


In this issue 
Over the past year, the supercomputer industry has received 
unprecedented attention. The importance of supercomputers for 
research as well as the need for advancement of supercomputer 
development has gained worldwide recognition. While not seeking out 
the limelight, Cray Research has been the target of much of this 
attention. 

After this issue of CRA Y CHANNELS was completed, it became 
apparent that, ironically, all of the articles contained here either 
augment or recap supercomputer issues that have been discussed 
repeatedly over the past 12 months. We hope that you'll enjoy our 
feature articles that relate Cray's participation in conferences held to 
explore the status and future of supercomputer technology in the 
United States. Another story provides insight into a new technology 
being developed at Cray that is expected to significantly impact our 
next-generation system. And finally, two other articles look at how 
large-scale computing capability impacts progress in research. One 
article discusses the contributions supercomputing is making in the 
field of computational physics, and our article about Los Alamos 
National Laboratory describes how advanced computing capability has 
affected its research efforts. 

The issues surrounding the supercomputer industry today are still 
heating up. We hope this issue offers you an interesting perspective of 
Cray's approach to supercomputer development and the pivotal role 
our systems have in research environments. 

About the cover 

Contours of a different color 

The charge density contours for an atomic overlayer of cesium 
on tungsten are illustrated here. Using a CRAY at Livermore for 
both computation and graphics generation, physicists have 
investigated the electronic structures of these materials and 
obtained results impossible to determine analytically. For 
further explanation of their findings and more about 
computational physics, see page 2. 
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Computational physics 
ontheCRAY: 

a happy union of 

Computational physics has spurred m ajor 
advances in all areas of physics. In 
particular, in condensed matter physics, 
our theoretical understanding of the struc
ture of large molecules, complex solids, 
surfaces, and interfaces has been signifi
cantly impacted. These developments have, 
in large part, been made possible by the 
fruitful interaction between experimental
ists working on "clean" systems, and theo
rists carrying out realistic numerical 
modeling of these systems. 

A number of high ly reliable state-of
the-art computer programs, such as those 
developed by the au thors and their col
leagues at Northwestern University, pro
vide significant confron tation between 
theory and experiment. Several of these 
programs have been used in an ongoing 

software and 
hardware 

collaborative research effort 
using the CRAY computers at 
the Magnetic Fusion Energy 
Computer Center at Livermore, 
California for over three years. 

The group at Northwestern has de
veloped theoretical approaches and 

computational algorithms capable 
of generating accurate descriptions for 
many types of systems and structures. The 
effort of theorists and experimentalists to 
design new electronic and structural mate
rials via computational physics is very 
important, relating directly to work being 
done at the academic, industrial, and na
tional laboratories, and contributing to the 
thrust of the basic sciences. 

Increased computational power a t the su
percomputer level w ill continue to be re
quired for this class of problems. For 
instance, in Dr. Freem an 's group's work, 
the algorithms do not m ake any gross 
p hysical or numerical approximations. 
Large matrices, up to 800 dimensional, 
have been diagonalized. Iterative proce
dures are used to carry out solutions of 
complex integral-differential equations. 

We were interested in understanding the 
nature of these problems that can easily re
quire tens of CRA Y CPU hours to solve. In 
this article the authors explain the theoreti
cal approaches and computational methods 
of condensed matter physics and the 
"explosive opportunities" which they feel 
CRAY supercomputers present. 



Introduction 

As fields of science advance, there is a natural evolu
tion in th eory from analytic to numerica l solutions. 
Once sa tisfactory theoretical formul at ions have 
been established and their va lidi ty demonstrated for 
simple test cases, the nex t natural step is the applica
tion of the theory to rea lis tic, i.e., more complex 
systems. At this point, la rge-sca le computation on 
computers like th e CRA Y becomes necessa ry; one 
moves from investigating systems w ith a few de
grees of freedom to those w ith many degrees of 
freedom. Thus, complexity is the key to understand
ing computational science. 

The step from the simple analytical to the complex 
numerical domain is particularly inte resting in 
physics, w here theories such as rela tivity and quan 
tum mecha nics have revolutionized our under
standing of the macrocosmos and microcosmos. 
Hence, the application of such powerful theories 
has greatly s timulated the development of computa 
tional physics. 

By its nature, methods, and needs, computational 
physics is so di fferent and separate from the two 
well -known and well-recognized branches of phys
ics - analytic theoretical physics and experi mental 
physics - as to constitute the third branch of 
physics. Basically, computationa l physics is the 
num erica l investigation of co mplex physical 
systems; it permits theory to be extended well 
beyond analytic limitations. As w ith other a reas of 
computational science, the development of this new 
field continues to be intimately connected to the ex
istence and evolution of supercomputers. 

Condensed matter theory is an area where computa
tional ph ysics has had a wide impact. This field in
cludes such diverse subdi sciplines as the electronic 
and geometric structure of perfect and imperfect 
solids, d isordered and amorphous materia ls, liquid 
metals and alloys, surfaces, interfaces, and artificial 
(laboratory-made) exotic materia ls s uch as 
superlattices. Condensed matter theory ranges from 
direct applications of principles for device fabrica
tion to complete forma l theories to expla in a nd pre
dict new properties of matter. It is one of the rare 
areas where the science is as basic as science gets, yet 
the ideas developed are often easily applicable to 
practica l problems. Since a ll these developments are 
based on the underlying quantum theory of matter, 
we describe this first before discussing numerica l ap
proaches and exa mples of applications. 

The quantum theory of matter 
The laws governing the interactions of electrons and 
nuclei in materials are the well-known laws of quan
tum mechanics. It is possible, in principle a t least, to 
determine theoretically a ll the properties of matter 

electromagn etic, mechanica l, thermal, and 
chemical. In practice, however, the re are formidab le 
d ifficulties in deriving the properties of any but the 

simplest material systems consis ting of only a few 
electrons and nuclei, just as there are for any but the 
simplest classica l planetary systems. Interestingly, 
the motio n of a n electron in the quantum theory is 
described by an orbital in the way that the trajectory 
o f a classica l particle - p lanet or satellite - is de
scribed by an orbit. The fundamenta l difference be
tween the two is that an orbita l does not represent a 
trajectory but rather a distribution, which gives the 
probability that an electron can be found in a given 
region o f s pace. 

This dist inction did not exist in the early successfu l 
semi-classical theory of a tomic structure by Niels 
Bohr. He postulated that electrons could exist only 
in certain stationary or quantized energy states 
having stable orbits around the nucleus, just as pla
nets have stable orbits around the sun. However, 
transitions of the electrons between the quantized 
electron orbits actually give rise to electromagnetic 
radiation with energy equal to the difference in 
energy of the two quantized states. 

In the qua ntum theory of a tomic structure, the elec
tron o rbitals are found as solutions of the 
Schroedinger wave equation called wave functions, 
whose absolute magnitude squared yields the posi
tion probability density (or orbital density). Th us, 
the orbita l density for the lowest energy sta te (also 
ca lled the ground s ta te) of the simple hydrogen 
ato m has a radial spatial dis tribution about the nu
cleus shown in Fig ure I, which gives the probability 
of finding an electron at any distance from the 
nucleus. Whereas its most probable position - the 
peak in the distribution in Figure I - is precisely a t 
the Bohr orbit dis tance, there is a strong likelihood 
of finding the electron at other radial positions. Of 
course, the probability of finding the electron any-

Radial distance from nucleus 

0 1 2 3 4 5 
Radial probability density 

Figure 1. The radial charge density which gives the proba
bility of finding an electron in a hydrogen atom at a dis 
tance from the nucleus. 
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where in space is uni ty, corresponding to the re 
bei ng just one electron. One may th in k of th is proba
bi lity density as a "swarm of one bee." Determining 
these proba bility densities fo r "simple" systems 
such as s atoms is importa nt because it rela tes to 
how these systems wi ll interact w ith each other to 
form molecules and solids. 

The simple case of the hydrogen atom w ith only one 
e lectron was so lved analyt ica ll y by Er w in 
Schroedinger himself in the m id-1920's, demonstrat
ing the correctness of his fo rmulation of quantum 
mechanics. Unfortun ately, even a system with two 
electrons outside a nucleus, such as the he lium 
atom, poses severe difficulties if one attempts to 
so lve the problem analytica ll y. Helium is a 
"3-body" system (one nucleus and two electrons). 
These seemi ngly simple systems s till defy exact ana
lytical solution. However, very accurate resu lts can 
be achieved numerically. 

For more complex system s, s uch as many-electron 
atoms, molecules, and solids, even numerica l tech 
niques a re challenged. The g rea t complex ity of find
ing these probabi lity distributions from the orbita ls, 
or the relat ive density of the charge distribution, lies 
in the fact that electrons have very strong in terac
tio ns w ith each other and with the nuclei, so the 
orbital of any particu lar electron depends strongly 
on the position of all the other electron s. In order to 
determine these orbita ls, one wou ld have to solve a 
large set of coupled partia l differential equations for 
the rough ly 1023 electrons in the system. Clearly, 
such a direc t approach is not feasible; one has to 
resort to symmetry arguments a nd to ma ke approxi
mations which reduce the set of equations to a 
manageable size. Until the advent of s upercomput
ers like the CRA Y, w ith enormous speed and com
putationa l power, th e approxi mations th emselves 
were so severely restr icted as to cast do ubt upon the 
physica l validity of results obta ined fo r any bu t the 
very s implest systems like the hydrogen and heli u m 
a toms. 

The computational task in electronic 
structure theory 

For describing the electronic s tructure of rea l 
materials, and hence, a ll of their properties, one first 
needs to reduce the set of coupled diffe rential equa
tions for the orbitals to a managea ble s ize and then 
to devise a lgorithms and mathematica l procedures 
for obtain ing accurate numerica l solu tions. 

Two differen t approaches exist for red ucing the s ize 
of the set of d ifferen tia l equations : either one consid 
ers the solid to be represen ted by a finite, but rea
sonably large cluster of a toms, or one makes use of 
the translationa l symmetry wh ich exis ts for a perfect 
infinite crys ta l. Presen tly, treatable cluster sizes 
range up to 100 atoms. In this model, the "surface" 
or boundary of the cl uster has an important effect, 
which is proportional to the rat io of the n u mber of 
atoms on the surface to th at in th e bulk. By compar-

ing larger and la rger clusters, th is surface e ffect is 
sca led o ut and th e results obta ined w ill converge to 
th ose appropriate for a bulk materia l. Fortunately, it 
is possible (and presently necessary) to use theoreti
ca lly derived correction terms to ca ncel approxi
mate ly these important surface effects for even small 
cl us ters of atoms. O n the other hand, the clus ter ap
proach is directly applicable for the investiga tion of 
a num ber of important problems, including super
fin e pa rti cles, w hose strong cata lytic effects are due 
to the large surface-to-volume ratio. 

In the a lternative model, the so-ca lled energy band 
approach, one makes use of the fact that the s ize of a 
macroscopic solid is very large compared to atomic 
di mensions to justify the mathematical d escription 
of a solid as an in fin ite repetition of small, identical 
un it cells. Since the time average of the electronic 
orbita ls in a ll these unit cells is the sa me, one only 
has to solve the d ifferential equations for the orbitals 
in one of the unit cells. In the case of perfect crysta ls, 
the unit cell conta ins relat ively few atoms; however, 
w hen the effects of impurities, vaca ncies, defects, or 
d is locations a re included to investigate more realis
tic situations, the s ize of the cell rapidly becomes 
very large. 

A major d evelopment in electronic s tructure theory 
was the discovery and formulation of density func
tional theory by Hohenberg, Kohn, and Sham in the 
mid-1960's. Thi s is based on the important theorem 
tha t a ll ground s ta te properties of matter can be de
rived from the cha rge density distribution. A ll mate
ria l systems are considered as fo rmed from atomic 
nuclei and swa rms of strongly interac ting electrons. 
The electrons are defined at any poi nt in space by a 
collective probability densi ty g iven by the charge 
dis tribution ar ising from all electrons in the system. 
The conceptua ll y crucia l aspect of density functiona l 
theory is this collective approach. From this and the 
so-called local density approx imatio ns, one can 
der ive a new set of s impl ified d ecoupled differentia l 
equa tions, wh ich is forma lly equi va len t to th e origi
nal set of equations of motion for the orbitals. The 
g reat adva ntage is tha t these new (local density) 
equa tions are completely determined by the charge 
density dis tributi on and can be solved independent
ly for each orbita l. 

