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The first question is net designed to make the VAX look bad; in fact your proposal for enhanced VAX
floating point is rather bet’rer than has been provided on many another machine which we have had to
live with for a long time. This question is provoked by your several mmtakeg concerning the compara-
tive merits of the KC3 pt‘oposal for an IEEE/CS ﬂoatmg paint standard: :

, 1. How do you reconcile your condemnatlon of the KCS scheme with the ample evidence thatl,
roughly speaking, : - '

A: Numencal programs run notlcedbly better on KCS arithmetic than on enhanced VAX‘

B: Numemcal programs that run equally well on both tsy‘stems are s1gmﬁcant1y easier to write for
KCS aritbmetic than for enhanced VAX.

These statements will be arnphfied and clarified later.

The second questlon responds teo your concern for cost/ beneﬁt trade-af’s taking into acccunt that
those trade-offs must be perceived differently by hardware vendors, by saftware suppliers and by consu-
mers of numerical results. Assuming assertions A and B to be substantially correct, the only trade-oft

" that could weigh against KCS would be its 1mp1ementat10n cost if that cost were too high:

- 2. Is it fair to say that the pr1n<:1pa1 costs to DEC of 1mplement1ng KCS in the VAX line are perceived
by you to consist mostly of the costs of changing your previous commitments?

Now te amplify and clarify assertions 1A and B and question 2.

1A: When from given data a given anemcal program produces results different u‘smg KCS amth-
metic than using the enhanced VAX arithmetic, the difference must be cauvsed by roundoff or by excep-
tions. On those occasions when a significant difference is due seclely to roundoff, KCS's results must
almost surely be Lhe more accurate since KCS specifies unbiased. rounding and tighter limits (e.g. in
‘ vz ) than VAX deoes; even go, results differing significantly only becausze of roundeff are frequently both
wrong. Not so for results differing significantly because of some exception like underflow; then KCS's
gradual underflew loses so much less informeation than VAX's flush-to-zerc that the KCS result is almost
surely the correct one unless the program was designed specifically to falsify this statement. Of course,
- significant underflows are rare, sa rare that hardware vendore tend to overlook them, but nol so rare
~ that conscientious programmers can ignore them. Overflows are very likely to be significant when they .
- . ogenr; that is why KCS's dgverflow threshold was designed to be iwice as. big as VAX's. - All told, those rare
exceptions that cause a program to malfunction do so sxgmﬁ_cantly less often when they are all handled .
by defaull as KCS specifies than when exceptions are handled as VAX specifies, some by default
' (underﬁow to zero) and others left to local option; at least this is so in my experience with a wide range
of users, programs and machines (Ferranti Mk1, ILLIAC [, IBM 840, EDS AC 11, IBM 7090.7094, IBM 360-370,
+ B5500, CDC 6400, PDP-10, PDP-11, HP9825, VAX-11/780, . )

1B: Ideally, if a numerical problem’s data and its solufionboth lie within the computer’s range,
then a numerical program intended to solve that probk.m should do so to within practically unavoldable

. uncertainties impesed by roundefi. Departures from this ideal mshgate acrimony like

“Your program has a bug,” says the user;
"Your data is unreasonable,” says the programmer; and both say
"This hardware doesn’t work as well as ... on these problems.”

Conscientious programmers attempt to mateh the ideal in so far as they can do so w1thout unduly
‘sacrificing performance, or using capabilities (like double or quad prec:smns) not available on all of the
computers for which the programs are intended, or 1n¢urrmg other costs like comphcated tesis prone
to error and peculiar to just one computer,

No instance has been found where a conscientious appllcatlopqnprﬁgrammer s task would be harder
with KCS arithmetic than with VAX’s, but numerous instances including some of the most important
numerical computations have been shown to be_'s'igniﬂcantly harder to program consclenticusly on VAX
than with KCS arithmetic of the same precision: . T . '



Matrix muliiplication, inversion, eigemfalues, eigenvectors,

Complex multiply, divide, absolute value, ..

