



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PROGRAMMING NUMERIC APPLICATIONS

Table 2-14. Instruction Set Reference Data (Cont’d.)

FXCH EXCH //destination Exceptions: |
xchange registers
Execution Clocks
//ST() 12 10-15 0 2 FXCH ST(2)
FXTRACT EXTRACT (no operands) Exceptions: |
xtract exponent and significant )
Execution Clocks
Operands Typical Range op"?: :::f:\”:rd (B:;:ti; Coding Example
(no operands) 50 27-55 0 2 FXTRACT
FYL2X $Y.LL2£$(° operands) Excepti:ans‘: P (opérands not checked)
Execution Clocks )
Operands Typical Range OP:::::f:! : " g;t:es Coding Example
(no operands) 950 900-1100 0 2 FYL2X
FYL2XP1 5?%;;)1( (101c)>perands) Exceptions: P (operands not checked)
Execution Clocks Operand Word | Code .
Operands Typical Range Transfers Bytes Coding Example
(no operands) 850 700-1000 0 2 FYL2XP1
F2xm1 ;3)_“1“ (no operands) Exceptions: U, P (operands not checked)
Executlo»n Clocks Operand Word | Code
Operands Typical Range Transfers Bytes Coding Example
(no operands) 500 310-630 0 2 F2XM1
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10ccurs when one or both operands is ‘“‘short”’—it has 40 trailing zeros in its fraction (e.g., it was loaded
from a short-real memory operand.

2The 80287 execution clock count for this instruction is not meaningful in determining overall instruction

execution time. For typical frequency ratios of the 80286 and 80287 clocks, 80287 execution occurs in
parallel with the operand transfers, with the operand transfers determining the overall execution time of
the instruction. For 80286:80287 clock frequency ratios of 4:8, 1:1, and 8:5, the overall execution clock
count for this instruction is estimated at 490, 302, and 227 80287 clocks, respectively.

3The 80287 execution clock count for this instruction is not -meaningful in determining overall instruction
execution time. For typical frequency rations of the 80286 and 80287 clocks, 80287 execution occurs in
parallel with the operand transfers, with the operand transfers determining the overall execution time of
the instruction. For 80286:80287 clock frequency ratios of 4:8, 1:1, and 8:5, the overall execution clock
count for this instruction is estimated at 376, 233, and 174 80287 clocks, respectively.

4n = number of times CPU examines BUSY line before 80287 completes execution of previous instruction.

PROGRAMMING FACILITIES

As described previously, the 80287 NPX is programmed simply as an extension of the 80286 CPU.
This section describes how programmers in ASM286 and in a variety of higher-level languages can
work with the 80287.

The level of detail in this section is intended to give programmers a basic understanding of the software
tools that can be used with the 80287, but this information does not document the full capabilities of
these facilities. For a complete list of documentation on all the languages available for 80286 systems,
readers should consult Intel’s Literature Guide.

High-Level Languages

For programmers using high-level languages, the programming and operation of the NPX is handled
automatically by the compiler. A variety of Intel high-level languages are available that automatically
make use of the 80287 NPX when appropriatc. These languages include

PL/M-286
FORTRAN-286
PASCAL-286
C-286

Each of these nigi-ievel laiiguagcs has special numeric libraries allowing programs to take advantage
of the capabilities of the 80287 NPX. No special programming conventions are necessary to make use
of the 80287 NPX when programming numeric applications in any of these languages.

Programmers in PL/M-286 and ASM286 can also make use of many of these library routines by using
routines contained in the 80287 Support Library, described in the 80287 Support Library Reference
Manual, Order Number 122129. These library routines provide many of the functions provided by
higher-level languages, including exception handlers, ASCII-to-floating-point conversions, and a more
complete set of transcendental functions than that provided by the 80287 instruction set.
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PL/M-286

Programmers in PL/M-286 can access a very useful subset of the 80287’s numeric capabilities. The
PL/M-286 REAL data type corresponds to the NPX’s short real (32-bit) format. This data type provides
a range of about 8.43*10~% < ABS(X) = 3.38*10%, with about seven significant decimal digits. This
representation is adequate for the data manipulated by many microcomputer applications.

The utility of the REAL data type is extended by the PL/M-286 compiler’s practice of holding inter-
mediate results in the 80287’s temporary real format. This means that the full range and precision of
the processor are utilized for intermediate results. Underflow, overflow, and rounding errors are most
likely to occur during intermediate computations rather than during calculation of an expression’s final
result. Holding intermediate results in temporary real format greatly reduces the likelihood of overflow
and underflow and eliminates roundoff as a serious source of error until the final assignment of the
result is performed.

The compiler generates 80287 code to evaluate expressions that contain REAL data types, whether
variables or constants or both. This means that addition, subtraction, multiplication, division, compar-
ison, and assignment of REALs will be performed by the NPX. INTEGER expressions, on the other
hand, are evaluated on the CPU.

Five built-in procedures (table 2-15) give the PL/M-286 programmer access to 80287 functions manip-
ulated by the processor control instructions. Prior to any arithmetic operations, a typical PL/M-286
program will set up the NPX after power up using the INITSREALSMATHSUNIT procedure and
then issue SETSREALSMODE to configure the NPX. SETSREALSMODE loads the 80287 control
word, and its 16-bit parameter has the format shown in figure 1-5. The recommended value of this
parameter is 033EH (projective closure, round to nearest, 64-bit precision, all exceptions masked except
invalid operation). Other settings may be used at the programmer’s discretion.

If any exceptions are unmasked, an exception handler must be provided in the form of an interrupt
procedure that is designated to be invoked by CPU interrupt pointer (vector) number 16. The excep-
tion handler can use the GETSREALSERROR procedure to obtain the low-order byte of the 80287
status word and to then clear the exception flags. The byte returned by GETSREALSERROR contams
the exception flags these can be examined to determine the source of the exception.

The SAVE$REAL$STATUS and RESTORESREALSSTATUS procedures are provided for multi-
tasking environments where a running task that uses the 80287 may be preempted by another task that
also uses the 80287. It is the responsibility of the preempting task to issue SAVESREALSSTATUS
before it executes any.statements that affect the 80287; these include the INITSREALSMATHSUNIT

Table 2-15. PL/M-286 Built-In Procedures

Procedure 80287 Instruction Description
INITSREALSMATHSUNIT® FINIT ‘ Initialize processor.
SET$REAL$SMODE FLDCW ' Set exception masks; rounding

precision, and infinity controls.
GET$REAL$ERROR® ‘FNSTSW & FNCLEX Store, then clear, exception flags.
SAVE$SREAL$STATUS FNSAVE Save processor state.
RESTORE$REAL$STATUS FRSTOR Restore processor state.

MAlso initializes interrupt pointers for emulation.
@Returns low-order byte of status word.
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and SETSREALSMODE procedures as well as arithmetic expressions. SAVESREALSSTATUS saves
the 80287 state (registers, status, and control words, etc.) on the CPU’s stack.
RESTORESREALSSTATUS reloads the state information; the preempting task must invoke this
procedure before terminating in order to restore the 80287 to its state at the time the running task was
preempted. This enables the preempted task to resume execution from the point of its preemption.

ASM286

The ASM286 assembly language provides programmmers with complete access to all of the facilities
of the 80286 and 80287 processors.

The programmer’s view of the 80286/80287 hardware is a single machine with these resources:

* 160 instructions

e 12 data types

* 8 general registers
* 4 segment registers

¢ 8 floating-point registers, organized as a stack

DEFINING DATA

The ASM286 directives shown in table 2-16 allocate storage for 80287 variables and constants. As
with other storage allocation directives, the assembler associates a type with any variable defined with
these directives. The type value is equal to the length of the storage unit in bytes (10 for DT, 8 for
DQ, etc.). The assembler checks the type of any variable coded in an instruction to be certain that it
is compatible with the instruction. For example, the coding FIADD ALPHA will be flagged as an
error if ALPHA’s type is not 2 or 4, because integer addition is only available for word and short
integer data types. The operand’s type also tells the assembler which machine instruction to produce;
although to the programmer there is only an FIADD instruction, a different machine instruction is
required for each operand type.

On occasion it is desirable to use an instruction with an operand that has no declared type. For example,
if register BX points to a short integer variable, a programmer may want to code FIADD [BX]. This
can be done by informing the assembler of the operand’s type in the instruction, coding FIADD DWORD
PTR [BX]. The corresponding overrides for the other storage allocations are WORD PTR, QWORD
PTR, and TBYTE PTR.

Tabic 2-1S. 80287 Storage Allncation Directives
Directive Interpretation Data Types
DW Define Word Word integer
DD Define Doubleword Short integer, short real
DQ Define Quadword Long integer, long real
DT Define Tenbyte Packed decimal, temporary real
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The assembler does not, however, check the types of operands used in processor control instructions.
Coding FRSTOR [BP] implies that the programmer has set up register BP to point to the stack location
where the processor’s 94-byte state record has been previously saved.

The initial values for 80287 constants may be coded in several different ways. Binary integer constants
may be specified as bit strings, decimal integers, octal integers, or hexadecimal strings. Packed decimal
values are normally written as decimal integers, although the assembler will accept and convert other
representations of integers. Real values may be written as ordinary decimal real numbers (decimal
point required), as decimal numbers in scientific notation, or as hexadecimal strings. Using hexadeci-
mal strings is primarily intended for defining special values such as infinities, NaNs, and nonnormal-
ized numbers. Most programmers will find that ordinary decimal and scientific decimal provide the
simplest way to initialize 80287 constants. Figure 2-3 compares several ways of setting the various
80287 data types to the same initial value.

Note that preceding 80287 variables and constants with the ASM286 EVEN directive ensures that the
operands will be word-aligned in memory. This will produce the best system performance. All 80287
data types occupy integral numbers of words so that no storage is “wasted” if blocks of variables are
defined together and preceded by a single EVEN declarative.

RECORDS AND STRUCTURES

The ASM286 RECORD and STRUC (structure) declaratives can be very useful in NPX program-
ming. The record facility can be used to define the bit fields of the control, status, and tag words.
Figure 2-4 shows one definition of the status word and how it might be used in a routine that polls the
80287 until it has completed an instruction.

Because STRUCtures allow different but related data types to be grouped together, they often provide
a natural way to represent “real world” data organizations. The fact that the structure template may
be “moved” about in memory adds to its flexibility. Figure 2-5 shows a simple structure that might be
used to represent data consisting of a series of test score samples. A structure could also be used to
define the organization of the information stored and loaded by the FSTENYV and FLDENYV instructions.

; THE FOLLOWING ALL ALLODCATE THE CONSTANT: -126
;3 NOTE TWO’'’S COMPLETE STORAGE OF NEGATIVE BINARY INTEGERS.
H

; EVEN FORCE WORD ALIGNMENT
WORD_INTEGER DW 1111111110000108B BIT STRING
SHORT_INTEGER DD OFFFFFF82H HEX STRING MUST START

DRDINARY DECIMAL
NOTE PRESENCE OF ‘.’

LONG_INTEGER pDa -126
SHORT_REAL DD -126.0
LONG_REAL DD -1.26E2 "SCIENTIFIC"
PACKED_DECIMAL DT -126 ; ORDINARY DECIMAL INTEGER
IN THE FOLLOWING, SIGN AND EXPONENT IS *C005’
SIGNIFICAND IS *7E00...00°, ‘R’ INFORMS ASSEMBLER THAT
THE STRING REPRESENTS A REAL DATA TYPE.

1
1
1
; WITH DIGIT
1
1
1

)

1

1

TEMP_REAL DT 0CO00S57E00000000000000R ; HEX STRING

Figure 2-3. Sample 80287 Constants
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STATUS_WORD

STATUS RECORD
] BUSY:

4 COND_CODES3:
& STACK_TOP:
[’ COND_CODEZ:
& COND_CODE1:
& COND_CODED:
& INT_REQ:

& RESERVED:

4 P_FLAG:

) U_FLAG:

] 0_FLAG:

] Z_FLAG:

& D_FLAG:

4 I_FLAG:

P

JNZ POLL

—- s a a a ea e s W s

v v v w e e e e e e e e~

; LAY OUT STATUS WORD FIELDS

; RESERVE SPACE FOR STATUS WORD

POLL STATUS WORD UNTIL 80287 IS NOT BUSY
OLL: FNSTSW STATUS_WORD
TEST STATUS_WORD,

MASK_BUSY

Figure 2-4. Status Word RECORD Definition

SAMPLE STRUC
N_O0BS DD
MEAN D&
MODE DW
STD_DEV Da

TEST_SCORES DW
SAMPLE ENDS

?
?
?

9

i ARRAY OF OBSERVATIONS

SHORT INTEGER
LONG REAL
WORD INTEGER
LONG REAL
WORD INTEGER

1000 DUP (7))

ADDRESSING MODES

80287 memory data can be accessed with any of the CPU’s five memory addressing modes. This means
that 80287 data types can be incorporated in data aggregates ranging from simple to complex accord-
ing to the needs of the application. The addressing modes, and the ASM286 notation used to specify
them in instructions, make the accessing of structures, arrays, arrays of structures, and other organi-
zations direct and straightforward. Table 2-17 gives several examples of 80287 instructions coded with

Figure 2-5. Structure Definition

operands that illustrate different addressing modes.
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Table 2-17. Addressing Mode Examples

Coding Interpretation
FIADD ALPHA ALPHA is a simple scalar (mode is direct).
FDIVR ALPHA.BETA BETA is a field in a structure that is
“overlaid”’ on ALPHA (mode is direct).
FMUL QWORD PTR [BX] BX contains the address of a long real
variable (mode is register indirect).
FSuB ALPHA [SI] ALPHA is an array and Sl contains the

offset of an array element from the start of
the array (mode is indexed).

FILD [BP].BETA BP contains the address of a structure on
the CPU stack and BETA is a field in the
structure (mode is based).

FBLD - TBYTE PTR [BX] [DI] BX contains the address of a packed
decimal array and DI contains the offset of
an array element (mode is based indexed).

Comparative Programming Example

Figures 2-6 and 2-7 show the PL/M-286 and ASM286 code for a simple 80287 program, called
ARRSUM. The program references an array (X$ARRAY), which contains 0-100 short real values;
the integer variable NSOF$X indicates the number of array elements the program is to consider.
ARRSUM steps through X$ARRAY accumulating three sums:

o SUMS$X, the sum of the array values

» SUMSINDEXES, the sum of each array value times its index, where the index of the first element
is 1, the second is 2, etc.

¢« SUMSSQUARES, the sum of each array element squared

(A true program, of course, would go beyond these steps to store and use the results of these calcula-
tions.) The control word is set with the recommended values: projective closure, round to nearest,
64-bit precision, interrupts enabled, and all exceptions masked invalid operation. It is assumed that an
exception handler has been written to field the invalid operation, if it occurs, and that it is invoked by
interrupt pointer 16. Either version of the program will run on an actual or an emulated 80287 without
altering the code shown.

The PL/M-286 version of ARRSUM (figure 2-6) is very straightforward and illustrates how easily the
80287 can be used in this language. After declaring variables the program calls built-in procedures to
initialize the processor (or its emulator) and to load to the control word. The program clears the sum
variables and then steps through X$ARRAY with a DO-loop. The loop control takes into account
PL/M-286’s practice of considering the index of the first element of an array to be 0. In the compu-
tation of SUMSINDEXES, the built-in procedure FLOAT converts I+ 1 from integer to real because
the language does not support “mixed mode” arithmetic. One of the strengths of the NPX, of course,
is that it does support arithmetic on mixed data types (because all values are converted internally to
the 80-bit temporary real format).
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PL/M-286 COMPILER . ARRAYSUM

SERIES-III PL/M-286 V1.0 COMPILATION OF MODULE ARRAYSUM
OBJECT MODULE PLACED IN :Fé:D. OBJ
COMPILER INVOKED BY: PLM286 24 :F&:D. SRC XREF

/
#* #*
* ARRAYSUM M O D ¥*
* #*
#* /
1 arrayssum: do;
2 1 declare (sum$x, sum$indexes, sum$squares) real;
3 1 declare x$array(100) real;
4 1 declare (nsof$x, i) integer;
5 1 declare control$287 literally ‘033eh’;
/% Assume x$array and n$of$x are initialized #/
/# Prepare the 80287 of its emulator %/
& 1 call init$real$math$unit;
7 1 call set$realsdmode(controls287);
/% Clear sums #/
8 1 sum$x, sum$indexes, sum$squares = 0.0
/# Loop through array, accumulating sums #/
9 1 do i = 0 to n$oféx-1;
10 2 sum$x = sum$x + xdarraylid;
11 2 sum$indexes = sum$indexes +
(x$array(i) #* float(i+1));
12 2 sum$squares = sum$squares + {x$arrayli)#xsarrayli));
13 2 end;
/% etc. ®/
14 1 end array$sum
PL/M-286 COMPILER ARRAYSUM
CROSS-REFERENCE LISTING
DEFN ADDR SIZE NAME, ATTRIBUTES, AND REFERENCES
1 0006H 117 ARRAYSUM . . . . . . . PROCEDURE STACK=0002H
S CONTROL28B7 . . . . . . LITERALLY ‘033eh’
FLOAT. . . . . . . . . BUILTIN 11
4 O019EH 2 1. . . .. INTEGER P 9 10 11 12
INITREALMATHUNIT . . . BUILTIN &
4 019CH 2 NOFX . B INTEGER 9
SETREALMODE. . . . . . BUILTIN 7
2 0004H 4 SUMINDEXES . . . . . . REAL 8% 11 113
2 0008H 4 SUMSQUARES . . . . . . REAL 84 12 12%
2 QO0O00H 4 suMX .. . . L REAL 8% 10 10#
3 O0O00CH 400 XARRAY . . . . . . . . REAL ARRAY(100) 10 11 12
MODULE INFORMATION:
CODE AREA SIZE = 0077H 119D
CONSTANT AREA SIZE = 0004H 4D
VARIABLE AREA SIZE = O1AOH 416D
MAXIMUM STACK SIZE = 0002H 2D

33 LINES READ
T TROCNAM uARMIMeS

0 PROGRAM ERRORS
DICTIONARY SUMMARY:

PE&KB MEMORY AVAILABLE

3KB MEMORY USED (3%)

OKB DISK SPACE USED

END OF PL/M-286 COMPILATION

13

Figure 2-6. Sample PL/M-286 Program
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The ASM286 version (figure 2-7) defines the external procedure INIT287, which makes the different
initialization requirements of the processor and its emulator transparent to the source code. After defining
the data and setting up the segment registers and stack pointer, the program calls INIT287 and loads
the control word. The computation begins with the next three instructions, which clear three registers
by loading (pushing) zeros onto the stack. As shown in figure 2-8, these registers remain at the bottom
of the stack throughout the computation while temporary values are pushed on and popped off the
stack above them. '

The program uses the CPU LOOP instruction to control its iteration through X_ARRAY; register CX,
which LOOP automatically decrements, is loaded with N_OF_X, the number of array elements to be
summed. Register SI is used to select (index) the array elements. The program steps through X_ARRAY
from back to front, so SI is initialized to point at the element just beyond the first element to be
processed. The ASM286 TYPE operator is used to determine the number of bytes in each array element.
This permits changing X_ARRAY to a long real array by simply changing its definition (DD to DQ)
and reassembling. -

Figure 2-8 shows the effect of the instructions in the program loop on the NPX register stack. The
figure assumes that the program is in its first iteration, that N_OF_X is 20, and that X_ARRAY(19)
(the 20th element) contains the value 2.5. When the loop terminates, the three sums are left as the top
stack elements so that the program ends by simply popping them into memory variables.

80287 Emulation

The programming of applications to execute on both 80286 and 80287 is made much easier by the
existence of an 80287 emulator for 80286 systems. The Intel E80287 emulator offers a complete software
counterpart to the 80287 hardware; NPX instructions can be simply emulated in software rather than
being executed in hardware. With software emulation, the distinction between 80286 and 80287 systems
is reduced to a simple performance differential (see Table 1-2 for a performance comparison between
an actual 80287 and an emulator 80287). Identical numeric programs will simply execute more slowly
on 80286 systems (using software emulation of NPX instructions) than on executing NPX instructions
directly. :

When incorporated into the systems software, the emulation of NPX instructions on the 80286 systems
is completely transparent to the programmer. Applications software needs no special libraries, linking,
or other activity to allow it to run on an 80286 with 80287 emulation. v

To the applications programmer, the development of programs for 80286 systems is the same whether
the 80287 NPX hardware is available or not. The full 80287 instruction set is available for use, with
NPX instructions being either emulated or executed directly. Applications programmers need not be
concerned with the hardware -configuration of the computer systems on which their applications will
eventually run. ‘

For systems programmers, details relating to 80287 emulators are described in a later section of this
supplement. An E80287 software emulator for 80286 systems is contained in the iMDX 364 8086
Software Toolbox, available from Intel and described in the 8086 Software Toolbox Manual.

CONCURRENT PROCESSING WITH THE 80287

Because the 80286 CPU and the 80287 NPX have separate execution units, it is possible for the NPX
to execute numeric instructions in parallel with instructions executed by the CPU. This simultaneous
execution of different instructions is called concurrency.
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‘iAPX286 MACRO ASSEMBLER .

EXAMPLE_ASM286_PROGRAM

SERIES-I11 iAPX286 MACRO ASSEMBLER X108 ASSEMBLY OF MODULE EXAMPLE_ASM286_PROGRAM
OBJECT MODULE PLACED IN :F6:287EXP. OBJ
ASSEMBLER INVOKED BY

Loc

0000
0002
0004

0194
0198
019C

0000
0000

0003,

0005
0008
000A

000D
0012

0016
0018
001A

001C
0020
0022

0024
0024
0027
002B
002D
002F
0031

0033
0037

0039
0039
003D
0041
0045

0BJ

3E03
Kacarerd
(100
TRTTPIR?
)

BE---—
8EDB
BE----
8EDO
BCFEFF

2A0000—~—~
D92E0000

DYEE
D9EE
D9EE

B8BOE0O200
F7E9
B8BFO °

B3EEO4
D9840400
DCC3
D9co
pcee
DEC2

FFOEO200
E2EB

D?1E9401
D91E9801
DP1EFCO1
?B

o

L

LINE

VBN LW -

ASM2B6. 86 : Fé6: 287EXP. SRC XREF

SOURCE

i

i

name example_ASM2B6_program
Define initialization routine
extrn init287: far

Allocate space for data

data segment Tw public
control_287 dw 033eh
n_of_x dw ? .
x_array dd 100 dup (?)
sum_squares dd ?
sum_indexes dd ?

sum_x dd ?

data ends

i

Aliocate CPU stack space

stack stackseg 400

i

Begin :odé .

code segment er public

assume ds: data, ss: stack, es: nothing
start:

mov ax:data

mov ds, ax

mov ax,»stack

mov 55, aXx

mov sp, stackstart stack

i

Assume x_array and n_of_x are initialized
this pprogram zeroes n_of_x

Prepare the 80287 or its emulator
call init287
fldcw control_287

Clear three registers to hold running. sums
' fldz . .

fldz

fldz

Setup CX as loop counter and
SI as index to x_array

mov cx;n_of_x
imul cx
mov si, ax

SI now contains index of last element + 1

i Loop thru x_array, accumulating sums

sum_next:
sub si, type x_array ;backup one element
£1d x_arraylsil ipush it on the stack
fadd st(3), st jadd into sum of x
£1d st iduplicate x on top
- fmul st)st isquare it

faddp st(2), st

i and discard
dec n_of_x
loop sum_next i continue

Pop running sums into memory

pop_results

fstp sum_squares
fatn sum indexes
fstp sum_x
fwait

i

i Etc.

i

code ends
end start

Figure 2-7. Sample ASM286 Program
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iAPX286 MACRO ASSEMBLER
XREF SYMBOL

TABLE LISTING

NAME TYPE VALUE
CODE. . SEGMENT
CONTROL_287 V WORD  OOOOH
DATA. SEGMENT
INIT287 . L FAR 0000H
N_OF_X. . . V WORD 0002H
POP_RESULTS L NEAR  0039H
STACK . STACK

START . . . L NEAR  0OOOH
SUM_INDEXES V DWORD 0198H
SUM_NEXT. . L NEAR  0024H
SUM_SQUARES v DWORD 0194H
SUM_X . V DWORD 019CH
X_ARRAY V DWORD 0004H

END OF SYMBOL TABLE LISTING

ASSEMELY COMPLETE,

EXAMPLE_ASM286_PROGRAM

ATTRIBUTES, XREFS
SIZE=0046H ER PUBLIC
DATA 7# 33
SI1ZE=01A0H RW PUBLIC
EXTRN 3# 32

DATA 8# 42 56

CODE &0#
SIZE=0190H RW PUBLIC
CODE- 21#% 7

DATA 114 &2

CODE 48# 57

DATA 10# 61

DATA 12# &3

(100) DATA 9% 49 SO

NO ERRORS

194 49

6% 13 20 22

16# 20 24 26

Figure 2-7. Sample ASM286 Program (Cont’d.)

