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1. About This Manual 

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

2. References 

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

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

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

3. "80387 Programmer's Reference Manual", 1987, Intel Corporation, 3065 Bowers Avenue, 
Santa C:ara, CA 95051 . 

4, "IEEE 754 Standard for Binary Floating Point Arithmetic", 1985, lnsttute for electrical and 
Eiec'ronic cngir.eers, Inc., 345 East 47th Street, New York, NY l OCl 7. 
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3. General Introduction 

3. 1 Overview 

The Cyrix CX-83D87 is a CMOS VLSI integrated circuit which is pin compatible and 
software compatible with the Intel 80387 math coprocessor yet offers substantially 
improved performance. The CX-83D87 achieves 4 to 10 times greater performance than 
the Intel 80387 by implementing its floating point primitive operations in hardware rather 
than in a microprogrammed sequencer as the 80387 does. This approach allows the CX-
83D87 to perform simple floating point operations ct the same speed cs the 80386 
processor can perform integer additions: square root. elementary functions and 
transcendental functions ore evaluated correspondingly faster. 

3.2 Circuit 

The CX-83D87 device is fabricated using a l .0 micron. double layer metal CMOS process. 
This permits the CX-83D87 to operate at clock rates of 20, 25 and 33 Mhz. State of the art 
ESD protection and latch-up prevention circuits are incorporated into the CX-83D87 
design. The CX-83D87 is packaged in a 68-pin ceramic pin grid array. 

3.3 Standards 

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

3.4 Architecture 
The CX-83D87 architecture is partitioned into three functional blocks: The Interface Unit, 
the Execution Unit. and the Control Unit. The Interface Unit menages the CX-83D87 
interface to the host 80386 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 contro!s traffic to/from the 
Interface Unit. 

3.5 Programming 

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

The instructor.s used to program the CX-83D87 are binarf and function comoatible with 
those defined for the Intel 80387 Numeric Processor Extension (cf 2.1). Instructions ere 
provided which load/store data and constants, perform arithmetic. e!ementary. and 
transcendental functions. manipulate fraction and exponent fields of operands. cr.d 
control the stcr~s and operating mode of the CX-83087 
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3.6 Data Types 

The Cyrix CX-83D87 supports IEEE-754 32-bit single precision. 64-bit double precision, and 
80-bit extended double precision real data formats. The CX-83D87 also supports 78 digit 
BCD integer data format and 16-bit. 32-bit. and 64-bit binary integer date formats. The 
CX-83D87 data formats are schematically depicted in the following figure. 

Format Size Most Significant Least Significant 

Word 16 bits I I I 
Integer 15 7 

'Short" 32 bits I I l I Integer 3' 22 15 7 

Long 64 bits I I I I I ! I I 
Integer 63 5' 47 3' 31 " ·5 7 

BCD 80 bits IsI xx I o, ~ o, 01 o, ~ o, 01 o, ~ D, 01 o, 01 D, 01 o, 01 
Integer 79 71 63 55 ,, 

" 31 2:: ;5 7 

Single 32 bits Is I =xp I Significand I Real 30 23Z - 7 

Double 64 bits 
15 i Exe I Sigr.inc1rd ! Real I I I I 
63 5:: 51 ,, 3' 30 " . 7 

Extended 80 bits IsI Exp I 1 I Sigr:iinca~,d I Real I I I I ' ,. 71 63 5' 47 3< 31 " . 7 

Byte Displacement I +9 I +a I +1 I +6 I +s I +4 I +3 I +2 I +l ! +O [ 

From Base Address I u I , .. c I , ... c I , ... c I, .. , I ''IL: I 7 .C I 7 .. C i 7 ... C ! 

Memory Data Formats 

Internally. oil data ore converted to 80-bit extended precision format for storage end 
manipulation. The range and precision providea by 80-bit extended precision format 
allows the exact representation of 16. 32. & 64 bit binary integers. 18 digit 3CD integers, 
end 32 & 64 bit reel numbers. Note that the reverse 's r.ot necessar;ly tri.:e: the results of 
80-bit calculations may require rounding to be represented in The orher formats. The 
following figure shows the range end prec,sion c;icrccteristics of each CX-83D87 data 
type: 
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Format Size Dynamic Rcnge Resolution 
Word 16 bits -32768 l in 216 ! 

j Integer +32767 
"Short· 32 bits -2.147,483.648 l in 232 
Integer +2, 147,483.647 

Long 64 bits -9 ,223,382.027 .854.875.808 l in 264 
Integer +9 .223.382.027 .854.8 75,807 

BCD 80 bits -999. 999,999.999 .999 ,999 l in 1018 
Integer +999. 999,999.999 ,999 ,999 

Single 32 bits 5.8775x 10-39,;;INI,;; l in 224 

Real 3.4028 X lQ+38 

Double 64 bits l . 1125 x 10-308 ,;; I N : ,;; l in 253 
! Real 1.7977 x 10+3C8 

i 
Extended 80 bits 1.68105 x 10 -4932 ,;; I NI,;; l in 264 

I i Real l. 1897 X 10+4932 
CX-83D87 Data Type NL.;menca1 Propert:es 

3.7 Computational Accuracy 

The representation of real rumbers in any number system of finite precision is inherently 
approximate. A simple fraction such as l /3 cannot be precisely represented in a finite 
number of digits. ~is simple observation raises the possibility thar different compL.;1ing 
systems may choose different methods of approximation end produce different results 
given the same inputs and algorithms. 

Ti1e IEEE-754 Standard for Binary Floatir.g Point Arithmetic attempts to soive this problem 
by specifying the error bounds for the calculation of binary floating point values. Tnese 
error bounds ere controlled in two ways: (l) by directly specifying the error cilowable in a 
primitive calculation and (2) by specifying the exact rounding algorithms to be used. The 
result of this standcrdizarion is that given the same set of input values and rounding 
instructions. all conformal rnacr;ines will produce the same result to within a defined 
margin of error. 

Computations internal to the CX-83D87 are performed L;Sing 80-bit extended precision 
operands. The 15-bit exponent and the 64-bit significand data ere operated on using 
independent 15-bit & 67-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 bits ere used in IEEE specified rounding modes end help mair.tain accuracy 
when the prec'sion of a resuit exceeds tr.at available in The significar.d. The programmer 
can select any of the four IE~= specified rounding modes ~or use in computation: round 
to nearest or even, round down, round up, Cr'.d truncate. 

In addition, for the sake of compatibility with earlier generations of floc:ing point 
processors, a ·precision control" funcrion is provided to the programmer. This is used to 
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specify that internal results be maintained in single, double, or extended precision range 
and resolution. 
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4. Instruction Set 

4. I Instruction Set Summary 

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

Mnemonic Result 
F2XM1 TOS ;-
FABS TOS;-
FADD STCI) ;-
FADD TOS;-
FADD TOS;-
FADD TOS;-

I FADDP ST(l-1) ;-
FIADD TOS;-
FIADD TOS ;-
FCHS TOS;-
FCLEX -
FCOM cc .... 
FCOM cc .... 

'FCOM CC;-
FCOMP cc .... 
FCOMP cc .... 
FCOMP CC;-
FCOMPP cc .... 
FICOM cc .... 
FICOM cc .... 
FICOMP cc .... 
FICOMP cc .... 

1
FCOS TOS ;-

i FDECSTP SIF <-
:rn1v ST(I) ;-
'1FDIV TOS <-
FDIV TOS ;-

tFDIV TOS;-
IFDIVP ST(l-1) <-
'FDIVR TOS;-
FDIVR ST(I) ;-
FDIVR TOS ;-
FDIVR TOS;-
FDIVRP ST(l-1) ;-
FIDIV TOS;-
FIDIV TOS <-
FIDIVR TOS;-
FIDIVR TOS <-
FFREE TAG(I) ;-
FINCSTP SP;-
FINIT -

11 

Operation 
2ms.1 
!TOSI 
ST(l)+TOS 
TOS+ST(I) 
TOS+M.DR 
TOS+M.SR 
ST(l)+TOS; SP;-SP+ 1 
TOS+M.SI 
TOS+M.WI 
-TOS 
Clear Exceptions 
TOS-ST(I) 
TOS-M.DR 
TOS-M.SR 
TOS-STCI): SP .... SP+ 1 
TOS-M.DR; SP;-SP+ 1 
TOS-M.SR; SP;-SP+ l 
TOS-ST(l): SP .... SP+2 
TOS-M.SI 
TOS-M.WI 
TOS-M.SI; SP;-SP+ l 
TOS-M.WI; SP;-SP+ l 
COS(TOS) 
SP-I 
ST(l)/TOS 
TOS/ST(I) 
TOS/M.DR 
TOS/M.SR 
ST(l)/TOS; SP;-SP+ l 
ST(l)/TOS 
TOS/STCI) 
M.DR/TOS 
M.SR/TOS 
TOS/ST(I); SP;-SP+ 1 
TOS/M.SI 
TOS/M.WI 
M.Sl/TOS 
M.WI/TOS 
Empty 
SP+l 
Initialize 

! 

! 
i 
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FLD TOS <-- ST(I); SP,-SP-l i 

I FLD TOS <-- M.DR; SP,-SP-1 
; FLD TOS <-- M.U; SP<--SP-1 
FLD TOS <-- M.SR; SP<--SP-l 
FLD TOS <-- M.XR; SP,-SP-l 
FBLD TOS <-- M.BCD; SP,-SP-1 
FILD TOS <-- M.SI; SP,-SP-1 
F;LD TOS <-- M. WI; SP,-SP-l 
FLDl TOS <-- l.0; SP,-SP-1 
FLDCW Ctl Word<-- Memory 
FLDENV Env Regs <-- Memory 
FLDL2E TOS <-- Log,(e); SP,-SP-l 

i FLDL2T TOS <-- Log2(l0); SP,-SP-1 
FLDLG2 TOS <-- Log ;8(2); SP,-SP-1 
FLDLN2 TOS <-- Log,i2); SP,-SP-l 
FLDPI TOS <-- 1t: SP,-SP-1 
FLDZ TOS <-- 0. 0; SP<--SP-l i 

FMUL ST(:) <-- ST(l)'TOS ! 
FMUL TOS <-- TOS'ST(I) 
FMUUP Si-Cl-l) <-- ST(l)'TOS; SP,-SP+ l 
FMUL TOS <-- TOS'M.DR 
FMUL TOS <-- TOS'M.SR 
FIMUL TOS <-- TOS'M.SI 
FIMUL TOS <-- TOS'M.WI 
FNOP - No Operation 
FNOP(FENI) -- No Operation 
FNOP(FDISI) -- No Operation 
FNOP(FSETPM) - No Operation 

iFPATAN TOS <--
ST(l) . ~ 

ATAN(TOS); SP,-2+ l 

FPREM TOS <--
TOS 

Rem(ST(l)) 
I 

TOS 
FPREMl TOS <-- Rem(ST(l)) I 

I 
, FPTAN TOS:ST(l) <-- l; T AN(TOS); SP,-SP-1 

! 
!FR:'-/DINT TOS <-- Round(TOS) 

I 

FRSTOi< - Restore state. 
! FSAVE - Save state. 

i FSCALE TOS <-- ros•is,cii 
jFSiN TOS <-- SIN(TOS) I 

i FSINCOS TOS;ST(l) <-- COS:SiN(TOS); SP,-SP+ l 

; FSQi<T TOS <-- ✓ TOS 

FST ST(;) <-- TOS 

I 
FST M.DR <-- TOS 
FST M.SR <-- TOS 
FSTP Si'(:-;J <-- TOS: SP,-SP+ 1 
FSTP M.DR <-- TOS: SP,-S"+ l 

I

FSP M.U <-- TOS: SP,-SP+ l 
FSTP M.S~ <-- TOS; SP,-SP+ 1 

I FSTP M.XR <-- TOS; SP,-SP+ l 
'F3STP M.3CD <-- TOS; SP,-SP+ l 
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I FIST M.SI ,- TOS ' 
; FIST M.WI ,- TOS 
FISTF M.SI ,- TOS; SP,-SP+ 1 
FISTP M.WI ,- TOS; SP,-SP+ 1 
FSTCW Memory,- Control word. i 

FSTENV Memory,- Ctl.Status,IP,DP. 
FSTSW Memory,- Status 
FSTSWAX AX,- Status 
FSUB ST(I) ,- ST(l)-TOS 
FSUB TOS ,- TOS-ST(I) 
FSUBP ST(l-1) ,- ST(l)-TOS; SP,-SP+ 1 
FSUB TOS ,- TOS-M.DR 
FSUB TOS ,- TOS-M.SR 
FISUB TOS ,- TOS-M.WI 
FISUB TOS ,- TOS-M.SI 
FSUBR TOS ,- ST(l)-TOS 
FSUBR ST(I) ,- TOS-ST(I) 
FSUBRP ST(l-1) ,- TOS-ST(I); SP<--SP+ 1 
FSUBR TOS <-- M.DR-TOS 

, FSUBR TOS ,- M.SR-TOS 
; FISUBR TOS ,- M.WI-TOS 
FISUBR TOS ,- M.SI-TOS 

!FTST cc f- TOS-0.0 
lFLJCOM cc;- TOS-ST(I) 
IFUCOMP cc;- TOS-ST(I); SP<--SP+ 1 

' :FUCOMPP cc<-- TOS-ST( 1 ); SP<--SP+2 

1
FXAM cc;- Closs of TOS. 

IFXCH TOSH ST(I) Exchange 
iFXTRACT TOS;ST(l) ,- Signif; Exp; SP<--SP-1 I 

: FYL2X TOS ,- ST(l)•Log2CTOS); SP<--SP+ 1 
i FYL2XP1 TOS ,- ST(l)•Log2Cl+TOS); SP<--SP+ 1 

The abbreviations and conventions used in in the CX-83D87 instruction sL.mmory ore: 

1. TOS == Top of stack register pointed to by SSS ir Contro 1 Register. 
(cf. Sec 4.3). 

2. ST(l)== Next to Top of stack register (pointed to by SSS· 1) 

3. Memory operands ere referred :o cs "M.XX' wr.ere ·xx·=: 
·w1· --> 16-bit integer; 
·s1· --> 32-bit integer; 
·u· --> 64-bit integer; 
'SR' --> 32-oit reel; 
'DR' -> 64-bit reel; 
'XR' --> 80-bit reel; 
"BCD' --> 18-digit BCD integer. 

4, The "Operation· column refers to stack !cyot.:t before instrL.ciion execL.tion. 

5. T:~e "ResuW coiumr refers stack layout ofter 1rstn..:c:ion exec:..1ion. 
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6. Operands separated by a semicolon indicate that the leftmost destination 
receives the leftmost source, e.g., TOS<--COSCTOS) in TSINCOS; ST(l)<­
SIN(TOS). 

7. SP== CX-83D87 Stock Pointer (Contents of SSS). 

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

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

10. STCI)== Randomly addressed CX-83D87 data register I. 

11. CC== Condition codes in CX-83D87 Status Register. (cf. Sec 4.3) 

12. Env Regs== SP, Status. Togs, IP, & DP. 

4. 2 Data Reg isle rs 

The Cyrix CX-83D87 provides a set of eight 80--bit data registers tor i,;se in compi,;tations. 
These registers ore accessed in a stock-like fashion for programming purposes. An 
explicit data load instrucrion (FLD) must be used to store a dmum into the CX-83D87 "Top 
of Stock' prior to performing arithmetic operations on it. The load instruction causes a 
'push' operation by decrementing the ·stock pointer' (SSS field of the Status Register) by 
or.e modulo 8 end loading the datum into the physical register newly addressed by SSS. 

The CX-83D87 provides a complete set of duel operand instrucrions to ease 
programming of its pseudo-stoc~ register set. Tne instructions FADD, FCOM, FDIV, FMUL, 
and FSUB perform arithmetic on the Top of Stock and either memory or explicitly 
addressed register operands. The result is placed in the Top of Steck. Note that 
conversion of the memory operand to 80-bit internal format is performed ci,;tomctically. 

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

Tr,e explicit register addressing feature operates by specifying the displocemenr Cl) of the 
target register from the current Top of Stock. This displacement is added TO tr.e SSS field 
modulo 8 (prior to any increment or decrement operations specified by the insrruction) to 
calculate the physical register number. Syntactically. ST(!) is used to specify 
displacement Cl) from the Top of Stock. Thus. STCC) is Top of Stock. ST(l) is next to Top of 
Steck. and so on. Logical register references of tr.e form ST(I) ore always relotrve to the 
current Top of Steck. 

The limited number of physical registers and the use of 'wrapping· modulo 8 artrmet'c to 
address them leads to the possibility of a data register overwrite error. To prevent this 
and to simplify error detection. the CX-83D87 maintains a register Tag Word comprised of 
two bits for each physical data register. Tag Word fields cssur-ie one of foi,;r values 
depending on the contents of their associated data registers. Vc!id("00'), Zero('01'). 
Specicl("lO'), and cmpty('11'). Tag vali,;es ere maintained trcr.spcrently by the CX-83D87 
end ere only cvcilcole to the programmer indirectly through the FSTcNV end FSAVE 
instructions. The Tag Word with tag fields for each associated physical register. tcg(R). is 
schematically depicted beiow: 

14 
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15 8 7 

Tog(?) Tog(6) Tog(5) I Tog(4) I Tog(3) Tog(2) Tog(l) Tog(0) , 

The CX-83D87 detects two kinds of register operation errors: Source Register Empty and 
Destination Register Full . The Source Register Empty error occurs when on instruction 
attempts to read a source operand from a data register which is Empty, i.e. Tog(RJ;"l l ". 
The Do1a Register Full error occurs when en attempt is made to store data into a register 
which in not Empty, i.e. Tag(RJ,e'l l". In the context of load ("push") and store ("pop') 
operations these errors ore interpreted as stock wraparound/overflow (Dest. Full) and 
'stack underflow· (Source Empty) conditions. Note that in other contexts, such as "FST 
ST(4),ST(0)· with ST(4) not er1pty, or "FLD ST(O),ST(6)" with ST(6) empty, these errors also 
occur. Register errors generate the Invalid Exception and ore reported through the SF bit 
of the Status Register. 

The results of CX-83D87 operations are converted to the desired data format and stored 
in memory using the register store instnxtion, FST. The s7ore instruction always uses the 
Top of Stock cs its source operand. All forms of the FST 'nstr;,iction a:low a ·pop· of The 
Too of Stock upon completion. 

'Pop' operations ore effected by marking the physical reg,ster addressed by the SSS field 
of the Status Register Empty and incrementing the SSS field by l modulo 8. "Pop· 
operations ore provided cs opr:ons for the duel operard instructions FADD. FDIV, FMUL. 
FSUB, and FJCOM when using a data register source operand. !n adoit:on, i'COM 
provides a ·pop· option when used with either memory or a data register as a source 
operand co faciiitote condit;onol testing. Finaily, both i'COM and FUCOM provide a 
couble "pop' form which compares tre Top of Stock to Ti:e next to Top of Stock one 
·pops' both on cornpietion. 

For special programming situations, the FFREE instrucrion con be used to mark on 
explic:tly odoressed register Emoty. FINCST? & FDECSTP con also be used to increment or 
decrement the SSS :ield of tr.e StatL..s 1'<egister. 

4.3 Control & Status Registers 

The Cyrix CX-83D87 communicates information about its status and the results of 
operations to the host 80386 via the Status '<egister. Tt-,e CX-83D87 Status Register is 
comprised of bit fields thoT reflect exception stotL..s, operation execut'on status. register 
status, operand class, and comparison results. Tr.is register's continuously occessibie to 
the 80386 CPU regardless of the state of the Control or Execution Units. 

,r.e CX-83D87 Mode Control Regisrer (MCR) is used by The 80386 uP to specify the 
operating mode of the CX-83D87 processor. The MC'< contoir.s bit fields wr,ich soecify 
the round;ng mode to be L..Sed, the precision with wr.1ch to calculate results, and ti:e 
exception conditions which. sho1,;ld be reported to tre r.ost via traps. The user controls 
precision, ro1,;nding, and exceotion reporting by sett:ng or clearing appropriate bits in the 
MCR. 

The foliov/r.g figure details the CX-83~87 Status Register and Mode Control Register cs 
they appear to the programmer: 
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Register 15 '.2 11 8 7 4 3 

Status B C3 S S S C2 Cl CO ES SF P U O Z D 
ModeCtl 'RCRCPCPC' PUOZ D 

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

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

B 

C3,C2,C l ,C0 

sss 

ES 

SF 

RC 

PC 

Exception Status & 
Mask Bits 

Copy of ES bit. 

Condition code bits. 

Top of Stock Register number. 

Error Indicator. Set to 1 if on unmasked exception is 
detected. 

Stock Fault or invalid register operation bit. 

Rounding Control bits: 
00 Round to nearest or even. 
01 Rour.d toward minus infir.ity. 
10 Round toward plus infinity. 
11 Tr__;ncate. 

P~ecision Control bits: 
00 24-bit mantissa. 
01 Reserved. 
10 53-bit mantissa. 
11 64-bit mantissa. 

