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THE FLOATING POINT SCHEME used in Texas Instru-
ments 990 family of computers is identical to that used
on [BM’s 360-370 computers. It is commonly referred
to as “chopped hex™ because it uses a base 16 exponent
and chops (truncates) the mantissa after every opera-
tion, rather than rounding it. Although the 360-370
product line has been very successful, its floating point
format has long been regarded by the numerical analy-
sis community as crude, and in some instances has ren-
dered the 360-370 unsatisfactory for scientific applica-
tions. Table I compares the results from Kahan’s
problem run on several different computers. Kahan’s
problem is a short Fortran routine consisting of six
adds, four subtracts, four divides, and one multiply. The
true solution is zero divided by zero, which is unde-
fined. The source code is listed in the appendixes.

Table I. Kahan’s Problem

COMPUTER SINGLE PRECISION DOUBLE PRECISION
IBM 370/168 3.0 3.0
WITH FPS 190L AP 8.0 8.0
TI ASC UNVECTORIZED 0/0 0/0
TI ASC VECTORIZED 4.0 4.0
TI 980 - DX980 2.0 2.0
TI 980 - TIMAP (FPAP) 2. 9999999962 =0. 0000000011
TI 9920/10 - PASCAL 3.0 3.0
TI 990/10 - FORTRAN 3.0 3.0

TI SR-10 CALCULATDR 0.0 WITH ERROR INDICATOR LIT

Tl SR-51 CALCULATOR BLINKS 9. 999999999 99

Tl SR-59 PROG. CALC. BLINKS 9. 9999999 99

It is interesting to note that the calculators correctly
produced an error exception, while the computers (ex-
cept for the ASC unvectorized Fortran version) did not.
Even special purpose hardware such as the Floating
Point Systems 190L array processor and the floating
point auxiliary processor of the TI 980-TIMAP were
incorrect. The usual Fortran remedy, DOUBLE PRE-
CISION, produced the same wrong result but with
twice the accuracy. In other words, it gave an answer
which was twice as wrong.

The 370 chopped hex format was designed as a
method for providing a large range with a one-byte ex-
ponent. The exponent’s range was increased by making
it a power of sixteen, rather than the usual power of
two. The mantissa is thus shifted in four bit blocks, or
“nybbles”. This was a radical departure from the IBM
7090°s binary based format, and the change was soon
regretted. A large range is needed because no provision
was made for extending it. The name “DOUBLE PRE-
CISION™ says that only the mantissa has been extend-
ed, rather than increasing other attributes as well. So all
needs of all users must be satisfied within the range
—10**75 to +10 **75. To get an idea of the magnitude
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of this range, the number of molecules in the atmo-
sphere of the earth is only 10 **44. It has been my
experience that double precision i1s used primanly as a
fix-up when single precision fails. Kahan's test demon-
strates that there are numerical problems which cannot
be solved by simply lengthening the mantissa. It has
been shown that a sanitary single precision scheme will
greatly reduce or eliminate this “fix-up™ motivation for
extending the floating point word length.®

All users must bear the burdens associated with a
hexadecimally inflated range. A few of the greatest tolls
taken are:

I. Inefficient memory utilization — up to three wasted
bits per word and 6.25 percent of total possible
number configurations unused.

2. "Wobbly" precision — some numbers can be repre-
sented with greater accuracy than others.

3. A tendency for elementary arithmetic errors to be
promoted in the mantissa. Truncation errors in par-
ticular are amplified and propagated throughout
computations by oscillating normalization,

Floating point schemes which overcome these prob-
lems individually have been known for years, and they
are discussed in the section of this article which deals
with the pending 1EEE floating point standard.

In this article, I will discuss the consequences of the
chopped hex floating point scheme on the 990 and pres-
ent the results of both Fortran and Pascal test codes run
on the 990,

How Many Decimal Digits of Accuracy?
To examine this question more precisely, we should first
compute the mantissa width of a floating point number
in bits and then translate the result to a decimal fig-
ure. Single precision numbers in the 990 are allocated
a total of 32 bits — 24 mantissa bits, 7 exponent hits,
and a sign bit. Holding the exponent at a constant zero
(represented as ~=40), the largest representable fraction
is >=.FFFFFF, which is approximately equal to 0.999
999. The width of this fraction is 24 bits. The smallest
representable fraction is >>0.100000, or Y6 In binary
notation this is written as

0001 0000 0000 0000 0000 0000

Notice that the three leading bits are zeros, and used
only as “place holders.” These bits are unavailable for
use in storing data, and data will be lost if place holders
must be inserted into a number containing more than 21
significant bits. Table II shows the variable relationship
between magnitude and accuracy for a heavily used re-
gion of numbers.

6.7 percent of all single precision floating point num-
bers are represented with only 21 mantissa bits (90.6
percent bit utilization efficiency). The average efficien-
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Table Il. Maximum Number of Data Blis In Mantissa of a
Single Precision or REAL(7) Floating Point Number

A - TI 90 AND IBM 370 CHOFFED HEX FORMAT
B = IEEE STANDARD FDRMAT

HITS OF ACCURACY ==--3

1B 1% 20 21 22 23 =24 25

0 o825 - - B
.15 - A B
R o 23 = & B
E R
P E o= = h D
R A
E L 1o - A B
5
E N 20 - A B
M W
T =M 4 0 = & E
PO
B E 8o - L
L R
E -8 16 @ - A B
32 o - A B
&4 O - A B
128 o - A B
2%4. 0 = A B
512 0 - A B

18 1% 20 21 22 23 =24 25

cy for floating point mantissas 15 96.9 percent, or about
23.3 out of 24 bits.

Decimal numbers read into the machine will be trun-
cated after the bit labelled “A,” causing the “A” bit to
lose most of its significance if the highest bit truncated
was a one.

There 1s another aspect of the chopped hex scheme
which is wasteful of memory. The first nybble (hex dig-
it) of the mantissa is not allowed to be zero. A zero
would imply that the number is denormalized, which 1s
a feature not supported by either the 990 or the 370. The
long integer format, which also uses 32 bits, has no for-
bidden bit configurations. It can represent a total of
4,294,967,294 different numbers. Disallowing a leading
mantissa zero declares 268,435,454 of these symbols ille-
gal. Thus out of 4.29 billion possible numbers, the 990
uses about 4,03 hillion, or 93.75 percent. The same per-
centage of double precision numbers is unused, but here
the total number is more than 281 trillion.

With only 93.75 percent of the total symbols acceessi-
ble and a bit utilization rate of 96.9 percent for the rep-
resentable numbers, the overall memory efficiency fig-
ure is 90.84 percent. This corresponds to roughly three
unused bits in every 32 bit word.

Table I1I shows the largest respresentable numbers in
several 990 mantissa configurations.

Single precision mantissas on the 990 range from 21
to 24 bits in width, or about 6.2 to 7.2 decimal digits
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Table Ill. Equivalent Floating Point Mantissa Widths

MANT 1554 WIDTH LARGEST EXACT HANT ISES WIDTH

IN BITS INTEQER IN DIGITS
HEX DEC THAL HEX DECIMAL
25 IFFFFFF 3055443 & 1/8 7 dfio
w na FFFFFF 16777215 5 F 2/10 =
® 23 7FFFFF B3BE&07 5 1s2 & B/00 #
* 27 IFFFFF 4174303 5 144 6 4410 =
® 21 IFFFFF 2097151 5 1/8 b 2410 =
=0 FFFFF 1048575 4 & 1410
19 TEFFF S24287 4 1/2 5 3/10
18 IFFFF Z&62143 4 1/4 3 3710
17 IFFFF 131071 4 i/8 3 1700
16 FFFF 1] 4 4 7/10
15 TFFF 32THT 3 1/2 4 3710
14 IFFF 145383 3 1s8 4 2510

(marked by asterisks in Table I11). Under optimum con-
ditions, some numbers can be represented with seven
digit accuracy. On the other hand, some numbers can
contain only 6.2 decimal digits at best.

