






















































































































































































































































































































































































































































































































































































































































































































































































































































































PROGRAMMING NUMERIC APPLICATIONS 

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

FSUBR FSUBR / /source/destination, source 
Exceptions: I, D, 0, U, P Subtract real reversed 

Execution Clocks 

Operands Operand Word Code Coding Example 
Typical Range Transfers Bytes 

/ /ST,ST(i)/ST(i),ST 87 70-100 0 2 FSUBR ST,ST(1) 
short-real 105 90-120 2 2-4 FSUBR VECTOR[SI] 
long-real 110 95-125 4 2-4 FSUBR [BX].INDEX 

FSUBRP FSUBRP destination, source 
Exceptions: I, D, 0, U, P Subtract real reversed and pop 

Execution Clocks 

Operands 
Operand Word Code Coding Example 

Typical Range Transfers Bytes 

ST(i),ST 90 75-105 0 2 FSUBRP ST(1),ST 

FTST FTST (no operands) 
Exceptions: I, D Test stack top against +0.0 

Execution Clocks 

Operands 
Operand Word Code Coding Example 

Typical Range Transfers Bytes 

(no operands) 42 38-48 0 2 FTST 

FWAIT FWAIT (no operands) 
Exceptions: None (CPU instruction) (CPU) Wait while 80287 is busy 

Execution Clocks 

Operands Operand Word Coda Coding Example 
Typical Range Transfers Bytes 

(no operands) 3+5n* 3+5n4 0 1 FWAIT 

FXAM FXAM (no operands) 
Exceptions: None Examine stack top 

Execution Clocks 

Operands Operand Word Code Coding Example 
Typical Range Transfers Bytes 

(no operands) 17 12-23 0 2 FXAM 
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Table 2-14. Instruction Set Reference Data (Cont'd.) 

FXCH FXCH //destination 
Exceptions: I Exchange registers 

Execution Clocks 

Operands Operand Word Code Coding Example 
Typical Range Transfers Bytes 

I/ST(i) 12 10-15 0 2 FXCH ST(2) 

FXTRACT FXTRACT (no operands) 
Exceptions: I Extract exponent and significant 

Execution Clocks 

Operands Operand Word Code Coding Example 
Typical Range Transfers Bytes 

(no operands) 50 27-55 0 2 FXTRACT 

FYL2X FYL2X (no operands) 
Exceptions: P (operands not checked) y. Log2X 

Execution Clocks 

Operands Operand Word Code Coding Example 
Typical Range Transfers Bytes 

(no operands) 950 900-1100 0 2 FYL2X 

FYL2XP1 FYL2XP1 (no operands) 
Exceptions: P (operands not checked) Y .log2(X + 1) 

Execution Clocks 

Operands Operand Word Code Coding Example 
Typical Range Transfers Bytes 

(no operands) 850 700-1000 0 2 FYL2XP1 

F2XM1 F2XM1 (no operands) 
Exceptions: U, P (operands not checked) 2x-1 

Execution Clocks 

Operands Operand Word Code Coding Example 
Typical Range Transfers Bytes 

(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 22780287 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 17480287 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 appropriate. These languages include 

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

hach of these .high-h;vd li:i.iigiiagcs hus ~peci:l! n!!mer!<: \ihrllries 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 

ProgrammersinPLfM-286 can access a very useful subset of the 80287's numeric capabilities. The 
PLfM-286 REAL data type corresponds to the NPX's short real (32-bit) format. This data type provides 
a range of about 8.43*10-37 ~ ABS(X) :$ 3.38*1038, 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 PLfM-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 PLfM-286 programmer access to 80287 functions manip­
ulated by the processor control instructions. Prior to any arithmetic operations, a typical PLfM-286 
program will set up the NPX after power up using the INIT$REAL$MATH$UNIT procedure and 
then issue SET$REAL$MODE to configure the NPX. SET$REAL$MODE 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 GET$REAL$ERROR procedure to obtain the low-order byte of the 80287 
status word and to then clear the exception flags. The byte returned by GET$REAL$ERROR contains 
the exception flags; these can be examined to determine the source of the exception. 

TheSAVE$REAL$STATUS and RESTORE$REAL$STATUS 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 SAVE$REAUSTATUS 
before it executes any statements that affect the 80287; these include the INIT$REAL$MATH$UNIT 

Table 2-15. PLlM-286 Built-In Procedures 

Procedure 80287 Instruction 

INIT$REAL$MATH$UNIT(1) FINIT 

SET$REAL$MODE FLDCW 

GET$REAL$ERROR(2) FNSTSW & FNCLEX 

SAVE$REAL$STATUS FNSAVE 

RESTORE$REAL$STATUS FRSTOR 

(1)Also initializes interrupt pOinters for emulation. 
(')Returns low-order byte of status word. 
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Initialize processor. 

Set exception masks, rounding 
preCision, and infinity controls. 

Store, then clear, exception flags. 

Save processor state. 

Restore processor state. 
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and SET$REAL$MODE procedures as well as arithmetic expressions. SAVE$REAL$STATUS saves 
the 80287 state (registers, status, and control words, etc.) on the CPU's stack. 
RESTORE$REAL$STATUS 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 

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. 

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 FSTENV and FLDENV instructions. 

THE FOLLOWING ALL ALLOCATE THI CONSTANT: -126 
NOTE TWO'S COMPLETE STORAGE OF NEGATIVE BINARY INTEGERS, 

EVEN 
WORD_I NTEGER 
SHORT_I NTEGER 

DW 
DD 

111111111000010B 
OFFFFFF82H 

FORCE WORD ALIGNMENT 
BIT STRING 
HEX STRING MUST START 
WITH DIGIT 

LONG_INTEGER DQ -126 ORDINARY DECIMAL 
SHORT_REAL DD -126,0 NOTE PRESENCE OF ' , 
LONG_REAL DD -1,26E2 "SCIENTIFIC" 
PACKED_DECIMAL DT -126 ORDINARY DECIMAL INTEGER 

IN THE FOLLOWING, SIGN AND EXPONENT IS 'COOS' 
SIGNIFICAND IS '7EOO" ,00', 'R' INFORMS ASSEMBLER THAT 
THE STRING REPRESENTS A REAL DATA TYPE, 

DT OCOOS7EOOOOOOOOOOOOOOR HEX STRING 

Figure 2-3. Sample 80287 Constants 
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; RESERVE SPACE FOR STATUS WORD 
STAT U LW 0 R D 
; LAY OUT STATUS WORD FIELDS 
STATUS RECORD 

BUS Y : 1 , 
6 CoND_CoDE3: 1, 
6 STACK_TOP: 3, 
6 CoND_CoDE2: 1, 
6 CoND_CoDE1: 1, 

CoND_CoDED: 1, 
IN T _R E Q : 1 , 

6 RESERVED: 1, 
6 P_FLAG: 1, 

U_FLAG: 1, 
o_F LAG: 1 , 
Z_FLAG: 1, 

6 D_FLAG: 1, 
6 LF LAG: 1 

POLL STATUS WORD UNTIL 80287 IS NOT BUSY 
POLL: FNSTSW STATUS_WORD 

TEST STATUS_WORD, MASK_BUSY 
HZ POLL 

SAMPLE 

LOBS 
MEAN 
MODE 
STD_DEV 

STRUC 

Figure 2-4. Status Word RECORD Definition 

DD SHORT INTEGER 
DQ LONG REAL 
DW WORD INTEGER 
DQ LONG REAL 

; ARRAY OF 
TEST_SCORES 

OBSERVATIONS -- WORD INTEGER 
DW 1000 DUP (?> 

SAMPLE ENDS 

Figure 2-5. Structure Definition 

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

Coding Interpretation 

FIAOO ALPHA ALPHA is a simple scalar (mode is direct). 

FOIVR ALPHA.BETA BETA is a field in a structure that is 
"overlaid" on ALPHA (mode is direct). 

FMUL aWORO PTR [BX] BX contains the address of a long real 
variable (mode is register indirect). 

FSUB ALPHA [SI] ALPHA is an array and SI contains the 
offset of an array element from the start of 
the array (mode is indexed). 

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

FBLO TBYTE PTR [BX] [01] BX contains the address of a packed 
decimal array and 01 contains the offset of 
an array element (mode is based indexed). 

Comparative Programming Example 

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

• SUM$X, the sum of the array values 

• SUM$INDEXES, the sum of each array value times its index, where the index of the first element 
is 1, the second is 2, etc. 

• SUM$SQUARES, 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 PLjM-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$ARRAY with a DO-loop. The loop control takes into account 
PLjM-286's practice of considering the index of the first element of an array to be o. In the compu­
tation of SUM$INDEXES, the built-in procedure FLOAT converts 1+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--;'~86 COt1P ILER ARRAYSUt1 

SER IES-- I I I PL/M-286 V1. 0 Cot1P I LAT ION OF MODULE ARRAVSUM 
OBJECT MODULE PLACED It-l : F6: D. Du.) 
COMPILER If NO KED BY PLM286 86 F6: D. SRC XREF 

2 
3 
4 
5 

6 
7 

8 

9 1 
10 :2 
11 2 

/ *** ** ***'*** * *** *** ****** *** ***** * * ***""* ************ 
* A R RAY SUM MOD 

* ******** **** **** ** *******'I't * it ** ********** ********** / 
arT'ay$sum: do; 

dec lare (sum$x, sum$indexes, sum$sq,uares) real; 
declare x$array(100) reaL 
declare (n$of$)(, i) integer; 
declare control$287 literally '033eh '; 

1* Assume x$array and n$o;$x are initialized *1 

1* Prepare the 80287 of its emulator *1 
call init$real$math$uniti 
call set$real$mode{control$287)j 

1* Clear sums -It/ 
sum$x, 5um$indexes, sum$squaT'es = 0.0; 

1* Loop through array, accumulating *1 
do i = 0 to n$of$x-l; 

sum$x = sum$x + x$array (i); 
sum$indexes = sum$indexes + 

(x$array(i) * float(i+l»; 
12 
13 

2 
2 

sum$sli.uares = sum$squares + {x$array (i )*x$array (i»; 
end; 

1* etc. *1 

14 end array$sumi 

PLlM-286 COMP I LER ARRAYSUM 
CROSS-REFERENCE LISTING 

DEFN AD DR SIZE NAME. ATTRIBUTES. AND REFERENCES 

00Q6H 117 ARRAysur1 
CONTROL287 
FLOAT. 

4 019EH 2 I. 
INITREALMATHUNIT 

019CH 2 NOFX 
SETREAU10DE. 

2 0004H 4 SUMINDEXES 
2 0008H 4 SUMSQUARES 
:2 OOOOH 4 SUMX 
3 OOOCH 400 XARRAV 

MODULE INFORMATION, 

CODE AREA SIZE 
CONSTANT AREA SIZE 
VARIABLE AREA SIZE 
MAXIMUM STACK SIZE 
33 LINES READ 

= 0077H 
= 0004H 

01AOH 
= 0002H 

o PROGRAM ERRORS 

DICTIONARY SUMMARY, 

96KB MEMORY AVAILABLE 
3KB t1EMORY USED (31.) 
OKe DISK SPACE USED 

END OF PL1t1-286 COMPILATION 

119D 
40 

416D 
2D 

PROCEDURE STACK=OO02H 
LITERALLY '033eh I 

BUlL TIN 11 
INTEGER 9* 
BUlL TIN 6 
INTEGER 9 
BUlL TIN 7 
REAL 8* 11 
REAL 8* 12 
REAL 8* 10 
REAL ARRAY( !DO) 

7 

9 

11* 
12* 
10* 

10 

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 )CARRA Y; register CX, 
which LOOP automatically decrements, is loaded with N_OF.J(, the number of array elements to be 
summed. Register SI is used to select (index) the array elements. The program steps through )CARRA Y 
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 )CARRA Y 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.J( is 20, and that }CARRA Y(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 
I 

The programming of applications to execute on both 80286 and 802~7 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 softwar~ rather than 
being executed in hardware. With software emulation, the distinction between 80286 arid 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. 

To the applications programmer, the development of programs for 80286 systems is the same ~hether 
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-I I I iAPX286 MACRO ASSEMBLER X10B ASSEMBLY OF MODULE EXAMPLE_ASM286_PROGRAM 
OBJECT MODULE PLACED IN : F6: 287EXP, OBJ 
ASSEMBLER INVOKED BY: ASM286.86: F6: 287EXP. SRC XREF 

LOC OBJ 

0000 3E03 
0002 ???? 
0004 ( 100 

???????? 
) 

0194 ???????? 
0198 ???????? 
019C ???????? 

0000 
0000 B8----
0003 8ED8 
0005 B8----
0008 8EDO 
OOOA BCFEFF 

OOOD 9AOOOO----
0012 D92EOOOO 

0016 D9EE 
0018 D9EE 
001A D9EE 

001C 8BOE0200 
0020 F7E9 
0022 8BFO' 

0024 
0024 83EE04 
0027 D9840400 
002B DCC3 
002D D9CO 
002F DCC8 
0031 DEC2 

0033 FFOE0200 
0037 E2EB 

0039 
0039 D91E9401 
003D D91E9801 
0041 D91E9COl 
0045 9B 

R 

R 

E 
R 

R 

R 

R 

R 

LINE SOURCE 

1 name example_ASM28b_pT'ogram 
2 Define initialization routine 
3 extl'n init287: faT' 
4 
S Allocate 'space foT' data 
6 data se!Jment T'W public 
7 control_287 dw 033eh 
8 
9 

10 
11 
12 
13 
14 

n of , - -, _array 

sum_squaT'es 
sum_indexes 
sum , 
data ends 

dU/ ? 
dd 100 

d d ? 
dd ? 
dd ? 