• 1 • in Status Register indicates exception; 
• 1 • in MCR masks exception trap. 
P Precision error. 
U Underflow error. 
0 Overf:ow error. 
Z Divide by zero error. 
D Denormalized operand error. 
I :nvolid operation. 

4.4 Exception Handling 

The CX-83D87 performs extensive data checking during the data input and type 
conversion process and during the process of performing colcularions. The detection of 
on inconsistency or en error is considered en exception condition and is reported in the 
CX-83D87 status word. Optionally, exceptions can initiate an exceotion trap sequence in 
the host processor. 

Tnere ere seven types of exceptions that the CX-83D87 con detect and report: Precision 
Exception, Underf:ow Exception, Overflow Exception, Divide By Zero Exception, Denorrr.ol 
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Operand Exception. Invalid Operation Exception. and Register Error. Tr,ese seven 
exceptions map into six separately enabled exception traps - lnvaiid operation and 
register errors are reported on the same trap. Exception traps are unmasked (enabled) 
by writing a ·o· into the appropriate bit of the CX-83D87 Mode Control Register. 

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

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

4.5 Precision Exception 

This exception is caused by the production of a result wh'ch is not exactly representable 
in the destination location of the instruction. For instance. the number 1/10 is not exactly 
represen+able as a binary floating point number. Similarly, ail transcendental end 
e,ementary functions return approximations to the infinitely precise. irrational value. Borh 
situations will cause the Precision Exception to be set. 

4.6 Underflow Exception 

This exception is caused by the production of a result which is tiny in magnitude and 
requires either a denormal 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 tr,e result is both denormal/zero Q.Q.Q 
precision r,as :ceen lost . 

When Underf:ow is unmasked, tre Underflow Exception occurs whenever the result would 
be denormal/zero. In this case. if the destination is a stack register, the true result is 
multiplied by 2"-576 • rounaed. 01'd stored in the destination register. This behavior occurs 
for all underflow cases except the extreme underflow produced by the FSCALE 
instruction. FSCALE extreme underflow will produce T/- 0 just as if Underflow was 
masked. If tr,e destination is rremory. the instruction is aborted ar.d no result is written. 

4.7 Overflow Exception 

This excep"ion is caused by the product;on of a result wr,ich ls larger in magnitude than 
the desrinaticn :crmat can accomodate. When Overflow is masked the exception starus 
is set and '.he resu1t is rounded in accordance with the RC :ncde b~s. 
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Wr.en Overf:ow is Llnmcsked, The Overflow Exception causes the resuits to be scaled to frt 
in the destination format. In this case, if the destination is a stack register, the true result is 
divided by 224

•
576

, rounded, end 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 resLllt is wrttten. 

4.8 Denormol Exception 

This exception is caused by the use of a denormal operand as input to an instruction. 
When Denormcl is r-1csked the instrLlction proceeds to colT'pletion using the denormcl 
operand. 

When Denormcl is unmasked the exception status is set end an exception trap sequence 
is initiated without writing any resuit to tre the destincrion of the insrruction. 

4.9 Divide By Zero Exception 

T!":is exception is cat.:sed by en attempt TO divide a finite non-zero operand by zero. In 
addition to the divide instruction, the FXTRACT end FYc.2X instructions may generate this 
exception. Tr.e masked response to rr1is exception is to return = with its sign set to the 
exclusive-or of the oPercncs signs. For FXTRACT, ST(l) ;s set to-= end TOS is set to zero 
wih its sign set TO tl:e sign of the initial operand. 

When Divide By Zero is Llnmcsked the exception status is set and en exception trap 
sequence is initiated witnout writing any resuit to tr:e 'he destination of the instruction. 

4. 10 Stack Error Exception 

Register errors (cf. sec 2.4.2) produce tr:e stack error exception. Wr,en masked the QNaN 
indefinite overwrites the destination. When unmasked, an exception trap sequence is 
initiated and the des7inction is !eft undisturbed. This exception is indicated by 
simuitaneousiy setting the Invalid end Stack Fault bits in the Status Word. 

Wr,en a Stack ::rror is signaled, the Cl status bit indicates whether :he error was 
Destinct:cn ,Register cull CC=·:') or Source Register Empty CC l ="0"). 

4.11 Invalid Operation Exception 

The IEEE-754 Stcrdcrd provides for the detection and reporting of attempts to perform 
critr,metic on operands the: cannot provide meaningful results. Such attempts are 
called Invalid Operations. W!":en Invalid Exception is unmasked, tne cccurence of such 
an event causes the instruction to be aborted, a trap sequence to be initiated, and the 
destination to be left Gndisturioed. When Invalid is masked, the cpprcpriate IEEE specrned 
response is genercred end wrttten into the destiration. 
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The following table def:nes invalid operations and their default (masked) results: 

Operand(s) Invalid Operation Default Result 
Unst.:pported Any Arithmetic QNaN Indefinite. 

'NaN or (NaN.Valid) Any Arithmetic Quietized Nan. 
QNaN &SNaN Any Arithmetic The QNaN. 
SNaN &SNaN Any Arithmetic Larger SNaN Quietized. 

'QNaN & QNaN Any Arithmetic Larger QNaN. 
NaN FCOM(P)(P) & FTST CC= Unordered. 

(+=,~)or(~.+=) Addition QNaN Indefinite. 
(+=,+=) or c-.-) Subtraction QNaN Indefinite. 

0,= Multiplication QNaN Indefinite. 
(=.=) or (0.0) Division QNcN Indefinite. 
Zero Divisor Partial Remainder QNaN Indefinite. 
= Dividend Partial Remainder QNaN Indefinite. 

= Forward Trigonometric QNaN Indefinite. 
Negative Number Sauare Root, Log2 QNaN Indefinite. 
Empty Reg, NaN,= lrteger & BCD Store Integer/BCD Indefinite. 

Exceeds 'nteger Range Integer & BCD Store ,nteger/BCD Indefinite. 
Empty i<egister Exchange Registers Set Empty to QNcn 

Indefinite & excharge. 

·Note: Generally :he use of a QNaN as an operand in These contexts does Q.Q.1: 
generate :he Invalid Exception. Ail other :nvalid Operations in the table 
produce the lr.vcl:d Exception. 

I 

I 

Certain other combinations of valid nt.:mbers, zeroes, and infinities may give rise to tl"'.e 
invalid Exception for FSCALE, FYL2X, & FYL2XPl. Please consult section 4.12, Detailed 
Instruction Descriptions, for details. 

4.12 Detailed Instruction Descriptions 

The detailed ir.s'rl..ction descriptions provide a complete refererce on the use of each 
CX-83D87 instruction. The ir.struction mnemonic. its syntactical variants. allowed 
operands. encoding. operation, effect on status. possible exceptions, and special 
operarx::s/resulrs are presented for each instruction type. 

;:,Iecse note that integer variants which cause insertion of trie letter T and BCD variants 
which cawse insertion of the letter 'B" into their mnemonics are included in the listings 
under their basic type. i.e. FIADD is described under FADD. With this single exception. all 
the CX-83D87 instructions are catalogued oiphabeticclly by mnemonic in this section. 

The integer variants presented t.:nder their basic type ere: FiADD, F1COM, FIDIV, FILD. 
FiMUL, FIS~. & F1Si.JB. Similarly, the BCD integer forms ore grouped with FLD (F3LD) and FST 
CF5STP). 
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Detailed instruction descriptions are presented in the following standard format: 

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

Forms: An complete list of the permitted operand source & destination 
combinations for the instruction. 

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

Operation: A textual description of the action caused by the execution of the 
instruction. 

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

Exceptions: A table which summarizes the possible exceptions an instruction 
can produce and the resulting exception status bits in it"'.e Status 
Register. 

Zero/Inf: A summary of the results produced when executed with 
extraordinary valued operands. 

Notes: A brief statement of points of special 'nterest nor covered 
elsewhere. 

The following symbols and abbreviations are used throughout the detailed insrruction 
descriptions: 

Syntax: 

Forms: 

Operanas: 

Square brackets ('0') indicate an oprional argument. Nesting is 
permitted. 

Angle brackets C<>') 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(C)" to the 
Intel assembier. 

<Reg> refers to an explicitly specified CX-83D87 data register 
denoted by "ST(!)" where O'.;l,;7. 

<Memory> refers :o a legal 80386 n;errory operand address, e.g. 
'DWORD PTR 0100". 

Source Operand specif'cat,ons are given for each form of ·he 
instruction. Tne ~ey to tr,e specificatior,s is: 

20 



Status: 

Exceprions: 

Zero/Inf: 
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16-bit Integer 
32-bit Integer 
64-bit Integer 

-32-bit Real 
,64-bit Real 
.80-bit Real 

Memory location WORD PTR" 
Memory location "DWORD PTR" 
Memory location "QWORD PTR" 
Memory Location "DWORD PTR" 
Memory Location "QWORD PTR" 
Memory Location 'TBYTE PTR" 
Memory location "TBYTE PTR' 
Explicit register "ST(I)' 

: 18 dig BCD Int. 
' 80-bit Register 
Top of Stack Register 'ST(0)" 

Encoding fields may have the following values: 

sxx 
MD 
R/M 

p 
REG 
SIB 

DISP 

Hexadecimal value of 1st byte. 
2-bit 80386 "MOD" field.(of MOD R/M.) 
3-bit 80386 "Reg/Mem" field.(MOD R/M.) 
l-bit specifying ·pop·= 1 /no ·pop"=O. 
3-bits specifying CX-83D87 data register. 
80386 Stack Index Base field. 
80386 Displacement field. 

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

Status bits ore indicated as: 

u 
l 
0 
M 

Undefined after instruction execution. 
Set to T as a result of instruction. 
Set to ·o· as a resuit of instruction. 
Set to the value loaded from memory. 

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

l 
0 
M 

Unaffected by instruction execution. 
Set to • 1 • given specified exception. 
Set to ·o· unconditionally. 
Set to the value loaded from memory. 

Special symbols used hove the following definitions: 

"->" 

sgnO 
·x· 
"Y" 

NaN 
RCO) 

·converted to·. 
Arithmetic sign of argument O. 
A positive. finite. nonzero integer. 
A positive, finite, nonzero integer. 
Not a Number. 
Zero cs produced by current RC mode. 

21 



F2XM1 

Syntax: 

Forms: 

Operands: 

Operation: 

Status: 

Exceptions: 

Zero/lr.f:r.ity: 

Notes: 

Inst 

Function Evaluation: 2x-1. 

F2XM1 

F2XM1 

Encoding 

Fasl'.llcth1'-' 83D87 User Monl.,cl 

F2XM1 

Cycles 
.F2XM1 

Source Ooercnd 
I Top of Steck I $D9 I 11 110 000 I 1 14-67 

Tr,e Top of Stack contains the source ooerand (x). Tr.e funct:on y= 2x_ l is 
evaluated and end the resuit is normalized end rounced according to t~e 
RC mode in effect. The result Cy) replaces (x) in the Tep of Steck. The 
source opercr.d (x) m~st be :n the range -1 s x:;; ~. To obtcin the voi:...;e 2x 
(cntilcg2(x)), add l to the result 

Arguments Ix I;, 1.0 produce undefined results w~hout signal:ng cr.y 
exceprions. 

Result of lnstruct:on C3 C2 Cll CJ 
. Nor:-:-.cl Execution: u u 0 'J 
'Regis,er Error: Source Reg ::T,Dty u u 0 

' 
' 

Tvoe Mode Result s P U O Z 
Precision Masked Rounded - l - - -

i;r.mos~ed Rounded - l - - -
Uncerflow Masked Denorm/Zero - i l - -

Ur.masked Rctcnd & Scale - i - -
Overflow N/A N/A 

D:V by Zero N/A N/A 
Denormcl Masked Operand Used - - -

Unmasked Trap/Unaltered -

invciid Cp Masked QNcN -
UnrTicsked Trcp/Unc~ered 

i?eg Error Masked QNcN ' - -

Unmasked Trco/Abort ' -

X 

l A7"7e~ a ?rec:sion ::xceo~:on the ·c: • status brt ir.cicctes wret!:er 
round'ng was away from zero. 
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FABS 

Syntax: 

Forms: 

Operands: 

Operation: 

Status: 

Exceptions: 

Zero/Infinity: 

Notes: 

FasMath ™ 83D87 User Manual 

Floating Absolute Value 

FABS 

FABS 

FABS 

Inst Source Operand Encoding 
1FABS I Top of Stack I $D9 i 11 100 COl i 

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

Result of instruction C3 
Normal Execution: u 

I Register Error: Source Reg Ernoty u 

Type Mode Result 
Reg Error Masked QNaN 

Unmasked Trap/Abort 

OPl :,esu~ 

-0 

None. 
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FADD 

Syntax: 

Forms: 

Operands: 

Operation: 

StOit.;S: 

exceptions: 

Inst 
FiADD 
FIADD 
FADD 
FADD 
FADD 
FADD 
FADDP 

Floating Point Add 

FADD 

FADD 
FADD 
FADDP 

((<DST>,)<SRC>) 

<TOS>,<Memory> 
<TOS>, <Register> 
<Register>, <TOS> 

FasMath r" 83D87 Jser Manual 

FADD 

Source Operand Encoding Cycles 
16--bit Integer $DE MDCXX) R/M SIB.DISP 13 ! 

32-bit Integer $DA MDCXX) R/M SIB,DISP 13 I 

32-bit Real $D8 MDCXX) R/M SIB,DISP 13 
64-bit Real $DC MD CO) R/M SIS.DISP 15 ' 
80-bit Register $D8 11 CX:O REG 6 
Top of Stock $DC 11 CXX)REG 6 
Top of Stock $DE 11 CX:O REG 6 

The source and destination operands ore fetched. The source is 
converted to extended precision format if necessary. The operands are 
added and the result is normalized and rot,;nded accordirg to tre RC 
mode in effect at the precision specified by the PC mode bits. The res~:; is 
stored in the destination register. When the ·pop· form is used, tr,e top of 
stock is popped. 

Result of lnstn,;ction C3 C2 Cl 1 r-~ 
',,,,v 

i Normal Execution: u u 0 c; 
Register Error: Dest. Reg, rull u u 1 'J 
I Source Reg Empty u u 0 l) 

Type Mode Result S P U O Z D 
Precis'on Masked Rounded 1 - -

: 1 Unmasked Rounded - 1 - - -
I Underflow Masked Denorm/Zero 1 1 -

Unmasked Round & Scale i -
Overflow Mos~ed RC~) 1 -

I Unmasked Round & Saale - - 1 -
Div oyZero N/A N/A 

I Denormol Masked Der.orm Used - - - - 1 
Unmasked Trap/Abort - l 

I lnvoiid Op Masked QNoN - - - 1 
Unmasked Ur.ottered - - l 

Register Error Masked QNoN l - - l I 
Ur.masked Unaltered l - - - l 
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FADD 
Zero/Infinity: 

Notes: 
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Floating Point Add FADD 
OP1 OP2 Result OP1 OP2 Resuit 

I +0 +0 +0 += += += 
I 

-0 -0 -0 j - -= -= 
I +0 -0 RC0) += -= Inv Op 
I -0 +0 R(0) - += Inv Op 

i 
-X +X R(0) += X += 
+X -X R(0) -= X -= 

1. After a Precision Exception the ·c 1 • statws bii indicates whether 
rounding was away from zero. 
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FCHS 

Syntcx: 

For.ms: 

Operands: 

Operctian: 

Status: 

Except:ons: 

Zero/i:1.rnity: 

Inst 
FCHS 

Floating Change Sign 

FCHS 

FCHS 

Source Qpercr-,d Encoding 
I Top of Steck I $D9 I 11 100 coo I 

Fasf.1ath TM 83D87 User ~✓anuc: 

FCHS 

Cyc:es 

I 4 

The Top of Stack is atwcys the source opercnd. The sign of the Top 
of Stack is complemented. 

Result of Instruction C3 C2 Cl C::J 
Norma, execution: u L, C u 

, Reg•ster ccror: Source Reg Empry u u 0 u 

Tyoe Mace Result s p u 0 z D 
Reg Error Mcs~ed QNaN 

Unmcsked Trap/Abort 

0?1 Res:...'t OPl Resuir 
+0 -0 += 
~ +C += -e, 

None. 



FCLEX 

Syntax: 

Forms: 

Operands: 

Clear Exceptions 

FCLEX 

FCLEX 

Inst Source Operand 
i FCLEX I 80-blt Register 

FasMath rM 83J87 User Manual 

FCLEX 

Encoding Cyc:es 
I $DB I 11 100 010 I I '" 

Operation: All CX-83D87 exception flags are reset to zero. The busy flag is reset to 
zero. ERROR# goes inactive. 

StatL:S: Result of Instruction 
Normal Execution: 

Exceptions: Tyoe 
None 

Zero/Infinity: None. 

Notes: None. 

N/A 
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FCOM 

Syntax: 

Forms: 

Operands: 

Opera•ion: 

SiOTUS: 

Exceptions: 

Floating Point Compare 

FCOM(P) 

FCOM(P) 
FCOM(P) 

((<DST>,)<SRC>) 

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

Inst Source Operand Encoding Cycles 
FICOM(PJ 16-bit Integer SDE MDOlpR/M S;S,DiSP 11 
FICOM(PJ 32-bit Integer $DA MDOlpR/M SB.DISP 11 
FCOM(PJ 32-bit Real SD8 MD Olp R/M SiB.DISP 11 
FCOM.D 64-bit Real SDC MD Olp R/M S:tl.DISP 13 
FCOM(PJ 80-bit Reg SD8 ll0lpREG 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 trom ihe 
desiinaton (Top cf Stack) and the cor.diiion codes ore set occorc·ng 'o 
the resuit. When the 'P" form is used. t~e Top of Stock ;s popoed The '??" 
form causes two 'pop' coerctiors to toke place. 

The resuit ·unordered" ,s produced when the operancs ere NaNs. 
unsuopor7ed or when Stack 0 ault occurs. Trese operands a,so cause J.',e 
lnvai;d Excepricn. 

Result of lnstruct'cn C3 C2 Cl 
Nor~al Execution: DST> S,,C 0 0 0 J 

DST< s:,c 0 0 0 l 
DST= SRC 1 0 ~ 0 V 

Unordered 1 0 l 

, Register error: Source Reg Emoty ' : 0 ' 

Tyoe Mode Resuit S ? U O Z D 
' Precision N/A N/A 

Ur;derfiow N/A N/A 
Overflow N/A N/A 

Div by Zero N/A N/A 
Denormal Masked QNaN - - - l 

L.;nmosked T:-o::,/Abort - - - - 1 
invclid Op Masked 'Unordered - - - 7 

Urmasked Trop/Aborr 2 -

Register Crrcr Masked 'L.:r;orderec· 1 - - l 
I Unmasked Trap/Abort' ' - - l 

28 



FasMoth '"" 83J87 User ,V.anucl 

FCOM Floating Point Compare FCOM 
Zero/Infinity: DST- SRC Result DST - SRC Result 

+0 +0 = += += = 
i -0 -0 = -= -= = 

+O -0 = += -= DST>SRC 
-0 +O = -= += DST<SRC 
+O +X DST<SRC - X DST>SRC 
-0 +X DST<SRC -= X DST<SRC 
+O -X DST>SRC X -= DST>SRC 
-0 -X DST>SRC X += DST<SRC 

NaN X Unordered X NaN Unordered 

Notes: l. QNAN operands produce the invalid exception for this instruc•"cn. 

2. CC bits ore set to unordered end any 'pop' cperct:ons ore inhloied. 
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FCOS 
Syn;cx: 

rorms: 

Opercnds: 

Ooerciion: 

Status: 

cxcep1'ons: 

Ze~o/infinJy: 

Inst 
FCOS 

Function Evaluation: Cos(x). 

FCOS 

FCOS 

Source Opercnd Encoding 
I Top of Stack f SD9 f 11 111 111 f 
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FCOS 

Cycles 
1 s-91 

The Top of Stack contains the source operand (x). The instruction requies 
(x) in radicns and returns (y) such that y= cos(x). The result Cy) is 
norrnc!'zed and rounded cocording to the RC mode in effect. The vc,ue 
(y) rep!cces the con:en's o+ the Top of Stec~. The so~rce opercnd (x) 
must be in t:1e rcnge Ix! :;; 263_ 

Result of lns;rt.;C'.ion C3 
lncorrpieie Reduc;ior, of (x): u 
Norrrcl completion: u 
Regis:er Ecror: SOU'Ce ~eg Errp;y u 

~yoe 
Precision 

Jr,derflO\V 
Cvertov, 

Oiv by Zero 
Uer.oirnci 

nvc:id Cp 

Reg's;er Er'0r 

Moce 
1'v1osked 

Jnrros~ed 
N/A 
N/A 
1'/A 

Mcsked 
'J::mosked 

Vcskec 
Unmcs~ed 

Mcs~ed 
U:--rncs~ed 

+O 
-C 

ReSL,.;it 
Roundea 
Rounded 

N/A 
N/A 
N/A 

Operand Used 
Trcp/Unc~ered 

QNcN 
irap/0ncitered 

QNcN 
Unaltered 

Res~lt 

,nvc,:d Op. 
lnvc'.'d Oo. 