FLDZ,FLDZ,FLDZ

FLD X_ARRAY(SI]

ST(0) 0.0 SUM_SQUARES ST(0) 2.5
ST(1) 0.0 SUM_INDEXES ST(1)
ST(2) 0.0 SUM_X ST(2) 0.0
ST(3) 0.0
—
o
FADD ST(3),ST - _ FLD ST
ST(0) 2.5 X_ARRAY (19) ST(0) 2.5
ST(1) 0.0 SUM_SQUARES ST(1) 2.5
ST(2) 0.0 SUM_INDEXES ST(2) 0.0
ST(3) 2.5 SUM_X ST(3) 0.0
ST(4) 2.5
—
—
FMUL ST,ST . — FADDP ST(2),ST
ST(0) 6.25 X_ARRAY(19)2 ST(0) 2.5
ST(1) 2.5 X_ARRAY(19) ST(1) 6.25
ST(2) 0.0 SUM__SQUARES ST(2) 0.0
ST(3) 0.0 SUM_INDEXES ST(3) 2.5
ST(4) 25 SUM_X ~
/
/
FIMUL N_OF_X FADDP ST(2),ST
ST(0) 50.0 X_ARRAY(19)*20 ST(0) 6.25
ST(1) 6.25 SUM_SQUARES ST(1) 50.0
ST(2) 0.0 SUM__INDEXES ST(2) 25
ST(3) 25 SUM__X

X_ARRAY (19)
SUM_SQUARES

SUM__INDEXES
SUM_X

X_ARRAY (19)
X_ARRAY (19)
SUM_SQUARES
SUM_INDEXES

SUM_X

X_ARRAY(19)
SUM_SQUARES
SUM__INDEXES

SUM_X

SUM__SQUARES
SUM__INDEXES
SUM_X

G30108.

Figure 2-8. Instructions and Register Stack
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No special programming techniques are required to gain the advantages of concurrent execution; numeric
instructions for the NPX are simply placed in line with the instructions for the CPU. CPU and numeric
instructions are initiated in the same order as they are encountered by the CPU in its instruction
stream. However, because numeric operations performed by the NPX generally require more time than
operations performed by the CPU, the CPU can often execute several of its instructions before the
NPX completes a numeric instruction previously initiated.

This concurrency offers obvious advantages in terms of execution performance, but concurrency also
imposes several rules that must be observed in order to assure proper synchronization of the 80286
CPU and 80287 NPX.

All Intel high-level languages automatically provide for and manage concurrency in the NPX.
Assembly-language programmers, however, must understand and manage some areas of concurrency
in exchange for the flexibility and performance of programming in assembly language. This section is
for the assembly-language programmer or well-informed high-level-language programmer.

Managing Concurrency

Concurrent execution of the host and 80287 is easy to establish and maintain. The activities of numeric
programs can be split into two major areas: program control and arithmetic. The program control part
performs activities such as deciding what functions to perform, calculating addresses of numeric
operands, and loop control. The arithmetic part simply adds, subtracts, multiplies, and performs other
operations on the numeric operands. The NPX and host are designed to handle these two parts separately
and efficiently.

Managing concurrency is necessary because both the arithmetic and control areas must converge to a
well-defined state before starting another numeric operation. A well-defined state means all previous
arithmetic and control operations are complete and valid.

Normally, the host waits for the 80287 to finish the current numeric operation before starting another.
This waiting is called synchronization.

Managing concurrent execution of the 80287 involves .iree types of synchronization:

1. Instruction synchronization
2. Data synchronization
3. Error synchronization

For programmers in higher-level languages, all three types of synchronization are automatically provided
by the appropriate compiler. For assembly-language programmers, instruction synchronization is
guaranteed by the NPX interface, but data and error synchronization are the responsibility of the

acmmamalale, Tawa s
asscibly-language programmer.

Instruction Synchronization
Instruction synchronization is required because the 80287 can perform only one numeric operation at

a time. Before any numeric operation is started, the 80287 must have completed all activity from its
previous instruction.
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Instruction synchronization is guaranteed for most ESC instructions because the 80286 automatically
checks the BUSY status line from the 80287 before commencing execution of most ESC instructions.
No explicit WAIT instructions are necessary to ensure proper instruction synchronization.

Data Synchronization

Data synchronization addresses the issue of both the CPU and the NPX referencing the same memory
values within a given block of code. Synchronization ensures that these two processors access the memory
operands in the proper sequence, just as they would be accessed by a single processor with no concur-
rency. Data synchronization is not a concern when the CPU and NPX are using different memory
operands during the course of one numeric instruction.

The two cases where data synchronization might be a concern are

1. The 80286 CPU reads or alters a memory operand first, then invokes the 80287 to load or alter
the same operand.

2. The 80287 is invoked to load or alter a memory operand, after which the 80286 CPU reads or
alters the same location.

Due to the instruction synchronization of the NPX interface, data synchronization is automatically
provided for the first case—the 80286 will always complete its operation before invoking the 80287.

For the second case, data synchronization is not always automatic. In general, there is no guarantee
that the 80287 will have finished its processing and accessed the memory operand before the 80286
accesses the same location.

Figure 2-9 shows examples of the two possible cases of the CPU and NPX sharing a memory value. In
the examples of the first case, the CPU will finish with the operand before the 80287 can reference it.
The NPX interface guarantees this. In the examples of the second case, the CPU must wait for the
80287 to finish with the memory operand before proceeding to reuse it. The FWAIT instructions shown
in these examples are required in order to ensure this data synchronization.

There are several NPX control instructions where automatic data synchronization is provided; however,
the FSTSW/FNSTSW, FSTCW/FNSTCW, FLDCW, FRSTOR, and FLDENYV instructions are all
guaranteed to finish their execution before the CPU can read or alter the referenced memory locations.

The 80287 provides data synchronization for these instructions by making a request on the Processor
Extension Data Channel before the CPU executes its next instruction. Since the NPX data transfers
occur before the CPU regains control of the local bus, the CPU cannot change a memory value before
the NPX has had a chance to reference it. In the case of the FSTSW AX instruction, the 80286 AX
register is explicitly updated before the CPU continues execution of the next instruction.

For the numeric instructions not listed above, the assembly-language programmer must remain aware
of synchronization and recognize cases requiring explicit data synchronization. Data synchronization
can be provided either by programming an explicit FWAIT instruction, or by initiating a subsequent
numeric instruction before accessing the operands or results of a previous instruction. After the subse-
quent numeric instruction has started execution, all memory references in earlier numeric instructions
are complete. Reaching the next host instruction after the synchronizing numeric instruction indicates
that previous numeric operands in memory are available.
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Case 1: Case 2:
Mov I, 1 FILD 1
FILD I FWAIT
Mov 1,8
Mov AX, 1 FISTP 1
FISTP 1 FWAIT
MOV AX, I

Figure 2-9. Synchronizing References to Shared Data

The data-synchronization function of any FWAIT or numeric instruction must be well-documented, as
shown in figure 2-10. Otherwise, a change to the program at a later time may remove the synchronizing
numeric instruction and cause program failure.

High-level languages automatically establish data synchronization and manage it, but there may be
applications where a high-level language may not be appropriate.

For assembly-language programmers, automatic data synchronization can be obtained using the assem-
bler, although concurrency of execution is lost as a result. To perform automatic data synchronization,
the assembler can be changed to always place a WAIT instruction after the ESCAPE instruction.
Figure 2-11 shows an example of how to change the ASM286 Code Macro for the FIST instruction to
automatically place a WAIT instruction after the ESCAPE instruction. This Code Macro is included
in the ASM286 source module. The price paid for this automatic data synchronization is the lack of
any possible concurrency between the CPU and NPX.

Error Synchronization

Almost any numeric instruction can, under the wrong circumstances, produce a numeric error. Concur-
rent execution of the CPU and NPX requires synchronization for these errors just as it does for data
references and numeric instructions. In fact, the synchronization required for data and instructions
automatically provides error synchronization.

However, incorrect data or instruction synchronization may not be discovered until a numeric error
occurs. A further complication is that a programmer may not expect his numeric program to cause
numeric errors, but in some systems, they may regularly happen. To better understand these points,
let’s look at what can happen when the NPX detects an error.

The NPX can nerform one of two things when a numeric exception occurs:

e The NPX can provide a default fix-up for selected numeric errors. Programs can mask individual
error types to indicate that the NPX should generate a safe, reasonable result whenever that error
occurs. The default error fix-up activity is treated by the NPX as part of the instruction causing
the error; no external indication of the error is given. When errors are detected, a flag is set in the
numeric status register, but no information regarding where or when is available. If the NPX performs
its default action for all errors, then error synchronization is never exercised. This is no reason to
ignore error synchronization, however.
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FISTP I :
FMUL i I is updated before FMUL is executed
Mmov AX, ! 1 I 15 now safe to use

Figure 2-10. Documenting Data Synchronization

1

i This 1s an ASM286 code macro to redefine the FIST
i instruction to prevent any concurrency

i while the instruction runs. A wait

i instruction is placed immediately after the
; escape to ensure the ‘store is done

i before the program may continue.

1

CodeMacro FIST memop: Mw

RfixM 1118, memop

ModRM 010B, memop

RWFix

EndM

Figure 2-11. Nonconcurrent FIST Instruction Code Macro

e As an alternative to the NPX default fix-up of numeric errors, the 80286 CPU can be notified
whenever an exception occurs. The CPU can then implement any sort of recovery procedures desired,
for any numeric error detectable by the NPX. When a numeric error is unmasked and the error
occurs, the NPX stops further execution of the numeric instruction and signals this event to the
CPU. On the next occurrence of an ESC or WAIT instruction, the CPU traps to a software excep-
tion handler. Some ESC instructions do not check for errors. These are the nonwaited forms FNINIT,
FNSTENYV, FNSAVE, FNSTSW, FNSTCW, and FNCLEX.

When the NPX signals an unmasked exception condition, it is requesting help. The fact that the error
was unmasked indicates that further numeric program execution under the arithmetic and program-
ming rules of the NPX is unreasonable.

If concurrent execution is allowed, the state of the CPU when it recognizes the exception is undefined.
The CPU may have changed many of its internal registers and be executing a totally different program
by the time the exception occurs. To handle this situation, the NPX has special registers updated at
the start of each numeric instruction to describe the state of the numeric program when the failed
instruction was attempted.

Error synchronization ensures that the NPX is in a well-defined state after an unmasked numeric error
occurs, Without a well-defined state, it would be impossible for exception recovery routines to figure
out why the numeric error occurred, or to recover successfully from the error.
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INCORRECT ERROR SYNCHRONIZATION

An example of how some instructions written without error synchronization will work initially, but fail
when moved into a new environment is shown in figure 2-12.

In figure 2-12, three instructions are shown to load an integer, calculate its square root, then increment
the integer. The NPX interface and synchronous execution of the NPX emulator will allow this program
to execute correctly when no errors occur on the FILD instruction.

This situation changes if the 80287 numeric register stack is extended to memory. To extend the NPX
stack to memory, the invalid error is unmasked. A push to a full register or pop from an empty register
will cause an invalid error. The recovery routine for the error must recognize this situation, fix up the
stack, then perform the original operation.

The recovery routine will not work correctly in the first example shown in the figure. The problem is
that the value of COUNT is incremented before the NPX can signal the exception to the CPU. Because
COUNT is incremented before the exception handler is invoked, the recovery routine will load an
incorrect value of COUNT, causing the program to fail or behave unreliably

PROPER ERROR SYNCHRONIZATION

Error Synchronization relies on the WAIT instructions required by instruction and data synchroniza-
tion and the BUSY and ERROR signals of the 80287. When an unmasked error occurs in the 80287,
it asserts the ERROR signal, signalling to the CPU that a numeric error has occurred. The next time
the CPU encounters an error-checking ESC or WAIT instruction, the CPU acknowledges the ERROR
signal by trapping automatically to Interrupt #16, the Processor Extension Error vector. If the follow-
ing ESC or WAIT instruction is properly placed, the CPU will not yet have disturbed any information
vital to recovery from the error.

INCORRECT ERROR SYNCHRONIZATION

NPX instruction

CPU instruction alters operand

subsequent NPX instruction -- error from
previous NPX instruction detected here

FILD COUNT
INC COUNT
FSQRT COUNT

PROPER ERROR SYNCHRONIZATION

FILD COUNT NPX instruction

H
FSAQRT ; subsequent NPX instruction -- error from
H previous NPX instruction detected here
INC COUNT 5 CPU instruciion aiiers operand

Figure 2-12. Error Synchronization Examples
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CHAPTER 3
SYSTEM-LEVEL NUMERIC PROGRAMMING

System programming for 80287 systems requires a more detailed understanding of the 80287 NPX
than does application programming. Such things as emulation, initialization, exception handling, and
data and error synchronization are all the responsibility of the systems programmer. These topics are
covered in detail in the sections that follow.

80287 ARCHITECTURE

On a software level, the 80287 NPX appears as an extension of the 80286 CPU. On the hardware
level, however, the mechanisms by which the 80286 and 80287 interact are a bit more complex. This
section describes how the 80287 NPX and 80286 CPU interact and points out features of this inter-
action that are of interest to systéms programmers.

Processor Extension Data Channel

All transfers of operands between the 80287 and system memory are performed by the 80286’s internal
Processor Extension Data Channel. This independent, DMA-like data channel permits all operand
transfers of the 80287 to come under the supervision of the 80286 memory-management and protection
mechanisms. The operation of this data channel is completely transparent to software.

Because the 80286 actually performs all transfers between the 80287 and memory, no additional bus
drivers, controllers, or other components are necessary to interface the 80287 NPX to the local bus.
Any memory accessible to the 80286 CPU is accessible by the 80287. The Processor Extension Data
Channel is described in more detail in Chapter Six of the 80286 Hardware Reference Manual.

Real-Address Mode and Protected Virtual-Address Mode

Like the 80286 CPU, the 80287 NPX can operate in both Real-Address mode and in Protected mode.
Following a hardware RESET, the 80287 is initially activated in Real-Address mode. A single, privi-
leged instruction (FSETPM) is necessary to set the 80287 into Protected mode.

As an extension to the 80286 CPU, the 80287 can access any memory location accessible by the task
currently executing on the 80286. When operating in Protected mode, all memory references by the
80287 are automatically verified by the 80286’s memory management and protection mechanisms as
for any other memory references by the currently-executing task. Protection violations associated with
NPX instructions automatically cause the 80286 to trap to an appropriate exception handler.

To the programmer, these two 80287 operating modes differ only in the manner in which the NPX
instruction and data pointers are represented in memory following an FSAVE or FSTENYV instruction.
When the 80287 operates in Protected mode, its NPX instruction and data pointers are each repre-
sented in memory as a 16-bit segment selector and a 16-bit offset. When the 80287 operates in Real-
Add' ess mode, these same instruction and data pomters are represented simply as the 20-bit phy51cal
add :esses of the operands in question (see figure 1-7 in Chapter One).
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Dedicated and Reserved 1/0 Locations

The 80287 NPX does not require that any memory addresses be set aside for special purposes. The
80287 does make use of 1/O port addresses in the range 00F8H through 00FFH, although these I/O
operations are completely transparent to the 80286 software. 80286 programs must not reference these
reserved I/0O addresses directly.

To prevent any accidental misuse or other tampering with numeric instructions in the 80287, the 80286’s
I/O Privilege Level (IOPL) should be used in multiuser reprogrammable environments to restrict
application program access to the I/O address space and so guarantee the integrity of 80287 compu-
tations. Chapter Eight of the 80286 Operating System Writer’s Guide contains more details regarding
the use of the I/O Privilege Level.

PROCESSOR INITIALIZATION AND CONTROL

One of the principal responsibilities of systems software is the initialization, monitoring, and control of
the hardware and software resources of the system, including the 80287 NPX. In this section, issues
related to system initialization and control are described, including recognition of the NPX, emulation
of the 80287 NPX in software if the hardware is not available, and the handlmg of exceptions that
may occur during the execution of the 80287.

System Initialization
During initialization of an 80286 system, systems software must

+ Recognize the presence or absence of the NPX

¢ Set flags in the 80286 MSW to reflect the state of the numeric environment
If an 80287 NPX is present in the system, the NPX must be

o Initialized

¢ Switched into Proiecied mode (if desired)

All of these activities can be quickly and easily performed as part of the overall system initialization.

Recognizing the 80287 NPX

Tigure 3-1 shows an cxample of @ reccgﬁnhnn routine that dgtermmpe whether an NPX is present, and
distinguishes between the 80387 and the 8087/80287. This routine can be executed on any 80386,
80286, or 8086 hardware configuration that has an NPX socket.

The example guards against the possibility of accidentally reading an expected value from a floating
data bus when no NPX is present. Data read from a floating bus is undefined. By expecting to read a
specific bit pattern from the NPX, the routine protects itself from the indeterminate state of the bus.
The example also avoids depending on any values in reserved bits, thereby maintaining compatibility
with future numerics coprocessors.
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8086/87/88/186 MACRO ASSEMBLER

Test for presence of a Numerics Chip, Revision 1.0

PAGE

DOS 3.20 (033-N) 8086/87/88/186 MACRO ASSEMBLER V2.0 ASSEMBLY OF MODULE TEST_NPX
OBJECT MODULE PLACED IN FINDNPX.O0BJ

Loc oBJ

0000 (100
2222

00c8 277?

0000 0000

0000

0000

0000 90DBE3
0003 BE0OOO
0006 C7045A5A
000A 90DD3C

0000 803C00
0010 752A

0012 90093C

0015 8804
0017 253F10
001A 3D3F00
0010 751D

001F 9BD9ES
0022 9BDYEE
0025 9BDEF9
0028 98D9CO
0028 9BDYEO
002E 9BDED9
0031 98DD3C
0034 8804
0036 %€
0037 7406

Note that we cannot execute WAIT on 8086/88 if no 8087 is present.

Must use non-wait form

word ptr [si],5A5AH ; Initialize temp to non-zero value

Must use non-wait form of fstsw

It is not necessary to-use a WAIT instruction
after fnstsw or fnstcw. Do not use one here.
See if correct status with zeroes was read
Jump if not a valid status word, meaning no NPX

Now see if ones can be correctly written from the control word.

Look at the control word; do not use WAIT form
Do not use a WAIT instruction here!

See if ones can be written by NPX

See if selected parts of control word look 0K
Check that ones and zeroes were correctly read
Jump if no NPX is installed

NPX instructions and WAIT are now safe.

This code is necessary if a denormal exception handler is used or the

Must use default control word from FNINIT

8087/287 says +inf = -inf

Form negative infinity

80387 says +inf <> -inf

See if they are the same and remove them
Look at status from FCOMPP

See if the infinities matched
Jump if 8087/287 is present

LINE SOURCE
1 +1 stitle('Test for presence of a Numerics Chip, Revision 1.0')
2
3 name Test_NPX
4
5 stack segment stack 'stack’
6 dw 100 dup (?)
7 sst dw ?
8 stack ends
9
10 data segment public 'data’
1" temp  dw Oh
12 data ends
13
14 dgroup group data, stack
15 cgroup group code
16
17 code segment public 'code’
18 assume cs:cgroup, ds:dgroup
19
20 start:
21 H
22 ; Look for an 8087, 80287, or 80387 NPX.
23 H
24 ;
25 test_npx:
26 fninit ;
R 27 mov si,offset dgroup:temp
28 mov
29 fnstsw  [si) ;
30 H
3N ;
32 cmp byte ptr [si],0 ;
33 jne no_npx H
34 :
35 H
36 H
37 fnstew  [si) :
38 ;
39 mov ax, [si) H
40 and ax, 103fh ;
41 cmp ax,3fh H
42 jne no_npx H
43 H
44 H Some numerics chip is installed.
45 ; See if the NPX is an 8087, 80287, or 80387.
46 H
47 : new 80387 instructions will be used.
48 H
49 fldt ;
50 fldz ; Form infinity
51 fdiv ;
52 fld st H
53 fchs ;
54 fcompp ;
55 fstsw  [si] H
56 mov ax, [si]
57 sahf H
58 Je found_87_287 ;
59 H

Figure 3-1. Software Routine to Recognize the 80287
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8086/87/88/185 MACRO ASSEMBLER Test for presence of a Numerics Chip, Revision 1.0 PAGE 2
Loc o8y LINE SOURCE
60 ; An 80387 is present. If denormal exceptions are used for an 8087/287,
61 H they must be masked. The 80387 will automatically normalize denormal
62 H operands faster than an exception handler can.
63 ;
0039 EBO790 64 jmp found_387
003¢C 65 na_npx:
66 H set up for no NPX
67 H ver
68 i
003C EB0490 69 jmp exit
003F 70 found_87_287:
K4l : set up for 87/287
72 H “ee
3 i
003F EB0190 74 jmp exit
0042 kg ] found_387:
76 H set up for 387
” H
78 i
0042 79 exit:
anee 80 code ends
81 end start,ds:dgroup, ss:dgroup:sst
ASSEMBLY COMPLETE, NO ERRORS FOUND

Figure 3-1. Software Routine to Recognize the 80287 (Cont’d.)