15 ; Allocate CPU stack spaclt 
16 stack stackseg 400 
17 
Ie ; Begi"n code 
19 code segment eT' public 

dup (1) 

20 assume ds: data. 55: stack. es: nothing 
21 
22 
23 
24 
25 
26 
'Z7 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

start: 
mov ax. data 
mov ds. ax 
mov ax. stack 

ss. ax 
sp. sta.ckstsrt stack 

Assume x_array and "_of_x are initialized 
this pprogram zeroes n_of_lC 

Prepare the 80287 or its emulator. 
call init287 
fldclll control_287 

j Clear three reg isters to hold running sums 
fldz 
fld z 
fld z 

Setup CX as loop counter imd 
SI as index to x_array 

mov c lC. n of , - -
imul 
mov si. ax 

; Sl now contains index of last element + 1 
; Loop thru lC_array. accumulat.ing ~ums 
sum_next: 

sub 
fld 
fadd 
fld 
fmul 
faddp 

dec 
loop 

si. type x_array 
x_array[siJ 
st(3)' st 
st 
st.st 
st(2). st 

backup one element 
push it on the stac k 
add into sum of x 
duplicate x on top 
square it 
add into sum of (index+x) 

and discard 
reduce index for next iteration 

; continue 

59 ; Pop running sums into memory 
60 pop_results: 
61 fstp sum_squares 
Qc. .tc.t.!"I sum indexes 
63 
64 
65 
66 
67 
68 
69 
70 

Etc. 

fstp 
fwai t 

code ends 
end start 

Figure 2·7. Sample ASM286 Program 
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iAPX286 MACRO ASSEMBLER EXAMPLE~ASM286]ROGRAM 

XREF SYMBOL TABLE LISTING 

NAME TYPE VALUE ATTR IBUTES, XREFS 

CODE SEGMENT SIZE=OQ46H ER PUBLIC 19# 69 
CONTROL_287 V WORD OOOOH DATA 7# 33 
DATA. SEGMENT SIZE=OlAOH RW PUBLIC 6# 13 20 22 
INIT287 L FAR QOOOH E:XTRN 3# 32 
N_OFJ. V WORD Q002H DATA 8# 42 56 
POP_RESULTS L NEAR 0039H CODE 60# 
STACK STACK SIZE=0190H Rt; PUBLIC 16# 20 24 26 
START L NEAR OOOOH CODE 21# 70 
SUM_INDEXES V DWORD 0198H DATA 11# 62 
SUM_NEXT. L NEAR 0024H CODE 48# 57 
SUM_SQUARES V DWORD 0194H DATA 10# 61 
SUMJ V DWORD 019CH DATA 12# 63 
X_ARRAY V DWORD 0004H ( 100) DATA 9# 49 50 

END OF SYMBOL TABLE LISTING 

ASSEMELY COMPLETE, NO ERRORS 

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

ST(O) 

ST(l) 

ST(2) 

ST(O) 

ST(l) 

ST(2) 

ST(3) 

ST(O) 

ST(l) 

ST(2) 

ST(3) 

ST(4) 

ST(O) 

ST(l) 

ST(2) 

ST(3) 

FLOZ, FLOZ, FLOZ 

0.0 

0.0 

0.0 

FAOO 5TO) 5T 

2.5 

0.0 

0.0 

2.5 

FMUL 5T 5T 

6.25 

2.5 

0.0 

0.0 

2.5 

F I MU L N OF X 

50.0 

6.25 

0.0 

2.5 

SU M_SQUARES 

UM_INDEXES 5 

SU 

X_A 

SUM 

--
RRAY (19) 

_SQUARES 

SUM _INDEXES 

SUM 

------ -
X_ARRAY(19)2 

X_ARRAY(19) 

SUM_SQUARES 

SUM_INDEXES 

SUM_X 

........ 
........ 

X_A RRAY(19)'20 

_SQUARES 

_INDEXES 

SUM 

SUM 

SUM 

FLO X ARRAy[5Il 

5 

5 

T(O) 

T(l) 

ST(2) 

ST(3) 

--ST (0) 

ST (1) 

ST (2) 

ST (3) 

ST (4) --
ST(O) 

ST(l) 

ST(2) 

ST(3) 

.... 

2.5 

0.0 

0.0 

FLO 5T 

2.5 

2.5 

0.0 

0.0 

2.5 

FAOOP 5T(2) 5T 

2.5 

6.25 

0.0 

2.5 

X_ARRAY (19) 

SUM_SQUARES 

SUM_INDEXES 

SUM_X 

X_ARRAY (19) 

X_ARRAY (19) 

SUM_SQUARES 

SUM_INDEXES 

X_ARRAY(19) 

SUM_SQUARES 

SUM_INDEXES 

ST(O) 6.25 SUM_SQUARES 

-ffiFAOOP 5T(2),5T 

ST(l) 50.0 SUM_INDEXES 

ST(2) 2.5 SUM_X 

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 _~ree 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 
_____ 1-1 •• 1 .... _ ..... ~ ......... "" .,..... .. nt'l'1'""l't'Y1n-,pr 
a.",,""JUUJ.y-LUJ. 16U.U.O .... 1"'" '-'0& ....................... __ . 

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 FW AIT 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 FLDENV 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 FW AIT 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: 
M 0 V I , 
F I L D I 

MOV AX,I 
FISTP I 

Case 2: 
F IL D 
FWAIT 
M 0 V I., 5 

F 1ST P 
FWAIT 
MOV AX,I 

Figure 2-9. Synchronizing References to Shared Data 

The data-synchronization function of any FW AIT 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 aWAIT 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. 

T!!e NPX t:'~_!! l'"rfnrm one of two things when a numeric exception occurs: 

• 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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F 1ST P 
FMUL Is updated before FMUL Is executed 

Is now safe to use MOV AX,I 

; 

Figure 2-10. Documenting Data Synchronization 

This Is an ASM286 code macro to redefine the FIST 
Instruction to prevent any concurrency 
while the Instruction runs. A walt 
Instruction Is placed Immediately after the 
escape to ensure the store Is done 
before the pr09ram may continue. 

CodeMacro FIST memop: Mw 
RflxM 111B, memop 
ModRM 010B, memop 
R W f I x 
EndM 

FIgure 2-11. Nonconcurrent FIST InstructIon Code Macro 

• 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, 
FNSTENV, FNSA VE, 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 operatioll. 

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-cliecking 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. 

F I L D 
1M C 
FSGRT 

F I L D 
FSGRT 

INC 

COUNT 
COUNT 
COUNT 

COUNT 

COUNT 

INCORRECT ERROR SYNCHRONIZATION 
NPX instruction 
CPU instruction alters operand 
subsequent NPX instruction -- error from 

previous NPX instruction detected here 

PROPER ERROR SYNCHRONIZATION 
NPX instruction 
subsequent NPX instruction -- error from 

previous NPX instruction detected here 
CPU instruction aiiers op"rollu 

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 
datil 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 tdsystems 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, aU 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 instrilctionsautomatically 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 datapointets ate represented in memory following an FSAVE or FSTENV 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' .:ss mode, these same instruction and data pointers are represented. simply as the 20-bit physical 
ad" ;'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 1/0 port addresses in the range 00F8H through OOFFH, although these 1/0 
operations are completely transparent to the 80286 software. 80286 programs must not reference these 
reserved 1/0 addresses directly. 

To prevent any accidental misuse or other tampering with numeric instructions in the 80287, the 80286's 
1/0 Privilege Level (IOPL) should be used in multiuser reprogrammable environments to restrict 
application program access to the 1/0 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 1/0 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 handling 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 

• Initialized 

• Switched into Prolecled mode (if desired) 

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

Recognizing. the 80287 NPX 

figure 3-1 shuVv's ali cAulliplc cf:(l reccgr..iti~n rc!!ti~e th9..t det~-!'!!line.5 Ulh~thp.r:!n 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 8 Nuner;cs Chip, Revision 1.0 PAGE 

DOS 3.20 (033·N) 8086/87/88/186 MACRO ASSEMBLER V2.0 ASSEMBLY OF MOOULE TEST_NPX 
OBJECT MOOULE PLACEO IN FINDNPX.OBJ 

LOC OBJ 

0000 (100 
1??7 
) 

00C8 ?171 

0000 0000 

0000 

0000 
0000 900BE3 
0003 BEOOOO 
0006 C7045A5A 
OOOA 90003C 

0000 803COO 
0010 752A 

0015 8804 
0017 253Fl0 
001A 303FOO 
0010 751D 

001F 9809E8 
0022 9B09EE 
0025 9BOEF9 
0028 9B09CO 
0028 9BD9EO 
DD2E 9BDED9 
0031 9BD03C 
OD34 8B04 
0036 9E 
0037 7406 

LINE SOURCE 

1 +1 Stitle('Test for presence of a Nuner;cs Chip, Revision 1.0 1 ) 

2 
3 name Test_NPX 
4 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

stack segment stack I stack I 
dw 100 dup (1) 

sst dw 
stack ends 

data segment publ ie 'datal 

t""" dw Oh 
data ends 

dsroup group data, stack 
cgroup group code 

code segment publ ic 'code' 
assune cs:cgroup, ds:dgroup 

start: 

Look for an 8087. 80287. or 80387 NPX. 
Note that we cannot execute \lA1T on 8086/88 if no 8087 is present. 

test_npx: 
tninit ; Must use non-wait form 
moy si ,offset dgroup:tefl1J 
mov word ptr [si] ,SASAH ; Initial ize tenp to non-zero value 
fnstsw [si] ; Must use non-wait form of fstsw 

It is not necessary to -use a WAIT instruction 
after fnstsw or fnstew. 00 not use one here. 

cnp byte ptr [si] ,0 ; See if correct status with zeroes was read 
jne no_npx ; JUTp if not a val id status word, meaning no NPX 

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

fnstcw [si] ; Look at the control word; do not use \iAIT form 
; Do not use a \iAIT instruction here! 

moy ax, [si] ; See if ones can be written by NPX 
and aX,10lfh ; See if selected parts of control word look OK 

c"" aX,lfh i Check that ones and zeroes were correct l y read 
jne no_npx ; Jurp if no NPX ;s installed 

Some rn.merics chip h installed. NPX instructions and \iAIT are now safe. 
See if the NPX· is an 8087, 80287, or 80387. 
This code is necessary if a denormal exception handler is used or the 
new 80387 instructions wi II be used. 

fldl 
fld. 
fdiv 
fld 
fchs 
fconw 
fstSN 
IIIOY 

sahf 
je 

st 

[si] 
ax, [sf] 

fOAJnd_87 _287 

; Must use default control word from fNINIT 
; form infinity 
; 8087/287 says +fnf II • inf 
; Form negative Infinity 
; 80387 says +Inf <> • inf 
i See if they are the same and remove them 
i Look at status from FCOMPP 

See if the infinities matched 
; J"", if 8087/287 is present 

Figure 3-1. Software Routine to Recognize the 80287 
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8086/87/88/186 MACRO ASSEMBLER Test for presence of a NUIIOr;cs Chip. Rev;slon 1.0 PAGE 

LOC OBJ 

0039 EB0790 
D03C 

003C EB0490 
003F 

003F EB0190 
004Z 

D04Z 

LINE 

60 
61 
6Z 
63 
64 
65 
66 
67 
68 
69 
70 
71 
7Z 
73 
74 
75 
76 
77 
78 
79 
80 
81 

ASSEHBL Y COMPLETE, NO ERRORS FOUND 

SOURCE 

An 80387 Is present. If denormol e.cepttons are used for an 8087/Z87, 
they "",t be mosked. Th. 80387 will automatically normalize denormol 
operands faster than an exception handler can. 

j"" founct387 

set up for no NPX 

j"" e.tt 
found_87 _Z87: 

.et up for 87/Z87 

j"" exit 
found 387: 

- set up for 387 

, 
•• tt. 
code end. 

end start,ds.:dgroup, •• :dgroup:8at 

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 

• 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 aWAIT 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 ievei 0) ami examiut;d with the aid of th~ SMSW (~t0re 
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 ~xecut­
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 ???? (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=O, EM = I), 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: 

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. 

Only privileged tasks can place the 80286 in emulation mode. The instructions necessary to place 
the 80286 in Emulatio,n mode are privileged instructions, and are not typically accessible to an 
application. \ 

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: 

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 
retu~n from the exception handler. 

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: 

• 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. 

• 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 mayor 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. 

• 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. 

• Take some system"dependent action to rectify the exception. 

• 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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Signaled First: 

Signaled Last: 

SYSTEM-LEVEL NUMERIC PROGRAMMING 

Table 3-2. Precedence of NPX Exceptions 

Denormalized operand (if unmasked) 
Invalid operation 
Zero divide 
Denormalized (if masked) 
Over /U nderflow 
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 

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

Notice that an exception mayor 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 thetask 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 ilOt 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 
crvci"/uud:.:rfbw i~ hf!~d!erllike a before exception; memory is not updated and the stack is not popped.) 
The programming examples contained in Chapter Four include an outiine of severai t:lI.(;<";pti0ii halld!er~ 
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: 

• Execute the comparison. 

• Store the status word. (80287 allows storing status directly into AX register.) 

• Inspect the condition code bits. 

• Jump on the result. 
r 

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 codi: 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 (FXA~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 FXA~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 
B 

DQ 
DQ 

FLD 
FCOMP 
FSTSW 
, 

A 
B 
A X 

NUMERIC PROGRAMMING EXAMPLES 

LOAD A ONTO TOP OF 287 STACK 
COMPARE A:B, POP A 
STORE RESULT TO CPU AX REGISTER 

; CPU AX REGISTER CONTAINS CONDITION CODES (RESULTS OF 
; COMPARE> 
; LOAD CONDITION CODES INTO CPU FLAGS 
SAHF 
; 
; USE CONDITIONAL JUMPS TO DETERMINE ORDERING OF A TO 
; B 
, 
J P 
JB 
J E 

LLU NOR D ERE D 
LLESS 
LEQUAL ; 

TE S T C 2 (P F> 
TE S T CO ( C F ) 
TE S T C3 (Z F) 

LG REA TE R : CO (C F> · o , C3 ( ZF) · 0 

CO ( C F ) · o , C3 (ZF ) · 1 

CO ( C F ) · 1, C3 (ZF ) · 0 

LLUNORDERED: C2 (PF) • 1 

Figure 4-1. Conditional Branching for Compares 

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, NE~_Z£RO, 

EM P T Y, PO S_D E NOR M, EM P T Y, N E G_D E NOR M, EM P T Y 

; EXAMINE ST AND STORE RESULT (CONDITION CODES) 
F X A M 
FSTSW AX 

Figure 4-2. Conditional Branching for FXAM 
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i CALCULATE OFFSET INTO JUMP TABLE 
MOV BH,O i CLEAR UPPER HALF OF BX, 
MOV Bl,AH i lOAD CONDITION CODE INTO BL 
AND BL,OOOOOIIIB i CLE~R ALL BITS EXCEPT C2-CO 
AND AH,01000000B i CLEAR ALL BITS EXCEPT C3 
SHR AH,2 SHIFT C3 TWO PLACES RIGHT 
SAL BX,1 SHIFT C2-CO 1 PLACE LEFT (MULTIPLY 

BY 2) 
OR Bl,AH DROP C3 BACK IN ADJACENT TO C2 

(OOOXXXXO) 

i JUMP TO THE ROUTINE 'ADDRESSED' BY CONDITION CODE 
JMP FXAM_TBLIBXl 

HERE ARE THE JUMP TARGETS, ONE TO HANDLE 
i EACH POSSIBLE RESULT OF fXAM 

PO LU N NOR M : 

POS_NAN: 

N E LU N NOR M : 

N E LN AN: 

PO LN 0 RM: 

POLINFINITY: 

N E LH 0 RM: 

NELINFINITY: 

PO LZ E: R 0: 

EMPTY: 

NELZERO: 

PO LDE H 0 RM: 

HELDENORM: 

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 FNSA VE 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 a nonmask-
able interrupt). ' 

After the exception handler body, the epilogues prepare the CPU and the NPX to resume execution 
from the point of interruption (Le., 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. 

