The Intel 8087 Numerics
~ Processor Extension

This chip lets you perform mathematical operations
with 18-decimal digits of accuracy.

So you have a shiny new 8086/
8088-based microcomputer and you
want to write some accounting soft-
ware that will meet the requirements
of the fussiest CPA. Or perhaps you
want to write some code to control
your latest robotics experiment and
you need to do some critical number-
crunching with very accurate results.
Let me introduce you to the Intel 8087
Numerics Processor Extension (NPX).

The 8087 NPX is a chip that will
give you, regardless of your mathe-
matical skull, the abilit, to write code
that will perform mathematical
-operations with guaranteed accuracy
of 18-decimal digits. To make things
even easier, the NPX, known as a co-
processor, is easy to interface to .a
host processor (8086 or 8088). When
you add an NPX to one of its host
processors, you have a Numeric Data
Processor (NDP).

Registers
The 8087, due to its special status
as a coprocesscr, combines with the
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architecture of the host processor to
produce a processor that contains all
the capabilities of an 8086 or 8088
plus a register stack of eight 80-bit
registers, as shown in figure 1. The
NDP also brings the ability to execute
a set of 68 new floating-point-arith-
metic instructions in addition to the
extensive instruction set of the host
alone. These 80-bit registers hold all
the operands for the floating-point
operations in a format called Tem-

porary Real, which is capable of rep-
resenting any whole number up to 26
exactly. This 80-bit format is accurate
enough to guarantee 18-decimal-digit
accuracy.

You can think of the eight registers
of the 8087 as a standard register set
or use them as a classical stack. This
arrangement allows you a greal
amount of flexibility in using these
storage areas. You can use the
registers as a stack, for example, to

8086 OR 8088 gg?]\ FIELD TAG FIELD
15 FILE: 0 79 78 64 63 0 1 0
AX 3 I rif sien EXPONENT SIGNIFICAND - o
BX I gpp
cx b g3
DX - g: R4
S1 | RS
DI | Ré
8P | R?
SP | R8
E—ey 15 0
1P i CONTROL REGISTER
FLAGS | STATUS REGISTER
b2 e e "‘I ~ INSTRUCTION POINTER —
CS |
DS I - DATA POINTER —
ES |
SS |
|

Figure 1: The NDP register set of cight 80-bit registers.
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Figure 2: The effects of instructions on the

register stack.

pass operands to a floating-point sub-
routine that expects to find its
parameters in the 8087 register stack.
The instruction set of the 8087 ex-
ploits this capability by allowing
assembly-language instructions that
use the stack top as one of the
operands implicitly.

You can also treat these registers as
a standard register set; the instruction
set supports this use of the registers
by allowing both operands to be

specified explicitly for an operation.

Look at the example in figure 2.
Your NPX stack contains the
values A, B, and C, as shown in
figure 2a. You can cause the value in
the stack top to be added to the value
in the next stack element (ST(1)), as
shown in figure 2b, and then have the
stack popped, so that the sum is the

new stack top, as shown in figure 2c, ’

with the one instruction FADD. This
is the classical stack operation where
none of the operands are specified.

The same instruction could have been - ;

specified explicitly with the instruc-
tion FADDP ST(1),ST.

As another example, you could add
the value that is in ST(1) to the value
in the stack top and retain both
values, as shown in figure 2d, with
the instruction FADD ST,ST(1). All
registers are addressed with respect to
the current stack top. The Status
Word of the 8087 contains a field that
identifies the current stack-top slatus
at all times.

Status Word
The Status Word, as its name im-

plies, reflects the status of the NDP at
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DE}IE EXCEPTION FLAGS

J

(1 EXCEPTION
HAS OCCURRED)

INVALID OPERATION

DENORMALIZED OPERAND
ZERO DIVIDE

OVERFLOW

UNDERFLOW

PRECISION
(RESERVED)

INTERRUPT REQUEST (1)

CONDITION CODE (2)

TOP OF STACK POINTER(3)

NEU BUSY

(1) IR IS SET IF ANY UNMASKED EXCEPTION BIT IS SET, CLEARED OTHERWISE.
(2) SEE TABLE 3 FOR CONDITION CODE INTERPRETATION.

(3) TOP VALUES:
000 = REGISTER
001 = REGISTER

0 IS TOP OF STACK.
1 1S TOP OF STACK.

.
.

111 = REGISTER 7 IS TOP OF STACK.

Figure 3: The various fields of the Status Word.

all times. The various fields of the
Status Word are shown in figure 3.
The Busy bit indicates whether the
8037 is in the process of performing
an operation at any given time. The 4
condition bits (C3 through C0)
denote the result of a previous opera-
tion, and the host processor can ex-
amine them to determine if a branch
should take place in the program.

This is accomplished by storing the
8087’s Status Word in memory and
then causing the host processor to
fetch and examine the condition
codes.

Three of the bits of the Status
Word, ST2 through STO, specify
which register is the current top of the
stack. Notice that if the ST field con-
tains 000, for examnle, and a value is

pushed onto the NDP’s stack, the ST
field would decrement to 111. By the
same token, if the ST field contains
000 and a value is popped from the
stack, the ST field would increment
to 001.