If we assume that we lose one bit to an error, the
remaining accuracy will be 20 to 23 bits, or 6.1 to 6.8
decimal digits, and will not achieve seven digits for any
number. Erosion of the mantissa can become quite se-
vere with just a few operations. Bits can be lost in input
and output conversions, number type conversions, and
ordinary arithmetic. It is true that 990 single precision
can represent seven digit accuracy in some cases, but
for typical numbers read in, processed, and printed out,
this can rarely be achieved.

Input and Output: Decimal Conversion

All computers which represent numbers in binary (base
2) form employ some sort of scheme to translate deci-
mal numbers to and from the internal binary format.
For integers the conversion is straightforward, but for
fractions many shortcuts exist which obtain a result
quickly at the expense of some accuracy. We must keep
in mind that the quality of the floating point computa-
tion done on the machine can be no better than the
binary-decimal converters.

Both Pascal and Fortran on the 990 use what Stur-
benz calls a “truncation conversion transformation” for
real number input. The number radix is converted, and
the normalized fraction is chopped to fit into a single or

Table IV. Pascal Decimal Conversion

ORIGINAL TRUNCATED UNFORMATTED
DECIMAL TO REAL(7) WRITE

[7 DIGITS)

0. 2443518 403EBDDS 2. 443517E-01
0. 097059& 4018BDBES 9. 705955E-02
0. 0087096 3F23ACAD B. 709598E-03
0. 0007809 3E332D53 7. 8B0BY98E-04
0. 0000995 3D&BS553 9. §49999E-05
0. 00000946 3CAL1OFAF 9. S99999E-0D&
0. 0000010 3C10C&F7 9. 9995994E-07
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double precision word. Rounding is done when real
numbers are output as decimal. The problem is compli-
cated when the decimal number cannot be represented
exactly in binary form, such as Vio or %3. Numbers
which can be represented exactly decimally but not hex-
adecimally, or vice versa, are quite common. Table IV
shows the results of some decimal to floating point to
decimal conversions in 990 Pascal. The internal conver-
sions were done using the decimal type feature of Pas-
cal. Both formatted and unformatted writes were print-
ed directly from a REAL(7) floating point number.

The numbers labelled “rounded internally” are actu-
ally truncated, due to a bug in the Pascal compiler op-
tion ROUND. The digit loss problem is made visible by
the fact that the input numbers are not exacly repre-
sentable in single precision, and it is compounded by
the truncation transforms to and from floating point. In
the second example, output rounding is unable to re-
cover the sixth digit in a REAL(7) number. Without
rounding at least on output, the situation would clearly
be intolerable to even casual users. Input truncation er-
rors are usually masked by other numerical problems
encountered during internal processing,

In unformatted Pascal output, “no more precision is
ever printed than the value contains.” * Numerical er-
rors introduced by base conversion or other causes are
not taken into account. The accuracy which can be re
resented by the number may be quite a bit less than the
actual accuracy contained by the number after a base
change or an arithmetic operation. Each lost bit of ac-
curacy pulls the number down one step lower on the
chart in Table III. The printed version of the number,
however, remains at a constant width, having been de-
termined prior to run time. This is illustrated by the
UNFORMATTED WRITE in the last example of Ta-
ble 1V.

High level languages usually hide the problem of con-
version loss, and many users are unaware of its exis-
tence. Even software verifiers which “prove” the cor-
rectness of a program can be tricked by accuracy lost in
conversions or arithmetic. The construction of a soft-
ware verifier which would compute bounds for errors

FORMATTED ROUNDED TRUNCATED
WRITE TO DECIMAL TO DECIMAL
11: 7 INTERNALLY INTERNALLY

0. 2443517 0. 2443517 0. 2443517

0. 0970595 0. 0970595 0. 0970595

0. 00B709& 0. 0087095 0. 0087095

0. 0007809 0. 0007808 0. 0007808

0. 0000995 0. 0000994 0. 0000974

0. 0000096 0. 0000095 0. 0000095

0. 0000010 0. 0000009 0. 0000009
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introduced in floating point calculations would be a dif-
ficult task indeed.

Truncation in Floating Point Arithmetic

Truncation is involved in all floating point arithmetic
operations on the 990. Whenever two floating point
numbers are arithmetically combined, the result is
chopped (truncated) to fit into a single or double preci-
sion word. In other words, when the exact result of a
floating point operation falls between two representable
numbers, the number closest to zero is chosen, rather
than the one closest to the actual result. This means that
the output of any single function will be of lesser magni-
tude or, at best, equal to the desired result.

Table ¥V demonstrates truncation in floating point
subtraction. The leftmost column shows the internal
hexadecimal representation of the minuend, subtra-
hend, and result. The middle column shows the same
numbers denormalized, as they might appear in the
workspace area of a floating subtraction routine or a
hardware floating point register. The decimal equiva-
lents in the right column were translated from the num-
bers in column one by 990 Fortran’s truncation trans-
form.

Notice in the second example that the subtrahend in-
troduced a truncation error 16 times greater than itself.
In the third example, it caused an error 256 times great-
er than itself. Repetitive subtractions will continue to
introduce errors of this magnitude and will eventually
destroy the significance of the minuend.

Table VI demonstrates how truncation errors are
multiplied by the wobbly normalization of the mantissa.
Positive integers n are compared with 1/(1/N), an alge-
braic identity.

The problems illustrated by Table VI arise when the
number to be inverted falls into the following configura-
tion:

I. The original number is represented with the most
significant bit of the mantissa set to one. Fifty per-
cent of all floating point numbers will be of this
type.

2. The first inversion [1/N] is performed. The mantis-
sa now has three leading zero bits used as “place
holders.” Three bits of the mantissa are shifted out
to the right and lost. Ninety-eight percent of type
one numbers will also be type two.