Configuring the Numerics Environment

Once the 80286 CPU has determined the presence or absence of the 80287 NPX, the 80286 must set
either the MP or the EM bit in its own machine status word accordingly. The initialization routine can
either

e Set the MP bit in the 80286 MSW to allow numeric instructions to be executed directly by the
80287 NPX component

» Set the EM bit in the 80286 MSW to permit software emulation of the 80287 numeric instructions

The Math Present (MP) flag of the 80286 machine status word indicates to the CPU whether an 80287
NPX is physically avaiiabie in the system. The MP flag controls the function of the WAIT instruction.
When executing a WAIT instruction, the 80286 tests only the Task Switched (TS) bit if MP is set; if
it finds TS set under these conditions, the CPU traps to exception #7.

The Emulation Mode (EM) bit of the 80286 machine status word indicates to the CPU whether NPX
functions are to be emulated. If the CPU finds EM set when it executes an ESC instruction, program
control is automatically trapped to exception #7, giving the exception handler the opportunity to emulate
the functions of an 80287. The 80286 EM flag can be changed only by using the LMSW (load machine
status word) instruction (legal only at privilege level 0) and examined with thc aid of the SMSW (store
machine status word) instruction (legal at any privilege level).

The EM bit also controls the function of the WAIT instruction. If the CPU finds EM set while execut-
ing a WAIT, the CPU does not check the ERROR pin for an error indication.

For correct 80286 operation, the EM bit must never be set concurrently with MP. The EM and MP
bits of the 80286 are described in more detail in the 80286 Operating System Writer’s Guide. More
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information on software emulation for the 80287 NPX is described in the “80287 Emulation” section
later in this chapter.

In any case, if ESC instructions are to be executed, either the MP or EM bit must be set, but not both.

Initializing the 80287

Initializing the 80287 NPX simply means placing the NPX in a known state unaffected by any activity
performed earlier. The example software routine to recognize the 80287 (table 3-1) performed this
initialization using a single FNINIT instruction. This instruction causes the NPX to be initialized in
the same way as that caused by the hardware RESET signal to the 80287. All the error masks are set,
all registers are tagged empty, the ST is set to zero, and default rounding, precision, and infinity
controls are set. Table 3-1 shows the state of the 80287 NPX following initialization.

Following a hardware RESET signal, such as after initial power-up, the 80287 is initialized in Real-
Address mode. Once the 80287 has been switched to Protected mode (using the FSETPM instruction),
only another hardware RESET can switch the 80287 back to Real-Address mode. The FNINIT
instruction does not switch the operating state of the 80287.

80287 Emulation

If it is determined that no 80287 NPX is available in the system, systems software may decide to
emulate ESC instructions in software. This emulation is easily supported by the 80286 hardware, because
the 80286 can be configured to trap to a software emulation routine whenever it encounters an ESC
instruction in its instruction stream.

Table 3-1. NPX Processor State Following Initialization

Field Value Interpretation
Control Word
Infinity Control 0 Projective
Rounding Control 00 Round to nearest
Precision Control 11 64 bits
Interrupt-Enable Mask 1 Interrupts disabled
Exception Masks 111111 All exceptions masked
Status Word
Busy 0 Not busy
Condition Code 77? (Indeterminate)
Stack Top 000 Empty stack
Interrupt Request 0 No interrupt
Exception Flags 000000 No exceptions
Tag Word
Tags 11 Empty
Registers : N.C. Not changed
Exception Pointers
Instruction Code N.C. Not changed
Instruction Address N.C. Not changed
Operand Address N.C. Not changed
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As described previously, whenever the 80286 CPU encounters an ESC instruction, and its MP and
EM status bits are set appropriately (MP=0, EM=1), the 80286 will automatically trap to interrupt
#7, the Processor Extension Not Available exception. The return link stored on the stack points to the
first byte of the ESC instruction, including the prefix byte(s), if any. The exception handler can use
this return link to examine the ESC instruction and proceed to emulate the numeric instruction in
software.

The emulator must step the return pointer so that, upon return from the exception handler, execution
can resume at the first instruction following the ESC instruction.

To an application program, execution on an 80286 system with 80287 emulation is almost indistin-
guishable from execution on an 80287 system, except for the difference in execution speeds.

There are several important considerations when using emulation on an 80286 system:

e When operating in Protected-Address mode, numeric applications using the emulator must be
executed in execute-readable code segments. Numeric software cannot be emulated if it is executed
in execute-only code segments. This is because the emulator must be able to examine the particular
numeric instruction that caused the Emulation trap.

e Only privileged tasks can place the 80286 in emulation mode. The instructions necessary to place
the 80286 in Emulation mode are privileged instructions, and are not typically accessible to an
application. v

An emulator package (E80287) that runs on 80286 systems is available from Intel in the 8086 Software
Toolbox, Order Number 122203. This emulation package operates in both Real and Protected mode,
providing a complete functional equivalent for the 80287 emulated in software.

When using the E80287 emulator, writers of numeric exception handlers should be aware of one slight
difference between the emulated 80287 and the 80287 hardware:

e On the 80287 hardware, exception handlers are invoked by the 80286 at the first WAIT or ESC
instruction following the instruction causing the exception. The return link, stored on the 80286
stack, points to this second WAIT or ESC instruction where execution will resume following a
return from the exception handler.

e Using the E80287 emulator, numeric exception handlers are invoked from within the emulator itself.
The return link stored on the stack when the exception handler is invoked will therefore point back
to the E80287 emulator, rather than to the program code actually being executed (emulated). An
IRET return from the exception handler returns to the emulator, which then returns immediately
to the emulated program. This added layer of indirection should not cause confusion, however,
because the instruction causing the exception can always be identified from the 80287’s instruction
and data pointers.

Handling Numeric Processing Exceptions

Once the 80287 has been initialized and normal execution of applications has been commenced, the
80287 NPX may occasionally require attention in order to recover from numeric processing errors.
This section provides details for writing software exception handlers for numeric exceptions. Numeric
processing exceptions have already been introduced in previous sections of this manual.
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As discussed previously, the 80287 NPX can take one of two actions when it recognizes a numeric
exception:

o If the exception is masked, the NPX will automatically perform its own masked exception response,
correcting the exception condition according to fixed rules, and then continuing with its instruction
execution.

o If the exception is unmasked, the NPX signals the exception to the 80286 CPU using the ERROR
status line between the two processors. Each time the 80286 encounters an ESC or WAIT instruc-
tion in its instruction stream, the CPU checks the condition of this ERROR status line. If ERROR
is active, the CPU automatically traps to Interrupt vector #16, the Processor Extension Error trap.

Interrupt vector #16 typically points to a software exception handler, which may or may not be a part
of systems software. This exception handler takes the form of an 80286 interrupt procedure.

When handling numeric errors, the CPU has two responsibilities:

* The CPU must not disturb the numeric context when an error is detected.
e The CPU must clear the error and attempt recovery from the error.

Although the manner in which programmers may treat these responsibilities varies from one imple-
mentation to the next, most exception handlers will include these basic steps:

» Store the NPX environment (control, status, and tag words, operand and instruction pointers) as it
existed at the time of the exception.

¢ Clear the exception bits in the status word.

* Enable interrupts on the CPU.

« Identify the exception by examining the status and control words in the save environment.

o Take some system-dependent action to rectify the exception.

e Return to the interrupted program and resume normal execution.

It should be noted that the NPX exception pointers contained in the stored NPX environment will take
different forms, depending on whether the NPX is operating in Real-Address mode or in Protected

mode. The earlier discussion of Real versus Protected mode details how this information is presented
in each of the two operating modes. ‘

Simultaneous Exception Response

In cases where multiple exceptions arise simultaneously, the 80287 signals one exception according to
the precedence sequence shown in table 3-2. This means, for example, that zero divided by zero will
result in an invalid operation, and not a zero divide exception.

Exception Recovery Examples

Recovery routines for NPX exceptions can take a variety of forms. They can change the arithmetic
and programming rules of the NPX. These changes may redefine the default fix-up for an error, change

the appearance of the NPX to the programmer, or change how arithmetic is defined on the NPX.

A change to an error response might be to automatically normalize all denormals loaded from memory.
A change in appearance might be extending the register stack into memory to provide an “infinite”
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Table 3-2. Precedence of NPX Exceptions

Signaled First: Denormalized operand (if unmasked)
Invalid operation
Zero divide
Denormalized (if masked)
Over/Underflow

Signaled Last: ' Precision

number of numeric registers. The arithmetic of the NPX can be changed to automatically extend the
precision and range of variables when exceeded. All these functions can be implemented on the NPX
via numeric errors and associated recovery routines in a manner transparent to the application
programmer. ‘

Some other possible system-dependent actions, mentioned previously, may include:

* Incrementing an exception counter for later display or printing

¢ Printing or displaying diagnostic information (e.g., the 80287 environment and registers)
¢ Aborting further execution

e Storing a diagnostic value (a NaN) in the result and continuing with the computation

Notice that an exception may or may not constitute an error, depending on the implementation. Once
the exception handler corrects the error condition causing the exception, the floating-point instruction
that caused the exception can be restarted, if appropriate. This cannot be accomplished using the
IRET instruction, however, because the trap occurs at the ESC or WAIT instruction following the
offending ESC instruction. The exception handler must obtain from the NPX the address of the
offending instruction in the task that initiated it, make a copy of it, execute the copy in the context of
the offending task, and then return via IRET to the current CPU instruction stream.

In order to correct the condition causing the numeric exception, exception handlers must recognize the
precise state of the NPX at the time the exception handler was invoked, and be able to reconstruct the
state of the NPX when the exception initially occurred. To reconstruct the state of the NPX, program-
mers must understand when, during the execution of an NPX instruction, exceptions are actually
recognized. ’

Invalid operation, zero divide, and denormalized exceptions are detected before an operation begins,
whereas overflow, underflow, and precision exceptions are not raised until a true result has been
computed. When a before exception is detected, the NPX register stack and memory have not yet been
updated, and appear as if the offending instructions has not been executed.

When an after exception is detected, the register stack and memory appear as if the instruction has
run to completion; i.e., they may be updated. (However, in a store or store-and-pop operation, unmasked
over/underflow is handled like a before exception; memory is not updated and the stack is not popped.)
The programming examples contained in Chapter Four include an outline of severai vxcepiion handlers
to process numeric exceptions for the 80287.
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CHAPTER 4
NUMERIC PROGRAMMING EXAMPLES

The following sections contain examples of numeric programs for the 80287 NPX written in ASM286.
These examples are intended to illustrate some of the techniques for programming the 80287 comput-
ing system for numeric applications.

CONDITIONAL BRANCHING EXAMPLES

As discussed in Chapter Two, several numeric instructions post their results to the condition code bits
of the 80287 status word. Although there are many ways to implement conditional branching following
a comparison, the basic approach is as follows:

e Execute the comparison.

o Store the status word. (80287 allows storing status directly into AX register.)
o Inspect the condition code bits.

* Jump on the result.

Figure 4-1 is a code fragment that illustrates how two memory-resident long real numbers might be
compared (similar code could be used with the FTST instruction). The numbers are called A and B,
and the comparison is A to B.

The comparison itself requires loading A onto the top of the 80287 register stack and then comparing
it to B, while popping the stack with the same instruction. The status word is then written into the
80286 AX register.

A and B have four possible orderings, and bits C3, C2, and CO of the condition code indicate which
ordering holds. These bits are positioned in the upper byte of the NPX status word so as to correspond
to the CPU’s zero, parity, and carry flags (ZF, PF, and CF), when the byte is written into the flags.
The code fragment sets ZF, PF, and CF of the CPU status word to the values of C3, C2, and CO of
the NPX status word, and then uses the CPU conditional jump instructions to test the flags. The
resulting code is extremely compact, requiring only seven instructions.

The FXAM instruction updates all four condition code bits. Figure 4-2 shows how a jump table can be
used to determine the characteristics of the value examined. The jump table (FXAM_TBL) is initial-
ized to contain the 16-bit displacement of 16 labels, one for each possible condition code setting. Note
that four of the table entries contain the same value, because four condition code settings correspond
to “empty.”

The program fragment performs the FXAM and stores the status word. It then manipulates the condi-
tion code bits to finally produce a number in register BX that equals the condition code times 2. This
involves zeroing the unused bits in the byte that contains the code, shifting C3 to the right so that it is
adjacent to C2, and then shifting the code to multiply it by 2. The resulting value is used as an index
that selects one of the displacements from FXAM_TBL (the multiplication of the condition code is
required because of the 2-byte length of each value in FXAM_TBL). The unconditional JMP instruc-
tion effectively vectors through the jump table to the labelled routine that contains code (not shown in
the example) to process each possible result of the FXAM instruction.
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A D@ ?
B Da ?
FLD A 7 LOAD A ONTO TOP OF 287 STACK
FCOMP B + COMPARE A:B, POP A
FSTSW AX s+ STORE RESULT TO CPU AX REGISTER
1 CPU AX REGISTER CONTAINS CONDITION CODES (RESULTS OF
y COMPARE)
H LOAD CONDITION CODES INTO CPU FLAGS
SAHF
;
1 USE CONDITIONAL JUMPS TO DETERMINE ORDERING OF A TO
1 B
i
JP A_B_UNORDERED s TEST C2 (PF)
JB A_LESS s TEST CO0 (CF)
JE A_EQUAL i TEST C3 (2F)
A_GREATER: 1 C0 (CF) = 0, C3 (2F) = 0
A_EQUAL: 1 C0 CCF) = 0, C3 (2F) = 1
A_LESS: 3y CO0 (CF) = 1, C3 (Z2F) = O
A_B_UNORDERED: 1 C2 (PF) = 1
Figure 4-1. Conditional Branching for Compares
i JUMP TABLE FOR EXAMINE ROUTINE
:
FXAM_TBL DW POS_UNNORM, POS_NAN, NEG_UNNORM, NEG_NAN,
: POS NORM, POS_INFINITY, NEG_NORM,
' NEG_INFINITY, POS_ZERO, EMPTY, NEG_ZEKRD,
[ EMPTY, POS_DENORM, EMPTY, NEG_DENORM, EMPTY

i+ EXAMINE ST AND STORE RESULT (CONDITION CODES)
FXAM
FSTSW AX

Figure 4-2. Conditional Branching for FXAM
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H
3 CALCULATE OFFSET INTO JUMP TABLE

Mmov BH, 0 ; CLEAR UPPER HALF OF BX,
mav BL,AH ; LOAD CONDITION CODE INTO BL
AND BL,00000111B ; CLEAR ALL BITS EXCEPT C2-C0O
AND AH,01000000B ; CLEAR ALL BITS EXCEPT C3
SHR AH,2 3 SHIFT C3 TWO PLACES RIGHT
SAL BX,1 ;i SHIFT C2-C0 1 PLACE LEFT (MULTIPLY
i BY 2)
OR BL,AH i+ DROP C3 BACK IN ADJACENT TO C2
1

(000XXXX0)

JUMP TO THE ROUTINE ‘ADDRESSED’ BY CONDITION CODE

i
i
JMP FXAM_TBLIBX]
;3 HERE ARE THE JUMP TARGETS, ONE TO HANDLE
: EACH POSSIBLE RESULT OF FXAM
POS_UNNORM:
POS_NAN:

NEG_UNNORM:
NEG_NAN:
POS_NORM:
POS_INFINITY:
NEG_NORM:
NEG_INFINITY:
POS_ZERD:
EMPTY:
NEG_ZERO:
POS_DENORM:

NEG_DENORM:

Figure 4-2. Conditional Branching for FXAM (Cont’d.)

EXCEPTION HANDLING EXAMPLES

There are many approaches to writing exception handlers. One useful technique is to consider the
exception handler procedure as consisting of “prologue,” “body,” and “epilogue” sections of code. (For
compatibility with the 80287 emulators, this procedure should be invoked by interrupt pointer (vector)
number 16.)
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At the beginning of the prologue, CPU interrupts have been disabled. The prologue performs all
functions that must be protected from possible interruption by higher-priority sources. Typically, this
will involve saving CPU registers and transferring diagnostic information from the 80287 to memory.
When the critical processing has been completed, the prologue may enable CPU interrupts to allow
higher-priority interrupt handlers to preempt the exception handler.

The exception handler body examines the diagnostic information and makes a response that is neces-
sarily application-dependent. This response may range from halting execution, to displaying a message,
to attempting to repair the problem and proceed with normal execution.

The epilogue essentially reverses the actions of the prologue, restoring the CPU and the NPX so that
normal execution can be resumed. The epilogue must not load an unmasked exception flag into the
80287 or another exception will be requested immediately.

Figure 4-3 through 4-5 show the ASM286 coding of three skeleton exception handlers. They show how
prologues and epilogues can be written for various situations, but provide comments indicating only
where the application-dependent exception handling body should be placed.

Figure 4-3 and 4-4 are very similar; their only substantial difference is their choice of instructions to
save and restore the 80287. The tradeoff here is between the increased diagnostic information provided
by FNSAVE and the faster execution of FNSTENV. For applications that are sensitive to interrupt
latency or that do not need to examine register contents, FNSTENV reduces the duration of the “criti-
cal region,” during which the CPU will not recognize another interrupt request (unless it is 2 nonmask-
able interrupt).

After the exception handler body, the epilogues prepare the CPU and the NPX to resume execution
from the point of interruption (i.e., the instruction following the one that generated the unmasked
exception). Notice that the exception flags in the memory image that is loaded into the 80287 are
cleared to zero prior to reloading (in fact, in these examples, the entire status word image is cleared).

The examples in figures 4-3 and 4-4 assume that the exception handler itself will not cause an unmasked
exception. Where this is a possibility, the general approach shown in figure 4-5 can be employed. The
basic technique is to save the full 80287 state and then to load a new control word in the prologue.
Note that considerable care should be taken when designing an exception handler of this type to prevent
the handler from being reentered endlessly.

SAVE_ALL , PROC

H

; SAVE CPU REGISTERS, ALLOCATE STACK SPACE
; FOR 80287 STATE IMAGE

PUSH BP
Mov BP,SP
SUB SP,94

; SAVE FULL 80287 STATE, WAIT FOR COMPLETION,
i ENABLE CPU INTERRUPTS

FNSAVE [BP-94]

FRAIT

STI

APPLICATION-DEPENDENT EXCEPTION HANDLING
CODE GOES HERE '

Figure 4-3. Full-State Exception Handler
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CLEAR EXCEPTION FLAGS IN STATUS WORD

RESTORE MODIFIED STATE

IMAGE
mov BYTE PTR [(BP-921, 0H
FRSTOR [BP-94] )

DE-ALLOCATE STACK SPACE, RESTORE CPU REGISTERS
mov SP,BP

POP BP

: RETURN TO INTERRUPTED CALCULATION
IRET

SAVE_ALL ENDP

Figure 4-3. Full-State Exception Handler (Cont’d.)

SAVE_ENVIRONMENT PROC

.
1
.
1
.
1

-

SAVE CPU REGISTERS, ALLOCATE STACK SPACE
FOR 80287 ENVIRONMENT

PUSH BP
mov BP,SP
SUB SP,14

SAVE ENVIRONMENT, WAIT FOR COMPLETION,
ENABLE CPU INTERRUPTS

FNSTENV [BP-14]

FRALIT

STI

APPLICATION EXCEPTION-HANDLING CODE GOES HERE

CLEAR EXCEPTION FLAGS IN STATUS WORD
RESTORE MODIFIED
ENVIRONMENT IMAGE
Mov BYTE PTR [BP-121, OH
FLDENV [BP-14]
DE-ALLOCATE STACK SPACE, RESTORE CPU REGISTERS
Mov SP,BP
PoP BP

RETURN TO INTERRUPTED CALCULATION
IRET

SAVE_ENVIRONMENT ENDP

Figure 4-4. Reduced-Latency Exception Handler
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LOCAL_CONTROL DW ? 3 ASSUME INITIALIZED
REENTRANT PROC

H
; SAVE CPU REGISTERS, ALLOCATE STACK SPACE FOR
; 80287 STATE IMAGE

PUSH BP
mav BP,SP
SUB SP,94

; SAVE STATE, LOAD NEW CONTROL WORD,
FOR COMPLETION, ENABLE CPU INTERRUPTS
FNSAVE [BP-94]
FLDCHW LOCAL_CONTROL
STI

APPLICATION EXCEPTION HANDLING CODE GOES HERE.
AN UNMASKED EXCEPTION GENERATED HERE WILL
CAUSE THE EXCEPTION HANDLER TO BE REENTERED.
IF LOCAL STORAGE IS NEEDED, IT MUST BE
ALLOCATED ON THE CPU STACK.

; CLEAR EXCEPTION FLAGS IN STATUS WORD
; RESTORE MODIFIED STATE IMAGE
Mmov BYTE PTR [BP-921, O0H
FRSTOR [BP-94]
; DE-ALLOCATE STACK SPACE, RESTORE CPU REGISTERS

Mmov SP,BP
Pop BP

; RETURN TO POINT OF INTERRUPTION
IRET

REENTRANT ENDP

Figure 4-5. Reentrant Exception Handler
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FLOATING-POINT TO ASCIl CONVERSION EXAMPLES |

Numeric programs must typically format their results at some point for presentation and inspection by
the program user. In many cases, numeric results are formatted as ASCII strings for printing or display.
This example shows how floating-point values can be converted to decimal ASCII character strings.
The function shown in figure 4-6 can be invoked from PL/M-286, Pascal-286, FORTRAN-286, or

ASM286 routines.

Shortness, speed, and accuracy were chosen rather than providing the maximum number of significant
digits possible. An attempt is made to keep integers in their own domain to avoid unnecessary conver-

sion errors.

Using the extended precision real number format, this routine achieves a worst case accuracy of three
units in the 16th decimal position for a noninteger value or integers greater than 10'®. This is double
precision accuracy. With values having decimal exponents less than 100 in magnitude, the accuracy is
one unit in the 17th decimal position.

Higher precision can be achieved with greater care in programming, larger program size, and lower
performance.