Solution of the local density equations 

Loca l density theory permits one to solve a relati vely 
small number of decoup led partia l d ifferen tial equa
tions to obta in the orbita l charge densities. The 
catch in a ll this is that the orbita l cha rge densities 
are requ ired to construct the loca l density eq uations 
themselves. The way out of this d ilemma is to set up 
an iterati ve procedure un til "self-consis tency" is 
achi eved. 

The basic idea in such an iterative cycle is to start 
with assumed approximate va lues for the orbitals 
and to use this input to decouple the differential 
equa tions. The solutio n of thi s sim plified system of 
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Figure 2. Feedback system used to solve the local density equations. 

equations then provides us wi th new approximate 
values fo r the orbitals (i.e., charge density), and the 
iteration procedure is continued to self-consistency 
(i.e., until the input and ou tput charge densities are 
identical within a prescribed precision). This itera
tive techn ique has a nice analogue in electronic 
circuits. To see th is, one replaces the set of differen 
tial equations by some electronic device (a "black 
box") which takes an input s ig na l S;(t) (inpu t 
orbita ls) and produces an outpu t signal S0 (t) 
(ou tput orbitals) (see Figure 2). One is looking for a 
specia l val ue of the input s igna l, Sc, fo r wh ich the 
output signal is a lso equal to Sc. Unfortu nately, th is 
device is a n a mplifier; any deviation from Sc in the 
input w ill g ive rise to a larger deviation of the 
output. However, the sign of the devia tion is 
reversed and hence one can use standa rd feedback 
techniques to drive the device to the constant self
consistent solutions Sc (see Figure 2). In our case, 
this feedback is equi va lent to some mixing of input 
and outpu t charge d ens itities. 

At this point, the set of coupled d ifferential equa
tions has been replaced by simple equa tions, plus an 
iterative feedback loop. The mai n numerical effort is 
in solvi ng the differentia l equation; the feedback im
plies that th is s tep has to be repeated many tim es. 
Both the number of iterations and the time per itera
tion depend on the complexity of the system under 
consideration. The ten or so iterati ons needed for a 
sim ple mono-atom ic solid like aluminum increases 
to 50-100 for more complex systems. The time per it
eration has ranged from ten minutes to more than 
one hour on the CRA Y. The final results obta ined 
are considered to be accurate, self-consis tent solu
tions wh ich are then independent of any starting 
assumptions. Obviously the complex ity of the physi
cal system to model dicta tes a massive computation
a l requ irement regard less o f the numerica l 
approach. CRA Y systems are now being made more 
available to meet this requirement. Here mu lti
tasking on the CRA Y X-MP will have a dramatic 
effect on the research capabilities. 

Electronic structure of real materials 
The last d ecade has witnessed dramatic advances in 
condensed matter theory, driven in large pa rt by 
new and sophis ticated experiments on hig h-purity 
materials w hich have been well and carefu lly 
characterized. In most a reas of condensed matter 
theory, and particularly in electronic structure, 
these adva nces may be attribu table directly to the 
close collaboration of theoretica l and experimenta l 
resea rch. Indeed, the new-found ability to apply 
fundamental theoretical concepts to real materials 
(rather than to s imple model systems) made possible 
by utilizing the continued rapid development of 
com p uter power, has served to fill the increasing ly 
urgent demand of experimenta lists for theoretica l 
interpretation of thei r data. Also, in some cases, 
these computationa l efforts can be used to provide 
data w hich wou ld be impossible or impractical to 
obtain experimentally. This development has been 
an essen tial element in the phenomena l grow th seen 
in this a rea of materials science. 

The range and va riety of materia ls under investiga
tion is enormous. O ne of the recent important devel
oping trends lies in the prepara tion of synthetic 
s tru ctu res on the s ubmicron level, w hich w ill 
permit, in the near futu re, new scientific phenomena 
to be investigated, and novel device applications to 
be made on a rtificia l materials not found in nature. 
In add ition to the technologica l reason for focus ing 
attention on submicron problems, such as MOS 
devices, there a re interesting phenomena to study 
wh ich are of fundamental and physical interest in 
themselves. Indeed, our attention has spread from 
consideration of bulk properties to surfaces and to 
the next natura l extension of obta ining a bette r 
fund amenta l understanding of interfacial and 
reduced-d imensionali ty phenomena. 

Results obtained using the CRA Y 
We illustrate the power of these contemporary 
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Figure 3a. A ball and stick model of (TMTSFhCl04, the only known organic superconductor at ambient pressure. 
Conduction takes place between each TMTSF molecule in the zig-zag stack along the corridors (after Thorup eta/.). 
Figure 3b. (Inset) Charge density contours for a planar molecule of TMTSF. Blue is low density, pink is high density. The 
hydrogen atoms are not shown. 

computational/theoretical methods by descr ibing 
two examples of our recent work using the CRA Y 
computer. In both insta nces, the power and speed of 
a CRA Y were essen tia l to obta ining solutions. In the 
first case, we consider the tetramethyltetraselenaful
valene (TMTSF) molecule, which is the structural 
building block of a recently discovered organic 
superconductor. Until now, this ability to carry an 
electric current wi th zero resis tance had only been 

known in meta ls. In the crysta l, these flat molecules 
a re stacked in a regular array, which permits con
d uction electrons to move readily only along the cor
ridor formed by the stack, as shown in Figure 3a. 
The self-consistent electronic probabili ty charge 
d istribution for the TMTSF molecule using the local 
density molecular cluster approach ci ted above is il
lustrated in Figure 3b. The origin of superconduc
tivity in a salt of TMTSF is now being investigated 



by calculating the electronic structure of a s tack of 
these molecules using an energy band approach-at 
a substantial increase in computational time. 

Our other example arises out of our work (in collab
oration with J. R. Hiskes and A. M. Karo of the Law
rence Livermore National Laboratory) dealing with 
the generation of negative H ions in particle-surface 
collisions on composite surfaces that are selected for 
their minimum work function. (The work function 
is the minimum energy required to remove an elec
tron from a metal.) Negative ion sources a re an im
portant means of producing high-energy neutral 
beams as fuels for fusion machines. As a step toward 
calculating a precise value for the probability of pro
duction of negative H ions backscattered from select
ed composite surfaces, we have investigated the 
electronic structure of a cesium overlayer on a tung
sten surface. We used the local density energy band 
approach and a newly developed algorithm which 
allows one to treat all electrons in the system with
out any shape approximation imposed on the 
charge density (or its resultant potentia l energy 
functions). The presence of the cesium surface layer 
causes a considerable change in the electronic 
charge density distribution at the interface (see 
Figure 4) , and leads to a lowering of the work func
tion by almost a factor of two, a result w hich is im
possible to determine analytically. The calcula tion 
predicts a lower work function and the production 
of more back-scattered negative H ions. The produc
tion of nega ti ve io n bea ms p rovides a means 
for obta ining hig h -energy n e utr a l bea m s 
th a t ca n b e applied in the power sources of 
the future- fusion reac tor s. 

Conclusion 

Today's important applications of the powerful 
theories of p hysics owe much to recent develop
ments in computational physics. Complementing 
the strides in numerical methods are tremendous ad
vances in computer power. The availability of 
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Figure 4. Charge density contours for an atomic overlayer 
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Everything you wanted to know about gallium arsenide 

(but didn't dare ask) 

In some ways it appears that gallium arsenide (GaAs) will be to computing in the 1980's what 

silicon (Si) was to the industry in the late 1950's and early 1960's. As recently as a year and a half 

ago, little was heard about semiconductor materials other than silicon. But by now, most people 

are aware that gallium arsenide promises to play an important role in the next generation 

supercomputer. 

Those familiar with Cray Research know that earlier this year, Seymour Cray announced that 

the CRA Y -2 follow-on development is exploring the use of gallium arsenide integrated circuits. 

Toward that end, Cray Research has been moving ahead to develop GaAs circuits for use in the 

new system. In June 1982, Cray organized a development team for the GaAs project. Earlier this 

year the company signed a joint agreement with Harris Microwave Semiconductor, Inc. to devel

op gallium arsenide integrated circuits. (For some time, the Harris research group has specialized 

in the manufacture of GaAs products for communication and signal processing systems.) 

During the summer of 1983, the group of 13 moved into a new gallium arsenide research facility 

in Chippewa Falls, Wisconsin, just up the road from Seymour Cray's Riverside Project. New pro

totype GaAs wafers are already being tested. 

GaAs background 

In the computer industry, the use of gallium arse

nide for semiconductors has been minimal, although 
the potential value of the material has been recog

nized for a decade. Because of the difficulties in 

working with GaAs and its extremely high cost, 
most U.S. firms conducted minimal GaAs research 
throughout the 1970's. A single square inch of an 

unprocessed GaAs wafer easily costs $30, and it is 

not unusual for vendors to market very pure gallium 

arsenide for $4S per square inch. It is interesting to 
note that the two areas where gallium arsenide has 

been successfully used are the satellite communica
tions industry (as mentioned earlier) and digital 

LED device manufacture, before that technology 
was replaced with digital LCD's. 

In 1970, the first GaAs transistor was made, and in 

197 4 Hew lett Packard (HP) introduced the first gal
lium arsenide integrated circuit. At that time, HP re

searchers were plagued with problems such as con
tamination of crystals, uneven consistency of the 

GaAs mixture through the crystals, and unevenly 

shaped crystals. Now, nine years later, much more 
is known about gallium arsenide and engineers are 

able to create three-inch round wafers (a feat un
heard of in '74), limit the impurities, and minimize 

the defects in the crysta ls. Alas, the cost of GaAs is 
still very high. 

GaAs characteristics 

What, you may ask, is it about gallium arsenide that 

capitivates computer scientists? In a word - speed. 

GaAs integrated circuits can operate at speeds up to 

five times that of silicon -based equivalents. But be
cause of the inherent difficulties associated with 

GaAs, scientists have contented themselves with 
squeezing higher speeds from silicon circuits by 

packing more and more devices on each chip. 

However, size reduction is approaching its practical 
limits in conventional device fabrication. For 
instance, circuit networks created with conventional 

contact photolithography have conductors only 

1 ,u m wide and 1 ,u m apart (a human hair is about 
100 ,urn wide). Beyond the limitations of proven fab

rication technology, other major improvements are 

limited by silicon's properties. 

Looking at the Periodic Table of Elements, partic

ularly columns 3a, 4a, and Sa, helps one understand 
what makes GaAs such a good semiconductor mate
rial (see Figure 1). All of these elements, but especial

ly those in column 4a, exhibit a strong binding force 

between electrons. This is important in semiconduc
tor work. By selectively adding different impurities 
to these elements, many semiconductor permuta

tions can be derived. By adding different dopants to 

silicon, for example, a variety of different electrical 
characteristics are derived to create transistors, 

resistors, and other types of devices. The combina
tion of elements from columns 3a and Sa provides 

about the same binding strength as those in column 
4a and the potential for making semiconductors. 
Several of the 3-S compounds tested have shown 

properties that make them useful for high-speed 

circuits. 
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Figure 1. Relative positions of gallium, arsen ide, and sili
con on the periodic table. 

Phil Gerskovich, Senior Design Engineer for Cray 
Research, explained, "The primary characteristics 
worth considering when choosing materials for cir
cuit design are electron mobility and insulation. The 
electron mobility of GaAs is about four to five times 
faster than that of silicon . Not only that, but these 
electrons can be moved at high speeds and at lower 
voltages than silicon . That factor is very important 
in designing supercomputers that demand tremen
dous amounts of energy." 

Phil went on to explain that because of gallium arse
nide's insulating properties, the switching time be
tween devices is extremely fast. " It turns out that if 
you are attempting to run signals over a substrate, 
the capacitance is lower with gallium arsen ide 
circuits. Another advantage of gallium arsenide's in
sulating properties is that the need for special in
sulating designs is eliminated, and at the same time 
superflu ou s interaction between d evices is 
minimized." 