3. The most significant of the three bits lost in step
two happened to be a one. This loses the signifi-
cance of one more mantissa bit when truncation is
performed. Fifty percent of type two numbers will
also be type three,

4. Reinversion is performed, yielding M=1/1/N.
Since the magnitude of (1/N) was reduced, the
magnitude of 1/1/N will be increased. The net ef-
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Table V. Subtraction Truncation Test In 990 Fortran

REAL +#3 DEMOBMAL I ZED DEC IMAL
THTE Rk HEX EGUIVALENT
i 41 1028F& 1. DZBF &000 1. 160002289
= 3C 100000 = 0. 0o001000 -  DOODDDFIIT
= 41 1028F5 = 1. O2EF 5000 =1 OO9F992752  EMACT
2 411028F & 1. OZEF &000 1. Dloobo228%
= 38100000 = 0. 0000100 - DOOODO0STE
= 411028F% = | QZEFS000 =1 DOFFE92752  TRUNC.
3 41 1028F & 1 D28F&000 1. 0100002289
- 3A100000 = 0. S00GOa10 = . DO00000037
= 411029F3 = | OQ6F 5000 =1 OOSRSF2752  TRUNC.
4 a1 102aFs 1. D2BF 000 1. M 0000FIET
- IF100000 - O, 00000001 - . DOG0O00D02
= 4]11028F& = 1. D2BF&000 =], MO0D0F2ET  ND OP
Table VI. Inversion Tesi in 990 Pascal
ORIGINAL N 1 /N 1461400 MANT 1554
DEC TMAL REAL RECIPROCAL RECIPROCAL BITS LOST
13 S1ECDDOD 40124924 4 1EOGOOT 3
171 A2AB 0000 IF 1 FF403 ATABDDOT 3
199, 42070000 3F 1 49539 42C 70006 a4
211 42030000 aF 1 349E0 4203000/ F
22%. 4A2EF0000 3IF 11238 42EFDO0C 4
243, 4AZF30000 IF10BTER 42F 30000 a4
251,  42FROOOO IF 109157 42FBOOOE 4

m=s==—==m—e————BUFMARY OF ERRORS--—-—-——————————-
BIT LOSS COUNT

1 &4

2 711

3 &50

4 341

L 2403, ERRORE 1IN 2000 TEBTS

48. 08 PER CEMT OF WUMBERS HAD ERRORS

AVERAGQE BITS LDST FER ERROR = 2. 32

fect is that four “garbage bits” have appeared in the
mantissa. Two floating point divides have de-
stroyed four bits out of a 24-bit mantissa, or one
hex digit out of six.

Addition, subtraction, and multiplication exhibit sim-
ilar weaknesses to truncation noise. This could be incre-
mentally improved if a rounding rule were used. How-
ever, the wobbling of the mantissa would sull amplify
round-off noise. To significantly improve the situation
would require the use of a different floating point repre-
sentation, more like the proposed IEEE standard.

The Numerical Reliability of Standard Library
Routines.
Programmers tend to think of low level floating point
functions, such as SIN, COS, LN, and SQRT, as ele-
mentary operations like addition or multiplication.
They also expect the error bounds to be elementary —
plus or minus the least significant bit. As we all know,
low level functions are actually programs which may
use tens or hundreds of elementary floating point opera-
tions, as in the sum of a series expansion. Even if we
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assume that an algorithm has been “perfectly” imple-
mented, the error bound of a hibrary routine should be
significantly greater than that of an elementary opera-
tion.

The math library could then be expected to exhibit
poorer overall performance than the floating point
arithmetic on which it is based. The test results shown
in Table VII confirm this suspicion in the case of the
natural logarithm and exponential {LN and EXP}
functions of 990 Pascal. The routines were tested by
comparing a positive integer N with the algebraic 1den-
tity EXP (LN(N)).

More complex programs which are supported by the
library cannot be expected to perform better than the
functions they use. Synergistic floating point error ef-
fects can cause normally reliable programs to fail for
certain sets of input data.

The Fortran exponentiating function (Y ** X) 15 an
example of a relatively elementary function which is
typically implemented using a math library function.
The Fortran statement

Z=Y** X
is expanded to
Z=EXP (LN(Y) * X).

The error bounds on this function can be no better
than the bounds on the EXP and LN functions. Table
VIII shows some test results from 990 Fortran.

The problem of keeping the floating point error
bound low is similar to the analog electronics problem
of keeping the noise-to-signal ratio low. Inside a mod-
ern digital computer, there is no reason why the uncer-
tainty of any floating point operation should be allowed
to exceed the least significant bir and not the least sig-
nificant digit. This goal will be difficult if not impossible
to achieve without a binary based floating point
scheme.

Numerical Considerations in Pascal
Pascal has many numerical features not found in For-
tran. In addition to the standard 16 and 32 bit real and
integer formats, it offers fixed binary and fixed decimal
representation. These can be very useful for certain
classes of computations where integers and floating
point numbers are not quite right. Up to 31 fixed bits
and 15 decimal digits per number can be stored, with
the decimal point position in both cases user selectable.

The details of the conversions between formats, in
general, must be specified precisely. For example, when
converting from real to integer, either rounding or trun-
cating must be requested. If it is not, the compiler will
raise an error flag. Numbers converted from most for-
mats into single precision will be truncated, and the
truncation cannot be overridden by the user. This can
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Table Vil. Pascal LOG and EXP Tesl

HANT 1554
EXPOLMINIY BITS LOST

DR IGIMNAL WNUMBER

DECIMAL REAL(TY LMiMT
42540037
4283007
S2EI00O7I
4327T801A
43502033
AFIFRTOLT

“Ba 42540000 4148ESAD
17% 4JB3I0000  4132FFES
181, 42050000 41532000
&30 43276000 41&T21AB
1282, 42302000 41737FED
2487, 43FETO00 &1TDIFFO

RN ENESE

—————————————— SUMHARY OF ERRORE ——-——===————=smmm————=
BIT LOSE COUNT

1168
1272
838
50
26
29
a1

TOTAL 3454 ERRORS IN 5000 TESTS

BN e LR

&8, 2 PER CENT OF NUMBERE HAD ERRORE.

AVERAGE BITS LOST PER ERROR = 2. 03

Table VIIi. 980 Fortran Exponentlal Test

DAIGINAL WUMBER  Nes{1/31  (Ne#il/318#3 MANTIGEA
DECIMAL  REAL BITS LOST
168 42ABODO0  A15B4ATIE  ARABO0LE 7
179 4230000  A1SAJBFE 42030072 7
1B1. 42B30000 41588146 42090073 7
241 4ATFLODOD  A1A391CO  A2F10024 &
1110, 43436000  41ATAAGD 43455091 B
1171, 43493000  A1ABASAF 43493090 B
1308, 4391C000  A1AEFBAC  4335C0A4 B
1334 43535000  ALBOZ2SF  4333408D 8
1353, 43371000  41BEBITI  A3ITI0AT B
14CS.  43STDOOC  41B33470  A33TDOAR B
1438, 4339C000  41B4B34A  A3BFCOET ]
2487  A39B7000  4IDBCABD  AJTETOSS 7
mmmmm e — = —BUHHARY OF ERRORE-—--—--———-====-—-—=
BIT LOSE  COUNT
1 973
2 1289
3 1843
4 Ere
& &1
7 &3
] 10
TOTAL 4404 ERRORS IN 3000 TEETS.

42 OB PER CENT OF WUMBERS HAD ERRORS

AaVERAQE BITE LDET FER ERRODR = 2 a2

create problems even in the case of long integer to real
conversion. The intervals between numbers in long in-
teger can be 256 times shorter than the intervals be-
tween the same numbers expressed in single precision,
even though both formats use 32 bits.

When there are extra fractional bits in the result of a
fixed binary arithmetic operation, the result is rounded
before it is stored. In decimal arithmetic, rounding or
truncating may be selected by the compiler option
ROUND (see Table IV). In all floating point arithmetic,
truncation without rounding is performed and cannot
be overridden, Conversion from double to single preci-
sion is also truncating. Decimal numbers read as real
are truncated, and real numbers written in decimal are
rounded. Numerically aware programmers can kludge
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around some of these restrictions, at the expense of
transportability.

