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Yuestiors. What if the wing sweep changes by
14 degroes? What if the solar pancls change
froem conliguration A 1o configureion 57 Whee
1l 2 rocket design changes froes liquid- 1o sobd-
fuel propedaon?

The need for radically faster computing
Despize all the computing speed available 104
day. generating highly accurate smswers (o ma-
Jor questions ssch as these may eequire bun-
dreds or even thousands of howes of computing
time oo a single processor. A recent strectiral
anadysas case involving 100 milbon unknowns
tegpuited 12 hr of chaprsex! titne, witle a Soll air-
craft serodynamic analysts based on the non-
linear Nawier-Sookes equations consumed %) b,
It appeans cortain that mshematical models of
this magnitude will be neoded more oftes as ve-
hicle designs grow ever more sophisticated.

One of the facroes fueling that trend is the

“dewil is in the details” syndrome. For oxmple,

eddes N

layer. or the crack growth eate mary crivkcally af -
fect the Me and seentomance of 2 mracture. Thus
the models must resolve local detadl whike cap-
turing the global design, because the micro- and

macroscalke behavioes may be srongly coupled.

The maodkels representing, various disciplocs
and vobwystems may also iscracs strongly. A
current example i Use X413 hypenonic srcefi.
whase underbody performs the funcuon of the
inbet and exhaust nozzle so that the models for
propulsion, scrodynamics, and sroctures all
couple im0 a mulipbysics mets-model of huge
dimensionality.

Engineers must analyae barpe mathenmaticsl
models multiple times 10 asscss various akierna.
tives = the search koo & better design, whether
the search s conducted via formal optimizacon
ot by trial and erroe.

The recesn uend toward replacing custom-
ary, determiniscic salety factors with the peoba-
by of Exlure analysts also demands multiple
repetitions of analyss so that » seatistically ug-
nificany pusmber of dues points will be peserated
With analyss alone, it could 1ake maore than 20
hr of elapsed vame to condact an automobile
sructure crashs analysls whose fnite-clement

Naturally, computing tasks such as these,
especially when performed repetitteely, could
noe become a routine part of the destgs process
when predominantly single-processor-based
computing s used. SUll, the crivical “what 1ls”
must be arswered. This requires sesorting 1o

ing sssumptions snd redoced analysis
fidelity at the price of wncersainty and a risk of

Copyrighe® 004 by $w Amescon lnithian of Asonacscs and Aonouto
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sgnificant ermors. These errors oy not be wn
conered until bwer in the design process (o even
worse, it the manulacturing, prototype testing.
or produxt operation phases), ofien resulting i
SIgRETIng Costs.

The opportunity
Now imagine thae today’s rypecal processor
computieg speed of 1 hillion FLOPS (floating
potm operations per second) i accelerated by
another factor of 2 Bllion, 1o 10" FLOPS (exa-
FLOPS). This would reduce the clapsed tme
needed for solving a acrospace
from 1 000 hr 1o bess than 4 mallisec

The benefits 10 destgn processes would be
draemarsc: Essentally, enginects wondd pesceive
the answers as mstantancous. The computer re-
sponse 10 their qoeties would become amalo-
gous 10 the assitance modern woed procsssors
provide letter writers by highlighting spelling
andd gramemaescal mistakes on the screen almost
Instantanconsdy

By the same 10ken, the tmne elapsed 10 50
Iatson woukd depend on the ergineens’ ability 10
formudate *what iI" questions and digest an-
swers, tather 1han oa the computer response
race. Massy design opeions that seight be sape-
thoe, buat could nox be ecxamined within soday’s
time and budget constraints, could then be ex-
plored in depth wizhout the current imspedi-
ment of long waltung times.

In effect, engineers would be encouraged
1o revise carbier decisions in response to any
mew information, Just as wrers are enticed 10
smprove thetr work because word processors
alkow revisions to be made so easily. The resul-
ing mprovement in the design’s qualiny, rela-
hilky, and timeliness cannot be overstaned.

The potential
The peospect of compuning a billion teses faster
than we do 10day 1s mot & fantasy. Because of
mindarurizaion manufacturing techeigues. the
density of the electromic components packed on
a single chip has boen doubling approximmately
every 18 months for decades This doubling,
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chip muaanza-
won mary skow down or even ball 25 it approasches
the molecular or acomic scale in about a decade,
by then it will already have acoclerated comput.