C2 C1 1 

l 0 
0 0 
u 0 

s p 0 z 

Af+e: a Prec:sion Exce_:Jt:or, ~~,e ·c 1 • status b:t inc:cc:7es vir':e-:-'.ier 
rci...;nci;--,g v,cs away fror,. ze~o. 

3C 

r'~ 
v'v 

J 
l., 

D 



FDECSTP 

Syntax: 

Forms: 

Operands: 

Decrement CX-83D87 Stack Pointer 

FDECSTP 

FDECSTP 

Inst Source Operand Encoding 
. FDECSTP I None ISD9l llll0ll0 I 

FasMath'" 83D87 User Mcnc;al 

FDECSTP 

Cyc·es 

I s 

Operation: The CX-83D87 data register stack pointer is decremented modulo 8. The 
resuit of decrementing SP=0 is SP=?. 

Status: Result of Instruction C3 C2 Cl co 
Unconditional: u u 0 u 

Except:ons: Type Mode Resuit SPUOZD 
None N/A N/A I - I - I - I - I - I - I -

Zero/Infinity: None. 

Notes: Tnis instruction r.as no effect on any data register's conterts er tcie Tog 
Word. 
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FDIV 

Syntax: 

Forrr.s: 

Operands: 

Status: 

Floating Point Divide 

FDIV(R) 

FDIV(R) 
FDIV(R) 
FDIV(R) 

((<DST>,)<SRC>) 

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

FasMath r• 83D87 L:ser Manual 

FDIV 

lnsr Source Operand Encoding Cyc Ies 
'FIDIV(R) 16-bit Integer SDE MD l 1rR/M Sli3DISP 20-31 • 
,FIDlV(R) 32-bit Integer $DA MD l 1r R/M SlBDiSP 20-31 • 
rDlV[R) 32-bit Real SD8 MD lirR/M SIB.DlSP 20-31 • 
FDIV:R) 64-bit 1Real SJC MD llrR/M SiB.DlSP 21-32• 
FDlV[R) 80-bit Reg $D8 11 11 r REG 13-24" 
FDlV Top of Steck SDC 11 111 REG 14-25 
FDIVR Top of Stec~ SDC 11 110 REG 13-24 
FDIVP Top of Stec~ SDE 11 111 REG 14-25 
FDlVRP Top of Steck SDE 11 ll0R::G 13-24 
• Add one c:ock oyc.e to tnese insrrucrion execution :irnes for reversed 
operands. 

I 

The source operand is ferched end convered to extended precis;on 
format ;f roecessary. The destination is divided by 7he source end the 
quotient is normalized end rounded according to the RC mode in effect 
ct The precision soecified by the PC mode bits. The ouotiert re pieces :he 
orig incl contents of The destination register. W,'len the 'pop· form is used, 
the top of stack is popped. 

Tr.e ·reverse· form causes the source to be divided by the de57inc: 1on. Tr.e 
quotient is placed in the desrinaiion. 

Resuit of instruction C3 C2 Ci cs 
Normal Execution: L u 0 L 
~egister Error: Source Reg ::cnoty u u 0 u 
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FDIV 
Exceptions: 

i 

I 
I 

! 

' 

I 

' 

Zero/Infinity: 

FcsMath n.i 83J87 User Mant.;ai 

Floating Point Divide FDIV 
Type Mode Result SPUOZD 

Precision Masked Rounded - l -
Unmasked Rounded - l -

Underflow Masked Denorm/Zero - l l 
Unmasked Round & Scale - l 

Overflow Masked RC=) - - l 
Unmasked Round & Scale - - l 

Div by Zero Masked = (Note 2) - - - - l 
Unmasked Trap/Unattered - - 1 

Denormal Masked Operand Used - - -
Unmasked Trap/Unattered - -

Invalid Op Masked QNaN -
Unmasked Trap/Unattered - - - - -

Register Error Masked QNaN l - - -

Unmasked Unaltered l - - -

OPl +OP2 OP 1 + OP2 Result 
+/-C +/-0 Invalid -,./-e,o +/-e,o lrwaiid 
+0 +X +0 += +X += I 

i -0 -X +C += -X -= 
·" -X -0 -T"U -= +X -= 

I -0 +X -0 -= -X += 
+X +Y +03 += +0 += 

i -X -Y +03 += -0 -= 
' +X -Y -03 +O -= -= 
I -X +Y -03 -= -0 += 

l. After a Precision Exception the ·c1· stctl.:s bit indicates wr:e~her 
rounding was away from zero. 

-
-
-

-

1 
1 

-

-

-
1 
l 
l 
l 

2. Division by zero produces en infinity result with a sign equal to ,ne 
exclusive-or of the s'gns of the operands when Divide By Zero ~xce.or:cn is 
masked. 

3. Applies to division of X by Y prodGcing extreme der.ormc:'zcr'or. or 
underflow when U:1derflow Exception is masked .. 

33 

! 

I 

: 

' 

I 



FosMath™ 83D87 User Manual 

FFREE Free Floating Point Register FFREE 
Syntax: 

Forms: 

Operands: Inst 

FFREE 

FFREE 

(<DST>) 

<Register> 

Source Operand Encoding Cycles 
I FFREE I 80-bit Register I SDDI l l 000 REG I I s 

Operation: The des,ination register tog is changed to empty. The contents of tr.e 
register ore unaffected. 

Status: Result of Instruction 
Normal execution: 

Excep1ions: Type Mode 
None N/A 

Zero/Infinity: None. 

Notes: None. 

34 

C3 
u 

Result 
N/A 

C2 Cl 
u 0 

co 
" u 

S P U O Z D I 

I - I - I - I - I - I - I -

r 
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FINCSTP 

Syntax: 

Forms: 

Operands: 

Increment CX-83D87 Stack Pointer 

FINCSTP 

FINCSTP 

Inst Source Operand Encoding 
! FINCSTP I None I $D9I 11110111 I 

Fas1V1cth™ 83:)87 User Manuel 

FINCSTP 

Cycles 
I s 

Operation: The CX-83D87 data register stack pointer is incremented modulo 8 The 
result of incrementing SP;? is SP;Q, 

Status: Result of :nstnxtion C3 C2 Cl C:J 
Ur.conditional: u u 0 u 

Exceptions: Type Mode Result 
None N/A 

S P U O Z D ! 
I - I - I - I - I - I - I -

Zero/Infinity: None. 

Notes: Tr.is instruction hos r.o effect on any dote :egister s contents or the Tog 
Word. 
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FJNIT 
Syntax: 

Forms: 

Operands: 

Opercrion: 

Srctus: 

Exceptions: 

Zero/:r:fin;ty: 

Notes: 

Fasl.1ath'" 83D87 User Mam.;al 

CX-83D87 Initialize 

FINIT 

FINIT 

FINIT 

lnsr Source Operand Encodin Cycles 
FINIT None $DB 11100011 5 

fne CX-83D87 is set to its reset condition. The CX-83D87 Mode Control 
r,egister is set to S037F 16, :he CX-83D87 Status Register is reset to SCOOO, 
end ell data registers ore marked empty (Tog word=SFFFF). 

This action sets ,Rounding control to ·round to nearest or even' (,RC=OO), 
Precision cor,rrol to 64-bit extended precision (PC= 11), end the Top of 
Steck register number to zero CSSS=CXXI). All exceptions ere cleared (=0), c'I 
condition codes ere cleared (Co-C3=0), end a:1 exceptions ore masked 
(=1) 

This instn;ctiOn differs from a r1ordwcre reset by serting .~C:R bit 0 (!nvol:d 
Exce;:ll;on Mask) to 1 and Status '<egister birs 7 & O (::rror end lnvoiid 
Cxcepticr.) to O. 

Result of Instruction C3 C2 Cl co 
: _ _ir-:ccrd,iiona/. 0 0 0 0 

Tyce Mode Result s p u 0 z D I 
,,one ,';/A N./A Jo 10 10 Io Io 10 10 

1\;one. 

None. 
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FLD 

Syntax: 

Forms: 

Operands: 

Operation: 

Status: 

Exceptions: 

Zero/!n~'1ity: 

FasMath TM 83::>87 User Manc;cl 

Load CX-83D87 Register FLD 
FLD 

FLD 
FLD 

((<DST>,)<SRC>) 

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

Inst Source Operand Encoding Cycles 
! FILO l 6-bit Integer SDF MD CCO R/M SiB,DISP 7 
! F!LD 32-bit Integer SOB MOCCO R/M SIB.DISP 7 I i FILO 64-bit Integer SDF MD 101 R/M SIB,DISP 9 
FBLD 18 dig BCD Int. SDF MD 100 R/M SIB,DISP 32 
FLO 32-bit Real SD9 MOCCO R/M SIB.DISP 10 ' 
FLO 64-bit Real SOD MD CCC R/M SIB.DiSP 12 
FLO 80-bit Real SOB MD 101 R/M S:B,DiSP ll 
FLO Top of Stack SD9 l l 000 REG 4 

The source operand is fetched and converted to extended precis:cn 
format if necessary. The operand is stored in ir.e destination regis7er. If 
TOS is the destination. the SSS field of the Cor.trcl Register is pre­
decremented modulo 8. 

Result of Instruction C3 
, Normal Execc;tion: u 
1 Register Error: Dest. Reg Full u 
! Source Reg i:moty u 

Type 
Precision 

Underflow 
Overflow 

Div by Zero 
Denormci' 

lnvciid Op 

Reg:ster Error 

Mode 
N/A 
N/A 
N/A 
N/A 

Masked 
0nmosked 

Masked 
Unmasked 

Masked 
-Jr.rncsked 

OPl 
+0 
J 

Result 
+(J 

-0 

Result 
N/A 
N/A 
N/A 
1~/A 

Denorm L:sed 
Trap/Abort 

QNaN 
Unaltered 

QNcN 
Unaltered 

C2 Cl co 
u 0 u 
i_; u 
u 0 u 

SPL:OZD 

' - l 
- - -
- - - -
l 
l 

l. Denorrr,al end lr.vcl:d exceptions cannot occ~r cs a resL;lt 07 F~D::.~ or 
FLD <~eg> ir:strJctions .. 

l 

l 
l 
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FLDJ 

Syntax: 

Forms: 

Operands: 
. FLDl 

Load Floating Constant= 1.0 

FLDl 

FLDl 

Source Ooercnd Encoding 
I 80-bit Internal I SD9 I 11 101 COO j 

FasMath .~ 83D87 User Morn.;ci 

FLDl 

Cycles 
I 11 

Operation: The 80-bit extended precision constant one (1 0) is pushed onto ihe Stock. 

Siatus: Result of Instruction C3 C2 Cl co 
1 Normal Execution: u u 0 u 
! Register E:rror: Dest. Reg Fi;ll u i; u 

Exceptions: Mode Re suit SPUOZD 
Prec:sion NIA NIA 

Underfiow NIA NIA 
: Overflow NIA NIA 

Div by Zero NIA NIA 
Denormcl N/A NIA 

: Ir.valid Op NIA N/A 
Register error: Mas~ed QNoN 1 - - ! 

Ur.masked Trap/Abort 1 - 1 

Zero/l~f;nity: None. 

Notes: None. 
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FLDCW 

Syntax: 

Forms: 

Operands: 

Load CX-83D87 Mode Control Register 

FLDCW 

FLDCW 

<SRC> 

<Memory> 

Inst Source Operand Encoding 
! FLDCW I 2 Bytes I SD9 I MD 101 R/M I SIB,DISP 

FLDCW 

Cycies 
I 4 

Operat:on: The CX-83D87 Mode Control Register is loaded with the contents cf the 
specified memory location. Note that exceptions indicated in the Status 
Register due to previous operations may cause en ERROR# trap sequence 
if the corresponding mask bit in the MCR is set to O by this instruct:on. 

Status: Result of Instruction C3 C2 C1 cc 
Unconditional: u u u u 

exceptions: Tyoe Mode 
None N/A 

Res:.;lt s ? u 0 z ~ I ,_; 

N/A I I I I - I I - I 
Zero/Infinity: None. 

Notes: None. 



FLDENV 

Syntax: 

Forms: 

Operands: 

Operation: 

Load CX-83D87 Environment 

FLDENV 

FLDENV 

<SRC> 

<Memory> 

Inst Source Operand 

FasMoth 7 " 83D87 User Manuai 

FLDENV 

Encoding Cycies 
i FLDENV J 14 or 28 Byies J SD9 J MD i 00 R/M I SIB,DISP 1 22 

fne CX-83D87 "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-83D87. The 
"Environment' also includes me CX-83D87 Instruction Pointer end the CX-
83087 Dato Pointer which ore loaded into 80386 CPU registers during 
execL.tion of this instruction. 

The fortnat of the "Environment" data strL.ciure 's dependent on the 
operating mode of the 80386 CPU and the operand s:ze in effect. 

Loading an "Environment' t;-,at contains a Status Register field witr en 
exception ind:cated end en MCi< with t/1ct exceprion enabled causes an 
ERROR# trap sequence when the next WAIT or except'on check'ng CX-
83087 'nst~uction is executed. 

The ERROR# signal is uncond,'rionaily de-asserted wh:ie the Environment" 
data is loaded. if the newiy iocded 'Environment coils for en exception 
trap, ERROR# will be asserted upon completion of the "Enviror.ment· data 
transfer. A subsequent WAiT or exceotion cnecking insfruction wiil 
execute a trap sequence. 

32-bit Protected Mode: i5 0 

32-bit Real Mode: 

ReseNed Mode Control Word 
ReseNed Status Word 
ReseNed Tag Word 

lnstrt..:crion Pointer Offset 
, OXOO I Cpcode(lO:OJ I Cede Segment Selector 

c:coo I 

:occol 

Dole Operand Offset 
i<eseNed I Operand Seg Seiector 

15 
ReseNed 

Rese.Ned 
1'<eseNed 

instruction Ptr(3 i 16) 
Reser..;ed 

Operand Ptr(31: 16) 

4() 

Mode Control Wore 
Status Word 
Tog Word 

instrucrion Ptr( 15:0J 
I 01 Oocode(lOCJ 

Operand Ptr[15:CJ 
I COJO I ooco I cmc 

0 



FLDENV Load CX-83D87 Environment 

16-bit Protected Mode: 

Status: Result of Instruction 
Loaded from Memory: 

Except:ons: Type 
Loaded 

Zero/Infinity: None. 

Notes: None. 

Mode 
N/A 

C3 
M 

Result 
N/A 

41 

15 
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FLDENV 

Mode Controi Word 
Status Word 
Tag Word 

Instruction Ptr Offser 
Code Segment Selector 

Data Operand Offset 
Operand Seg Selector 

C2 Cl co 
M M M 

SPUOZDI 
JMJMJMIMIMIMIM 

0 
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FLDL2E 

Syntax: 

Forms: 

Opercrds: 

Operat,on: 

~xcepTions: 

Load Floating Constant= Log2(e) 

FLDL2E 

FLDL2E 

FLDL2E 

Inst Source Ooercnd Encoding Cycles 
• FLDL2E I 80-bit Const. I SD9 I 11 101 o~o I I 7 

The BC-bit extended precision constant approximating Log2Ce) is pushed 
onto /he Steck. The constant is rounded according to the RC moce ,n 
effect. 

Result of lnstnxtion C3 C2 C1 
Nor;ncl Executior: u u 0 i.; 

1<egis~er E;(or: u u u 

Mede Result SPUOZCJ 
Precision N/A N/A 

Underflow N/A r,l/A 
Overf:ow i\/A N/A 

Cliv by Zero N/A N/A 
Denor~ci 1°\.;/A 1'.:/A 
invo,:d Op N/A N/A 

1<eg!s7er Error: i'vlcs~ec QNoN l - - i 
Unmcs/ed Troe/Abort 1 1 

Zero/:nf:nrty: None. 

Notes: None. 

42 
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FLDL2T 

Syntax: 

Forms: 

Operands: 

Operation: 

Status: 

Exceotions: 

Load Floating Constant= Log2C l 0) 

FLDL2T 

FLDL2T 

Inst Source Operand Encoding 

FLDL2T 

Cyc:es 
I FLDL2T I 80-bit Const I SD9 I 11 101 001 I I s 

The 80-bit extended precision constant approximating Log2Cl0) is oushed 
onto the Stack. The constant is rounded according to the RC mode in 
ef7ec7. 

ResL;lt cf lnstrL;cticn C3 C2 Cl C:J 
: Normal Execution: u u 0 u 
Register Error: Dest. Reg Full u u u 

Type Mede Resuit s p u 0 z D 
I Precision N/A N/A 
I Underf:cw N/A N/A 

Overflew N/A N/A 
Div by Zero N/A N/A 
Denormci N/A N/A 
Invalid Op N/A N/A 

Register error: Mas~ed QNaN l ' ' 
1Jr'lmasked Trap/Abort l l 

Zero/Infinity: None. 

Notes: None. 
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FLDLG2 

Syntax: 

Forms: 

Operands: 

Operation: 

Stcrus: 

Exceptions: 

Load Floating Constant= LoglQ(2) 

FLDLG2 

FLDLG2 

Inst Soerce Operand Encoding 

FLDLG2 

Cycles 
! FLDLG2 I 80-bit Const. I SD9) 11 101 100 I I s 

The 80-bit extended precision constant approximating Log 70(2) is _oeshed 
onto the Stock. The constant is rounded according to rhe ,RC mode :n 
effect. 

Resell of lnstruct;on C3 C2 Cl r-~ 
'---U 

, Normai execution: u u C J 
1Register Error: Dest Reg ;:c:11 u u v 

Ty::,e Mode Resuit s p u 0 z D 
', Precis,on N/A N/A 

i.Jnder'iow NIA NIA 
Over'!ow NIA N/A 

Div by Zero N(A t'../A 
: Denor,'Tlal N/A N/A 

Invalid Op N/A N/A 
Register =rror: Mas,ed QNaN l - - - i 

Ur.r,cs~ed Troo/Abor; 1 - - l 

Zero/lr.:inity: None. 

Notes: None. 



FLDLN2 

Syntax: 

Forms: 

Operands: 

Operation: 

Status: 

Exceptions: 

Foslv1ath TM 83887 Llser Mar:uc! 

Load Floating Constant= Ln(2) 

FLDLN2 

FLDLN2 

FLDLN2 

Inst Source Ooercnd Encoding Cycles 
: FLDLN2 I 80--brt Const. I SD9 I 11 101 101 I I 6 

The 80--bit extended precision constant approximating Ln(2) is ;;usr,ed 
onto the Steck. The constant is rounded according to the RC mode in 
effect. 

Result of lr.struction C3 C2 Cl co 
Normal Execution: u u 0 

' Register Error: Dest. Reg Full u u u 

Tyoe Mode Result S P U O Z D 
Precision N/A N/A 

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

Div by Zero N/A N/A 
Denormal N/A N/A 
Invalid Oo N/A N/A 

Register Error: Masked QNaN l 
' Unmasked Troo/Abort l -

i 
1 

Zero/lnfinrty: None. 

Notes: None. 
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FLDPI Load Floating Constant= 1t. 

FLDPI 

FLDPI 

Syntax: 

For11;s: 

Operands: 

Operation: 

Status: 

Ex:::eptions: 

FLDPI 

Inst Source Operand Encoding Cycies 
i FLDPI I 80-bit Consr. I SD9 I 11 101 011 I I 6 

The 80-bit exiended pre:::ision constant approximating rr (Pi) is PlJShed 
onto the Stec~. Tne constant is rounded according to the 1'<C mode :n 
effect. 

Result of lnstruciion C3 C2 Ci co 
'Normal ~xecwtion: u u 0 LJ 
1<egister Error: Dest. Reg F1_;il u u u 

Type Mode SPUOZD 
Precision N/A N/A 

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

Div byZe'.O N/A N/A 

' Denormcl N/A N/A 
lnvo:id Oo ,'J/A N/A 

Reg·sier ::rror: Mas~ed QN01'-J l - - . 

' 
Unmcsked Trap/Abort l - . . 

Zero/ln::nity: None. 

Notes: None. 

l 
l 

' 

' 

' 
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FLDZ 
Syntax: 

Forms: 

Load Floating Constant= 0.0. 

FLDZ 

FLDZ 

FLDZ 

Operands: Inst Source Operand Encoding Cycles 
FLDZ I 80-bit Const. ! SD9 ! 11 101 110 ! I 4 

Operation: The 80-bit exiended prec:sion constant zero (0.0) is pushed onto the Steck. 

Status: Result of lr.struction 
Normal Execution: 
Regis~er Error: Dest. Reg rull 

Exceptions: Tyoe 
Precision 

Underflow 
Overflow 

Div by Zero 
Denormal 
Invalid Op 

Register Error: 

Zero/Infinity: None. 

Notes: None. 