Standard library functions, such as ABS, LN, COS,
elc. accept numbers in any format but return a floating
point result. Mixed mode anthmetic is normally han-
dled by floating all numbers before performing the
arithmetic. This makes mixed mode arithmetic in Pascal
especially susceptible to the problems of floating point
arithmetic, even when none of the operands are REAL.

Much care was taken in the design of Pascal to insu-
late the program from individual peculiarities of the
host computer. The largest numerical gap in this insula-
tion is the fact that the program must use the local float-
ing point scheme. A Pascal program’s performance can-
not exceed the basic numerical performance of the
machine on which it is running. Identical source code
may produce widely varying results on different compu-
ters and even on different models manufactured by the
same company, as demonstrated by Kahan's test in Ta-
ble 1.

The precision desired in a floating point variable is
expressed in decimal digits when the variable is de-
clared. A REAL{10) vaniable should support ten digits
of accuracy throughout all computations. On the 990,
single precision is used for variables declared REAL(7).
However, single precision can achieve seven digit accu-
racy in rare cases only. In Table IV, it was demon-
strated that a six digit number may lose a digit in a
single I/0 cycle. The use of floating point arithmetic or
library functions can erode two or three decimal digits.
It is conceivable that REAL(7) variables may yield
three digit accuracy or less, for some numbers in some
computations. Pascal users on the 990 should not expect
a REAL(N) variable to always support N decimal digits
of accuracy.

The 1EEE Floating Point Standard

The chopped hex format of the IBM 360-370 has been
widely imitated. Some companies, such as Amdahl,
Data General, and Texas Instruments, have followed
IBM’s lead. Others, such as Control Data and Cray Re-
search, have provided more resolution and range than
most users can afford. Neither of these approaches is a
particularly good compromise between accuracy, effi-
ciency, and cost for the majority of computer users. The
old “standards,” set in the 1960s, have been made obso-
lete by powerful new concepts developed during the
1970s.

An IEEE committee was organized in 1978 to com-
bine the best of these new ideas into a floating point
standard. The committee seems to be in unanimous
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agreement about several basic points. Some highlights
are:

® Short (single) precision word length should be 32
bits. The exponent should occupy the first byte, and
the mantissa the next three bytes.

® Long (double) precision word length should be 64
bits. The exponent, as well as the mantissa, should
be extended. The range should be great enough to
hold the product of two short numbers without un-
derflow or overflow.

® The mantissa should be encoded with an implicit
leading bit. Since normalization rules require that
the leading digit (bit) be occupied, the bit need not
be stored.

® The exponent should be binary (base two). This is
needed for implicit leading bit encoding, and 1t
eliminates the wobbly mantissa of the chopped hex
format.

® A pradual underflow feature should be supported
to merease the range of utility, at the expense of
some accuracy in numbers which underflow.

® Special symbols should be reserved for the abstract
quantities infinity and zero (both positive and nega-
uve} and “undefined.” Arithmetic operations on
these symbols should produce exceptions.

® Floating point exceptions (errors and undefined op-
erations) should be handled in a manner which will
assist the debugging of the program. Special sym-
bols will be especially valuable here.

® When the true result of a floating point operation is
between two representable numbers, the closest
number to the true result should be used (round-

mg),
Several papers have been published which describe
the proposed standard in detail, including the more con-
troversial issues. | recommend the Kahan-Palmer and

Palmer papers as good overviews. References are given
in the bibliography.

Conclusions
The magnitude of errors shown in the examples given
here would be intolerable on an inexpensive pocket cal-
culator. On a computer the errors are often obscured by
blind faith in the computer's overall numerical reliabili-
ty, and by the relative inaccessibility of the machine for
testing purposes. For the reader to run the tests shown
here would require several hours of preparation and ac-
cess to an expensive computer. On a calculator, tests
could be made in less than a minute. This 1s somewhat
ironic because the small number of serial computations
done on a calculator usually prevents floating point er-
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rors from growing very large. On a computer like the
990, where tens to thousands of operations may be done
serially and the accuracy of each operation can be
critical, significantly more error per operation is ob-
served.

Floating point numbers are not real numbers, only

approximations of real numbers. There 1s usually no
guarantee that they will be good approximations. It is
hoped that this paper will inspire an inquisitive spirit in
the reader with regard to numerical problems inside a
computer.
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THlE ROUTIME TESTS THE FLOATING POINT TO DECImaL
COMVERSION ROUTIMEE DF FaSCAL

WA WERRE  aRA&Y [ 121 OF INTRGER,
HETE - LDMG]INT:
1ECNT, Mdigats_last, TOTAL BITE INTEGER
Tabal_digitis: AMUM., FERCEM. Avg _digat_loks. Aeal?_pembgr REALLDI,
QCEC 1 WAL, OCECImALZ, DDECIMALI. DIFF  DECIRALIE T .
THL I[P REALETY
TOTAL _EREOME, OREAL - REALITE
TROUST FEAMLLTE &
GTEF_DOWN  DEC [MAL R 72
BEGIN
WSl TELM: WR1TELMI
PASCAL DECIMAL CONMJEREIDN TEST (FC] - TI F9B/LD0,
WAITELH WRITELM: WERITELH!
DR TG THAL TRUNCATET "
* LIF DREMAT FOA™AT ROLMDE TRUWRCATED ni
WRITELMI
DEC [MalL. TO RE&LETY <.
WeLTE WA 1TE TO DECTRAL TD DECIRALS 1,
wR1TELML
ET DigiTE] Y
a7 ITERMAL LY INTERNALLY® 1.
WE[TELN -
TELIA = 1000 @ .
STEP_DOWH = DO SS000000
TEOUNT = 0.0 '
IECHT = & i
OOECImAL = 0 Ip0Qonal .
{mmmscsm=- PR FUWCTIONAL LOOP OF PAODGRAR -—-——- e mm———————
AEPEAT
THOUNT = THOLMT + | 0
OOECIMAL = ODECTHAL # STER _DOWN .
Real7_numper = FLOAT{DDECIRAL, TI { THUMCATE TO REALITI T
i #eN] ROSD=)
OCECIMALF = DECI8.7-Resl7_number ] § TRUWSCATE DACK TO DECIAALM
| EpRDUsDE
IF  ODEGCIMAL < DDECIMALT THEM
{=-—-— PRINT DMT BEVEME ABBERATIONS -—-—-—-—--= i
BEZIM
| #EATHMD S 1
ODECIMALT = DECC B, 7, BEALY _MURMBER 3 | ROUWD TO DECIMAL 3
HEEY: BEAL '® ReslT_mumber .
it 1 TELM(
v, DDECTMAL B 7. 7 ‘. HEX®: B HEX. "~ * FealT _Pusber. = °.
Aeal?_pusber: §1: 7. ° .OpECIMALT 8 7 *. DEECTAALZ B Th:
[ECHT = LECHT = | Il
EHO
UMTIL THOUNT > TRLIM OR REALT_WUMSER « 0. 00O001
EME:

s

APPENDIX A — PASCAL TEST CODES
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PROGRAR POTEST.

coRST THLlm = 3000 O JELERm = 40 .

Tyl

L]

PROGHAM B D TERT
THIS ROUTISE TESTS THE FLOATING POINT DIWILE FURCTION
OF THE #80 wia DOUBLE RECIPROCATIONS

THRESDS = #§E .