1iAPX2B&6 MACRO ASSEMBLER B802B7 Floating-Point to 18-Digit ASCII Conversion 10:12:38 09/25/83 PAGE 1
SERIES-I1I11 iAPX286 MACRO ASSEMBLER X108 ASSEMBLY OF MODULE FLOATING_TO_ASCII
OBJECT MODULE PLACED IN :F3:FPASC. OBJ
ASSEMBLER INVOKED BY: ASM286.86 :F3: FPASC. AP2
Lac 0By LINE SOURCE
1 +1 $title("B0287 Floating-Point to 18-Digit ASCII Conversion”)
2
3 name floating_to_ascii
4
5 public floating_to_ascii
& extrn get_power_10:near, tos_status: near
7 i
8 i This subroutine will convert the floating point number in tne
? i top of the BO2B7 stack to an ASCII string and separate power of 10
10 i scaling value (in binary). The maximum width of the ASCII string
11 i formed is controlled by a parameter which must be > 1. Unnormal values,
12 i denormal valuves, and psuedo zeroes will be correctly converted.
13 i A returned value will indicate how many bindry bits of
14 i precision were lost in an unnormal or denormal value. The magnitude
15 i (in terms of binary power) of a psuedo zero will also be indicated.
16 i Integers less than 10##18 in magnitude are accurately converted if the
17 i destination ASCII string field is wide enough to hold all the
i8 i digits. Otherwise the value is converted to scientific notation.
19 i
20 i The status of the conversion is identified by the return value,
21 i it can be:
22 i
23 i ] conversion complete, string_size is defined
24 i 1 invalid arguments
25 i 2 exact integer conversion, string_size is defined
26 i 3 indefinite
27 i 4 + NAN (Not A Number)
28 i 5 = NAN
29 i 6 + Infinity
30 3 7 - Infinity
31 i 8 psvedo zero found, string_size is defined
32 i
33 i The PLM/2B6 calling convention is:
34 i
3s i floating_to_ascii:
36 ; procedure (number,denormal_ptr,string_ptr, size_ptr, field_size,
37 i power_ptr) word external;
a8 i declare (denormal_ptr, string_ptr,power_ptr,size_ptr) pointer;
a9 i declare field_size word, string_size based size_ptr word:
40 i declare number real;
41 i declare denormal integer based denormal_ptr;
42 i declare power integer based power_ptr;
43 i end floating_to_ascii;
44 ;
45 i The floating point value is expected to be on the top of the NPX
46 i stack. This subroutine expects 3 free entries on the NPX stack and
47 i will pop the passed value off when done. The generated ASCII string
48 i will have a leading character either ‘-’ or ‘+’ indicating the sign
49 i of the value. The ASCII decimal digits will immediately follow.
50 i The numeric value of the ASCII string is (ASCII STRING. )#10%%POWER.

Figure 4-6. Floating-Point to ASCIl Conversion Routine
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iAPX286 MACRO ASSEMBLER

Loc 0By

0000L 1
0002C1
0004C1

0000 0AOO

80287 Floating-Point to 18-Digit ASCII Conversion 10:12:38 09/25/83 PAGE
)
LINE SOURCE /
51 If the given number was zero, the ASCII string will contain a sign
52 and a single zero chacter. The value string_size indicates the total
53 length of the ASCII string including the sign character. String(0) will
54 always hold the sign. It is possible for string_size to be less than
55 field_size. This occurs for zeroes or integer values. A psuedo zero
56 will return a special return code. The denormal count will indicate
57 the power of two originally associated with the value. The power of
58 ten and ASCII string will be as if the value was an ordinary zero.
59 B
60 This subroutine is accurate up to a maximum of 18 decimal digits for
61 integers. Integer values will have a decimal power of zero associated
62 with them. For non integers, the result will be accurate to within 2
63 i decimal digits of the 16th decimal place (double precision). The
64 H exponentiate instruction is also used for scaling the value into the
&5 i Tange acceptable for the BCD data type. The rounding mode in effect
&6 H on entry to the subroutine is used for the conversion.
67 i
&8 i The following registers are not transparent:
&9 i
70 i ax bx cx dx si ‘di flags
71 i
72 +1 seject
73 i
74 i Define the stack layout.
75 i
76 bp_save equ word ptr Cbpl
77 es_save equ bp_save + size bp_save
78 return_ptr equ es_save + size es_save
79 power_ptr equ return_ptr + size return_ptr
80 field_size equ power_ptr + size power_ptr
81 size_ptr equ field_size + size field_size
a2 string_ptr equ size_ptr + size size_ptr
83 denormal_ptr equ string_ptr + size string_ptr
84
85 parms_size equ size power_ptr + size field_size + size size_ptr +
86 & size string _ptr + size denormal_ptr
87 i
a8 i Define constants used
89 i »
90 BCD_DIGITS equ 18 i Number of digits in bcd_value
91 WORD_S1ZE equ 2
92 BCD_SIZE equ 10
%3 MINUS equ 1 1 Define return values
94 NAN equ 4 i The exact values chosen here are
95 INFINITY equ 3 i important. They must correspond to
96 INDEF INITE equ 3 + the possible return values and be in
97 PSUEDO_ZERO equ 8 i the same numeric order as tested by
98 INVALID equ -2 i the program.
99 ZERO equ -4
100 DENDRMAL. equ -6
101 UNNORMAL equ -8
102 NORMAL equ [}
103 EXACT equ 2
104 i N
108 H Define layout of temporary storage area.
106 i
107 status equ word ptr Cbp-WORD_SIZE)
108 power_two equ status - WORD_SIZE
109 power_ten equ power_two — WORD_SIZE
110 bcd_value equ tbyte ptr power_ten - BCD_SIZE
111 bcd_byte equ byte ptr bcd_value
112 fraction equ bcd_value
113
114 local_size equ size status + size power_two + size power_ten
115 & + size bcd_value
116
117 stack stackseg (local_size+b6) ; Allocate stack space for locals
118 +1  Seject
119 code segment er public
120 extrn power_table: quord
121 i
122 i Constants used by this function.
123 i
124 even i Optimize for 16 bits
128 consti0 dw 10 1 Adjustment value for too big BCD
126 i .
127 i Convert the €3,C2,C1,CO encoding from tos_status into meaningful bit
128 i flags and values.
129 i
130 status_table db UNNORMAL, NAN, UNNORMAL + MINUS, NAN + MINUS,
131 & NORMAL, INFINITY, NORMAL + MINUS, INFINITY + MINUS,
132 & ZERO, INVALID, ZERO + MINUS, INVALID,
133 & DENORMAL, INVALID, DENORMAL + MINUS, INVALID

Figure 4-6. Floating-Point to ASCII Conversion Routine (Cont’d.)
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iAPX286 MACRO ASSEMBLER

LOC OBY

0012

0020

0023

0023
0025

0029

0028

002E

002E
0031
0033
0034

0036
0039
003C
OO3F
0042
0045

0047
0049

004B

004B
004C

0050
0053
0056

0058
0059
00SC

00SE
0061

0061
0063

0065
0067

0069

006B
006D
006F
0072
0074
0077
0079
007¢

007E
0081

EBO0OO E
8BD8
2EBAB70200 R
3CFE
752B

C€20A00

DDD8
EBO2

BOFE

ce
07
€20A00

DB7EFO
ABO1
9B
74F3

BBOOCO
2BSEFS&
OBSEF4
OBSEF2
OBSEFO
75E2

BOO3
EBDE

06
€8100000

BB4EO8
B3F902
7CCF

49
B83F912
7603

B?1200

3c06
7DBE

3C04
7DCS

BOFAFA
732C

80287 Floating-Point to 18-Digit ASCII Conversion

LINE

SOURCE

floating_to_ascii proc

10:12: 38 09/25/83 PAGE

Look at status of ST(O)
Get descriptor from table

Look for empty ST(O)

call tos_status i
mov bx,ax i
mov al,status_tablelbx]
cmp al, INVALID i
Jne not_empty
i ST(0) is empty! Return the status valve.
ret parms_size

i Remove infinity from stack and exit

found_infinity:

st(0) i
short exit_proc

Fstp
Jmp

i String space is too small!

small_string:

mov al, INVALID
exit_proc:
leave i
pop es
ret parms_size
ST(0) is NAN or indefinite.

Return

OK to leave fstp running

invalid code.

Restore stack

Store the value in memory and look

at the fraction field to separate indefinite from an ordinary NAN.

NAN_or_indefinite:

Remove value from stack for examination
Look at sign bit

Insure store is done

Can‘t be indefinite if positive

Match against upper 16 bits of fraction
Compare bits 63-48

fstp fraction i
test al, MINUS i
fwait i
Jz exit_proc i
mov bx, OCOOOH i
sub bx,word ptr fraction+6t
or bx,word ptr fraction+4
or bx,word ptr fraction+2
or bx,word ptr fraction i
Jnz exit_proc

mov al, INDEFINITE i
Jmp exit_proc

Allocate stack space for local
addressibility.

n

ot_empty:

push es i
enter local_size,0 i
mov cx, field_size i
cmp cx, 2
J1 small_string
dec cx i
cmp cx, BCD_DIGITS H
Jbe size_ok
mov cx, BCD_DIGITS i

size_ok:
cmp al, INFINITY i
Jge found_infinity 5
cmp al, NAN ;
Jge NAN_or_indefinite

i Set default return values and

Bits 32~47 must be zero
Bits*31-16 must be zero
Bits 15-0 must be zero

Set return value for indefinite value

variables and establish parameter

Save working register
Format stack

Check for enough string space

Adjust for sign character
See if string is too large for BCD

Else set maximum string size

Look for infinity
Return status value for + or - inf.

Look for NAN or INDEFINITE

check that the number is normalized.

fabs i Use positive value only
i sign bit in al has true sign of value
mov dx,ax i Save return value for later
xor ax, ax i Form O constant
mov di,denormal_ptr i Zero denormal count
mov word ptr [dil,ax
mov bx, power_ptr i Zero power of ten value
mov word ptr [bxl,ax
cmp d1, ZERO i Test for zero
Jae real_zero i Skip power code if value is zero
cmp d1, DENORMAL i Look for a denormal value
Jae found_denormal i Handle it specially

Figure 4-6. Floating-Point to ASCII Conversion Routine (Cont’d.)
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1APX286 MACRO ASSEMBLER 80287 Floating-Point to 18-Digit ASCII Conversion 10:12:38 09/25/83 PAGE
Loc 0BJY LINE SOURCE
0083 D9F4 228 fxtract + Separate exponent from significand
0085 B8OFAF8 229 cmp d1, UNNORMAL 5 Test for unnormal value
ooss 7240 230 Jb normal_value
231
008A BOEAFSB 232 sub d 1, UNNORMAL-NORMAL 5 Return normal status with correct sign
233 i
234 i Normalize the fraction, adjyust the power of two in ST(1) and set
235 i the denormal count value.
236 i
237 i Assert: 0 <= ST(0) < 1.0
238 i
008D DYEB ggg £1d1 + Load constant to normalize fraction
008F 241 normalize_fraction:
242
008F DCC1 243 fadd st(1), st i Set integer bit in fraction
0091 DEE? 244 fsub + Form normalized fraction in ST(0)
0093 D9F4 245 fxtract i Power of two field will be negative
246 i of denmormal count
0095 D9C9 247 fxch 1 Put denormal count in ST(0)
0097 DF15 248 fist word ptr [dil i Put negative of denormal count in memory
0099 DEC2 249 faddp st(2), st i Form correct power of two in st(1)
250 ;3 OK to use word ptr [dil now
009B F71D 251 neg word ptr [dil i Form positive denormal count
009D 752B 252 Jnz not_psuedo_zero
253 i
254 i A psuedo zero will appear as an unnormal number. When attempting
255 ) to normalize it, the resultant fraction field will be zero. Performing
ggg i an fxtract on zero will yield a zero exponent value
)
00%9F D?C? 258 fxch ) Put power of two value in st(0)
00A1 DF1D 259 fistp word ptr [dil ) Set denormal count to power of two value
260 ) Word ptr [di) is not used by convert
261 i integer, OK to leave running
00A3 BOEAFB 262 sub d1, NORMAL-PSUEDO_ZERO i Set return value saving the sign bit
00A46 EFAL00 g:z Jmp convert_integer » Put zero value into memory
i N
265 i The number is & real zero, set the return value and setup for
266 i conversion to BCD
267 i
00A9 268 real_zero:
269
00A9 B0EAFC 270 sub d1, ZERO-NORMAL i Convert status to normal value
00AC E99E00 a7y Jmp convert_integer i Treat the zero as an integer
272 il
273 i The number is a denormal. FXTRACT will not work correctly in this
274 i case. To correctly separate the exponent and fraction, add a fixed
275 i constant to the exponent to guarantee the result is not a denormal.
276 )
00AF 277 found_denormal:
278
O0AF D9E8 279 £1d1 i Prepare to bump exponent
00B1 D9C? 280 fxch
00B3 D9F8 281 fprem ) Force denormal to smallest representable
282 ; extended real format exponent
OOBS D9F4 283 fxtract ) This will work correctly now
284 1
285 1 The power of the original denormal value has been safely isolated.
286 ) Check if the fraction value is an unnormal.
287 ’
00B7 DYES 288 fxam ) See if the fraction is an unnormal
00B? 9BDFEO 289 fatsw ax ) Bave 80287 status in CPU AX reg for later
00BC D9CY 290 fxch ) Put exponent in ST(0)
OOBE D9CA 291 fxch st(2) ) Put 1.9 into ST(0), exponent in ST(2)
00CO BOEAFA 292 sub d1, DENORMAL~NORMAL ) Return normal status with correct sign
C0C3 AT0044 292 test ax: 4400H 1 See if C3=C2=0 impling unnormal or NAN
00Cé 74C7 294 Jt normalize_fraction 5 Jump if fraction is an unnormal
293
00C8 DDD8 296 fstp st(0) ) Remove unnecessary 1.0 from st(0)
297
298 Calculate the decimal magnitude associated with this number to
299 within one order. This error will always be inevitable due to
300 rounding and lost precision. As a result, we will deliberately fail

)
l
'
'
301 ) to consider the LOGIO of the fraction value in calculating the order.
)
I
i
)

302 Since the fraction will always be ! <= F < 2, its LOG10 will not change
303 the basic accuracy of the function. To get the decimal order of magnitude,
304 simply multiply the power of two by LOG10(2) and truncate the result to
308 an integer.
306 i
00CA 307 normal_value:
0ocA 308 not_psuedo_zero:
309
00CA DB7EFO 310 fstp fraction ) bave Tne rraciion Tiwid Tur lever vew
00CD DFS6FC 3811 fist power_two i Save pouwer of two '
00DO D9EC 312 fldlg2 ) Get LOG1O(2)
313 ) Power_two is now e to use
00D2 DEC? 314 fmul 1+ Form LOG10(of exponent of number)
00D4 DFSEFA 315 fistp power_ten ) Any rounding mode will work here
316 i
317 i Check if the magnitude of the number tules out treating it as
318 l an integer.
a9 '
320 ' CX has the maximum number of decimal digits allowed.
321 l

Figure 4-6. Floating-Point to ASCII Conversion Routine (Cont’d.)
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iAPX286 MACRO ASSEMBLER

O11E

O11E

0123
0126
0129

0128
0130
0133
0138

0137
0137
013¢C
O13F
0142

0144

0149 FI

0148
0148

014D
014D

0150

0BJ
9B
BB44FA

2BC1
7722

DF44FC

9BDD7EFE
F746FE0040
7550

DDD8
8BDé&

8907
F7D8

EB0000
DB&EFO

2EDC940800

9BDFEO
A%0041
750C

2EDE360000
BOERFD

FFO7
EB14

2EDC940000
9BDFEO
A90001
7407

2EDEOE0000
FOF

D9FC

DF7&F0

BEOB0O

LINE

322
323
324
325
326

80287 Floating-Point to 18-Digit ASCII Conversion

10:12: 38 09/25/83 PAGE

Wait for power_ten to be valid

Get power of ten of value

Form scaling factor necessary in ax
Jump if number will not fit

Restore original number
Convert to exact return value
this is safe here

Copy value for compare
Test if its an integer

C3=1 implies it was an integer

Remove non integer value
Restore original return value

Set initial power of ten return value
Subtract one for each order of
magnitude the value is scaled by
Scaling factor is returned as exponent

Form power of ten of the maximum
BCD value to fit in the string

Combine powers of two

exponent was safe

a table of exact powers of ten.

pretest the
then adjust it by ten and

SOURCE
fuwait i
mov ax,power_ten i
sub ax.c i
Ja ad just_result i
i
i The numbet is between 1 and 10##(field _size).
i Test if it is an integer.
i
fild power_two i
mov si,dx } Save return value
sub d1, NORMAL-EXACT i
£1d fraction
fscale » Form full value,
fst st(1) i
frndint i
fcomp i Compare values
fatsw status i Save tus
test status, 4000H i
Jnz convert_integer
fstp st(0) i
mov dx) si i
i
i Scale the number to within the range allowed by the BCD format.
) The scaling operation should produce a number within one decimal order
i of magnitude of the largest decimal number representable within the
i given string width.
)
] The scaling power of ten value is in ax.
[
adjust_result:
mov word ptr Cbxl, ax i
neg ax [
s
call get_power_10 ¥
) and fraction
fld fraction ) Cet fraction
#mul i Combine fractions
mov si)cx [
shl il )
shl si,1 i Index in si
shl sis1
¢#ild power_two ]
faddp st(2), st
fscale i Form full value,
fstp st(1) ) Remove exponent
i
] Test the adjusted value against
] The combined errors of the magnitude estimate and power function can
) result in a value one order of magnitude too small or too large to fit
i correctly in the BCD field, To handle this problem
i adjusted value, if it is too small or large,
i adJust the power of ten value.
'
test_power:

fcom

fstsw ax

test ax, 4100H

Jnz test_for_small
fidiv constio

‘and dl,not EXACT

inc word ptr [bx1l
Jmp short in_range

test_for_small:

power_tablelsil+type power_table;

Compare against exact power
entry. Use the next entry since cx
has been decremented by one

No wait is necessary

1f C3 = CO = O then too big

Else adjust value

Remove exact flag

Adjust power of ten value

Convert the value to a BCD integer

Test relative size

No wait is necessary

If CO = O then st(0) D>= lower bound
Convert the value to a BCD integer

Adyust value into range
Ad just power of ten value

Form integer value

number will be exactly representable in 18 digit BCD format.

8tore as BCD format number

setup registers for the conversion to

fcom power_tablelsi) 1]
fetsw ax i
test ax, 100H i
Jt in_range i
fimul const10 )
dec word ptr Cbx] )
in_range:
frndint )
l
i Assert: 0 <= TOS <= 999, 999, 999, 999, 999, 999
' The TOS
I
convert_integer:
fbstp bcd_value i
1
i While the store BCD runs,
i ASCII.
l
mov si,BCD_SIZE-2 ]

Initial BCD index value

Figure 4-6.

Floating-Point to ASCIl Conversion Routine (Cont’d.)
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iAPX286 MACRO ASSEMBLER

Lac

0153
0156
0159
015C

O16F

O16F
0172
0174
0176
0178

017A
017C
O17E

0180
o181

0189
0189

018E

019F

O19F
01A2
V1A
01A6

ASSEMBLY COMPLETE.

OBJ

BP040F
BBO100
BB7EOC
ecoa
BECO
FC
BO2B
F6C201
7402

BO2D

AA
BOE2FE
9B

BAL2FO

BAGL2FO

0430

BAC4
22C5
43

0430

43
4E
79EA

BB7EOA
891D
ooLe
E9B0FE

80287 Floating-Point to 18-Digit ASCII Conversion

LINE

416
417
a18
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439

504

NO ‘WARNINGS,

SOURCE

mov cx, 0f04h i
mov bx.1 i
mov di,string_ptr )
mov ax.ds i
mov es,ax

cld i
mov al, '+’ i
test d1, MINUS i
Jz positive_result

mov al, ‘=

positive_result:

stosb
and
fuwait

dl,not MINUS

i Register usage:

10:12:38 09/25/83 PAGE

Set shift count and mask

Set initial size of ASCII field for sign
Get address of start of ASCII string
Copy ds to es

Set avtoincrement mode
Clear sign field
Look for negative value

Bump string pointer past sign
Turn off sign bit
Wait for fbstp to finish

ah: BCD byte value in use
al: ASCII character value
i dx: Return valuve
i ch: BCD mask = Ofh
i cl: BCD shift count = 4
i bx: ASCII string field width
i si: BCD field index
i di: ASCII string field pointer
i ds,es: ASCII string segment base
i Remove leading zeroes from the number
i
s

kip_leading_zeroes:

mov ah,bcd_bytelsil i
mov al, ah i
shr al,cl i
and al, ch i
Jnz enter_odd ;
mov al,ah i
and al,ch B
Jnz enter_even ;
dec si i
Jns skip_leading_zeroes

i The significand was all zeroes.

mov al, ’0” i
stosb

inc bx

Jmp short exit_with_value

i Now expand the BCD string into

digit_loop:

mov ah,bcd_bytelsil i

mov al, ah

shr al.cl i
enter_odd:

add al, ‘0’ i

stosb i

mov al,ah i

and al,ch

inc bx i
enter_even:

add al. ’0’ i

stosb i

inc bx 3

dec si i

Jns digit_loop

i Conversion complete. Set the

exit_with_value:

mov di,size_ptr

mov. word ptr [dil.bx

muv exrua 0

Jmp exit_proc
floating_to_ascii endp
code ends

end

NO ERRORS

Get BCD byte

Copy valvue

Get high order digit

Set zero flag

Exit loop if leading non zero found

Get BCD byte again
Get low order digit
Exit loop if non zero digit found

Decrément BCD index

Set initial zero

Bump string length

digit per byte values 0-9

Get BCD byte

Get high order digit

Convert to ASCII
Put digit into ASCII string area
Get low order digit

Bump field size counter

Convert to ASCII

Put digit into ASCII area
Bump field size counter
Go to next BCD byte

string size and remainder

&

Figure 4-6. Floating-Point to ASCIlI Conversion Routine (Cont’d.)
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NUMERIC PROGRAMMING EXAMPLES

iAPX286 MACRO ASSEMBLER

Calculate the value of 10##ax

12:11:08° 09/25/83 PAGE

SERIES-111 iAPX286 MACRO ASSEMBLER X!OB ASSEMBLY OF MODULE GET_POWER_10
OBJECT MODULE PLACED IN :F3:POW10. 0!

ASSEMBLER INVOKED BY:

Loc

0BY

000000000000F0
00000000000024
zgoooooooooosv
ooooooooooaoar
ooooooooooeec:
3goooooooosAF:
03000000805625
00000000D01263
0000000084D797
géOOOOOOGSCDCD
000000205FA002
050000E8764837
ogooooaavaxaeo
000040E59C30A2
0000901EC4BCD6
a2

00003426F36B0C
9080E03779C341
00A0DEES573476
00CBAE474DC1AB
43

301200
770F

3
8808

1E303
2EDDB70000
58
D9F4

B C3

DYE?
€8040000
89

9BDI7EFC
BB46FC
@SFFF3

8746FC

D9EB

-
-
z
m

VDN AR B DR~

22

23

24

25

+1

ASM286. B6 F:l POW10. AP2

SOURCE

$title("Calculate the value of 10##ax")
)

This subroutine will calculate the value of 10##ax.
For values of O <= ax < 19, the result will exact.
All 80286 registers are transparent and the value is returned on
the TOS two numb exponent in ST(1) and fraction in ST(0).
The exponent value n be larger than the largest exponent of an
extended real format number. Three stack entries are used.

name get_power_10

public get_power_10, power_table
stack stackseg B
code segment er public
i

¥ Use exact values from 1.0 to 1el8.
i

even i Optimize 16 bit access
power_table dq 1.0, 1e1, 102, 123

dq 104, 15, 104, 107

dq 18, 109, 1010, 1e11

dq 112, 1013, 1e14, 1015

dq le16,1e17, 1018

get_power_10 proc

cmp ax, 18 3 Test for O <= ax < 19

FL) out_of_range .

push bx ;1 Qet working index register
mov bx,ax 3 Form table index

shl bx, 3

f1d power_tableldx] i Get exact value

pop 5 Restore register value
fxtract 1 Separate power and fraction
ret i OK to leave fxtract running

i

i Calculate the value using the exponentiate instruction.

i The following relations are used:

3 10%#x = 2uu(log2(10)#x)

i 248 (I+F) = 2ua] % 2uaF

i if st(1) = I and st(0) = 2##F then fscale produces 2##(I+F)
i

°

u@_a’_ranyi:

f1d12¢ TOS = LOGR(10)
enter 4.0 Format stack
mov Cbp-21, ax Save power of 10 vi

alu
TOS, X = LOGR(10I#P = LDG!(IOI!P)

fimul word ptr L[bp-2)
Get current control word

fstew word ptr [bp-4)

mov ax,word ptr (bp-4] Qet control word, no wait necessary
and ax.,not OCOOH Mask off current rounding field
or ax, 0400H Set round to negative infinity

Put new control word in memory
old control word is in ax
Set T08 = ~-1.0

xchg ax,word ptr [bp-4]

+#1d1

Figure 4-6. Floating-Point to ASCII Conversion Routine (Cont’d.)

