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The Future of Scientific Computing for Grand Challenge Problems

Arvind, Andrew Shaw and John Marshall*

In the past twenty years, high per-
formance computing has fundamen-
tally changed the practice of science
in many fields, including physics,
chemistry, biology, atmospheric and
oceanic sciences. During this era, the
extremely high cost of supercomput-
ers and the wide performance gap
between supercomputers and mass-
produced computers motivated a cen-
tralized, shared resource approach ex-
emplified by government-funded su-
percomputer centers.

Today, increases in the perfor-
mance of mass-produced comput-
ers are leading towards a more
community-based, distributed ap-
proach to scientific computing. De-
spite this trend, there will always exist
important scientific problems which
require computational power beyond
that of even the most powerful mass-
produced computers. For reasons
we will explain, the computers to
solve these “Grand Challenge” prob-
lems will be rarer and more expensive
than current supercomputers. We call
these computers “Jumbocomputers”,
and make some policy recommenda-
tions to maximize their benefit to the
scientific community.

Commodity Supercomputing

Within the past few years, many
American supercomputer manufac-
turers have either folded or been
taken over by more mainstream com-
puter companies.! At the same
time, mainstream computer manufac-
turers such as DEC, HP, IBM, Sil-
icon Graphics, and Sun are build-
ing and selling Symmetric Multipro-
cessors (SMPs) whose performance
overlaps the lower-end of supercom-
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puter performance. These SMPs,
more commonly called servers, have
become very popular with the cor-
porate world which uses them to
run large databases and high-volume
World Wide Web servers. In addition
to their high performance, servers
are much cheaper, easier to maintain,
more reliable, and also offer a bet-
ter software environment than tradi-
tional supercomputers for application
development and everyday use.

These new machines have seri-
ously changed the landscape of high-
performance computing. Almost all
of the 500 individual most power-
ful computers in the world today
are used for scientific computing.?
By next year, the bottom half of
the top 500 computers will be taken
over completely by servers which will
be used primarily for non-scientific
computing by the commercial world.
More significantly, these servers will
be built in the tens of thousands, ren-
dering alist of the 500 individual most
powerful computers almost as mean-
ingless as a list of the 500 individual
most powerful PCs.

Community Supercomputing

There is already some evidence that
this shift in high performance com-
puting is having an impact on the
government-funded supercomputer
centers. In each of the past four years,
the number of active users of NSF
supercomputer centers has declined;
furthermore, the majority of users are
from the centers themselves or other
institutions in the same state.?

What is motivating this localiza-
tion of usage? Users at the centers
find it easy to interact, share informa-

tion, and thus form a natural commu-
nity in real life. This community low-
ers the barriers for new users, making
them more likely to use computing as
part of their research, increasing the
size of the local community.

With the advent of servers,
other scientists can now have
supercomputer-level  performance
within their own local communities,
at their own institutions. Greater
control over their computing environ-
ment gives them more opportunities
to treat servers as “personal”, dedi-
cated computers, mitigating some of
the gap in performance between lo-
cal computing resources and those at
the centers. Users are also willing to
trade off some degree of performance
for comfort — for instance, being able
to deal with local system administra-
tors, having faster, more responsive,
more secure network connections,
working within a familiar, local soft-
ware setup, and having colleagues
with whom they can discuss their
problems and experiences with the
system.

Jumbocomputing Economics

While servers are creating a move-
ment towards community supercom-
puting, there are still important sci-
entific problems which require perfor-
mance beyond that of single servers.
Unfortunately, building and selling
computers which satisfies those needs
is a money-losing proposition, as ev-
idenced by the recent bankruptcies
and takeovers in the supercomputing
industry. There are three interacting
reasons for this: first, computer per-
formance increases roughly 50% per
year, second, up-front development

*Arvind is Johnson Professor of Computer Science and Engineering; Andrew Shaw is a PhD candidate in the Laboratory for
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!Thinking Machines and Kendall Square Research went bankrupt. Intel has transformed its supercomputing division into a server
group. Cray was taken over by Silicon Graphics; portions of Cray were then sold to Sun Microsystems; Convex was taken over by
Hewlett-Packard. NEC, Fujitsu and Hitachi, the Japanese companies, are still in the business, but by all accounts are not making any

money in supercomputers.
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costs are very high in the computer in-
dustry, and third, the market for these
machines is, by definition, measured
in tens of computers rather than thou-
sands per year.

