o[ s] o] 7 i= o [ [2[s]a]s[s]7
D Undefined Undefined D Fe1 ST6) FSTP ST
E FSUBR stey=stmy-s1np | FSUB  s10n = 514y - sty 1= fo ] [2[ala|s}¢l? DJI[?IaJdI&]a]?
i ol}[eiaialslélr of1]z2]s]4] HBE E FUCOM sy FUCOMP  «r
F FOIVR sty =st /st | FDV  st0y = 510 15700 = Lo |1 [aofsa[s]e]> o[1[a]s]4] o[ o]
i= [a 1{2}3f4 slai? 0|1|2|a|a| 5|o|;r F Undefined Undefined
DE DF
Low nibble nibble
Hi bbi 0 7 8 High nibt 0 F F
0.4.0r8 1EADD sy 16btint [FIMUL 5109 toobiriny 0.4,0r8 JEID 1o 16itint Undefined
L5019 frcom §T(0) =7 18-bit Int | FICOMP s10) =7 16-bir int 1.5,0r9 gy SO -> 16bitint |FISTP 510y = 16-bit int
2.6,0rA |PISUB _ str-16bitint |FISUBR  165itint- ST) 2,6,0rA IFBLD 105< 106yteBCD [FILD 108 <. sttt int
3,7,0rB [FIDV __ s10) s 16mitint [FIDVR  16uitint /sty 3,2, 0rB  [FBSTP s1(0) -> 10 byte BCD| FISTP 570y -> 6t int
Low nibble Low nibble
HLQ]D_DLD_EQLQU!23456?59AECDEF ﬂigb_Diji@U]ZfidSﬁ?B?ABCDEF
c FADDP sy =51y + 5100 | FMULP 576y - 5100 * 5708 c Undefined Undafined
- °['r2|3|‘|5|"]7° 1 alaialslal? = :
e D Undslined Undefined
c F
5
(=]
D Undefined u ;‘ Undefined 3 ; i Undefined
’ 5
E FSUBRP siq)=siqa) -stop | FSUBP  s16) = 5Ta) - STy X _
i=fo]1] 2] 3] 4] 5] e[ 7 of1]z2]s]4] s[e]7 F Undefined Undefined
F FDIVRP sr@i=sr§gi(srgg FDNVP 57gf=5T[D {STf(J)
|~0]23456?0123456?
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Ultra Low Power Operation
of the
Cyrix 83587 & 82587

83587:

Ultra low power (typically 150 uW with CMOS input levels) can be achieved with the
83387 by stopping the CLK2 input to the device.

The Cvrix Recommended Stop-the-Clock Procedure: ‘
Cyrix recommends that both the CPU and Coprocessor use the same CLK2 input
signal. By doing so, the system designer is insured that the CPU and Coprocessor
remain synchronized when starting and stopping the CLK2 signal.

Before stopping CLK2, two conditions must be met: (1) the current 3865X bus cycle
must not be in the process of accessing the 83587 and (2) BUSY# must be inactive for
at least 10 CLK2 periods prior to stopping CLK2. Failure to stop CLK2 while the 83887
is idle, can result in a system READY# hang after CLK2 is restarted. The FWAIT
instruction forces instruction execution to wait until BUSY# is inactive for 10 CLK2
periods. This instruction should be executed in the interrupt routine used to stop the
CLK2 signal.

When CLK2 is restarted, the 386SX and the 83887 must restart in the same CLK
phase as they weare stopped. Failure to restart CLK2 properly can resuit in a system
READY# hang.

The following figure illustrates the 83587 restrictions for stopping the CLK2 input:

NOTE: The CLKZ ingut may be stopped in any phase. The figure below represents only one exampie of this
i | CORMTCLINON . ; 85V " 10 CIK? FERODS | : COMOTSECR |
i_ € ovoy e :e.r.cuv,,-%i{-—-—-—- BUSY INACTIVE )-%(—:Gs‘-c'-t!-';———%-; L(- CYCIE }I
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| | | i I |
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Alternate Stop-the-Clock Procedure:
Cyrix does not recommend that the Coprocessor CLK2 input be stopped independently
of the CPU CLK2 input. However, if a designer wishes to pursue this aliernative the

steps below must be followed at a minimum.