As it turns out, you really don't
need to know which register is the
current stack top, but this gives you

some idea of what the bits mean. You -

do need to know the relative position ;

of your various data elements on the

stack, however, and keeping track of

them is one of the jobs of the pro-
grammer.

All the remaining bits in the Status -

Word apply to exceptions (errors)
and the way to handle them. Bits 0
through 5 signify whether the NDP
detects an exception condition. Table
1 indicates the significance of these
exceptions. Bit 7 is set to indicate
whether the 8087 requests the host

central processing unit to execute an .

interrupt-service routirnie in response
to one of the exception conditions. It
is possible for an exception condition
to take place without an interrupt re-
quest if the programmer masks a par-
ticular exception (or group of excep-
tions). Generally, however, the NDP
uses a collection of built-in default
routines to handle most exceptions.
If you really want to avoid the
messy error-condition-handling
business, you can leave those prob-
lems to the nice people who wrote the

Super 5 has the following advantages compared to the normal floppy. disk drive:

Characteristics

Supe; 5 Normal Type

Servo motor/Spindle conneclion

Direct shait drive Belt drive

- _ | Head positioning mechanism

3

Metal bang positioner Plastic CAM positioner_

Track to track lime

Approx. 35 msec. Approx. 40 msec.

Write-protected sensor

Photo coupler Mechancial switch

No. of tracks

40 tracks 35 tracks

Super 5:T40 single side, Super 5 T80 {super 5w) double side,

The

The Finest Quality Disk
- Drive for Apple®

SupenS stands alone in fine
quality and workmanship. The above
facts are seif evident . . .

EL-EN ENT, JAPAN TLX: J23325

Mitsuba Corperation

642 S. Second Ave., Covina, CA 91723¢(213) 331-8434.
CANADIAN INFOCOM SERVICES Tel.: (604) 738-1285

@ Apple is a registered trademark of Apple Computer, Inc.
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system
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COMPLETE SYSTEMS AVAILABLE
System includes: keyboard, monochrome
display, dual SD/DD (1 megabyte), disk
drives, 64K RAM, parallel printer adapter
and DOS 1.2 & manual.

Call for Price and Availability

DN SANYO

SANYO MBC 1000 .....cccccreuereurercncanenns $1,399

64 K RAM—320 K Disk

SANYO MBC 2000 ...

64 K RAM—(2) 320
~— Printers —

Anadex DP-9501A (150 cps)..
Anadex DP-9620A (200 cps)..
Anadex WP-6000 (180/330 cps)
Comrex CR-1-C (17 cps Daisy).
Comrex CR-1-S (17 cps Daizy). 3
vaisywiiter—16 (17 cps Diisy) 1,237
Epson MX80 FT x/Graftrax ...
Epson MX100 FT wiGraftrax.
NEC 8023 A Matrix (100 cps).
NEC 3510 (RS232) (35 cps) 1,480
NEC 3550 (35 cps) IBM PC 1,949
NEC 7710 (RS232) (55 cps)
NEC Trimliner—300 Lpm..
Okidata ML80 (80 cps)....
Okicata ML82A (120 cps)..
Okidata ML83A (120 cps)..

Okidata ML84 (200 cps)..... 1175

Smith-Corona TP-1 (12 cps Daisy)
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TI1810-Full Package
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(214) 931-9069

Bl ShiMicre

16930 Dallas Parkway ¢ Suite 151
Dailas, Texas 75248

Ordering Information: Money Orders,
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Personal or company checks, allow 15
days to clear. Surface freight standard
F.O.B. origin. Include your telephone
number. No COD's please. Prices are sub-
ject to change without notice. Hours are 9
to 5 CST.

90 Day Money Back Guarantee®
120 Day Extended Warranty**
72 Hour Burn In Available
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Invalid Operation

Operand is a NAN (not a number)
Denormalized Operand
Zerodivide

Attempt to divide by 0
Overflow

Underflow

Precision

8087 rounds result

exceptions) instruction.

Result too large for destination format

Attempt to load a register that is not empty
Attempt to pop an operand from a register

Operands cause operation 1o be indeterminate (%, Vv —number

Attempt to use an operand that is not normalized

Result too small for destination format

Result not exactly representable in destmauon format

Note: Exception bits are “‘sticky” and can be cleared only by the FCLEX (clear

Table 1: The significance of the exceptions.
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EXCEPTION MASKS
L(l * EXCEPTION IS MASKED)

INVALID OPERATION

DENORMALIZED OPERAND

ZERO DIVIDE
OVERFLOW
UNDERFLOW
PRECISION

(RESERVED)
INTERRUPT MASK

(1 :INTERRUPTS ARE MASKED)
PRECISION CONTRoL (1)

ROUNDING CONTROL (2)

INFINITY CONTROL

(0 *PROJECTIVE, 1+AFFINE )

(1) PRECISION CONTROL
00 = 24 BITS
01 = RESERVED

10 = 53 BITS

11 = 64 BITS

Fxgure 4: The Control Word.

