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The following suggeationa for Stretch floating point numhera are

'basad on the fundamental assumption that all problems can be divided

;’1uto two kinds, as followsx

1) Expenent overflowl constitutes an unforeseen dia&ster, and re-
quires some form of human 1nvaatigation before the calculation can

profitably be continued.

2) :Exponent'ovérflow has been foreseen, but 1s not to be ignored;.

the progrﬁm knows what to do about it (e.g., rescale, or restart from

-

some previous cycle, with different parameters).

The suggestions are alao bhaed on the obaervation that no presently

‘contemplated 1nstruction can produce, from legal operandsf a result whose

exponent has spilled by more than one bit,
Suggeation No. 1. Pretend that the exponent has an overflow bit, or,;
which is entirely equivalent, that the exponent’o&crflow detection takes

place one bit’shy of the exponent limit, If this were really done, then

. the result of an operation which brought about expanent overflow would.

- be a perfectly correét.number. Actually, the overflow bit need only be

conceptual, not real, since the information is contained in the overflow

'trigger} That thiéiia sufficient will become clear,

' 1;./1.6., positive exponent overflow, Negative exponent overflow will be

called "exponent underflow".
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Suggestion No. 2. Let it be improper to use as 4n operand, except
for resceling, an overflowed number. '

It now remains to show how problems of the two kinds mentioned
above are properly taken cara of. ’

For kind (1), the only thing that could possibly be desired, vhen
exponent overflow occurs, is immediate and unconditional transfer of
centrol to a special routine, The normal requiremmnt on the special
routine would bé to print some dlagnostic information and then call the
next prabiem. If gacbipgﬂgprora turn out,,itfer all,‘to exisg, it might
be desired to return to a previous point and repeat, It will be obsérved
that under no circumatances will it be ugeful to continue, since
investigation is clearly necessary when a number of super-astronomical
: prOportions arises unforeseen, Therefore, use of the overflowed number
as an operand is meaningless.

For kind (2), it is again clear that immediste and unconditional
trah;fer of control is required, this time to the portion of the program
vvbich'knews what to do about expononﬁ overflow. (This suggests that the
:adresl to which éontfol‘is transferfed unconditionally upén exponent
1ovirflow:be specifiable by the program, but 1f the address 1s bullt into
" the machine then thé coet_ﬁeed only be an extra transfer o%der.)

It will again bé noted that overfloved numpers néed never be used
&8 Operands, except in the case that the progiam desires to rescale and
éoﬁtinﬁe. But in this case only a rescaling operation is necessary, and
this can be accomplished with the logical vocabulary, rather than with
the floating point arithmetic vocabulary.

It will now be noted that two previocusly proposed features have

quietly disappeared, namely the "I" tag for overflowed numbers and the
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"allow”, or “ignore”, or "non-breakin" mode of operation., These have,

'

of courae, disdppearad together, since the tag is unnecessary if one re-

: qpires imnedlate correction of. the difficulty, Responsible fbr this

disappearance is the fundamﬁntal assumption that exponent overflow my
never be ignored, and this must now be Justified.
The Justification for problems of kind (1) has already been given,

n@mﬂly that investigation 1s clearly necessary if such & number wee un-

' fbréaéén.'“The Justification for problems of kind (2)‘re$ts partly ina "~ -

é_rréqnency argumant and partly in a specific questioning of the cases

%whera 1gnoring would be Justified. If one exponent overflow occurred per

-d&y per 704 in & problam of kind (2), its frequency, compared to all
.8

',vorders, would ve much less than 10 ., Bince ignorable overflows

certainly occur in practice.with frequencies down by ordeds of megnitude,
time cahsiderations do nof. enter at all, butlénly cqnvenience; To measure
convenience, one must oﬁly ask what the conditions are under which an
qverflow may properly be ignored, ' There are two cases, The first is the
case where the overflowed number will never~be used, In thié case it
makes no difference what the results of using the number as an'oyerand are,
and thefe is really no'abaﬁain convenience; the speéiﬁl program need only
trahsfer back into the main flow anq continue, The second is the case
where a number‘of real interest has an inverse dependence on the over-
flowed number, and only here can one claim added convenience Trom re-
plkcing the overflowed number sutomatically be & word having’the
_properties qr infinity, However, what is required»of the special program
in this foreseen case is not very much; the program muet skip to the place

where the zero result would be calculated and insert the zero. It is
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claimed fhat tﬁese éasee will arise with such ridicﬁlously low frequency
that the'advantage of the infinity is not worth even a penny. In fact,
the cqég is much stronger, bhecsause ever& extra feature on the machine and
every extra sentence in the manual acquires a small negative value |
through the people who will learn but net use, and occasionally waste
machine time through confusion or decreased attention to things of_mpre\
importancea.. | |