REAL _DOUALE = HEAL 140 .
IMTECER_s4BITS = RECORD
LOMIINTY : LDNSINT
LG EnT D LOMGIHT

ERD:

WERRE - aARa¥ [1
mEID, HEXE, HEDW LONSINT:

TECHT. GOIFF. WRITE: M INTEGER

TOTAL_BITS, TOTAL ERSORES  REALLFY o

DMUML. WNUM, XNUM, PEMCEM, TWOUNT, Awd Dot _LOSS MEALITI:
WWHE REALCLAD

MERVE  INTEGE® a40I1TS &

a1 oF INTESER:

BEQIN

WEITELH: WRITELNI
¢ pAGCAL BEAL WUMBER 1WJVEREIDM TEST (FD) -
WHITELM: WRITELMI
f ORTGTHAL WUMBESR

Tl 90/ 00 b

RECIPEDCAL °,

T FanT [958 1

WRITELMI
' DECIMAL  HEAL HEAL ry
. E FROM BITE ° ki
wWRTELSE
BINCLE " LogT *

TROWT = o O
LECMT & 4
O = | D

------ HAJON FUMCTIOMAL LODP OF PROCARAR

BEFEAT

THOUMT = TROUNT & L O [
oM = oMM + 1 O

whUR = 10 5 OWue

HMUH = 1 0 F WA e
[F  Deud > ERUH TREM

DETERMINE WOW SEVERE T 1B, -====-—-===}
BESEIM

HEED BEAL = OWOR .

MEEE: REAL = EMH .

DIFF = ARS: WEXK - HEED ¥

IF DIFF ©= ] THEW MBITE
IF DIFF = 3 TWEM MB1TS = 2 ELBE
[F DIFF <= 7 THEM SBITE = 1 ELEE
IF DIFF <= @F THEN WB1TS = & ELSE
[F DIFF <= #IF THEW WEITE := % ELBE

= | ELEEL
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HERDF HALFZ B HEX |-