PROC 

SAVE CPU REGISTERS, ALLOCATE STACK SPACE 
FOR 80287 STATE IMAGE 

PUSH BP 
MOV BP,SP 
SUB SP,94 

SAVE ~ULL 80287 STATE. WAIT FOR COMPLETION, 
ENABLE CPU INTERRUPTS 

FNSAVE [BP-941 
FWAIT 
STl 

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 
FRSTOR 

DE-ALLOCATE 
MOV 

BYTE PTR IBP-921, OH 
IBP-941 
STACK SPACE, RtSTORE 
SP,BP 

POP B P 
/ 

RETURN TO INTERRUPTED CALCULATION 
IRET 

SAVE_ALL ENDP 

CPU REGISTERS 

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

SAVE_ENVIRONMENT PROC 

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 IBP-141 
FWAIT 
S T I 

APPLICATION EXCEPTION-HANDLING CODE GOES HERE 

CLEAR EXCEPTION FLAGS IN STATUS WORD 
RESTORE MODIFIED 
ENVIRONMENT IMAGE 

MOV BYTE PTR IBP-121, OH 
FLDENV IBP-141 

DE-ALLOCATE STACK SPACE, RESTORE CPU REGISTERS 
MOV SP,BP 
POP BP 

RETURN TO INTERRUPTED CALCULATION 
IRE T 

SAVE_ENVIRONMENT ENDP 

Figure 4-4. Reduced-Latency Exception Handler 
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ASSUME INITIALIZED 

REENTRANT PROC 

SAVE CPU REGISTERS, ALLOCATE STACK SPACE FOR 
80287 STATE IMAGE 

PUSH BP 

MOV BP,SP 
SUB SP,94 

SAVE STATE, LOAD NEW CONTROL WORD, 
FOR COMPLETION, ENABLE CPU INTERRUPTS 

FNSAVE [BP-941 
FLDCW LOCAL_CONTROL 
S T I 

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 

MOV BVTE PTR [BP-921, OH 
FRSTOR [BP-941 

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

POP BP 
RETURN ~O POINT OF INTERRUPTIOH 

IRET 
REENTRANT ENDP 

Figure 4-5. Reentrant Exception Handler 
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FLOATING-POINT TO ASCII 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 
ASM2lS6 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 10'8• 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. 

iAPX2B6 MACRO ASSEMBLER 80287 Floating-Point to 18-Digit ASCII Conversion 10: 12: 38 09/25/83 PAGE 

SERIES-III iAPX286 MACRO ASSEMBLER XIC8 ASSEMBLY OF MODULE FLOATING TO ASCII 
ODJECT MODULE PLACED IN : F3: FPASC. DBJ - -
ASSEMBLER INVOKED BY: ASM286.86: F3: FPASC. AP2 

LOC DB') LINE 

1 +1 
2 , 
4 

• • 7 
8 

• 10 
11 
12 
13 
14 
I. ,. 
17 
18 
I. 
20 
21 
2. 
23 
24 
2. 2. 
27 
28 
2. 
'0 
" ,. 
" ,. 
35 ,. 
37 
'8 ,. 
40 
41 
42 ., 
44 
4. 
4. 
47 
48 
4. 
50 

SOURCE 

$title("B0287 Floating-Point to lS-Digit ASCII Conversion") 

public floatin9_to_8Scii 
.. xtrn get-pollllll' _10: neaT'. tos_st.tus: near 

This subroutine will t'onvert the floating poiflt numbeT' in tne 
top of the 80287 "tack to <IiIn ASCII string and sepiilrate power oP 10 
,,:aling value (in binaf'':!). The maximum width of the ASCII string 
POf'med is. controlled by a paf'smeter IIIhich must be :> 1. Unnof'mal values. 
denormal values. and psuedo zeroes will be correctl.., converted. 
A returnli!d value lIIill indicate hOIll many bin"r.., bits 0' 
precision "'aT'e lost in an unnormal OT' denormal value. The Iftagnituda 
(in terms of binary pOlliaf') of iii psuedo zero will al.o be indicated. 
Integers les. than 10 .... 18 in magnitude are accuratell,! converted if the 
dntinstion ASCII string 'ield is wide enough to hold all the 
digits. Otherlllis.e the valull' i5 converted to scientific notation. 

The status of the convlI'T'sion is identified bl,! the retUT'n value. 
it can be: 

o conversion complete. string_size is defined 
1 invalid arguments 
2 exact integer conversion. !ltring_size is defined 
3 indehnite 
4 + NAN (Not A Number) 
5 - NAN 
6 + InfinitlJ 
7 - lnfinit.., 
8 psuedo zero found, string_size is defined 

The PLM/286 calling convention is: 

Iloating_to_asc ii: 
procedure (number. denormalJltr, stT'ingJltr, sizeJltr. field_5iH" 

power Jltr) lUord external; 
dec: lare (d anormalJl tr. stringJl tr. power Jltr. s i z eJltr) poi nter; 
declare field_Size word, string_size based sizeJltr wordi 
declare number reali 
declare denoT'mal integar based denormal_ptri 
declare power integer basad power_ptT'i 
and 'loatin9_to_asc i ii 

The floating point value is expected to bll' on the top of tha NP)C 
.tack. This .ubroutini' •• peets 3 free ent1'ies on the NP)c stack and 
!d~ll pop the passed value 0'" when done. The geneT'ated ASCII stT'ing 
lull have a leading character eitha1' '-' or '+' indicilting the sign 
of the value. Ttle ASCII decimal digits liJill immediately Pollolil. 
The numeric viillue of the ASCII string is (ASCII STRINQ. )*10**POWER. 

Figure 4-6. Floating-Point to ASCII Conversion Routine 
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iAPX2Sb MACRO ASSEMBLER 

LOC aSJ 

OOOOC] 
0002t:] 
0004[1 
0006[] 
OOOSt] 
CODAr] 
oOOetl 
OOOEt] 

OOOA 

0012 
0002 
OOOA 
0001 
0004 
0006 
0003 
0008 

-0002 
-0004 
-0006 
-oooa 

0000 
0002 

-OOOiii![] 
-0004C] 
-COObC] 
-OOIOC] 
-OOIOC] 
-OOIOC] 

0010 

0000 DADO 

0002 FB 
0003 04 
0004 F9 
uuv;;; u;;; 
0006 00 
0007 06 
0008 01 ' 
0009 07 
OOOA Fe 
0009 FE 
Dooe FD 
0000 FE 
DOOE FA 
DOOF FE 
0010 FB 
0011 FE 

NUMERIC PROGRAMMING EXAMPLES 

80287 Floating-Point to IS-Digit ASCII Conv~1"6ion 10: 12: 38 09/25/83 PAGE 

LINE 

51 
52 
53 
54 
55 
56 
57 
'8 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 +1 

73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
8. 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
.6 
97 
98 
9. 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
III 
112 
113 
114 It. 
116 
lt7 
118 +1 

119 
120 
121 
12. 
123 
124 
12. 
126 
127 
128 
129 
130 

131 

132 

133 

SOURCE 

If the given number Ula!> zero, the ASCII string will contain a sign 
and a single zero chacter. The value string_size indicates. the total 
length of the ASCII string including the sign character. StringeD) will 
alwal,ls hold the sign. It is possible for string_sile to be less than 
field_sileo This occurs for zeroes or integer values. A pauedo zero 
will return a special return code. The denormal count will indicate 
the power of two original III associated with the vlillue. The power of 
ten and ASCII string will be as if the value was an o'f'dinar~ lero. 

This subroutine is accurate up to a maximum of 18 decimal diilits for 
integers. Integer values will have a decimal power of zero associated 
with them. For non integers. the result will be accurate to within 2 
dIJcimal digits of the 16th decimal place (double precision>. The 
exponentiate instruction is also used for scaling thIJ value into the 
range acceptable for the BCD data t~pe. The rounding mode in effect 
on entrv to the subroutine is used for thIJ conversion. 

The following regist.~rs are not transpart'nt: 

Dt'fine the stack lallout. , 
bp_save '0· word ptr [bpJ 
es_save '0· 
returnJtr '0· 
power -ptr '0· 
field_size '0· 
SileJltr '0· 
string-ptr '0· 
denormal_ptr '0· 

bp_save + size bp_save 
es_save + size es_save 
return_ptr + size returnJltr 
powerJltr + sile power_ptr 
field_size + size field_sil,e 
size_ptr + size sizeJltr 
string_ptr + size stringJtr 

parms_sl ze 

• 
, 
BCD_DIGITS 
WORD_SIZE 
BCD_SIZE 
MINUS 
NAN 

'0· size power_ptr + !;ize field_size + size size-ptr + 
size stringJltr + size denormalJtT· 

Define constants used 

'0· 18 , Number of iigits in bcd_value 
eo· 2 

'0· 10 
eo· I , Define return values 

'0· 4 , The exact values chosen here are 
INFINITY '0. 6 important. The\! must correspond to 
INDEFINITE '0· 3 , the possible return v .. lu •• and b. in 
PSUEDO_ZERO '0· 8 the same numeric order as tested b~ 
INVALID 
ZERO 
DENORMAL 
UNNORMAL 
NORMAL 
EXACT 

, 
status 
power _two 
power _ten 
bcd_value 
bcd_byte 
fr.c t i on 

con.tlD 

'0· -2 the program. 

'0· -. 
'0· -6 

'0· -8 

'0· 0 

'0· 2 

Define la~out of temporOlr\! storage area. .,. 
'0· 
'0· 
'0· 
eo· 
'0· 

word ptr tbp-WORD_SIZEl 
status - WORD_SIZE 
power_two - WORD_SIZE 
tbyte ptr power _ten - BCD_SIZE 
bl,lte ptr bcd_value 
bcd_value 

size status + size power_two + 6ize power_ten 
+ size bcd_v.lue 

segment e1" pub I ic 
ext1"n power_tab I.: q,ward 

Constant. used blJ this function. 

even 
d. 10 

j Optimize for 16 bits 
J AdJustment value floT" too big BCD 

Convert the C3.C2.Cl.CO encoding fir om tos_stOltus into meaningful bit 
fllags OInd values. 

db UNNORMAL. NAN. VNNORMAl. + MINUS. NAN + MINUS. 

NORMAL. INFINITY. NORMAL + MINUS. INFINITY + MINUS. 

ZERO, INVAl.lD. ZERO + MINUS, INVALID, 

DENORMAL, INVALID, OENORMAL + MINUS. INVALID 

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

LOC DB..} 

0012 

0012 EBOODO 
0015 81308 
0017 2EBAB70200 
ODIC 3CFE 
ODIE 7528 

0020 C20AOO 

0023 

0023 ODDS 
0025 EB02 

0027 

0027 BOFE 

0029 

0029 C9 
002A 07 
00213 C20AOO 

002E 

002E DI37EFO 
0031 A801 
0033 98 
0034 74F3 

0086 DBDoeo 
0039 285EF6 
003C OBSEF4 
003F OB5EF2 
0042 OB5EFO 
0045 75E2 

0047 B003 
0049 EBDE 

0048 

0048 06 
004C eS100aoo 

0050 884EOB 
0053 B3F902 
0056 7CCF 

0058 49 
0059 83F912 
Dose 7603 

DOSE B91200 

OD61 

0061 3C06 
0063 ?DBE 

0065 3C04 
0067 7DCS 

0069 D9El 

006B 8800 
0060 33CO 
006F 8B7EOE 
0072 8905 
0074 BB5E06 
0077 8907 
0079 eOFAFC 
007C 7828 

D07E SOFAFA 
0081 732C 

NUMERIC PROGRAMMING EXAMPLES 

80287 Floating-Point to 18-Dig.it ASCII Conversion 10: 12: 38 09/25/83 PAGE 

LINE 

134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
17. 
177 
178 
179 
180 
181 
182 
183 
184 
185 
18. 
187 
188 
189 
190 
191 
192 
193 
19' 
195 
19. 
197 
198 
199 
200 
201 
202 
203 
204 
205 
20. 
207 
208 
209 
210 
211 
212 
213 
21. 
215 
21. 
217 
218 
219 
220 
221 
222 
223 
22. 
225 
226 
227 

SOURCE 

call tos_status 
b 1, ax 
a1,status_table[bx] 
OIL INVALID 

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

Look for empty STeO) 

ST(O) is empty! Return the status value. 

RE'move infinity from stack and exit. 

fstp 
Jm, 

st (0) 

short exit_proc 
; OK to leave fstp running 

String space is too small! Return invalld code 

OIL INVALID 

leave i RestorE.' stack 
pop es 
ret parms_size 

ST(O) is NAN or indefinite. Store the value in memory and look 
at the fraction field to separate indefinite from an ordinary NAN. 

fstp fraction 
test ai, MINUS 
fwait 
JZ exit.JIroc 

mov bx.OCOOOH 
sub bx.word ptr fraction+6 

bx. word ptr fraction+4 
bx. word ptr fraction+2 

or bx. word ptr fraction 
Jnz 9xit..JH·OC 

al, INDEFINITE 
Jmp exit.JIroc 

Remove value from stack for examination 
Look at sign bit 
Insure stoT'e is done 
Can't be indefinite if positive 

Match against upper 16 bits· of fraction 
CompaT'e bits 63-48 
Bits 32-47 must be zero 
Bits,l'31-16 must be zero 
Bits 15-0 must be zero 

Set return value for indefinite value 

Allocate stack space for local variables and establish parameter 
addressibility. 

not_empty: 

size_ok: 

push " enter 10cal_size.O 

mov cx. field_size 
<m, cx.2 
Jl small_string 

do< " <m, c x. BCD_DIGITS 
J" size_ok 

c x. BCD_DIGITS 

<m, aI. INFINITY 

". found_i nfi n i ty 

<m, al. NAN 
JO' NAN_or _indefinite 

Save working register 
FOT'mat stOiC II 

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 

Set default return values and check that the number is normalized. 

mov 
mov 

<m, 
J.' 
<m, 
J •• 

dx. ax 
ax. ax 
di. denormal.JItr 
word ptr [di.:J, ax 
bx. power .JItr 
word ptr [bx]. ax 
dl. ZERO 
real_zero 

dl. DENORMAL 
found_denormal 

Use positive value onll,l 
sign bit in 011 has true sign of value 
Save retuT'n value for later 
Form a constant 
Zero denormal count 

Zero power of ten value 

Test for zero 
Skip power code if value is 

Look for a denormal value 
Handle it specially 

Figure 4-6. Floating-Point to ASCII Conversion Routine (Cont'd.) 
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iAPX2B6 MACRO ASSEMBLER 

Loe OBJ 

0083 09F4 
0085 80FAFB 
0088 7240 

OOBA eOEAFB 

0080 09E8 

DoeF 

DoeF DCC1 
0091 DEE9 
0093 D9F4 

0095 D9C9 
0097 OF15 
0099 DEC;! 

Q09Il F71D 
009D 7529 

009F D9C9 
aOA1 OFID 

aOA3 80EAF8 
OOA6 E9A400 

OOA9 

OOA9 BOEAFC 
()OAC E99EOO 

aOAF 

DOAF 09E8 
OOBl DC'1C9 
00133 D9FB 

00135 D9F4 

aaB7 09£5 
0099 9BDFEO 
COBe 09C9 
DaDE D9CA 
aOCD BOEAFA 
aOC::3 1090044 
aOC6 74C7 

Dace ODDS 

aOCA 
aOCA 

OOCA CB7EFO 
OOCD OF56FC 
0000 D9Ee 

0002 DEe9 
0004 DF5EFA 

NUMERIC PROGRAMMING EXAMPLES 

80287 Floating-Point to IS-Digit ASCII Conversion 10: 12: 89 09/25/83 PAGE 

LINE 

228 
22. 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
24. 
245 
246 
247 
248 
24' 
250 
251 
:?52 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
~71 

27. 
273 
27. 
275 
276 
277 
278 
27. 
280 
281 
28. 
283 
28. 
28. 
286 
287 
288 
28. 
2'0 
291 
2'2 
:293 
2 •• 
29' 
2'6 
2'7 
2.8 2., 
300 
301 
302 
303 
30. 
30' 
306 
307 
308 
30, 
310 
311 
312 
313 
31. 
31. 
316 
317 
318 
31. 
320 
321 

SOURCE 

fxtratt 
cmp dl,UNNDRMAL 
Jb normal_value 

sub d 1, UNNORMAL-NORMAL 

Normalize the fraction. 
the denormal count value. 