IEEE standard that specifies the NDP
default routines. (See the text box on
pages 174-175.) In other words, you
can take responsibility for handling
an exception condition or you can let
the chip do it. To inform the NDP
which exceptions it will handle and
which ones you will handle, you use

the Control Word.

Tag Word
Before we move to the Control
Word, let’s look at one other thing.

(RESERVED)

(2) ROUNDING CONTROL
00 * ROUND TO NEAREST OR EVEN
01 * ROUND DOWN (TOWARD — @)
10 * ROUND UP {TOWARD + @)
11+ CHOP (TRUNCATE TOWARD ZERO}.

JHow would the NDP know if we had”

tried to pop something from an
empty register so that it could set the
invalid operation flag? For that mat-
er, how would it know if one of the
operands was not a number? Well,
the NDP stores a Tag Word that con-
tains a 2-bit field for each of the eight
registers, and which keeps track of
the contents of each register and
marks the contents as being Valid,
Zero, Special (not a number, infinity,
etc.), or Empty.

¢
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(408} 438-5454
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DEALER INQUIRIES INVITED

TERMS: COD, CASH WITH ORDER, MASTERCARD, VISA
FREIGHT CHARGES WILL BE ADDED TO ALL ORDERS

Circle 257 on inquiry card.

Controi Word :

The Control Word is shown in
figure 4. The least significant portion
of the Control Word coincides with
the least significant portion of the
Status Word in that you set or clear
these bits to mask or unmask (respec-
tively) the exception conditions and
to disable or enable the ability of the
8087 to interrupt the host processor.
The Control Word also has bits that
allow you to set the precision of the
NDP to various levels. You should
realize that there is no advantage to
lowering the precision of the NDP in
terms of execution speed. This
capability exists only to allow the
8087 to more accurately emulate
previous floating-point products that
might be replaced by the 8087.

The next 2 bits in the Control Word
set the rounding convention that the
NPX uses. You can set the NPX to
round up, round down, round to the
nearest or even number, or to round
toward zero.

Lastly, a bit in the Control Word
selects the model of infinity for the
NPX. Just think, philosophers argue
whether infinity even exists and you
get to define it in one of two different
ways!

Simply put, the first method,
known as the Affine closure mode,
considers that there are numbers that
are positively infinite and numbers
that are negatively infinite. While this
may seem reasonable it can cause
unexpected problems in calculations.
J'or example, if we divide a number
by the number X, and X is very, very
small and positive, the result could be
positive infinity. If X is very, very

“small but negative, theresult could be ~ |

negative infinity. In other words, you
have two very different results.

The Projective closure mode uses
only one infinity. Although it is very
large, it has no sign. This mode is the
casiest to use and therefore is recom-
mended.

Exceptiion Pointers

Jf an exception does take place, and
you have unmasked that particular
exception flag, it would be nice to
know a few things before you jump in
and try to recover from your error.
You would probably like to know
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i
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8284A i

cock (| LOCAL BUS A |NTERFACE

DRIVER | [
| rRecuest oueve  Busv l
| |eRANT  sTATUS
| I PERIPHERAL
: 8087 I
‘»ICLOCK | NpX
I | U
I |
| : l\
i e b 0 R _ ] —86s20, 88720

Figure 5: The interface and communication lines.

which instruction or op code caused
your problem. It would also be nice if
you could determine this instruction’s
address so that you might resume at
that point when you have eliminated
the cause of the problem. Also, if the
instruction operated on data in mem-
ory, you might want to know where
this data came from. The 8087 con-
tains all this information in three
registers that are collectively called
the Exception Pointers. The opera-
tional details of these registers are
beyond the scope of this article, but
can be found in Intel technical
docurernts.

Synchronization
The 8087 works in close harmony
with its host. In order for this to take

place, there must be some communi-

cation and synchronization between
the two devices. The interface and
communication lines are shown in
~ figure 5.

When you add an 8087 to a host
microprocessor, the host retains the
responsibility of fetching the instruc-
tions from system memory. As the
host fetches these instructions, the
8087 also captures them and puts
them in a queue—just as the host pro-
cessor does. The answer to how the
8087 knows whether to emulate the
6-byte queue of the 8086 or the 4-byte
queue of the 8088 is quite simple.