4-13




- ]
Intel NUMERIC PROGRAMMING EXAMPLES
iAPX286 MACRO ASSEMBLER Calculate the value of 10##ax 12:11: 08 09/25/83 PAGE 2
LOC OBJ LINE SOURCE
00CA DYEO 59 fchs
00CC D9C1 60 £1d st(1) i Copy power value in base two

OO0CE D9&EFC 61 fldcw  word ptr C[bp-4] + Set new control word value
00D1 D9FC b2 frndint i TOS = It -inf < I <= X, I is an integer
00D3 894&FC &3 mov word ptr [bp-41,ax ; Restore original rounding control
00Dé& DFLEFC b4 fldcw word ptr [bp-41
00D9 D9CA 65 £xch st(2) i TOS = X, ST(1) = -1.0, ST(2) =1
OODB D8E2 &6 fsub st, st(2) ; TOS,F = X-1: 0 <= 708 < 1.0
00DD B8BA44FE &7 mov ax, [bp-2] ;i Restore power of ten
OOEO D9FD &8 fscale 3 TOS = F/2: 0 <= T0S < 0.5
O0E2 D9FO &9 f2xm1 i TOS = 2##(F/2) - 1.0
O0E4 C? 70 leave i Restore stack
00ES DEE1 71 fsubr 1 Form 2#%(F/2)
00E7 DCC8 72 fmul st st(0) i Form 2#xF
O0E? €3 ;3 ret i OK to leave fmul running
75 get_power_10 endp
76
- 77 code ends
78 end

ASSEMBLY COMPLETE, ND WARNINGS, NO ERRORS

iAPX286 MACRO ASSEMBLER Determine TOS register contents 12:12:13 09/25/83 PAGE 1

SERIES-111 iAPX286 MACRO ASSEMBLER X108 ASSEMBLY OF MODULE TOS_STATUS
OBJECT MODULE PLACED IN :F3: TOSST. OBJ
ASSEMBLER INVOKED BY: ASM286.86 :F3:TOSST. AP2

LoC 0BV LINE SOURCE
1 +1 s$title("Determine TOS register contents")
2 i
3 i This subroutine will return a value from 0-15 in AX corresponding
4 i to the contents of 80287 TOS. All registers are transparent and no
5 i errors are possible. The return value corresponds to c3,c2,cl,cO
& i of FXAM instruction.
7 i
8 name tos_status
9
10 public tos_status
11
— 12 stack stackseg & } Allocate space on the stack
13
——— 14 code segment er public
15
0000 16 tos_status proc
17
0000 DFES 18 fxam i Get register contents status
0002 9BDFEO 19 fstsw ax i Get status
0005 BAC4 20 mov al, ah 5 Put bit 10-B into bits 2-0
0007 250740 21 and ax, 4007h 5 Mask out bits ¢3,c2,cl,c0
000A COECO3 22 shr ah, 3 i Put bit 3 into bit 11
000D OAC4 23 or al, ah i Put c3 into bit 3
000F B400 24 mov ah, 0 i Clear return value
0011 C3 25 ret
26
27 tos_status endp
28
——— 29 code ends
30 end

ASSEMBLY COMPLETE. NO WARNINGS, NO ERRORS

Fiaure 4-6. Flnatina-Point to ASCIl Conversion Routine (Cont’d.)

Ll b3 L1

Function Partitioning

Three separate modules implement the conversion. Most of the work of the conversion is done in the
module FLOATING_TO_ASCII. The other modules are provided separately, because they have a
more general use. One of them, GET_POWER_10, is also used by the ASCII to floating-point conver-
sion routine. The other small module, TOS_STATUS, will identify what, if anything, is in the top of
the numeric register stack.
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Exception Considerations

Care is taken inside the function to avoid generating exceptions. Any possible numeric value will be
accepted. The only exceptions possible would occur if insufficient space exists on the numeric register
stack.

The value passed in the numeric stack is checked for existence, type (NaN or infinity), and status
(unnormal, denormal, zero, sign). The string size is tested for a minimum and maximum value. If the
top of the register stack is empty, or the string size is too small, the function will return with an error
code.

Overflow and underflow is avoided inside the function for very large or very small numbers.

Special Instructions

The functions demonstrate the operation of several numeric instructions, different data types, and
precision control. Shown are instructions for automatic conversion to BCD, calculating the value of 10
raised to an integer value, establishing and maintaining concurrency, data synchronization, and use of
directed rounding on the NPX.

Without the extended precision data type and built-in exponential function, the double precision accuracy
of this function could not be attained with the size and speed of the shown example.

The function relies on the numeric BCD data type for conversion from binary floating-point to decimal.
It is not difficult to unpack the BCD digits into separate ASCII decimal digits. The major work involves
scaling the floating-point value to the comparatively limited range of BCD values. To print a 9-digit
result requires accurately scaling the given value to an integer between 10 and 10°. For example, the
number +0.123456789 requires a scaling factor of 10° to produce the value +123456789.0, which
can be stored in 9 BCD digits. The scale factor must be an exact power of 10 to avoid to changing any
of the printed digit values.

These routines should exactly convert all values exactly representable in decimal in the field size given.
Integer values that fit in the given string size will not be scaled, but directly stored into the BCD form.
Noninteger values exactly representable in decimal within the string size limits will also be exactly
converted. For example, 0.125 is exactly representable in binary or decimal. To convert this floating-
point value to decimal, the scaling factor will be 1000, resulting in 125. When scaling a value, the
function must keep track of where the decimal point lies in the final decimal value.

Description of Operation

Converting a floating-point number to decimal ASCII takes three major steps: identifying the magni-
tude of the number, scaling it for the BCD data type, and converting the BCD data type to a decimal
ASCII string.

Identifying the magnitude of the result requires finding the value X such that the number is repre-
sented by I*10%, where 1.0 <<= I << 10.0. Scaling the number requires multiplying it by a scaling
factor 108, so that the result is an integer requiring no more decimal digits than provided for in the
ASCII string.

Once scaled, the numeric rounding modes and BCD conversion put the number in a form easy to
convert to decimal ASCII by host software.
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Implementing each of these three steps requires attention to detail. To begin with, not all floating-point
values have a numeric meaning. Values such as infinity, indefinite, or Not a Number (NaN) may be
encountered by the conversion routine. The conversion routine should recognize these values and identify
them uniquely.

Special cases of numeric values also exist. Denormals, unnormals, and pseudo zero all have a numeric
value but should be recognized, because all of them indicate that precision was lost during some earlier
calculations.

Once it has been determined that the number has a numeric value, and it is normalized setting appro-
priate unnormal flags, the value must be scaled to the BCD range.

Scaling the Value

To scale the number, its magnitude must be determined. It is sufficient to calculate the magnitude to
an accuracy of 1 unit, or within a factor of 10 of the given value. After scaling the number, a check
will be made to see if the result falls in the range expected. If not, the result can be adjusted one
decimal order of magnitude up or down. The adjustment test after the scaling is necessary due to
inevitable inaccuracies in the scaling value.

Because the magnitude estimate need only be close, a fast technique is used. The magnitude is estimated
by multiplying the power of 2, the unbiased floating-point exponent, associated with the number by
log,,2. Rounding the result to an integer will produce an estimate of sufficient accuracy. Ignoring the
fraction value can introduce a maximum error of 0.32 in the result.

Using the magnitude of the value and size of the number string, the scaling factor can be calculated.
Calculating the scaling factor is the most inaccurate operation of the conversion process. The relation
10%=2**(X*log,10) is used for this function. The exponentiate instruction (F2XM1) will be used.

Due to restrictions on the range of values allowed by the F2XM1 instruction, the power of 2 value will
be split into integer and fraction components. The relation 2**(I + F) = 2**I * 2**F allows using
the FSCALE instruction to recombine the 2**F value, calculated through F2XM1, and the 2**I part.

INACCURACY IN SCALING

The inaccuracy of these operations arises because of the trailing zeros placed into the fraction value
when stripping off the integer valued bits. For each integer valued bit in the power of 2 vaiue separated
from the fraction bits, one bit of precision is lost in the fraction field due to the zero fill occurring in
the least significant bits. :

Up to 14 bits may be lost in the fraction because the largest allowed floating point exponent value is
21—1,

AVOIDING UNDERFLOW AND OVERFLOW

The fraction and exponent fields of the number are separated to avoid underflow and overflow in
calculating the scaling values. For example, to scale 107432 to 108 requires a scaling factor of 104%,
which cannot be represented by the NPX.

By separating the exponent and fraction, the scaling operation involves adding the exponents separate
from multiplying the fractions. The exponent arithmetic will involve small integers, all easily repre-
sented by the NPX.
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FINAL ADJUSTMENTS

It is possible that the power function (Get_Power_10) could produce a scaling value such that it forms
a scaled result larger than the ASCII field could allow. For example, scaling 9.9999999999999999 X
10%% by 1.00000000000000010 X 10~%52 would produce 1.00000000000000009 X 10'. The scale
factor is within the accuracy of the NPX and the result is within the conversion accuracy, but it cannot
be represented in BCD format. This is why there is a post-scaling test on the magnitude of the result.
The result can be multiplied or divided by 10, depending on whether the result was too small or too
large, respectively.

Output Format

For maximum flexibility in output formats, the position of the decimal point is indicated by a binary
integer called the power value. If the power value is zero, then the decimal point is assumed to be at
the right of the rightmost digit. Power values greater than zero indicate how many trailing zeros are
not shown. For each unit below zero, move the decimal point to the left in the string.

The last step of the conversion is storing the result in BCD and indicating where the decimal point lies.
The BCD string is then unpacked into ASCII decimal characters. The ASCII sign is set corresponding
to the sign of the original value.

TRIGONOMETRIC CALCULATION EXAMPLES

The 80287 instruction set does not provide a complete set of trigonometric functions that can be used
directly in calculations. Rather, the basic building blocks for implementing trigonometric functions are
provided by the FPTAN and FPREM instructions. The example in figure 4-7 shows how three trigon-
ometric functions (sine, cosine, and tangent) can be implementing using the 80287. All three functions
accept a valid angle argument between —262 and +2¢2. These functions may be called from
PL/M-286, Pascal-286, FORTRAN-286, or ASM286 routines.

These trigonometric functions use the partial tangent instruction together with trigonometric identities
to calculate the result. They are accurate to within 16 units of the low 4 bits of an extended precision
value. The functions are coded for speed and small size, with tradeoffs available for greater accuracy.

FPTAN and FPREM

These trigonometric functions use the FPTAN instruction of the NPX. FPTAN requires that the angle
argument be between 0 and /4 radians, 0 to 45 degrees. The FPREM instruction is used to reduce
the argument down to this range. The low three quotient bits set by FPREM identify which octant the
original angle was in.

One FPREM instruction iteration can reduce angles of 10'® radians or less in magnitude to /4! Larger
values can be reduced, but the meaning of the result is questionable, because any errors in the least
significant bits of that value represent changes of 45 degrees or more in the reduced angle.
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Cosine Uses Sine Code

To save code space, the cosine function uses most of the sine function code. The relation sin (IAl +
m/2) = cos(A) is used to convert the cosine argument into a sine argument. Adding /2 to the angle
is performed by adding 010, to the FPREM quotient bits identifying the argument’s octant.

It would be very inaccurate to add /2 to the cosine argument if it was very much different
from 7/2.

Depending on which octant the argument falls in, a different rélation will be used in the sine and
tangent functions. The program listings show which relations are used.

For the tangent function, the ratio produced by FPTAN will be directly evaluated. The sine function
will use either a sine or cosine relation depending on which octant the angle fell into. On exit, these
functions will normally leave a divide instruction in progress to maintain concurrency.

If the input angles are of a restricted range, such as from 0 to 45 degrees, then considerable optimiza-
tion is possible since full angle reduction and octant identification is not necessary.

All three functions begin by looking at the value given to them. Not a Number (NaN), infinity, or
empty registers must be specially treated. Unnormals need to be converted to normal values before the
FPTAN instruction will work correctly. Denormals will be converted to very small unnormals that do
work correctly for the FPTAN instruction. The sign of the angle is saved to control the sign of the
result.

Within the functions, close attention was paid to maintain concurrent execution of the 80287 and host.
The concurrent execution will effectively hide the execution time of the decision logic used in the
program.

1APX286 MACRD ASSEMBLER 80287 Trignometric Functions 10:13: 51 09/25/83 PAGE 1

BERIES-II1 iAPX286& MACRO ASSEMBLER XIOE ASBEMBLY OF MODULE TRIG_FUNCTIONS
OBJECT MODULE PLACED IN :F3:TRIG. O

ASSEMBLER INVOKED BY: ASM286. B6 F:l TRIG. AP2

Loc 0oBJ LINE SOURCE

1 +1 $title("80287 Trignometric Functions")

2
3 name trig_functions
4 public sine,cosine, tangent
5
——— 3 stack stackseg & i Reserve local space
* 8 sw_287 record resi:i,cond3:1, top:3;cond2:1,condl: 1, condO: 1,
9 & Tes2:8
ic
——— 11 code segment er public
12 i
13 ' Define local constants.
14 i
15 even
0000 g:ggggzlAEDAOF 16 pi_quarter dt SFFECYO0FDAA2216BC235R » P1/4
000CA 0O000COFF 17 indefinite dd OFFCO0000R i Indefinite special value

18 +1 Seject

Figure 4-7. Calculating Trigonomeitric Functions
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iAPX286 MACRO ASSEMBLER 80287 Trignometric Functions 10:13: 51 09/25/83 PACGE
Loc oBJ LINE S0URCE
19 i
20 i This subroutine calculates the sine or cosine of the angle, given in
21 i radians. The angle is in ST(0), the returned value will be in ST(O).
22 ] The result is accurate to within 7 units of the least significant three
3 i bits of the NPX extended real format. The PLM/B6 definition is:
=4 i
2% i sine: procedure (angle) real externals
26 i declare angle reals
27 i end sine;
28 i
=7 i cosine: procedure (angle) real externals
30 } declare angle real;
31 i end cosine)
32 i
33 } Three stack registers are required. The result of the function is
34 i defined as follows for the following arguments:
as i
36 ¥ angle result
37 i
a8 i valid or unnormal less than 2##42 in magnitude correct value
39 i zero 0 or
40 i denormal correct denormal
41 ) valid or unnormal greater than 2x#&2 indefinite
42 i infinity indefinite
43 1 NAN
44 i empty empty
45 +1  seject
46 i
47 i This function is based on the NPX fptan instruction. The fptan
48 » instruction will only work with an angle of from O to PI/4. With this
49 i instruction, the sine or cosine of angles from O to P1/4 can be accurately
50 } calculated. The technique used by this routine can calculate a general
51 ) sine or cosine by using one of four possible operations:
s2 i
83 ¥ Let R = langle mod PI1/41
54 ] 8§ = =1 or 1, according to the sign of the angle
85 i
86 i 1) sin(R) 2) cos(R) 3) sin(PI1/4-R) 4) cos(P1/4-R)
57 1
88 ) The choice of the relation and the sign of the result follows the
59 i decision table shown below based on the octant the angle falls in:
&0 i
&1 ' octant sine cosine
&2 )
' &3 i 0 Sl 2
64 i 1 54 3
&8 1 2 Bx2 —1%1
&6 ' 3 8#3 =1%4
&7 i 4 =81 -142
&8 i 5 ~B#4 =143
&9 i & -B#2
70 } 7 =843 4
71 I
72 +1  s$eject
73 ) s
;; [ Angle to sine function is a zero or unnormal.
i
000E 76 sine_zero_unnormal:
77
000E DDD%? 78 fstp st(1) + Remove P1/4
0010 7501 ;g Jnz enter_sine_normalize ) Jump if angle is unnormal
i
81 i Angle is a zero.
a2 )
0012 €3 83 Tet
84 )
85 i Angle is an unnormal.
86 i
0013 a7 enter_sine_normalize:
as
0013 EBO501 a9 call normalize_value
0014 EB2F :0 Jmp short enter_sine
1
0018 zg cosine proc + Entry point to cosine
0018 D9ES 94 fxam 1 Look at the value
001A FBDFEQ 93 fatsw  ax ) Store status value
001D 2EDBEOCCO R 9% fld pi_quarter 1 Setup for angle reduce
0022 01 97 mov el 1 8ignal cosine function
0024 9E 98 sah¢ J ZF = €3, PF = €2, CF = CO
0028 7263 99 Je funny_parameter i Jump if parameter is
100 1 empty, NAN, or infinity
101 )
:gg ' Angle is unnormal, normal, zers, denormal.
[
0027 DICe 104 f2ch ) 8t(0) = angle, st(1) = PI1/4
0029 7A1C ;gz Jpe enter_sine i Jump i{f normal or denormal
i
:g; [ Angle is an unnormal or zero.
i
0028 DDD? 109 fstp st(1) 1 Remove P1/4
002D 73E4 ::? Jnz enter_sine_normalize
[
112 1 Angle is a zero. cos(0) = 1.0

Figure 4-7. Calculating Trigonometric Functions (Cont’'d.)
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Lac

002F
0031
0033

0034

0034
0036
0039

003E 9

003F

0041
0043
0045

0047
0047

0053

0055
0057

0059
005C

00SF
0062
0064
0066

0068

0068
006B

006D
006F

0BJ

DDD8
DIE8
c3

DYES

9BDFEO
2EDB2E000O R
E

7249

DICT?
B100
7BC7

D9FB

93
FBDFEO

93
F6C704
7544

D9E1

0AC?
740F

B0OE4FD
80CFB0

B80C740

F&C702
7404

DEE?
EBOE

D9E4

1
9BDFEO
91
DDD?
F&6C540
7514

80287 Trignometric Functions

LINE

113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

SOURCE

fstp
f£1d1
ret

W

ine:

fxam
fstsw

sahf
Je

i Angle is unnormal,

fxch
mov
Jpo

ST(0)

radians

enter_sine:
fprem

xchg
fstsw

xchg

test
ynz

Assert:

fabs

or
Jz

This i

and
or

add
mov
rcl
xor

cos(A) =

st(0)

All work is done as a sine function
a cosine is converted to a sine

ax
pi_quarter

funny_parameter

cl,0
sine_zero_unnormal

is either a normal or denormal value
Use the fprem instruction to accurately reduce the range of the given
angle to within O and PI/4 in magnitude
angle in one shot,

normal,

10:13: 51 09/25/83 PAGE

Remove O
Return 1

By adding PI/2 to the angle

i

Of course the angle addition is not
done to the argument but rather to the program logic control values

Entry point for sine function

Look at the parameter

Look at fxam status

Get PI/4 value

CF = CO, PF = C2, IF = C3

Jump if empty, NAN, or infinity

or denormal

ST(1) = P1/4, st(0) angle
Signal sine

Jump if zero or unnormal
Both will work.

If fprem cannot reduce the

the angle is too big to be meaningful, > 2##62

Any roundoff error in the calculation of the angle given

axibx
ax

ax,bx

bh. high(mask cond2)
angle_too_big

~PI1/4 < st(0) < PI/4

cl,cl
sine_select

s a cosine function

ah,not high(mask cond1)

bh, BOH

bh,high(mask cond3)
al,

al, 1

bh,al

could completely change the result of this function
call this very rare case an error

cos(A)

i See if the argument should be reversed

i which the argument fell during fprem

sine_select:

test bh, high(mask cond1)
Jz no_sine_reverse
i
i Angle was in octants 1,3,5,7
fsub
Jmp short do_sine_fptan

i

i

no_sine_reverse:
ftst
xchg
fstsw
xchg
fstp
test
Jnz

Angle was in octants 0,2,4, 6
Test for a zero argument since fptan will

axicx

ax

ax,cx

st(1)

ch,high(mask cond3)
sine_argument_zero

It is safest to

Reduce angle

Note that fprem will force a
denormal to a very small unnormal
Fptan of a very small unnormal
will be the same very small
unnormal, which is correct.
Save old status in BX

Check if reduction was complete
Quotient in €O, C3,C1

Put new status in bx
sin(2#N*PI+x) = sin(x)

Set sign flags and test for which eighth of the revolution the
angle fell into

Force the argument positive
cond! bit in bx holds the sign
Test for sine or cosine function
Jump if sine function

Ignore the original sign of the angle
and add a quarter revolution to the octant id from the fprem instruction
sin(A+PI/2) and cos(iA!)

Turn off sign of argument
Prepare to add 010 to €O,C3.C1
status value in ax

Set busy bit so carry out from
C3 will go into the carry flag
Extract carry flag

Put carry flag in low bit

Add carry to CO not changing
€1 flag

depending on the octant in

Reverse angle if €1 = 1

Invert sense of rotation

0 < arg <= PI/4

not work if st(0) = 0O

Test for zero angle

cond3 = 1 if st(0) = O

Remove P1/4
If C3=1, argument is zero

Figure 4-7. Calculating Trigonometric Functions (Cont’d.)

