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This report may well appesr disjointed. In the course of nearly
five weeks spent in visiting meny ditferent .;tnnnmm and talking with
pany aifferent people, many suggestions and 0dd bite of informetion were
picked up end it will take m time to essimilate, evaluate, and develop
them. A few geueral observations mey be made, Beyomd that, I ean only
mention some of the things seen and toples dlscussed at each place in turn.

70 begin with it may be of some interest to indieate how it secms,
in the light of present hindsight, the itinerery should have been organized.
Acrose the width of the Atlantic it is difficult to determine whet places
ere most worth visiting, or for how long. Actually these varianles vere
not entirely subjeet to control. Thus Wheeler et Cambridge, Fox sad
Good\;in at National Physical Laborstory, were not availeble befbre the
lagt week in September, and a visit o Rome had Lo be canceled at almost
the last minute. %This left me with more time at Zurleh than m naeeded
and even then I missed geeing Stiefel who, umexpectedly, weec away all that
veek.

The most regx-etﬁble onission was & visit to Stockholm to sce
the Besk. 7This is the only machine aow opersting abroad whose speed is

comparsble Lo thet of the Oreele, with division at 600 u#e. Both Darmstadt
and Basel are on the vay from Amsterdam to Zurich., While neither has a

digital computer, both have very agtive and gble numerical analysts, wnder

Alwin Walther at Darmstedt, and A. Ostroweki ot Basel. Also Darmstadt
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has & considerzble variety of amaloguz equipment. :

Beither Rome nor Paris 1s perheps of grn'.b interest, eomputationzlly,
at the present moment, slthough the Hational Institute for the Application
of Calculus at Rome 1s one of the older and more important centers for
numerical analysis on the continment. 7The Italian government has purchased
a Ferrantl computer which is now operating at the Ferranti plant %n
Manchester, and is to be shipped to Rome this fall. In Paris, Couffignal
ie to get en Blliott 402 this fall, and at the Laboratoire Centrele de
1'Armement & small experimental digital eemputer is in operation and
another is being built. Had the trip beean made later both places would
have been of interest.

I)’npent only one afternoon at Manchester, all of it at The
University. I learped too late of two things, oue being that Ferranti is
developing a 1w~cost;i..£ 30,000) machine using nickel delay lines. The
other is that computing activity is developing at the College of Techuology,
presumebly encouraged by the new chancellor, Bowden, whose book Faster
Than Thought is one of the best books now svailsble on automatic computation.

Elsevhere in England, probably the moet interesting place I did
not get to is the Armament Rescarch Establiskhment, Fort Halstead, where
& Ferranti computer hss been in operation since early this year. The
atomic weapons establichment is elso to inastall a Ferranti, but at a somevhat

later date.
|

Computing, and couputing mechinae development, in England and 4n
Furope, is largely governed by an important economic conslderation, that

hwmen resources are sbundant and cheap, whergas money is scarce and equipment

expengive. In Hollend, for example, a job would pay roughly N guilders



if heve, in this ecouwntry, it would pay ¥ dellars. A secondary factor,
whieh may be somehow velsted te the first, le that such activity seems to
be relatively more comwen in educatienal insiitutions and carried em for
~pure research. Thus, both the construction, and the subsequent use, of
®dsac T at Cembridge, vere primarily for research purpeses, and although
the Lyons Tea Company contributed some funds for the construetion, they
spperestiy $15 b wxethn Wt eontrol, At the University of Manchester,
& transister machine is being Mm, purely for purposes of enginsering
resesrch on the uses of transistors. (his seems to contrest with the
situations st Harvard and at MIT, feor exsmple, vhere the several machines
vere built largely with military funds for speeific purposes. The oaly
comparsble esse inm this emtr—k scems te be the University of Illineis
vhere the YTlliae 1s used exclusively far regearch pur)nu by tho University.
So far as I could learn, there is no commercial mamwfactiwrer
af computing sschives snyvhers on the Comtinent, sod fw Bugland there are
only three. These ere Ferramti, Elliott, and English Rlectrie, and English
Blectric seems to be half-hearted, at best. The Ferrantl machine, of which
€ have bean completed, 5 delivered and one soon to be deliversd, is
hasieally an engineered version of the Manchester machine. They are also
d&valoging. se mentioned shove, & nev type of machine at lower cosbt.
Klliett Brothers are building s maehine, the 402, which sells at & 25,000,
one being iu operation in their plant at Borehamwoed, and three in assembly.
They vere the first to develep the mickel delay line, which {s eheaper and
sturdier than the mercury delay line, and which Feryranti hes nov taken up.
They have further developed three types of plug-in units {rom whiech they
say they can constirust a meschine to almest any desired specificetions with
aceurate costing from the drawiag bhoard. English Electrlc is making the
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Deuce, an engineered version of the Ace at National Physical Laboratory.
One of these is t0 go to WPL) one goes %o the Royal Aireraft Esteblishment;
one or two othera are being bullt but with no definite purchasers in sight.
' Whatever may be the reasons far it, the machines now opersting,
and those under development, are generally n_htﬁely slov., Only three