Accelzration of slowly convergent sequences.

Numerieal quadrature and ordinary differential equations..

Evaluating continued fractions and polynomials, and finding their ZEros.
Precision-doubling algorithins like 7. J. Dekker's

Interval Arithmetiec,

2: Amohg the ways in whzch KCS could coat more to mekmcnt than VAX s anthmetm are these:

i) Mom ‘"?rdwclre though this might be Lraded oft with () er (11])

i} Mere microcode or support software.

iii) Slower execution speed.- _

iv} Mare engineering time and delay to markei, heneﬂ loss of market share.
v} The cost of any non-evolutionary change from prior cam mltménts '

Implementers of KCS ineluding 1. Palmer at INTEL, @, Ta}:ar al Berkeley, d. Coonen at BC&.}?’E‘J.QY
and Zilog, . Hough at Teltronix, ¢. Staifard ab Beckman Instroments, and others, all agree that the
first thres cosls are incensequential for any but the fastest machines provided the designer is aware of
all that needs doing. (For the fastest parallel or pipelined array-oriented designs, competing with the
CRAY.1, the KCS proposal recommends its optional extended formal for accumulating registers. At the
cost of some extra hardware, that format angments both range and precision to defend against both
over/underflow and roundoffi’s depredations when bandiing vary large arrays. Even the VAX architecture
sneaks a kind of extended format inte its EMOD and POLY instructions despite the architects’ pro-
claimed distaste for the concepl. Otherwise quad dees for VAX, but slower, what extended does for KCs.) .

) The fourth cost, dﬂl&y to market, must weigh heavily upor any pmr‘eer At first this cost depends
upon how clever are a company's engineers, Later "what one fool can de, ancther can.” I believe DEC’s
engincers are clever. Therefore I do not underestimate this cost when 1 Goubl that it-alone could decide
the issue .- unless those engineers were already too far comm%ted to something else. Which brings us
to the fith cost, the cogt of change.

Aboul two years ago, roughly when the KC8 proposal was being developed on the west eoast, the G
formal was introduced (in a VAX ai Harvard's Astrophysical Lab) to remedy shoricomings in the
exponent range inherited by the VAY from the PDP-11. Sinece then the G format Has been adopted into
an enhanced architecture for a line of VAX.like machines of varying levels of performance.. When the
KC3 propesal & appearad, with its single and double formats almost the same as the respective, s1ng}e and
G formats of the snhanced VAX, the reasons for the differences were at first not appreciated at DEC, I
imagine that whenever advantages of KC3 began o be perceived they appeared inadegusate to _,ust;ff a
charge in VAX's format. TFew computer purchasers know how to assess the quality of-a machine's arith-
metic until they have lived with it awhile, and fewer care, but all who own a PDP:-11 can see whether a
new machine’s arithmetic matches the cld or not. Therefore a change to KCS must have appeared more

likely to lose VAX sales than Lo gain them ... except if KCS became widely adopled as a standard.

DEC's dilemma is familiar; "the better {s the enemy of the good.” That dilemma was brushed aside
by the [EEE/CS Ficating Peint Stan wdard subcommitiee two years ago when it decided that to choose a
format already most widespread i se must imply the choice of IBM's hexadecimal format, a horrible
thought. So the committee sought the best farmat for future inicroprocessor designs unencumbered by
the past’'s mistakes. We all knew that the PDP.11 format for single and G format for double were "safe”
cholces irom a marketing viewpoint, but we chosze to try lo find something better. The KCS prapasal
serves a machine supplying only single precision (32 bit) floating point rather better than would the
carresponding subset of VAX's architecture; and on the ether hand a full implementation of KCS includ-
ing single, double and either extended or quad as described in Coonen'’s paper in Computer (Jan, 1980)
deflnes a better standardized environment for numerical software than does the enhanced VAX.