4-20




NUMERIC PROGRAMMING EXAMPLES

iAPX286 MACRO ASSEMBLER 80287 Trignometric Functions 10:13:51 09/25/83 PAGE
LOC OBJ LINE SOURCE
207 i
208 ' Assert: O < st(0) <= P1/4
209 P
007F 210 do_sine_fptan:
211
007F D9F2 212 fptan i TAN ST(0) = ST(1)/ST(0) = Y/X
213
0081 214 after_sine_fptan:
215
0081 F&C742 216 test bh,high(mask cond3 + mask condl); Look at octant angle fell into
0084 7B1A 217 Jpo X_numerator i Calculate cosine for octants
218 P L2568
219 i
220 ' Calculate the sine of the argument.
221 i $in(A) = tan(A)/sqrt(i+tan(A)»=2) if tan(A) = Y/X then
222 i $in(A) = Y/sqrE(X#X + Y#Y)
223 i
0086 D9C1 224 £1d st(1) 1 Copy Y value
0088 EB1A 225 Jmp short finish_sine i Put Y value in numerator
226 i
227 i The top of the stack is either NAN, infinity, or empty.
228 i
0o8A 229 funny_parameter:
230
008A DDD& 231 fstp st(0) i Remove P1/4
008C 7404 232 Jz return_empty i Return empty if no parm
233
00BE 7B0O2 234 Jpo return_NAN i Jump if st(0) is NAN
235 i
236 i $t(0) is infinity. Return an indefinite value.
237 i
0090 D9F8 238 fprem i ST(1) can be anything
239
0092 240 Teturn_NAN:
0092 241 return_empty:
242
0092 €3 243 ret i Ok to leave fprem running
244 i
248 ¥ Simulate fptan with st(0) = 0O
246 i
0093 247 sine_argument_zero:
248
0093 D9EB 249 £1d1 i Simulate tan(0)
0095 EBEA 250 Jmp after_sine_fptan i Return the zero value
251 3
252 i The angle was too large. Remove the modulus and dividend from the
253 i stack and return an indefinite result.
25 i
0097 255 angle_too_big:
256
0097 DED9 257 fcompp i Pop two values from the stack
0099 2ED?060A00 R 258 f1d indefinite i Return indefinite
009E 9B 259 fwait i Wait for load to finish
009F C3 260 ret
261 i
262 i Calculate the cosine of the argument.
263 i cos(A) = 1/sqrt(i+tan(A)**2) if tan(A) = Y/X then
264 i cos(A) = X/sqrt(X#X + YY)
265 i
00A0 266 X_numerator:
267
00AO D9CO 268 fld st(0) i Copy X value
00A2 D9CA 269 fxch st(2) i Put X in numerator
270
00A4 271 finish_sine:
272
00A4 DCCB 273 fmul st, st(0) i Form X#X + Y#Y
00A& D7C? 274 fxch
00AB DCC8 275 fmul st.st(0)
00AA DEC! 276 fadd i st(0) = X#X + Ya#Y
00AC D9FA 277 fsqrt i st(0) = sqri(X#X + YY)
278
279
280 i Form the sign of the result. The two conditions are the C1 flag from
281 i FXAM in bh and the CO flag from fprem in ah.
282 i
OOAE BOE701 283 and bh,high(mask cond0) i Look at the fprem CO flag
00B1 BOE402 284 and ah,high(mask cond1) i Look at the fxam C1 flag
00B4 OAFC 285 or bh, ah i Even number of flags cancel
00B& 7A02 286 Jpe positive_sine i Two negatives make a positive
287
00B8 DIEO 288 fchs i3 Force result negative
289
00BA 290 positive_sine:
291
00BA DEF9 292 fdiv i Form final result
00BC C3 293 ret i 0Ok to leave fdiv running
294
295 cosine endp
296 +1 $eject
297 i
298 This function will calculate the tangent of an angle.

299 i The angle, in radians is passed in ST(0), the tangent is returned
i in ST(0). The tangent is calculated to an accuracy of 4 units in the

Figure 4-7. Calculating Trigonometric Functions (Cont’d.)
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iAPX286 MACRO ASSEMBLER 80287 Trignometric Functions 10:13:51 09/25/83 PAGE
Loc oBY LINE SOURCE
301 i least three significant bits of an extended real format number. The
302 i PLM/86 calling format is:
303 i
304 i tangent: procedure (angle) real external;
305 i declare angle real;
306 i end tangent;
307 i
308 i Two stack registers are used. The result of the tangent function is
309 i defined for the following cases:
310 i
311 5 angle result
312 i
313 i valid or unnormal < 2##62 in magnitude correct value
314 i o]
315 i denormal correct denormal
316 i valid or unnormal > 2##62 in magnitude indefinite
317 i NAN NAN
318 i infinity indefinite
319 i empty empty
320 i
321 i The tangent instruction uses the fptan instruction. Four possible
a2 i relations are used:
323 i
324 i Let R = langle MOD PI/4!
325 i § = -1 or 1| depending on the sign of the angle
326 i
327 i 1) tan(R) 2) tan(PI/4-R) 3) 1/tan(R) 4) 1/tan(PI1/4-R)
328 i
329 i The following table is used to decide which relation to use depending
330 i on in which octant the angle fell.
331 i
332 i octant Telation
333 i
334 H o S#1
335 i 1 S#4
336 i 2 -S#3
337 i 3 -S#2
338 i 4 S#1
3379 i 5 S#4
340 i ) ~8#3
341 i 7 542
342 i
00BD 343 tangent proc
344
00BD D9ES 345 fxam 3 Look at the parameter
O0BF 9BDFEO 346 fstsw  ax i Get fxam status
00C2 2EDB2E0COO R 347 f1d pi_quarter i Get P1/4
00C7 9E 348 sahé i CF = CO, PF = C2, ZF = C3
ooce 72co 349 Jec funny_parameter
350 i
351 i Anglé is unnormal, normal, zero, or denormal.
352 i
00cA DIC? 353 f£xch i st(0) = angle, st(1) = PI/4
oocc 7A17 354 Jpe tan_zero_unnormal
355 i
356 i Angle is either an normal or denormal.
357 i Reduce the angle to the range -PI/4 < result < PI/4.
358 i 1f fprem cannot perform this operation in one try, the magnitude of the
359 i angle must be > 2#%462. 'Such an angle is so large that any rounding
360 i errors could make a very large difference in the reduced angle.
a61 i It is safest to call this very rare case an error.
362 i
00CE 363 tan_normal:
364
00CE D9F8 365 fprem i Quotient in C0,C3,C1
366 i Convert denormals into unnormals
00D0 93 367 xchg ax)bx
00Di 9BDFEC 368 fstsw ax i Quotient identifies octant
369 i original angle fell into
00D4 93 370 xchg ax,bx
00D5 F6C704 371 test bh,high(mask cond2) i Test for complete reduction
00Dg 758D 372 Jnz angle_too_big i Exit if angle was too big
373 H
374 i See if the angle must be rTeversed.
375 i
376 i Assert: -PI/4 < st(0) < P1/4
377 i
00DA D9E1 378 fabs i 0 <= st(0) < PI/4
379 i €3 in bx has the sign flag
00DC F&C702 380 test bh, high(mask condl) i must be reversed
OODF 740E 381 It no_tan_reverse
3R2 i
383 i Angle fell in octants 1,3,5,7. Keverse 1T, suDTract ii vrom Fi/%.
384 i
OOE1 DEE? 385 fsub i Reverse angle
OOE3 EB18 386 Jmp short do_tangent
387 i
a88 i Angle is either zero or an unnormal.
389 i
O0ES 390 tan_zero_unnormal:
391
OOES DDD? 392 fstp st(1) i Remove PI1/4
00E7 7405 393 Jz tan_angle_zero .
394 i
395 i Angle is an unnormal.

Figure 4-7. Calculating Trigonometric Functions (Cont’d.)
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Loc
Q0E?
O0EC
O0EE
OOEE

OOFF
0101

0104
0107

0109
010B

010D
010F

O10F
0111

0112

0112
0114

0116

0116
o118

O11A
o11¢

o11c
O11E

ASSEMBLY COMPLETE,

0BY

EB3300
EBEO

D9E4
9
9
9
DDD?

F6C540
7515

1
'BDFEO
1

D9F2

8AC7
254002

F&6Cc742
7BOD

0AC4
7A02

DYEO

DEF9
c3

DYEB
EBE?

0AC4
7402

D9EO

DEF1
c3

D9E1
D9F4
DIES
DCcC1
DEE?
D9FD

DDY
2EDB2E0000O
9C?
c3

R 480

485

NO WARNINGS,

SOURCE

80287 Trignometric Functions

call
Jop

normalize_value
tan_normal

tan_angle_zero:

ret

Angle fell in octants 0.2,4. 6

no_tan_reverse:

ftst

xchg ax,cx

fstsw  ax

xchg ax,cx

fstp st(1)

test ch,high(mask cond3)
Jnz tan_zero

do_tangent:

fptan

after_tangent

i

i

Decide on the order of the operands

Test for st(0) = 0,

10:13:51 09/25/83 PAGE

fptan won’t work

Test for zero angle

€3 =1 if st(0) =0

Remove P1/4

tan ST(0) = ST(1)/8T(0)

and their sign for the divide

operation while the fptan instruction is working

i
i

mov. al.bh

and ax,mask condl + high(mask cond3)
[

test bh,high(mask condl + mask cond3);

Jpo reverse_divide

Angle was in octants 0,3.4,7.
Test for the sign of the result

or al,ah
Jpe positive_divide
fchs

positive_divide:

fdiv
Tet

tan_zero:

[PRE

£1d1
Jmp after_tangent

Angle was in octants 1.2,5,6

i
i

Get a copy of fprem C3 flag
Examine fprem C3 flag and
FXAM C1 flag

Use reverse divide if in
octants 1,2, 5,6

Note! parity works on low
B bits only!

Two negatives cancel.

Set the correct sign of the result

everse_divide:

or al,ah
Jpe positive_r_divide

fchs

positive_r_divide:

fdivr
ret

tangent endp

i

i

This function will normalize the value

Then PI/4 is placed into st(1).

normalize_value:

code

fabs
fxtract
£1d1
fadd
fsub
fscale
fstp
£1d
£xch
ret

st(1), st

st(1)
pi_quarter

ends
end

NO ERRORS

Force result negative

Form result
Ok to leave fdiv running

Force 1/0 = tan(PI1/2)

Force Tesult negative

Form reciprocal of result
Ok to leave fdiv running

in st(0).

Force value positive

0 <= st(0) < 1

Get normalize bit

Normalize fraction

Restore original value

Form original normalized value
Remove scale factor

Get P1/4

Figure 4-7. Calculating Trigonometric Functions (Cont’d.)
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APPENDIX A
MACHINE INSTRUCTION ENCODING AND DECODING

Machine instructions for the 80287 come in one of five different forms as shown in table A-1. In all
cases, the instructions are at least two bytes long and begin with the bit pattern 11011B, which identi-
fies the ESCAPE class of instructions. Instructions that reference memory operands are encoded much
like similar CPU instructions, because all of the CPU memory-addressing modes may be used with
ESCAPE instructions.

Note that several of the processor control instructions (see table 2-11 in Chapter Two) may be preceded
by an assembler-generated CPU WAIT instruction (encoding: 10011011B) if they are programmed
using the WAIT form of their mnemonics. The ASM286 assembler inserts a WAIT instruction only
before these specific processor control instructions—all of the numeric instructions are automatically
synchronized by the 80286 CPU and an explicit WAIT instruction, though allowed, is not necessary.

Table A-1. 80287 Instruction Encoding

Lower-Addressed Byte Higher-Addressed Byte 0, 1, or 2 bytes
w11 1 0 1 1] OP-A |1 MOD | 1 | OP-B R/M DISPLACEMENT
@11 1 0 1 1|FORMAT OPL-A MOD OP-B R/M DISPLACEMENT
@ 11 1 0 1 1lR| P OP-IA 111 OP-B REG
@111 1 0 1 10O 1|1 ]1{H1 OoP
@1 1 0 1 1ot |1 [1]1]1 op

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
NOTES:

MMemory transfers, including applicable processor control instructions; 0, 1, or 2 displacement bytes may
follow.

@Memory arithmetic and comparison instructions; 0, 1, or 2 displacement bytes may follow.
@Stack arithmetic and comparison instructions.

“Constant, transcendental, some arithmetic instructions.

®Processor control instructions that do not reference memory.

OP, OP-A, OP-B: Instruction opcode, possibly split into two fields.

MOD: Same as 80286 CPU mode field.

R/M: Same as 80286 CPU register/memory field.

FORMAT: Defines memory operand

00 = short real
01 = short integer
10 = long real

11 = word integer

R: 0 = return result to stack top
1 = return result to other register
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P: 0 = do not pop stack

1 = pop stack after operation
REG: register stack element

000 = stack top

001 = next on stack

010 = third stack element, etc.

Table A-2 lists all 80287 machine instructions in binary sequence. This table may be used to “disassem-

ble” instructions in unformatted memory dumps or instructions monitored from the data bus. Users
writing exception handlers may also find this information useful to identify the offending instruction.

Table A-2. Machine Instruction Decoding Guide

1st Byte ASM286 Instructi
2nd Byte Bytes 3, 4 nstruction

Hex Binary y Y Format
D8 1101 1000 MODO00 OR/M (disp-lo),(disp-hi) FADD short-real
D8 1101 1000 MODO00 1R/M (disp-lo),(disp-hi) FMUL short-real
D8 1101 1000 MODO01 OR/M (disp-lo),(disp-hi) FCOM short-real
D8 1101 1000 MODO01 1R/M (disp-lo),(disp-hi) FCOMP  short-real
D8 1101 1000 MOD10 OR/M (disp-lo),(disp-hi) FSUB short-real
D8 1101 1000 MOD10 1R/M (disp-lo),(disp-hi) FSUBR short-real
D8 1101 1000 MOD11 OR/M (disp-lo),(disp-hi) FDIV short-real
D8 1101 1000 MOD11 1R/M (disp-lo),(disp-hi) FDIVR short-real
D8 1101 1000 1100 OREG FADD ST,ST(i)
D8 1101 1000 1100 1REG FMUL ST,ST(i)
D8 1101 1000 1101 OREG FCOM ST(i)
D8 1101 1000 1101 1REG FCOMP ST()
D8 1101 1000 1110 OREG FSUB ST,ST()
D8 1101 1000 1110 1REG FSUBR ST,ST()
D8 1101 1000 1111 OREG FDIV ST,ST(j)
D8 1101 1000 111 1REG FDIVR ST,ST()
D9 1101 1001 MODO00 OR/M (disp-lo),(disp-hi) FLD short-real
D9 1101 1001 MODO00 1R/M reserved
D9 1101 1001 MODO01 OR/M (disp-lo),(disp-hi) FST short-real
D9 1101 1001 MODO01 1R/M (disp-lo),(disp-hi) FSTP short-real
D9 1101 1001 MOD10 OR/M (disp-lo),(disp-hi) FLDENV  14-bytes
D9 1101 1001 MOD10 1R/M (disp-lo),(disp-hi) FLDCW:  2-bytes
D9 1101 1001 MOD11 OR/M (disp-lo),(disp-hi) | - FSTENV  14-bytes
D9 1101 1001 MOD11 1R/M (disp-lo),(disp-hi) FSTCW 2-bytes
D9 1101 1001 1100 OREG FLD ST(i)
D9 1101 1001 1100 1REG FXCH ST(i)
D9 1101 1001 1101 0000 FNOP
D9 1101 1001 1101 0001 reserved
D9 1101 1001 1101 001- reserved
D9 1101 1001 1101 01-- reserved
De 1101 1001 1101 1RFG *(1)
D9 1101 1001 1110 0000 FCHS
D9 1101 1001 1110 0001 FABS
D9 1101 1001 1110 001- reserved
D9 1101 1001 1110 0100 FTST
D9 1101 1001 1110 0101 FXAM
D9 1101 1001 1110 011- reserved
D9 1101 1001 1110 1000 FLD1

A-2
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Table A-2. Machine Instruction Decoding Guide (Cont’d.)

1t Byte ASM286 Instructi
2nd Byte Bytes 3, 4 nstruction

Hex Binary Y Y Format
D9 1101 1001 1110 1001 FLDL2T
D9 1101 1001 1110 1010 FLDL2E
D9 1101 1001 1110 1011 FLDPI
D9 1101 1001 1110 1100 FLDLG2
D9 1101 1001 1110 1101 FLDLN2
D9 1101 1001 1110 1110 FLDZ
D9 1101 1001 1110 1111 reserved
D9 1101 1001 1111 0000 F2XM1
D9 1101 1001 1111 0001 FYL2X
D9 1101 1001 1111 0010 FPTAN
D9 1101 1001 1111 0011 FPATAN
D9 1101 1001 1111 0100 FXTRACT
D9 1101 1001 1111 0101 reserved
D9 1101 1001 1111 0110 FDECSTP
D9 1101 1001 1111 0111 FINCSTP
D9 1101 1001 1111 1000 FPREM
D9 1101 1001 1111 1001 FYL2XP1
D9 1101 1001 1111 1010 FSQRT
D9 1101 1001 1111 1011 reserved
D9 1101 1001 1111 1100 FRNDINT
D9 1101 1001 1111 1101 FSCALE
D9 1101 1001 1111 111- reserved
DA 1101 1010 MODO00 OR/M (disp-lo),(disp-hi) FIADD short-integer
DA 1101 1010 MOD00 1R/M (disp-lo),(disp-hi) FIMUL short-integer
DA 1101 1010 MODO01 OR/M (disp-lo),(disp-hi) FICOM short-integer
DA 1101 1010 MODO01 1R/M (disp-lo),(disp-hi) FICOMP  short-integer
DA 1101 1010 MOD10 OR/M (disp-lo),(disp-hi) FISUB short-integer
DA 1101 1010 MOD10 1R/M (disp-lo),(disp-hi) FISUBR short-integer
DA 1101 1010 MOD11 OR/M - (disp-lo),(disp-hi) FIDIV short-integer
DA 1101 1010 - MOD11 1R/M (disp-lo),(disp-hi) FIDIVR short-integer
DA 1101 1010 11-- ---- reserved
DB 1101 1011 MODO00 OR/M (disp-lo),(disp-hi) FILD short-integer
DB 1101 1011 MODO00 1R/M (disp-lo),(disp-hi) reserved
DB 1101 1011 MODO01 O0R/M (disp-lo),(disp-hi) FIST short-integer
DB 1101 1011 MODO01 1R/M (disp-lo),(disp-hi) FISTP short-integer
DB 1101 1011 MOD10 OR/M (disp-lo),(disp-hi) reserved
DB 1101 1011 MOD10 "1R/M (disp-lo),(disp-hi) FLD temp-real
DB 1101 1011 MOD11 OR/M (disp-lo),(disp-hi) reserved
DB 1101 1011 MOD11 1R/M (disp-lo),(disp-hi) FSTP temp-real
DB 1101 1011 110- - reserved
DB 1101 1011 1110 0000 reserved (8087 FENI)
DB 1101 1011 1110 0001 reserved (8087 FDISI)
DB 1101 1011 1110 0010 FCLEX
DB 1101 1011 1110 0011 FINIT
DB 1101 1011 1110 0100 FSETPM
DB 1101 1011 1110 1--- reserved
DB 1101 1011 1111 - reserved
DC 1101 1100 MODO00 OR/M (disp-Io),(disp-hi) FADD long-real
DC 1101 1100 MODO00 1R/M (disp-lo),(disp-hi) FMUL long-real
DC 1101 1100 MODO01 OR/M (disp-lo),(disp-hi) FCOM long-real
DC 1101 1100 MODO01 1R/M (disp-lo),(disp-hi) FCOMP long-real
DC 1101 1100 MOD10 OR/M (disp-lo),(disp-hi) FSUB long-real
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Table A-2. Machine Instruction Decoding Guide (Cont’d.)

1st Byte ASM286 Instructi
2nd Byte Bytes 3, 4 nstruction

Hex Binary Y y Format
DC 1101 1100 MOD10 1R/M (disp-lo),(disp-hi) FSUBR long-real
DC 1101 1100 MOD11 OR/M (disp-lo),(disp-hi) FDIV long-real
DC 1101 1100 MOD11 1R/M (disp-lo),(disp-hi) FDIVR long-real
DC 1101 1100 1100 OREG FADD ST(i),ST
DC 1101 1100 1100 1REG FMUL ST(i),ST
DC 1101 1100 1101 OREG *2)
DC 1101 1100 1101 1REG *(3)
DC 1101 1100 1110 OREG FSUB ST(i),ST
DC 1101 1100 1110 1REG FSUBR ST(i),ST
DC 1101 1100 1111 OREG FDIV ST(i),ST
DC 1101 1100 1111 1REG FDIVR ST(i),ST
DD 1101 1101 MODO00 OR/M (disp-lo),(disp-hi) FLD long-real
DD 1101 1101 MODO00 1R/M reserved
DD 1101 1101 MODO01 OR/M (disp-lo),(disp-hi) FST long-real
DD 1101 1101 MODO01 1R/M (disp-lo),(disp-hi) FSTP long-real
DD 1101 1101 MOD10 OR/M (disp-lo),(disp-hi) FRSTOR  94-bytes
DD 1101 1101 MOD10 1R/M (disp-lo),(disp-hi) reserved
DD 1101 1101 MOD11 OR/M (disp-lo),(disp-hi) FSAVE 94-bytes
DD 1101 1101 MOD11 1R/M (disp-lo),(disp-hi) FSTSW 2-bytes
DD 1101 1101 1100 OREG FFREE ST(i)
DD 1101 1101 1100 1REG *(4)
DD 1101 1101 1101 OREG FST ST(i)
DD 1101 1101 1101 1REG FSTP ST(i)
DD 1101 1101 111- - reserved
DE 1101 1110 MODO00 OR/M (disp-lo),(disp-hi) FIADD word-integer
DE 1101 1110 MODO00 1R/M (disp-lo),(disp-hi) FIMUL word-integer
DE 1101 1110 MODO01 OR/M (disp-lo),(disp-hi) FICOM word-integer
DE 1101 1110 MODO1 1R/M (disp-lo),(disp-hi) FICOMP  word-integer
DE 1101 1110 MOD10 OR/M (disp-lo),(disp-hi) FISUB word-integer
DE 1101 1110 MOD10 1R/M (disp-lo),(disp-hi) FISUBR word-integer
DE 1101 1110 MOD11 OR/M (disp-lo),(disp-hi) FIDIV word-integer
DE 1101 1110 MOD11 1R/M (disp-lo),(disp-hi) FIDIVR word-integer
DE 1101 1110 1100 OREG FADDP ST(j),ST
DE 1101 1110 1100 1REG FMULP ST(i),ST
DE 1101 1110 1101 0--- *(5)
DE 1101 1110 1101 1000 reserved
DE 1101 1110 1101 1001 FCOMPP
DE 1101 1110 1101 101- reserved
DE 1101 1110 1101 11-- reserved
DE 1101 1110 1110 OREG FSUBP ST(i),ST
DE 1101 1110 1110 1REG FSUBRP  ST(i),ST
DE 1101 1110 1111 OREG FDIVP ST(i),ST
DE 1101 1110 1111 1REG FDIVRP ST(i),ST
or 1101 11 wMODCC OnR/M {disp o) (diep-hi) FiLn waord-intager
DF 1101 1111 MODO00 1R/M (disp-lo),(disp-hi) reserved
DF 1101 1111 MODO1 OR/M (disp-lo),(disp-hi) FIST word-integer
DF 1101 1111 MODO01 1R/M (disp-lo),(disp-hi) FISTP word-integer
DF 1101 1111 MOD10 OR/M (disp-lo),(disp-hi) FBLD packed-decimal
DF 1101 1111 MOD10 1R/M (disp-lo),(disp-hi) FILD long-integer
DF 1101 1111 MOD11 OR/M (disp-lo),(disp-hi) FBSTP packed-decimal
DF 1101 1111 MOD11 1R/M (disp-lo),(disp-hi) FISTP long-integer
DF 1101 1111 1100 OREG *(6)
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Table A-2. Machine Instruction Decoding Guide (Cont’d.)