of those under development promise snything like Ornele speede. These

are RBdsac II at Cambridge, a machine wunder development at the Mathemstical
Center at Amsterdam, and & machine now being campleéted st the University
of 'ln.uhester. Nevertheless, by use of ingenious logic, components thet
are intrinsically slov are being made t0 yleld the utmost in speed and
flexlbﬂ.lity. doreover, I get the impression of many diverse limes of
development going on more or less independently. ELliott amd Ferrpnti

are exploiting the nickel delay line as a main store, Harwell and
Manchester are building transistor machines, with megnetiec drums for

the main store, but with markedly aifferent ldgles. Amsterdem and
Canbridge are btwllding machines with magnetic eores for storage, but
Canbridge is using cores also for switehing elements, Cawbridge is further
wtiliszing a logical am;’- due to Wilkes, of comstrueting maehine orders
out of & limited mmber of “micro-orders®, which provides them, they feel,
with almopt infinite fhxibiiity in their selection of mechine operations,
Zurich is building a machine of standard components, with drum storage,
but sttempting primerily to devise an order code that will simplify
programming to the utmost. ‘he Ace at NPL, anﬁihfnrthcmingbmes,
use mercury for the main store and magnetie drum uu:dlmry, and embody a
logic that may have engineering advantages, m:ppom to complieate the
task of programming quite consideradbly. And the Royel Alreraft Fasteblishment
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1s building « machine for its own wse, for purposes of dsta reduction,
VAV sughiints igen Soviinal Paakiif1ee wuther mike Nins Ngth toe sextral
computer, |
meum«tmnm,imrwmwm
apeeds end frequently small -tmautw ﬂﬂ& thedr common wee by
educational thzm, have encouraged stteation to techniques end led
to very important developments in mrieo..‘,_ apalysis. Only at the Buresun
‘ot M—-ﬁuhm, end, formerly but mo langer, Loz Angeles--has
there been a group in this emtryu-w'bumyﬂt-mmlabmm
numerical. analysis: Amsterdem, Zurich, Darmgtadt, Basel, NPL, Cambridge.
On the other hand, except at Canmbridge, there seems to be relatively
slight intereat in vhat might be called prograuming theory snd in such
.li't:lu development of servite routines as can be found at MIT, Remingbton-
Rand, the Univergity of Tllinois, mnd the University of Michigan.
Hevertheless, a partial exceptiom, other than Cambridge, to
the latter statement would be the Elliott Brothers. For some time they
have had & staff for service Wting. Formerly this included ten or
a dozen people nsing desk machines. They have now, hovever, alaborsted
their n&hroutmblibrnry 0 such an extent, that virtually all somputations
are done olectron&emq and very little use is made of desk machinmes.
m1e I feel falrly confident in making the sbove genertliutim
emlng Euwropesn and Aperican activity in mumerical enalynsis, I rul
less so in contresting ectivity ln machine do\rew. In numerical
analysis, publicstions sud mrma wmu relatively comerete evidence
of activity, and T collected s substantis) nmwber of these from the various
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Places visited. The lite.rat"ure on engineering donlamo'nt is much less
complete or even representative. A gulek, bird's-eye view of forelign
&ctiﬂtymmsmm.m, but 1 do not have a similer
temporal eross-section of demestic activity for o proper comparison. 'With
this ceution T shall leave the generalitics and consider some of the detalls.
The Internstionsl Congress of Mathematiclame opened on September 2
and combipued through September 9, In conjunction with, but hot part &7,
the Congress proper were three Symposia, of which ene, on stochastic
processes, opened on September 1, and one, on formal systems, continued
over Sap'umber 10. These sessions I attended. Since I arrived m'mterdm
on fugwst 30, this left August 31 free for visiting the Mathematieal Center.
Abgtracts of contributed papers at the cweu‘ have slready been
published, and invited addresses for the Congress and the Symposia sre to
be published, Hence I shall meation only some conversatioms, without
© attempting to suwmarize any of the pmpers. One remark on wy own paper
might be in order. 1 felt fairly swre that the content, on continued
fractions, would be new to most or all the Americans, but I was not so sure
about the Europeans. But Jjuiging from comments and guestions it appeered
thet continued frectioms have mot Been exploited to cuy greater extent
there than hera,
The Mauthemetioal Carter at Anstord-m ie govermwent supported; and
emtmllon by a bod'd of 6 wathematiciens, imeluding van Wijngssrden.
Serviae eomputing is dane foa' m'i'nt'e induetry, bu' nostly the mochine is
used for research. Personml, hinder the direction of the senier msthemsticlens
a! the Center, inelulde assistents and ecomputers. The cosputers are fulla