The gains of using GaAs do not come without their 
costs, and literally, the compound's high cost is of 
some concern. Whereas a silicon wafer will cost 
about $6, the same GaAs wafer is worth about $300. 
However, most of the integrated circuit's value is in 
its processing and packaging, not in the raw 
material. But researchers are hopeful that as gallium 
arsenide becomes more readily available, the costs 
will come down as they have with silicon. 

Gallium arsen ide's brittleness is another trouble
some characteristic. Engineers at Cray practice their 
material handling skills before they ever come near 
an actual piece of GaAs. 

And unlike silicon, with GaAs one must be con
cerned with the behavior of two elements, not just 
one - and those two elements may behave very dif
feren tly in the same environmental conditions. 
Later on we will see how this impacts wafer proces
sing. But in spite of all this, computer scientists are 
very excited about the emerging semiconductor 
material. Figure 2 illustrates the major differences 
between Si and GaAs semiconductor ma terials. 

Charaoter-
1*110. 

Figure 2. Comparison of gallium arsen ide and silicon 
semiconductor characteristics. 

Gallium arsenide MESFETS 

Essentially, a MESFET (MEtal-gate Schottky Field 
Effect Transistor) consists of a small area on a semi
conductor crystal that has been selectively doped 
with impurity a toms and provided with three paral
lel conductors. Ironically, silicon is a major dopant 
in GaAs circuits, and arsen ic a major dopant in Si 
circuits. Either of the two w ide outer conductors can 
be a low-resistance source of electrons (the second 
conductor acts as the drain), and the narrow elec
trode between them serves as the gate (or control) 
electrode. At low applied voltages, the current is 
proportional to the voltage difference between the 
d rain and the source. Both the source and the d rain 
are in good ohmic contact w ith the crystal, but the 
gate electrode makes rectifying contact, that is, gate 
current would flow through it only if it were given a 
positive potential. The current between the drain 
and source then is controlled by the gate voltage. 

Today, there are two types of GaAs MESFETs that 
hold promise for the production environment: 
depletion- and enhancement-mode devices. At Cray 
Research, it now appears that the depletion-mode 
device will be the first device made in any significant 
quantity. Of the two devices, the depletion-mode 
device is less risky to construct because of its 
simplicity. It is distinguished by the fact tha t it nor
mally exists in an "on" sta te, meaning tha t current 
is flowing through it. Consequently, the device re
quires h igher voltages for operation. 

On the other hand, the enhancement-mode GaAs 
device is a more precise device, but more com plicat
ed to fabricate. The enhan cement-mode device nor
mally exists in an "off" state, akin to typical silicon 
circuits. Less power and voltage swing is required to 
operate enhancement-mode GaAs circuits, thus 
making the job of cooling a computer system much 
easier than with the former. Certainly w ithin the 
next two years our understanding of enhancement
mode devices will increase and hold more promise 
for the production environment. Some Japanese 
companies h ave already made good progress in 
working with these devices. 

9 
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Cray-designed test gallium arsenide depletion-mode 
transistor. 

Silicon integrated circuits a re complex structures 
when compared to a gallium arsenide circuit (see 
Figure 3). Whereas a Si chip is made of many layers 
of impurities, GaAs chips include only one or two 
impurity regions. About half the number of masking 
s teps occur in GaAs fabrication. And unlike silicon, 
gallium arsenide devices must undergo a complex 
metallization process. Metallization is important in 
determining the function of a given circuit element 
in the realm of GaAs technology. For example, one 
metal may work well with GaAs, another may be 
needed to transfer the sign al, and a third metal may 
be needed to connect the two other metals. 

Gallium arsenide processing 

To construct MESFETS, one would have little notion 
of the intricate procedure involved in translating a 
basically simple concept into a working device. Spe
cia l washes, rinses, e tching processes, ion 
implantation, annealing, and above all, extreme 
cleanliness contribute to making a successful 
MESFET. The slightest change in operating proce
dures or chemicals can increase the rejection rate 
from a few percent to 50% or more. It is expected 
that early GaAs circuits will use small-scale in tegra
tion to ensure higher yields. 

One reason processing is so critical is that the semi
conductor's fixed surface charge density is a func

tion of the mechanical and chemical his tory of the 
chip's su rface. H en ce, sm all changes in processing 

Silicon bipolar integrated circuit: 
Complex structure, simple metal connect 

n=10Gd CJ . ... c=n 
~ ~~---------~·~oll~··~•o~'------~1 ~ 

silicon 

Gallium arsenide integrated circuit: 
Simple structure, complex metal connect 

J ..... ~ L 
....__ gallium arsenide 

·~------------------------~r-
Figure 3. Basic Si and GaAs circuit layout. 

can produce big changes in a circuit's operating 
characteristics. 

GaAs processing involves ion implantation . Ion im
plantation is a way tha t dopant materials are embed
ded into a semiconductor material; in the case of 
GaAs semiconductors, it is the only way. The process 
requires that the wafer be placed in a vacuum cham
ber in which impurities are accelerated in an electric 
field. The impurities move rapidly and upon striking 
the wafer surface, the atoms are embedded in the 
gallium arsenide wafer. 

Unfortunately, when the ions are accelerated in the 
electric field, they tend to crash into the wafer and 
actually damage it. Recall that GaAs is a very brittle 
materia l. That da mage must be repaired. With 
si licon, repairs can be accomplished very nicely by 
placing the doped wafer into a furnace heated to 
850°C to 950 °C, a nd regrowing the Si crystal. 
However, when the sa me technique is used wi th 
GaAs wa fers, the arsenic tends to evaporate from 
the wafer before the crystal is regrown. Since this re
sul ts in a defective wafer, different annealing tech
n iques are used. One method called "capless anneal
ing" involves pressu r izing the furnace with arsine 
gas so that the arsenic on the wafer cann ot migrate. 
Another method of preventing the arsenic from eva
porating is to place a cap of si licon nitride over the 
wafer. This process is ca lled "ann ea ling w ith an 
encapsulant." 

Summary 

Development of new technologies such as gallium 
arsenide are often spurred by necessity to meet Cray 
Research 's s ta ndards for the next-generation 
supercomputer. And while silicon wi ll always be 
im portant in the world of semiconductors, brute 
force supercomputers require much faster circuits. 
Reali zing tha t the performance of silicon circuits 

has just about been maximized, scientists are turn
ing to other semiconductor materia ls like gallium 
arsenide. Even though GaAs research has not been a 
priority for many companies, important s trides 
have already been made in understanding and 
practical use of the material. Researchers at Cray Re
search are confident tha t the next-generation super
computers can be made w ith GaAs circuits. Because 
Cray is in the business of defining the supercomput
er s tandards, it really comes as no surprise that the 
company is involved in GaAs development. And it 
can be expected that someday soon, gallium arsenide 
semiconductors will become common in this special
ized industry. 0 
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To understand the special 
properties of gallium arsenide 
(GaAs), one must know some
thing about electron transport in 
semiconductors. The key 
parameters are bandgap and the 
semiconductor's electron mobili
ty and excess-carrier decay time. 

In a simplified view, all the 
outer electrons surrounding the 
nucleus of an isolated atom are 
trapped in valence states (that is, 
they have nowhere else to go) .If 
the atom is incorporated into a 
crystal, the overlapping of the at
tractive potentials of adjacent 
atoms creates additional states 
(conduction states) in which 
electrons can move in response 
to electric fields. In describing 
mass motions of electrons, we 
can group the many electronic 
states into bands - a valence 
band and one or more conduc
tion bands. 

In a metal, the overlap of the 
conduction and valence bands 
creates a plentiful supply of elec
trons for current flow. In an 
insulator, a large energy gap 
(the bandgap) exists between 
the valence and conduction 
bands, no electrons cross over, 
and no current flows. In a 
semiconductor, the bandgap is 
narrow, various common pro
cesses can boost electrons across 
it, and applied voltages can 
affect the motion of the 
electrons. This ability to change 
resistance in response to a signal 
is what makes semiconductors 
so useful. 

In most semiconductors, 
there are multiple conduction 
bands. The principal conduction 
band (the one containing the lar
gest number of mobile 
electrons) is the one that is 
lowest in energy. The conduction 
band may be thought of as a sur-

Gallium Arsenide's 

special properties 

face in electron energy
momentum space, and the elec
tron mobility is strongly related 
to the curvature of the band sur
face at the state occupied by an 
electron. 

So far, we have been describ
ing electron transport in pure 
crystals. It is possible also to 
make a semiconductor material 
more conductive by doping it 
with selected impurities that 
contribute charge carriers. 

One advantage of gallium ar
senide over silicon (Si) as a semi
conductor is that is has a larger 
bandgap (1.43 eV compared to 
1.12 eV). What this really means 
is that the upper-end of the 
speed limit of the electrons as 
they race through GaAs circuits 
is much faster than in Si. And 
even more importantly, the 
force with which one is required 
to move these electrons is much 
lower than with silicon. In the 
case of a low electric field of 1 
kV/cm (obtainable at 0.1 V 
across a gap only 1m wide), the 
electron velocity in high-purity 
silicon is 15.5 km/s. In high
purity gallium arsenide, it is 85 
km/s. 

In the case of high electric 
fields (above 3.5 kV/cm), the dif
ferences between silicon and gal
lium arsenide are even more 
striking. In silicon's single con
duction band, the electrons 
become "hot" (depart from ther
mal equilibrium with the crystal 
lattice) and begin to excite 
phonons, dissipating some of 
their energy. Instead of going 
faster in proportion to the field 
strength, they tend to approach 
a limiting velocity. 

Gallium arsenide has two 
conduction bands separated by 
an energy gap of 0.38 eV. Elec
trons drift much faster in the 
lower conduction band than in 
the upper band, where they drift 

relatively slowly. An energy gap 
of 0.38 eV is almost 15 times as 
large as the thermal (300 K) exci
tation energy of 0.0259 eV. 
Hence, few electrons move into 
the upper conduction band by 
accident. It takes energy to put 
them there. Also, the conductivi
ty of a gallium arsenide circuit 
can be increased in selected 
spots, and the rest of the crystal 
remains almost insulating. This 
greatly reduces parasitic currents 
that do nothing but generate un
wanted heat and slow the 
circuit. Consequently, switching 
time between devices on gallium 
arsenide circuits is very fast 
requiring little power to go from 
point A to point B. Another ad
vantage of GaAs's insulating 
characteristics is that it simplifies 
the processing of circuits since 
additional insulation between 
transistors is not required. 

In addition to being 
narrower, silicon's bandgap is 
indirect. A conduction electron 
cannot decay, that is, drop 
directly back to the valence 
band; to conserve momentum it 
must simultaneously interact 
with a crystal lattice phonon (a 
quantum unit of lattice 
vibration). Gallium arsenide's 
bandgap is direct, enabling elec
tron decay without a phonon. 
Disposing of excess electrons, as 
at the end of a pulse, is therefore 
much faster in gallium arsenide 
than in silicon. o 
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United States 
of America 

(ltrap abbre55e5 m. ~. ~ouse 
WASHINGTON D.C., JUNE 14 and 15, 1983 

Prompted by the findings o f the Lax Report, the U.S. House subcommittees on Energy Development 
and Applications and Energy Research and Production ca lled hearings this year to 

investigate the current sta tus and futu re needs of computers and their role in energy research. 

The hearing charter explained: 

Japanese indus try and 
government have designed 
two cooperative research 
and development programs 
that are intended to result in 
a 100-fold improvement in 
large-scale computer 
performance. If successful, 
they could dominate the in
ternational markets for 
mainframe computers 
within 20 years. These Japa
nese programs have focused 
the attention of Congress, 
the Administration, and U.S. 
computer manufacturers on 
the technical, national 
security, and trade implica
tions of maintaining domi
nance in computer 
technology ... .. . 