1. Before stopping CLK2, two conditions must be met: (1) the current 3865X bus cycle
must not be in the process of accessing the 83587 and (2) BUSY# must be inactive
for at least 10 CLK2 periods prior to stopping CLK2. Failure to stop CLK2 while the
83587 is idle. can result in & system READY# hang after CLK2 is restarted. The
FWAIT instruction forces instruction execution 10 wait until BUSY# is inactive for 10
CLK2 periods. This instruction should be executed in the interrupt routine used 1o
stop the CLK2 signal.

> When CLK2 is restarted, the 83587 must be restarted in the same CLK phase as it
was stopped. Therefore, the 83387 must be restaried in such a way 10 ensure
CLK2 is synchronized with the 3863X. Failure to restart CLK2 properly can result in
a system READY# hang or Coprocessor inoperability.

The following figure illustrates the 83S87 restrictions for stopping the CLK2 input while
the CPU CLK2 input remains running:

y cm:ocsssoﬂ:)] i RSy ; 10 ClKE ARICDS . | ' L5500
o iel}3 { ACINE LISY NACINE —————— S —— T 5O " ; cvaiL '
:-( cvel | [-e‘ v ﬁn}( BUSY PHAC IV : o ——-}.‘ ié 9-]

AANNONNOannnnnnnnnnn ANNGROr
cee [UNMMNNUTUUUTUUUU U U UL gt

e A

|
S M o o B oy Yy v e A o O
w U U UV YUYYYY WAWRE R
| | | | . |
B F".I f : | [ |
ADSE || 1 ‘ ‘ | T
| | | | | .
T | i i ~ .
| rovod L | | ‘ ‘ | L/
' 1 i | I' ! !I
T l.f | ||
| BUSY# | . / | | |
82587:

The 82S87's low power is achieved automatically by going into idle mode after an
instruction is finished executing (BUSY# not active). The coprocessor automatically
restans its clocks when the WRITE# input goes active.

NOTE: The Cyrix 82387 will not operate in a design which assumes a
synchronous bus.
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Preliminary Electrical Specifications for CX-83587-25
(Addendum to 83587 User's Manual. Chapler 7)

7.0 Electrical Specifications
7.1 Absolute Maximum Ratings

The following table lists absolute maximum ratings for the CX-83587-25 device. Siresses
beyond those listed under "Absolute Maximum Ratings” may couse permanent damage
to the device. These are stress ratings only and do not imply thai operations under any
conditions other than those listed under 'Recommended Operating Condifions™ is
possible. Exposure 1o conditions beyond the "Absolute Maximum Ratings’ will (1) reduce
device reliability and (2) result in premature failure even when there is no immediately
apparent sign of failure. Prolonged exposure to condifions at or near "Absolute
Maximum Ratings' may also result in reduced useful life and refiability.

Parameter Min. Max. Units Noles
Case Temperaiure 0 +100 5C Power Applied
Storage Temperature -65 +150 L% No Bias
Supply Voliage, Vcc -0.5 +6.0 Volts With respect 10 Vss
Voltage On Any Pin -0.5 Vee+0.5 | Volis With respect 1o Vss
Power Dissipation 1.8 Watts | Tc = room temp, Vcc = 5.25
volts, CLK2 = 50 MHz
Input Clamp Current, lik 10 mA Vi<Vss or VisVee
Output Clamp Current. lok 25 mA Vo<Vss or Vox>Vee

7.2 Recommended Operating Conditions

Symbol Parameter Min. Max. Units Notes

Tc Case Temperature 0 +85 oC Power Applied
Vce Supply Voliage +4.75 | +5.25 Volis With respect 1o Vss
Vih High Level Inpui Voliage 2.0 Vee+0.3 | Volis

Vil Low Level Input Voliage -0.3 0.8 Volts

ioh High Level Ouipui Current <1.0 mA Voh=Voh({min)

[e] Low Level Ouiput Current +4.0 mA Vol=Vol(max)

lik iInput Clamp Current +/-10 mA VicVss or VisVce
lok Ouput Clamp Current +/-25 mA Vo<Vss or Vo>Vee
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7.3 DC Electrical Characteristics
Symbol Parameler Min. Max. Units Noles
Vcl Clock Inpui Low 0.0 0.8 Volfs
Vch Clock Input High 3.7 Vee Volts
Vol OQutput Low Voliage +0.45 | Volis lol=4.0 mA
vVoh OQutput High Voltage 24 Volts | loh=-1.0 mA
IcCi Supply Current - Idie 12 mA CLK2=50 MHz
lcer Supply Current - 350 mA CLK2=50 MHz