time employes vhose eschooling seems to be roughly equivalent Lo one year
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in an Ameripan eollege, with nathematics to, Luf not including, calculus.
The assistants are gemerally part-time with roughly the equivalent of &

master's degree, | ?.)1

~ Besldes an I5M mmmun, the Center has the ARRA, originelly
8 relay machine, which, hovever, now hes a drwn snd is belng made into wun
all electironic amé¢hine, The Center ig meking & gimilar meehine for an
airplane manufecturer, The drun stores 1024 words of 30 bimmy digits
cach., Yhe commands are single-address, with 5 bite for the operation and
10 for the sddress. Another drum is being added, but gince random access
to the other drwa would require an 11th bit vhich is not avalleble, the
astorege on this drum vill be fizxed, at least for a given problem. As
alrendy mentiosed, another weshive is lptng Build with megnetic core
-mm:ry, floeting decimal representation, and roughly Oracle speeds with
cawpletion date sppraxicetely two years hence.

On mathematicel metters, I lea.rn'ed tw van Wijngaarden has been
for gpome time laterested in the statistical distribution of generated drrars.
Eis work hes a@Mod only in urief imry in an internal m&ndum, of
which I was able to get a2 copy for further study. Copies of smbseqguent
publications are promised.

MeColl, of Fort Halstead, came Ly the Center while I was Lhere,
and it was then that I lesrmed of the Ferranti machine at ARE. They are
using it chiefly for hydrodynamic and serodynamic caleulationa,

fThe sixth Ferrapti Computer had Jjust recently been installed
at the Shell Laboretories iu Amsterdem, except for the drum wiich had yet
0 arrive. Interested members of the Congrese were taken to see the