Mode 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

Masked 
Unmasked 

47 

C3 C2 Cl co 
u u 0 u 
lJ u u 

Result S P U O Z D 
N/A 
N/A 
N/A 
N/A 
N/A 
r:--.i/A 

QNaN 1 - - 1 
Trap/Abort 1 - - - 1 

' 
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FMUL 
Syntax: 

Forms: 

Operands: 

Operation: 

Status: 

Exceptions: 

Inst 
FIMUL 
FIMUL 
FMUL 
FMLJL 

Floating Point Multiply 

FMUL 

FMUL 
FMUL 
FMULP 

((<DST>,)<SRC>) 

<TOS>,<Memory> 
<TOS>,<Register> 
<Register>,<TOS> 

Source Ooerond Encoding 
16-bit Integer $DE MD 001 R/M S13,DISP 
32-bit Integer $DA MD 001 R/M SIB.DiSP 
32-bit Real SD8 MDOOl R/M S18,DISP 
64-bit Real soc MD 001 R/M SIB,DISP 

FMUL 

Cycles 
16 
16 
16 
18 

,FMUL 80--bit Register SD8 l l 001 REG 10 I 

: F1\.1UL Top of Stock SDC ll 001 REG 10 
FMULP Top of Stack $DE 11 001 ,R::G 10 

The sot.;rce ar:d destination operands ore fetched The source is 
converted to extended precision format if necessary. Tr'e operar:ds are 
multiplied and the result is normalized and rot_;nded according to the RC 
mode in effect er rhe precision specified by the PC mode bits. The rest.;it is 
stored in ;he destination register. When tl:e ·pop form is used. the top of 
stack is popped. 

Result of Instruction C3 C2 c1l CJ 
, ,"Jormai Execurion: u u 0 u 
: r<egis7er Error: Dest. 1,eg Full u u i u 

Source 1Reg Empty II u 0 u u 

Type Mode Result S P U O Z D 
r'recision Masked Rounded i - -

Unmasked RoL:nded l - - - -
Underfiow Masked Denorm/Zero l 1 -

I Unmasked ,Round & Sccle - i -
Overt:ow Masked RH - l -

I Unmasked Round & Scale l - -
Div by Zero N/A N/A 

' Denormal Masked Denorm Used - - l -
', 

Unmcsked Trap/Abort - l ' 

' lnvadd Op Maskea QNcN - - ' 
Unmasked Unaltered - l 

Register Error: Masked QNaN l - - - - i 
Unmasked Una~ered l - l 

I 



FMUL 

Zero/Infinity: 

Nores: 

FosMarh™ 83D87 User Manual 

Floating Point Multiply 

OPl OP2 Result OPl OP2 Re<L.;lt . 
+0 +0 +0 += += += 
+0 -0 -0 += -= -= 
-0 +0 -0 -= += -= 
-C -0 +0 -= -= += I 

+X +0 +0 += +X += ' 
+X -0 -0 -x ! += -= ' 
-X +0 -0 +X I 

-= -= 
-x -0 +0 - -X += 
+X +Y +c2 += +0 Inv. Op. 
+X -Y -02 += -0 Inv.Op. ' 

-x +Y -02 -= +0 Inv. Op. I 

' 
-X -Y .. 02 -= -0 Inv. Op. 

1. After a Precis:on exception ihe ·c 1 • sraius bit 'ndicaies whether 
rounding was away from zero. 

2. ror cases in which X times Y produces ex;reme underf 1ow and 
L:nderfiow Except:on is masked, the result 1s denormalized 70 zero 

AO 

FMUL 
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FNOP 

Syntax: 

Forms: 

Operands: Inst 
;FNOP 

No Operation 

FNOP 

FNOP 

Source Operand 
I 1\Jone 

FasMath 7"' 83D87 User Manual 

FNOP 

Encoding Cycles 
I $D9 I MD 010 CXXl J I 4 

Operation: No operation is performed in the CX-83D87. 

Status: Result of Instruction C3 C2 Cl co 
, Unconditional: u u u 

Exceptions: Type Mode Result PIJOZDIS 
None N/A N/A 1-1- I - I - I - I - I -

Zero/:nfinity: None 

Notes: None. 



FPATAN 

Syntax: 

Forms: 

Operands: 

Operation: 

Status: 

Function Eva!: Tan- l (~) 

FPATAN 

FPATAN 

Inst Source Operand Encoding 
: FPATAN I Top of Stack \ $D9 \ 11 110 011 \ 

FosMath 'M 83C87 User Manual 

FPATAN 

Cycles 
1 a9-125 

Tr.e Top of Stack contains the first source ooerand (x). Tne nexr to Top of 
Stack contains the second source operand (y). The instruction compL..tes 

(z) in radians such that z: tan- l ~). The result (z) is normciized and 

rounded according to the RC mode in effect. The Top of Steck (x) is 
popped. The value (z) replaces the contents of the new Top of Stack (y). 
The source operands (x) and (y) ere unrestricted in range. 

The resuit (z) falls in the range -n 5 z 5 +it occord;ng +o the foil owing tabie: 

Sgn(y) Sgn(x) 'f_' 
X 

Res1.;it 

<l 0< 
7r 

-i- -i- z< 4 
:>l 

1t 
+ + 4< z< 2 

:>l 
1t 3,. 

-i- 2< z< 
4 

<l 
3it 

+ ~z< r: 

<1 0:, " + z:, 4 
:,1 -~ > z > 

:: 
-i-

4 -2 

:,1 1t 3,r 
2"' 2 "'-4 

<l 
31t 

4>z>-n 

Result of instruction C3 C2 C11 cc 
Normal completion: u u 0 u 

1 Register Error: Source Reg Empty u u 0 u 
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FPATAN 

Exceptions: 

: 

' 
i 

' 
I 

Zero/Infinity: 

FasMothr"' 83D87 User Momcol 

Function Eva/: Tan- l c;) FPATAN 

Ty::,e Mode Result SPUOZD 
Precision 

Underflow 

Overflow 
Div by Zero 
Denormal 

lnvaiid Op 

Reg:ster Error: 

Masked Rounded 
Unmasked Rounded 

Masked Deno rm/Zero 
Unmasked Round & Scale 

NIA NIA 
NIA N/A 

Masked Denorm Used 
Unmasked Trap/Abort 

Masked QNaN 
Unmasked Unaltered 

Masked QNaN 
!Jnrncsked Unaltered 

y X 

y = +O +=?:X~+O 
y:;; -0 +00 2-X~+O 
y = +O -=Sx:5-0 
y = -0 ·=:, X ,S -0 

y > +C X=O 

y > +O X = += 
y > +O x= -= 

y <-0 x=O 

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

y= += -:,o<X<+oo 

y = += X == -= 

y = -oo --oo < X < += 

y = -oo X = += 

Result 
Z= +O 
z = -0 
z = +rr 
z::;;: -n 

7t 
Z= +2 1 

z = +O 
z = +n: 

Z=-~ 

z = -0 
z = -rr 

7t 
z = 4 

31t 
Z=·4 

- 1 - -
- 1 - -
. 1 1 . . 
. 1 . . 

. . -

. . . 
- . - . 

. 
1 . 
1 

l. A;';er a Precis:on Exception t,':e "'C: status bit :ndicctes v1.'"':e\h.e: 
rcuncing \VOS away from zero. 
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FPREM 

Syntax: 

Forms: 

Operands: 

Operation: 

Status: 

Exceptions: 

I 

Inst 
I FPREM 

Floating Point Remainder (NON-IEEE) 

FPREM 

FPREM 

Source Operand 
I Top of Stock I $D9 I l l l l l 000 I 

Encoding 

FasMcrh TM 83J87 User Mcr.uc! 

FPREM 

Cycles 
1 49 

The Top of Stack contains the source operand (x). The next to Top of 
Stack contains ihe operand (y). The remainder Cz) is calculated suoh that 

X z= x - y•q where (q) is the quotient q= Y obtained by chopping the exact 

value toward zero. The resu~ (z) is replaces the contents of tr,e Tc o of 
Stock. 

FPR~M will reduce the exponent cf tr.e argument (x) by 63 or more 'n 
each poss. The C2 stotl;s btt indicates whetner the result hes been 
reduced completely, i.e .. wnether I z: < I y: . Wr.er, completely reouoed. 
the quotient (q) modulo 8 lc',oy be recd from tr.e condition reg'.ster. 

Result of Instruction C3 C2 Cl co 
Rernxtion Incomplete: 0 l 0 0 
~eduction Complete:(q)mod8= 0 0 C C 0 

1 0 0 l r, 
v 

2 1 0 0 0 
3 i 0 l 0 
4 0 C C l 
5 0 0 l ' 
6 1 0 0 ' 
7 l 0 1 

'Reg'ster Error: Source Reg Emoty u u 0 u 

Type Mode Result S"UOZD 
Precis',on N/A N/A 

Underflow Masked Dencrmol -
Unmasked Round & Scale - - l -

Overflow N/A N/A 
Div by Zero N/A N/A 
Denormcl Masked Denorm Used - -

L.;nmcskeC Trap/Abort 1 -

' Invalid Op Masked QNa,, 
Unmasked Ur.ottered - - - l 

Reg'srer Error: Masked QNoN 1 - 7 

Unmasked Uno~ered 1 

53 



FPREM 
Zero/lnfin~y: 

Notes: 

Fos~Aath TM 83D87 User Mcnt.ci 

Floating Point Remainder (NON-IEEE) FPREM 
X y Result 

' x;0 y;0 Invalid Op. 
; X ;c0 y;0 Invalid Op. 

! 
X ;-0 y.e0 -0 

I 
X; +0 y ;c0 +0 ! 

! X== - Invalid Op. 
' 

-:>o<X<+oo Y;= x: q; 0 

The sign of the remainder is the same as the sign of (x). If (y) evenly 
divides (x) the remainder is zero. 

SL! 



FPREMl 
Syntax: 

Forms: 

Operands: 

Operation: 

Status: 

I 

Exceptions: 

: 

FasMath TM 83087 Cser Mcr,L.:al 

Floating Point Remainder (IEEE) 

FPREMl 

FPREMl 

FPREMl 

Inst Source Operand 
FPREMl I Top of Steck I SD9 I ll 770 101 I 

Encoding Cycles 
1 50 

The Top of Stack contains tr:e source operand Cx). The nexi to Top of 
Stack contains the operand Cy). Tr,e remainder (z) is calculated such that 

X 
z= x - y•q where (q) is the quotient q= Y obtained by rounding the exact 

value to rearest/even. The resutt (z) replaces the contents of the Toe of 
Stock. This instruction is compatible with the IEEE 754-1985 spec:f'cci;on. 

F?REM l will reduce the exconent of the argument (x) by 63 or mo:e :n 
each pass. The C2 s,atus ::iit indicates whether the result has ceen 

reduced comple:ely, i.e .. whether I z Is 1 ~ I . W'ien compiete!y reduced. 

the quot:ent (q) rnod• .... :io 8 mcy be ~ecd fror11 ir',e condit:or. :egis':er. 

R0 sult of instruction - C3 C2 Cl co 
Reduction lncomplere: 0 1 C V 

.<eCL.c7ion Comp;ete:Cc)r.od8= 0 0 0 0 0 
l 0 0 1 0 
2 l 0 0 ~ 

u 

3 l 0 l " u 

4 0 0 ::: l 
5 0 0 1 
6 l 0 0 1 
7 l 0 1 ·1 

i<egister Error: Source Reg Emely u u 0 u 

u Mode Resutt S?UOZD 
Drecis'on N/A N/A 

Underflow Masked Denormcl - - - -

~nmcsked Round & Scale - - l 
Overf',ow N/A N/A 

Div by Zero N/A N/A 
Oer.ormol Masked Denorm Used - 1 

Unmasked Trap/Aber: - - - l 
Invalid Op Mcsked QNaN - - - i 

Unmasked Unattered - - - ' 
Register Error: Masked QNcN l - - ; 

Unmasked Unaltered l - - ; 
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Cyrix~ ------------

FPREMl 
Zero/Infinity: 

Notes: 

FasMath™ 83D87 User Manual 

Floating Point Remainder (IEEE) FPREMl 
X y Result 

' x=0 y=0 Invalid Op. 
i x.e0 y=0 lnva:id Op. I 
I I 

X =-0 y.e0 -0 ! I 
X = +0 y.e0 +0 i I 

i X== - Invalid Op. I 
-oo<X<+oo y= ,0 x; q = 0 I 

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



FPTAN 

Syntax: 

Forms: 

Operands: 

Operation: 

Stati..;s: 

Exceptions: 

Zero/lnfini;y 

Notes: 

FasMath'" 83D87 User Manual 

Inst 
: FPTAN 

Function Eva!: Tan(x) 

FPTAN 

FPTAN 

Source Operand Encoding 
I Too of Steck I SD9 I 11 110010 I 

FPTAN 

Cycles 
I 5-83 I 

ihe Top of Stack contains the source operand (x). The instruction requires 
(x) in radians end returns Cy) such that y= tan(x). The result Cy) is normcl'zed 
and rounded according to the RC mode in effect. The value (y) replaces 
the contents of the Top of Stack. The value 1 is pushed onto the stack into 
c new Top of Stack register. The source operand (x) must be in the rcr.ge 
Ix I ,; 263. 

ResL:lt of Instruction 
lnccmp'e:e Reduction cf (x): 

, Normci completion: 

C3 
u 
u 

Register E:-ror: Desr Reg Fuil 
Soc;rce Reg Em::,ty 

u 
u 

iyoe Mode f<esu:t 
Precision '.v1asked Rounded 

Unmasked RoL:nded 
Uncerflow ~1asked r:>enorrn/Zero 

Ur,mcsked Round & Scale 
Overflow N/A N/A 

Div by Zero N/A N/A 
Denormal Masked DenorT:"l Useo 

L;nmasked Trco/Abort 

lnvc:id Op \1csked QNaN2 
L;rmasked Gr.cite red 

Regis!er ~rcor: Masked QNaN2 

C2 c,1 co 
1 C u 
0 C u 
u u 
u 0 u 

s p l,; 0 z D 
1 - - -

- - -
- 1 1 - - -
- 1 - -

1 
- - 1 

- - - - - 1 
- 1 

1 - - 1 
1 - - - 1 

', 

i 

' 

'Jnmcsked Unaltered 
~ 

x Resc.;lt 
+C) y=+O 
-c v~-o 

!nvai:d Op 
lnva::a Op. 

After a ?~ec:s:c:1 ::xcept:on the 'C: • s-:-ctus :::;~ ind:cctes w!'ietner 
rouna'ng was away :rem zero. 

2. Tl"-,e QNcN replaces botn Cx) and Cy). 

S7 



FRNDINT 

Syntax: 

Round to Integer 

FRNDINT 

FRNDINT 

FcsMoth '" 83D87 User Manual 

FRNDINT 

Operands: Inst Source Operand Encoding Cycles 
: FRNDINT I Tep of Stack ISD91 ll lll lCC I I 6 

O.oeration: The contents of the Top of Stack are rounded to an integer. Tre rounding 
operot:on to be perfor.ned is specified by the RC rnode bi~s of rhe centre! 
word. 

Stat~s: Result of lnstr:Jct:on C3 

Excepr,ors: 

, ,'./orc1al Execut'on: Ro1.,;nd Down u 

Tyoe 
Prec's,0,1 

Cve~:ow 

Der.or:Tioi 

f(ound Up u 
Source .Reg Empry u 

Mode Pesult 
Mas,ed Pounded 

Jt:rr,cs:.Ced Rounded 
1\J/A N/A 
N/A N/A 
N/A 1\//A 

Masked Denorm Used 
L.:nmasked 

Masked 
Unmasked 

Mas~ed 
Unrnos:.Ced 

Result 
+C 
-0 -c 

Trap/Abort 
QNaN 

Unaltered 
QNaN 

Urialtered 

C2 C1 CJ 
u C L, 

u u 
L.: J u 

S?L:OZD 

0 

Notes: ,f 10S conic ins c.'i unsupporred, tr.e invc!'d ::xceot:cn is cc:..:sed. 



FRSTOR 

Syntax: 

Forms: 

Operands: 

Operation: 

Exceptions: 

FosMoth TM 83D87 User Manuc: 

Load CX-83D87 Environment & Registers FRSTOR 

Inst 

FRSTOR 

FRSTOR 

<DST> 

<Memory> 

Source Operand Encoding Cycles 
FRSTOR \ 94 or l 08 aytes \ SDD\ MD HX) R/M \ SIB,DISP I 95 

The CX-83D87 'Envirorment· end the CX-83D87 registers are ,ceded from 
the memory location specified. The 'Environment' cor.sists of rhe Mode 
Control Word, tr,e Status Register, and the Tag Word which are 'occed 
into ;r.e CX-83D87. The 'Environment" also includes the CX-83D87 
Instruction Pointer end the CX-83D87 Dote Po:nter whicn ere loaded into 
80386 CPU registers during execLnion of tr.is instruction. 

The 7ormot of the date structure saved in f'T'.emory is deoendert on the 
operating mode of the 8C386 CPU and the operar.d s'ze in effect. See 
FSA VE for complete details. 

Restoring en "E'"lvirormenr tr.at conta,rs a Status Reg'ster fe:d wi:n er 
exception indcoted ar.d an MCR with tr.at exceplion eraoied ccuses on 
::RROR# trap sequence wr,en the next WAT or exception chec~:ng CX-
83D87 instruction is execl-ied. 

The ERROR# signal is uncor,dit:onciiy de-csse::ed whi:e the Env'ronrnen1· 
and register data is loaded. If the newiy loaded "Environmenr· ccl:s for an 
exception trcp, ERROR-# will be asserted upon cornpietion of cil cctc 
trans7ers. A subsequer.t WAIT or exception cr.ec~irg inst~xtion w:11 
execute a Trap seql-ence. 

The CX-83D87 registers are loaded from the 80 consec1.,tive by-e :nemory 
locations foilowing ihe "Environment" regcra:ess of tne 8C386 mode or 
data size in effect. 

Result cf lrstr~c~lor. C3 C2 CG 
Loaded f~om Mer::ory: M M 

Type i'v'ode Resuit PUOZDIS 
N/A 

Zero/Infinity: None 

Notes: None. 
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!Cyrix~ 

FSAVE 

Syntax: 

Forms: 

Operands: Inst 

FosMath™ 83D87 User Manuel 

Save CX-83D87 Environment & Registers FSAVE 

FSAVE 

FSAVE 

<DST> 

<Memory> 

Dest Operand Encoding Cycles 
i FSAVE I 94 or 108 Bytes J SDDI MD 110 R/M J SIB,DISP 1 102 

Operation: 

Status: 

Exceptions: 

Zero/Infinity: 

Notes: 

The CX-83D87 "Environment· end the CX-83D87 registers ere saved to the 
memory locction specified. The "Environment· consists of the Mode 
Control Word, the Status Register, and the Tag Word from the CX-83D87 
end the CX-83D87 Instruction Pointer end CX-83D87 Data Pointer from the 
80386 CPU internal registers. 

foe CX-83D87 is set to its condition following an FIN!T. The CX-83D87 Mode 
Control Register is set to S037FJ6, the CX-83D87 Stat1cs 1Register is reset iO 

SCXXD, end all dcta registers ere marked empty (Tag word=SFFFF). 

This action sets Rounding control to rot.md to nearest or even· (RC=CC), 
Precision control to 64-bit extended precision (PC= 11), and the Top of 
Stack register m.:mber to zero (SSS=GCO). Al exceotions are cleared (=8), ell 
condition codes are clecred (Co-C3=0), cr.d ail exceptions ere mcs~ed 
(= 1) 

This instruction d:ffers from o 110:dware reset by settng MC1< bit C (l.1vclid 
Exception Mask) iO 1 and Status Register bits 7 & 0 (Error and Invalid 
Exception) to 0, 

The formct of the "Environment" data structure is dependent on ·re 
operating mode of the 80386 CPU and the operand size in effect. See 
below for complete details. The CX-83D87 data registers ere saved to 
consecutive memory locations following :he "Environment" clock 
regardless of the 80386 mode or data size :n effect. 

Result of lnsn.:ction C3 C2 Cl rv, 
'-,v 

Unchanged 8 0 C s 

None. 

None. 

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

I Reserved I Mode Control Word 00 ! 

Reserved I Status Word 04' 
! Reserved I Tag Word 08: 
! Instruction Pointer Offset 0C' 
i OCXXXJ I Opcode(10:0J l Code Segment Selector 107 

' Data Operand Offset 14 1 

! Reserved l Operand Seg Selector 18, ' 
RO Significand(31 :OJ 1Ci 
RO Significand[63:32) 20 

Rl Significand(15:0J s I RO Ex:::ionent 24' 
Rl Sign:f:cand(47: 16) 28: 

SI Rl Ex:::ionent 7 R 1 Signit:cand:63 48) ~r-
Lv 

R2 Significand[31 OJ 30 
R2 Significand(6332J 34 ! 