Whenever the processor is. reset,
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the host processor goes to absolute
address OFFFFO hexadecimal to begin
fetching instructions. The 8088
always fetches a byte from this loca-
tion because the 8088’s data bus is a
byte wide. The 8086, however, can
fetch its instructions one word at a
time. So when it goes to address
OFFFFO to fetch its first instruction, it

RIS AR R I v SRR SRR A % M LT LR ST
In order for the
8087 to work in close
harmony with its host,
there must be some
synchronization
between

the two devices.
R AR o = S e R T S AT VR T R ST,

fetches a word instead of a byte. To
accomplish this, the 808G issues a
signal called Byte High Enable
(BHE/). The 8087 simply looks to see
if its host generates a BIE/ signal
when it. performs its first op-code
fetch after a reset. The presence or
absence of the signal deterimincs if it is
connected to an 8088 or an 8086, and
it then emulates the correct queue.
All 8087 instructions have a unique
5-bit prefix called the Escape prefix
(11011). When the host fetches an op
code with this prefix, it is placed in
the queue as any other instruction
would be. The 8087 captures the same
op code as it is fetched by the host

and places the op code in its own
queue. As this op code moves
through the queue of the host pro-
cessor, its movement must be emu-
lated by the NPX queue as well. The
mechanism that is set up to do this is
the first of the three types of syn-
chronization signals that are shared
by the host and the NPX. The host
has two lines called the Queue Status
lines (QSO and QS1). They allow
an external device such as a
coprocessor to emulate its queue.
When this floating-point instruction
finally makes its way through the

queue, the host determines that it is

an instruction for the NPX rather
than for itself.

Once the host has determined that
the instruction is an NPX instruction,
it looks at the instruction to see if the
NPX will need to access memory in
the execution of the instruction either
to fetch (read) an operand from mem-
ory or to store (write) an operand to
memory. If it sees that this is the case,
the host will calculate the address of
the operand and perform a dummy
read. By performing this dummy-
read operation, the host can supply
the NPX with the address of the
memory operand. The host generates
the address and even issues the strobe
signals, but it ignores the data that is
read from the addressed location.

The NPX, on the other hand, cap-.
tures the address that the host gener-
ates. Then, depending on whether the
NPX needs the data that is read or
whether it needs the address so that it
can write a result in memory after it
finishes its instruction, the NPX cap-
tures the data or ignores.it. Even if the
data were required by the NPX (o
execute the instruction at hand, the
dummy read will result in only one
byte or one word of data. Typically,
the NPX will be working with data
types that are 4, 8, or even 10 bytes in
length. This means that the 8087 will
have to perform additional memory-
read cycles in order to access the re-
mainder of its operand. Because the
8087 shares the host processor’s
buses, it must have a way of inform-
ing the host that it wishes to use
them.

The mechanism to do this is the

Text continued on page 170
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same used by any potential bus
master to borrow bus cycles from the
host. This line is_the Request/Grant
line (RQ/GT), and it is the method
that the host uses to implement the
HOLD and HLDA (hold and hold ac-
knowledge) functions. When the NPX
wants to use the buses, it toggles the
RQ/GT line low. The host latches
this request and, when it is done with
the buses, three-states its buses and
signifies to the requesting device that
it can have them by toggling the same
line low itself. :

The NPX takes over the buses at
this point and generates all the signals
(address and control) to access the
operand. It signifies when it is fin-
ished by once again toggling the
RQ/GT line low. In the case where
the NPX needs the address generated
during the dummy read to store a
result, it simply executes its instruc-
tion, saving the address until it has
completed the execution and then re-

quests the bus so that it can perform
the memory-write cycles required to
put the result in the proper memory
location.

In some cases, the host can con-
tinue to fetch and execute instructions
(with the NPX emulating its queue)
while the 8087 is busily crunching
numbers. There may be a situation,
however, when this cannot take
place. For example, we have two in-

structions in a program, the first of

which causes the NPX to operate on a
variable and to store the result in
memory. If the second instruction
causes the host to use this result, we
must not allow the host to execute the
second instruction and to access the
variable until the 8087 has written the
proper value in the variable location.

To accomplish this, we precede the
instruction intended for the host with
a WAIT instruction. The WAIT in-
struction causes the host to look at its
TEST pin, The TEST pin, as you can

see in figure 5, ties to the BUSY line of
the NPX. Whenever the NPX is busy,
the BUSY line is high and the TEST
pin on the host is high. When the host
executes the WAIT instruction, it
cannot go on to the next instruction
until its TEST pin goes low.

Another case where you would not
want the host to go off blindly is
when you have more than one float-
ing-point instruction back to back. In
this situation, the host would like to
be more than obliging by performing
all the dummy reads in the world just
so that it can get to an instruction that
it can execute. The problem is that the
8087 queue has to be in sync with the
host, and if the host just gobbles its
way through a series of floating-point
instructions, ignoring them as it is
designed to, the devices will never be
able to regain sync. You can solve
this problem simply by adding a
WAIT instruction in front of all float-
ing-point instructions.

Listing 1: An application of the 8087 using an Intellec Series Ill Microcomputer Development System and Intel’s 8087 software

emulator.

SERIES-III 8086/8087/8088 MACRO ASSEMBLER V1.0 ASSEMBLY OF MODULE PYTHAGORUS

OBJECT MODULE PLACED IN
NO INVOCATION LINE CONTROLS

LOC OBJ

??72?