machine on Monday, September 6. The drum is to store 640,000 bits. Input

'
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is, of course, by means of a Ferranti reader, and there are three types
of output: = typewriter controlled by the machine directly and glwing 6.7
characters (of % bita) per second; a punch giving 15 characters per second;
and @ privter of French mske giving 180 lines per minute with a possible G
characters per line. -
wxu«m@mmmummmm G
Dahlguist, whom I met during the Congress. The organization operuting
the machine dppears to be roughly ¢omparsble to the Retional Applied
Hathematies hborstm;t,n in this country, though on & much smaller seale.
It is supported pu'uyfﬁ- the government, and purtly by incame from
service computing dome for industry and other govermment establishmentsa.
The staff 1s mede up eatirely of senfor mathematicians who carry each
problem through completely, including even the coding and msehine operstion.
Altken of Bdinburgh and Ostrowski of Basel had seen my book on
display ut the Congress and both offered to supplement my informstion
on someé points. Aitken promiced to send repriunts, and a letter (received
on my return to Ok Ridge) ducrﬂm an iterative method far feetoring
polynomials with secondeorder comvergence. Fe diAd not spell out the
proof of convergence, which is l-bwiml, though the method is indicated
in the reprints. Ostrowski celled my attention to the fact that a theorem
I had stitributed to Bodewilz was in fact due to bim, and told me of some
. of his recent work, too elaborate to be detailed at that time, on iterative
solutions of mlgebraic squations.
Ky Tiregt objective in Zurich was to aspend some time with
Rutighauser learning about recent developments with the Q D (for guotient-
difference) algorithm. His recent paper describing thie I congider to be
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one of the most important contributions mede in the field of numerical
m_.iygu during recent years. Wis o gubsequent to that already published
1s mostly contained in two pepers to be published about a year hemce, nad
which 'was able to borrow and stuly while I was in Zurich. Without
attempting to swmarize them here, it may be mmtmym,mh the
following problems: mmnx-m«mmmuumorm
elgsbraie equation, and the standard iterative method of finding
charscteristic roots and yeetors of q'uuzx,:m, a8 they are
generally applied, tmvuiugiy large generated error for sll roots but the
extreme anes. Rutishsuser shovs hov the procedures can be modified so
a8 ©0 evade the difficulty. From the theoreticsl poinmt of view, these
papere also throv interesting additiomal 1ight o the Q D elgoriths
itself, and hence upon the other fields with which 1t ie intimately
related: continued fraction expansious, summation of divergent series,
end the inversion of utrion.‘

Parenthcf-ically, the practical (but mot the theoretical)
gignificance of the’e papers of Rutishouser's was umini;.hed some\’rhst
by two pleces of inforwation I picked up later. Ome was that Altken had
published & method as far back as 1931 whieh achieves eseentially the
same result for algebrailc ;xqmtim » though the paper is epperently not
well kaown, was probably not knownito Rutishauser, and wae certainly not
kuown %o me. The second was. that at NPL a technique due to Wilkiason
(vhe 1z to visit Oak Ridge in December) ensbles them to minimize the loes
in significance with characteristic roots to & level they have always

fomnd tolerable.
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Some of the commtiom problems being worked ou at tim
Techniache Hochecﬁui;"ygre of interest. Ome of the most obvious applications
of the @ D algorithnm 16 the determination of the periods of barmonie series.
4 somewhat Yese obvious spplieation is se follows: The solutions of meny
Siffeveutial sputions sre exaetly ar approximately represeutable ns sums
of exponeptials uad Nurrsy bas given a techalque for pumerical integration
of differentisl equatioas which 18 based upon this fact, uuhk which requires
the knovledge of the expoments. Mh informetion ls not usually available
a priori, but estimates can be made by use of the q D algorithm.

Leaving the @ D algorithm, Rutisheuser showed me the solutlon
of a gystem of differential equations ‘hich bad a Mgh degree of instubility
but vhieh vere successfully Integrated by wmeans of a technigue described
by Quade ot the Congress. Tuis in stuply to differentiate each equation

and golve the stm of twice the initial erder, so shat one obtaeins at
. oanh polizt: buth e ‘bl M 16 Bartvative of BUNAEIE T LY,
According to Rutishauser, the device permits reduction of the number of
wmesh points by an order of magnitude.

Finally he exhibited a partisl differential egustion for which
a slmple iterstive scheme falled to converge, whereas relaxation in
6 x 6 blogks converged (uite rapidly. It is clesr that bloek relaxetion
ghould coaverge more rapldly than simple relaxation. The aignificant
feature is the conversion of an astually diverging to a converging iteration.

I wes somevbatl surprised to find that work on programuing theory

‘had not progressed beyond esrlier publications by gtiefel and Rutisheuser
except in the formulation of plans for their mev meshine. The present
machine is quite primitive, being slow, relay, and externally progremmed.
me'e there 1s perhaps no point in deseribing it further.