1stByte ASM286 Instructi
nstruction
2nd Byte Bytes 3, 4
Hex Binary Format
DF 1101 1111 1100 1REG *(7)
DF 1101 1111 1101 OREG *@8)
DF 1101 1111 1101 1REG *9)
DF 1101 1111 1110 000 FSTSW AX
DF 1101 1111 1111 XXX reserved

NOTE:

* The marked encodings are not generated by the language translators. If, however, the 80287 encounters
one of these encodings in the instruction stream, it will execute it as follows:

(1) FSTP ST(j)

(2) FCOM ST(i)

(3) FCOMP ST(i)

(4) FXCH ST(j)

(5) FCOMP  ST(i)

(6) FFREE ST(i) and pop stack
(7) FXCH ST(j)

(8) FSTP ST(i)

(9) FSTP ST(i)
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APPENDIX B
COMPATIBILITY BETWEEN
THE 80287 NPX AND THE 8087

The 80286/80287 operating in Real-Address mode will execute 8087 programs without major modifi-
cation. However, because of differences in the handling of numeric exceptions by the 80287 NPX and
the 8087 NPX, exception-handling routines may need to be changed.

This appendix summarizes the differences between the 80287 NPX and the 8087 NPX, and provides
details showing how 8087 programs can be ported to the 80287.

1.

The 80287 signals exceptions through a dedicated ERROR line to the 80286. The 80287 error
signal does not pass through an interrupt controller (the 8087 INT signal does). Therefore, any

interrupt-controller-oriented instructions in numeric exception handlers for the 8087 should be
deleted.

The 8087 instructions FENI/FNENI and FDISI/FNDISI perform no useful function in the 80287.
If the 80287 encounters one of these opcodes in its instruction stream, the instruction will effec-
tively be ignored—none of the 80287 internal states will be updated. While 8087 code containing
these instructions may be executed on the 80287, it is unlikely that the exception-handling routines
containing these instructions will be completely portable to the 80287.

Interrupt vector 16 must point to the numeric exception handling routine.

The ESC instruction address saved in the 80287 includes any leading prefixes before the ESC
opcode. The corresponding address saved in the 8087 does not include leading prefixes.

In Protected-Address mode, the format of the 80287’s saved instruction and address pointers is
different than for the 8087. The instruction opcode is not saved in Protected mode—exception
handlers will have to retrieve the opcode from memory if needed.

Interrupt 7 will occur in the 80286 when executing ESC instructions with either TS (task switched)
or EM (emulation) of the 80286 MSW set (TS=1 or EM=1). If TS is set, then a WAIT instruc-
tion will also cause interrupt 7. An exception handler should be included in 80287 code to handle
these situations.

Interrupt 9 will occur if the second or subsequent words of a floating-point operand fall outside a
segment’s size. Interrupt 13 will occur if the starting address of a numeric operand falls outside a
segment’s size. An exception handler should be included in 80287 code to report these program-
ming errors.

Except for the processor control instructions, all of the 80287 numeric instructions are automati-
cally synchronized by the 80286 CPU—the 80286 automatically tests the BUSY line from the
80287 to ensure that the 80287 has completed its previous instruction before executing the next
ESC instruction. No explicit WAIT instructions are required to assure this synchronization. For
the 8087 used with 8086 and 8088 processors, explicit WAITs are required before each numeric
instruction to ensure synchronization. Although 8087 programs having explicit WAIT instructions
will execute perfectly on the 80287 without reassembly, these WAIT instructions are unnecessary.

Since the 80287 does not require WAIT instructions before each numeric instruction, the ASM286
assembler does not automatically generate these WAIT instructions. The ASM86 assembler,
however, automatically precedes every ESC instruction with a WAIT instruction. Although numeric
routines generated using the ASM86 assembler will generally execute correctly on the 80286/20,
reassembly using ASM286 may result in a more compact code image.
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10.

The processor control instructions for the 80287 may be coded using either a WAIT or No-WAIT
form of mnemonic. The WAIT forms of these instructions cause ASM286 to precede the ESC
instruction with a CPU WAIT instruction, in the identical manner as does ASM86.

A recommended way to detect the presence of an 80287 in an 80286 system (or an 8087 in an
8086 system) is shown below. It assumes that the sytem hardware causes the data bus to be high
if no 80287 is present to drive the data lines during the FSTSW (Store 80287 Status Word)
instruction.

FND_287: FNINIT
FSTSTW STAT

initialize numeric processor.
store status word into location

STAT.
mov AX,STAT ‘
OR AL,AL i Zero Flag reflects result of OR,
JZ 60T_287 ;1 Zero in AL means 80287 is

; present.

No 80287 Present

SMSW AX
OR AX,0004H ; set EM bit in Machine Status
s Word.
LMSHW AX ; to enable software emulation of
; 287,
JMP CONTINUE
H
; 80287 is present in system
H
G0T_287: SMSH AX
OR AX,0002H ; set MP bit in Machine Status Word
LMSHW AX i to permit normal 80287 operation
H
H Continue
H
CONTINUE: ; and off we go

An 80286/80287 design must place a pullup resistor on one of the low eight data bus bits of the
80286 to be sure it is read as a high when no 80287 is present.
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APPENDIX C
IMPLEMENTING THE IEEE P754 STANDARD

The 80287 NPX and standard support library software, provides an implementation of the IEEE “A
Proposed Standard for Binary Floating-Point Arithmetic,” Draft 10.0, Task P754, of December 2,
1982. The 80287 Support Library, described in 80287 Support Library Reference Manual, Order
Number 122129, is an example of such a support library.

This appendix describes the relationship between the 80287 NPX and the IEEE Standard. Where the
Standard has options, Intel’s choices in implementing the 80287 are described. Where portions of the
Standard are implemented through software, this appendix indicates which modules of the 80287
Support Library implement the Standard. Where special software in addition to the Support Library
may be required by your application, this appendix indicates how to write this software.

This appendix contains many terms with precise technical meanings, specified in the 754 Standard.
Where these terms are used, they have been capitalized to emphasize the precision of their meanings.
The Glossary provides the definitions for all capitalized phrases in this appendix.

OPTIONS IMPLEMENTED IN THE 80287

The 80287 SHORT_REAL and LONG_REAL formats conform precisely to the Standard’s Single
and Double Floating-Point Numbers, respectively. The 80287 TEMP_REAL format is the same as the
Standard’s Double Extended format. The Standard allows a choice of Bias in representing the exponent;
the 80287 uses the Bias 16383 decimal.

For the Double Extended format, the Standard contains an option for the meaning of the minimum
exponent combined with a nonzero significand. The Bias for this special case can be either 16383, as
in all the other cases, or 16382, making the smallest exponent equivalent to the second-smallest exponent.
The 80287 uses the Bias 16382 for this case. This allows the 80287 to distinguish between Denormal
numbers (integer part is zero, fraction is nonzero, Biased exponent is 0) and Unnormal numbers of the
same value (same as the denormal except the Biased Exponent is 1).

The Standard allows flexibility in specifying which NaNs are trapping and which are nontrapping. The
EH287.LIB module of the 80287 Support Library provides a software implementation of nontrapping
NaNs, and defines one distinction between trapping and nontrapping NaNs: If the most significant bit
of the fractional part of a NaN is 1, the NaN is nontrapping. If it is 0, the NaN is trapping.

When a masked Invalid Operation error involves two NaN inputs, the Standard allows flexibility in
choosing which NaN is output. The 80287 selects the NaN whose absolute value is greatest.

AREAS OF THE STANDARD IMPLEMENTED IN SOFTWARE

There are five areas of the Standard that are not implemented directly in the 80287 hardware; these
areas are instead implemented in software as part of the 80287 Support Library.
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1. The Standard requires that a Normalizing Mode be provided, in which any nonnormal operands
to functions are automatically normalized before the function is performed. The NPX provides a
“Denormal operand” exception for this case, allowing the exception handler the opportunity to
perform the normalization specified by the Standard. The Denormal operand exception handler

. provided by EH287.LIB implements the Standard’s Normalizing Mode completely for Single- and
Double-precision arguments. Normalizing mode for Double Extended operands is implemented in
EH287.LIB with one non-Standard feature, discussed in the next section.

2. The Standard specifies that in comparing two operands whose relationship is “unordered,” the
equality test yield an answer of FALSE, with no errors or exceptions. The 80287 FCOM and
FTST instructions themselves issue an Invalid Operation exception in this case. The error handler
EH287.LIB filters out this Invalid Operation error using the following convention: Whenever an
FCOM or FTST instruction is followed by a MOV AX,AX instruction (8BCO Hex), and neither
argument is a trapping NaN, the error handler will assume that a Standard equality comparison
was intended, and return the correct answer with the Invalid Operation exception flag erased.
Note that the Invalid Operation exception must be unmasked for this action to occur.

3. The Standard requires that two kinds of NaN’s be provided: trapping and nontrapping. Nontrap-
ping NaNs will not cause further Invalid Operation errors when they occur as operands to calcu-
lations. The NPX hardware directly supports only trapping NaN’s; the EH287.LIB software
implements nontrapping NaNs by returning the correct answer with the Invalid Operation excep-
tion flag erased. Note that the Invalid Operation exception must be unmasked for this action to
occur.

4. The Standard requires that all functions that convert real numbers to integer formats automati-
cally normalize the inputs if necessary. The integer conversion functions contained in CEL287.LIB
fully meet the Standard in this respect; the 80287 FIST instruction alone does not perform this
normalization.

5. The Standard specifies the remainder function which is provided by mqerRMD in CEL287.LIB.
The 80287 FPREM instruction returns answers within a different range. .

ADDITIONAL SOFTWARE TO MEET THE STANDARD

There are two cases in which additional software is required in conjunction with the 80287 Support
Library in order to meet the standard. The 80287 Support Library does not provide this software in
the interest of saving space and because the vast majority of applications will never encounter these
cases.

1.  When the Invalid Operation exception is masked, Nontrapping NaNs are not implemented fully.
Likewise, the Standard’s equality test for “unordered” operands is not implemented when the
Invalid Operation exception is masked. Programmers can simulate the Standard notion of a masked
Invalid Operation exception by unmasking the 80287 Invalid Operation exception, and providing
an Invalid Operation exception handler that supports nontrapping NaNs and the equality test, but
otherwise acts just as if the invaiid Gperaiion cacepiion weic imasked. The 80287 Suppert Library
Reference Manual contains examples for programming this handler in both ASM286 and
PL/M-286. ‘

2. In Normalizing Mode, Denormal operands in the TEMP_REAL format are converted to 0 by
EH287.LIB, giving sharp Underflow to 0. The Standard specifies that the operation be performed
on the real numbers represented by the denormals, giving gradual underflow. To correctly perform
such arithmetic while in Normalizing Mode, programmers would have to normalize the operands
into a format identical to TEMP_REAL except for two extra exponent bits, then perform the
operation on those numbers. Thus, software must be written to handle the 17-bit exponent explicitly.
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In designing the EH287.LIB, it was felt that it would be a disadvantage to most users to increase the
size of the Normalizing routine by the amount necessary to provide this expanded arithmetic. Because
the TEMP_REAL exponent field is so much larger than the LONG_REAL exponent field, it is
extremely unlikely that TEMP_REAL underflow will be encountered in most applications.

If meeting the Standard is a more important criterion for your application than the choice between
Normalizing and warning modes, then you can select warning mode (Denormal operand exceptions
masked), which fully meets the Standard.

If you do wish to implement the Normalization of denormal operands in TEMP_REAL format using
extra exponent bits, the list below indicates some useful pointers about handling Denormal operand
exceptions:

1.

TEMP_REAL numbers are considered Denormal by the NPX whenever the Biased Exponent is
0 (minimum exponent). This is true even if the explicit integer bit of the significand is 1. Such
numbers can occur as the result of Underflow.

The 80287 FLD instruction can cause a Denormal Operand error if a number is being loaded
from memory. It will not cause this exception if the number is being loaded from elsewhere in the
80287 stack.

The 80287 FCOM and FTST instructions will cause a Denormal Operand exception for unnormal
operands as well as for denormal operands.

In cases where both the Denormal Operand and Invalid Operation exceptions occur, you will want
to know which is signalled first. When a comparison instruction operates between a nonexistent
stack element and a denormal number in 80286 memory, the D and I exceptions are issued simul-
taneously In all other situations, a Denormal Operand exception takes precedence over a nonstack
Invalid operation exception, while a stack Invalid Operation exception takes precedence over a
Denormal Operand exception.
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GLOSSARY OF 80287
AND FLOATING-POINT TERMINOLOGY

This glossary defines many terms that have precise technical meanings as specified in the IEEE 754
Standard. Where these terms are used, they have been capitalized to emphasize the precision of their
meanings. In reading these definitions, you may therefore interpret any capitalized terms or phrases as
cross-references.

Affine Mode: a state of the 80287, selected in the 80287 Control Word, in which infinities are treated
as having a sign. Thus, the values +INFINITY and —INFINITY are considered different; they can
be compared with finite numbers and with each other.

Base: (1) a term used in logarithms and exponentials. In both contexts, it is a number that is being
raised to a power. The two equations (y = log base b of x) and (b¥ = x) are the same.

Base: (2) a number that defines the representation being used for a string of digits. Base 2 is the binary
representation; Base 10 is the decimal representation; Base 16 is the hexadecimal representation. In
each case, the Base is the factor of increased significance for each succeeding digit (working up from
the bottom).

Bias: the difference between the unsigned Integer that appears in the Exponent field of a Floating-
Point Number and the true Exponent that it represents. To obtain the true Exponent, you must subtract
the Bias from the given Exponent. For example, the Short Real format has a Bias of 127 whenever the
given Exponent is nonzero. If the 8-bit Exponent field contains 10000011, which is 131, the true
Exponent is 131 —127, or +4.

Biased Exponent: the Exponent as it appears in a Floating-Point Number, interpreted as an unsigned,
positive number. In the above example, 131 is the Biased Exponent.

Binary Coded Decimal: a method of storing numbers that retains a base 10 representation. Each decimal
digit occupies 4 full bits (one hexadecimal digit). The hex values A through F (1010 through 1111)
are not used. The 80287 supports a Packed Decimal format that consists of 9 bytes of Binary Coded
Decimal (18 decimal digits) and one sign byte.

Binary Point: an entity just like a decimal point, except that it exists in binary numbers. Each binary
digit to the right of the Binary Point is multiplied by an increasing negative power of two.

C3—C0: the four “condition code” bits of the 80287 Status Word. These bits are set to certain values
by the compare, test, examine, and remainder functions of the 80287.

Characteristic: a term used for some non-Intel computers, meaning the Exponent field of a Floating-
Point Number.

Chop: to set the fractional part of a real number to zero, yielding the nearest integer in the direction
of zero.

Control Word: a 16-bit 80287 register that the user can set, to determine the modes of computation
the 80287 will use, and the error interrupts that will be enabled.
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Denormal: a special form of Floating-Point Number, produced when an Underflow occurs. On the
80287, a Denormal is defined as a number with a Biased Exponent that is zero. By providing a Signi-
ficand with leading zeros, the range of possible negative Exponents can be extended by the number of
bits in the Significand. Each leading zero is a bit of lost accuracy, so the extended Exponent range is
obtained by reducing significance.

Double Extended: the Standard’s term for the 80287 Temporary Real format, with more Exponent
and Significand bits than the Double (Long Real) format, and an explicit Integer bit in the Significand.

Double Floating Point Number: the Standard’s term for the 80287’s 64-bit Long Real format.

Environment: the 14 bytes of 80287 registers affected by the FSTENV and FLDENYV instructions. It
encompasses the entire state of the 80287, except for the 8 Temporary Real numbers of the 80287
stack. Included are the Control Word, Status Word, Tag Word, and the instruction, opcode, and operand
information provided by interrupts.

Exception: any of the six error conditions (I, D, O, U, Z, P) signalled by the 80287.

Exponent: (1) any power that is raised by an exponential function. For example, the operand to the
function mqerEXP is an Exponent. The Integer operand to mqerYI2 is an Exponent.

Exponent: (2) the field of a Floating-Point Number that indicates the magnitude of the number. This
would fall under the above more general definition (1), except that a Bias sometimes needs to be
subtracted to obtain the correct power.

Floating-Point Number: a sequence of data bytes that, when interpreted in a standardized way, repre-
sents a Real number. Floating-Point Numbers are more versatile than Integer representations in two
ways. First, they include fractions. Second, their Exponent parts allow a much wider range of magni-
tude than possible with fixed-length Integer representations. '

Gradual Underflow: a method of handling the Underflow error condition that minimizes the loss of
accuracy in the result. If there is a Denormal number that represents the correct result, that Denormal
is returned. Thus, digits are lost only to the extent of denormalization. Most computers return zero
when Underflow occurs, losing all significant digits.

Implicit Integer Bit: a part of the Significand in the Short Real and Long Real formats that is not
explicitly given. In these formats, the entire given Significand is considered to be to the right of the
Binary Point. A single Implicit Integer Bit to the left of the Binary Point is always 1, except in one
case. When the Exponent is the minimum (Biased Exponent is 0), the Implicit Integer Bit is 0.

Indefinite: a special value that is returned by functions when the inputs are such that no other sensible
answer is possible. For each Floating-Point format there exists one Nontrapping NaN that is designated
as the Indetinite value. For binary Integer formats, the negative number furihesi irom zero is olicu
considered the Indefinite value. For the 80287 Packed Decimal format, the Indefinite value contains
all 1’s in the sign byte and the uppermost digits byte.

Infinity: a value that has greater magnitude than any Integer or any Real number. The existence of
Infinity is subject to heated philosophical debate. However, it is often useful to consider Infinity as
another number, subject to special rules of arithmetic. All three Intel Floating-Point formats provide
representations for +INFINITY and —INFINITY. They support two ways of dealing with Infinity:
Projective (unsigned) and Affine (signed).
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Integer: a number (positive, negative, or zero) that is finite and has no fractional part. Integer can also
mean the computer representation for such a number: a sequence of data bytes, interpreted in a standard
way. It is perfectly reasonable for Integers to be represented in a Floating-Point format; this is what
the 80287 does whenever an Integer is pushed onto the 80287 stack.

Invalid Operation: the error condition for the 80287 that covers all cases not covered by other errors.
Included are 80287 stack overflow and underflow, NaN inputs, illegal infinite inputs, out-of—range
inputs, and illegal unnormal inputs.

Long Integer: an Integer format supported by the 80287 that consists of a 64-bit Two’s Complement
quantity.

Long Real: a Floating-Point Format supported by the 80287 that consists of a sign, an 11-bit Biased
Exponent, an Implicit Integer Bit, and a 52-bit Significand—a total of 64 explicit bits.

Mantissa: a term used for some non-Intel computers, meaning the Significand of a Floating-Point
Number.

Masked: a term that applies to each of the six 80287 Exceptions I,D,Z,0,U,P. An exception is Masked
if a corresponding bit in the 80287 Control Word is set to 1. If an exception is Masked, the 80287 will
not generate an interrupt when the error condition occurs; it will instead provide its own error recovery.

NaN: an abbreviation for Not a Number; a Floating-Point quantity that does not represent any numeric
or infinite quantity. NaNs should be returned by functions that encounter serious errors. If created
during a sequence of calculations, they are transmitted to the final answer and can contaln information
about where the error occurred.

Nontrapping NaN: a NaN in which the most significant bit of the fractional part of the Significand is
1. By convention, these NaNs can undergo certain operations without visible error. Nontrapping NaNs
are 1mplemented for the 80287 via the software in EH87.LIB.

Normal: the representation of a number in a Floating-Point format in which the Significand has an
Integer bit 1 (either explicit or Implicit).

Normalizing Mode: a state in which nonnormal inputs are automatically converted to normal inputs
whenever they are used in arithmetic. Normalizing Mode is implemented for the 80287 via the software
in EH87.LIB.

NPX: Numeric Processor Extension. This is the 80287.

Overflow: an error condition in which the correct answer is finite, but has magnitude too great to be
represented in the destination format.

Packed Decimal: an Integer format supported by the 80287. A Packed Decimal number is a 10-byte
quantity, with nine bytes of 18 Binary Coded Decimal digits, and one byte for the sign.

Pop: to remove from a stack the last item that was placed on the stack.

Precision Control: an option, programmed through the 80287 Control Word, that allows all 80287
arithmetic to be performed with reduced precision. Because no speed advantage results from this option,
its only use is for strict compatibility with the IEEE Standard, and with other computer systems.
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Precision Exception: an 80287 error condition that results when a calculation does not return an exact
answer. This exception is usually Masked and ignored; it is used only in extremely. critical applications,
when the user must know if the results are exact.

Projective Mode: a state of the 80287, selected in the 80287 Control Word, in which infinities are
treated as not having a sign. Thus the values +INFINITY and —INFINITY are considered the same.
Certain operations, such as comparison to finite numbers, are illegal in Projective Mode but legal in
Affine Mode. Thus Projective Mode gives you a greater degree of error. control over infinite inputs.

Pseudo Zero: a special value of the Temporary Real format. It is a number with a zero significand
and an Exponent that is neither all zeros or all ones. Pseudo zeros can come about as the result of
multiplication of two Unnormal numbers; but they are very rare.

Real: any finite value (negative, positive, or zero) that can be represented by a decimal expansion. The
fractional part of the decimal expansion can contain an infinite number of digits. Reals can be repre-
sented as the points of a line marked off like a ruler. The term Real can also refer to a Floating-Point
Number that represents a Real value.

Short Integer: an Integer format supported by the 80287 that consists of a 32-bit Two’s Complement
quantity. Short Integer is not the shortest 80287 Integer format—the 16-bit Word Integer is.

Short Real: a Floating-Point Format supported by the 80287, which consists of a sign, an 8-bit Biased
Exponent, an Implicit Integer Bit, and a 23-bit Significand—a total of 32 explicit bits.

Significand: the part of a Floating-Point Number that consists of the most significant nonzero bits of
the number, if the number were written out in an unlimited binary format. The Significand alone is
considered to have a Binary Point after the first (possibly Implicit) bit; the Binary Point is then moved
according to the value of the Exponent.

Single Extended: a Floating-Point format, required by the Standard, that provides gréatef precision
than Single; it also provides an explicit Integer Significand bit. The 80287’s Temporary Real format
meets the Single Extended requirement as well as the Double Extended requirement.

Single Floating-Point Number: the Standard’s term for the 80287’s 32-bit Short Real format.

Standard: “a Proposed Standard for Binary Floating-Point Arithmetic,” Draft 10.0 of IEEE Task P754,
December 2, 1982. o

Status Word: A 16-bit 80287 register that can be manually set, but which is usually controlled by side
effects to 80287 instructions. It contains condition codes, the 80287 stack pointer, busy and interrupt
bits, and error flags.

Tag Word: a 16-bit 80287 register that is automatically maintained by the 80287. For each space in
the 80287 stack, it tells if the space 1s occupied by a number; if so, it gives informailon aboui what
kind of number. ‘

Temporary Real: the main Floating-Point Format used by the 80287. It consists of a sign, a 15-bit
Biased Exponent, and a Significand with an explicit Integer bit and 63 fractional-part bits.

Transcendental: one of a class of functions for which polynomial formulas are always approximate,
never exact for more than isolated values. The 80287 supports trigonometric, ecxponential, and logarith-
mic functions; all are Transcendental.
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Trapping NaN: a NaN that causes an I error whenever it enters into a calculation or comparison, even
a nonordered comparison.