It has become clear that 
hard ware, architectures, 
language, and software have 
highly interdependent roles 
to play, ....... and that tradeoffs 
exist depending on uses. 
Thus, what works for a 
horne user or in an automat
ed factory will not work for 

the materials scientist or development of super
nuclear weapons design computer software and 
physicist. For mass markets mathematical analysis is an 
and robotic applications, the integrated part of its research 
most efficient software may and technology programs. 
well depend on research in 
artificial intelligence. For the Six speakers from the 
scientific users, research in computer industry and 
applied mathematical analy- government agencies that 
sis will be of critical have large-scale computing 
importance. The conse- needs were invited to ad
quences for the scientific dress the group on Capitol 
user will be slow in coming Hill. Each participant was 
and will depend ultimately asked to address the issues 
on spin-offs from more corn- regarding the current and 
rnercial development unless future status of super
the Federal Government be- computing in the United 
comes a major partner m States, the government's 
new computer development. role in fostering such 
The Department of Energy development, and scientists' 
(DOE) has a vital interest in and engineers' research 
the widespread availability needs. On June 14, 1983, 
of supercornputers .... .In cer- John Carlson, Executive 
tain areas scientific progress Vice President of Cray 
has been paced by the availa- Research, spoke to members 
bility of supercomputers..... of the U.S. House of 
Thus, the DOE has a critical R e presentati ves. We 
interest in making sure that thought you might be inter
access to and development ested reading excerpts from 
of new supercomputers is John Carlson's presentation 
not only timely, but that the addressing these concerns. 
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Since it was founded in 1972, Cray Research has 
grown to over 1400 employees located across the 
United States and in five foreign countries. By the 
end of 1983, we will have added two more countries 
- Canada and Sweden - to our foreign-installed 
base. We currently manufacture four major 
products, including two types of central processors, 
the CRAY-1/M and the CRAY X-MP. The CRAY-2 
is in final stages of development and will be available 
in late 1984. To date, we have installed 52 CRA Y -1 
supercomputers, approximately 80% of all current 
generation supercomputers worldwide. By year-end, 
we expect to install 16 new systems, including six of 
the new CRAY X-MP's. 

Importance of supercomputers in research 
Almost 40% of our systems are used to support some 
type of energy research. Most of these systems sup
port energy research conducted at DOE National 
Laboratories and similar facilities in Germany, 
France, and the United Kingdom. 

A second area of energy research for which super
computers are the key is support of exploration for 
and development of petroleum resources ..... Using 
advanced modeling and seismic signal processing 
techniques, oil companies expect to demonstrate 
dramatic dollar savings in exploration and reservoir 
management. 

In addition to direct energy research, there are a 
number of related opportunities which are highly 
dependent upon current and future generations of 
supercomputers. One of the most important areas is 
computational fluid dynamics. In addition to the sig
nificant impact upon the entire process of engineer
ing design, recent results from the use of the 
CRA Y -1 by the aerospace community have 
demonstrated the potential for designing air frames 
with significant savings in total fuel consumption, 
which translates into direct savings to both the 
public and private sectors and preservation of na
tional fuel reserves. We expect the impact of these 
savings to grow as supercomputers are introduced 
into the automobile and shipbuilding industries. 

The cost trade-offs (of supercomputers) are 
dramatic. If an oil company can be spared drilling a 
single dry hole, the entire supercomputer installa-

tion will be paid for several times over. If a major air
craft or a new automobile model can be made as 
little as two or three percent more fuel-efficient, the 
savings to the nation in domestic fuel reserves could 
be staggering. We have not even begun to reap the 
potential benefits from the use of supercomputers in 
biotechnology, medical health-care delivery sys
tems, socio-economic modeling, and a vast array of 
operational defense problems ..... Even in the area of 
artificial intelligence ..... the payoff in certain areas 
could be substantial if the (artificial intelligence) al
gorithms could be developed in a reasonable 
amount of time ...... . 

Supercomputers have made significant and well
documented contributions to energy and general 
scientific research. However, we have only begun to 
realize the potential impact that advanced comput
ing could have upon our nation's economy and 
security. The results we have obtained using this 
generation of computers have spawned new meth
ods fundamental to emerging technolo
gies .... . Access to state-of-the-art systems will be key 
to advances in technologies of societal and political 
importance, including biotechnology and medical 
research. Recognizing these facts, other western 
countries are moving to capitalize upon the potential 
that supercomputing offers ...... . 

Continued world leadership a priority 
The world is on the verge of a major computing 
revolution as supercomputing is applied across a 
broad industrial and scientific base. The only ques
tion at this juncture concerns which nation will 
choose to lead this revolution. 

As we approach the environment of the year 2000, 
we should not be surprised that Japan, France and 
the United Kingdom have all recognized the impor
tance of supercomputing to the extent that they 
have initiated national programs of varying scopes 
to deal with the issue. Many have questioned why 
the Japanese would enter supercomputing since 
their normal strategy is to target industries with 
broad commercial significance. While it is possible 
that the venture into supercomputing has been 
more for prestige, I believe that history will record 
the venture as a very shrewd one. When Fujitsu and 
Hitachi announced their supercomputers last year, 
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United States 
of America 

THE 98th CONGRESS, FIRST SESSION 

they projected deliveries to approximately 30 
domestic customers in the first 18 months, or more 
new customers than Cray Research expects world
wide during the same period. At this time, there are 
only two current generation supercomputers in 
Japan. If these Japanese manufacturers are 
successful, we can expect to see a computing revolu
tion throughout Japanese industry that could fur
ther threaten U.S. industrial competitiveness. 

As these facts indicate, the importance of leadership 
in supercomputing technology goes far beyond al
ready well-established links to defense and national 
security ..... Leadership in supercomputing tech
nologies, and in the aggressive implementation of 
that technology, could play a significant role in the 
future of both our basic industries and new high 
technology frontiers. 

The United States, as a nation, and Cray Research, 
as a private enterprise, have demonstrated their abil
ity to achieve world leadership. But leadership does 
not guarantee success. True success is sustained 
achievement. Our challenge is to ensure that we can 
continue to keep that leadership ........ We must define 
the problems to be solved and focus upon the solu
tions rather than the competitors ...... Cray Research, 
and we believe, the nation, are ready to meet the su
percomputing needs of our research and industrial 
community. Today, however, other terms of the 
formula - national economic and trade policy, 
semiconductor availability, and domestic super
computer policy - have risen in importance. With 
the serious challenges from the Japanese, British and 
French, many of our efforts hinge upon technology
related economic policy. 

Need for technology-oriented economic 
and trade policy 

Since we (Cray Research) devote large financial 
resources to development, our efforts have benefited 
from the recently enacted temporary research and 
development tax incentives. These incentives need 
to be strengthened and enacted permanently . 

Because our financial success and our position of 
world leadership are dependent upon foreign sales, 
we are very sensitive to changes in export adminis
tration and West-West technology transfer policy. 
We need a consistent, well-managed and reasonable 

policy which will protect national security without 
harming our national economic assets. 

Need for advanced semiconductors 

Lack of high-speed semiconductors is currently the 
Achilles' heel of the U.S.supercomputer effort. Pro
duct development projects have been delayed or 
even suspended due to the lack of new high-speed, 
reliable semiconductor parts ....... We are concerned 
that we will have to rely upon the Japanese semi
conductor industry for the special chips requiredto 
build our computers. If this happens, U.S. leadership 
would begin to depend upon the willingness of Japa
nese suppliers to sell us the most advanced chips at 
the same time that these chips are available to our 
Japanese competitors. Our second concern with this 
situation is if we buy our logic chips from the 
Japanese, we will be forced to transfer to our supp
lier the proprietary mask design which reveals exact
ly how we will be using the chip. This type of 
technology transfer could be detrimental to both 
U.S. competitiveness and national security. 

Finally, we are concerned that the government spon
sored research is not addressing the semiconductors 
most useful to high-speed supercomputers. We are 
not hopeful that either the VHSIC or the DARPA 
gallium arsenide programs will yield any advantage 
to the U.S. supercomputer industry. 

Having addressed what we consider to be the pri
mary impediments to U.S. leadership in su
percomputing, I will now turn to the final area, that 
of the Federal role in fostering supercomputer 
development. 

The Federal role in fostering 
supercomputer development 

We are currently in an exciting phase at Cray 
Research. By the end of next year, we will have 
delivered a major new product each year for four 
years .... .ln 1984, we expect to deliver the first 
CRA Y -2 system, which will usher in a number of 
new technologies required to meet our goals for the 
second half of the decade. We are very encouraged 
with the current state of supercomputer devel
opment. If the market continues to be robust, and if 
some of the software and applications difficulties 
can be overcome, it is not overly optimistic to 
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assume that the system which Cray Research deliv
ers in 1990 will perform at speeds of at least two 
orders of magnitude faster than the CRA Y -1; 
memory sizes are expected to increase at the same 
rate. 

In the applications area, we are not quite as 
encouraged. The record of the last five years indi
cates that in environments other than the Depart
ment of Energy laboratories, the U.S. research and 
engineering community has been slow to implement 
supercomputing technology. Even the defense and 
aerospace communities, which have in the past ag
gressively applied new computers, have lagged se
riously behind their counterparts overseas. Since 
the success of new computing technologies is heavi
ly dependent upon their application in a user 
environment, lack of aggressive use of new genera
tions of supercomputers could impede attempts to 
speed up the development cycle. 

In the software area, there is a need for parallel pro
cessing breakthroughs in software tech
nology .... . Now that the CRA Y X-MP is available, it 
is possible for researchers to simultaneously investi
gate parallel processing and high speed vector 
processing. Unfortunately, unless action is taken in 
the near future, this unique tool will be largely inac
cessible to the vast uni versity research 
community ..... 

In the United States, supercomputers are largely 
inaccessible to the vast majority of defense, industri
al and academic scientists and engineers. The picture 
is quite different in Europe and Japan ..... 

The Department of Energy laboratories have played 
a crucial partnership role in the development of su
percomputers since Mr. Cray began his career ...... In 
many respects, this particular vendor-customer rela
tionship has been a crucial key to the success of 
Cray Research's efforts in developing another gener
ation of supercomputer beyond the original 
CRAY-1.. ... 

Although we applaud the efforts of the Department 
of Energy and others to assist in supercomputer 
development, we are concerned that this zeal could 
result in efforts to attack the wrong problems. 
Specifically, I offer the following recommendations 
as you consider the proper course: 

• 

• 

• 

• 

Ensure that the DOE is sufficiently funded to 
pursue its charter. Using supercomputers, the 
DOE is able to leverage the taxpayer invest
ment better than with any competing 
technology. Under no circumstance should 
computer equipment budgets be curtailed in 
favor of development projects or other 
research. 
Enhance the DOE's capability to acquire 
computers strictly for software and algorithm 
research. The most advanced system available 
should always be available for general 
research .... 
Encourage and provide extra appropriations 
for university access under DOE spon-
sorship ..... 
Encourage continued close partnership be
tween universities, industry and the 
laboratories. 

In conclusion, Mr. Chairman, I am pleased to appear 
before you as a representative of our company and 
our customers. Even more important, however, I am 
appearing as the representative of our technology 
and those who are most directly responsible for 
American dominance of this vital technology, Sey
mour Cray, the chief designer of the CRA Y -1 and its 
predecessor systems; Les Davis, Cray Research Ex
ecutive Vice President for Manufacturing, Research 
and Development, and the individual who has deliv
ered the Cray machines to the users; and Dr. Steve 
Chen, the chief designer of the CRAY X-MP, which 
is currently the world's fastest supercomputer ...... 

Although we may address issues of importance to 
individual companies or customers, the success of 
these hearings and any action which the Congress 
or Administration takes will ultimately be measured 
by how that action fosters an atmosphere in which 
these individuals, and others waiting to emerge, can 
flourish and deliver new generations of system to 
the open marketplace. If Cray Research can provide 
an environment where new creative talent can 
emerge, and at the same time provide an environ
ment where an exceptional individual like Seymour 
Cray can continue to be creative, we will indeed 
have done something very special. We believe we 
have begun to reap the benefits of that 
accomplishment, and we are committed to helping 
our Nation to do the same. o 
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Supercomputing 
conference at 
Los Alamos 

In August, Los Alamos National Laboratory and the 

U.S. National Security Agency sponsored a five-day 

conference on "Frontiers of Supercomputing" at the 

Laboratory. The conference was organized to discuss 

how the United States could maintain leadership in 

supercomputing, which is considered vital to the 

country's defense and technological progress. The 

162 participants hailed from different segments of 

the high-technology arena. They were movers and 

shakers in the field - from a Nobel Laureate, to two 

chairmen of major American supercomputer 

corporations, to research policy makers from the 

Departments of Energy and Defense. 