Mukiprocessor compuser techaclogy, un-
like thae of single processors, & open ended.
with no natural limit oa the mumber of proces-

raly, computational gnd technology asscmbiles
coeguners of all these types tno a geographi-
cally distributed tetwork serving many users.
Each user mary view the grid 28 a singhe, virmual
compuser enabling the operation of masy com-
puters, dufferent in type and number as re-
quired by the peoblens at hand.

Fox the more distant future, the concepts
of quamum ’ chemical computers,
ol comsprters are being postu-
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padal, (hree-pronged de-
wbmmhm

!hhnmoldml
would be 50 “harvest

postumities for the use of
legacy codes, wachanged, in
guralled competing. Apph-
aoes for this approach
are abundas, Owe cxample
wondkd be Momee Carlo meth-

the algorithm that cammot be distribused. In-
dieed, if the clapsed time 00 & segle peocessor
# 2 sum of the times for the perfectly distrb-
wuble pan (Tp), and for the nondatnbutable
pant (Typ), the latter limits asymptotically the
clapsed time reduction

This limitatson bs known as Amdahl's Law
It suggests that the greatest gwin from parallcl
computing is achievable in methods whose ra-
tngﬂpn'wﬂuM

The remedy

Fortunatcly, many encouraging peospects for
replacing conversional solutions with new, in-
rinsically pacallel omes ase emerging. One sach
spproach for acvodynamic analyses replaces the
differential oquations of a contirram with a di-
roct strmulation of the modecular collsions. Sam.
War spplicacion 1o stroctural asalysts directly
models the clemental foroe smeractions and &
mensional compatibilitios.

These siemalations, known as the cellular
sutomata methods, inheremly engage lange
numbess of processors samilancoudy. They im-
in effect, the idea that 2 phenoasenca’s
complexity is the result of a very lasge mumber
of very sple interacuing evenss. A recent book
by Stephen Wolfram, A New Science, exanmoes

hundreds of cones Wistrating thes noton across
tmany branches of scence.

Such new developments require comider-
sble investment. creativity, and a long lead
time. 1t is casy 10 peedict that I these develop-
acets are Dot vigorously pursued, 3 WoKous cy-
cle will sex in: Demand for paraliel computing
technology will not develop a5 long as potential
wsers perceive the udiey of such rechnology as
Emined, and the low demand will make solt-
ware developers Jess cager to invest i methods
that would make (hat sty greater

Alook into the future
Fortumsmnely, gearing up lor paraliel computing
need not be an “all or nothing” proposition. A
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ods, which are mow galmang
importance because of growing iederest in de-
stgning o a probability of Lilure insead of the
iraditional deterasteastic sadety factors. Other
examples ane oprimization guided by gradicsts
computed by fintie differences; optimizasion by
geneic algorithm: and mcremental noolinear
mmalysis. All these appiications rely on analyses
of manry dferent designs. Given enough proces-
sors, all these analyses may be dooe in the time
it takes vo perform oaly ooe,

The second averrme would be sebuilding the
Segacy codes 10 talor them 10 paraliel architec-
tures withous changing theis undetlying algo-
rithems. Considler, for example, & typecal fintte-
elemsent code. In an existing code, it s likely
that the load deflecton portion of the code im-
plements one of the matrix-factoring sech-
niques that, foe the scascns discussed above,
# candidase for

The thimd appeoach would be a tadical re-
vision of the wnderlying sobation algonthens w

a cellular automata sobetion %o problers = con-
v mechanics.

Oppostunities dor the first avenne of devel-
opescat are ready to be exploited now at kow
cost; they may produce spoctacular rosielts while
buying time. The second avenue occupees a
mrddic gproved on the time and cost scale, nno-
varsve sesearch im the thirc] bas truly revoksion-
ary potesaial, at a proportianally higher con
and bomger head e

The time 1o wmitise the phased, three-
peonged development ks now. I sulicsent re-
souroes are commised, the notlon ol comsges-
|ngn|htmddwﬂmmhmdu

the emginecring communiyy soon, and its full
impuct ey begin to be felt wihin this decade
The micndant e the compuoter brulders
will be i through the “chicken vs
egg” symdrome, and In a resulting radical ex-

of castomer demand for and acoep-

tance of paralic computer hardware. A