R3 Signif:ccnd(l50J 131 R2 Exponent 38; 
R3 Signif'cand[47: 16) 3C: 

.s1 R3 ::xoorent l R3 Signifccnd(63:48) 40 
R4Sign:f:ccnd(31 :OJ 441 
R4 Sinnificcnd,63:32) 48 : 

R5 Significcnd[15GJ tsl R4 Exporer.r 4C 
RS Significcnd:47: 16) 50' 

, s I R5 Exoorent l R5 Significard(63:43) 54 
R6 Significand[31 :OJ 58 i 
R6 Significand[63:32) SC; 

R7 Significarid(150J ts I R6 Exponen: 60 ! 
R7 Significand[47 .16) 64 

SI R7 Exocnen1 l R7 Significand\63:48) 68 : 



(Cyrix~ ------------
FasMath '" 83D87 User Manual 

FSAVE Save CX-83D87 Environment & Registers FSAVE 
32-bit Real Mode: 31 15 0 

ReseNed Mode Control Word co 
Reserved Stct:.Js Word 04 
ReseNed Tag Word 08: 
Reserved Instruction ptr( 15:0J DC 

coco I Instruction ptr(3 l • l 6) I DI Opcode(lC:0) 10 • 
ReseNed Operand Ptr(l5:0) 14 I 

oocc I Operand ptr(3 l: 16) I ocoo I OCOO I OOCC 18 
RO Significand(3 l :OJ 1c, 
RO Significond(63:32J 20 I 

Rl Significand(l5.CJ SI RO Exponent 24 

' 
Rl Significand(47: 16) 28 

SI R1 txoonent Rl Sgnificond(63:48) 2C 
R2 Significand(3 l :OJ 3C, 
R2 s:gnificand[63:32) 34 I 

R3 Significand(l5:0J Pl R2 Exponent 38. 

R3 Significond(47: 16) 3C' 
SI R3 ::xocnent R3 Significand(63:48J 40 

R4 Significand(31 :C) 44 
R4 Significond(63:32) 48, 

RS Sigrificand(l 5 OJ Pl R4 Exponent 4C 
RS Signif'cond(47 l6) 50 

SI R5 Exponent RS Significand(63 48) 54 i 

R6 Significand(3 l :C) 58: 
R6 s:gnificand(63 32) 5C 

R7 s:gnificcnd(l50J Pl R6 Exponen7 6C' 
R7 Significand:47 '.6) 64' 

SI :<7 Ex:Jorert R7 Significcnd(63:48) 68 
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FSAVE Save CX-83D87 Environment & Registers FSAVE 

16-bit Protected Mode: 15 0 

' Mode Control Word OJ: 
I Status Word 02 ', 
I Tag Word 04' 

Instruction f>tr Offset 06: 

I Code Segment Selector CB' 
Data Operand Offset 0A, 
Operand Seg Selector CC' 

RO Significand(l50) OE 

' RO Significand(31: 16) 10 
RO Significand(47 32) 12 
RO Signiiccnd(63:48J 14, 

SI RO Exponent 16, 

Repeat for Rl 18 
Re pear for R2 22 
Repeat for R3 2C: 
Re pear for R4 36 
Repeat for RS 40' 
Reoeat for R6 4A 

R7 Significana(: 5:'.::J 54 
R7 Sgnificand(3 l: 16) 56 
R7 Sigr,ificand(47:32J 58. 
R7 S'gr,:ficcnd(63:48) SA 

SI R7 Exoorenr 5C 
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FSCALE 

Syntax: 

Forms: 

Operands: 

Operation: 

S:orus: 

Exceotions: 

Zero/Infinity: 

Inst 

Floating Multiply by 2n 

FSCALE 

FSCALE 

Source Ooerand 

Fcsl'·✓iothT'oi 83D87 Lser ~/larucl 

FSCALE 

Encoding Cycles 
i FSCALE I Too of Stack I $D9 I l l ll l 101 I I a 

The contents of the Top of Stock (x) ore mu~iplied by 2n wr,ere (n) is the 
contents of the next to Top of Stock. The resu~ y= x• 2n is normalized end 
rounded according to the RC mode in effect. The result (y) replaces the 
contents of the Top of Stock. The valGe (n) is an integer determ'ned by 
chopping actual contents of :he next to Top of Stack toward zero. 

ResUt of Instruction C3 C2 c1l co 
: Normal Execu:'on: u u 0 u 
: Register E:TOr: Source Reg ::moty I' u u 8 u 

Mode Res:..it s ? l_; 0 z D 
Precis:on Masked Rounded l - -

Ur>masked Rounded l -
Under:ow Masked Denorm/Zero l l - -

Unmasked Round & Sca:e2 l -
Overf;ow Masked RC=) - l - -

Unmasked Round & Sca1e2 - l -

Div by Zero N/A N/A 
Der.ormci Masked Denorm Used - - - i -

i Unmasked Trap/Abort - - - - l -

! 

Invalid Op Masked QNaN - - - - l 
Unmasked Unaltered - - l 

Reg'ster Error: Masked QNaN 1 
Unmasked Una~ered l - 1 

X n Resu~ 
+0 +C 
-0 -0 
Cl += lnval. Co. 

+= lnval Oo. 
Ir.val Op. 

+= -oo<n::;+oc += 
-oo<n~+00 

x-=0 += sgn(xl'= 
x;::::'.J sgn(x)'C 

T 



FSCALE 
Notes: 

Fcs1~.l1ath T/.lf 83887 User Mcr.ual 

Floating Multiply by 2n FSCALE 
1. After a Precision Exception the ·cl· status bit indicates whether 
rounding was away from zero. 

2. In the event of 'massr.-e' over/underflow in whicr, exponent adjt;s:ment 
by-/+ 24.576 does not yield a normal resuit. the instruction returns o signed 
= or zero respectr.-ely. 



FSIN 

Syntax: 

Forms: 

Operands: 

Operation: 

StciJS: 

Exceptions: 

Zero/lrfinity: 

Notes: 

Fcslv1ath TM 83D87 User f,.1cr,ucl 

Function Evaluation: Sin(x). 

FSIN 

FSIN 

FSIN 

Inst Source Operand Encoding Cycles 
f FSiN I Tep of Stock I SD9 I 11 111 110 I 1 s--63 

The Top of Steck contains the source operand (x). The instruction requires 
(x) in radiars and returns (y) Sl1Ch that y= sin(x). The resJlt (y) is normai'zed 
and rounded accord,ng to the RC mode in effect. The value Cy) replaces 
the conte.n,+s of the Top of Steck. The source opercrd (x) mJst be in tr,e 
range Ix 1 ,,; 263. 

Resuit of :nstrc1ct:cn C3 
1 lnccr:iplete Recc1ctior. of (x): u 
Non1cl comp!et:on: u 
Regis/er E,ror: Source Reg Empty u 

P:ecision 

lnderfiow 

Overflew 
Div by Zero 
Denormcl 

lnvc:id Op 

Register Er;-or: 

Mode 
iv'.csked 

~nmcsked 
Mcs~ed 

!Jnmas:..::ed 
N/A 
N/A 

Masked 
Unmasked 

Mcsi<ed 
Ur,mcsked 

,\1csi<ed 
Unmasked 

+O 
-C 

Result 
Rounded 
Rounded 

Denorn/Zero 
Round & Scaie 

N/A 
N/A 

Denor:n usec 
Trap/Abc,1 

QNaN 
Unaltered 

QNcN 
Unaltered 

RestJt 

:nvo:id Oa. 
lnvc:id Op. 

C2 Cl 1 

0 
0 0 
u 0 

- 1 
1 -
1 ' -
- l -

- - - -
- -

-
1 - - -
1 -

1. A fer a ?recision '=xception rhe ·c 1 • s7ctus o;t indicates v1net:ler 
rol1rd'ng was away from zero. 

co 
u 
u 
u 

-
- -

-
- -

1 -
1 
- 1 

l 
1 

- 1 

I 

i 

i 



FasMath rM 83D87 iJser Mal"\i.;al 

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

FSINCOS 

FSINCOS 
Syntax: 

Forms: 

Operands: 

Operation: 

Status: 

Excepilons: 

Zero/:nfinity: 

Notes: 

FSINCOS 

Inst Source Operand Encoding Cycles 
i FSINCOS I Top of Stack I SD9 I 11 111 011 I 1 5-104 

' 

The Top of Stack contains the source operand (x). The instruction requires 
(x) in radians and returns (y) and (z) such th.at y= sin(x) and z= cos(x). Tre 
results (y) & (z) are normalized and rounded according to tr,e RC mode in 
effect. The value (y) replaces the contents of the Top of Stack. The value 
(z) is pushed onto the stack into a new Top of Stack register. The scurce 
operand (x) must be in the range Ix I ,; 263_ 

Rest.;lt of lns:ruction C3 C2 C8 
incomplete Reduction of (x): u 1 0 u 
Normal completion: u 0 0 u 
Register Error. Dest Reg Full u u ' u 

Source Reg ~mpty u u :) v 

Type Mode Result S P U O Z D 
Precision 

Underflow 

Overflow 
Div by Zero 
Denormal 

lnva:id Op 

'.<egister =rror: 

Masked Rounded 
Unmasked RoL.;nded 

Masked Denorrn/Zero 
i;nmasked Round & Scaie 

N/A N/A 
N/A N/A 

Masked Denorrn Used 
Unmasked Trap/Abort 

Masked QNaN 
Unmasked Unaltered 

Masked QNaN 
1~nmasked Unaltered 

X Rest.;lt 
+0 
-0 

y=+0:z=+ l 
y=-0:z=+ 1 

invalid Op. 
lr,va,id Op. 

l - -
l -

l 1 -

- - l 

- - -

- - - -
-

- -
l - - -
l - -

l. After a Precision Exception the ·cl' stctus bit :r.diccres wf'.ether 
rol.mding was away '.rem zero. 
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FSQRT 

Syntcx: 

Forms: 

Operands: 

Operaiion: 

Status: 

Exceptions: 

Zero/Infinity: 

'iotes: 

FasMath TM 83D87 User Manual 

Floating Point Square Root 

FSQRT 

FSQRT 

FSQRT 

Inst Source Opercnd Encoding Cycles 
~ FSQRT j Top of Stack j $D9 j l l l l l 010 j j 26 

The contents of the Top of Steck (x) ore repiaced by ✓x. Tne result is 
norrncliZed and rounded according to the RC mode in effect at the 
precision specified by the PC mode bits. 

Result of Instruction C3 C2 c1l 
: Normcl Execution: u u 0 
: Reg'ster Error: Dest Reg Full u u l 
1 Source Reg Empty u u 0 

Type Mode Result s p u 0 z 
Precision Mcsked Rounded 1 -

Unmasked Rounded l -

' Underflow N/A N/A 

I 

I 
i 

Overflow 
Div by Zero 
Denormcl 

Invalid Op 

Register Error: 

N/A N/A 
N/A N/A 

Masked Denorrn Used 
Unmcsked Trcp/Abort 

Mcsked QNcN 
Unmasked Unaltered 

Mcsked QNcN 
Unmasked Uncltered 

X 

+O +0 
-0 

-~sx<-0 
-0 

lnvc1. Op. 

-

-

- - -

- - -
~ - -
l 

l. Atier c Precision Exception ihe 'C'' srcrus oiT :r,dicctes wne1her 
rounding wcs awcy from zero. 

co 
u 
u 
u 

D 
-

l -
l 

1 
- l 

' 
- l 

i 
' 
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FST 
Syntex: 

Forms: 

Operands: 

Operetion: 

Status: 

Excepiior.s: 

FasMathr"" 83D87 User Manual 

Store CX-83D87 Register FST 

Inst 
. FiST(PJ 
FIST(PJ 
FISTP 
FBSTP 
FST[PJ 
FST(Pl 
FSTP 

, FST(PJ 

FST(P) 

FST(P) 
FST(P) 

(<DST>) 

<Memory> 
<Register> 

Desi Ooerend 
16-bit lmeger SDF 
32-bit Integer SOB 
64-bit Integer SDF 
18 dig BCD Int, SDF 
32-bit Real $D9 
64-bii Real SDD 
80-bii Reel SOB 
80-bit Register $DD 

Encoding Cycies 
MD0lpR/M SIB,DISP 10 : 
MD Olp R/M SIB,DiSP 10 
MD 11 i R/M SIB,DISP 11 
MD 110 R/M SIB,DISP 67 
MD Olp R/M SIB,DISP 9 
MD Olp R/M S:B,DISP 11 ! 

MD 111 R/M SIB,DISP 13 
ll0lpREG 4 

The source operend (x) is fetched from the Top of Stack end, if necessery, 
cor.verted to the destination data format and rour.ded according •o the 
RC mode in effect. ~e result is stored in ir,e deSiination. When the ·pop· 
form is used, the Top of Stack is popped upon completion. 

The ope rend is rounded to the width of !he dest:nation accordirg +o the 
RC mode specified. :1 the deSiineiion type is 32-bit or 64-bit real erd the 
operand is zero,=, or Nai'-i, ir.e significand end me exooneni are 
chopped and trensferred as-is. 

Result of !ns7ruction C3 C2 c,1 co 
'-lcrmel Execu1ion: u u 0 u 

• Register Error: Source Reg ::moty " u 0 v u 

Tyoe Mode Resu~ SPUOZD 
Precision Masked Rounded i - -

Unmasked Rour.ded 1 -

Underflow 2 Masked Rounded 1 -
Unmasked ireo/Abort - 1 -

Overflow' Mesked Rounded - - 1 
Unrrasked Trep/Abort - - ' - -

Div by Zero N/A N/A 
Denormei G/A N/A 

lnvelid Op3 Masked QNaN . 
Unmasked Trao/Abort . . . 

Register Error: Masked QNcN 1 . 
Unmasked Trap/Abort 1 
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FST 
Zero/infinity: 

Notes: 

Fas Math r>< 83D8 7 User Manual 

Store CX-83D87 Register 

X 

Empty 
NoN->lnteger 

=>Integer 
IX I >Int Range 

Result 
Invalid Op. 1 

Invalid Op. 
Invalid Op. 
Invalid Op. 

1. After a Precision Exception tr,e ·c 1 • status bit indicates whether 
rounding was away from zero. 

FST 

2. Exceoiion con only occur when ihe destination ooerand is 32 or 64 bit 
real format. 

3. Storing into on integer or BCD destination wr.en the operand is of 
greater magnitude than the destination format supports produces this 
except:on. 
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FSTCW Store CX-83D87 Mode Control Register FSTCW 

Syntax: 

Forms: 

FSTCW 

FSTCW 

<DST> 

<Memory> 

Er.coding Cycles 
Operands: Inst Dest Operand 

! FSTCW j 2 Bytes j SD9 j MD 111 R/M j Sl:l.D!SP I s 

Operation: Tr,e contents of tne CX-83D87 Mode Controi Reg'ser ore sored into 1'ne 
specified memory location. 

Status: Result of Instruction C3 C2 Cl C:J 

• :.JncondiTional: u u u 'J 

exceptions: Type el-ode 
None N/A 

SPUOZc>I 
I - I - I - I - 1-I - I -

Zero/Infinity: None. 

Notes: None. 
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FSTENV 

Syntax: 

Forms: 

Operands: 

Operation: 

Load CX-83D87 Environment 

FSTENV 

FSTENV 

<DST> 

<Memory> 

lnsi Source Operand 

Fas Math"' 83D8 7 User Manuel 

FSTENV 

Encoding Cycles 
FSTENV I 14 or 28 Bytes I SD9 I MD 110 R/M I SIB,DISP 1 17 

The CX-83D87 "Environment" is saved to the memory location specif:ed. 
The "Environment" consists of the Mode Control Word, the Status Register, 
and t,he Tag Word which are saved from the CX-83D87. The 'Environment" 
also ir,cl·udes tr.e CX-83D87 lns1ruction Pointer ar.d the CX-83D87 Data 
Pointer which ore saved from 80386 CPU registers during execuiion of this 
instn . .:cticn. 

The FST::NV instruction sets all the excepiion mask biis of the MCR 10 1 
thereby maskir,g a!I except:or.s. This causes the ERROR# s:gnal to be de­
asseried. 

The FS-:C:'iV instruction Is designed for use in exception handlers to heip 
analyze the exceotion condiiion. The format of the "Environmen;· data 
structure is dependent on ir,e operating mode of the 80386 CPU and tr,e 
ope:crd size in effect. 

32-bit Proiected Mode: 31 15 0 
Reserved Mode Control Wore 
Reserved S1otus Word 
Reserved Tag Word 

Instruction Pointer Offset 
• :xxx:.c I Oocode(lC:0J Code Segmenr Se1ec1or 

Daio Operand Offset 
Reserved I Operand Seg Seiec1or 

32-bit Real Mode: 31 "t5 C 
Reserved Mooe Control Wcrd 
ReseNed Status Word 
Reserved Tag Word 
Reserved 'r.siruction Ptr( 1 5:C) 

, o:x::o I lns;ruction Ptr(3' :16) I cl Opcode(: 0:CJ 
I Reserved Operand Prr(15:2) 
I CXXX) I Ooerand Ptr(3 l 16) l occo I 0000 I :::coo 
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FSTENV Store CX-83D87 Environment FSTENV 
16-bit Protected Mode: 15 0 

Mode Control Word 
Status Word 
Tag Word 

Instruction ?tr Offset 
Code Segment Selector 

Data Operar,d Offset 
Operand Seg Selecior 

Status: Result of Instruction C3 C2 Cl co 
. Uncor.d;tional: u u u 

Exceptions: Type Mode Resu~ SPUOZDI 
None N/A N/A I - I - I - I - I - I - I -

Zero/Infinity: None. 

Noies: Nor,e. 
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FSTSW Store CX-83D87 Status Register FSTSW 
Syntax: 

Forms: 

Operands: 

FSTSW 

FSTSW 

<DST> 

<Memory> 

Inst Dest Operand Enccding Cycles 
f'STSW I 2 Bytes I SDDI MD 111 R/M i SIB,D!SP I s 

Operation: Tr.e car.tents of the CX-83D87 Stctus Register are stored into the specif:ed 
memory location. 

Status: Result of lrstnxtion C3 C2 Cl 
Uncond,~ional: u u u u 

~xceptions: Tyoe Mode Rest.;lt 
Ncne N/A 

S P U O Z D I 
1- I - I - I - I - I - I -

Zero/Infinity: None. 

Notes: 'Jone. 
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FSTSWAX 

Synicx: 

Store CX-83D87 Status to AX 

FSTSWAX 

FSTSWAX 

Operands: Inst Dest Operand Encoding 
• 'FSTSWA:X I 80386 A:X Reg I SDF I 11 100 CO'.l I 

FosMath™ 83D87 User Manual 

FSTSWAX 

Cycies 
I s 

Operation: The contents of the CX-83D87 Status Register are stored into the 80386 A:X 
reg:ster. The contents of the A:X register may ihen be transferred to :he 
80386 flogs wiih the SAHF instruction. The fot:owing table shows how the 
8C386 conditioncl branch instructions ccn be used to decode CX-83D87 
stows reflecting tr,e resL.lts of FCOM execL:tion: 

8C386 Brcnc-i Result of FCOM C3 C2 Cl co 
JA DST> SRC 0 0 0 0 
~8 DST< SRC 0 0 0 l 
JE DST; SRC 1 0 0 0 
JP Unordered l l 0 l 

StatL.s: ~esdt of lr.stiucticn C3 C2 Cl co 
:Jncona:tionci: u u u u 

Exceptions: Type Mode :<esuit s p u 0 z D I 
None N/A N/A I - I I - I - I - I - I -

Zero/Infinity: i\or.e. 

Notes: 7ris irstruct:on trcnsters tre contents of ;he CX-83D87 ScctL.s Regis;er '.o the 
A:X register before 80386 instruction execution mcy proceed .. 
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FSUB 

Syniex: 

Operends: 

Operct:on: 

Floating Point Subtract 

FSUB(R) 

FSUB(R) 
FSUB(Rl 
FSUB(R)(P) 

((<DST>,)<SRC>) 

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

FostvfathTM 83D87 User ManL:ai 

FSUB 

inst Source Operand Encoding v, 

FiSIJB 16-bit Integer SDE MD lOr 1?/M SiB,D1S? 13 
i FISUB 32-bit Integer SDA MD lCrR/M SIB.DIS? 13 

i FSU8 32-bit Reel SD8 MD lCrR/M S18,DiS? 13 
FSUB 64-bit ?eel SDC MD lCr R/M S:8,DIS? 15 
FSUB 80-bit Register SD8 ll lCrREG 6 
FSUB Top of Stack SDC ll ,Ol REG 6 
FSU3R Top of Stack SDC 11 l:JO.REG 6 
FSU3? 8:J-bit Reg'ster SDE lllOlREG 6 
FSU3RP 80-bit Register SDE l l lCO R=G 6 

Tr,e sci..;rce and destineticn operends ere fetched. T:-ie scu,ce is 
converted to exterded precisio:1 format if necessary. The socrce operand 
is subirccted from tt:e des~::1ction end tr.e resu:t :s norrnclized and 
rounded according to rhe RC mode in effect at 71~e precision soec:f'.ed by 
the PC mode bits. The res~i7 is stored in the C:esr:natc:n register. 'Nhen tne 
·pop, 7orm 's use a, tre rep cf stec~ is pc peed. 