It ie sincerely to be hoped that these remarks will lay ounce and for
all the ghost of infinity, for Btretch, and we shall now pass on to the

~ more diff%cult question of exponent underfiow>,

>

2. It 1s irresistible here to insert a short sermon about the dangerous A4

but, wide-spread notion that extra flexibility should always be added }ﬁ%%&/y

- to a machine or to a program when this can be done at small cost to
“' those adding the extra flexibllity, The fallacy lies in ignoring the
. finite nature of those using the machine or the program. One must
. remember that the increased flexibility always decreases the éfficiency
with which the machine or program is uged by those for whom the extra
- flexibility is not relevant, For this reason, the extras must be
shown to give advantages which outweigh the concomitant disadvantages.
For programs, this difficulty can usually be circumvented by supplying
. alternative programs, without the extras, but for machines the only
- possibility for circumvention seems to lie in alternative machine -
descriptions, simplified and incomplete, and this is. treacherous
ground,

3. Automatic detection of numbers exceeding prescribed limits seems a
. very desirable Stretch feature, but is not really related to exponent
.. overflow, and should be discussed elsewhere, The subjects seem to ‘
- have become sssociated only becauwse the thought occurred, and was
mentioned, during a discussion of exponent overflow.




‘EXPONEKT UNEEBFLOW AND«ZERO

© One’ may again divide all problems into kinds (1) and (2), ree

| "”ﬂfplacing "overflow” by "undarflow", but it is not thia time so meaningrul

~ For kind (2), the nature of physical problems is such that a) the fre-
guency or occurrence is mich higher than’fOr overflow, and b) in

virtually allicasea the thing to be done about it is to replace the over-

flowed number by zero. For kind (1), it will happen mnch more freqpently R

that unforeseen underflowa occur, end in most cages 1nvastisution will
- reveal that they should have been foreseen and set to zero, However, we
certainly do not. have a complete reversal of the situation, since
"disastroua underflows seem much more 11kely than ignorable ovmrflowa.
The following auggestionc are not made with as great conviction as

. thcse for‘overflow,bbut it should be pointed out that they are closely
related to the conclusions reached, after considerable study, in the
design of Maniac II.

. Being careful tovremsmber that we are concerned nov only with
',e#ponent undeiflov'and not with zeros arising from input or cancellation,

1c£ us suggest that there be two modes of operation, one cntirely

- analogous to that for ovarflow, and the other conaisting of the immediate

s

cnd automatic rcplacement of the underfloved number Jby & zero or some kind;
'for the moment, take it to be a number with zero mantisea and the maximum
[ lcgal ncgativc expcnent. For problems of kind (1), the firat mode is to
lbe‘used If, in the course of debugging, or when using a code for a novel
aet of parametera, an unforeseen underflow occurs, then the 1mmed1ate

aituaticn is the aams as ror overflow, One cannot pretend that anything

'eice‘ia pcasible without having the problem (or at lecat & portion of it)
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| become one of kind (2). The difference 1s that 1t will certainly hﬁppen
, ﬁét infrequently that the investigation does transform a portion of the * |
problem into one of'kiudv(a), and therefore Stretch’must offer reasonably
convenient facilities fer'%uﬁning a portion of a problem in the second
mode, Obviously, the most éonvenient facility is a bit in each instruction,
but 1t seems most unlikely that one can justify this use of an instruction
bit, rether than some oﬁher use, since much cheaper mathoda vill be
ieason#blx convenient; e.g.,_a-apecial 1nstruc£ioh to change modes, or
| ah_instruction bit, but only on a few cbmmon orders; guch ag Store,
“For a problem of kind (2), the second mode obviates the need of
_ speciql programming for the common case Qf desiring zero, and the first
mode is used for the rest, witp appropriate special programs, as for
‘ ov@rflow.
 Now let’us consider the properties of the zero mnntiohnd above, hFor
addition‘ané'subtraction; it bas all the properties of the null operator.
For multiplication, and &s a dividend, it does not have those properties,
-~ eince it will in general lead to a result with zero mantissa but some new
exponent.. This leads into the‘subject of the E bit tag. (The guestion
of,éero'divisors is a separate one, involving the concept of the divide
cheék.) It nov seems relevant to turn #ttention to zeros arising from
input and cancellation. | |
~ The following assumptions concerning zero seem valid:

1) Inpuﬁ zeros and zeros resulting from exponent underfibw while in
the second mode should have the properties of the nulleperator. The
reasoning is ihat the‘programmgr has decreéd'that ﬁ?ase numbers éhould in
‘no way contribute significant)bits to the result, and th;refore they had

best stay completely out of the way.
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2) Zeros produced by complete can;ellationAare in & class with
exponent underflow itsglf, in the sense fhat they may be unforeseen
disasters or they may be foreseen zeros. ! N

The firet assumption seems clearly to call for an E tag; which will
easily enabié Stretch to maintain the null operator properties, Lef us
then forget thé zero described above, and a;sume fhe E tag,

The second assunption seeme to call for two modes of opérationvforv
cancellation, quite independent of the two modes for exponent underflow.
(Note thatv"modes of.operation" is only another phrase for "triggef,
testing".) However, the present aituaﬁion is more complicated., The
ﬁain diffiéulty 18 that many problems will expect cancellation (implying
zero) during the early cycles, but will want protection againat unfore~
séen cancellations at later stages. The mode éwitching w@uid be rather
iuconvenient. |

'The answer seems to lie in the fact that the "disastrous” cancellations #
are just limiting cases of comparably "disastrous” partial cancellations.
This indicates that.g;l zeros should behave as null operators except a
f?w which actually constitute & minority subs;t of a larger group of
,nﬁmbers with the characteristic-thaf they do not have enough aignificant‘
‘hits. (If the émphasis on the null sounds radically contrary to the
& scussions of the past three weeks, it should be‘remembered that the
situation 1s radically changed a) by isolating the divide checks, and
b) by removing the infinities.)

The Eest conclusion seems to be as foliows:

1) All zeros should be numbers with E tags and havevthe properties

of the null operator, whether they are input zeros, cancellation zeros, or

.zeros resulting from exponent underflow while in the second mode,




.ﬂ§' 2) Losa of sisnificance from cancellation is dangaroua, and

facilities should be incorporated in Stretch to warn of 1it. Hovever,
complete cancellation 1is only a part of the problem; it would not seem
satisfactory to warn,only of this part, even'if there were a convenient

' way to do so without interfering with intentional complete cancellation.
It does gﬁ@h@satisfactory tq@giVé warning -without 1mmadiate-1nterruption.

' ReQa?ding (1), 1t must be noted that there is no vay to brevant the

programmer from putting in numbers with zero mantissa and no E tag. How
Stretch ehould operate with such numbers, howevar, belcngs with a dis~"
cusaion of unnormalized arithmetic, to be given elsewhere.  v )

Regarding (2), discussions with IBM engineers seems callad‘for.

DIVIHE CHECK

In normalized arithmetic, a divide check Bhould ocaur whenever a one

bit diaplacement of the dividend 18 insufficient to permit 8 legal
division (i.e., one where the quotient of the mantissas is of magnitude
less thnn one). This should be interpreted so as to include'diviéion by

Zero, Immsdiate and unconditional transfer to a speciul progr&m is again

required, since one has either a) an attempt to do unnormalized work in an-
1mproper fashion,or b) a situation fully equivalent to exponent'overflow
(i e., division by zero) |

Divide checks do not occur in unnormalized arithmetic, except for
division by Zero; this, too, belongs with the discussion of unnormalized
arithmetic. g’ :

For the special case of zero over zero, present experience seems to

suggest that zero is'a satisfactory result, However, 1t’w0uldkbe safer,
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. with nagligible cost in time or convenience, to call this a divide check,
-and let the speclal routine detect this apebial case (from the preserved

operands), if desired,

L
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