)
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LINE
1+

2

3

]

5

6

_—— 7

0000 8

0004 9

0008 10

000C 1

———— R -
i SR L T T

———— 14

15

0000 2722727727 . 16
0004 222272227
0008 ?7?2?77727?
000C 277227727

17

18

0010. 3E03 19

20

21

22

23

24

. 25

——— ) ) 26

27

: 28

———— : 29

. 30

0600 (100 31

¢:F1:EUCLID.OBJ

SOURCE
$SYMBOLS DEBUG
NAME PYTHAGORUS

; The DD memory allocation allows
; enough space for the variables
; to be defined in the SHORT REAL
format.

sWe will assume that these

;variables are initialized by

EXiAN  INLT87:FAR
TRIANGLE STRUC

BASE DD ?

ALT DD ?

HYP DD ?

AREA DD 2 ;
TRIANGLE .
DATA  SEGMENT PUBLIC '
RIGHT  TRIANGLE o
CONTROL_87 DW 033EH

sanother progranm.

This is the default control word which masks all exception except

H
+ INVALID OP, leaves the INTERRUPTS UNMASKED, ROUNDS TO NEAREST OR EVEN,
H

and sets the INFINITY CONTROL to PROJECTIVE.

DATA ENDS
STACK  SEGMENT STACK *STACK!
bW 100 bUP(?)

<Y

N

e

oy e xd el

by
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KES

v
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Application

The following application of the
8087 uses an Intellec Series III
Microcomputer Development System
and Intel’s 8087 software emulator
(see listing 1). The program takes the
base and altitude of a right triangle,
which are stored in memory as two
fields of a structure called
TRIANGLE, and uses this data to
calculate the area of the triangle and
the length of its hypotenuse. Notice
that I define the fields of the structure

as double words (DD). This allows'

me to define the variables in the Short
Real format. I will discuss the pro-
gram using both the listing and a
chart in figure 6 that tracks the status
of the NPX's stack as references.
When I refer to the chart, I use lower-
case letters in parentheses.

The procedure INIT87, which I
reference on line 42, is in the 8087
emulator and prepares the environ-
ment. The FLDCW instruction on line

Listing 1 continued:
00C8 32
s 3y

36 +1
el 37

0000 9A0000---- B 42
0005 4$BD92r100C k 46

000A 9BDYES 50
000D 9BDCCO 51
0010 §BD9060000
0015 9BD9060400

=-B-]
w
w

001A 9B8D9C1 5T
001D 9BD8CY 58
0020 9BD8F3 = e 59
0023 9BD91EOCOO R 60

0028 9BDCC8 6u
002B 9BD9CY 65
002E 9BDCC8 66
6031 9BDEC1 67
0034 9BDYFA 68
0037 9BD91E0800 R 69

003C F4 71

— - 75

46 causes the Control Word, which is
stored in memory at a location sym-
bolically called CONTROL-87, to be
loaded into the 8087. The function of
the Control Word is explained begin-
ning with line 21.

Notice that all the floating-point in-
structions are preceded by a hexadeci-

mal 9B op code. This is the WAIT op.

code that is inserted automatically by
the assembler. The first thing that I
must do is set up the stack so that I
can perform my calculations. The in-
structions on lines 50 through 53 per-
form this. FLD1 puts the number 1.0
on the top of my stack (figure éa).
FADD ST,ST(0) causes the value at
ST(0), which is my stack top, to be
added to the stack top. :

The result of this instruction is to
multiply the stack top by 2 (figure
6b). The FLD instructions cause the
8087 to load the contents of the
specified memory locations, which
are considered to be in the Real for-

T 0_8 LABEL WORD

STACK ENDS

$EJECT

CODE SEGMENT PUBLIC 'CODE’

ASSUME CS:CODE,DS:DATA,SS

; INITIALIZE 8087

INIT: CALL
i
)

F.DCW  CONTRCL_2T ;

; SET UP 8086 REGS AND CONSTANT ST

SETUP: FLD1 H
FADD ST,ST(0) i
FLD RIGHT.BASE H

FLD RIGHT.ALT H

mat, on the stack {figure 6c). In the
process of loading these values, they
are transformed into the Temporary
Real format. Notice that because the
host processor calculates all the
operand addresses, I can use any of
the addressing modes of the host. The
8086 and 8088 processors are capable
of 24 powerful addressing modes. In
this case, ] am accessing a field of a
structure.

Next, 1 calculate the area of the
triangle. The instructions that do this
are on lines 57 through 60. The FLD
ST(1) instruction causes the contents
of the current ST(1) register to be
duplicated on the top of my stack
(figure 6d), and the FMUL ST,ST(1)
instruction puts the BASE X ALT in
the stack top (figure 6e). FDIV
ST,ST(3) divides the stack top by the
2.0 that 1 have saved on the stack
(figure 6f), and the FSTP causes the

result, which is equal to the area of -

the triangle, to be popped into the ap-

:STACK

INIT87 ; This routine is in & library.

Jt sets up the environment

s for the 8087.