IF DIFF = @3 THEM MBITSE = & CLEE
WEITE = 7 WA ITELH
EERRSIMBITEY - = KEARGIMEITS) + 1 , 4 STATIETICAL Taly » JERD4 = ', DE., * = ‘., HEXDE HALFL B wfx.
HEENDE HALFT B HEX .
(== FRINT Oul THE rIRST FEW SEVERE ABBERATIONS --------- L | HWRITELMI
IERDE + JERDA = °, [, r = MEXDD HALFL B HEX.
IF DOEFF »= THACSH ORF [ECNT <% IELIM THEM HERDG HALFZ @ WEX 1.
BEZIM
HEFW: - AEAL = WRRM . 2]
WD = L 00 s Deum
HEIwE : REAL _DOUBLE = Z .
WL TELME
.MU R gL ¢ HERD B HEE. L EPEY B HEX
HERVT. LONGINT] @ MEX. HEXWZ LOMGINTZ B HEX. FROGRAM PHTEST.
& ‘. HERE 8 HEE, - Yo mMBITS 2 1 i T T Ry T P L eyt
TECNT '® JECNT = 1 i
ICHO PROCRA&RN PHTESTT
END
UAHTIL TEOUNT »= THLIH FALCDLM'S  FLDATING POINT AMALYREIS FROSRAH
THIS ROUTINE amMalvTICALLY DETERMIMES THE BAGRE. MAWY[S5s
[ GEMERATE & CUFMARY ERAOA REPOMT - c-co-—-——-—o 3} LENGTH, AKND ROUNDTHG AULE FOR BOTH SiMGLE & DOVELE PRECIEIDN
WHITELH: WATTELN: M. s T S R R T et EraE=Tk
> 3 " lfﬁtﬂl\l\' OF ERRDEE e . ikl Intege Imcrpmest. T, EFSILOM [ i
WAITELNM WAITELW! - BIT LOES  COuMT® &, DEig_[nteger. Dimcrement. DT. DEPSILOM  REM (140,
Bans. DEats. Migrgth. DMlength. INTEGER:
TOTAL _ER@OAE = O Gfpund, Droudd DO AN
TATAL_BITE =0
BEE A
FOR M = | TO B [0 WHITELN:, WEITELM:
IF WERASEM] <3 D THEM WA I TELM
BEGIN LI HALCOLM® 'R FLOATING PDISNT anacvIER CPAD PASCAL - 9=0s10° 4,
TOTAL _ERMDRE - = TO0TAL _EARDRE + WEARSIMI,
TOTAL RITE = TOTAL _EBIT8 + & = mERASIMNI o Big_[nteger = & Qed
WRITELMI fncrement = & 0gd
3 [ B PR ‘i RERRSENI. S b
EMD . « IRCAEASE Byg_Trtepér UNTIL 1T 1S f00 816 TA HOLD INTEGERS
WHILE | Buag_Imte + 1. 433 1 Big_Integer = | Dud
FERCEN = TOTAL ERAOAS ¢~ THOUNMT = 100 O Big_integer = Big_Inkeger = 2 0w .
i [ TEL®® - TOTAL 2
TOTAL_ERBDRS. 7° 1. ERACORS [N TROUNT & 0. ° TERTR 1, 5 FIMD THE SMALLEST WUMSER WHICH WILL JWCHEMENT Big_lntager
WRITELS. Wl TELSME WHILE Brg Integer = Incresent = Big Integer
" ‘PERCEM. &: 2. ' PER CENT OF WUHBERE HAD ERRODAS. ° 3, Bl Ihcremant = 2 Owd ® Ingresent
AME BET = ITE # TOTew ERROES .
WRITELN | WRITELNG ) Base = ROUMDIC Big_Integer & [ncrement | - Big_Inceger o
. AVERAGE BITE LOST PER EMAON =:. AWG_DIT_LOSS & 2 5, ?rn:-\; O:EEH-n-mtuﬂ + {Base-1 Owdy <3 Big_Inkwger |
EMD Big_Integer: = L Ok
REPEAT i How many digate zn the manifissa 7 )
BEGIN
Plemgkh = Algngth = | .
Bup_Imteper = Big Integer = Hagg :
END
LNTIL @ Bag_[mi#ger + 1L Dol ¢+ - Bug_Intaper <3 L Ow0
1 COMFUTE THE IMTERWAL SIJE FOR SINGLE PRECISIOM IMTESERS ¥
FPROBRAR PRTEST.
------ ———— . e nm—— EPEILDN . ®w § .
FOR I = | ™0 Mlengtk DO
FHORRAH P K T E &7 EFSILDM (= EFSILON ¢ FLOAT(Bas#. 71 .
IF Sround THEW EPSILOW = EPSILON + 3 Oeid
KAHAN B PROBLEM & TEST FOR FLOATING POINT AR[THMETLC
b HRITELH:
TH¥PE REALIE = REaL|iad W [ TELM G
INWTEGER w4817 = RECOAD © FASCAL HEALIYI LIPDMENT BASE =+, Bawe 3 -
HALF Y, HALFZ | LOM@INT. IF Srzumd THEM WR[TELM{
EmDn * PANTESSA LEMGTH = . HWiemghh & © DIGITS, ROUsDED © 1
ELGE WRITELNY
VAR H. B WGEGFL O REALL * MANTISEA LEMETH = *.Missgth &, ° DIGITE, THUNCATED © |
Ol OX. &%, DE, BF. D} REALC191 WWTELA
MEAE, HERF, HEKQ - LOWAINT: BEST PRECIEEION [F °.EPSILON. . WORET PRECISIoM 15 °
HEXDE. HENDF: MEXDG . INTECER _&2B1TS . IFFSJLGNIMQE: 5,
DEGIN T I e e e e e e e e S e
WRITELM. WRTTELN:
WA TELMT
AAmAN' "B FROBLEM — [Ki3 - 99001075 & Ferdform the WB&e aralysis: wsing DOUBLE PRECIGION varisbies
WHITELN: WRITELN. ]
0= rr—— e e o i e e e e e e e N
CALCULATE TEAD 1N SINGLE PAECISION 1 REAL (71 ] bkl
¥
i ;— ;E; :Eg _ . HHILE | DRig_Integes + L gl | - DEig_Integer = L O
Y = 3 BED ¢ % DED - H . Ml DBRig_Integer = DBag_Trnteger = 2 agd
- WHILE DELg_lmeeger = Dincresent = DBig_lnteger
E:::::::ly.\-._H OO DEncrement = 2 040 & Dlncrement :
ur-E:liE JIEEE --FE{ 3 Dfase . = ROLMDIL DRI§_Intager + Olncreasnt 1 = DRig_[nteger 1
MEXF REAL .m F 5 Dround = Big_integer = ¢ Ollsaw = | OO & <> DAGg_[mieger :
E ® OT = 0 ag8 .
HEXQ: : REAL a4 . DBig_lmteger = 1 Qg
WRITELN. wRTTELNG
REFEAT
b : DEC Imag INTERMAL 1, BEGIN
M. WRTTELMI
’ DHlengts = Dl &R i
RIFGLE FRECIEION GAHAM TEROL = *r F. - = " HEXF B HEX . blig l!'“"!I"" -.;gln :ntrn-l-r " DEEsF '
WEETEL KA il o
' Y e 2 K
TRLLE IERDQ = E HEXE B HER } UNTIL iDS1g_integer + | Og8 ¢ - CHig_Inkeqer <> 1 090
y ZERDL -‘_ffﬂ_ﬂ & A "_:__"__Ef_ﬁ_?_ff__:" q COMPUTE THE IWTERVAL SIIE FOR STMILE PRECIEIDN [NTLGERS ¥
DEpsalon = 31 5
EAECLTE TwE SARME CALCULATIONS In DOUSLE FRECISION FOR & = | TO Miangth B
4 DEpwelen = DEprilon ¢ FLOAT IHauws. 141
B = | OO0 4 2 GAG 2 ¥ o5 -
¥ .= 3 Y 3080 - BH : EF Sround THEM DEgsalan DEpailan ¢ I dmd
BY = 3 0AD S 3 0G0 - pM : WAITELN, WRTTELM-
pE = { DX + DX nE b DH TR
* o H PAGCAL REAL 1141 EXFOMENT ‘. DHass 3 i
ODF = 4 DO¥ &« OW + OF + BY & 0¥ ¢ - OH i bR | TELM; e 2
De o= 2 060 = IF ¢ DE IF Dround THEW WRITELMI
f O PANTISEA LENGTM = . DMlergis 3, ° Dro1TE. RCUMDED ¢
HEKDE: (AEALIE = DE . FLEE WE[TELMI
HELDF: :HEALIN = DF . ' mMANTISHA LEWGTH = ', DHlength: 3 © DIGITH. TRUNCATED * 1)