Among the speakers was John Rollwagen, chairman 

of Cray Research. CRA Y CHANNELS spoke to John 

Rollwagen about the week's proceedings upon his 

return from the conference. This ar ticle recaps the 

larger ideas that came out of the conference: As par

ticipant and observer, Rollwagen offers an insightful 

perspective h ere. 

What they said 

No one disagreed on the "compelling need" for 

more and faster supercomputers. Participants felt 

that for leadership in research, for industry to be 

able to compete in international markets, for 

defense, and for a thriving economy supercomputers 

are absolutely necessary. The experts agreed on the 

urgency of the problems and the roadblocks that 

may be encountered once action is taken. However, 

they agreed less about how the problem might best 

be addressed. The unanswered question that re

mains is whether U.S. industry, government, and 

universities will take appropriate action to meet the 

challenge. 

Many people felt industry needs government sup

port to compete with other countries' government 

supported supercomputer projects. Their reasons 

were that development costs are high and the small 

market makes the potential for profits low. 

Additionally, others recommended that anti-trust 

laws be modified to encourage competition in the 

marketplace rather than in research. The net result 

would foster industrial cooperation in sharing 

research. Along the same line, the argument was 

made that industry must pool talent from competing 

companies on the Japanese model. On the subject of 

system development, experts emphasized that super

computers must be developed as systems along with 

languages, software, and applications. Others added 

that government and academia must collaborate in 

the national interest, and that one possibility might 

be for government to provide universities with 

funds to acquire and gain access to supercomputers 

for software and hardware research. Virtually all 

concurred that development of high-speed compo

nents and new computer architectures are critical. 

The U.S. government recognizes that its action or 

inaction in this area will have tremendous impact. 

U.S. Senator Jeff Bingman from New Mexico told 

the group that he saw the conference "as an attempt 

to define an industrial policy for this critical 

industry." He went on to add that, "Congress would 

like to be out in fron t for a change, helping our most 

vibrant industries compete in world markets, not 

bailing industries out of trouble." Keynote speaker, 

Bobby Inman, president of Microelectronics and 

Computer Technology Corporation, added, "The 

first requirement is a consensus on national strategic 

policy, and decisions on priorities." 

One of those priorities must be to rectify the educa

tional deficiencies in the United States. Nobel Laure

ate Kenneth Wilson from Cornell University argued 

that the chief barrier to market growth - software 

development - could be overcome on university 

campuses. Wilson said computer scientists on cam

puses were isolated from industry and therefore 

were not working on industrial applications for 

supercomputers. "Markets will develop when the 

ideas of computer scientists flow into industry," 

Wilson said. 

Robert Cooper, director of the Department of De

fense Advanced Research Projects Agency 

(DARPA), stated that the development of faster and 

more intelligent supercomputers is essential "to 

hold off the Soviet threat." DARPA will spend be

tween $500 and $800 million on joint projects with 

universities and industry to develop "intelligent" 

computers and software systems. Cooper 

commented, "With present-day supercomputers the 

Navy can replace the decision-making of a team of 

30 people who fuel, load, launch and land an 

airplane. With machines 100 times more powerful, 

we could make decisions for an entire carrier." 



William Norris, chairman of Control Data 
Corporation, called for di rect aid from the govern
ment to the computer industry and for changes in 
the antitrust laws to allow corporations to pool their 
efforts. Another speaker added that we can't afford 
to h ave people recreate the same technologies in 
many com panies. 

Jack Worlton, nationally respected expert in 
supercomputing, commented, "The American su
percomputer industry is in danger of being over
whelmed by the Japanese. They have awakened a 
sleeping giant. Business-as-usual on our part won' t 
work, not when we're in competition with 115 mil
lion Japanese whose leaders h ave a "determination 
to succeed." Mr. Worlton went on to say, "The Spu t
nik effect may keep the Japanese from su cceeding. 
The United States will stay ahead if it responds to 
the Japanese challenge. Rather than react, we 
should have a vision of our own." 

The Cray perspective 
Worlton's call for "a vision of our own" epitomizes 
Cray Research's philosophy as espoused by John 
Rollwagen. While several major research efforts, 
including DARPA and MCC, are being organized in 
response to the technology challenge, Rollwagen be
lieves that Cray Research's approach to super
computer development will continue to be 
successful, as it has been over the past 11 years. That 
approach is founded in the belief that small groups 
of individuals working independently, develop 
m ore creative, innova tive ideas than large 
consortium-type efforts. 

"Quite frankly," Rollwagen said, "I don't know 
whether the Japanese approach to R&D will be suc
cessful in the Un ited States. It may or may n ot work. 
All I'm saying is that Cray Research represents anal
ternative to the other projects that are starting up. 
We know that our approach to research works. It 
was successful in the the past and has continued to 
set the supercomputing standards for the world 
today. And we are about to redefine those standards 
again in the very near future. " 

Rollwagen added that he hopes that grou ps like 
MCC are successful, and to the extent that they are, 
he is hopeful that individuals between organizations 
will share ideas. As he explained, "There's a basic 

John Rollwagen 

differen ce in that type of exchange versus the large 
group effort. For example, when people like Sey
mour Cray and Gene Amdahl meet, they share ideas 
about their work on separate projects that have en
tirely different goals. It is precisely that meeting of 
diverse though t processes that sparks the really in
novative idea. On the other hand, large groups of 
people working on the same goal tend to create a 
uniformity and consistency in the thought process 
that can hamper creativity." 

Rather than accept government money for super
computer development, Rollwagen prefers to see 
Cray fund its research through the sale of systems. 
"Just give us a clientele that can afford to install and 
use our computers," Rollwagen said. "That way two 
objectives are satisfied - the systems are made 
avai lable to those who really can use them, and 
Cray can fund development projects on its own." 
With regard to Cray's ability to fund R&D, Rollwa
gen pointed out that Cray Research already spends 
as much as or more than the Japanese each year on 
supercomputer R&D. 

"Using supercomputers is much harder than 
making them," Rollwagen stated. "Applications and 
systems software are gating factors. Ken Wilson is 
right, we need the universities to help develop algo
rithms to use the power we already have available. 
There is always a lag time between the introduction 
of new h igh-powered hardware and the develop
ment of software that takes advantage of it. Provid
ing universities access to supercomputers would 
help close the gap." 

Regarding the fifth-generation supercomputer 
projects, Rollwagen speculated that it would be 
decades before an intelligent computer would be 
available. "Today's computers are left-brain 
machines. A right-bra in oriented computer is far 
beyond where we are today. You know, Seymour 
has always been successful by taking one step at a 
time and working with elements that h e knew he 
could use." 

Rollwagen closed by saying, "The conference was 
very good because it brought very important issues 
to the forefront. We appreciate the govern ment's 
concern. The rea l significance of a conference like 
this is that it heightens and nurtures people's aware
ness of supercomputer status and needs. "o 
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Los 
Ala1nos 

tu,.ns 
lo,.ty 

This year marks the 40th anniversa ry of the fo und
ing of o ne of the world's preeminent scientific 
labora tories. In 1943, Los Alamos National Labora
tory was established to develop technologies for na
tional security aga inst the backdrop of World War 
II. Since tha t time, Los Alamos has a lways led the 
nation in scientific research tha t has had major 
implications for both the security of the Un ited 
Sta tes and the way we live. In support of that 
research, the Laboratory has always relied upon and 
nurtured state-of-the-art computing capa bil ity, 
from the earl ies t desk-top mech anica l calcu lators to 
today's CRA Y computers . 

The Lab's rela tionsh ip with Cray has grow n over 
the past seven years and today, Los Alamos houses 
more CRA Y computers that any other of our 
customers; it really comes as no surprise that the 
Lab received the very first CRA Y-1 system in 1976. 
In 1982 Los Alamos installed Cray's fiftieth system, 
and just recently, installa tion of a CRA Y X-MP was 
comp le t ed, brin g in g th e t ota l of 
"CRA Ys-in-residence" to five. Approximately 10% 
of a ll CRA Y computers in exis tance ca n be fo und a t 
Los Ala mos National Laboratory. 

In this article, we celebrate Los Alamos' anni versary 
by exploring its roots, computing histo ry, a nd cur
rent computing capabilities, and consider what that 
has meant to the Lab's success over 40 years. 

The first 40 years 

The story of Los Ala mos began in 1943 amidst 
uncertainty, urgency, and utmost secrecy. The 
United States and its a ll ies were fighting World War 
II. The Lab's found ing mission was to create a 
wea pon that wou ld end the war, and this mission 
was fulfilled w ith the successfu l explosion of the 
first a tomic bomb in 1945. 

For some years before Los Alamos was established, 
nuclear research had been cond ucted by various 
g roups around the cou ntry. Bu t the bombing of 
Pea rl Harbor plunged th e U ni ted States in to war, 
and nuclear energy s uddenly became more than a 
matter for scientific curiosity. The United States was 
in a race to develop a nuclear bomb before its foes, 
w ho, it was thought, may have had a head start. 

President Roosevelt appointed General Leslie 
Groves to take charge of the American nuclear 
effort. The project was called Project Y of the Man
hatta n Engineer District. J. Robert Oppenheimer, 
who was at th e University of Ca lifornia at Berkeley 
conducting theoretical research on the feasibility of 
a bomb, was na med head of the project. He was to 
d irect scienti fic experts such as En rico Fermi, Niels 
Bohr, and John von Neu man n. The Uni versity of 
Ca lifo rnia agreed to manage the program. A remote 
site in the moun ta ins of northern New Mexico, the 



Clockwise from bottom left: Hastily constructed 

Los Alamos Ranch School for boys, was suggested 
by O ppenheimer as the location fo r the secret 
project. 

Origina lly, it was thoug ht that about 100 sc ientists 
wou ld wo rk on the Manhattan Project. Bu t by 1945, 
more than 3000 people were a t Los Ala mos. They 
worked in haste in makesh ift laborato ries w ith bor
rowed equ ipment in the isolated coun tryside. 
Living a t Los Alam os was difficult; secrecy was the 
rule. Fa mous names were d isg uised, drivers' 
licenses were issued to numbers rather than na mes, 
and babies were born at Post Offi ce Box 1663. Mail 
was censored th roughou t the wa r and telephone 
calls were monitored. But the people were you ng 
and flexible; the average scien tist was o nly 29 years 
old . 

Then on Jul y 16, 1945, just 27 months after the orig i
na l group of scientists made its way to Los Alamos, 
the firs t atomi c explosion, named the Trinity Test, 
shattered the deser t sky. "We knew the world would 
not be the same," Robert Oppenheimer reflected. 
His feelings after the explosion were shared by a ll 
who had worked with h im o n the project. just as 
World War II had cha nged their lives, so their work 
at Los Alamos had propell ed th e world into a tota ll y 
new era. With in a month, World War II was over. 

Los Alamos' orig inal mission was a lso over, and 

man y, including Oppenheimer, left the Laboratory. 
No rris E. Bradbury took Oppen heimer 's place as 
director, a position tha t he would hold for the next 
25 yea rs. However, it was not until late in 1946 that 
th e Lab's fa te was decided with Cong ress' establ ish 
ment o f the Atomic Energy Commissio n. A first p ri
ority of the commission was the stabilization and 
revitalization of the Los Alamos Laboratory. The 
Brad bury phi losophy tha t the Lab should engage in 
" th e most nearly ideal project to study the uses of 
nuclea r energy" - wh ich in effect meant it would 
be a laboratory combin ing ongoing nuclear weapons 
development with wide-ranging fundamental re
sea rch - continued th rough Ha rold Agnew, the 
thi rd director, and does so today under Donald M. 
Kerr's directorship. 