Load con“vro! word from memory
ACK IN 8087
PUT 1.0 IN STACK TOP (ST)

ST=ST X 2
ST <-- BASE
ST <-- ALT

: CALCULATE AREA=(BASE X ALT)/2 AND STORE IN MEMORY

éALC: FLD

ST(1)
FMUL ST,ST(1)
FDIV ST,ST(3)
FSTP RIGHT.AREA

; CALCULATE HYPOTENUSE = ((BASE*¥*2

.
’

Duplicate BASE in ST

ST <-- ST/2

i ST <—- BASE X ALT™
:
b

; Store ST in AREA and discard

)+ (ALT*¥*2) ) %% 1/2

FMUL ST, ST(0) ; Square ALT
FXCH ST(1) ; Exchange ALT*¥2 and BASE
FMUL ST, ST(0) ; Square BASE
FADD i ST <-- BASE*¥2 4+ ALT*¥2
FSQRT i ST <~~ ST#¥ 1/2
FSTP RIGHT.HYP ; Store ST in HYP and discard
HALT: HLT
CODE ENDS
END INIT,DS:DATA,SS:STACK:T.O_S
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propriate memory location in the
(6a) (6g) Short Real format (figure 6g).
ST(0) 1.0 ST(0) ALT My next task is to calculate the
(1 BASE length of the hypotenuse of the
(6b) (2) 2.0 triangle. The instructions to do this
are on lines 64 through 69. First, I ‘(‘:%EM?SS
ST:t0) &0 (6h) multiply the element on the top of the SHARP
stack by itself (figure 6h). Next, I ex-
(6¢) sT(o1|  (ALT)? change this element with the element
( BASE below it (figure 6i), and once again I
. & (2) 2.0 square the stack top by multiplying it
i) BASE by itself (figure 6j). All that remains is
(2 2.0 (61) to add the stack top to the register
' below it, pop the old stack top (figure
(6d) sT(0) BASE» ¢k), and find the square root of the
(1 (ALT)2 stack top (figure 61). The value in the
ST(0) BASE ;
(2) 2.0 stack top now equals the length of the
(1l At hypotenuse. I next pop this value into Boghip
12) LIS () the appropriate location in memory g“op&yl
(3) 2.0 ) and I am finished. TO DE
sTw)|  (BASE)? This concludes the example. I have fon
. - . adgcs
(6e) (1 (ALT)2 just performed calculations that in- RAM. |
2) 5 volve transcendental functions and Faee
STLO1) BASE R ALY that use operands that are very ac- ';‘\L(;fs()_ g
m ALT (6k) curate with no concern for either the
(2) BASE complexity of the algorithm or the ac- ATAR
(3) 2.0 sT(01](BASE)Z+(ALT)2 curacy of the result. If I had at-
: ) 2.0 tempted to perform the same calcula- b
(66) : tion in software, 1 would have had to e
(61), write some very complicated algo- oS+
sT(o)| BASEXCALT rithms and the code necessary to trap i
m ALT STLO) |V(BASE)2+(ALT)2 any errors that may have occurred.
(2) BASE (1 2.0 Instead, 1 let the 8087 and the stan- Q’Te’?f
. . . 1
) =18 dard to which it complies worry NEC
about such things. It puts the world Sl
of accurate, high-level mathematics TRAY
in the realm of every assembly-lan- e
Figure 6: The status of the NPX stack during operation of the vrogram in listing 1. guage programmer. ® gs;‘t“
RAN
_ S v Micr
HESE|GREAT P
SFlaesiiclidl : 505 G 2 - B0 PGS Iy A SRR S USe ¢ UL ESIn s 22NN PESLTIN A AME
MACRO-80c DISK BASED EDITOR/ASSEMBLER THE MICRO WORKS COLOR FORTH ) orga
This is a powerful macro assembler, screen oriented editor and machine language Color Forth is easier to learn than assembly language. executes in less time than ‘5"1 G
monitor. It features local labels, conditional assembly. printer formatting and cross | Basic and is faster lo program in than Basic, Rompack comes with 112-page e
reference listings. Assemble multiple files. Program comes™ on Radio Shack | manuat containing glossary of system-specific words, full standard FIG glossary § ... Gon
compatible disk with extensive documentation. Price: $99.95 and complele source. A fascinaling language designed for the Color Computer! of fr
Price: $109.95 s Wwin
MICROTEXT COMMUNICATIONS SDS-80C SOFTWARE DEVELOPMENT SYSTEM e
Make your computer an intelligent printing terminal with off-line storage! Use SDS-80C is a Rompack conlaining a comolete editor. assembler and monitor. It Writ
Microlind for tim%sharing inlera%llong prin?ing what is received as il is O eiveq | @llows the user to wrile. assemble and debug assembly language programs wilh
and saving text 1o cassette. and more! Price: $59.95 no reloading. object patching or other hassles. Supports full 6809 instruction sel. Wh
S T > = Price: $89.95 i Ins
PIBOC PARALLEL PRINTER INTERFACE X —- 8‘00 ‘UD'SASISEMBLER i s
Use a parallel printer with your Color Computer! Serial-Parallel converter plugsinto | Runs 07 11 ploE Compiller a0 BeriErecs youl 0w SQNCE 5900 T 6 BOor
the serial port and allows use of Centronics-compatible printers. You supply the interpreter ROM,Ol)ocume»nlallon includes useful ROM entry points. comE)Iete
printer cable. Price: $69.95 memory map. 1/0 hardware details and more. Cassetie requires 16K system.
M Price: $49.95 N e e
GAMES: Star Blaster % Pac Attack % Berserk * Cave Hunter * Starfire * Astro Blast * Starship Chameleon *
Adventure: Black Sanctum + Adventure: Calixto Island *
THE Also Available: Machine Language Monitor {3 Books (. Memory Upgrade Kits Galltorvila Besstents aod 6% Tax
Parts and Services . . Call or write for more information Master Charge/Visa and
WO RIS
P.0. BOX 1110 DEL MAR, CAS2014  619-842-2400
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number to bmary d
. binary 1000010. Because thts
umber, | have no fract:onal part to.
worry about. Now I must riormalize
the number by movmg thé‘decxmal

