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The format and functional design of
floating point hardware in a super-
computer tend to persist a very long
time because of the great resistance of
both hardware engineers and cus-
tomers to any change in such a basic
aspect of the system. For example, the
hexadecimal floating point format of
the IBM 370 series has not changed
for over 20 years, and the floating
point format on the new CRAY Y-MP
is identical to that of the original
CRAY-1. Furthermore, numeric idio-
syncrasies present in the original de-
sign of these two systems are generally
still present in their successor systems
today. Thus, it is crucial that issues re-
lating to this topic be carefully consid-
ered by any manufacturer that has an
opportunity to start from a reasonably
clean slate, since it is likely that the
basic design will still be in place 20
years from now.

Certainly the first consideration in
the floating point design of a super-
computer is performance. No degree
of numerical fidelity or application
convenience can compensate for a de-
sign that results in a serious perfor-
mance degradation for the basic
floating point operations. Nonetheless,
within the constraints of high perfor-
mance, we feel that certain features of
a floating point design can significantly
enhance its usability. The principal
issues to be considered in such a de-
sign are
word size (32 bit, 64 bit, etc.),

hardware support for extended
precision,

format (Cray, CDC, IBM, VAX, IEEE,
etc.), and

accuracy characteristics (including the
1ssue of true division versus
reciprocal approximation).

In this artcle the above issues are
discussed from the perspective of the
Numerical Aerodynamic Simulation
(NAS) Systems Division at NASA
Ames Research Center.

WORD SIZE

Historically many systems, both large
and small, have supported both 32-bit
and 64-bit floating point arithmetic.
Looking into the future, however, we
do not see that 32-bit arithmetic is ei-
ther essential or desirable. Particularly
as we move to TFLOPS class systems,
the usual 32-bit format, with only 24
mantissa bits, will be completely inade-
quate. Although there may be some
applications that are large enough to
require an extremely high-perfor-
mance computer, and yet numerically
stable enough that 32-bit accuracy is
sufficient, we do not feel that this lim-
ited class of problems justifies the ad-
didonal hardware cost. We feel that
the cost of whatever hardware such
features would require would be better
spent on other improvements.

HARDWARE SUPPORT FOR
EXTENDED PRECISION

Sixty-four-bit floating point arithmetic,
with at least 48 bits of mantissa, seems
to be satsfactory at present and for the
next 5 years or so. Looking forward to
the year 2000 and beyond, however,
we are concerned that 64-bit arithmetic
will not be adequate for some applica-
tions. While we do not vet feel that it is
time to insist on a 128-bit format as the
default precision, an increasingly com-
pelling case can be made for some
hardware support to facilitate fast ex-
tended precision operations on future