Assert: 0 <'" ST(O) ( 1.0 

-Fld 1 

J Separate exponent f'T'om significand 
, Test for unnormal value 

Return normal status with correct Sign 

adJust the power of two in ST(1) and 1t.et 

, Load constant to normalize fraction 

norma 1 i z e_frac t ion: 

fadd st(1).1t.t 
hub 

f xc h 
fi1t.t word ptr CdiJ 
faddp st (2). st 

ne-g word ph CdiJ 
Jnz not_psuedo_zero 

Set integer bit in fraction 
j Form normalized fraction in ST(O) 
J Power of two Held will be negative 

of denormal count 
j Put denormal count in ST(O) 
J Put negative of dl!'normal count in memorl,l 

Form correct power of two in stt!) 
OK to use word ptr CdiJ now 
Form positive denormt!ll count 

A psuedo zero will appear an unnormal numbeor. When attemptinll 
to normalia it. the resultant fraction field will be zero. Perfo~minll 
an f'xtrBct on zero will yield a zero exponent value. . 

f~ch ) Put power of tllJO value in !OttO) 
Fistp word ptr CdiJ Set denorm<ll count to power of' two value 

Word ph (diJ is not u!;ed by convert 
integer. OK to letJve running 

!:tub dl, NDRMAL-P5UEDO_ZERD ,Set return value saving thf! sign bit 
Jmp convert_i.nteger ) Put zero value into memory 

The number is a real zero. 'iet the return value and setup for 
conversion to BCD 

d 1, ZERO-NORMAL 
convert_integer 

, Convert <;t.3tlIS to normal v<'Jlu!' 
i Treat the: l~ro as an i.ntE!geT' 

Th. nUmbllr is a dllnoTmal. FXTRACT will not wOTk correctly in tht. 
elutt. To corrttetlu slIparate the eKponllnt and fraction, add a fixed 

J constant to tht' exponent to guarantee thll rellult il not a denormal. , 
found_d enorma 1: 

, 

fld 1 
heh 
fpram 

htract 

j PTeparl! to. bump axponent 

ForeD denormal to smallelit represllntable 
utendlld raal -Format exponent 

) This will work corrllctly now 

The power of the original dllnoT'mal valu. n.n baen safely isohtad. 
Check if the fraction value is an unnormal. 

ham 
htsw 
hch 
heh 
"b 
t!!!!t 
J' 

fstp 

atC:!) 
dl. DENORMAL-NORMAI.. 
8K,4400H 
norma 1 i :re_fTac t i on 

stCO) 

SII' if the fraction is an unnormal 
Save 80287 statu. In CPU AX rIg for later 

I Put uponent in 9T(O) 
, Put 1. ~ into SHO), uponant in 9T(2) 
j Return normal status with correct lign 
j See if! C:3-C:!"O imp ling unnormal aT' NAN 
j Jump if -Fraction is an unnormal 

j Remov. unnecessary 1. 0 from lIteO) 

Calculatt the d.eimal magnitude a"oelated with this numb Ill' to 
lIIithin one order. Tnt. error lIIi1l allllays bll inevihbh due to 
rounding and lost pr.ttlion. A. a rlSult, we will delibarfttwly fail 
to considar the LOOIO of the fraction valua in calculating thll oT'dn. 
Since th hattion will alwaYI be 1 <- F <:!, its L.DOIO will not change 
thll baSic accurilcl/ oft the function. To get thll decimal order of magnitude. 
limply multipl1J tha power of two bl,l L.OQ10(2) and truncate thll ruult to 
.an integar. 

normal_valu.: 
notJlIu.do_:rero: 

fltp fTacUon 
fiat POWtT'_two 
Udlg2 

fmul 
fhtp power_tan 

tlsve ,;;nll Tr.1;;~I.I;U' ii..""; ; ... , ~ ........ 
Save power of two 
Qet L.OQ10(2) 
Pow.r_two is noUl saf. to us. 

I Form LOG10(of exponent of number) 
j AnI,! rounding moda will work harll 

Check if the magnitude of thll number rule. out treating it al 
integllr. 

CX ha. the maximum number of decimal digits allowed. 

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

4-10 



iAPX286 MACRO ASSEMBLER 

LOC OBJ 

0007 98 
aooa 8S46FA 
0000 2DCl 
0000 7722 

OODF DF46FC 
00E2 SaFe! 
00E4 BOEAFE 
aOE7 DB6EFO 
OOEA D9FD 
aOEe 0001 
OOEe D9FC 
OOFO 0809 
OOFe! 9BDD7EFE 
00F6 F146FE0040 
00F9 7550 

OOFO 0008 
DOFF BnOb 

0101 

0101 8907 
0103 F708 

0105 EBOOOO 

0108 OD6EFO 
010/3 DEC9 
0100 813FI 
0101=' 01E6 
0111 01E6 
011:3 0lE6 
0115 OF46FC 
0118 DEC2 
OIIA D9FD 
011C 0009 

011E 

011E 2EDC940eoo 

0123 9BDFEO 
0126 A90041 
0129 750C 

0129 2EOE360000 
0130 BaE2FD 
01:33 FF07 
0135 E814 

0137 

0137 2EOC940000 
013C 9DDFEO 
013F A90001 
0142 7401 

0144 :2EOEOeOOOO 
0149 FFOF 

0149 

0149 D9FC 

0140 

0140 OF76FO 

0150 13E0800 

NUMERIC PROGRAMMING EXAMPLES 

80287 Floating-Point to is-Digit ASCII Conversion 10: 12: 38 0'1'/25/83 PAGE 

LINE 

32. 
323 
3.4 
32S 
326 
327 
328 
3 •• 
330 
331 
332 
333 
334 
33' 
336 
337 
338 
33' 
340 
341 
342 
343 
344 
345 
346 
347 
348 
34. 
350 
351 
352 
333 
354 
33. 
306 
357 
358 
339 
360 
361 
362 
363 
364 
365 
366 
367 
368 
36. 
370 
371 
372 
373 
37. 
375 
376 
377 
378 
37. 
380 
381 
382 
383 
38. 
38. 
386 
387 
388 
39. 
3.0 3., 
39. 
3.3 
394 
39. 
396 
397 
399 
39' 
400 
401 
40. 
403 
404 
40S 
406 
407 
408 
40. 
410 
411 
41. 
413 
414 
415 

SOURCE 

, 

i'Li/ait 
mov ,ax,poLlla,,_ten 
sub ax, ex 
J,a adJust_"luult 

Wait for power_ten to be valid 
I Get powe" of tan of value 
I Form scaling factor nacaIl5.,,1,1 in ax 

Jump if number will not fit 

The number is betwaen 1 ,and 10**<field_lIirel. 
Test if it is an intega". 

HId pOLlIa" _ two 
mov II i. d x 
.ub dl. NORMAL-EXACT 
fl' fraction 
fscal a 

'" ,t (1) 

f"ndint 
fcomp 
fstsw status 
test status.4000H 
J"' c onvl!rt_i ntagar 

htp st(Ol 
d x. IIi 

I Ra .. to"e original number 
S.va "eturn valua 

I Conv."t to exact ".tu"n v .. lue 

I Form full value. this 1s safe here 
Copy value fo" comparl! 

J Tast if its an intege" 
I Compa"a values 
J Save status 

C3a 1 implil!S it was an integl!" 

J Remove non integer value 
I Restore original return value 

Sc,ala the number to Ll/ithin the range allowed by the BCD form,at. 
The scaling operation 5hould produce ,a numb.r within one decimal order 
of magnitUde of the largut decim.!ll number repra .. ntabla within the 
given string width. 

nl! seal ing power of ten value is in u. 

adJu .. t_ruult: 

moy 
no, 

call 

fl' 
fmul 
moY 
'h 1 
'h 1 
.h 1 
Hid 
faddp 
flcale 
htp 

word ptr Cbx~ •• u 

Practlen 

sit ex 
si.1 
\ii.t 
si. 1 
power _two 
st(2). lit 

I s.t initial powe" of ten return value 
j Subtract one 'or each order 0' 
J magnitude the vo!!Ilue i!li scaled by 

Scaling flactor is returned as uponent 
and fraction 
Q"t .p"action 
Combine fractions 

I Form pOlller of ten of! the maximum 
j BCD value to fit in the string 
) Indu in s1 

j Combine powlfrs of two 

Form full value. exponent wall saile 
J Remove exponent 

Tl!st the adJu.t.d value against a tablli! of t'~act powers of tt!n. 
Til. combined er"or' of thE!' magnitude IIstimatl! and power function ca., 
ret.ult in a value one ordl'r of! magnitude too small 01" too large to fit 
corrl!ctly in ,the BCD Held. To handle thi!l pT'obhm. pretest the 
adJUsted valull> if it is too small 01' large. than adJust it by ten and 
adJust th. powe" of ten value , 

testJower: 

f!com power_tableCsiJ+type power_table) Compare against exact power 

fstsw 
test 
J"' 

f:Ldiv 
an' 
in' 
Jmp 

., 
ax. 4100H 
test_fo" _sm,all 

const10 
d 1. not EXACT 
word ptr tb xJ 
.ho"t; in_ranga 

pOWIi!1"_hbhCsiJ .. 
1U.IOOH 
1n_range 

Umul constiO 
dac LIIo"d pt,. Cbx~ 

flrndint 

" 

J entry. U!ie thf! ne~t entry since cx 
J has been decremented by one 
) No lIIait is necessart,! 
) If C3 - CO .. 0 than too big 

Elu adJust value 
Rli!mova axact fllag 

I AdJust power of tan value 
J Convart the value to a BCD int.g.r 

j Test relative size 
No wait is naca.sart,! 
If! CO - 0 than st(O) >- low.,. bound 

I Conv.rt tha valua to a BCD intager 

AdJust valu. into range 
AdJu.t powar of t.n valua 

A .... rt: 0 <- TOS <- 999.999.999.999.999.999 
J The TOS number will ba ... c:tll,l repraunhble in 19 digit BCD format. , 
convart_i nteg.,.: 

Whih the .to,..e BCD "uns ... etup ragi.tns for the conversion to 
ASCII. 

I Initial BCD index valua 

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

LOC ODJ 

0153 B9040F 
0156 BBOI00 
0159 BD7EOC 
DISC BCDS 
015E eEeD 
0160 Fe 
0161 B02B 
0163 F6(:201 
0166 7402 

0168 802D 

016A 

016A AA 
0168 BOE2FE 
016E 98 

016F 

016F BA62FO 
0172 BAC4 
0174 D2EB 
0176 22C5 
0178 7516 

017A BAC4 
al7e 22C5 
017E 7518 

0180 4E 
0181 79EC 

0183 0030 
0185 AA 
01B6 43 
0187 EU6 

0189 

0189 BA62FO 
alBC 8AC4 
018E 02E8 

0190 

0190 0430 
0192 AA 
0193 BAC4 
0195 22C5 
0197 43 

0198 

0198 0430 
Ol9A AA 
0198 43 
019C 4E 
019D 79EA 

019F 

019F BB7EaA 
01A2 891D 
VIA .. aa\..,: 

01A6 E9BOFE 

NUMERIC PROGRAMMING EXAMPLES 

80287 Floatlnll-Paint to IS-Digit ASCII Conve,.si!)" 10: 12: 38 09/25/83 PAQE 

LINE 

416 
417 
418 
419 
4.0 
421 
4.2 
423 
424 
4 •• 
426 
4.7 
4.B 
429 
430 
431 
43. 
433 
434 4,. 
430 
437 
438 
439 
440 
441 
44. 
443 
444 
44. 
440 
447 
448 
449 
•• 0 
451 
4.2 

4"" 
4'4 ... 
.. 0 
457 
458 
459 
400 
401 
40. 
40' 
40. 
'05 
400 
407 
46B 
469 
• 70 
.71 .7. 
47' 
474 
'75 
.70 
'77 
.7B 
.79 
'BO 
481 
4B. 
4B, 
4B4 
4B5 
.80 
4B7 
4BB 
489 
490 
491 
49. 
49' 
494 
495 
496 
497 
49B 
.. ;r;; 
500 
001 
50. 
50' 
504 

SOURCE 

mov 
cld 

cx.Of04h 
bll,l 
di. ~trinIlJt,. 
ax. ds 

mov .. I, '+' 
tnt dl.I1INUS 
JI positive_result 

al. '-' 

posi tive_resul t: 

stosb 
.and dl. not MINUS 
flilait 

Remove leading , 
sk ip_l e .. di ng_1 erolt.: 

mo. 
.hr 
and 
JU 

mo. 
and 
JU 

ah. bed_buteCsil 
a!. ah 
0111. cl 
0111. eh 
enter _odd 

0111. ah 
al, eh 
ente1' _even 

5i 

ah: 
al: 

I Set shift count .nd mlillsk 
S.t initial sin of ASCII .hld for aign 
Get .. ddre .. of start of ASCII string 

I CoPu ds to es 

Set .. utoinere.ent mode 
I C .... r sign fhld 

Look 'or ne.ative v .. lue 

I Bump string pointer past sign 
I Turn off sign bit 
I W,.it for fbstp to finish 

BCD byte value in use 
ASCII character v.alue 

dx: Return value 
eh: BCD mask. Ofh 
c1: BCD shift count. 4 
bx: ASCII string field width 
si: BCD field index 
di: ASCII strihg field pointer 
ds •• s: ASCII string segment ba.e 

from the number. 

I get BCD byte 
Cop" value 

I Get high ordar digit 
I Set lero flag 

Exit loop if leading non ze1'O found 

Get BCD bute again 
Get low order digit 
Exit loop if non IBro digit found 

I Decrlment BCD indu dec 
Jno skip_lead ing_IB1'oes 

The significand lIIas all 

mov al. '0' I Set initial 
stosb 
inc bx Bump st1'ing length 
Jmp short exit_1II1th_value 

NOIII elpand the BCD stTing into digit per byte values 0-9 . 

mo. ah. bcd_byte[siJ Get BCD tU,Ite 
mov 0111. ah 
'hr 0111. cl get high order digit 

enter _odd: 

add al. '0' , Convert to ASCII 
stosb Put digit into ASCII string 
mo. 0111. ah Get 10. order digit 
and al, ch 
inc b, Dump field size counte" 

enter _even: 

add 011. '0' Convert to ASCII 
stosb Put digit into ASCI I area 
inc b, Dump field size counter 
dec ., 00 to next DCD byte 
In. digit_loop 

Conversion complete. Set the string size IillJld remainder. , 
ex it_lilith_value: 

6i.slzeJtr 
lIIoT'd ptr [dil, bx .. "'.;,, 

Jmp ex i tJroc 

floating_to_ ... cii endp 
code ends 

end 

ASSEMIILY··COMPLETE. NO ·WARNINGS. NO ERRORS 

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

IAPX2B6 _AD _,",LEA 12: 11: os· 09/25183 PAQE 

SEAlES-III IAPX2S6 "",CRD ASSEKILEA XlOS ASSEKILY OF I10IIULE OET.,pOWER_10 
aaJECT I'IDDULE PLACED IN : F3: PDW10. a ... 
ASSEJ1BLER INVOKED IV: A8M286.86: F3: PDWIO. AP~ 

LOC . DI~ 

0000 OOOOOOOOooOOFO 
3F 

0008 00000000000024 
40 

0010 00000000000059 
40 

001B ooOOOoooo0408F 
40 

0020 0OOOOO0OOO8BC3 
40 

0028 000000000061\F8 
40 

0030 0000000080842E 
41 

0038 00000000001263 
41 

0040 0000000084D797 
41 

0048 aOOOOO0065CDCD 
41 

0050 00OO0020~M02 
4. 