anty ends ‘there Ahoweve A
E_!ecause the data is. stored in- Packed o

i Inan attempt to standardrze both th

: data types and algorithms used in float-
; - ing-point-arithmetic’ problems the IEEE
, " formed a committee in 1979 to- produc
. a standard to-which alI ﬂoatmg -poin
" arithmetic- processors - and . software
would comply. This standard not only;.
_established standard data. formats bu
., also set rules for rounding and p preczston,
" control and: required that- all machme
* (and  software packages ,
" with the. standard be. capable ‘of, per
fonmng the same- algonthms-wlth th

“the right.. -In this case, because I move
the decxmal pomt to the leﬂ;'ﬂ'le expo-.

;converszon but you riust: ,‘ow two’
' things. In the Short and- Long ‘Real for--
‘mats "I save a bit by dropping the -
»leadmg' “1" bit of the s:gmfzcand Thts

and clean wtthout any fractlons, in the -
real\ world we \have to deal thh ‘al

.;,;and be capable of sxgmfymg:when the:

,result of thezr calculatzons"' was’

. lmplemenl:s thzs 5tandard fully

N "Short or Long formats -respeclwely ,
Data Fomats ) Ly The Real data typ . contalns three © " For some reason, this is not done m !he ) ;
One of the most lmportant aspects of o formats They dre very similar to the. Temporary Real format The second _
»the IEEE standard was the definition . . scientific notation that represenls large . thing is that the standard format re- "
‘and standardization of ‘the seven’ data. L deamal ‘numbers. A number repre-. . quires that a bias be added tothe expo-
formats that would be used i in floatmg- sented in 5czent1fzc notatzon has three . nent so that negative exponents appear
point ~calculations. .: These formats components—sxgnl mantlssa, and exa . as positive values. The bxastsdlfferent
- belong to three basxc t.‘IP Inteser.f a _ponent;-In scxentlfu: notation, I would - fOr each format and is shown in figure "
- Decimal, and Real. ; "'represent the dec;mal number = 7. The bias for the Short farma! is 7F -
.'The Integer type should be famthar 547,390 as-—5. 4739 X 10%. In other - . hexadecimal (01111111). ; This means
' because it is a standard data type used " words, 1 denote the sign of the number - thal the exponent becoms 110+
" quite generally. The Integer formats are’ *' in the normal manner, Then 1 display =~ 01111111 = 10000101. Puttmg it all Tl

_ capable of representing signed -whole " fts value or mantissa as a value be-. logether ! get
-numbers. The most significant bit - ' fween 0 and 10. I do this by moving the » -
denotes :Fe sign (whe e a 0. indicaces a D aecirnal ponr v ettner the right or the N sigin bzased e.tponen.

“ positive number-and a1 indicates a "
. negative number that is represented in’
standard twos-complement notatxon) i
* The three Integer. formats -differ -in- ..
|, length. The shortest format,- Word In-
: 5'3"%’}tég'ei';'fis'r‘l'df}iits;ih“'lefrrg'tﬁ-'aﬁdfidé'ﬁti'éalfto :
the Integer format used by the host pro- -+ number, “the ‘exponent decreases.. For .
cessor in its own instruction set (IMUL, ~. example, 0.0075 becomes 7.5 X 1073, : :
" IDIV). The Short Integer is 32 bits in - °*The Real formats also- have a sign, ”~‘Wuh a number with a fractzonal part
L Tlength. Most 8086 assemblers allow you " mantissa or significand,. and an expo- - the conversion looks like that shown in - -
to allocate space for this type of .. 'nent, but they are binary values thut . table 2. Table 3 is useful in understand- -
variable using the Define- Doubleword ' - are calculated a little differently. - mg the power of the vanousdata types
(DD) operator.:. Appropriately,  the .- As an example, I'll convert.- Ihg
longest format is the Long Integer, .- decimal number 66 to the Short Real .
which is 64 bits in length, Most assem-"". - format. The Short Real format uses the”
blers allow you to allocate space for this ... 23 least significant bits to denole the
type of variable with the Defme Quad-- .« mantissa of -the number,A the next 8 .
word (DQ) operator. - vif.-most significant bits to denole the ex-
The Packed Decimal format, 80 bats “ ponent, and the most sxgmﬁcanl bit to
long; is similar to the Integer format in +*idenote’ the sign’ of the number. :The
that the most significant bit is a sign bit co

left.: Whenever I move the decimal - 0 1000010F:.; "
point ‘to the.. left to-.normalize the . =~ 7. 'sxgmfzcand FEANT
" number (make it equal to a value be- = - 000010000000000000000000
tween- 0- and "10), the exponent in-- .- :
creases...When_l.move. the _decimal .