Continuous Execution

fi Input Leakage Curreni +/-15 | pA O<Vin<Vce
llo I/O Leakage Current +/-15 | uA 0.45<Vo<Vce
Cin Input Capacitance 10 pF fc=1 MHz
Co I/O Capacitance 12 pF fc=1 MHz
Cclk Clock Capacitance 15 pF fc=1 MHz
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7.4 Swilching Characterislics

The following table summarizes the fiming requirements and characteristics of the CX-
83587-25 device. All timings are measured af 1.5 volts unless otherwise specified. Figure
numbers refer to the timing diagrams shown in Chapter 7 of the 83587 User's Manual.

FSymbo! Pin Parameter Min. Max. | Units | Figure Noies
Al CPUCLK2 Period 20 500 nS 7:) 2.0V
12a CPUCLK2 | HighTime 7 nS 7.1 2.0V
t2b CPUCLK2 | HighTime 4 NS 7.1 3.V
t3a CPUCLK2 Low Time 7 nS 7.1 2.0V
13b CPUCLK2 Low Time 5 nS 7.1 0.8V
14 CPUCLK2 Fall Time 7 nS 7.1 3.7V 1o 0.8V
15 CPUCLK2 Rise Time 7 ns 7.1 0.8Vto 3.7V
17 READYO# | Quiput Delay 3 19 nS 7.2 Cl=75 pF
17 PEREQ Qutput Delay 4 24 nsS 1.2 Ci=75 pF
17 BUSY# Output Delay 4 24 nsS 7.2 Cl=75 pF
17 ERROR# Quiput Delay 4 24 nS 1o Cl=75 pF
18 D¢(31-0) Ouiput Delay 0 27 ns 73 Cl=70 pF
110 D(31-0) Setup Time 8 nS 73
i1 DG 1-0) Hold Time 11 ns 7.3
112 D(31-0) Float Time 5 24 ns 7.3 Cl=120 pF
13 READYO# | Float Time ] 35 NS 75 Cl=7H.pF
113 PEREQ Float Time 1 35 ns 7.5 Cl=75 pF
113 BUSY# Float Time 1 35 nS 7.5 Cl=r5 pF
113 ERROR# Float Time 1 35 ns Bt Cl=75 pF
114 ADS# Seiup Time 14 ns 73
115 ADSE Hold Time 4 nS 7.3
116 READY# Setup Time 8 nS 7.3
16 CMDO#, Setup Time 12 ns 7.3
116 NPS1# Setup Time 12 ns 7.3
116 NPS2 Setup Time 12 nS 7:3
116 W/R# Setup Time 12 ns 7.3
116 STEN Setup Time 12 NS 7.3
117 READY# Hold Time 4 nS 7.3
117 CMDO# Hold Time 0 nS 7.3
117 NPS1# Hold Time 0 nS 7.3
17 NPS2 Hold Time 0 NS 7.3
117 W/R# Hold Time 0 nS 73
117 STEN Hold Time 2 nS 73
118 RESETIN Setup Time 10 nS 7.4
19 RESETIN Hold Time 3 nS 74 |
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Preliminary Electrical Specifications for CX-83D87-40
(Addendum to 83D87 User's Manual, Chopier 7

7.0 Electrical Specifications
7.1 Absolute Maximum Ratings

The foliowing table fists absolute maximum ratings for the CX-83D87-40 device. Stresses
beyond those lisied under "Absolute Maximum Ratfings’” may couse permaneni darmage
i the device. These are stress ratings only and do not imply that operafions under any
conditions other than those listed under "Recommended Operating Conditions” is
possible. Exposure to conditions beyond the "Absolute Maximum Ratings" will (1) reduce
device reliability and (2) result in premature foilure even when there is no immediately
apparent sign of failure. Prolonged exposure 10 conditions at or near "Absolute
Maximum Ratings' may also result in reduced useful life and reliability.