Los Alamos continued advancement of fission and 
hydrogen weapons after the wa r, and in 1952 the 
fi rst full-scale thermon uclear explosion was con
ducted in the Pacific. Un til the Limi ted Test Ban 
Trea ty of 1963, eigh t weapons test ser ies were con
ducted at the Pacific Proving Ground. Begin ning in 
1951, other tests were condu cted at the Nevada Test 
Site, w here u nderground testing continues today. 
Los Alamos has remained at the forefront of wea
pons developmen t: and about two-th irds of the wea 
pons currently in the U.S.'s stockpi le were desig ned 
at Los Alamos. 

Multi-faceted research 
Over the yea rs Los Alamos has entered di mensions 
of science few imagined at its begin ning. Today, 
energy a nd basic research are under ta ken alongside 
na tional security projects. 

Th e Lab bega n to broaden the scope o f its research 
w ith the first stir rings of fusion research in 1947 
wh ich led to experiments beginn ing in the 1950's. 
Th e 1950's saw Los Ala mos investigating nuclear 
p ropulsion for space veh icles; the Lab continues to 
work on many projects w ith NASA today, includ ing 
th e recent space sh uttle. In respo nse to the energy 
crisis of the 1970's, the La boratory investigated new 
energy sources and refined existi ng ones, including 
nuclea r, fossil, solar, and geothermal power. In basic 
resea rch, Los A la mos remains a preem inent scientif
ic ins titution. For instance, ou r understandi ng of 
pa rticle physics has shed light on the origins of the 
universe, and technology enabling physicians to cor
rect vision defects has evolved from studies of heat 
cond ucted at the Laboratory. 

Los Alamos is engaged in research ing radiobiology 
and radiothera py, and in producing medical radioi
sotopes fo r biomedical research. The biomedical re
sea rch progra m, originally begun to study radiation 
effects and oncology, has branched ou t into various 
aspects of molecu lar biology. Recen tly Los Alamos 
was selected to organ ize a natio na l n ucleic acid da ta 
ba nk where all known DNA sequences are stored. 
The Laboratory is a lso a national resource for flow 
cytometry. 
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Computing history 

But what of the computers that have made all this re
search possible? Computer developmen t and the 
success of numerica l a nalysis owes much to research 
conducted at Los Alamos over the last 40 yea rs. 
Numerical analysis at Los Alamos helped develop 
the whole log ic of computers out of its wartime need 
for increasingly complicated calculations. Practically 
speaking, the age of modern computing, which has 
changed the world as much as anything, began at 
Los Alamos. 

Numerical computation at Los Alamos began 
modestly wi th the use of various models of desk ca l
culators back in 1943. But it soon became clear that 
this method would be totally inadequate as the ma
chines often broke down and the flow of them back 
to the factory for repair was alarming to the 
scien tists . (For secrecy's sake, repairmen were not 
sent to Los Alamos.) It was proposed that IBM 's elec
tromecha nical business machines be considered for 
the group. The Laboratory went about the task of ac
quiring the IBM equipment: three multip liers, a 
tabulator, a reprod ucer-s ummary punch, a verifier, 
a keypunch, a sorter, and a collator. 

At the same time, a forma l hand-computing g roup 
whose members were primarily recrui ted from the 
wives of the local scientists was organized. Most of 
their work foc used on the more complicated a lgo
rithms that were not tractable by the electrome
chani cal machines. These problems required compu
tation that took anywhere from a few minutes to a 
few days for one person to complete. In addition, the 
group executed calculations to verify that the elec
tromechanical machines were operating correctly. 
For this, a production line was set up, with each 
member of the group computing one step of the ca l
culation corresponding to one machine operation. 
Th is was turned into a lively competition, and the 
group was spurred to an early lead over th e 
machines. 

The busin ess machines' hig hest pr iority involved in
tegrating a coupled set of nonlinear differential 
equations through time from a prescribed initial 
configuration. The numerical procedure used a 
punch card for each point in space and time; a deck 
of cards represented the sta te of an implosion a t a 
specific instant of time. Processing a deck of cards 
through one cycle in the calculation effectively in
tegrated the differential equations ahead one step in 
the time dimension . This one cycle required process
ing the cards through about a dozen separate ma
chines w ith each card spending one to five seconds 
at each machine. 

The machines were fair ly complex and the constan t 
New Mexico dust frequently ca used intermittent 
errors - at least one in every third integration step. 
Fortunately, the computational proced ure was 
stable and insensitive to small errors. The machines 
were operated three shifts a day, and although 

primitive by toda y's standards, those early IBM 
computing machines accurately predicted the phys
ics of the early nuclear reactions. 

The simulation approach to design proved effective 
- many scientists first learned of numerical meth
ods and computing doing this research. Before the 
wa r, only a few had considered such techniques, but 
after 1945 many began to apply the techniques to a 
wide variety of scientific problems. 

John von Neumann was an important figure in ex
tending numerica l methods and applying comput
ing capabilities to the research at Los Alamos. In 
1945, at about the time of the Trinity Test, he sug
gested that Los Alamos problems be moved to 
the ENIAC (Electron ic N um erical Integrator 
and Calculator) project at the University of 
Pennsylvania. Originally, the ENIAC, its tech
niques, capabilities, even its very existence, were 
classified. It was the first large-scale electronic 
computer, employing electron tubes rather than 
relays or mechanical counters. The machine bristled 
with 18,000 electron tubes, and a half-million solder 
joints, and filled one large room. It performed in mi
nutes computations that took days on the business 
machines. The computer age began . 

Los Alamos was responsible for desig ning one of the 
first supercomputers, the Mathematical Analyzer, 
N umerical Integra ter, and Computer in 1952. The 
system was dubbed "MANIAC." In spi te of its 
na me, MANIAC was a major s tep in computer de
velopment because with it, technology fully prog
ressed from electromechanical to electron ic 
opera tion. 

In 1953 research on programming languages and an 
operating system began at Los Alamos. Language 
development was critical since a computer's poten
tia l could not be realized without an easy way to 
communicate with it. In 1957, w ith MANIAC II, ex
periments on man-machine interactions were start
ed in which th e programmer could direct the 
computer during the course of a programmed 
calculation. 

Whenever possible, Los Alamos has taken advantage 
of the computer industry's most powerful equip
ment offerings. The Laboratory has also collaborated 
w ith manufacturers such as IBM, Westinghouse, 
and even Cray in developing innovative sys tems. 
Many of the Lab's early systems came from IBM, 
including the IBM 701 and STRETCH systems. 
Later, in the 1960's th e Laboratory turned to Control 
Data Corporation (CDC) for its state-of-the-art 
computers w hen it acquired Seymour Cray's CDC 
6600 system. By the middle of that same decade, Los 
Alamos had insta lled Mr. Cray's next machine, the 
CDC7600. 

N umerica l method and program development, 
optimi za tion, and program conversion have been 
ongoing activities that provide reason for the power-



ful array of computing capability at the Lab. For 
instance, in the 1940's von Neumann and Fermi 
pioneered the development of Monte Carlo analysis 
techniques, a mathematical discipline for predicting 
transport radiation. It has been an extremely suc
cessful approach for studying radiation physics, and 
today Los Alamos has the la rgest Monte Carlo 
group in the U.S. for development of production
type computer codes. 

In another example, Kenneth Duerre of the Engi
neering Desig n Group at the Lab completed conver
sion of a 370,000-line FORTRAN code for operation 
on the CRA Y-1 this year. The effort took about three 
months to complete a long with the help of another 
scientist. The prog ram called ASPEN o rig ina ted at 
Massachusetts Institute of Technology a nd is impor
tant because of its ability to analyze solid strea ms. 
The goa l of Los Alamos' work with ASPEN is to effi
ciently study chemical, fossi l fuel, and nuclear 
process. These s tudies are conducted fo r both exter
nal contractors and Los Alamos researchers . 

Computing at the Lab 
Without the availabili ty of large-sca le computer 
power, most of the work do ne at Los Alamos wo uld 
have taken much longer to do or could not have 
been undertaken a t all. The Laboratory's depen
dence on superior compute power was a g iven 
almost from its beg inning . 

Today, Los Alamos supports an unparalle led power
house of computing capabi lities. The Computing 
Division, established in 1968, supports a vast and 
varied array of equipment including some experi
mental computers. More CRA Y computers a re in
stalled under one roof at Los Alamos than at any 
other location in the wor ld. Five CRA Y systems are 
installed at the site, including a CRA Y X-MP that 
bega n operation in November 1983. In addition, 
fo u r of Seymour Cray's ea rlier large-sca le computers 
developed while he was at CDC a re s till operating at 
Los Alamos. 

Seventy percent of all the computing resources at 
Los Alamos a re committed to the Nationa l Security 
programs - most of these prog rams a re classified. 
Bob Ewald, Computing Division Leader, expla ined 
that th e Ine rtial Confinement Fusion program is the 
second largest user of computer resources, and the 
Defense Nuclear Agency and the Nuclear Reg ula
tory Commission are the next larges t users. All but 
two of the CRA Y systems are vi rtua ll y dedicated to 
classified research p rojects. 

The Los Alamos system has been tai lored to address 
the needs of its 5,000 users (4,000 internal, 1,000 
external), w ith ad va nced networking, internal and 
external com munications, printing and graphics 
capabil ities, and transportability of programs be
tween systems. The graphics system at Los Alamos 
is among the most sophis ticated in the world. 
Numerous o utput devices are available for the 

use rs. Ewald commented, "Each of our high-speed 
printers ca n print 10,000 lines a minute here. Our 
use rs generate two to three million pages of print 
and frames of microfiche output each month. " 

He went o n to say, "We have automated our 
computer operations and network fu nctions. For 
ins tance, it now takes one or two people to manage 
the s uperco mputer operations per shift, whereas 
before we had 20. Our common file system contains 
13 trillion bits of information in 1.3 mil lion files." 

The most active files are stored on di sk, larger files 
on an IBM 3850 mass s torage system, and less active 
and larger files are stored offline. Files a re moved be
tween these classes o f storage by a migration pro
g ram that a nalyzes fi le activity and file size. Careful 
tuning of the fi le migration program has resulted in 
approx imately 85% of all file accesses to disk; anoth 
er 14% of the on line accesses a re to ca rtr idges. Only 
1% of all fi le accesses a re to offline cartridges. The 
result is very cost-effective. The average response 
time to d isk is five seconds and cartridges are ac
cessed with in 1.5 minu tes. This means that within 
1.5 minutes, 99% of the files requested a re returned 
to one of the large compu ters for further processing. 

Daytime use of the CRA Y systems involves 
timesharing with the CTSS system. Ewald said, "On 
th e one million-word CRA Y computers 78% of CPU 
time is delivered to the users during the day. The 
four-million word systems typically deliver 85%; at 
n ig ht we deliver about 80% and 89% CPU-time per 
system, respectively. On the larger CRA Y compu ters 
we get better CPU usage and we can run larger 
codes." Los Alamos-size jobs can easily require 70 
CPU-hours on a CRA Y. 

And of course, the Com puting Division is involved 
in compu ting research . Major a reas of research 
cente r o n para llel processing, man-machine 
inte rfaces, application of numerical methods, 
compute r architectu re, languages, articifial in 
te lligence, and symbolic computing. 

Summary 
Fo r 40 years, Los Alamos has been involved in ad
dressing th e most difficult scientific questions ever 
posed. It has been conscientious not only in answer
ing those questio ns, but also in contin uing toques
ti on and obta in even bet ter a nswers. That type of 
effort has ea rned Los Alamos a solid reputation . 

O ut of necessity, ad vances in computer science have 
developed a t the Lab as scien tific p roblems have 
become mo re and more complex. Throughout its 
histo ry, Los Alamos has been one of th e la rgest and 
most sophi sticated users of compu ter power in the 
world. Its computing capabi li ties today attest to 
tha t. Cray has been p roud to provide systems for the 
Los Alamos computi ng network in recent years, and 
looks forward to working with the Laboratory in 
the future. 0 
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CORPORATE 
REG STER 
Grumman orders a 
CRAY-1/M 

Recently, Grumman Data Systems 
Corporation installed a CRA Y -1 
M/2200 that will be used exclusive
ly by Grumman Aerospa ce 
Corporation. Grumman Data Sys
tems now has two CRA Y -1 systems 
installed at the Bethpage, New York 
center. 