These facts combine to make the
supercomputing market a big gam-
ble for companies. They must spend
an enormous amount of money to
develop computers on a very tight
schedule. A six-month delay in-
creases development costs signifi-
cantly, and produces a product which
is 25% slower than the competition
(which may be other supercomputers
or servers). A one-year delay is usu-
ally catastrophic for the product, and
in the worst case, fatal for the com-
pany. Even if all deadlines are met,
development costs can only be amor-
tized over a few sales, raising prices
on the product, which must compete
with relatively inexpensive servers at
the bottom end. A supercomputing
company can easily go broke if a few
sales don’t go through, and in fact,
many have for these reasons.

Jumbocomputers, while neces-
sary for the solution of important
problems, are not good business
propositions. Scientists working on
these problems will be increasingly
hard-pressed to find pre-packaged
hardware/software solutions. In the
near future, we believe that all Jumbo-
computers will be custom-made, like other
big-ticket science items, such as space
telescopes and particle accelerators.

A $46 million Supercomputer
at a PC Price?

Under the DoE’s Accelerated Strate-
gic Computing Initiative (ASCI) pro-
gram, Sandia Laboratory recently
bought a 9,000 processor computer
from Intel for $46 million.* By muost
measures, this will be the most pow-
erful computer in the world, and
the first to break the Teraflop bar-
rier. The cost-per-processor comes to
about $5,000, which is about the same
price as a PC based on the same P6 mi-
croprocessor. Even without account-
ing for software and other develop-
ment costs, it is difficult to imagine

how Intel will make a direct profit on
this one-of-a-kind machine. On the
other hand, publicity may generate
additional sales of P6-based PCs, gen-
erating indirect profits for Intel. In the
end, these circumstances garnered the
DoE a Jumbocomputer at a bargain
price, but such circumstances are un-
likely to arise again.

Although ASCI has a large bud-
get for computing ($100 million per
year), it it is still difficult for compa-
nies to make profits catering to cus-
tomers like ASCI for the reasons ex-
plained above. Furthermore, ASCI's
budget is dwarfed by the computing
budgets of typical large commercial
enterprises such as Citibank, which
by some estimates spends about $1
billion per year on computing. If is
the money of the corporate world which
is driving the leading edge in computing.

Some Assembly Required

To leverage off the massive invest-
ments of the corporate world, sci-
entific users should consider as-
sembling Jumbocomputers as collec-
tions of servers connected with high-
performance networks. The networks
can either be based on standard fast
local area network (LAN) technol-
ogy, or non-standard network tech-
nologies being tested in the market-
place today which have been derived
from massively parallel supercom-
puters. Because LANs aren’t meant to
be used in this way, the former option
would require completely re-written
networking software for good perfor-
mance, while the latter option would
result in faster, but more experimen-
tal machines, because hardware stan-
dards are not yet set in place.
Although operating systems,
compilers and application software
for individual servers are mature, the
software for task and resource man-
agement and for programming an
ensemble of servers is at best in an em-
bryonic stage of development. For
scientific computing, such a software
layer is absolutely necessary for ease
of application development, and for
the end-user to view the ensemble
as a single machine. This software

is unlikely to be developed for the
corporate world until there is a com-
pelling commercial application which
requires it.

Jumbos, not White Elephants

The hardware and software charac-
teristics described above will make
Jumbos both expensive and unique,
and there is a real danger of a Jumbo
becoming a white elephant unless a
larger community of users exists to
iron out hardware and software prob-
lems. A larger community also pro-
vides more opportunity for algorith-
mic innovations necessary for good
utilization of such an unusual com-
puter.

One solution is to build and
distribute mini-Jumbos which have
identical hardware characteristics and
software environment to the main
Jumbo. For example, rather than
a single 9,000 processor machine,
it makes more sense to have an
8,000-processor machine and ten 100-
processor machines distributed to
other institutions. The cost in dol-
lars may be comparable to the cost
of the single 9,000-processor machine,
and the payback in terms of usabil-
ity, reliability and even performance
(from better algorithms and software)
of the main machine will almost cer-
tainly more than offset the lower peak
performance.

Mini-Jumbos can also serve a role
as testbeds for hardware and soft-
ware development prior to the deliv-
ery of the main Jumbo. The huge costs
and short lifespans of Jumbos are
strong motivation to make them im-
mediately usable on arrival and based
on the most recent hardware. Mini-
Jumbos allow development at much
lower cost, and give enough breath-
ing space so that the next generation
of hardware technology can be used
in the construction of the main Jumbo.

In summary, we consider mini-
Jumbocomputers infrastructure nec-
essary to the success of any Jumbo-
computer — funding for Jumbocom-
puters should reflect costs for this in-
frastructure.

4 ASCI’s mission is to verify the safety, reliability and performance of the US nuclear stockpile using computer simulation as a
replacement for underground nuclear testing. ASCI Executive Summary. http://www-c8.lanl.gov/asci/summary.html