The "reverse· form COL;Ses tr·,:e destination operor,d re be s~btrcc~ed frcr.1 
the SOL,;rce operand 

Resi..;lt of Instruction C3 C2 c: co 
Normci ':xecut:on: u u J 
inve 1'd ex: Source Reg Empty u lJ J 

Tvoe Mode Rest.:lt s ? u 0 z :J 
Precis:cn Mesked Rct.:ndee 

Ur.rnasked Roi..;nced 
Underlow Mesked Denorm/Zero 

Ur'1mcsked Rour.d & Sca:e 
Over:ow Mesked RH 

Unmesked Round & Sce:e 
Div oy Zero N/A N/A 
Denormei Mcskea Denorm Used 

Unmasked ,rep/Abort 
lnvcEd Oo Meskec Qf\.eN 

Ur.mesked Uncrtered 
Register :::rrcr: Mesked QNeN 

Unrrasked Unaltered 

_L 



FSUB 
Zero/Infinity: 

Notes: 

FosMath'" 83D87 User Mcmeel 

Floating Point Subtract FSUB 
OP1 - OP2 Result OP1 - OP2 Result 

I +0 +0 R(0) - += Inv. Op. i I -0 -0 RC0) -«, -= Inv. Op. 
+O -0 +0 +oo -= += I 
-0 +0 -0 -«, += -= I 

+X +X R(0) += X += 

I -X -X R(0) - X -= 
X = += 

i X += -= 

After a Precision Exception the 'Ci· status bri indicates whether rou"d:ng 
was away from zero. 
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FTST 

Syntax: 

Forms: 

Test Top of Stack 

FTST 

FTST 

FTST 

Operands: Inst Dest Operand Encoding 
I SD9 j l l 100 100 j 

Cycles 

Operation: 

StciLJs: 

Except:or.s: 

Exceptions: 

Zero/Infinity: 

Notes: 

I FTST I Top of Stack I 6 

The contents of the Top of Stack are compared to zero. The condit:on 
code resutts are the same as those produced by the FCOM instruction 
with the exception of detect:ng equality to -D The Top of Stack is tr,e 
Cestinciicr. end the constant zero is the source. 

The result ·unordered· is produced when the ooerand is NaN, c.Jnst.;poor:ed 
or when Stack Fault occurs. 

: 

ResLJlt of lrstruction C3 
Norma; execution: DST> 0 0 

DST< 0 0 
DS", = +O l 
DST= -D l 
Unordered l 

l<egister '.::1or: Source r<eg Empty u 

Type 

Tyoe 
Precision 

Underflow 
Overflow 

Div oy Zero 
Denormcl 

invciid Op 

Regls7er ::rrcr: 

DST 
+0 
-0 
+= 

~ode 

Mode 
N/A 
N/A 
N/A 
N/A 

Mosied 
t.;nrncsked 

Mosied 
Unmcs~ed 

Mcs{ed 
Unmas~ed 

Result 
=0 
=v 
>0 
<O 

Result 

Reswit 
1\J/A 
N/A 
N/A 
N/A 

Denorrn Used 
Denorrn Used 

Unaltered 
Unaltered 
Uraltered 
Ur,cltered 

C2 CD 
0 0 0 
0 0 1 
0 

,., 
V 0 

0 l 0 
l 0 l 
lJ 0 u 

P 0 0 Z D 

S?UOZD 

' - ' 
- - 1 

- - -
- -
l -
l - -

l. QNAN operands produce the invalid Exception in t~is irs~n.~ction. 

s 

1 
l 
l 
1 
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FUCOM 

Syntax: 

Forms: 

Operands: 

Operation: 

Status: 

exceptions: 

Inst 

Unordered Compare 

FUCOM(P) 

FUCOM(P)(P) 

Source Operand 

((<DST>,)<SRC>) 

<TOS>,<Reg> 

Encoding 

FasMath"' 83D87 :Jser Manual 

FUCOM 

Cyc!es 
FUCOM 

;FUCOMP 
'FUCOMP 

80-bit Register 
80-bit Register 
80-bit Register 

SDD 
SDD 
SDE 

11 lCOREG 
71101 REG 
11 011 CCl 

4 
4 
15 

The sot.:rce operand is fetched and subtracted from the destination (Top 
of Stock) and the condition codes ore set according to the resuit. When 
the ·p· form is used. tr,e Top of Stock is popped. n1e ·pp· form conopores 
the Top of Stock and the next to Top of Stock and causes two 'pop· 
operations upon conopletion. 

Tr.is instruction hos the some effect as the FCCM instruction except thct it 
does not cause the Invalid Exception when one of the operands is a 
QNoN. 

The resuit ·unorderea" is produced wr,en the operands ore NaNs, 
unsupported or when Staci< Fault occc1rs. 

Result of lnstrt.:ction C3 C2 Cl 
Normal execution: DST> SRC 0 0 0 

DST< SRC 0 :J :J 
DST; SRC l 0 0 
Ur.ordered ' l 0 

co 
0 
i 
0 
1 

' Register Error: Source Reg Emoty 1 l 0 1 

Type Mode Resuit S ? U O Z D 
Precision N/A N/A 

I Underflow N/A N/A 
Overflow N/A N/A 

Div by Zero N/A N/A 
' De'1ormol Masked Denorrn Used - l 

Unmasked Denorrn Used - - 1 
Invalid Op Masked Unordered - 1 

i Unmasked Ur.altered 1 
Register Error: Masked Unordered 1 - 1 

. Unmasked Ur.altered 1 1 
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FUCOM Unordered Compare FUCOM 

Zero/Infinity: DST- SRC Result DST - SRC Result 
+0 +0 = += - = 
-0 -0 = -= -= = 
+0 -0 = += - DST>SRC 
-0 +0 = -= - DST<SRC 
+0 +X DST<SRC - X DST>SRC 
-0 +X DST<SRC - X DST<SRC I 

I +0 -X DST>SRC X - DST>SRC. 
I -0 -X DST>SRC X += DST<SRC i 

Notes: None. 
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FXAM Report Class of Operand 

FXAM 

FXAM 
Syntax: 

Forms: FXAM 

Operands: Inst Source Ooercnd 
I 80-bit Register I $D9 I 11 lOJ 101 I 

Encoding Cycles 

Operation: 

Status: 

Exceptions: 

FXAM I 3 

The Top of Steck is always the source operand. Tr,e Top of Swck is 
examined end condition codes ere set according to its class cs 
specif'ed below. 

The ·c 1 • Status bit indicates the sign of the Top of Stack operand: 
·c·=positive; T=negative. 

Contents of TOS C3 C2 co 
Unsupported 0 0 0 

NaN 0 0 
!';orn'.al 0 l C 
:nfiniiy 0 l l 
Zero 0 C 

Ernptyl 0 
Denorrnal '"' '-' 

Type Mode ReslJit s :, u 0 z 
None NIA N/A I - I I I - I 

Zero/Infinity: None 

Notes: l. If the stock is emoty, the result :s =mpty cr:d the sign is 
L.;ndef:ned No exceotion is generated. 

8 '. 
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,J'f'IX~-------------

FXCH 

iyntax: 

'orrns: 

)peronds: Inst 
IFXCH 

Exchange Register with TOS 

FXCH 

FXCH 

(SRC) 

<Reg> 

Source Operand Encoding 
/ 80-bit Register / $D9/ 11 001 REG/ 

FosMoth'"' 83D87 user Manuel 

FXCH 

Cycles 
I 4 

)perotion: The contents of the Top of Stock and the source register ore excr,onged. 

Result of instruction C3 C2 r-' co '--' 
Normal Execution: u u 0 u 

, Invalid ex: Source Reg E~pty :) 

xcept'or.s: Tyoe Mode Result s ;J u 0 z D 
Precision N/A N/A i 

Underflow N/A N/A 
Overflow N/A N/A I 

Div by Zero N/A N/A 
Denormol N/A N/A I 

Invalid Op N/A N/A 
r,eg,sier Error: Masked QNoN 1 - - 1 

Unmasked L;noltered 1 - 1 I 

sro/infinrty: Ooerord Result 
Emoty I lnvoiid ::x. 

ates: None. 
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FXTRACT Extract Exponent 

FXTRACT 

FXTRACT 
Syntax: 

Forms: FXTRACT 

Operands: Inst Source Operand Encoding Cycles 

Operation: 

Status: 

Except:or.s: 

Zero/Infinity: 

Notes: 

, FXTRACT 1 Top of Stack I SD9 I 11 110 100 I I s 
The Top of Stack conrains the source operand (x). The exponent field of 
(x) is converted to an 80-bit extended precision real number (y) and 
pushed on the stack, i.e. y=INT(Log2(x)) is pushed. rne original operand 
(x) is modified by having its exponent set to zero, i.e. after execution 
1 C,;; Ix I <2.C. The sign of (x) is preserved. 

Resuit of lnmuction C3 C2 C1 co 
; Normal Execution: u u 0 u 
Register Error: 

Tyoe 
' Prec'sion 

Ul'aerfiow 

' Overflow 
: Div by Zero 

' 
Denormal 

Invalid Op 
: 

Reg:ster Error: 

None. 

Dest Reg Full u u 1 u 
Source Reg Empty u u 0 u 

Mode SPUOZD 
N/A N/A 
N/A N/A 
N/A N/A 

Masked TOS=0,ST1== 
Unmasked Trap/Abort 

Masked Denorm Used -
Ur.masked Trap/Abort -

Masked QNaN 
Unmasked Unaltered 

Masked QNaN 1 -
Ur,li"lCSked Unaltered 1 -

X 

+C 
-C 

y = +0; x = -=: Zero ~iv. Ex. 
y = -0; x = -: Zero Div. Ex. 

83 

y = -o,o; X = +oo 

y = +=; X = += 

- 1 
- 1 
- - - 1 
- - 1 
-
-
- - -

-

-

' 1 
1 
l 
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=YL2X 

,ymax: 

arms: 

)perands: 

)peration: 

tctus: 

xcepr1ons: 

,re/Infinity: 

Function Evaluation: y·Log2(x), 

FYL2X 

FYL2X 

Source Operand Encoding 

FYL2X 

Cycles 
! FYL2X I Top of Stack I $D91 11 ll0CCl I I o-93 

The Top of Stock contains the source operand (x). The next to Top of 
Stack contains the source operand Cy). The function z=y•1og2Cx) is 
evaluated and the result is norma:ized and rounded according to the RC 
mode in effect. The stack is popped and the result (z) is replaces Cy) cs 
the new Top of Stack. Tne source operand (x) must be in the range O < x s 
+=. 

Result of instruction C3 C2 Cl 1 CJ 
Normal Exect,iion: u u 0 LJ 

I Register E:ror: Source Reg Empty u u 0 u 

Mode Result s p u 0 z D 
Precision Masked Rounded l - - -

Unmasked Rounded 1 - -
lfderfiow Masked Denorm(Zero ' l - - -' 

Unmasked Roi..;rd & Sca:e - i - - -
Overflow Masked RC=) l - - -

! Unmasked Round & Scale - l - -

Div by Zero Masked TOS=~ - - l -
! Urmasked Trap/Aborr - l --

Denormai Masked Denorm Used - - - l -
. Unmasked Troo/Aborr - - - l -

!nvc,id Op Masked Q1'aN - - - i 
lnmasked Unaltered - - - 1 

Reg•s:er ~rror: Masked QNaN l - - - l 
Unrnosked Unaltered 1 - - 1 

y X Result 
x<0 Invalid Op. 

y;1cC x=0 Zero Div ::x 
y=0 x=0 Invalid Op. 
v= = X=l Invalid Op. 
y== x>l y 
y= = :J < X < i -y 
y > +0 X== += 
y < -0 X = oo 

y=0 X = oo Invalid C::i 
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FYL2X 
Notes: 

FasMafhT"' 83D87 User Manual 

Function Evaluation: y*Log2(x). FYL2X 
1. After a Precision Exception the ·c 1" status bit indicates whether 
rounding was away from zero. 
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FYL2XP1 
Syntax: 

Forms: 

Operands: 

Operation: 

Stat..1s: 

Exceptions: 

FasMath '"' 83D87 User Mcnucl 

Function Eva!: y·Log2(x+ l ). 

FYL2XP1 

FYL2XP1 

Inst Source Operand 

FYL2XP1 

Encoding Cycles 
'FYL2XP1 j Top of Stack j $D9 j 11 111 001 j I 6-90 

The Top of Stack contains the source operand (x). The next to Top of 
Stack contains the source operand (y). The function z=y·Iog2Cx+ l J is 
evaluated and the result is normalized and rounded according to the RC 
mode in effect. The stack is popped and the resutt (z) re.olcces Cy) as the 
new Top of Stock. The operand (x) must be in the range 
{2 ,J2 
2 -1 <X< 12 . 

Use FYL2XP1 to calculate log2(x) when Ix I is close to l. FYL2XP1 provides 
greater accuracy than FYL2X in this case. The magnitude of the input 
argument must be near zero. so be sure to subtract one from (x) before 
using FYL2XP l. 

Result of Instruction C3 C2 co 
Normal ::xecution: u u 0 u 

. Register ::rror: Source 1,eg empty u u C u 

Type Mode Resu,~ SPUOZD 
Precision Masked Rounded - l - - -

Unmasked Rounded - 1 - - - -

Under7!ow Masked Denorm/Zero - l l -
Unmasked Round & Scale - l - -

Overflow N/A N/A 

i Div by Zero N/A N/A 
Denorrr.al Masked Denorm Used - l 

Unmasked Trap/Abort - - - l -
I :nvo'id Op Masked QNoN - - -
I Unmasked Unattered - -

Register Error: Masked QNaN l - - -
Unmasked Uno~ered l - -

i 
! 

: 

I 

I 

I 

T 
I 
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FYL2XP1 

Zero/Infinity: 

Notes: 
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Function Eval: y*LoQ2(x+ l ). FYL2XP1 
y X Result 

I 
y;,, +0 X = -0 -0 

I y;,, +0 X= +0 +0 

I 
y~ -0 X = -0 +0 

I 
y < -0 X= +0 -0 
v== x=0 Invalid Op. 

I y= = x>0 y 
I y= = -] < X < 0 -y I 
I y> +0 X = = += : 

I y < -0 X:;;; 00 -= 
y=0 X = oo Invalid Op. 

1. After a Precision Exception the ·c1 • status bit indicates wr,ether 
rounding was away from zero. 
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4.13 Instruction Execution Times 

r.is section presenis -:wo values for CX-83D87 insiruction execution times. The Basic 
:xecution Time (3ETJ is the number of clock cycles ihai the CX-83D87 requires to 
iccomplish tr,e execution of an instruction and is given in the indiv'dua: instruction 
Jesc~p:ions The Intel System Time (IS-:-:) is ihe time reqL;ired by an CX-83D87 /Intel 80386 
;ombination whic~ inc!uoes the 80386 overhead of insrruciion setup and operand 
ransfer. The difference between the BET and the 1ST is due eniirely to 80386 protocol 
>verhead. !n both cases. no wait states are included and no a:lowance for DMA 
>verhead is included. 

he CX-83D87 device can be used with an inrerface thm simu:taneousiy supports boih 
0386 coprocessor accesses and memory mapped 1/0 accesses. L.:sing ,he memory 
7cpped scheme, i:-istrt..1ction setup, including operand tro:-isfe~. can '....Suc!ly oe 
iccomplished by :he 80386 in parallel with the previous ins,rucrion execu:ion in the CX-
3D87. A smart nterface can deliver susiair.ed execL;1ion rates eqL;a1 to The BET values. 

3T values are obrained by submi;i'ng instructon streams consis;'ng of severe! repet:rions 
,f a given instruction to ihe 80386/CX-83D87 pair at1d measu."ng r:-1e ins:ruc:ion-;o-
1struction de!ay r:r:1e. Ir.is teci~r.:que provides performance fig~res based L:pon 
>bse"Ved in-systern -:-nroL.:g,'7pUi. lhe 1ST observed in a stream of c:ssirr-.i:cr ;nsr~ctions will 
·ary substam:a:ly bcsed on the pr'oc end fo:'cw'ng insiruciions. T>\s occurs ::::eccuse of 
--:e dif.'erent cct:v:t:es i:i t.1e 82386 during ~:-':e vor:o'.JS instn . .;ctions O'ld beccL.;se tr;e 
,xecution t'mes of scme CX-83D87 insir;.;crions have a deoendency on ihe value of 1ne 
1pu: cote. Some examples of tr.is ere t."le FSIN. FCOS, FSINCOS insirl .. ctior.s. These 
1structions oer.'crli'. c:-gt..,;rnent reducr:on if tne '.rour dote ;flagn1t:.....de is g~eaTer r'.'lon 

~~ 

:pprcximo~e!y ~· T:lese two fcctcrs res:.;:t in variations of up to 5% 011",ong lS7 

:eosuremer.ts. 
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Mnemonic Resuli Ooero;:or: 83087-BET 83D87-IST 387 1ST 
F2XMl TOS <- 2 cs.1 14-67 67 344 

1FABS TOS <- ITOSI 4 16 29 
FADO ST(I) <- ST(i)+TOS 6 16 34 
FADO TOS <- TOS+ST(i) 6 16 34 
FAOO TOS <- TOS+M.DR 15 21 33 
FADO TOS <- TOS+M.SR 13 17 29 i 
FAOOP ST(I-l) <- STG)+TOS 6 16 39 
FIAOD TOS <- TOS+M.SI 13 17 53 ! 

;FIADD TOS <- TOS+M.WI 13 17 76 
FCHS TOS <- ms·c-lJ 4 16 34 

, FCLEX Clear Exceotions 4 26 26 : 

FCOM cc<- TOS-ST() 4 16 29 
FCOM CC+- TOS-M.DR 13 21 33 

'FCOM cc<- TOS-M.SR 11 17 29 
FCOMP CC<- TOS-ST(I) 4 16 29 : 

IFCOMP cc<- TOS-M.DR 13 21 33 
FCOMP cc E--- TOS-M.SR 11 17 29 
FCOMPP cc f- TOS-ST(l) 4 16 34 
FICOM CCr TOS-M.SI 11 17 53 
FICOM cc+- TOS-M.WI 11 29 70 

,FICOMP CCr TOS-M.Si 11 17 53 
1 FICOM? CC+- "0S-M.w: 11 29 78 
FCOS TOS <- COSCTOS) 5-97 97 582 

'FDECST? SP<- SP-1 5 16 35 
FDIV ST(I) f- STC)/!CS 14-25 16-25 74 

1FDIV TOS <- TOS/STO 13-24 16-24 99 
FDIV TOS <- TOS/M DR 21-32 21-32 99 

:FDIV TOS <- TOS/M SR 20-31 20-3 i 95 ' 
• F)IVP ST(I-l) <- ST()/TOS ;4-25 16-25 99 
1FDiVR TOS <- ST(l)/TOS 13-24 16-24 94 
FDIVR ST(I) <- TOS/ST(') 14-25 16-25 99 

•cDIVR TOS <- M DRf;"OS 22-33 22-33 99 
FDIVR TOS <- M.SR/TOS 21-32 21-32 95 I 

FDIVRP S,(1-i) <- TOS/STC) 13-24 16-2l 99 
Cl)!V TOS +- TOS/M.SI 20-31 20-3: l 19 
F!OiV TOS +- TOS/M.WI 20-3, 30-4 l 136 
FIDIVR TOS +- M.Si/TOS 21-32 21-32 119 

,F1DIVR TOS <- MWI/TOS 21-32 30-41 142 
'FFREE TAG(!) <- Empty 5 22 30 
• FINCSTP SP<- S?+l 5 16 35 
i FiNIT -- ln:tioiize 5 26 46 
, FLD TOS <- ST(I) 4 16 'A ,,, 
: FLO TOS <- M.DR 12 21 27 
FLO TOS <- M.SR 10 17 23 

'FLD TOS +- t'AXR l' 38 49 
1 FtlLO TOS <- ~.BCD 32 40 271 
: FiLD TOS <- M.cl 9 21 5~ 
F1LD TOS c- M.Si 7 17 41 

I F!LD TOS <- i\1.'Ni 7 29 53 
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rv'.r.emonic Result Operation 83D87-BET 83D87-IST '387 1ST I 

Fc.D1 TOS <- One 6 16 29 
FLDCW Cl Word<- Memory 4 38 42 
FLDENV Env Regs<- Memory 22 112 123 
FLDL2E TOS <- Logie) 7-8 16 44 
FLDL2T TOS <- Log2C10) 8-9 16 44 
FLDLG2 TOS <- Log1c(2) 8-9 16 44 
FLDLN2 TOS <- Log.,(2) 6--7 16 44 
FLDPI TOS <- TC 6--7 16 44 
FLDZ TOS <- Zero 7 16 29 ' FMUL S,(IJ <- ST(IJ"TOS 10 16 54 ' FMUL TOS <- ms·ST(I) 10 16 54 

i 

FMUL? ST(l-1) <- ST(IJ·Tos 10 16 59 
i 

FMUL TOS <- TOS'M.DR 18 21 57 ' ! 
FMUL TOS <- ms·M.SR 16 18 41 I 

' F:MUL TCS f- ms·M.SI 16 18 65 ! 