The new CRA Y-1/M is being used 
in the development and testing of 
designs. Among the initial users of 
the system are engineers and scien-

tists from flight test, aerodynamic 
design, mission analysis, flight con
trol simulation, and electronic cir
cuit design. 

General Motors installs 
aCRAY 

Cray announced that a two-million 
word CRA Y-1/S was installed at the 
Genera l Motors Research Laborato
ries during the fourth quarter of 
1983. The compute r is housed at 
GM's Warren, Michigan technical 
center and will be used primarily 
for research and development. 

Cray installs X-MP at 
NASA 

A CRA Y X-MP/22 computer was re
cently installed at NASA-Ames Re
search Center in California through 
an arrangement with Technology 
Development of California (TDC) . 
The system, which was operational 
by the end of 1983, replaces a 
CRA Y -1/S that was installed by 
TDC for NASA two years ago. The 
new system is part of a major 
program to provide advanced com- ,., 
putational capability for NASA
Ames. 



CRA Y X-MP delivered to 
New Mexico 
In November 1983, Cray installed a 
CRA Y X-MP/24 computer at Los 
Alamos National Laboratory. The 
Lab is engaged in scien tific and en
gineering research and development 
and will use its newest CRA Y 
computer for the same. Jo h n 
Rollwagen, Cray chairman, said, 
"The first CRA Y system delivered 
to a customer was installed at Los 
Alamos in 1976. It's fitting that Los 
Alamos has now insta lled our 
newest system, a CRA Y X-MP." 

Westinghouse orders 
second CRAY-1/S 
A CRA Y-1 S/2300 system will be 
purchased and installed by Westing
house Electric Corporation in the 
first quarter of 1984. The new 
system will supplement the capacity 
of the CRA Y-1/S insta lled at the site 
in 1981. 

The second CRA Y computer will 
provide additional engineering and 
scientific computer resources for 
the firm's Energy a nd Advanced 
Technology group. Westinghouse 
engineers throughout the Un ited 
States and Western Europe use the 
computer to desig n and analyze 
high-techno logy products, includ
ing turbine genera tors, nuclear 
reactors, electronic circuits and 
equipmen t for futur e energy 
sources such as fusion, solar energy 
and coa l gasification . 

Circuit Tools, Inc. -
Cray sub formed 
In September, Circuit Tools, Inc. 
was established as a subsidiary of 
Cray Research, Inc. The company is 
to be headed by John C. May, who 
has extensive background in the 
electronics design automation field. 
Circuit Tools w ill develop and 
market softwa re programs for use 
in the desig n of VLSI circuits and 
provide related electrical engineer
ing support. The company is located 
in Sa nta Clara, Ca lifornia. John 

Ma y commented, "The close prox
im ity of Circui t Tools to many cir
cuit design and ma nu fac turing 
companies wi ll help us provide the 
timely service and support that 
those companies need." 

The company initiall y wi ll offer two 
software programs, CSPICE, a cir
cuit s imu lation program and 
RSIM/C, a timing simulation pro
gram. CSPICE was developed at 
Cray Research by May a nd is based 
on S PICE, a Un ive rs it y of 
Ca lifornia, Berkeley, public domain 
progra m. RSIM/C is based on RSIM, 
also a public domain program from 
the Massachusetts I ns ti tu te of 
Technology. Both softwa re packages 
feature d is tribut ion between the en
vironments of the supermini or 
micro workstat ion and that of the 
su percomputer. The benefits to the 
user wi ll be fast-turnaround verifi
cation of an integrated circuit 
design before it is committed to 
silicon. 

NTT to order CRA Y 

Cray Resea rch was recently in
formed that Nippon Telephone and 
Te legra ph (NTT) intends to 
purchase a CRA Y X-MP computer. 
NTT officia ls visited Cray Resea rch 
in Min neapolis to presen t their 
letter of intent. Cray notes tha t the 
contract is undergoing negotia tion . 
The system would be insta lled in 
Tokyo d uring the second ha lf of 
1984 pending export license approv
al and negotiation of a successful 
con tract. 

Over the summer, NTT acknowl
edged that it was opting for a U.S. 
supercomputer because t h e 
Japa nese-a nn ounced systems either 
would not be ready as soon as 
needed or were not as long estab
lished in the market. A spokesman 
for NTT said the U. S. supercomput
er ma nufacturers have far more so
phi st ica te d softwa re alr eady 
available. NTT needs a compu te r to 
run complex programs in structura l 
analysis, dyna mi c analysis, and 
other basic research calculations. 

Kaora Kubo, Senior Staff Engineer at 
Nippon Telephone and Telegraph's 
New York office translates conversation 
between Cray and NTT officials. 

Seymour Cray extends 
contract 

Cray Research, Inc. an nounced in 
September that the existi ng Design 
and Develop men t Agreement with 
Seym o ur Cray has been extended 
by two years until December 31, 
1987. Under this agreement Mr. 
Cray continues as independent con
tractor to the compa ny, furnishing 
development work fo r its advanced 
computer systems. The extension 
evolved from Mr. Cray's decision to 
explore gallium arsenide circui try 
to repl ace or augment sil icon 
tech nology and may be extended 
fur ther by additional projects. 

In 1981 the company founder an
nounced tha t he would step down 
as cha irman of Cray Research in 
order to devote ful l time to the 
CRAY-2 project as a n independent 
con trac tor. Since that time he 
ha s been developing the next
generation su percomputer from his 
laborato ry in Chippewa Fal ls, 
Wisconsin. Mr. Cray has remai ned 
a di rector and a member of the 
execut ive committee of Cray 
Research. 
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APPLICATONS 
IN DEPTH 
Circuit design programs 
from Circuit Tools 

The development of CSPICE, the cir
cuit simulation program optimized 
for use on CRA Y systems, was an
nounced in CRA Y CHANNELS Vol. 
5 No. 3. The product is now avai la
ble and fully supported by Circuit 
Tools, Inc., a new subsidiary of 
Cray Research. The company will 
soon add enhancements to CSPICE 
so that it will remain a key resou rce 
for state-of-t he- a rt circuit 
designers. 

In addition, Circuit Tools is offering 
timing simulation software used in 
obtaining an accurate overview of a 
circuit's perform ance. RSIM/C 
allows the designer to determine 
functional and approximate timing 
characteris tics with greater accuracy 
than gate-level simula tion. This can 
be done on larger circuits than can 
be accommodated by circuit analysis 
programs. 

In the near future, two additional 
products - CSPICE Extensions and 
RSIM/C Extensions will be 
available from Circuit Tools. Both 
of these programs will replace the 
input and output modules of the 
parent programs and add the capa
bility to accomplish circuit and 
timing s imulatio n tasks inter
actively. CSPICE and RSIM/C must 
be ava ilable and installed before 
CSPICE Extensions and RSIM/C 
Extensions, respectively, is added. 

All four products operate on CRA Y 
computers systems running the 
CRA Y Opera ting System (COS) 
Version 1.11 or later, and VAX sys-

terns running VAX/VMS Version 
3.0 or la ter. They also can be adapt
ed easily to fi t a variety of other 
manufacturers' equipment. 

These products are fully supported 
and avai lable from: Circuit Tools, 
Inc., 3130 Crow Canyon Place, Suite 
3 10, San Ramon, CA 94583; 
te lephone: (415) 838-8463. 

MOVIE. BYU CRA Y-generated image. 

MOVIE.BYU 
enhancements 

A new re lease o f the MOVIE.BYU 
computer graphics software has 
been con verted for operation on 
CRA Y systems. The new capabilities 
include transparency, multiple light 
sources (up to five), shadowing, 
dithering, and antialiasing routines. 

MOVIE.BYU is recogn ized as a 
powerful set of FORTRAN pro
grams for dis play and manipulation 
of da ta representing mathematical, 
topological, or archi tectural models 
whose geometry may be described 
in polygonal elements or contour 
line definit ions. Many CRA Y users 

at sites such as the Air force Wea
pons Laboratory, Kirtland AFB in 
New Mexico, and NASA-Ames Re
search Cen ter are heavy users of the 
graphics system. 

Those interested in additional infor
mation about MOVIE.BYU should 
contact: Hank Christiansen, Civil 
Engineering, 368 CB BYU, Provo, 
UT 84602. 

AOS/MAGNETIC™ 
analyzes on the CRA Y 

The AOS/MAGNETIC Analysis Pro
gram that calcula tes magnetic fields 
and performance of a wide variety 
of magnetic and electrical products 
has been converted for operation on 
CRA Y systems. It uses the finite ele
ment m et h od, extending tha t 
technology to the analysis of electro
magnetic devices. The program is 
usefu l to engineers maximizing 
electrical efficiency of devices such 
as: AS, DC, a nd permanent magnet 
motors, transformers, AS and DC 
solenoids, switches and relays, loud
speakers with ferr ite, ALNICO, or 
rare earth magnets, alterna tors and 
genera tors, and busbars and trans
mission lines. Interactive pre- and 
post-processing and co mp uter 
graphics aid the user in creation, 
verification, and modification of 
input data required for analysis and 
evaluation. 

Persons interested in additional in
formation about AOS/MAGNETIC 
should contact: A.O. Smith Corpo
ration Data Systems, 8901 N. Kil
deer Court, Milwaukee, WI 53209; 
telephone: (800)558-6980, or in 
Wisconsin: (414) 357-2956. 



USER NEWS 
Dutch Shell computing 
center opened 

A CRAY-1/S computer was installed 
for She ll Research BV at the 
Koninklijke/Shell Exploratie en Pro
duktie Laboratorium (KSEPL), the 
Netherlands, in April 1983. While 
the system has been operational for 
some time, the official open ing of 
CRA Y services a t KSEPL took place 
in October. 

Of the laboratory staff of 700, more 
than 100 are already registered 
users of the CRA Y service. Most of 
these individua ls a re geophysicists 
or reservoir engineers. The labora
tory provides service to other Shell 
operati ng companies around the 
world, who are ei ther linked direct
ly to the computer network or send 
in exploration and production data 
to be processed on the CRA Y. 
Access to the CRA Y allows the 
users to process exploration and 
production data with mathematical 
methods requiring fewer simplify
ing assumptions than with previous 
systems. The fewer the assumptions 
that must be made, the more accu
rately data can be handled. 

In a report issued to the press about 
the CRA Y opening, KSEPL ex
plained that astronomical amounts 
of computation are involved in pro
cessing seismic data. Typically a 
seismic recording is made by firing 
a shot, the sound waves of w hich 
are recorded by 96 or more record
ing stations. Data may be recorded 
for about five seconds, and may be 
digitized at intervals of two 
milliseconds. 

"Our single shot record therefore 
consists of 96 x 2500 numbers. 

KSEPL officials pictured f rom left to right, Mr. van Engelshoven, Group Managing 
Director for Exploration and Production; Mr. Helfrich, President Director; and 
Mr. van Dam, Head of Production; celebrate the CRA Y opening festivities. 

Shots are typically fired every 25 
meters. In 1982 the Shell Group 
shot some 100,000 kilometers of 
seismic line. To compound the 
computing problem, it is necessary 
to sample seismic data over a whole 
area, rather than along separa te 
lines, increasing the amount of data 
to be handled enormously. About 
30% of o ur seism ic work is now con
cerned with areal coverage of this 
kind." 

The report went on to say, " It is ap
propriate to point out that the meth
ods we apply are always 
compromises. Clearly we have to 
cut corn ers, make simplifying as
sumptions and try va rious mathe
matical tr icks to get acceptable 
so luti o ns w ithi n a reasonable 
timeframe. Each time a bigger and 
faster machi ne is made available, 
we are able to cut fewer corners and 
hence get better results." 
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USER NEWS 
In a speech a t the opening 
ceremony, Mr. J. M. H. van Engel
shaven, Group Managing Director 
for Exploration and Production at 
Shell stated, "Reducing the risk 
from the unexpected in oil explora
tion and production depends on the 
race between technology and the 
growing problems posed by the 
n ature of finding sm aller oil 
reservoirs. New technology, provid
ed with appropriate software, will 
help us win this race. To increase 
the percentage of recoverable oil re
quires better quantitative analysis. 
To this, the CRA Y can contribute." 