0058 000000E8764837 4. 
OObO OOQOOOA2941A6D 4. 
0068 000040E59C3DA2 

4. 
0070 0000901EC4oC06 

•• 
0078 00003426F5680C 

43 
0080 0080E03779C341 

43 
0088 001'100885573476 

43 
0090 OOCB4E676DC1AD 

43 

0098 

0098 301200 
0098 770F 

0090 53 
009E 8108 
OOAO C1E303 
O0A3 2EDD870000 
OOAS 51 
DDA' 09F4 
OOAB C3 

OOAC 

GOAC D9E9 
OOAE C8040000 
0012 a946FE 
0085 OE4EFE 
ooae 9BD97EFC 
OOIC a.46FC 
008F 25FFF3 
OOC2 Ol)C)O()i 
oacs .746FC 

DOCS OCIE8 

LINE 

1+1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
II 
I. 
13 
14 
IS 
16 
17 
la 
19 
20 
.1 

•• 

.3 

.4 

26 
.7 
.8 .9 
30 
3. 
32 
33 
34 
35 
36 
37 
as 
39 
40 
41 
4. 
43 
44 
45 
46 
47 
4S 
49 
SO 
51 
52 
53 
54 
55 
56 
57 
sa 

SOURCE 

.UU.C-C.lcuhh th v.lua a,1 lo* ••• ·~ 

Thh lub1'DUUnW will c.leul.t. the v.lue of 10 ••••. 
Fa," ..,alu •• of 0 c- a. < I', the " •• ult 111111 ... ct. 
All 80286 ".ght." •• ". 'II,..n., • .,..nt .nd th. v.lu. is .,..tu"n,d on 

.J th. TDB •• two nu_b.r •••• pon.nt in STet) .nd '".cUon in STeO). 
I Th •• «.on.nt v.lu. c.n II. 1.,. ..... than th. l.", •• t ... ,on.nt 0' .n 

•• t.nd.d " •• 1 fo" •• t: nu ..... ". Th" ••• t.cll .nt,,:i' •• ". u •• d. 

.t.cll 

g.t:-polII'T' _10 

pu" lic .,t-P0IlltT' _10. palll." _tab It 

.t.c .... B 

.'I •• nt ." pubUc 

Us •••• ct valu,. f"alll 1.0 to leiS. 

1. O. 1.1. 1.2. h3 

d, h4. 1.5. h6. h7 

d. 1116. h17. hiS 

••• 1B ,m, 
J. out_a, _".nl' 

pu.h ... 
mov b .. , •• 
• hl .... ,3 
,lei pa .. tT'_tabht .... l 
pop b. 
ht".ct 
••• 

J Optill111 16 bit ac:c ... 

I T.I'st 'OT' 0 <- a. < 19 

, O.t lIIa"Ung ind •• ".gut." 
, Fa,.. t.blt ind •• 

, O.t ••• ct v.lu. 
, R •• to" ...... ish ... vah. 

S.p ....... pOIll ..... nd .".ctian 
aM to haY. f.tr.ct "'unninl 

C.lcul.h th. v.lu. u.ing th ••• pon.nU.h inst ... uction. 
Th. followinl .... I.Uon. at'. u •• d: 

10". - 2.*e la.2C 10)*.) 
2"( I+F) - 2**1 • .!2'*F 
If .ut) • 1 .nd .UO) - .!2.ttF then hc.le p ... aduc •• .!2"(I+F) 

I. . 
aut_of _r.ng.: 

'IdI2' 
.nt." ... 
U.ul 
f.tclil ... 
.nd .. 
Ichg 

flell 

4.0 
tbp-.!21. a • 
ward Ittr CIIp-2] 
wo"d ptr tbp-4] 
••• 1II0rd ptr Cbp-41 
••• not OCOOH 
a •• 040DH 
••• wo ... d pt ... tbp-41 

TOS - LOOaUOI 
Fa" .. t .t.c. 

I S.v. po".,. 0' 10 v.lu. 
I TOS. X - LO02C 10ltP • LD02110"P) 
I G.t cu ... .,..nt cont.,.ol wa.,.d 
I G.t cont.,.ol lIfo.,.d. no w.it n.c .... .,.u 
I .... 11 off cu.,.,..nt. ".oundinl 'Ulel 
I S.t nund to n'latlv. 1nfinitu 

Put: nil. cont"al wo,.d in •• ao1'U 
old cant"ul wo,.d is in a .. 

" S.t ros • -1. 0 

Figure 4-6. Floating-Point to ASCII Conversion Routine (Cont'd.) 
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iAPX2Bb MACRO ASSEMBLER 

LOC OBJ 

COCA O'9EO 
ooce D9Cl 
DOCE D96EFC 
0001 D9FC 
0003 8946FC 
0006 D9bEFC 
0009 D9CA 
DaDa 08E2 
DODD BB46FE 
OOEO D9FD 
00E2 D9FO 
00E4 C9 
ODES DEE1 
OOE7 Dcca 
00E9 C3 

NUMERIC PROGRAMMING EXAMPLES 

Calculate the value of 10**ax 

LINE SOURCE 

5. -Fchs 
60 n. st( 1) 

61 fIldcw word ptr 

6. f'rndint 
63 mav word ptr 
6' fidew wOl'd ptr 
65 Fxch st(2) 

66 hub st, st(2) 
67 mov ax, Cbp-2J 
68 flscale 
6. f'2xml 
70 l ... v. 
71 fsubl' 
7. flmul st. steOl 
73 rot 
7. 
75 get_power _10 endp 
76 
77 code ends 
78 en. 

[bp-4J 

[bp-4], ax 
[bp-4J 

12: 11: 08 09/25/83 PAGE 

I COPV power value in base two 
Set new control word value 
TOS = I: -inf < I <= X. I is an int~g~r 

I R~5tor~ original rounding control 

I TOS .. X. 91(U "" -1.0. 51(2) '" I 
TOS. F -.. X-I: a < .. TOS < 1. a 
Restore power of ten 
TOS ... F/2: a < .. TOS < 0.5 
TOS '" 2**(F/21 - 1. 0 

I Restore stack 
J Form 2**(F/2) 

Form 2**F 

j OK to leave fmul running 

A8SEMBL V COMPLETE, NO WARNINGS, NO ERRORS 

iAPX28b MACRO ASSEMBLER Det~rmin~ TOS r~gist~r cont~nts 12: 12: 13 09/25/83 PAGE 

SERtES-I11 iAPX28b MACRO ASSEMBLER XI08 ASSEMBLV OF MODULE TOS_STATUS 
OBJECT MODULE PLACED IN : F3: TOS8T. OBJ 
ASSEMBLER INVOKED BV: ASM28b.86: F3: T09ST. AP2 

LaC OBJ 

0000 

0000 09E5 
0002 9BDFEO 
0005 8AC4 
0007 250740 
OOOA COEC03 
0000 OAC4 
OOOF B400 
0011 C3 

LINE SOURCE 

1 +1 $title("D~t~rmine TOS register contents") 
2 
3 This subr.outine will return a value from 0-15 in AX corres,ponding 
4 to the contents of 80287 T09. All re!listlH's are transparent and no 
5 errors are possible The return value corresponds to c3,c2,cl.cO 
6 of FXAM instruction. 
7 
8 tos_status 

• 10 
11 
12 
13 
I. 
15 
16 
17 
18 ,. 
20 
21 
22 
23 
2. 
25 
26 
27 
28 
2. 
30 

stack 

code 

code 

pub lic 

fxam 
fstsw 
mov 
an. 
,hr 

mov 
ret 

stacks8g 6 

se!lment 

proc 

a. 
OIl. ah 
al,4007h 
ah,3 
OIl. ah 
ah.O 

endp 

ends 
end 

) Allocate space on the stack 

pub 1 ic 

) Get register contents status 
) Get status 

Put bit 10-8 into bits 2-0 
Mask out bits c3,c2.c1.cO 

) Put bit c3 into bit 11 
J Put c3 into bit 3 
I Clear return value 

ASSEMBLV COMPLETE, NO WARNINGS, NO ERRORS 

Fi!!~lrA 4-~~ Flnllting-Point to ASCII Conversion Routine (Cont'd.l 

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_IO, 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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NUMERIC PROGRAMMING EXAMPLES 

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 108 and 109• For example, the 
number +0.123456789 requires a scaling factor of 109 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 1* lOX, where 1.0 < = I < 10.0. Scaling the number requires multiplying it by a scaling 
factor lOS, 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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NUMERIC PROGRAMMING EXAMPLES 

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 102. 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 
IOx=2**(X*log210) is used for this function. The exponentiate instruction (F2XMl) will be used. 

Due to restrictions on the range of values allowed by the F2XMl instruction, the power of 2 value will 
be split into integer and fraction components. The relation 2**(1 + F) = 2**1 * 2**F allows using 
the FSCALE instruction to recombine the 2**F value, calculated through F2XMl, and the 2**1 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 value 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 
214-\. 

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 10-4932 to 108 requires a scaling factor of lO49So, 
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 (GeLPowec10) 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 
104900 by 1.00000000000000010 X 10-4883 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 + 262. 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. 

FPT AN and FPREM 

These trigonometric functions use the FPTAN instruction of the NPX. FPTAN requires that the angle 
argument be between 0 and 7r / 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 1018 radians or less in magnitude to 7r / 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 ( I A I + 
7r /2) = cos (A) is used to convert the cosine a.rgument into a sine argument. Adding 7r /2 to the angle 
is performed by adding 0102 to the FPREM quotient bits identifying the argument's octant. 

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

Depending on which octant the argument falls in, a different relation 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 FPT AN 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. 

iAPX286 MACRO A.SSEMBLER 80287 Trignoltletric Functions 

SERIES-III iAPX286 MACRO ASSEMBLER XI08 ASSEMBLY OF MODULE TRIO FUNCTIONS 
OBJECT MODULE PLACED IN : F3: TRIO. OBJ -
ASSEMBLER INVOKED BY: ASM:!86.96; F3: TRIQ. AP2 

LOC OBJ LINE 

1 +1 
2 
3 
4 
5 
6 
7 

SOURCE 

ttitle("80287 Trignometric Functions") 

nama trig_function~ 
public sine. cosine. tangent 

stack 

10: 13: 51 OQ/25/83 PAGE 

I Ra.erve local space 

8 SIIl_2B7 record res1: 1, tend3: I. top: 3. tend:?: 1. tend1: 1, condO: 1. 

0000 35CO;!b821A2DAOF 
C9FE3F 

OOOA OOOOCOFF 

9 tc ,..,2: 8 

11 code segment el'" public 
12 
13 Define local constants. 
14 
15 aven 
16 pi_ltuarter dt 3FFEC90FDAA2216BC:235R, Pl/4 

17 indefinite dd OFFCOOOOOR , Indefinite special ..... lu. 
18 +1 $eJllct 

Figure 4-7. Calculating Trigonometric Functions 
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iAPX286 MACRO ASSEMBLER 

LOC OS,) 

OOOE 

OOOE 0009 
0010 7501 

00l:ii! C3 

0013 

0013 E80901 
0016 E9:i!F 

OOlS 

001S 09E5 
COlA 9DDFEO 
00 I D 2EDIJ2EOOOO 
0022 BIOI 
0024 9E 
0025 7263 

0027 D9C9 
OO:ii!9 7Ale 

002D OD09 
0020 75E4 

NUMERIC PROGRAMMING EXAMPLES 

80287 Trillnometric Function5 10: 13: 51 091:25/83 PAGE 

LINE 

,. 
20 
21 
22 
23 

•• 2. 
20 .7 
2a 
•• 30 
31 
3. 
33 
3. 
35 
30 
37 
38 
3. 
.0 ., 
.2 
.3 
•• 45 +1 

.0 

.7 

.a 
•• 50 
31 

•• 53 

•• 55 
.0 
07 
5e 
5. 
00 
01 
02 
03 
O. 
OS 
00 
07 
08 
o. 
70 
71 
7:1: +1 
73 
7. 
75 
70 
77 
78 
7. 
eo 
81 
e. 
e3 
8. 
e. 
eo 
87 
e8 
e. 
.0 ., 
•• .3 

•• •• .0 .7 
.e 
•• 100 

101 
10. 
103 
10. 
10. 
100 
107 
loa 
10. 
110 
111 II. 

SOURCE 

, 
:." 

, 
"Jllct 

, 

This subroutine calculate. the 51ne OT' cosina of th. 4I"gle. giv.n in 
Nldi.nll. Tha angle is in SHO), thll T'llturnod valu. will ba in STeO), 
Th. r •• ult h ju:c:u"at. to within 7 unUs of th. lI'i!IIst significant three 
bitll of th. NPX utend&d ,.ul format. Tha PL.M/B6 d.flinition ill: 

sina: prot_durl (angla) 1'1.1 axternall 
daclare angla '1' •• 11 
and sin., 

COlina: procadu,.a <angl.) " ... 1 axternall 
dacla". angla ,. •• 11 
end cOlinl1 

Thrt'e ltack rellilterl are req,uir·ed. The result 0' thl! function is 
defined al follollls for thl' follollling arlluments: 

angle 

.... lid unnormal leSI th.n 2**62 in magnitude 
zero 
denormal 
... al id or unnormal greater than 2**62 
infinity 
NAN 
'mpty 

relult 

correc:t .... lu • 
o or 1 
correct denormal 
ind.'inite 
indeHnit:e 
NAN 
Itmpty 

Thi. fUnc:tion il b.ud on the NPX fptan instruction. The fptan 
in.truction IUlll only lUork with an angle of from 0 to PI/4. With th:l.!i 
.in.truction, the .ine or cOlinl" of! angl.1 f!rom 0 to Pl/4 can b. ar::curately 
calculated. Th. ter::hniq.uI und by thh routine can r::alr::ulat. a gl"l1".l 
line or r::osine by uling on. of! four pO.libll op.ration.: 

Lit R .. langle mod PI/41 
S .. -1 1, ar::r::ording to thl sign of the .n)l1ll 

2) co.eR) 3) .inCPI/4-R) 4) COICPI/4-RI 

Thl r::hoir::. of the relation and the sign of thl ruult follows the 
d.ci.ion tabl. Ihown belolll baud on the octant the angl. f.ll1 in: 

octant lint c olinl 

." ••• 
S*. -1*1 
S*3 -1*4 

-9*1 -1*2 
-9*4 -1*3 
-6*2 1 
-9*3 • 

Angle to lin. f!unction il a zero or unnormal. 

s i n'_1 Iro_unnormill: 

, 

fltp 
Jnz 

It C 1) 

entlr _I i nl_normal i z It 

Angle il II nro. 

.. t 

Angle il an unnoT'mal. 

'ntlr _.i nt_normal i z.: 

c<lll normalize_"alul 
J.mp Ihort Intlr_lin. 

COlin. proc 

ham 
fits'" .. 
'Id P i_q,uart.r 
mav cl,l 
uhf 
J' funnYJar.mltlr 

Angle i. unnol"mal. normal, 

hch 
JP' .nt,r_Iln" 

Angh i. .n unnormal 

htp It( 1) 
Jnz "nt.r _, i n,,_normal i z eo 

Anlllt i. . z.ro. cosCO) . 1.0 

I RlmO"1 PI 14 
I Jump i, angle is unno't'mal 

J Entry point to r::olin' 

Look at thl "alul 
Star, Itatul ""41uI 

I SltUP for angl. r,duel 
6illnal COlin. funr::tion 
ZF .. C3. PF .. C2, CF .. CO 

I Jump 1f par.m.ter i. 
I Imptl,!. NAN. or infinity 

d.norm.l. 