i 
FiM\JL TOS <- ms·MwI 16 29 76 ' 
FNO? -- No Operation 4 22 22 
FNOP -- No Operation 4 22 22 
FNOP -- No Operation 4 22 22 
FNOP -- No Ooerction 4 22 22 

F?ATAN -;-os r-
_ ST(l) 

A,ANC,osl 89-125 125 430 

F?REM TOS <-
TOS 

Rem(ST(l)J 49• 49 134 

F?REM1 70S f-
TOS 

Rem(ST(l)) 50' 50 159 

F?TAN TOS;ST(l) <- l;TAN(;OS) 5-82 82 394 
FRNDlc-lT TOS f- Rour,d(TOSJ 6 16 74 
FRSTOR -- Restore state 95 362 51 l I 

i 
FSAVE -- Save state 102 444 514 I 

FSCALE TOS <- ros•2c:),c ,)) 8 16 79 
FSIN TOS <- SIN(TOSJ 5-63 63 524 
FSiNCOS TOSSC1J <- COS:SIN(TOSJ 5-104 104 629 

FSQRT TOS <- --,TOS 26 26 134 
FST ST(IJ <- TOS 4 16 19 
FST M.DR <- TOS 11 38 45 
FST M.SR <- TOS 9 32 37 
FSTP ST(i-1) <- TOS 4 16 24 
FSTP M.DR <- TOS 11 38 45 I 

FSTP M.SR <- TOS 9 32 37 
FSTP M.XR <- TOS 13 44 52 
FBSTP M.BCD <- TOS 61 61 523 
F!ST M.SI <- TOS 10 32 81 
FIST M.WI <- TOS 10 34 87 
FISTP M.~: <-- :os 11 35 83 
FiSTP M.SI <-- TOS 10 32 8; 
FISTP \~.\N! f- TOS 10 34 87 
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:Mnemon;c Resuit Operation 83D87-BET 83D87-IST 387 !S~ 
'FSTCW Memory<--- Control word. 5 i9 19 
FSTENV 11/,emory ,--- Ct!.Stctus.lP .DP. 17 123 163 
FSTSW Memory<--- Status 5 19 19 

1FSTSWAX AX<-- Status 5 16 17 
FSUB ST(!),--- ST(!)-TOS 6 16 29 

! FSUB TOS<--- TOS-ST(!l 6 16 34 
j FSUBP ST(l-1) <--- ST(l)-TOS 6 16 32 
'FSUB TOS <--- TOS-MDR 15 21 33 
I FSUB TCS <--- TOS-M.SR 73 17 29 
FiSUB TOS ,--- TOS-M.WI i3 29 7C 

, FIS:JB TOS ,--- TCS-M.SI i3 17 53 
! FSUBR TCS,--- ST(l)-TOS 6 16 29 
I FSUBR ST(I) ,--- TCS-STC:) 6 16 34 
· FSUBRP ST(l-1) <--- TOS-ST(i) 6 16 34 
: FSUBR TOS ,--- M.D,R-TOS 15 27 33 
'FSUBR TCS <--- M.SR-TCS i3 17 29 
FIS:JBR TOS <--- M.Wl-TOS ;3 29 76 

! FISUBR TOS <--- M.s:-ros 13 17 53 
rFTST cc<--- TCS-00 6 16 34 
FUCOM CCt- TOS-ST(I) 4 16 29 

,FUCOMP cc t- TCS-ST(il 4 16 49 
FUCOiv'PP cc t- 10S-Si(l) :s '/.. Iv 49 

,FXAM cc t- C!ass of TOS 3 '6 39 
'FXCH TOSH S~(') Exchonge 4 16 24 
'FXTRAC TOS:ST( l) t- s:gnif; :xooner:t 8 16 74 
'FYL2X TOS,--- ST(; )'Log2C-:-OS) 6-93 93 488 
i FYL2XP1 TCS ,--- ST(i )'Log2( l + TOS) 6-90 9C 5L3 
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5. Host Processor lntertoce 

The CX-83D87 processor interfaces directly to the Intel 80386 microprocessor bus 
following the standard numeric processor extension protocol. fne interface consists cf a 
32-bit bidirectional data bus, bus control signals. CX-83D87 status signals, and power 
connections. The CX-83D87 interface is also easily adapted to other microprocessor 
buses and communication protocols such as a memory mapped periprerai 
configuration. 

In the foilowing discussion of tr,e hardware interface, the #' symbol at the end of a sigr.al 
name indicates that the active or asserted state occurs when the signcl is at a low 
voltage. When no '#' is present af:er the name, the signal is active at a h:gh vo,toge 
level. 

5.1 Signal Description 

Each poragrapr, ident'f:es the CX-83D87 signals by nam,e, provides the signal func:ioei, 
the active state. signal direct•on. and reference signal for each. The signal aiscuss'ons 
are arranged in alphabetical order ro assisr locating the desired topic. 

386CLK2 (80386 cloc~ inout) 

This signal is an input and is used to synchronize the CX-83D87 b1.,s interface :o tr.e 
processor bus. Most of the interface signals are sampled on rr,e ~sing edge of th:s cloc, 
or driven relative to the rising edge of this clock. fnis sigr.ai aiso sJop!ies the cioc~ for rr.e 
interr.ai processor circuitry he 386CLK2 signal is divided by two to obtain :r.e ccs:c 
internal ciock rare of the CX-83:::>87. ,h,s input acceprs ertr,er MOS :eve! :np~~s Tre rpL..7 
to this pin must be tr.e same signal tnm dr'ves the 80386 processor 

387CLK2 (Net Conr,ec:ed) 

The CX-83D87 does r.ot use tris s:g~a: and leaves :he pin unconnected to riainrc'n pin 
compatibility with tr.e 80387. 

ADS# (Address Strobe) 

The ADS# signal is an inoui ro :ne CX-83:::>87 end incomes thm ,he informat'on on NPS1#, 
NPS2, W/R#, and C:VIDC# is valid end should be sampled er ihe ~ext rsng edge of 
386CLK2. The setuo and hold ii;T',8S ere referenced to 386CL~2. This signoi :s ncrmc·ly 
connecrea to ii',e 80386 ADS# slgnci. 

BUSY# (Busy S;ct~s) 

The B;JSY# s:gnc: is en ol.J7;:;l,.;t ~rorn -:-r:e CX-83D87 and its active condTTlon indicaies -:-her 
tr,e f:oating pcint processor is busy. ~r.e s:gnci is referenced to 386CLK2. ,his s gnc: is 
r.orf":'"ial:y cc:--,;;ec7ed 7o the 3USY# ;r--;:;~7 of t~e 8C386. 

CKM (:\lot Conr.ec7ed) 

Tr,e CX-33J87 does :--ct i..;se • ..,1:s s:gr-:01 end !eaves r:-'.e pin t..;r.ccw,,':ec7ed to rrc:n~c:r 8ir: 
cor..oc·'b .:'"/ '-1/iii -:-ne 8C387. 
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CMD0# (Select Command Port) 

he CMD0# input indicates that the current CX-83D87 bus cycle is accessing the 
:ommond port. When inactive the current CX-83D87 bus cycle is accessing the data 
lOri. This signal is sampled with the rising edge of 386CLK2 when ADS#. NPSl#. NPS2. and 
,TEN ore active. This signal is normally connected to the 80386 A2 outpt..1. The setup and 
lOld times ore referenced to 386CLK2. 

D31-D0 ('.:Joto Bus) 

hese bidirectional signals ore used to transfer information between the host processor 
ind the CX-83D87. D3 l is the most significant bit of a transfer. These signals ore normally 
:onnected to the D3 l-D0 pins of the 80386. The timing of these lines is reerenced to 
86CLK2. 

ERROR# (Error Status) 

he ERROR# output normally reflects the status of the ES bit in the status register. 
11mediotely after reset. it identifies the coprocessor as on 80387 compatible device by 
,eing active. If ERROR# is going to be asserted during on instruction 'twill oe asserted 
,rior to BUSY# being made inactive. 

NPS 1 # (Numeric Processor Select) ~ -

he NPS 1 # input is t..sed cs a select signal to the CX-83D87. n,is signal is sampled 
muitoneousiy with AuS# end NPS2 to cetermine J the ci.;rrent bus cycle is intended for 
,e CX-83D87. This signal is norma:ly connected to the M/1O# ot..1pt..t of me 80386. Se+uo 
:nd hold times are referenced to the ris:ng edge of 386CLK2. 

NPS2 (Nt..meric Processor Select) 

he NPS2 input is used as a select signal to tr,e CX-83D87. This signal is sampled 
multcneousiy with ADS# end NPS l # to determine if the current bus cycle is intended :or 
1e CX-83D87. This signal is normally connected to the A3 1 outpi.;1 of the 80386. Set:Jp 
ind r,old times ore referenced to the rising edge of 386CLK2. 

PEREQ (Processor Extension Rec:;uesc) C 1_, 

,e PEREQ signal is en output from the CX-83D87 to the 80386 processor. When cct:ve. 
,is signal indicates that 'he CX-83D87 is ready for a dora transfer w1tn the host processor. 
vr,en oil data transfers hove been corcpleted the signal will go inactive. ?E:<EQ wiil rot 
,e active when BUSY# is inccive. This signal is normally connected TO rre 80386 PE'<EQ 
1put. 

READY# (Bus Ready) 

r,e ,'<EADY# input is sampled on the risi.~g edge of 386CLK2. Tne active s:ore of '<EAuY# 
1dicotes that the CLlrrent bt..s cycle is being concluded. Tr,e CX-83D87 bLlS nreroce uses 
EADY# and ADS# ro track the 80386 bt..s cycles one remain synchronizea with the 80386 
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operation. ,his s:gnal is normally cor,r.ected to the same signal thct drives the R!:A:::lY# 
inpt..t of the 8:::C386. 

READYO# (CX-83D87 Reedy) 

The R!:ADYO# output is aoiivcted when the CX-83D87 is ready to conclude a bus cycle. 
READYO# is referenced to the rising edge of 386CLK2. This signa: is normally conr.ected 
to the READY# input of the 80386 or the READY# generaior for the system. R!:ADVO# in 
the CX-83D87 operates independently of BUSY# and PEREQ. Therefore. communicat:on 
pro;ocols otr1er than trie standard 8C386 Numeric Processor Extension protocol ccn be 
more ecsiiy implemented. Memory mapped or 1/0 mapped protocols con use 
READYO# cs the complete synchrorizction end handshaking protocol. 

RESETIN (Systern Reset) 

Tne RESETIN irput performs a Total reset of the CX-83:::l87. It r:iust remain act've ;or a 
minimum of ED input c:oc~ periods. The active to :nacr've trcns~:on of RESi:-;" rr.ust be 
synchronOL;s with 386CLK2 to match internal clock preses w'th tnat of the 8:::C386. A:ter 
REScTIN goes inactive. REA:::lYO#, 3USY#, and P!:R!:Q are se+ to the incct:ve s:cre a:-id 
ERROR# is sei active. This signal condition ,ndic01es :o en 88386 tnct an 80387 
comoctibie numerics coprocessor is connected. At leas: TBD clock per'ods must 
transpire cfter R!:SETIN goes inactive before the fas: CX-83D87 access. This pin is norrrcliy 
conr.ectec to the 88386 RESCI ir,pLA. 

STEN (S;c;t..s ::na::ile) 

The STE:-J i:1pu1 enables the fu,,ctioning of the CX-83087 wr,en active All CL78uts cf t:~e 
CX-83D87 ere tri-stoted v1r.en tr-:is sig~al ;s inccr:ve Tre otne: !npcr signc·s ere :g1o~ed 
while S"'.F\ is inac:ive. This signal can be L'Sed to assist in board levei testirg ::iy iso'a::r.g 
the CX-83087 fro:r, tr.e rerna:nder cf tne c:rct.,.;lt. Th:s signci is no~rrcl:y con:1ec7ec -:-o VCC 
throl.'Qh a resisior so that ir car. ::ie pul:ed 'nccrive dur'ng test:rg 

W/R# ('Nri!e or Recd) 

The w /~# :,---,OL."7" -:-c the CX-83D87 ::-:aicG~es -:-r.e C:irec-:-:c~ o~ -:-::e cu~:ent b~s cyc:e . ... ;;is 
sigr.cl is scrr_cied s:rru'.tcneously wi+n ADS#, CMD0#, N?S7 # aria c;?S2 or. the •s:rg edge 
of 386CLK2. -;-n:s s,gncl is ror:T.a::y cornec'.ed to '.re 80386 W,'?.# outpL.T. 

5.2 Bus Operation 

The CX-83D87 is compat:bie wi;:1 tne 8C386 c-JPX prcroco: and can ciso ::ie opecc;ed in a 
rremory mapped or i/O maoped protocol. Ti"e :r.rei N?X cop'OCessc, :::lro·ocoi 
operation uses the 5:JSY=' a:-id Pci<EQ signals to ensure That no Nr'X accesses are 
genercred by tr,e 80386 be:ore tre coprocessor :s cole :o compiete T"e :,arsfer. T'iis 
aIlows the CX-83D87 to issue READVO# i:Tmecictely after receiving ADS#. ,r,ere'ore. •~e 
processor OL;S 's avciiabie for c:JN:A cycles during +ne NPX 'ns:ruct:ons. Yowever, '.re ··rre 
reqL:ired to chec~ "'."hese s1gnc:s ccn7r.bL:tes "'."o 7r'.e coprocessor overhead or,d s:ov;s dew~ 
execution cf ~he "\?X :r--.s7rt...ct:c~s. 

-:-:1e ma::;ped 8~c7cco's :rciecse :;et sys;e'""ir oer=cr:"i'crce ·oy dec~ecs:r.g ire :::::-::1tccc 
cverhe~d. :n c :-T1apped orcicco; co::f:gu~c7;or. 1'.le 8C386 ;groies 3-.)SY-# c,---.d ?::,<=Q. 
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:istecd, READYO# is used to extend any bus cycles that The CX-83D87 is not reedy to 
;omplete immedictely. The bus is held in a waiting condition during this time and is not 
JVailcble for DMA activiiy. 

·r.e foliowing sections describe tr,e bus activity that occurs for the various categories of 
1umeric instructions. The CX-83D87 is fully synchronous to the 80386 bus operation and 
upports both pipel'ned end non-pipelined bus cycles. Exampies of coprocessor mode 
Jperation and mapped mode operation for the different categories of instructions are 
xovided. The bus cycles n.;n by the 80386 to fetch instructions or to transfer ope rends to 
nemory are not shown. Also, the 80386 usucily does not respond to the BUSY#, ERROR# 
md PEREQ changes cs rcpidly as indiccted herein. The diagrams shown in this section 
nereiy reflect the sequence of occurrences and the method of synchronizction; they are 
1ot meant to imply cctual execution times or bus cycle durctions. STEN, NPSl #, and 
,?S2 are assumed active during this cycle and are not shown. The CMD# and W/R# 
'gnals should be vaiid during the cycle also. 

·he following table cctegorizes the CX-83D87 instructions by their interfcce 
;hcrccteristics The # BUS CYCLES coiumn includes rr,e insrruction oocode transfer and 
's operand transfer(s) in tr,e count of bus cycles. The EARLY WRITE column :ndicates :hat 
he 80386 may write the opcode even if 3L,SY# is cctive. Troe USES BUSY# and USES 
JEREQ columns indicate if tne refe,enced signer is utilized dLlring 'he instruction 
,xecution. A check mark c~) ir.dicctes tnat the s:gnal is active during rhe insrrucrion, 
vn::e a dasr: (-) !ndicc7es r~ct tne signci is not ociive d!...~ing tr.e instn..Jction. The TYPE 
:of,...;mn identifies tr,e ca-;-egory ro wh:cr, 7he :r.sirL;CTion be,ongs. 
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# 3~s Ecrly Uses Uses 
:nstrLc+'or Ooercnd Cycles V✓r77e 3\.:SY= PEREQ 

: FCL~X i ' FFREE ST(') l 
,rfunct l \ 

Fl1,IT l \ 

FcD 64-bit reel 3 \ ' FLD 64-:)it integer 3 \ 

FLO 32-bit integer 2 ' \ 

FLO 32-bit reci 2 \ ' FcD 80-bit reel 4 
FLO 80-bit BCD 4 
FLD 16-b,t ;nteger 2 

! :;LDconst l 
:FDCW 1\t,o By'es 2 
i ~~:)ENV oioc:.C :Jc:n~er 8 
:=math S,(iJ.ST 

1 Fmarh ST.STCl 
,Fmam 64-blT real 3 
:Fmath ~-bit irreger 3 
:=math 32-olt inreger 2 \ 

Fmath 32-bit reel 2 
:=moth 16-b:t integer 2 
:=o,os STc;J 
F:<s-:-oR bioc:.C poirte:- 28 
FSA\/:: biock poi~rer 28 
FST 16-:Jli ;r,-:-eger 2 
FST 32-bit ,r.reger 2 
FST 32-bi rec, 2 

: FST 64-o:t reel 3 
FST 64-:)it integer 3 
FST 80-bit reel 4 
•ST 80-oii 3CD 4 
'FSTCW TV✓O Syres 2 
FST::,'N b:oc,< pc:r.-:-er 8 
FS,S\N AX 2 
=sTSW :-v,o 3y;es 2 

:=moth represenrs 7he FADS, FCO.'v1, rcorv1P, FJ.V, FD1V1~. :=,V.'J:... .. =S~3. 
end FSUBR irsi~ci,ons. 

FLDconst ~epreser:•s t:-'1e r:...D l. =:...JL2T, F~8L2~. ~~DP:. F:...D~G2, 
FLDL:,2. ere FLDZ 'ns7rL;ct'ors. 

Fops represen:s the FLD Si'('). FXCH ST(i). FNOP, FC-iS, "A3S, 
FTST, FXAM. FUCO,'v1. FlCOMP. FUCO'v1?P. enc FCO.'v:PP i~str~c'crs. 

Ffunct reoresenrs irie F2X'v11. FYL2X. FPTAN. =PATA.\,. FXT~AC:. 
F?P:.v:, F::)ECST?, F:NCST?, FP:(:::\11, FYL2X?~, FSQR:", ~s:~cos, 
FR>~D'.;\l~, FSCAL::. FSiN, cr.d FCOS ;nsi~LCticrs. 

Type 

A 
A 
E 
8 
B 
s 
3 
0 
'---

C 
C 
A 
0 
'---
0 
'---
A 
A 
3 
to 

3 
5 

0 
'---

A 
C 
C 
C 
C 
0 
'---
C 
C 
C 
C 

"' ~ 
0 
'---

D 
D 
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5.3 Category A Instructions 

The category A i.1strJciio:ts c;e i"',e s:iilpiest type oT CX-83087 irsti;_ict:on. Tt:ese 
:r:s7r'__;c7iors ooe:cte on i~rernc! reg:s7ers crd have PO operand -:-rc~sfers be~;eeri ~r:e 
8:::386 cr.d 7':e CX-83~87. T'le 80386 coprocessor pro-:ocoi ~ests BJSY# crd wc:~s for 
BUSY# 7o be lncc-::ve. "'."he :.~t<OR# s,grol '.s then exarr.:r.ed. :f Ci<:<OR# :s asserted, ~r,e 
80386 executes a trap to the coprocessor except!on t,..cp rov<re. f ::i<~O~# is noi 
asserted, the 8C336 vrites tr:e c::>code 70 7t':e co:Jrocessor enc co.1t:r,~es --o the nex-;­
ins-;-~ct:o.":. T'.;e coprocessor csser-7"s :3',.;SY# c:..1ring exec:..it:o~ o~ the :eqt..:ested operation. 
E<.<O,<# wJ be csse..-:-ed 'f c.:; t..:--:-:--.cs:..Ced exce;:::~iC'i co:--d:t:o,": occ·..1rs cur:~g tr1e 
ope~ot:or .. 

r;g~re 5.2- la sr·:ows i,'ie bt....:s s·gnc:s c, . ./r'g tv,o success:ve ca-:-egory A i~s-:-n...:c"'.'ions in 7f:e 
cc8rocessor '.'.i-:-e~cce ~ode. -;-""'19 :irs7 cccess occurs wre~ 7/'"'e CX-33:)87 !s :cie ard S70.'"""S 

:r:i::;edic7ely. Tt:e secc;Jd access is C:eicyed by -:-'"'le 80386 .... ~-:-;: 3JSY# gees :rcciive. 

r:g·,..,;,e 5.2-1 b s:lows the ous seqt...ence ~or t~:-ee st..:ccess:ve cctegoiY A :ns7r.Jct:ons wher. 
tr,e CX-83D87 :s .-ne:To.y rncoped. The ~lrst cccess occurs wren tne CX-83D87 is idle end 
corrpieres :rn,Tedicre:y. The secord access '.s irit:a-ed pr:or to tne CX-83D87 con:ple"'.':r.g 
the '.':rst cpe:c7;cr .. :~eie ere no wcit states :...-:se,1ed ifi -:-r.e bL.S C'(Cie s:rce ·,'"':e CX-83D87 
cc;1 b~ffer :r.e cperc·:o:. coce. ::,-,:e 1~sr:·.Jc7!on ccn,'lo: be i:---it'cted ,..,;r,·;i -:-:'"':e c~rre~r 
cperci:cn cc~8 e-:-es. T,'""1e t.'""'.:;C: access is :r-';:ic·ec: be"'ore 7:.--..e ~i;s7 coe:-c:i:or: cor.-1p:etes. 
7'ie CX-83D87 ... ,c·cs ~=A:)VQ# :""'.ac-:-,ve -...i'-:-:1 -:----1e firs-:-ope1ct c.; coi"'0.e-:-es c ..... ,c 7t-e second 
o;.:;e:-c-:c~ s:c:-s. :.:e secorc access sr'cws i:;e ccocb:::-:--1 cf -~e ;-.cp:.:iec ·..._teri'cce ~o 
o:pe ;,"'e -:-~:s cc:-egory of i:s~n . .:c-;-io,'""', 8'/ co--n:::/e-:-i;',Q the cDe~cticr- cede ·:--c':sfe:-w~r:e 
3L.'SY-¥ :s s-:-: l cct,ve. 