Research scientists can now focus 
the seismic data better in the 
subsurface, which leads later to 
more accurate guidance of the drill 
bit. In reservoir modeling, the new 
generation of computers means that 
the complexity of the simulated 
reservoir can be increased. It is a lso 
possible to predict more accurately 
how a field w ill produce under dif
ferent technical scenarios. 

Mr. J. C. van Wijnen, Director of 
KSEPL, noted at the opening 
ceremony that, "Technical develop
ments are often made in leaps. You 
are witness of such a moment in 
our continuous striving to sustain 
the provision of energy at the cu r
rent level." 

The Los Alamos data 
security system works 

"You can knock at the door, but 
you'll have a heck of a time stepping 
over the threshold. Los Alamos' In
tegrated Computer Network (ICN) 
is as impenetrable as a system could 
be and still do the job for which it 
was designed. " Those reassuring 
words came from Jimmy McClary, 
Di v ision Leader a nd Dorothy 
Camillo, Group Leader for Com
puter and Telecommuni cations 
Security at Los Alamos National 
Laboratory. 

The comment was made in mid
Aug ust after the in tern a tiona! 
media event tha t centered on the 

unauthorized access of a Lab 
computer by a group of young 
people in Milwaukee. Most know 
the story by now: Using home 
computers and telephones hooked 
to a commercial data communica
tions network the kids penetrated, 
briefly, the Lab's sma ll VAX 
computers in the unclassified parti
tion of the three-partition network. 
The invasion was quickly spotted 
and reported to the Department of 
Energy. That was in June. The inci
dent has been investigated by the 
FBI since then, and the Lab has ob
tained a new telephone connect 
code number. 

Despite allusions to the "War 
Games" movie, penetration of the 
ICN is n o laughing matter , McClary 
said. What's really important is the 
way the network is protected from 
harmful invasion, the way it is par
titioned into open, sensitive and 
classified segments so tha t the more 
sensitive the data, the more carefully 
it can be secured. 

The raiders entered the system 
through the open partition that can 
be accessed through several com
puters with dial-up connections. 
These machines functi on in the 
perimeter of the open partition to 
serve researchers around the coun
try who need to do business with 
Los Alamos. 

Despite this protection, information 
in the open partition is limited to 
unclassified scien tific calcula tions, 
general correspondence, reports, 
and other non-sensitive material. 
Beyond that are two more par
titions: the sensiti ve, or adminis
trative, pa rt ition contains protected 
information s u ch as payroll, 
personnel, medical and fina ncia l 
records. The classified pa rtition is 
just that: classified. Most of Los 
Alamos' CRA Y systems are in the 
classified section . 

The partitioned system was imple
mented in 1979 to deliver as much 
of the Lab's computing resources to 
the users as possible, while at the 

. .d. d d f-,; same time, prov1 mg a equate a ta 
security - a pair of tough and con
flicting goa ls. 

Until the partitioned system was 
developed, the Lab could offer no 
open computing service. But the 
nature of the Laboratory makes it 
beneficial for cleared and uncleared 
people to work together on some 
projects. Because working together 
usually means computing together, 
the partitioned system solved a 
major problem by making it possible 
for uncleared people to use the 
Lab's computing facilities. 

This article is based on text appearing in the 
Los Alamos Newsbulletin, Vol. 3 No. 33, 
August 19, 1983. 

NCAR's CRA Y takes on 
acid rain modeling 

There will come soft rains and the smell 
of the ground, 

And swallows circling with their 
shimmering sound; 

Not one would mind, neither bird nor 
tree, 

If mankind perished utterly ... 
-Teasdale, 1920 

Today, Teasdale's words carry a sad 
irony. Because of acidic pre
cipitation, rain is no longer soft; it 
can often be like vinegar. Swa llows 
can no lo n ger b e blithely 
indifferent; they, and not humans, 
may perish of acid ra in. But 
thankfully, many people a re very 
concerned, and significant re
sources are now committed to un
derstanding this vexing condition. 

This past summer, the National 
Center for Atmospheric Research 
(NCAR) began a three-year, $3.5 
million acid rain research program 
principally funded by the Environ
menta l Protection Agency with sup
port from the National Science 
Foundation. Virtually a ll computa
tional models used in studying acid 
rain will be executed on the center's 
CRA Y computers. 

The phenomenon commonly I 
known as acid rain was not detected 



until the late 1950's and early 
1960's by Scandinavian and English 
researchers, who associated it with 
emissions of sulfur and nitrogen 
oxides from hydrocarbon com
bustion. When emitted into the a t
mosphere and carried up to hund
reds of miles, the chemicals often 
are converted to sulfuric and nitric 
acids before they are finally washed 
out in rain or other precipitation. 

Today, North America is a lso pla
gued w ith acid rain. The ecological 
woes associa ted with it are 
staggering. When acid rain runs 
through soils, it may flush away nu 
trients and leave toxic metals in its 
wake. 

A number of extensive studies have 
been undertaken since the mid-
1970's to study this problem. Many 
studies have provided inconclusive 
results because of acid ra in's global 
scope in addition to the fact that it 
affects every part of an ecosystem. 
Acid rain is a silent and invisible 
marathoner - its effects are cum
ulative and may not surface for 
decades. Researchers need to know 
exactly how resilient the environ
ment is to acid rain. One of the big
gest gaps in acid rain knowledge is 
atmospheric chemistry. Most re
searchers are con vinced of the link 
between a ir pollution and acid rain, 
but the actua l conn ection eludes 
them. 

To address the questions that con
tinue to plague scientists, the Acid 
Deposition Modeling Project will 
develop a computer model for 
studying the acid rain problem in 
the Un ited States. Dr. Julius Chang, 
director of the project at NCAR, 
said that the work is practically 
locked on the CRA Y systems located 
at the center's Boulder, Colorado 
facility. The goal of the project is to 
design an analytical tool based on 
mathematical modeling to portray 
the interactions among the various 
physical and chemical processes in 
the atmosphere which lead to or 
contribute to acid deposition . The 
ana lyses are based o n three-

dimensional Eulerian methods. 

The researchers will use an estab
lished meteorological model, which 
will s ignificantly improve the un
derstanding of the role of transport 
in acid deposition . Fundamental 
chemical process equa tions are a lso 
being applied to tes t scientists' un
derstanding of the transformation 
processes by comparison with 
observations. Particular effort will 
be devoted to the interpretation of 
modeling results and the relation
ship between pollutant source and 
the affected area. "Basic research 
going into the development of the 
m od e ls is considerably more 
detailed than previous efforts," said 
Dr. Chang. 

Dr. Chang who is a leader in the 
field of large computer m odels, 
commented, "Even with the CRA Y, 
we will not be able to run all the 
analyses we would like. Both the 
volume of data and the size of th e 
models are overwhelming." 

"The first region to which we will 
apply the model will be the north
eastern United Sta tes and southeas
tern Canada. At the end of three 
years, we expect to have a model 
avai lable for the Environmental 
Protection Agency to use as an as
sessment tool," Chang explained. 

He went on to say, "The philosophy 
of the project is to m ake every effort 
to examine all relevant physica l and 
chemical processes and include 
them in a balanced manner in the 
co m puter model. Considerable 
emphasis is placed on illuminating 
the uncertainties in the model with 
regard to winds, chemical reaction 
rates and other atmospheric com
ponents." 

The NCAR group will collaborate 
with researchers around the world, 
and participation by scientists in 
universities and federa l laboratories 
is welcome. Because of the his tory 
of acid rain in Scandinavia, scien
tis ts from those countries w ill be 
invited to participate. 

The CRA Y acquires new 
talents 

Mixing a martini normally calls for 
a little ice, plenty of gin and 
ver m ou th, and you r favori te 
ga rnish. But the martini in the invi t
ing image above was made of an en 
tir e ly differen t concoction. 
"Martini", as the image is called, 
was generated by a CRA Y executing 
a FORTRAN code based on raytrac
ing methods. 

Gray Lorig and AI Barr of Rensse
laer Polytechnic Institute (RPI) in 
New York originally produced 
"Martini." Lorig recently received 
his master's degree in Computer 
and Systems Engineering, and Barr 
his Ph.D. in Applied Mathematics 
both from RPI. The image was first 
generated using the school's Prime 
500 system. 

O n the Prime, the image took ten 
h ours to compute. W hen the 
computa tion was done on the 
CRA Y, the image was generated in 
three minutes. Lorig commented, 
" It was really impressive. The pro
gram was running on the CRA Y 
within half a day, although it took 
some time to work out the bugs. 
Part of the problem was that the 
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USER NEWS 
CRA Y computer's accuracy threw 
things off somewhat. On the smaller 
system where computed results 
were rounded off, the CRA Y 
computed more accurately - and 
that affected the image." 

With the clarity of the image, one 
may be surprised to learn that it 
was produced on a 512 x 512 
screen. Lorig explained, "There are 
really two reasons for that. One is 
that the raytracing technique ena
bles very effective shadowing. The 
other reason is that we subdivided 
pixels where needed to minimize 
aliasing effects. Each pixel could be 
subdivided into four quadrants. 
Whether or not it would be was 
based on two criteria: 1) the dif
ference in intensities between the 
light in each of the quadrants, and 
2) whether of not any of the four 
quadrants within the pixel was 
traced to a different object than the 
oth er corners. If it was, we 
subdivided; each quadrant would 
then be subdivided if necessary 
a lso." 

Lorig went on to say, "By subjec
ti vely increasing the overa ll 
resolution, we could produce a 
pretty sharp image on a 512 x 512 
screen. By contrast, most people in
crease the overall resolution of the 
screen and then pixel average 
down." 

Lorig is quick to acknowledge that 
there is still a long way to go in 
computer graphics. The tremendous 
amounts of time needed to create 
high quality images is staggering, al
though that is changing as CRA Y
level power becomes more pre
valent. In animation, orchestrating 
and choreographing movement still 
challenges computer g raphics 
experts. As an example, Lorig ex
plained that the blurring of the back 
portion of objects as they move for
ward is very difficult. One typically 
wouldn' t notice this effect, but in its 
absence, movement just doesn 't 
look right. There is a need to have a 
language that is able to easily de
scribe the relationships between ob-

Her Royal Highness Princess Anne and Mr. Ken McKenzie at ULCC. 

jects and the motions they go 
through such as the rate of 
acceleration, speed, and the path of 
an object's movement. 

FOUND: New Mersenne 
Prime 

In September, a CRA Y X-MP in 
Chippewa Falls, Wisconsin discov
ered what should prove to be the 
29th Mersenne Prime. It certainly 
seem s that CRA Y systems have 
found the key in finding these 
esoteric numbers. Actually, Dave 
Slowinski, Cray researcher who has 
been involved in searching for the 
primes, was as surprised as anyone 
that the number was found so 
quickly. The 28th Mersenne Prime 
was discovered earlier this year by 
another CRA Y. The new prime 
number, which has yet to be 
verified, is 2132,049- 1. The number 
has 39,751 digits. If printed, the 
number would fi ll more than one 
entire newspaper page. 

ULCC's regal opening 

In June of this year, the new exten
sion to the University of London 
Computer Centre (ULCC) was 
opened by the Chancellor of the 
University, H er Royal Highness 
Princess Anne. The new extension 
houses the CRA Y-1 S/1000 system 
recently moved from the Science 
and Engineering Research Council, 
Daresbury Laboratory. 

The centre provides supercomputer 
service both to London and some 50 
other universities in the United 
Kingdom. It houses several other 
computer systems including an 
Amdahl 470/V8 which front-ends 
the CRA Y system. 

Her Royal Highness Princess Anne 
inspects the CRA Y computer with 
Mr. Ken McKenzie in the photo
graph above. Mr. McKenzie is the 
Deputy Director of the University 
of London Computer Cen tre. 
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