I stCO) .. angle. It'l) .. PI/4 
I Jump if normal 01" d .normal 

Figure 4-7. Calculating Trigonometric Functions (Cont'd.) 
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iAPX286 MACRO ASSEMBLER 

LaC OBJ 

002F ODDS 
0031 09E8 
0033 C3 

0034 

0034 09E5 
0036 'rOOFED 
0039 2E082EOOOO 
003E 9E 

003F 7249 

0041 D9C9 
0043 13100 
0045 7Ee7 

0047 
0047 D9FB 

0049 93 
004A 9BDFEO 

0040 93 
004E F6C704 
0051 7544 

0053 09El 

0055 OAe9 
0057 740F 

0059 eOE4FD 
Dose BOeFBQ 

005F 80C74Q 
0062 BODO 
0064 Dono 
0066 32F8 

0068 

0068 F6C102 
006B 7404 

0060 DEE9 
OOoF EBCE 

0071 

0071 09E4 
0073 91 
0074 9BDFEO 
0077 91 
0078 0009 
007A F6C540 
0070 7514 

NUMERIC PROGRAMMING EXAMPLES 

80287 T'I'ignometric Functions 10: 13: 51 09/25/83 PAGE 

LINE 

113 
11' 
115 
116 
117 
118 ". 120 
121 
122 
123 
12. 
125 
126 
127 

128 
12. 
130 
131 
132 
133 
13. 
135 
136 
137 
138 
13. 
140 
141 
142 

"3 
144 
145 
146 
147 
148 
14. 
150 
151 
152 
153 
154 
155 
156 
157 
158 
15. 
160 
161 
162 
163 
164 
165 
166 
167 
168 
16. 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 

183 
184 
185 
186 
187 
188 
18. ,.0 ", ,.2 ,.3 
I.' ,.5 ,.6 ,.7 ,.8 
'" 200 
201 
202 
203 
204 
205 
206 

SOURCE 

sine: 

fstp 
fld 1 
rot 

stCO) Remove a 
Return 1 

All ",ork is done as a sine function. By adding PI/2 to the angle 
a cosine is converted to a sine. Of c:ourse the angle addition is not 
done to the argument but rather to the program logic control ",alues. 

fXam 
fstsw ax 
f!ld pi_quarter 
sahf 

J' funnlJ-parameter 

Angle is unnormal. normal. 

fxch 
mov 
Jpo 

cl,O 
5 i ne_z ero_unnorma 1 

I Entry point for sine function 

Look at the parameter 
Look at f!~am status 
Get PI/4 ",alue 
CF == CO. PF :: C2. ZF == C3 

,Jump if emptlJ' NAN. or infinity 

denormal. 

I ST(1) II: PI/4, steO) angle 
; Signal sine 
; ,Jump if %ero or unnormal 

ST(O) is either a normal or denormal ",alue. Both will work. 
Use the fprem instruction to accuratellJ reduce the range of the gi",en 
angle to within 0 and PI/4 in magnitude. If fprem cannot reduce the 
angle in one shot, the angle is too big to be meaningful, > 2*".62 
radians. Any roundoff error in the calculation of the angle given 
could completellJ change the result of this function. It is safE'st to 
call this verlJ rare c:ase an E'rror. 

enter _sine: 
fprem I Reduce angle 

xchg ax. b x 
fstsw ax 

xchg ax. b x 
test bh, high(mask cond2l 
Jnz angle_too_big 

Note that fprem will force a 
I denormal to a verlJ small unnormal 

Fptan of a very small unnormal 
will be the same very small 
unnormal. which is correct. 
Save old status in EX 
Check if reduction was complete 

I Quotient in CO. C3. Cl 
Put new status in bx 
sin(2*N*PI+~) = sin(x) 

Set sign flags and test for whic:h eighth of the revolution the 
angle fell into 

Assert· -PI/4 < st(O) < PI/4 

fabs 

Dr 

J' 

cLcl 
sine_select 

Force the al'gument positive 
cond1 bit in bx holds the sign 
Test for sine Ol' cosine function 
,Jump if sine function 

This is a cosine function. Ignol'e the origlnal sign of the angle 
and add a G.uarter revolution to the octant id from the fpl'em instruction. 
cos (A) :::: sin(A+PI/2) and c:os( :A:) :::: cosCA) 

and 

add 
mov 
rol 

ah,not high(mask condll 
bh, SOH 

bh, high (mask con(3) 
a}, 0 
al,l 
bh, al 

Turn Off sign of argument 
Prepare to add 010 to CO, C3, Cl 
status value in ax 
Set busy bit so carry out from 
C3 will go into the carry flag 
Extract carrlJ flag 
Put carrlJ flag in low bit 
Add carry to CO not changing 
Cl flag 

See if the argument should be revel'sed, depending on the octant in 
which the argument fell during fprem. 

test bh, high(mask condU 

Angle was in oct ... nt~ 1.3.5,7. 

fsub 
Jmp 

Angle was in octants 0,2,4,6. 

J Reverse angle if' Cl 

Invert sense of rotation 
o < arg <= PI/4 

Test for a zero aT'gument since fptan will not WOT'k if st(O) :::: 0 

ftst Test for zero angle 
xchg ax, cx 
fstsw ax c,c'ind3 = 1 if' st(Q) = 0 
xchg ax, c x 
fstp st( 1) Remove PI/4 
te~t ch,high(mask cond3) I If C3==1. argument is zero 
Jnz sine_argument_zero 

Figure 4-7. Calculating Trigonometric Functions (Cont'd.) 
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i AP X:286 MACRO ASSEMBLER 

LOC 08,) 

007F 

007F D9F2 

OOBI 

0081 F6C742 
0094 ?BIA 

0096 D9Cl 
OOBS EllA 

OOSA 

DOBA DDDS 
OOSC 7404 

OOBE 7002 

0090 D9FB 

0092 
0092 

0092 C3 

0o,3 

0093 D9ES 
009' EBEA 

0097 

0097 OED. 
0099 2ED9060AOO 
009E 99 
009F C3 

OOAO 

OOAO D9CO 
00A2 D9CA 

00A4 

00A4 Dcea 
OOA6 D9C9 
00A8 DCCB 
OOAA DEC! 
OOAC D9FA 

OOAE 80E701 
0001 80E402-
0094 DAFe 
0006 7A02 

OODB 09EO 

OOBA 

OOBA DEF' 
DOBC C3 

NUMERIC PROGRAMMING EXAMPLES 

B0287 T1'ignometl'ic Functioni; 10: 13: 51 09/25/83 PAGE 

LINE 

207 
20B 
20. 
210 
211 
212 
213 
.14 
210 
21. 
.17 
21B .1. 
220 
221 
2 •• 
22' 
224 
22' 
22. 
• 27 
22B 
229 
230 
231 

= 233 
.34 
235 
23. 
237 
2.B 
23. 
240 
.41 
.42 
243 
244 
245 
2 •• 
.47 
.4B 

••• 2.0 
201 
2.2 
253 
2 •• 
•• 5 
2 •• 
257 
25B ••• 2.0 
•• 1 
2 •• 
2.3 2.' 
•• 5 
2 •• 
2.7 
2.B 
2 •• 
270 
271 
272 
27. 
274 
27S .7. 
277 
278 
27. 
2BO 
2Bl 
28. 
28. 
2B4 
.B5 .8. 
2B7 
.88 
2B. 
2'0 
2.1 
2.2 
2.3 
2.4 
2.' 
296 +1 
2.7 
2.B 
2.' 
300 

SOURCE 

Assert:: 0 ( steOl <- PII4 , 
dD_sine_fphn: 

flpten , TAN 9nO) • STeu/snol ... V/X 

IIfte" _sine_flpten: 

te.t bh.highCmilsk c:and3 + m.sk cond!). L.ao. at octant angle fell into 
JPo X_numeT'atoT' I C.lcul.te cosine 'aT' Dctenh 

I 1,2.9.6 

Calculate the sine of the aT'~ument. 
sinCA) ... tanCA)/sq,T't<1+tanCA)**2) if tenCA) ... V/X then 
sinCA) ... V/sqrt(X_X + V-V) 

'Id 
Jmp 

stCl) 
shoT't finhh_sine 

I Cop V V value 
I Put V value in numeT'atoT' 

The top 0' the stack is eUheT' NAN. infinitv. OT' emptv . , 
funnv"paT'ameteT': 

fstp 
J' 

JPO 

steO) 
retuT'n_empt" 

T'.tuT'n..NAN 

, Remove PII4 
I Return empt\l if no paT'm 

I Jump if st(OI is NAN 

st(O) is infinit". R.tuT'n· an indefinite value. 

'pT'em I STell can be ·.n\lthing 

T'etuT'n..NAN: 
T'etuT'n_emp tV: 

•• t I Ok to hillve fpT'em T'unning 

I Simuleh 'ptan lIIith ~tCO) ... 0 , 
Il.ne_aT'gument_zeT'o: 

I Simulate tanCO) 
I RetuT'n the zeT'O value 

The anllh ilia. tao laT'lIe. Remove the modulull and divl.dend fT'om the 
stack and retuT'n an indefinite T'e~ult. 

fcompp 
Hd indefinite 
flllOl1t 
rot 

Calculate the cosine of the aT'gument. 

I Pop tlllO valulls for'om the stack 
I RetuT'n indefinite 
I Wait foT' load to finish 

cosCA) - 1/sqrtC1+tanCA)**2) if tenIA) III V/X then 
cas (A) = X/sq,rtex*x + V*V) , 

X_numeT'atoT': 

finish 

fld st(O) , COP\! X value 
fxch ~t(2) Put X in numeT'atoT' 

_sine: 

fmul st. st(O) , FOT'm x*x + V.V 
Fxch 
fmul st,st(O) 
hdd st<O) = X'X + V*V 
hq,rt steOI . sqrteX*X + V*V) 

FOT'm the sign of the T'esult. The hID conditions are the Cl flag 'T'tlm 
FXAM in bh and the CO flag fT'om IpT'em in ah. 

and 
.nd 
D. 
JPe 

fchs 

fdiv 
rot 

bh, high (mask condO) 
ah, highemask condl) 
bh, ah 
positive_sine 

Look at the fprem CO flag 
Look at the ham Cl flag 
Even numbeT' of flags cancel 
TIllO negatives m.ake a positive 

FOT'ce T'esult negative 

Form final result 
Ok to leave fdiv running 

casine endp 
'eJect 

This function !IIill calculate the tangent of an angle. 
The angle, in T'adians is pa.sed in ST(O), the tangent is T'eturned 
in ST(OL The tangent is calculated to OIn aCCUT'aCU of 4 units in the 

Figure 4-7. Calculating Trigonometric Functions (Cont'd.) 
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iAPX2B6 MACRO ASSEMBLER 

LOC DB'" 

OOBD 

OOBD D9E5 
DOOF 9BDFEO 
OOC:;!: 2EDB2EOOOO 
OOC7 9E 
OOCS 72CO 

·OOCA D9CQ 
coce 7i117 

aOCE 

DOCE D9FB 

0000 93 
0001 9BDFEO 

OOD4 93 
0005 F6C704 
OODS 7S0D 

OODA D9El 

CODe F6C702 
OODF 740E 

OOEI DEE9 
OOE3 EBIS 

ODES 

ODE' DDD9 
OOE7 7405 

NUMERIC PROGRAMMING EXAMPLES 

80287 Trignometric Functions 10: 13: 51 09/25/83 PI\QE 

LINE 

301 
302 
303 
304 
30S 
306 
307 
308 
30. 
310 
311 
31' 
313 
314 
31S 
316 
317 
318 
31' 
320 
321 
32. 
323 
324 
32. 
3.6 
327 
328 
32. 
330 
331 
332 
333 
334 
335 
336 
337 
338 
33. 
340 
341 
34. 
343 
344 
34S 
346 
347 
348 
34' 
350 
351 
352 
353 
354 
355 
356 
357 
358 
35. 
360 
361 
36. 
363 
364 
365 
366 
367 
368 
36. 
370 
371 
372 
373 
374 
375 
376 
377 
378 
37. 
380 
381 
38. 
383 
380 
385 
386 
387 
388 
38. 
3.0 
3" 
392 
3.3 

3" 
3.5 

SOURCE 

least three signUieant bits of an extended T'eal format number, The 
PLM/S6 c.alling fOTmat is: 

tangent: proceduT'1! Cangle) 1'8al external; 
declare angle reall 
end tangentl 

TIIIO stack registers are used. The re5ult of the tangent function is 
defined for the follollling cases: 

angle Tll'sult 

vali.d 01' unnormal < 2**62 in magnitude 
o 

correct value 
o 

denol'mal 
valid Dr unnormal > 2**b2 in magnitude 
NAN 

correct denormal 
indefinite 
NAN 

infinity indefinite 
empty Itmptl,! 

The tangent in.tt'uction uses the fptan instruction. 
relations are used: 

Four possible 

l..et R a langle HOD PI/41 
B ... -lor 1 depend ing the sign of the angle 

1 l teneR) 2) tan1PI/4-Rl 3) l/tanlR) 4) l/tanCPI/4-R) 

The fo1101111"g table is used to decide which relation to use depending 
on in IIIhich octant the angle fell. 

octant 

, 
tangent proc 

fxam 
fstslll ax 
fld pi_Cl.uilrte,. 
sahf 
JC funn\lJilrameter 

l.ook at tfie parameter 
get ham .tatus 

I get PI/4 
I CF = co. PF"'C2. ZF"'C3 

or denol'mal. 

fxch 
JPe 

Angle is either an normal 01' denormal. 

I steO) ... angle. stll) ... PI/4 

Reduce the angle to the range -PI/4 < result < PI/4. 
If fprem cannot perform this operation in one try. the magnitude of the 
angle must be ) 2**b2. Such an angle is so large that an\! rounding 
errors could make a verI,! large difference in the reduced angle. 
It ls safest to call tllis verl,l rare case an et'ror. 

fprem 

xchg ax. bx 
fstsbl 

xchg ax. bx 
test bh, highlmask cond2) 
Jnz angle_tao_big 

See if the angle must be reversed. 

Assert: -PI/4 < steO) < PI/4 

fabs 

test 
J' 

bh. highlmask condl) 
no_tan_reverse 

• Quotient in CO. C3. Cl 
Convert denormals into unnormals 

I Quotient identifies octant 
original angle fell into 

Test for complete reduction 
I Exit if angle bias too big 

I 0 <= stlO) < P1I4 
C3 In bl has the sign flag 

I must be revet-sed 

Angle fell in octants 1.3.5.7. Neverse It, sUO'li'ratl; ii. i"um ~:;,;..;. 

fsub I Reverse angle 
Jmp short do_tangent 

Angle is either zero or an unnormal. , 
tan_zero_unnormal: 

stll) 

Angle is an unnormal. 

; Remove PI/4 

Figure 4-7. Calculating Trigonometric Functions (Cont'd.) 
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NUMERIC PROGRAMMING EXAMPLES 

iAPX286 MACRO ASSEMBLER 80287 rrignometric Functions 10: 13: 51 09/25/83 PAGE 

lOC ODJ 

00E9 E83300 
OOEe EDEO 

OOEE 

OOEE C3 

COEF 

DOEF D9E4 
OOF! 91 
OOF2 '9BDFEO 
OOF5 91 
OOF6 DDD9 
OOFS F6C'40 
OOFS 7515 

caFD 

OOFD D9F2 

DOFF 

OOFF BAC? 
0101 254002 

0104 F6C742 

0107 7BOD 

0109 OAC4 
0108 7A02 

0100 D9EO 

OIOF 

OIOF DEF9 
0111 C3 

0112 

0112 D9EB 
0114 EBE9 

0116 

0116 OAC4 
011B 7A02 

011A D9EO 

oue 

OllC DEF1 
ailE C3 

a11F 

011F D9El 
0121 D9F4 
0123 D9EB 
0125 DeCl 
0127 DEE9 
0129 D9FD 
0128 DDD9 
0120 2EDB2£0000 
0132 09C9 
0134 C3 

ASSEMBLY COMPLETE. 