HENDG. REALIE = DG . WRITELM. WR[TELHY
' BEST PEECERION [§5 ‘. DEpwalen. ©. WORST PAECISION %
WA LTEL M IDEpsLlanesBABE] 1.
WR [ TELM{
"DIVELE FPRAECISIDN MAHAN JERDD = bF. ¢ = ¢, HEEDLF. H&LFi. B mEx. END
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IF DIFF <= @l THEW WBITS = | ELEE
FROZA&HM PETEET. IF pIFF <= ®3 THENW WBITE = 2 ELEE
4 IF DIFF <= @7 THEM NBITS = 1 ELSL
FAOGRAM P X TEET IF pIFF ¢m @F THIW WEITE = & ELEE
IF BIFF <= ®1F THEM MBITS '= 3% ELSE
TH1S RCUTIME TESTS THE EXFOMENT[AL ANE LOG8 FUMCTIONS iF DEFF <= EF THEHW HELTE = & ELEE
aF THE W90 3 IF DIFF <= &7F THEM MBITS = 7 ELEE
HALTS = @
COMET THLIH = o - I - &
OrE LI e TELIM = &0 . THMESH = % WERASEMBITSE] = WERMGCHALTEY « 1 . { STATIETICAL TALLY *
TP L = BEALIL&: .
E ?E‘TtEEEME:EJTB E Iitéu” {-=——- BRINT OUT THE FIRET FEW SEWVERE AODBERATLOWT. -—-—-= me————]
T LOMETANT .
tﬂﬁz:ri LIJM'.lIrNT IF [ECHT €= JELTH ANE HBITS F= THRESH THEW
EMD. BEGTH
= OWLF .
WAR  HEARE  AREAY [1 @1 OF INTEGER, HELV:: REAL -2 LML .
HEXD:, w=Ekx, HEWy, HEWYR LOREIMT WH I TEL MY
[ECHT. DI1FF. WBITS. N INTEGER - i o a aa
TOTAL_HETE, TOTAL_EARDRE AEALIT1 g '.l:_lhl-'H Ea - Pl .l-I_..lr:I a_HE:.- _.rE:w o HEN, '
OMuM,  wHOR, TRUR,  SRUMD, BEACEM, THOUNT. awve_BIT_LOSS - mEALIFI. + MEXX. B HEX. v MR T
DHUHZ. WHUMZ  REAL L4 IECHT = 1ECHT + 1 i
HETVD . EMTECER_a4B1TS, E
EMD
BEGIN
WRTTEL&: WRETELWC UHTIL TROUMT 2= TeLlW
ETROMEMTIAL TEST [M FASCAL [FX1 - TL ¥90/L07°0
WEITCLN: WRETEL
Y DRIGINaL H.:BEF “ {mmmmm————e QEMERATE & EUMHARY ERROR BEPDAT ---—--=—-—-————===-}
hRII‘I'ELm. RANTLEES" 1 WRITELS: WRITELN: WHITELMI
- P k 55 GUMMARY OF ER#CRS *s° 3§
DEC .
iR BRAATE. CEHLEES MRITELW: WMt TELKG B1T LOSE COUNT' 1
TN tataL_ERROAS T O
TROUNT = O O a TOTAL_B1TS -
EIEC:T -.I.{'D 5 FOR W = 1 TH & Do
° IF KWEFASLCHWE < 0 THEN
_________________ R R G IN
L MaJdDR FUMDTIONs. LOOF OF PROGRAR L] TOTAL_ERRDRE = TOTAL _EMARORS + MERRSIM1
REPEAT TOTAL _NELTE = TOT&L RITE + M = KEMALIN]
WRITELML
bl - N AEARB(NI S 1
WHUS s LG DHUH O . COMVERT TO LOGARITHH 3 END:4
;:!.ln - Iz;"lumn'l'l::EH i\ 4 COWVERT BACH TO MATURAL WUMBER 3 PEACEN = TOTAL_EAROMS ¢ TROUNT + 1000 |
AEGIN HRTTRELML * TOTAL "
TOTAL_FRACAS: = O, * EMAORES  ENG, TRADUNT: & 0. TEETE 1.
o WRITELN: WRETELNC
[--—-- ERAROQA DETELTED DETERMINE HOW SEVERE 1T I8 -—=== - . . PERCEN & L. - PER CEWT OF wWURBERE WAD ERRDRE - 1
- awG BIT_LOSE = TOTAL _BITE ¢ TOTAL_ERAOAS o
HEXD  REAL . = DMUM | WRITELN  WRITELMI
iy . MBI ' AVERADE BITE LOST PER ERROR =, &wd BIT_LOSE & 2 1,
END
[
[ FROGH AN Q2TEST IFE DIFF GE 138 ) ME[TE = B
€ IFC DIFF  GE. E5& ) HBITE = %
[+ THIE ROUTIME TEETE THE FOATAAM SGAIARE ROOT ARD IF¢ DIFF _GE. 2Ig ! NRITE = L0
[ HEUAR [MNE FUBCT IOMS OF Tel *90 1Fc DIFF . 1434 1 NEITS = 1L
[+ 1Fi DIFF  GE @048 1 NRITSE = 1&
o 1FC DIFF  GE. 43%s | MEBITS = 13
INTEGER HERRE! IO | c
INTEGER DIFF. THHESH, [ONUSCRD), 1AMUFILZ:, MIMLAIZE HERHSINOITE] = WERASINBITE: + L
INTEGER = 4 L3N, LXMUH
DaTa WERRS # 30 & 0O 5
c IF1 MB1TSE LT, THREEH ) &0 TO 200
EQUIVALEMCE 1| 1EMUM, KRUMT, | 1DRUR, D8 c
EOUTWALERCE |LEMUH, EWUMI,  |RIHUH LaNUM D [= FRINT OUT THE FIRET FEW SERIOUS ERRDRE
1 C
WHITE b LOOT B LF1 1ECHT GE. [ELIM ¥ @I TD 200
1001 FOR®AT( /¢, BE, 'BINGLE PRECIEIDN EXPONENT TEST [aF1 T1 #5000 AMUM = VHLM B8 3 D
WHITEd & OO WELTE (4. 10101 ORUM, OMUM.  WNUM,  XNUW. RE[TE
\002 FORMATE #/, ° ORIGIMAL MJMBER  Nasls3'. i0i0 FORHAT! |8, FF. 8, FE.JE, 31,20, 3K IB, &%, 12
. Y IMesL 3 eed MANTIESA | IECNT = 1EEHT =+ 2
WHETE & bHIT G
LOBA FORMAT DECIMAL  RE&L J SO0 COMTINUE
] : BITS LOST® & TFI TROUNT LT TELIM 1 &0 TO 104
0 [
C
TROUNT = 0.0 =
TELIA = 3000 C SEMERATE & BEUFMARY ERROA REPORT
EECHT & O [
[ELTH = 3% B8 COMT ] MUE
THREEH = & wWH1TE La: Phatd
BNUM = 1.0 Dbl FORRATIA A 10K, "se SUMAsRY OF ERAORS ==°, A7, POX.
[= * ‘BIT LOSE COWMT ' 3
[= M ilf FUNCDTiOwaL LODF OF PROGEAMN %
= 1TOT&L = O
100 COMTIMNUE THITS = DD
THOUNT = TEORNT + | 4 g
DRUA = OMUm o+ 1.0 OO &10 W o= L. 30
VHUH = CMLM s4d0 3aEaEadi 1F4 WERASIM: . EQ O 1 @0 Ta &a1d
EMUF = UMUM oss 30 1TOT&aL & [TOTAL = RERRSIN}
IF1 OMUF  EG EWUM } GO TO 200 TRITE = THITE « W & RKERRS(HI
C WRITE 1 &, 90411 N, KERRE{W]
c ERROR DETECTED 1F [T 15 LARGE ENDUGH. PRINT IT put D041 FORMSTI 10K 1B, 40, L% 3
N g1l COMTIWUE
EFHLIMC | 3 = LANDT DMUMD b 300FF F =
Aamiliid s = [Okisid) FERCEN = 1TOTAL / THOLWWT & §0O0 O
TEMUME] ) = LANDI [XMJMLL], JODFF | WHITE L&, #0850 1TOTAL. TROUMT. FERCEM
DEIFF = LENJA - LM F6I FORMATIY . 10K "TOTAL ', #X. I3, ERRORS EM*y 1&: ° TEETE &,
IF ¢t DIFF LT © | DIFF = —BIFF - 10K, F& 2, ° FER CENT OF MUMBERE HWAD ERAROAS * )
HBITH = 1
TF1 DIFF .9E 2 1 HRITS = 2 AVCEIT = TERITE / THIUNT
IFi DIFF . &E 4 3 MEITE = 3 HAITE | & F0&TH AVERET
IF1 DIFF  @E g 1 NEITS = 4 G047 FORMATCS, 10X, "AVERAIE BITS LOST PER ERADA = -, F&. @ 1
IFl OIFF Q€ I 1 NEITS = 3 "'-
IF4 DIFF .QE J2 1 NBITS = & Sroe
IFd OEFF @F &4 1 NEITS = 7 o
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farfroran