Parameier Min. Max. Units Notes
Case Temperature 0 +100 oC Power Applied
| Storoge Temperature -65 +150 oC No Bias
Supply Voltage, VCC -0.5 +6.0 Volts With respect 10 Vss
Volioge On Any Pin -0.5 Vcc+0.5 | Volis | With respect to Vss
Power Dissipation 2.5 Watfs | Tc = room femp, Vcc = 5.25
volts, CLK2 = 80 MHz
Input Clamp Current, lik 10 mA Vi<Vss or Vi>Vcce
Outpui Clamp Current, 1ok | 25 mA Vo<Vss or Vo>Vee

7.2 Recommended Operating Conditions

Symbol Parametler Min. Max. Units Notes
jio Case Temperaiure 0 +85 oC Power Applied
Voo Supply Volioge +4.75 | +5.25 Volts With respect 10 Vss
Vih High Level Inpuf Voltage 2.0 Vee+0.3 | Volis
Vil Low Level Inpui Voltoge 0.3 0.8 Volis
loh High Level OQuiput Current -1.0 mA Voh=Yoh(min)
ol Low Level Output Current +40 mA Vol=Volimax)
lik Input Clamp Current +/-10 mA Vi<Vss or VizVece
| lok | Quput Clamp Current | +/-25 mA | Vo<Vss or Vo>Vee |
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7.3 DC Electrical Characteristics

=
Symbol Parameter Min. Max. Units Notes
vl Clock input Low 0.0 0.8 VoIS

| Vch Clock Input High 3.7 Vocc | Volts
Vol Ouiput Low Voltage +0.45 | Volts | lol=4.0mA
voh Output High Voliage 2.4 Volfs loh=-1.0 mA
lcer Supply Current - 475 mA CLK2=80 MHz

Continuous Execufion

I Input Leakage Current +-15 | pA O<Vin<Vcce
\fs} I/O Leakage Current +/-16 | UA 0.45<Vo<Vce
Cin Input Capacitance 10 pF fc=1 MHz
Co |/O Capacitance 12 pF fc=1 MHz

| Cclk Clock Capacitance 15 pF fc=1 MHz
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7.4 Switching Characteristics

The following table summarizes the fiming requirements and characteristics of the CX-
83D87-40 device. All timings are measured at 1.5 volts unless othenwise specified. Figure
numbers refer to the timing diagrams shown in Chapter 7 of the 83D87 User's Manudl.

Symbol Pin Parameter Min. Max. Units | Figure Notes
11 CPUCLK2 Period 12.5 500 ns Tk 20V
12a CPUCLK2 | High Time b nS 7.1 2.0V
120 CPUCLKZ2 High Time 3 nS 71 37V
13a CPUCLK2 Low Time 6 ns 7.1 20V
13b CPUCLK? Low Time 3 NS 7.1 0.8V
14 CPUCLK2 Fall Time 4 nS 7.1 3.7Vic 0.8V
15 CPUCLK2 Rise Time 4 nS 70 0.8vVio 3.7V
17 READYO# | Output Delay 3 13 nS 7.2 Cl=75 pF
17 PEREQ Qutiput Delay 3 15 nsS 7.2 Cl=75 pF
17 BUSY# Output Delay 3 15 nS 7.2 Cl=75 pF
i7 ERROR# Quiput Delay 3 15 nS 7.2 Cl=75 pF
18 D31-0) Output Delay 0 19 nS 7.3 CI=50 pF
110 D(31-0) Setup Time 5 nS 7:3

N D(31-0) Hold Time 6 nsS 7.3

112 D(31-0) Float Time 2 19 ns 7.3 Cl=120 pF
113 READYC# Float Time 1 30 nS 7.5 Cl=75 pF
13 PEREQ Float Time ] 30 nS 75 Cl=75 pF
13 BUSY# Float Time ] 30 nS 7.5 Cl=75 pF
113 ERROR# Fioat Time ] 30 NS 7.5 Cl=75 pF
114 ADS# Setup Time 11 nsS 7.3

115 ADS# Hold Time 4 ns 7.3

116 READY# Setup Time 7 nS 7.3

116 CMDO# Setup Time 7 nS 7.3

116 NPS1# Setup Time 7 nS fos

116 NPS2 Setup Time 7 nS 7.3

116 W/R# Setup Time 7 nS i

116 STEN Setup Tme 10 nS 7.3

117 READY# Hold Time 3 nS 7.3

117 CMDO# Hold Time 0 nd 7.3

117 NPS1# Hold Time 0 nS 7.3

117 NPS2 Hold Time 0 nsS 7.3

117 W/R# Hold Time 0 ns 7.3

117 STEN Hold Time 2 ns 7.3

118 RESETIN Setup Time 5 ns 7.4

119 RESETIN Hold Time 3 nS 7.4