LINE 

39. 
3.7 
3.8 
3 •• 
400 
401 
402 
403 
404 
40S 
40. 
407 
408 
40. 
410 
411 
412 
413 
414 
415 
41. 
417 
"B 
41. 
420 
.21 
.22 
• 23 
42' .OS 
42. 
.27 
42B 
42. 
430 
.31 
432 
'33 
43' 
.35 
43. 
.37 
.3B 
43. 
440 
441 
442 
443 
44' 
44' 
446 
447 
44B 

••• 4.0 
451 
452 
453 
454 
•• 5 
456 
457 
45B 
4 •• 
460 
'61 
462 
463 
464 
465 
4.6 
467 
46B .6. 
470 
471 
472 
.73 
474 
475 
476-
477 
47B .7. 
.BO 
4Bl 
482 
4B3 
4B4 
4B5 

NO W"'RNINQS. 

SOURCE 

call normalize_valu. 
Jmp tan_normal 

rot 

Angle fell in octants 0.2.4.6. Test for 5t(O) - 0, flpti!ln won't work. 

flht 
xchg 
fstsw 
xchg 
htp 
test 
J"' 

fptan 

.u:.cx ., 
ex, Cl 
ste 1) 
ch, high(mask cond3) 
tan_zero 

Test for zero engle 

I C3 = 1 H st(O) .. 0 

I Removtt PI/4 

J ttm sno) .. ST(!)/ST(O) 

aft.r _tangent: 

Decide on the o"der of the op.rands and their sign for the divide 
operation while the fptan instruction is working . 

mov d. btl I Qet a cop", of 'prem C3 P1oI9 
and a •• mask cond1 + high(mask cond3), Elamine fprem C3 flag and 

j FXAH CI flag 
test bh. high(mask condl + mask cond3)l Use rttverse divide if in 

, octants 1.2, S. D 
Jpo reverse_divid.. Nate! parit", wo"ks low 

B bits onllJ! 

Angle was in octant. 0.3.4.7. 
Test fo" the sign of the r.sult. Tlilo negatives cancel. 

or al,ah 
Jpe positive_divide 

IIdiv 
rot 

J Form r.sult 
I Ok to leave fdiv running 

IIdl J Force 1/0 - tanCP1I2) 
Jmp aftttr _tangent 

Angle lIIas in octant. 1.2.5.0. 
Set the correct sign of the result. , 

reverse_divide: 

or ai, ah 
Jpe positive_r_divide 

fdivr 
ret 

tangent endp 

J Form reciprocal oil result 
Ok to leave fdiv running 

This function 111111 normalize the vilh.l. in steOL 
The" PII4 i. placed into .telL , 

normal i ze_value: 

fabs 
fxtract 
fldl 
f.dd ste!), st 
flub 
fscale 
flstp stCI) 
fld pi_lI.uart." 
fxch 
ret 

code end. .n. 
NO ERRORS 

I Force value positive 
o <- steO) < I 

I get normalize bit 
I Normali Ztt fraction 

Restor. original value 
I Form ori91nal normali zed value 
I Remove scala .pactor 

Get PII4 

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-I. 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 instruction~ (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 

(1) 1 1 0 1 1 OP-A 

(2) 1 1 0 1 1 FORMAT 

(3) 1 1 0 1 1 R P 

(4) 1 1 0 1 1 0 0 

(5) 1 1 0 1 1 0 1 

7 6 5 4 3 2 

NOTES: 

Higher-Addressed Byte 

1 MOD 1 OP-S R/M 

OP-AMOD OP-S R/M 

OP-A 1 1 OP~S REG 

1 1 1 1 OP 

1 1 1 1 OP 

0765432 

0, 1, or 2 bytes 

DISPLACEMENT 

DISPLACEMENT 

o 

(l)Memory transfers, including applicable processor control instructions; 0, 1, or 2 displacement bytes may 
follow. 

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

(3)Stack arithmetic and comparison instructions. 

(4)Constant, transcendental, some arithmetic instructions. 

(5)Processor control instructions that do not reference memory. 

OP, OP-A, OP-S: 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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MACHINE INSTRUCTION ENCODING AND DECODING 

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 Decodin.9 Guide 

1st Byte 
ASM286 Instruction 

2nd Byte Bytes 3,4 Format Hex Binary 

08 1101 1000 MOOOO OR/M (disp-Io),(disp-hi) FAOO short-real 
08 1101 1000 MOOOO 1R/M (disp-Io),(disp-hi) FMUL short-real 
08 1101 1000 M0001 OR/M (disp-Io),(disp-hi) FCOM short-real 
08 1101 1000 M0001 1R/M (disp-Io),(disp-hi) FCOMP short-real 
08 1101 1000 M0010 OR/M (disp-Io),(disp-hi) FSUB short-real 
08 1101 1000 M0010 1R/M (disp-Io),(disp-hi) FSUBR short-real 
08 1101 1000 M0011 OR/M (disp-Io),(disp-hi) FOIV short-real 
08 1101 1000 M0011 1R/M (disp-Io),(disp-hi) FOIVR short-real 
08 1101 1000 1100 OREG FAOO ST,ST(i) 
08 1101 1000 1100 1REG FMUL ST,ST(i) 
08 1101 1000 1101 OREG FCOM ST(i) 
08 1101 1000 1101 1REG FCOMP ST(i) 
08 1101 1000 1110 OREG FSUB ST,ST(i) 
08 1101 1000 1110 1REG FSUBR ST,ST(i) 
08 1101 1000 1111 OREG FOIV ST,ST(i) 
08 1101 1000 1111 1REG FOIVR ST,ST(i) 
09 1101 1001 MOOOO OR/M (disp-Io),(disp-hi) FLO short-real 
09 1101 1001 MOOOO 1R/M reserved 
09 1101 1001 M0001 OR/M (disp-Io),(disp-hi) FST short-real 
09 1101 1001 M0001 1R/M (disp-Io),(disp-hi) FSTP short-real 
09 1101 1001 M0010 OR/M (disp-Io),(disp-hi) FLOENV 14-bytes 
09 1101 1001 M0010 1R/M (disp-Io),(disp-hi) FLOCW 2-bytes 
09 1101 1001 M0011 OR/M (disp-Io),(disp-hi) ~ FSTENV 14-bytes 
09 1101 1001 M0011 1R/M (disp-Io),(disp-hi) FSTCW 2-bytes 
09 1101 1001 1100 OREG FLO ST(i) 
09 1101 1001 1100 1REG FXCH ST(i) 
09 1101 1001 1101 0000 FNOP 
09 1101 1001 1101 0001 reserved 
09 1101 1001 1101 001- reserved 
09 1101 1001 1101 01-- reserved 
D9 1101 1001 1101 1RFG *(1 ) 
09 1101 1001 1110 0000 FCHS 
09 1101 1001 1110 0001 FABS 
09 1101 1001 1110 001· reserved 
09 1101 1001 1110 0100 FTST 
09 1101 1001 1110 0101 FXAM 
09 1101 1001 1110 011· reserved 
09 1101 1001 1110 1000 FL01 
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MACHINE INSTRUCTION ENCODING AND DECODING 

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

1st Byte 

2nd Byte Bytes 3,4 
ASM286 Instruction 

Hex Binary Format 

D9 1101 1001 1110 1001 FLOL2T 
D9 1101 1001 1110 1010 FLOL2E 
09 1101 1001 1110 1011 FLOPI 
09 1101 1001 1110 1100 FLOLG2 
09 1101 1001 1110 1101 FLOLN2 
09 1101 1001 1110 1110 FLOZ 
09 1101 1001 1110 1111 reserved 
D9 1101 1001 1111 0000 F2XM1 
09 1101 1001 1111 0001 FYL2X 
09 1101 1001 1111 0010 FPTAN 
09 1101 1001 1111 0011 FPATAN 
09 1101 1001 1111 0100 FXTRACT 
D9 1101 1001 1111 0101 reserved 
D9 1101 1001 1111 0110 FOECSTP 
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 MODOO OR/M (disp-Io),(disp-hi) FIADD short-integer 
DA 1101 1010 MODOO 1R/M (disp-Io),(disp-hi) FIMUL short-integer 
DA 1101 1010 MOD01 OR/M (disp-Io),(disp-hi) FICOM short-integer 
DA 1101 1010r MOD01 1R/M (disp-Io),(disp-hi) FICOMP short-integer 
DA 1101 1010 MOD10 OR/M (disp-Io),(disp-hi) FISUB short-integer 
DA 1101 1010 MOD10 1R/M (disp-Io),(disp-hi) FISUBR short-integer 
DA 1101 1010 MOD11 OR/M (disp-Io),(disp-hi) FIDIV short-integer 
DA 1101 1010, MOD11 1R/M (disp-Io),(disp-hi) FIOIVR short-integer 
DA 1101 1010 11-- --... reserved 
OB 1101 1011 MODOO OR/M (disp-Io),(disp-hi) FILD short-integer 
DB 1101 1011 MODOO 1R/M (disp-Io),(disp-hi) reserved 
OB 1101 1011 M0001 OR/M (disp-Io),(disp-hi) FIST short-integer 
DB 1101 1011 MOD01 1R/M (disp-Io),(disp-hi) FISTP short-integer 
DB 1101 1011 MOD10 OR/M (disp-Io),(disp-hi) reserved 
DB 1101 1011 MOD10·1R/M (disp-Io),(disp-hi) FLD temp-real 
DB 1101 1011 MOD11 OR/M (disp-Io),(disp-hi) reserved 
DB 1101 1011 MOD11 1R/M (disp-Io),(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 FOISI) 
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 MODOO OR/M (disp-Io),(disp-hi) FADD long-real 
DC 1101 1100 MODOO 1R/M (disp-Io),(disp-hi) FMUL long-real 
DC 1101 1100 MOD01 OR/M (disp-Io),(disp-hi) FCOM long-real 
DC 1101 1100 MOD01 1R/M (disp-Io),(disp-hi) FCOMP long-real 
DC 1101 1100 MOD10 OR/M (disp-Io),(disp-hi) FSUB long-real 
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Table A-2. Machine Instruction Decoding Guide (Cont'd.) 

1st Byte 

2nd Byte Bytes 3, 4 ASM286 Instruction 

Hex Binary Format 

DC 1101 1100 MOD10 1R/M (disp-Io),(disp-hi) FSUBR long-real 
DC 1101 1100 MOD11 OR/M (disp-Io),(disp-hi) FDIV long-real 
DC 1101 1100 MOD11 1R/M (disp-Io),(disp-hi) FDIVR long-real 
DC 1101 1100 1100 DREG FADD ST(i),ST 
DC 1101 1100 1100 1REG FMUL ST(i),ST 
DC 1101 1100 1101 DREG '(2) 
DC 1101 1100 1101 1REG '(3) 
DC 1101 1100 1110 DREG FSUB ST(i),ST 
DC 1101 1100· 1110 1REG FSUBR ST(i),ST 
DC 1101 1100 1111 DREG FDIV ST(i),ST 
DC 1101 1100 1111 1REG FDIVR ST(i),ST 
DO 1101 1101 MODOO OR/M (disp-Io),(disp-hi) FLO long-real 
DO 1101 1101 MODOO 1R/M reserved 
DO 1101 1101 MOD01 OR/M (disp-Io),(disp-hi) FST long-real 
DO 1101 1101 MOD01 1R/M (disp-Io),(disp-hi) FSTP long-real 
DO 1101 1101 MOD10 OR/M (disp-Io),(disp-hi) FRSTOR 94-bytes 
DO 1101 1101 MOD10 1R/M (disp-Io),(disp-hi) reserved 
DO 1101 1101 MOD11 OR/M (disp-Io),(disp-hi) FSAVE 94-bytes 
DO 1101 1101 MOD11 1R/M (disp-Io),(disp-hi) FSTSW 2-bytes 
DO 1101 1101 1100 DREG FFREE STeil 
DO 1101 1101 1100 1REG '(4) 
DO 1101 1101 1101 DREG FST STeil 
DO 1101 1101 1101 1REG FSTP STeil 
DO 1101 1101 111- ---- reserved 
DE 1101 1110 MODOO OR/M (disp-Io),(disp-hi) FIADD word-integer 
DE 1101 1110 MODOO 1R/M (disp-Io),(disp-hi) FIMUL word-integer 
DE 1101 1110 MOD01 OR/M (disp-Io),(disp-hi) FICOM word-integer 
DE 1101 1110 MOD01 1R/M (disp-Io),(disp-hi) FICOMP word-integer 
DE 1101 1110 MOD10 OR/M (disp-Io),(disp-hi) FISUB word-integer 
DE 1101 1110 MOD10 1R/M (disp-Io),(disp-hi) FISUBR word-integer 
DE 1101 1110 MOD11 OR/M (disp-Io),(disp-hi) FIDIV word-integer 
DE 1101 1110 MOD11 1R/M (disp-Io),(disp-hi) FIDIVR word-integer 
DE 1101 1110 1100 DREG FADDP ST(i),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 DREG FSUBP ST(i),ST 
DE 1101 1110 1110 1REG FSUBRP ST(i),ST 
DE 1101 1110 1111 DREG FDIVP ST(i),ST 
DE 1101 1110 1111 1REG FDIVRP ST(i),ST 
DF 110. 1111 • "",.,.n" nnll.. , .... ; ....... 1,...\ I,.Ur-n_hi\ !"!!..D \A/nrrl_intpn~r IVIVIJUV Vll/IVI \, ....... ,.. .. '·'/1\ ... • .... ,.. 1"/ ._-- - .. -.-~-. 
OF 1101 1111 MODOO 1R/M (disp-Io),(disp-hi) reserved 
OF 1101 1111 MOD01 OR/M (disp-Io),(disp-hi) FIST word-integer 
OF 1101 1111 MOD01 1R/M (disp-Io),(disp-hi) FISTP word-integer 
OF 1101 1111 MOD10 OR/M (disp-Io),(disp-hi) FBLD packed-decimal 
OF 1101 1111 MOD10 1R/M (disp-Io),(disp-hi) FILD long-integer 
OF 1101 1111 MOD11 OR/M (disp-Io),(disp-hi) FBSTP packed-decimal 
OF 1101 1111 MOD11 1R/M (disp-Io),(disp-hi) FISTP long-integer 
OF 1101 1111 1100 DREG '(6) 
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MACHINE INSTRUCTION ENCODING AND DECODING 

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

1st Byte 

2nd Byte Bytes 3, 4 ASM286 Instruction 

Hex Binary Format 

DF 1101 1111 1100 1REG *(7) 
OF 1101 1111 1101 OREG *(8) 
OF 1101 1111 1101 1REG *(9) 
OF 1101 1111 1110 000 FSTSWAX 
OF 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 STeil 

(2) FCOM STeil 

(3) FCOMP STeil 

(4) FXCH STeil 

(5) FCOMP STeil 

(6) FFREE STeil and pop stack 

(7) FXCH STeil 

(8) FSTP STeil 

(9) FSTP STeil 
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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. 

2. 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. 

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

4. 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. 