REAL

FROGFAR

A ONE

BR2TEST

AEAL » 4 ThHBE(D

REAL + & DRECBca:

[MTEGER =4 MNOME. HDECR. SOMEX
[MTECER =4 MFAIT, TRUMNC

DATA
BT
baTa
DATa
DaTa
DATA
DATA
AT
CATH

WEADT + 2
Teu -+ L
DECR(]}
CECRIRY
DECR i3}
CECR 141
BECH 131
DECR &1

R

COO0oas
L. 1491 s
+3E 1 GOGa0
230 GO0
30 1 COean
30 1 0ODO0
0 | GO000
>¥¥ 100000

R e e e e

NEAFPE J & S

PO HRE Ml 2

WRITE

IUO0 FORHATY A4, 100, "SUDTRACTION SIGNIFECAMCE TEST 821

WRITE

Ll 10001

Ta, 10071

THI1S ROUTIME TESTS FLOATING POINT GUBTHACTION WITH
NUFBERE BELOW THE EIGNIFICAMCE THEESWOLD

LOCF FORMATY /. LOX. "REAL =87, 4%, 'DENDRRAL]ZED FRACT 10N’ £1,

HEETE

LODE FORMATC 10K, " INTERMAL . 51,

DECImAL* 3
Do BOOEY

B 300 M), MSAMES

= ThUM(MD

DMEX = ONE - DECRIMY

HOME

NDECR
ONE K
LONE X

= 1ONE-|
= BECRHiN
= OWEX =
=0

IFi ONEX  GE. |

ELTE

01 = WFACT » 1g
* WFACT +* 14
RFALT + he

L F LONER = |

IFI (OMEX + DECRIWIY  KE  OME

IFI ONEE

WRITECh: 10001 M. DNE. NOME. OME

TRUNG = ¢
EQd OME | THUNC = HOOP-

‘HEE ® laeall . BY, CEQUITVALENT -

FRESLO . £

1001 FORMATI s, ¢ =13 3% 29, BE. 'l *.78, {0%. Fiz 101
WRITE (A 10021 DECH{NI. WDECH. DECH(M3
100g FORMAT ni. =19 &K'= 0 CLTB, 9¥, -0, FR2 il
WRITE (4, 1003) ONEK. LOMEY, MOMEX. ODMEY. TRUMEC
cl{k}] FORMAT: @i ‘L I8, AN =L [E@ 0 Y, IBLRN EY, FLD A0, 2. A D
SO0 CONTINUE
(=
WRETES & 35000 1
A000 FORMATI ¢ |
00 COWTEmue
[=
gTOe
EMD
FASCAL DECIMAL COMVERSION TEST [PCI - 7T 954710
DR [2 [MaL TRUMCATED UK ORHAT FLmsaT ROLMCED TRUSCATED
DEC IHAL TO REALIT: WRITE WALITE TO DECIM&L  ¥8 DECIMHAL
[7 BIGITS: azr THMTERKALLY  [MTERMALLY
0. 2443518 ADOEEDDE 2 44381 TE-D 4. 248FALT 0 PA4ITT 0 THAIELT
O 17208 Ao DFEAD 1. "Sa0FE-aL Q. 17 FeR0T a1 PRasgT o 1TRLI0T
01821077 MIZFTFET 1. AFIDTRE-OL O 1821076 0. L&RI0TE 0 &2 i0Fa
O IBp0II  40aFelBy 1. B40C2ZE-01 O AS40622 0 LS4003T 4 140GEe
Q. jdad0dy AOIATEACD 1. 4AIOPDE-O) O L3kI0ED 0 1483020 O 1483020
a. oNToREe A0 ADEES 9 TOSFREE-OR 9 CRTHENE O 04T0S893 4 avroass
Q. CHTIGSD 40| HACH4 B TERALAE-02 O CATAIRAF 0 DETIPAl O OFTISAL
0. 032163  401MDAT B IF162BE-0R 0 opaFMa 0 0B3ZIL O GEAD AT
B oTRORN 4014ICFF 7 SFOS3ITE-0F O Or908%a O OTVDNRS O oTSOAD
& @FS0ae 401 ZATEL T FIDIZITE-O2 a a7TaL0Rs Q. 0rNogs o OF31029
T OTIDATE  ADIFMIDE 7 134TIAME-0F 0. 0713474 0. 0TEIAFY o GTI34T3
O JeTrano 001 BADT & TTTERLE-OT 0. aKTTR0O 0 DATT TR O DePTIeg
9. 0443910 AOLATEED & ADFOPAE-0F LR R L R A T L T i P T
Q. GlEToEe I FAACAD 8. TOTIRRE-0T 0. COET I O DOETOee O, QUETOEs
0. EIERTe) IFIEADS B FPADSTE-G1 O COEQTAL @ DOBDTAD O GOAETAD
o pO7EAOD IFacaARIF T BEOQTIE-D3 & 0OTAA0T O JOTRAEE O COTEANT
o DOP4sTR AFIEFIED T AETIFRE-03 o DO74aTd 4. aETdaTy O COTEATL
O 00TOIE  IF1DGEA] 7 O9ITYBE-O3 O GGFoYIE 0. 007T0TIT 0 poTORIR
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. schedule Information on upcoming eovents of Inlerest
throughout the EG engineering community. These events may
Include seminars, meetings, product demonsirations, training
classes, conferences, and colloquiums. Activities of local techni-
cal socleties will also be featured as avallable; because this In-
formation Is ditficull to obtain, members of the varlous socleties
are asked o help. Please provide the name and lelephone extan-
sion of a contact, the name ol the evenl (as well as the dale,
time, and location of occurrence), and a brief description of the
event. Mall to: Editor, MS 3407, or call Tom Calvert, XB68-4871.

Professional Organizations Schedules

Members of professional organizations such as [EEE,
ACM, ASME, ASQC, etc., are encouraged to submit a
schedule of upcoming events for their particular organi-

zations. Send professional organization schedule infor-
mation to Journal Editor, MS 3407.

IEEE Microwave Theory and Techniques Group All
IEEE Microwave Theory and Techniques Group meet-
ings are held at Hewlett Packard., 201 E. Araphaho
Road, Richardson, Texas. The meetings are preceded
by a speaker’s dinner at 6:15 p.m. at the Steak and Ale
Restaurant at LBJ and Abrams Road. Direct ques-
tions concerning the IEEE Microwave Theory and
Techniques Group activities and meeting schedule to
Jim Griffin, Dallas Chapter Chairman, at X83-5977,
MS 96.

American Soclety for Quality Control (ASQC)

The ASQC holds regular monthly meetings. Persons
interested in attending may contact Bob Stalcup, X865-
7262, MS 3154, for schedule and meeting place infor-
mation.

Assoclation for Computing Machinery

The Dallas Chapter of the ACM holds monthly din-
ner meetings which usually feature a presentation of in-
terest to computer professionals. The meetings are open
to the public and the lecture — presentation portion is
free. The location changes each month, but is usually
held at a local restaurant or hotel.

The details of a particular meeting can be obtained
by entering:
T ACM.MEETINGS.79."MONTH"
03, 04, etc.

o representatives to the local ACM are: Marc Parks
(North Bldg.)—X83-5105 and Don Chnstian (South
Bldg.), X83-5051.

“MONTH" = 01, 02,

SEPTEMBER-OCTORBER 1979

Electronic Conneclor Study Group

The Electronic Connector Study Group (ECSG) has a
dynamic program planned for the fall and winter
months. Sponsors for the upcomming meetings are as
follows:

October 1979 — [TT Cannon
MNovember 1979 — Molex
December 1979 — Illﬂlingghwqr[h

The ECSG welcomes nonmenbers to all of their
meetings, Contact Bob McCurley at X865-7232 for the
time and place of the future meetings.

Equipment Group
Training and Development Courses

Supervisors” Traiming Sep 11 - 0cr 23 3:00 5:00 p.m.
Program, Phase | Oct 9 - Naov 20 12:30-2:30 p.m.
Oct 30 - Dec 13 8:15- 10:15 a.m.
Supervisors” Training Sep 5 - Oct 12 B:15 - 10015 p.m.
Program, Phase 11 Oct 22 - Nov 18 3:00 - 5:00 p.m.
Nov 14 - Dec 21 8:15 - 10:15 a.m.
Supervisors” Training Oct % - Oct 25 B:15- 10:15 a.m.
Program, Phase 111 Mov 5 - Nov 21 030 - 12:30 p.m.
Dec 4 - Dec 20 3:00 - 5:00 p.m.
Cost Management Sep 26 - Oct 19 100 - 400 p-m.
Oct 24 - Nov 16 1:00 - 4:00 p.m.
Effective Megotiations  Oet | - Oet 22 815 - 10:15 a.m.
Product Design Oct 24 & Oct 26 8:15 a.m. - 12:15 p.m.
Engineering Mow 15 8:30 a.m, - 2:30 p.m.
Orientation Dec 13 8:30 a.m. - 2:30 p.m,

Research Colloquium

Colloquiums presented by the Central Research Labo-
ratories (CRL) are coordinated and scheduled by Moo-
shi Namordi. X83-3626,

Announcements of upcoming colloguiums are mailed
from a list maintained by Mooshi Namordi; you may
contact him to have your name placed on the an-
nouncement list.

Seminars at TI Expressway Site

To receive an announcement of all seminars scheduled,
contact Lois Banks at XB3-4860 or Chuck Braun at
X83-2473. They will gladly place your name on the sem-
inar announcement distribution hst.

AST Software Education

AST software education classes are scheduled through-
out 1979, To view the near-future schedule, use the in-
quiry T AST on any T1 914/914A Video Display Termi-
nal in the IMS maode.
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