Two’s Complement: a method of representing Integers. If the uppermost bit is 0, the number is consid-
ered positive, with the value given by the rest of the bits. If the uppermost bit is 1, the number is
negative, with the value obtained by subtracting (2%t <) from all the given bits. For example, the
8-bit number 11111100 is —4, obtained by subtracting 22 from 252.

Unbiased Exponent: the true value that tells how far and in which direction to move the Binary Point
of .the Significand of a Floating-Point Number. For example, if a Short Real Exponent is 131, we
subtract the Bias 127 to obtain the Unbiased Exponent +4. Thus, the Real number being represented
is the Significand with the Binary Point shifted 4 bits to the right.

Underflow: an error condition in which the correct answer is nonzero, but has a magnitude too small
to be represented as a Normal number in the destination Floating-Point format. The Standard specifies
that an attempt be made to represent the number as a Denormal.

Unmasked: a term that applies to each of the six 80287 Exceptions: I,D,Z,0,U,P. An exception is
Unmasked if a corresponding bit in the 80287 Control Word is set to 0. If an exception is Unmasked,
the 80287 will generate an interrupt when the error condition occurs. You can provide an interrupt
routine that customizes your error recovery.

Unnormal: a Temporary Real representation in which the explicit Integer bit of the Significand is
zero, and the exponent is nonzero. We consider Unnormal numbers distinct from Denormal numbers.

Word Integer: an Integer format supported by both the 80286 and the 80287 that consists of a 16-bit
Two’s Complement quantity.

Zero divide: an error condition in which the inputs are finite, but the correct answer, even with an
unlimited exponent, has infinite magnitude.
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2-33

FSCALE (Scale), 2-5, 2-7, 2-32
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MP (Math Present) Flag, 3-3

NaN (Not a Number), 1-25
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Pioneer Electronics

3100 F. Northwoods Place
Norcross 30071

Tel: é‘mylsd 711

: 810-766-4515
ILLINOIS
;Arrow Electronics, Inc.

uin Street
mumbe 195

Tel: 531 ZB_ 76440

tHamilton/Avnet Electronics

1130 Thorndale Avenue

Bensenville 60108

Tel: 312 860-7780
-227-0060

Kierulff Electronics, Inc.
1140 W. Thorndale

Itasca 60143
Tel: (312) 250-0500

Woburn
TQI (617 933—01300

‘tHamilton/Avnet Electronics

10D Centennial Drive

Peabody 01960

Tel: (61 ;b‘532470|

TWX: 710-393-0382

Kierulff Electronics, Inc.

13 Fortune Dr.

Billerica 01821

Tel: (617) 667-8331

MTI Quetame Salas

13 Fortune Drive

Billerica 01821

Pioneer Northeast Electronics
venue

MICHIGAN

Arrow Electronics, Inc.
755 Phoenix Drive
Ann Arbor 48104
Tel: (3!3) 971-8220
TWX: 810-223-6020

;Hnmil(on/Avnel Electronics
2487 Schoolcratt Road
Livonia 48150

Tel: (313) 522-4700

TWX: 810-242-8775

Hamilton/Avnet Electronics
2215 29th Street S.E.
pace AS
Grand Rapids 49508
Tel: (616) 243-8805
WX: 810-273-6921

Pioneer Electronics

4505 Broadmoor Ave. S.E.
Grand Rapids 49508

Tel: (616) 555-1800

tPioneer Electronics
13485 Stamford

Livonia 48150
Tel: (313%525-‘ 800
TWX: 810-242-3271

MINNESOTA

tAnow Eleﬂronlcs. Inc.

5230 W. 73rd Streef

Edina 55435

Tel: (612) 830-1800
: 910-576-3125

Hamilton/Avnet Electronics
12400 White Water Drive

Tel: (612) 932-0600
TWX: (910) 576-2720
tPioneer Electronics
10203 Bren Road East
Minnetonka 5!

Tel: (612) 935-5444
TWX: 910-576-2738
MISSOURI

Arrow Electronics, Inc.
380 Schuetz

Tel: (314 567-6888
764-0882

‘tHamilton/Avnet Electronics
13743 Shoreline Court

045
Tal (314'{344 1200
TWX: 910-762-0684

Kierulff Electronics, Inc.
1804 Borman Dr.

St. Luis 63146

Tel: (314) 997-4956

NEW HAMPSHIRE
Arrow Electron%s. Inc.

Perimeter Roa
Manchester 03103

Tel 603) 6686960
TWX: 710-220-1684
Hamilton/Avnet Electronics
444 E. Industrial Drivo
Manchester 03104
Tel: (603) 624-9400
NEW JERSEY
zAnow El«monu:s. Inc.
Tol

397-0829

Arrow Electronics, Inc.
Indusum Road
rfield 07006

TM (20! 575-5300
-998-2206

tHamilton/Avnet Electronics
1 Kevstone Avenue

B,
;al'x( 6‘424-0"0
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NEW JERSEY (Cont'd)

Igtlint\’llton[;ivnet Electronics
Fairfield 07006

Tel: (201) 575-3390

TWX: 701-734-4388

tPioneer Northeast Electronics
45 Route 46

Pinebrook 07058

Tel: (201) 575-3510

TWX: 710-734-4382

1MTI Systems Sales

383 Route 46 W

Falrfleld 07005
Tel: (201) 227-5552

NEW MEXICO

Alliance Electronics Inc.
11030 Cochiti S.E.

Albu juerque 87123

TWX 910-989-1151
Hamilton/Avnet Eledromcs
25 SE.

24 Baylor Drive
Albu%uer ue 87106

Tel (505) 765-1500
X: 910-989-0614
NEW YORK

Arrow Elsctromcs Inc.

25 Hub Drive

Melville 1 1747

Tel: 516 694-6800
-224-6126

Arrow Electronics, Inc.

75 Brighton-| -Henrietta Townline Rd.
14623

Rochester
Tel: (716) 427-0300
TWX: 510-253-4766

Arrow Electronics, Inc.
7705 Maltage Drive
leergoo 1

Tel: (315) 652-1000
TWX: 710-545-0230

Arrow Elsc'romcs Inc.
20 Oser veﬂ

8
Tel (516) 231 1000
TWX: 510-227-6623

Hamilton/Avnet Electronics

333 Metro Park

Rochester 14623

Tel: (716) 475-8130

TWX: 510-253-5470

"HamlllonéAvnet Electronics
Drive

ol: (315) 437-2641
TWX: 710-541-1560

tHamilton/Avnet Electronics
l|33 Motor Pia:’;way
Hauppau o
pg ¥ 31-9800
'WX 510~224 6166

w‘l’l Systems Sales
Havbor Park Drive

Poﬂ Washlng(on 11050
Te 16) 621-6200
510-223-0846

tPioneer Northeast Electronics
1806 Vestal Parkway East

tal 1385¢
Tal: 1607 748-8211
TWX: 610-252-0893

Pioneer Northeast Electronics
rk Wes

Island 11797
16) 00
TWX: 510-221-2184

DOMESTIC DISTRIBUTORS

NEW YORK (Cont'd)
1Pion

OREGON (Cont'd)

Tel: (716) 381-7070
TWX: 510-253-7001

NORTH CAROLINA

tArrow Electronics, Inc.
5240 Greendairy Road
Ralelg

Tel: (§19) 876-3132
TWX: 510-928-1856

Wyle Di ion Group

5250 N.E. Elam Young Parkway
uite 600

Hillsboro 97124

Tel: (503) 640-6000

TWX: 910-460-2203

PENNSYLVANIA

Arrow Electronics, Inc.

eco
Monroeville 15146
Tel: (412) 856-7000

1
3510 Spring Forest Drive
Raleigh 27604

Tel: (819) 878-0819

TWX: 510-928-1836

Pioneer Electronics

9801 A-Southern Pine Bivd.
Charlotte 2821

Tel: (704) 527-8188

TWX: 810-621-0366

OHIO

Arrow Electronics, Inc.

Tel: (513) 435-5563
TWX: 810-459-1611

‘tArrow Electronics, Inc.
6238 Coch n Road

Tel (216) 248-3990
TWX: 810-427-9409

Hamilton/Avnet Electronics
'7 Brookedge Bivd.

Westerville 43081

Tel: (614) 882-7004

;Hammon/Avnet Electronics
54 Senatt

Dayton 45459

Tel: (513) 433-0610

TWX: 810-450-2531

tHammon/Avrvst Electronics
588 Em ? Industrial Parkway
¥valriensvl /o Heights 44128
(]
TWX: 810- 427 9452

tPioneer Electronics
4433 Interpomt Bivd.

Day
Tel: (513 236-9900
TWX: 810-459-1622

{Pioneer Electronics
4800 E. 131st Street
Cleveland 44105
Tel: (216) 587-3600
TWX: 810-422-2211

OKLAHOMA

Arrow Electronics, Inc.
4719 S. Memorial Drive
Tulsa 74145

Tel: (918) 665-7700

OREGON

tAlmac Electronics Corpora-
tion

1885 N.W. 169th Place

629-8090
TWX: 910-467-8743

gHamIIton/Avne\ Electronics
024 S.W. Jean Road

Bidg. C, Suite 10

Lake 05 o 97034

Tel: (5035_ 7848

TWX: 910-455-8179

Ihtcrocomputer System Technical Distributor Centers

2300 umng Ave., Bldg. 5
S 4413 261-4150

;g;n:er Elegr'onlcs
rive
Pi!lsl:ta.rrp pha1 5238
Tel: (412) 782-2300
TWX: 710-795-3122

{Pioneer Electronics

261 Gibralter Road

Horsham 19044

Tel: (21 5) 674-4000
510-665-6778

TEXAS

Arrow Electronics, Inc.
220 Commander Drive
Carroliton 75006
Tel: (214) 380-6464
TWX: 910-860-5377

+Arrow Electronics, Inc.
10899 Kinghurst

Houston 77099

Tet: (713) 530-4700

TWX: 910-880-4439

TArrow Electronics, Inc.

10125 Mat politan

Austin 7¢

Tel: ;512) 535-4180
910-874-1348

&Hamuton/Avnet Electronics

Tsl (512) 837 8911
TWX: 910-874-1319

LHam-non/Avno' Electronics
111 W. Walnut Hill Lane
Irving 7!

Tel: ?214) 659-4100
TWX: 910-860-5929

tHamilton/Avnet Electronics
4850 WrI hl Hoad #190

Tel:)é713$780-1 771
TWX: 910-881-5523

Kisrulff Elec1romcs. Inc.
9610 Skillm:

Dallas 75243

Tel: (214) 343-2400

tPioneer Electronics
1826 D. Kramer Lane

Tel: (512) 835-4000
TWX: 910-874-1323

tPioneer Electronics
13710 Omega Road

Dallas 75:
Tel: (214) 386-7300
TWX: 910-850-5563

Pioneer Electronics
853 Poml Wos( Drive

?olus 13 988-5555
el
TW)((7 5—881 1606

UTAH

BRITISH COLUMBIA (Cont'd)

T /

1585 West 2100 South
Salt Lake City 84119
Tel: (801) 972-2800
TWX: 910-925-4018

Kierulff Electronics, Inc.
1946 W. Parkway Bivd.
Salt Lake Cit 119
Tel: (801) 973-6913

w le Distribution Group
1325 West 2200 South

ut
Salt 'X 84119
Tel: (001} 974-9953

WASHINGTON

‘tAImac Electronics Corp.
14360 S.E. Eastgate Way
Bellevue 98007
Tel: (206) 643-9992

: 910-444-2067

Arrow Electronics, Inc.
14320 N. E 21st Street
Bellevue 9

Tel: (206) 5434800
TWX: 910-444-2017

Hamilton/Avnet Electronics
14212 N.E. 21st Street

Bellevue 98005

Tel: (2055453-5874
TWX: 910-443-2469
Wyle Distribution Group
1750 nd Ave., N.E.

Bellvue 98005
Tel: (206) 453-8300

WISCONSIN

tArrow Electronics, Inc.
430 W. Rausson Avenue
Oakcreek 53154

Tel: (414) 764-6600

TWX: 910-262-1193
Hamilton/Avnet Electronics
2975 Moorland Road

New Berlin 53151

Tel: (414) 784-4510

TWX: 910-262-1182

Kierulff Electronics, Inc.
2238-E W. Bluemound Rd.

Waukeshaw 53186
Tel: (414) 784-8160
CANADA
ALBERTA

Hamilton/Avnet Electromcs
2816 21st Stree
T2E

Cal
Telzj:’&l) 250-9380
TWX: 03-827-642

Hamilton/Avnet Electronics
6845 Rexwood Road Unit 6
Mississauga, Ontario L4VIR2
Tel: (416) 677-0484

Zentronic

6815 8th S!lset N.E., Ste. 100
Calg% E 7TH7

Tel: (403) 295-8838

BRITISH COLUMBIA
Hamilton/Avnet Electronics

105 -255( Eoundary Road

Burnaby V5M 323
Tel: (604) 437-6667

108- "400 Brld%epon Road
Rlcnmond VBX

el: (604) 273-5575
TWX 04-5077-89

MANITOBA

Zentronics

60-1313 Border Street
Winnif Ra x
Tel: {:

FAX: (204) 533~9255

ONTARIO

Arrow Electronics Inc.

24 Martin Ross Avenue
Downsview

Tel: (416) 661-0220

TLX: 06-218213

Arrow Electronics Inc.
148 Colonnade Road
Nepean K2E 7J5

Tel: (613) 226-6903

tHamlton/Avns( Electronics -
6845 R oad

M-ssissauga L4V 1R2

Tel: 4|G&_‘77-7432

TWX: 610-492-8867

;Hammon/Avnet Electronics
10 culonnnc;{ sRoad South

Tal 161 3 226-1700
X: 05-349-

1Zentronics

8 Tilbury Coun
Brampton L6T 3T4
Tel: ( 16) 451 9600

Zentronics

564/10 Webev Street North
Waterloo N2L 5C6

Tel: (519) 884 5700

1Zentroni
155 cdonnlde Road

Nepean K2E 7K1
Tel: (6‘3) 225 8840

SASKATCHEWAN

Zentronics

173-1222 Alberta Avenue
Saskatoon S7K 1R4

Tel: (306) 955-2202, 2207
FAX: (306) 244-3731

QUEBEC

tArrow Electronics Inc.
4050 Jean Talon Quest

Montreal H4P 1W1
Tel: (51 4&735-55‘ 1
TLX: 05-25596

Arrow Electronics Inc.
909 Charest Blvd.

uebec 61N 26
Tel: (418) 687-4231
TLX: 05-13388

Hamilton/Avnet Electronics
2795 Rue Halpern

St. Laurent H4S 1P8

Tel: (514) 335-1000

TWX: 610-421-3731

Zentronics

505 Locke Street
St. Laurent H4T 1X7
Tel: (514) 735-5361
TWX: 05-827-535
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BELGIUM

intel Corporation S.A.

Rue de Cottages 65
B-1180 Brussels

Tel: (02) 347-0666

DENMARK

Intel Denmark A/S*
Glentevej 61 - 3rd Floor
K-24 nhagen

Tel (01) 19 0-33

FINLAND
Intel Finland OY

FRANCE

Intel Paris

1 Rue Edison, BP 303

78054 Saint-Quentin-en-Yvelines Cedex
Tel: (33) 1-30-! 57 7000

TLX: 69901677

Intel Corparauon S.AR.L.

Immeuble BBC

4 Oual des Etroits

69005 Lyon
Tel: (Q &2-4089
TLX: 305153

WEST GERMANY

Intel Semiconductor GmbH*
Seidistrasse 27

0-8000 Muencnan 2

Tel: (89) 5389

TLX: 05- 23177 INTLD

Intel Semiconductor GmbH
Verkaufsbuero Wiesbaden

Abraham-Lincoln Str. 16-18
6200 Wiesbaden

Tel: (6121) 76050

TLX: 04186183 INTW D

Intel Semiconductor GmbH
Verkaufsbuero Hannover
Hohenzollernstrasse 5
3000 Hannover 1

Tel: (511) 34-40-81

TLX: 923625 INTH D

Intel Semiconductor GmbH
Verkaufsbuero Stuttgart
Bruckstrasse 61

7012 Felibach

Tel: (711) 58-00-82

TLX: 7254826 INTS D

EUROPEAN SALES OFFICES

ISRAEL

Intel Semiconductor Ltd*
Attidim Induslml Park
Neve Shal
Dvora Han

Bidg. No 13 4m Floor
P.O. Box 4320:
Tel va 51430
Tel: (3) 491-099, 491-098
TLX: 371215

ITALY

Intel Corporation S.P.A.*
Milanofiori, Palazzo E/4
20090 Assago (Milano)
Tel: (02) 824-4071

TLX: 341286 INTMIL

NETHERLANDS

Intel Samlcondugor (Nederland) B.V.*

Alsxunderpoon
Marten M

3068 Ronemam
Tel: (10) 21-23-77
TLX: 22283
NORWAY

Intel Norwa! AIS
P.O. Box 9.
anmvalen 4

N-2013, Sk]anen
Tel 05 8‘% 20

SPAIN

Intel Iber
Calla Zurbarun 28-1ZQDA

Tel (\) 410 4004

SWEDEN

Intel Sweden A.B.*
Dalvagen 24
S-171 36 Solr

Tel (8) 734 0100

SWITZERLAND

Intel Semiconductor A.G.*
Talackerstrasse 17

8152 Glattbrugg

CH-B065 Zurich

Tel: (01) 829-2977

TLX: 57989 ICH CH

UNITED KINGDOM

Intel C(.wpomlon (UK)Ltd.*
Pipers

Swindon, Wiltshire SN3 1RJ

Tel: (0793) 696000
TLX: 444447 INT SWN

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Elektronics Ges.m.b.H.
Ralanmuehlgnssa 26

A-1120 Wiel
Tel (222) 835 8460
BELGIUM
Inelco Belgium S.
Ave. des Croix ue Guaue 94
Bruxelles 1120
Tel: (02) 216-01-60
TLX: 64475
BENELUX

Koning en Hartman Electrotechniek B.V.
Posm 5

2600

Tel: (1 5) 509—906

TLX: 38250

DENMARK

ITT MultiKomponent
ind 29”

DK-2600 Glostrul

Tel: (02) 456-66-45

TLX: 33355 ITTCG DK

FINLAND

Oy Fintronic AB
Melkonkatu 24A

Tel: (0) 692-60-22
TLX: 124224 FTRON SF

FRANCE

Generi
Zone o Anlvlla de Counuboeul

TLX: 691700

Jermyn

73-731 Rue des Solets

Silic 585

94683 Run is Cedex
0-04-00

Tel: (l)
TLX: 28096/

Metrologie

Tour d'Asnleres

4, Avenue Laurent Cely
92608 Asnleres

Tal (13 474 =aa2~4o

*Field Application Location

FRANCE (Cont'd)

Tekelec Airtronic

Cite des Bruyeres

Rue Carle Vamel BP2
92310 Sevi

Tal l1)45 34 75-35

WEST GERMANY

Electronic 2000 Venrlobs AG
Stahigruberrin

8000 usnchen 82

Tel: (089) 42-00-10

TLX: 522561 ELEC D

Jermyn GmbH
Schulstrasse 84

6277 Bad CAmbevg
Tel: (064) 34-2:

TLX: 415257- OJERM )

Metrologie GmbH
Meglingerstr. 49
8000 Muenchen 71
Tel: (089) 570-940
TLX: 5213189

Metrologie GmbH
Rheinstr. 94-96
6100 Darmstadt
Tel: (06151 33661
TLX: 176151820

Proelectron Vertriebs AG
Max-Planck-Strasse 1-3
8072 Dreleich

Tel: (061 037) 3040

TLX: 417972

ITT-Multikomponent
Bnnnhoﬂs(usso 44

Tt (oﬁ”?) i)
TLX: 7264399 MUKO D

ISRAEL

Eastronics Ltd.

11 Rosanls Street
0. Box 39300

Tal Aviv 61392

Tel: (3) 47-51-51

LA 992010 UATIA iL OF
33638 RONIX IL

ITALY

Eledra Componenti S.P.A.
Via Giacomo Watt, 37
20143 Milano

Tel: (02) 82821

TLX: 332332

ITALY (Cont'd)

Intesi
Milanotiori ES
20090 Assago
Tel: (02) 824701
TLX: 311351

Lasi Elettronica S.P.A.

Viale Fulvio Testi, 126
20092 Cinisello Balsamo
Tel: (025) 244-0012, 244-0212
TLX: 352040

NORWAY

Nordlsk Electronik AlS
Postl 130
N- 1364 anlslaa
Tal (27) 846-210
546 NENAS N

PORTUGAL

Avenlua nqar ues de Tomar, 46A

Lisboa

Tel: (1) 545-313
TWX: (0404) 14182
SPAIN

A.T.D. Electronica S.A.
Pl Cmdnd de Vlenn 6
28040 M

191’11) 234 40 00
TWX: 42477

2| 3 Mlgual Angel
Madrid 28010

Tel: (1L4|9 -54-00

SWEDEN

Nordisk Elektronik AB
ox 1

§-171 27 Solna

Tel: (8) 734-97-70

TLX: 10547

SWITZERLAND

inuusiade AG

Hertistrasse 31

CH-8304 Wallisellen
Tel: (0° 16)830 -5040
TLX: 8

UNITED KINGDOM

Accent Electronic Components Ltd.

Jubilee House, Jubilee Wi
Letclhwonh. Herts 8G8 10

England
Tel: (0462) 686666
TLX: 626923

Bytech Ltd.

Init 2 Western Centre
/estern Industrial Estate
ngland

el: (034? 482211

LX: 848215

Comway Microsystems Ltd.
ohn Scott House, Market St.

ngland

ol (03442) 55333

LX: 847201

1BR Microcomputers Ltd.

Unit 2 Western Centre
Western Industrial Estate

Bracknell, Berkshire RG12 1RW

England

Tel: (0344) 486-555

TLX: 849381

Jermyn Industries

Vestry Estate, Otford Road

savrncaks Kent TN14 5EU
ngland

Teg (0731;) 450144

TLX: 95142

Rapid Silicon

Rapid House, Denm:

nm
lgh Wycombe, Bucks HPI‘ 2ER

nglanc
Tag (0494) 442266
TLX: 837931

Rapid Sy lsms
Rngld ys

High Wi combe. Bucks HPH 2ER

Englan
Tal: (049? 450244
TLX: 837931

Micro Muketi»p

Glenageary, G Bubin
land

Tel: (O )01&853288

TLX: 3151

YUGOSLAVIA

H R Microelectronics Corp.
5 De La Cruz glovsdo Sta 223
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UNITED STATES

Intel Corporation

3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN

Intel Japan K.K.

5-6 Tokodai Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300-26

FRANCE

Intel Paris

1 Rue Edison, BP 303

78054 Saint-Quentin-en-Yvelines Cedex

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.
Pipers Way

Swindon

Wiltshire, England SN3 1RJ

WEST GERMANY

Intel Semiconductor GmbH
Seidlstrasse 27

D-8000 Muenchen 2

HONG KONG

Intel Semiconductor Ltd.
1701-3 Connaught Centre
1 Connaught Road

CANADA

Intel Semiconductor of Canada, Ltd.
190 Attwell Drive, Suite 500
Rexdale, Ontario MOW 6H8
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