S. 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. 

6. 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. 

7. 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. 

8. 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 W1AIT 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. 

9. 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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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. 

10. 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: F N I NIT 
FSTSTW STAT 

MOV AX,STAT 
OR A L , A L 
JZ GOL2 8 7 

No 80287 Pre5ent 

SMSW AX 
OR AX,0004H 

LMSW A X 

JMP CONTINUE 

initialize numeric p,roce550r. 
5tore 5tatu5 word into location 
STAT. 

Zero Flag reflect5 re5ult of OR. 
Zero in AL mean5 80287 i5 
pre5ent. 

5et EM bit in Machine Statu5 
W 0 rd. 
to enable 50ftware emulation of 
287. 

80287 i5 pre5ent in 5ystem 

GOT_287: SMSW 
OR 
LMSW 

Continue 

CONTINUE: 

A X 
AX,0002H 
A X 

5et MP bit in Machine Statu5 Word 
to permit normal 80287 operation 

i and off we go 

An 80286/80287 design must place a pullupresistor 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 allQws 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 ii {he invaiid Opt::raiiull cA0~pi.l0iJ. Vv-~lC li-..a:;kcd. Th~ 802B7 S:;.ppc~t L!,br~!"y 
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 O. 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 
o (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. 

2. 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. 

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

4. 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 nons tack 
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 (bY = 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-CO: 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 Floatirtg­
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 usc, 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 FLDENV 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, 0, 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 O. 

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 IndetImte value. For binary Integer iormals, the negative number funnesl frum zt:ru is UlLt:1l 
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 II-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,O,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 contain 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 implemented for the 80287 via the software in EH87.LIB. 

Normal: the representation of a number in a Floating-Point format in which the Significandhas an 
Integer bit I (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 lO-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 theshortest 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 greater 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. '. 

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; ii so, it gives infunll<liiull <luuui wliiit 
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, exponential, 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 (2b;t count) from all the given bits. For example, the 
8-bit number 11111100 is -4, obtained by subtracting 2' from 252. 

Unbiased Exponent: the true value that tells how far and in which direction to move the Binary Point 
oLthe 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,O,U,P. An exception is 
Unmasked if a corresponding bit in the 80287 Control Word is set to O. 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. 

Un normal: 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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38 Harbor Park Drive 
P.O. Box 271 
Port waShi~ton 11050 

~J~Jfb.6~~ 

NEW YORK (Cont'd) 

tPloneer Northeast Electronics 
840 Fairport Park 
Fairport 14450 

~fJ~b~285~?7'b'0~ 
NORTH CAROUNA 

tArrow Electronics, loc. 
5240 Greendairy Road 
Ralei~h 27604 

~: J~b$'2~':6 
tHamilton/Avnet Electronics 
~~1~ ~~j2~orest Drive 
~~I~m'91878~8'9 
iWX~ 51tJ·928·1836 

Pioneer Electronics 
9801 A-Southern Pine Blvd. 
Charlotte 28210 

~fr,~~'~~ 
OHIO 

Arrow Electronics, Inc. 
7620 McEwen Road 
Centerville 45459 

~~J~b~5~~ 

Hamilton/Avnet Electronlcs 

~:s:!~~ema~lvd. 
Tel: (614) 882·7004 

~~~~~AD~:~ Electronics 
Dayton 45459 

~~~~~~~~ 
tHamillonlAvnet Electronics 

tPioneer Electronics 
4433 Interpoint Blvd. 
Da~on45424 

~~J~~?9~:2 

~"r.1N~:'= 
Cleveland 44105 

~~Jf~~i~ 
OKLAHOMA 

Parkway 
44128 

Arrow Electronics, Inc. 
4719 S. Memorial Drive 
Tulsa 74145 
Tel: (918) 665·nOO 

OREGON 

tAlmac Electronics Corpora­
tion 

I Mu:rocomputer System Technical Distributor Centers 

OREGON (Cont'd) 

~~g ~~~~i~~:~~~~~~arkway 
Suite 600 
Hillsboro 97124 

~~~b~6°o.~~3 
PENNSYLVANtA 

Arrow ElectroniCS, Inc. 
650 Seco Aoad 
Monroeville 15146 
Tel: (412)656-7000 

Hamilton/Avnet Electronics 

~~~rbe~2~" Bldg. E 
Tel: (41~ 281·4150 

tPioneer Electronics 
261 Gibraltar Aoad 
Horsham 19044 

~~J~~st'6~~ 
TEXAS 

tArrow Electronics, Inc. 
3220 Commander Drive 
carrollton 75006 

~J~J~~38S:~3S:7 
tArrow Electronics, Inc. 
10899 Kinghurst 
Suite 100 
Houston n099 

~J~b~~~ 

tPioneer Electronics 
1828 D. Kramer Lane 
Austin 78758 

~~J~b~ 

UTAH 

tHamiltonlAvnet Electronics 
1585 West 2100 South 

~r (~~) ~~.::JJ9 
TWX: 910·925-4018 

Kierulff Electronics, Inc. 

~=6a!:tikW:l, ~~vd. 
Tel: (801) 97~-6913 

r'J2~ ~:~~~~~ ~:p 
SuiteE 

~r (~'D ~~~-9S:JJ9 
WASHINGTON 

Arrow Electronics, Inc. 
14320 N.E. 21st Street 
Bellevue 98007 

~J2~~~'\'!, 

Wdg ~~~~~~~, ~r:E~P 
Bellvue 98005 
Tel: (206) 453·8300 

WISCONSIN 

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

~tJ~b!2~~~3 
HamiltonjAvnet Electronics 
2975 Moorland Road 
New Berlin 53151 

~jtJ~b:~~~~02 
KlerulffElectronlcs, Inc. 
2238·E W. Bluemound Rd. 
Waukeshaw 53186 
Tel: (414) 784·8160 

CANADA 
ALBERTA 

Hamilton/Avnet Electronics 
2816 21st Street N.E. 
C&lga."d3T2E 6Z2 

~J: rd.i2't.k380 
Hamllton/Avnet Electronics 
6845 Rexwood Road Unit 6 

~~~sl:~:JB~=1o L4V1R2 

Zentronics 
68158th Street. N.E., Ste. 100 

¥:~(~3~l~ 
BRITISH COWMBIA 

~~~OS((~~~d~~~S 
Burna~ V5M 3Z3 
Tel: (~) 437-6667 

BAmSH COWMBIA (Cont'd) 

Zentronics 

~~~h~~~g 96~~~rt Road 

~~5~ii~5~5 
MANITOBA 

Zentronics 
60-1313 Border Street 

~~~~l~,°£~ 
FAX: (204)633-9255 

ONTARIO 

Arrow Electronics Inc. 
24 Martin Ross Avenue 
Downsview M3J 2K9 

+~fi:M1~1~220 
Arrow Electronics Inc. 
148 Colonnade Aoed 

~:n:r3~~~~:03 
'~r~~~eh~:uonlcs ' 
UnitsG&H 
MisSiSS8IBa L4V 1 A2 

~tJ~~Vi?=7 

Zentronlcs 
564110 Weber Street North 
WaterlOO N2L 5C6 
Tel: (519) 884·5100 

tZentronics 
155 Colonnade Road 
Unit 17 
Nepean K2E 1Kl 
Tel: (613) 225·8840 
TWX: 06-976-78 

SASKATCHEWAN 

Zentronlcs 
173-1222 Alberta Avenue 
SaskatoOn S7K 1 R4 

~~~=~~~12207 
QUEBEC 

tArrow Electronics Inc. 
4050 Jean Talon Quest 
Montreal H4P 1W1 

+~t~~:S551' 
Arrow Electronica Inc. 

roniCs 

CH/le/a7 



BELGIUM 

~~~ geo~g~:~~~ ~t· 
8·1180 Brussels 
Tel: (02) 347-0666 

DENMARK 

Intel Denmark A/S' 
Glentevej 61 • 3rd Floor 

~~;16~ 1~~C6.3~agen 
TlX: 19567 

FINL.AND 

Intel Finland OY 
Rousilantie 2 
00390 Helsinki 
Tel: (8) 0544·644 
TLX: 123332 

FRANCE 

Intel Paris 
1 Rue Edison, BP 303 
78054 Sainl·Quenlin-en·Yvelines Cedex 
Tel: (33) '-30-57-7000 
TLX: 69901677 

Intel Corporation, S.A.R.L. 
Immeuble BBC 
4 Quai des Etrol!s 
69005 Ll.0n 
+~~~o51~i089 

EUROPEAN SALES OFFICES 
WEST GERMANY 

Inlel Semiconductor GmbH' 
Seidlstrassa 27 
0·8000 Muenchen 2 

+~~:(~W.~~~~j INTL 0 

Intel Semiconductor GmbH 
Verkaufsbuero Wiesbaden 
Abraham·Lincoln Sir. 16-18 
6200 Wiesbaden 
Tel: (6121) 76050 
TLK 041861831NTW 0 

Intel Semiconductor GmbH 
Verkaulsbuero Hannover 
Hohenzoliernstrasse 5 
3000 Hannover 1 
Tel: (511) 34·40·81 
TLX: 923625 INTH D 

Intel Semiconductor GmbH 
Verkaulsbuero Stuttgart 
Bruckstrasse 61 
7012 Fellbach 

+tj}~W4~~#~N~2S 0 

ISRAEL 

Intel Semiconductor Ltd' 
Attidim Industrial Park 
Neve Sharet 
Dvora Hanevla 
Bldg. No. 13. 4th Floor 
P.O. Bo)( 43202 
Tel Aviv 61430 
Tel: (3) 491·099, 491·098 
TLX: 371215 

ITALY 

NETHERLANDS 

Inlel Semiconductor (Nederland) BV.· 
Alexsnderpoort Buitding 
Marten Meesweg 93 
3068 Rotterdam 
Tel: (10) 21·23·77 
TLX; 22283 

NORWAY 

~.~~ ~g~:? A/S 
HIIsmvelen 4 
N·2013. Skjetten 
Tel: 06·842420 
TLX: 78018 

SPAIN 

Intellberls 
Calle Zurbaran 28·IZODA 
28010 Madrid 
Tel: (1)410-4004 
TLX: 46880 

SWEDEN 

Intel Sweden A.B.' 
Dalvagen 24 
S-171 36 Sotna 
Tel: (8) 734-0100 
TLX: 12261 

SWITZERLAND 

Intel Semiconductor A.G.' 
Talackerstrasse 17 
8152 Glattbrugg 
CH-8065 Zurich 

+~~:(~V9~;9i~~76H 
UNITED KINGDOM 

~i~~r;~~ratlon (U.K.) Ltd.' 

Swlndon, Willshire SN3 1 RJ 
Tel: (0793) 696000 
TLX: 444447 INT SWN 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 
AUSTRIA 

Bacher Elektronlcs Ges.m.b.H. 

~?,t~20~~~asse 26 
Tel: (222) 835·6460 
TLX: 131532 

BELGIUM 

Inelco Belolum SA 
Ave. des CrOix de Guerre. 94 
Bruxelles 1120 
+t~~~4~16.01-60 

BENELUX 

Koning en Hartman Electrotechnlek B.V. 
Poslbus 125 
2600 AC Delft 
Tel: (15) 609·906 
TLX: 38250 

DENMARK 

FINLAND 

Oy Flntronlc AB 
Melkonkalu 24A 
SF·OQ210 Helsinki 21 
Tel: (0) 692-60·22 
TLX: 124224 FTRON SF 

FRANCE 

'Fleld Application Location 

FRANCE (Cont'd) 

Tekelec Alrtronlc 
Cite des Bruyeres 
Rue Carle Vernet BP 2 
92310 Sevres 
Tel: (1) 45·34·75-35 
TLX: 204552 

WEST GERMANY 

Electronic 2000 Vertrlebs AG 

~6'O~t1~':n~~ne~ 1~ 
Tel: (OB9) 42·00·10 
TLX: 522561 ELEC D 

~~~";!rs~r~~~~ 
6277 Bad Camberg 

+~~:(~'t'd2~~:~3]ERM D 

Metrologle GmbH 

~~~i~~;~~ti:~ 71 
Tel: (089) 570·940 
TLX: 5213189 

Metrologle GmbH 
Ahelnstr. 94·96 
6100 Darmstadt 

tt~~~1~Yl~~~61 
Proelectron Vertrlebs AG 
Max·Planck-Strasse 1-3 
6072 Drelelch 

tt~/~~~~~23040 
In·MulllKomponent 
Bahnhofstrasse 44 

~!tl(0~f:~:I~~~9 
TLX: 7264399 MUKO D 

ISRAEL 

1 
lUI.: .,.."elv URIIA II.. or 

33638 RONIX IL 

ITALY 

Electra Componentl S.P.A. 
Vis Giacomo Watt. 37 
20143 Milano 
Tei: (02) 82821 
TLX: 332332 

ITALY (Cent'd) 

Intesl 
Mllsnoflori E5 

~~r:~g2~~s:.f%1 
TLX: 31135-1 

Lasl Elettronlca S.P.A. 
Viale Fulvia Tasti, 126 
20092 Cinlsello Balsamo 
~t~:(~W2~~1;OOI2, 244·0212 

NORWAY 

Nordlsk Electronlk A/S 
Postboks 130 
N·1364 Hvalstad 

t~~:(~7~~-~~NAS N 

PORTUGAL 

Ditram 
tl~:!~~~bObues de Tomar. 46A 

Tal: (1/ 545·313 
TWX: (0404) 14182 

SPAIN 

A.T.D. Electronlca S.A. 
PI. Cludad de Vlena 6 
28040 Madrid 
Tel: (1) 234·40-00 
TWX: 42477 

InSESA 

~~;r~I~Bo~~ngel 
Tel: (1) 419·54-00 
TWX: 27461 

SWEDEN 

Nordlsk Elektronlk AB 
Box 1409 
S-171 27 Solna 
Tel: (8) 734·97-70 
TLX: 10547 

SWITZERLAND 

inyu .. " ...... ';\;; 
Hertistrasse 31 
CH-8304 Wailisellen 

t~~~wraO-5040 

UNITED KINGDOM 

Accent Electronic Components Ltd. 

t~~~~!~rt"~S~e~~b~~~ ~6~ 
England 
Tel: (0462) 686666 
TLX: 626923 

Bytech Ltd. 
Unit 2 Western Centre 
Western Industrial Estate 
Bracknell, Berkshire RG12 lAW 
England 
Tel: (0344) 482211 
TLX: 84B215 

Comway Mlcrosystems Ltd. 
John Scott House, Market SI. 
Bracknell, Berkshire AJ121QP 
England 

t~:(~~~0~5333 

IBR Microcomputers Ltd. 
Unit 2 Western Centre 
Weslern Industrial Estate 
Bracknell, Berkshire AG121RW 
England 
Tel: (0344)486-555 
TLX: 649381 

Jermyn Industries 
Vestry Estate, Olford Road 
Sevenoaks, Kent TN14 5EU 

.~~p:1(0~~21450144 
TLX: 95142 

Rapid Silicon 
Rapid House, Denmark SI. 
~~g~a~combe, Bucks HP11 2ER 

Tel: (0494) 442266 
TLX: 837931 

~:~~iii~~~~~g~;;;; ~:;:: 
~~~~~aeary, Co. Dublin 

~~:(~~Yl5628B 

YUOOSLAVIA 

H.R. Mlcroelectro Corp. 
2005 De La C Ste. 223 
Santa Clara, U.S.A. 

~~:(~~~4~~8. 

C0-8/29/87 