386 CLK2 

iSYSCc.K; 

READYO= 

BCSY= 

PEREQ 

ERROR= 

OPCODE 
OPERA:-;D 

I n I T2 I I Tl I T'.1 I 
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I Tl I TI I I Tl I TI I I n I nvl nvl TI I 

Figure 5.2-!b Category A, \lapped Bus Se~uence 

5.4 Category B Instructions 

The co*egory 3 ir.structions reqt)re tre trc,'"'.sfer of one or TVJO 32-bit v1ords from the 88386 
to the CX-83cJ87. The execuiion cf this ;ns:ruction category is choractec'zed by :r.e 80386 
writing the opcode '""ether er rot 3L:SY# is cctive. Tr,e 8:::386 hen woi:s for 3L;SY# to 
become inactive (if necessar;) end examines ihe ::RROR# signal. If ERROR# 's csser:ed. 
the 80386 execuies a trap :o the coprocessor excection trap r0t .. tine. If Ei<RO?# is nor 
asserted. :he 80386 ther trors:ecs 'he ooerond (l memory cycle for 32-b't ooercrds. 2 
~emory cycles for 64-oit operor'ds). Since synchronizciion is occor:piisrec l,;Sing 5~SY4 
dL:ring tr,e ooerond transfer phcse. --~ere 1s no cctivrty on t~e P=REQ li:""e. The 8C336 •;....,,e~ 
proceeds to the nexr ins1ruciio.~. The CX-83D87 osser:s BJSY# ofTer ;he operand s 
cccep";ed cr,d removes 3LSY# v.1:---e:: t~e cperotior. is con:piete. E~~OR# :s osse~ed :f Ci' 

unmcs'.<ed excep7ioii C0.'"'1Ci7ion occ,___;~s dt....rng tre operot:or:. 

Figure 5.2-20 sr,ov,s the bLs cc7'.v:7y for rvvo SL.ccessive coregory 9 ir.stn..1cr:ors \•/:.1 o 32-
bit operand \n the coprccessor :----ode. lhe in::iol sic7e of tr.e CX-83D87 is id:e cliowing 
the 80386 to immed cte:y trcnsfe" both th.e ir.s:,uc:icn opcode and rhe opercrd. The 
second instruction ;s in;::a:ed wr.::e ;he CX-83D87 is busy. T:~.e occode ;:cr;sfer s 
completed but the opercnd rrc"sfer is not i:,itiated by the 80386 ~nt:; BUSY# goes 
inactive. 

Figure 5.2-2b shows sr.e bL;S secue~c for tv,o s:xcess:ve sr,or: :ri;eger (32-b::) irs:."\..c,;o~s 
for an CX-83)87 :n t.1e mcppec t de 7t:ct is :n:ticily !a:e. The 7irs7 ;rst~~c~io:--i end i7s 
operand ere trcns~e1rec :r~ec·c-e y. T:'--.e second ir.si~wc-:-:or, :s i~itic-"ed wn:1e 7re CX-
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3D87 is still busy. The operat:on code iransfers immediately but ~~ADYO# is withhe'c 
om the operand transfer until the preceding instruction is completed. 

lnlnlnlnl I Tl I TI I In In I 

BCSY# 

PEREQ 

ERROR# 

OPCODE 

OPERAo'W Figure 5.2-2a Categor:,; B, Coprocessor Bus Sequence 
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I Tl I TI I n I TWj nvj n I T2 I 

Figure 5.2-2b Category B, ~lapped Bus Sequence 

5.5 Category C Instructions 

The caiegory C instruc:ions are charoc:erized by 'he use of tr,e PER::Q signal to 
synchronize the movement of the ope,and. All store operand instructions and the load 
operand with 16-bit and BC-bit data vrnues comprise tr.is category. The coorocessor bus 
octe1ity is characterized by the 80386 waiting for BUSY# to be inactive before w~iing the 
opcode io the CX-83D87 The 80386 tren waits for BUSY# and PEi,EQ to be active before 
transferring the operand. 

The operand transfer can take l, 2. or 3 bus cyc:es as determined by its size. One bus 
cycle is required to transfer the 16-bit word integer. 32-bit short integer, and 32-bit single 
precision rea: formats. Two bus cycles are usea to transfer the 64-bit long integer and 64-
bit double prec:sion real formats. Tr,ree bus cycles are used to transfer the SCI-bit 
extended reel and the 80-bt packed BCD formats. 

5USY# is ac;ive end PEREQ is inccrive curing the time that the CX-83D87 is generating the 
properly rounded value for t;--,e designated format. When the value is reaay to be 
transferred, P::REQ is made acte1e. In the coprocessor operation mode the 80386 will not 
try to read the value until PEREQ 's cciive. in the mopped ooeration mode READYO# will 
be w~hheld if c read cttem.pt is mcde before the voiue is properly forn-xrrted 

Fgure 5.2-30 shows c coprocessor mode FSTP 64-bit integer with the CX-83D87 in~dy 
busy. Figure 5.2-3b shows a mopped mode store of on 80-bit BCD value when :he CX-
83D87 is 'r.itic'ly 'die. Figure 5.2-3c sr.ows c mcoped mode s:ore of en BC-bit ac=:; vc:ue 
when the CX-83D87 is initiaiiy busy. 

101 
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I Tl I T2 I lnlT21nlT21 

~-------'r 

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

ERROR# 

OPCODE 
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J n J T2 J n J nvj nvj nvJ nvl T2 J Tl J T2 J n J T2 J 

Figure 5.2-3c Category C, \lapped, Initial!y Busy Bus Se<:juence 

5.6 Category D Instructions 

The cotegor1 0 instructio"s o·e ;.1ose operations thoi wait for 3LJSV# ;o oe :,icc:lve 
before trcnsfe~:irg Tr.e ins~11Jc7:cn opcode end tr.en :ransfer the opercnd C:~ rnere ls Ofie) 
immedlctely \vlt:1out Ls;r,g PE~~Q. -:-r.ese instructions involve or::y the store cf ·r.e stc:~s or 
control regis,ers. The dc.;rofcr, of :re ope,ation is so sr,ort thci the 3USY# s:g'1o! is ~at 
asserted. F'gure 5.2-40 sr.cws ·he coorocessor mode synchron:Zcrion wa:::ng !or 3GSV# io 
go irioct!ve . .=:gtJre 5.2-L!b sr:ows tne r:-:opped r.:ode syrchronrzotion o~ <EAJYO~ oe,;-g 
r.e:d :nacr:ve -..:.1t;1 7,"'le CX-83::>87 1s ~ecdy ro ;:>roceed. 
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In In j I Tl I T2 I 

ADS# w 
READYO# LJ [_ _ _J 
BCSY# 

PEREQ 

ERROR# 

OPCODE 
OPERAND 

Figure 5.2--la Category D, Coprocessor Bus Sequence 

I TI I Twl nvl T2 I Tl I TI I 

BCSY# 

PEREQ 

ERROR# 

OPCODE 
OPERA.;"'lD Figure 5.2-4b Category D, Mapped, Bus Se,:iuence 
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5. 7 Category E Instructions 

The category E instructions represent those instructions that are executed regardless cf 
the condition of BUSY#. BUSY# will be asserted during the instruction if it is not ciready 
asserted. PEREQ is inactive during the execution of these instructions. These instr-.Jctions 
operate on tr1e status and control portion of the CX-83D87. The entire instr-.Jction cor.sis7s 
of writing the operation code to the coprocessor. There are no operands to transfer and 
no synchronization to be performed. 
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S. Mechanical Specifications 

·he CX-83D87 is packaged in c 68 pin pin grid array package. The following d:agrams 
jetcil the pinout of the CX-83D87 from both the pin side and the top side: 
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·he following chert provides a cross reference of signal name to pin coordinates: 

i Signal Pin I Signal ?in ; Signal Pin I Signal Pin 
ADS# K7 D12 A4 D29 G11 Vee i¾ 
BUSY# K2 D13 BS D30 Hl0 Vee El 
CKM Jl 1 D14 AS D31 H1l Vee Fl 
CLK2 Kl0 DlS B6 ERR# L2 Vee Fl0 
CMD# L8 D16 A? NPSl# L6 Vee J2 
co H2 D17 88 NPS2 K6 Vee KS 
Dl Hl D18 A8 N/C K9 Vee L7 
D2 G2 D19 89 N/C Kl l Vss 82 
C3 Gl D20 310 ?ERQ Kl Vss 87 
D4 D2 I D21 AiO P.U. K3 Vss Cll 
cs D1 ! D22 311 P.U. L9 Vss E2 
C6 C2 D23 ClC RSTIN LiC Vss F2 
D7 Cl D24 D10 RDY# K8 Vss Fl I 
D8 Bl D2S D 1 ~ RDYO# L3 Vss Jl 
D9 A2 D26 El0 STEN l4 Vss J ~o 
D10 83 D27 tn i Vee A6 

i 
Vss LS 

Dll A3 D28 Gl0 Vee A9 W/R# K.C: 

-.iote: ?ins ,<3 and ~9 shown cs ?.U. C?c.1; Lp") must be tied to Vee for the device to 
Jpera:e properly. 

·ne Cyr'x CX-83D87 is cvcilable in bcih 'p:asi,c" end cercrc'c p'n grid crrcy packages. 
·hese packages ere described in the fo,lowing sections. 

6.1 Ceramic Pin Grid Array Package 

·;'le dimensions for the cercrnic pcckcge ere c:erci'.ed on :he 'o:towing pcge. 

lC8 
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27 89 (1.10) 
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'----------------'!_ 
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25.4 C: 00) ' i 
---1 i--2.54 c:. ;ccJ 
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' ~I @ @ @ @ @ @ @ @ @ @ 

@ @ @ @ 

@ @ @ @ 

@ @ @ @ 

@ @ @ @ 

@ @ @ @ 
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I\,@ @ @ @ @ @ @ @ 
'2.54 (0 "CO) 

@--
IA 

l 2 3 4 5 6 7 8 9 iC l i 

NOTE: l. A'i Cimersions in rr.::1ime~ee"S Cncf':es). 
2. Pin ~inish 8.5µ Gold p:cte. 

109 



FcsMath"' 83D87 User Mon~ol 

6.2 Plastic Pin Grid Array Package 

, Cyrix CX-83D87 "plastic" pin grid array package is en alternative to ceramic pin grid 
ays. It offers superior thermal properties end lower cost although it requires special 
re in handling when so:dered into PCB assemblies. The Cyrix CX-83D87 package uses 

advanced materiel celled Triczine wr1ioh combines low moisture absorption 
arccteristics with high glcssivction temperature. Nevertheless. the sudden extreme 
ct of wave soldering or reflow soldering can cause bubbles or fissures in the laminate 
e to rapid hect;ng of trapped water vapor. This effect can lead to decreased device 
ability. 

-83D87 PPGA devices ere shipped in a dessicated. moisture sec:ed cnt;stctic plastic 
g. Proper practice for use in soldered assembly dicrctes storage of the devices in their 
Jied begs until immediately prior to PCB insertion end soidering. 17 the package seals 
i broken or The devices ere exposed to moisture for any reason. they should be baked 
24 hours and either moisture sealed or srored in en crea of less than l 0% RY until used. 

1en not subject to extreme thermal shock (as in soc~eted assemblies) +ne PPGA 
,uires no unusual precm .. 1ions. 

'.iCl 
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Index Mork 1 2 3 4 5 6 7 8 9 10 11 

~IV' 0 0 0 0 0 0 0 0 0 I 
B 00000000000 
COO' '00 
D O O O 0 
E O O O 0 
F O 0 

G O 0 

0 0 27 89 (1.10) 

00 
H O O O 0 
JOO\. _100 
K 00000000000 

000000000 
----- 27.89(1.lC)---- 1.0 C0.04C) 

I 
------- ' I i.76 (0.C?0) 

1.so co::i10) i ~driW'dr-AT 

T 1f I[ loco196) If 11

1 i1t t 
LJ ~ ..L LJ i J O 20 CO CC5) 
~ ~0.46 CC.O 18) ':J k--- i.27 CO 050) 

25.4 (1 OC) I 

_________ -_l_i--_ 2.54 C0.1CC) 
L @@ @@ @@ @@@I 
K @@@ @@ @@ @@ @@ 
J @@ @@ 
H @@ @@ 
G @@ @@ 
F @@ @@ 
~ @@ @@ 
D @@ @@ 

C @@ ®®1 
8 @ @ @ @ @ @ @ @ @ @ @.!1.. 
A ,... 2.54 CC ,CC) 

:_:·:-.@ @ @ @ @ @ @ @ @ ~ 

1 2 3 4 5 6 7 8 9 10 11 I 

NOTE: 1. All dimensions in miliimeiers (ir,cr,es). 
2. Substrate rr,otericl ,r:czir,e. 
3. Pin mcteriol Kovar. 
4. Pin Firisr, l.u 9C/1G Solder d:c. 
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Electrical Specifications 

7.1 Absolute Maximum Ratings 

e ;o::owing tcble lists cbsolute maximum ratings :or the CX-83D87 dev'ce. Stresses 
,yond those listed under 'Abso·:ute Mcximum Ratings' may caL:se permanent damage 
the device. Tr,ese ere mess rctings only and do not imply that operc7:on L.r.der cr.y 
,nd,tions other than those listed under 'Recommended Operating Conditions· is 
,ssible. Exposure to conditior.s beyond the 'Absolute Max:mum Rot:ngs· Cl) wiil reduce 
,vice reIiability and (2) resl..lt in premature failure even when there is no immediately 
Jporent sign of failure. Prolonged exposure to conditions ct or necr "Absolute 
;ximum Ratings· mcy clso result in reduced useful iife and reliabil:ty. 

Parameter Min. Max. Units Notes 
ise Temoeroture -0' +100' -~ Power App ied '-' 
Jrage Tempercture -65' + 150' ·c No 3ics 
:,ply Voltage, Vee -0 5 +6 0 Volts Wth re spec; io vss 
ltage On Any Pin --0.5 VCC+0.5 Voits With 1<espect 7o vss 
vier Diss:pat'on 1.6 Watts 
Jut Clcmp CL.rrent, '.iK 10 rnA Vl<VSS or V:>VCC 
J~pct Clemo Ct..:rre~i. :oK 25 rnA VO<\/SS or VC>VCC 

7.2 Recommended Operating Conditions 

~ fol:owing tcbie presenrs ir'.e ~eccr:1mended operct'.r'.g cond:tior.s fo; tr,e device: 

Parameter Min. Max. Units Notes 
Ambiem Terr.perctL,re -o· +70' ·c Power Aooi:ec 

: Supply Vo,rcge +4.75 +5.25 Volts Wirn resoect to 1/ss 
I Higr, Level lnpu 2.0 vcc Volts 

Low Level lnpL.1 co 0.8 Volrs 
1 Qt_;TpLt Current(Mign) -1.: mA VOH=VCf-'(.mir) 

QL,7put C:.;rrerr C'-cw) +4.0 mA VOL=VCL(:-'1ax) 
!npl..'T Clc~P C:.Jr7'ent • 10 mA V,<VSS or Vl>I/CC 
Cutpcr Clomp Curren~ +25 rnA VO<\/SS or VC>VCC 

: 12 

' 

: 
! 
j 

I 
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7.3 DC Electrical Characteristics 

i Parameter Min. Max. Units Noles 
;VCL Clock Input Low 0 0.8 Voits With respect to VSS 
'VCH Clock Input High 37 Vee Voits 
IVOL Output Low Voltage ... Q.45 Volts IOL;4_J :-r.A 
!VOH Output High Vo~age 2.4 Volts IOH;l.0 mA 
,ICC Supply Current 3CO mA Cl.K2;2Q Mhz (Tyo=200) i 

ilLI lnpL,t Leakage +15 µA 0<VIN<VCC 
ILO 1/0 Leakage +i5 µA 045<VO<VCC 

'CIN lnpui Ccoacitcnce lC pf fc=: i\l.hz 
'Co 1/0 Ccoacitance 12 pf fc;l :vlrz 
: Cc~< Clock Ccpacrance 20 pf fc= 1 :v''cz 
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7.4 20 Mhz Switching Characteristics 

he following table summarizes the timing requirements of the CX-83D87-2:J device. 

Pin Symbol Parameter Min Max Fig. Noles ! 
(nsec) (nsec) I 

:LK2 Tl Per'od 25 TBD 7.1 2.0V 
:LK2 T2o High Time 8 TBD 20V 
:LK2 T2b High Time 5 TBD 3.8V 
:LK2 T3o Low Time 8 TBD 2.0V 
:~K2 T3b Low Time 6 TBD 0.8V 
:LK2 T4 roll Time 8 3.7VTo 0.8V i 
:LK2 T5 Rise Time 8 0.8VTo3.7V I 
'EADYO# Tl OL.1 Delay 3 31 7.2 CL=75 pf 
•EADYO# T7 OL.1 Delay 3 27 CL=25 pf 

i EREQ Tl Out De:ay 5 34 CL=75 pf 
USY# Tl OL.t Delay 5 29 CL=75 pf 
RROR# Tl Out Delay 5 34 CL=75 pf : 
J3l-D0 T8 Out uelay l 54 73 C=l2C pf 
l3l-D0 ,10 Seiup Time 11 
l3l-D0 ,11 ,;_;Cid Time 1.1 
l3l-D0 Tl2 ;:1octTime 6 27 CL=l20 pf I 

EREQ T:3 i=Joct Time 1 50 CL=75 pf 
USY# T13 Fioot T::ne l 50 CL=75 pf 
R.'<OR# Tl3 .=rcct Tir::e l 50 CL=75 pf i 
EADY0# Tl3 Float Time l 50 CL=75 of 
.DS#. W/R# Tl4 Serup Time 21 73 
.DS#. W/R# Tl5 Hold Time 5 
::ADY# !16 Sett.:p Time 12 73 

i EADY# ,17 Hold Time 4 
:MD0if. NPSl#. Tl6 Sett.:::i Tirroe 19 7.3 
!PS2 
:MD0if. NPSl#. Tl 7 Hold Time 2 
'PS2 
fEN Tl6 SeLm Tir:ie 2i 7.3 ! 
fEN T"i? cioldT:me 2 
ESETIN rs Setl.Jp T;rne 12 7.4 
ESETIN Tl9 Ho:d-;-ime 4 
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I (CL~.__________,/ 

386CLK2f\£\,.ov' 

~Ti9 I 
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Reset Timing 

·r--.:ore: ?r.ase 2 :s de~r:ed to be re seco::a t .... " C~~ :::erloC: c~er '.<=sc: '.'c.:s. 
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7.5 Interface Timing Parameters 

Tr.e following tcble sets forth t.'ie clock cycle tim,ir:g rec:;t./remer.~s ~er ,--noJor CX-83D87 
ir,terfcce functior.s. nmes are specified in 386CLK2 cyc.e co:Jms. P'ecse refe, ·o fgure 
7.5 for timirg 'efererce informct•o~. 

Pin Symbol Parameter 
REScT:ci ~~0 

iLv TimeAct've 
RESCT1N T2l Time lr:cc-ive 
B:JSY# :22 ::me Active 
3USY# T23 Deicy lncct:Ye 

'c~ROR# T24 Deley Active 
3L:SY# T25 :::ie:cy Active 
READY# T26 De'cy 
READY# T27 De:cy 

Min 

ic 
2 
6 
6 

Cl 
C 
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neX: opercrd cyc·e 
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