OI 00 0010 1000 0100 0000 0000 0000 0000 ’j

Cuaranteed Accuracy
f The key to the 8087's abﬂxly to pro-
- duce results with such a high degree of .
accuracy lies in the fact that the 8087
perforns all its calculations.’ in the
Temporary Real data format Regard-
less of the format in which an operand

4
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that is loaded mto the 8087 is tra
formed. into: ‘this.. highly accurate,
80-bit-long format,:The benefit derived.
by using -this format for- all-internal:
calculations can be- best lllustrated by
the following analogy.” . :: """ :

1 have a calculator with a mnge of 3
decimal digits and I want fo use-it'to
solve the equation F=AXB/C1
got a calculator with 3-digit ‘accuracy -
 because I determined that A, B, .and.C., .,
would never be’ greater than'3 dzgtts in’
. Nength.If A=100;:B=10, and C=10
you can see that I will have trouble -

=" Now, if I got a new calculator that: .
"had a range of 4 or 5 digits, even though-:
-1 expected all my results to be 3 digits or -
less,- 1 could solve my problem. -
Regardless of the order in which I did
my calculations, the intermediate results -
.would probably not overflow the range
“of the new calculator. -
“This is precisely how the 8087 can .
‘guarantee such accurate results. By
sing the Temporary Real format for ¢ all
ts calculations, it avoids errors that
fnay appear in the calculation. of its in-
ermediate results. The Temporary Real”:’
~format, as you can see from table 3, ‘has s
SRR o T SR ’range so large that we would probably’:
P O S S — “never overflow it in our calculatioris.
Also because- it uses 64 bits for.the:"

‘lvmg thzs problem
or because ‘A’ X“B “is: outswl'e of its"

10;1106?8 %E(,)? 1—0112:):)(:%:)%?? ?ﬁ mantissa, it can promde results that are -
111 + 01111111 = 10000110 “accurate to 18 sxgmﬁcant dngtts wzth no -
sign biased exponent significand round-off errors.
1 10000110 ~ 0110010001000000600C0000 S A
1100 0011 0011 0010 0010 0000 0000 0000 Ease of Use L

Another way in whxch the 8087 can. -
guarantee accurate and standard results.
is'". by providing default - exception
- handlers that ensure results even though
“an error may have occrred during one’.

. . of the intermediate calculations. For ex- -

Table 2: The conversion of a number with a fractional part.

Data Significant Approximate
Type Bits Digits Range ample, if for some reason during the .
Word Integer 16 4-5 -32768< x < 32767 _operation of one of my calculations. I
Short Integer 32 9 —269 < X < 2E9 somehow manage to attempt to divide a-+
Long Integer 64 18 —~9E18 < X < 9E18 " number by 0, the 8087, rather than
gﬁc"teg(;?c‘mm gg 6187 0‘51’92‘59 ng <x99<--§§1E%§i9“5) _aborting the operation, executes a-
or — , 1.2E-38 < . 3
Long Real 64 15-16 0, 2.3E-308 < X < 1.7E308 default response to the zerodivide e"h
Temporary Real 80 19-20 0, 34E—4932 < X < 1.1E4932 ception and replaces the quotient with_ | -
'the most reasonable value—infinity. n !
Table 3: The various data types. - this manner, the 8087provxdes standard g
results ‘ - M
DATA MOST SIGNIFICANT BVTE
RANGE | PRECISION -
‘ FORMATS , of7 oj7 o|7 o|7 of? of7 of? o} !
"7+ ] BYTE INTEGER 102 8BTS |17 lo] TWO'S COMPLEMENT
WORD INTEGER™ | #1308 = | ~16.BITS:E s~ TWO'S:COMPLEMENT. .o 0 - 55 Fo LTS L
SHORT INTEGER 109 azeIts |13 T] TWO'S COMPLEMENT
LONG INTEGER 1018 64 BITS |lg3 1 i Two's CoMPLEMENT :
PACKED BCD 1018 18 DIGITS s[— 010y oy 0o
* | sHoRT ReAL 10t38 24 BITS s[e;  EolFs F23] Fo tMPLICIT : . e
LONG REAL 10%308 63 BITS s|E0 EolF1 Fs2 | Fo MPLICIT .
. | remporary ReaL| 1024932 samits | S|Eis Eo[Fo ‘ el |
INTEGER: | . REAL: {-1)5 (2E-BIAS)(Fy.Fy )
PACKED BCD: (~1)° (Dy7...D0} BIAS = 127 FOR SHORT REAL
. 1023 FOR LONG REAL
16383 FOR TEMPORARY REAL
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