«10=



The new machine will have sdrm‘umyltlo,ooo\lu'da, and in
Adne vith the endesvor to siwplify programmicg to the uwtmost, will be
floating decimel. 7The exponeat will very from =199 %o +199, and the
mantissa will have 11 decimel digits with the deeimal point following the
first digit. Commands will be single-sddress, vith two compands per word,
Bech command comteins an I-digit which, when £ 0, signifiee thet the
eddress of the command iz to be modified by the conbents of position 1.
In other words, theme are 9 B-tubes. Aleo esch command includes s merking
digit called @ which signifies a completed cycle and hemce obviates the
~ peed for e counter. y

| Of the three reglsters, a fixed one, ealled MR, receives the
aperand vhatever the oparation may be, and the same register always
exhibits the result. The machine will stop om exponent overflow when
operations are floating-point, and on magnitude overflow whan operations
are fixed-point. '

Beeides typewriter and tabulator output, ?hen w:lll’ be punched-
ecard iuput and output, Remington-Rand having beem selected in preference
to I8 to permit purchese. '

Onz aspect of compubting machine development in England is the
uge of cold cathode tubeg. These have the desirsble properties of extremesly
low heat generstion and phencmsnally long l:l.te_ (1000 years has been cleimed).
The dissdvantege i that My'm slow, operating at kilocyele rather than
megecycle rates. At Harwell, in particulsr, the present machine, and one
now under comstruction, uses them extensively. The present machine is
externally controlled, with seven readers for control loops. ‘ Each of the
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60 stornge registers is in effect an mccumulator. The speed is such that
& skilliul operator with e desk mechine can Xeep up with it for short
periods. mm, it ic quite relisble and ordinarily runs overnight
wnattended.

The nev mechine, to be finished in Decewber or January, uses
point-contact transistors for switching elements and magnetic drus for
storage. A test cireuit has sceumulated several hundred thoucand
transistor-hours of continuous. oge:inum, 1Mrm.a with oply a single
fallure, and sppears to be quite ilnpensitive to changes in temperature
and bumldity.

The machine will be binary fixed~point, with 31 digite inclwding
slgn, but otherwise the logle 18 extremsly wnorthodox. Each charnel of
the drum is divided into  arcs, each arc containing 8 interldced words,
One cbanmel is uged in effect as a multiple reglster, and when a word is
resd into this channel 1£ is repeated om each of the 8 arca. Thus the
register chaarel stores O words, each repeated © times, and any number
or all of these can Le added simltansously. In any stage of the addition
the adder takes the corresponding digits of sll addends, adde, shifts,
and storee the spilled-off digit. The reet cstays ns o "carriea™ to
combine with Lhe digits unexi to the left in the addends. The entire
operation requires sbout 2 ms. Multipliention requires only sbout three
addition times. Unfortustely there is & laek of symsetry in shifting,
80 that divicion is made more Aifffcult and may not be included ss &
apecial operatilon. i

» Profesaor Williams was not avellable al the University of
Manchester but I speat an efternoomn with Kilbourne, discussing machines,



. and with Brooker, discussing computatiom. Menchester is the bu'thplme
of the Willlaus tube for electrostetie otornge, snd I <as ikiibiatas Slent
in learning about any recent developmental work ou these. It turned out,
hovever, that existing tubes meet all their requirenents end no such work
humonmmwt'wsmarao. Instead they sre now interested
in static reading of megnetic tape, and, ms mentioned above, in & transistor
coaputer., .

The old Perranti machine operates 24 hours a day except for 3 te
&k hours off for preventive maintensnce, Sowe work ie done for industry,
Qt a rate of £ 20 per uehmo hour, snd the customers do their own
M. A small prograwming group under brooker gives instruction
and nssistance in programming, m eagancs in sore resecrch on programsaing
and numerieal soalysis.

Besider the wranslotor macuine being Lullt Yor englneering
mmh, wwthg:,mhim is being built for computing. Thie will be
floating binary, ud.th parellel electrastatic storsge but serisl arithaetic,
‘Phe advantage of thie scheme iz not at all clear since they have to
introduce delay circuits to stagger the biglite as they come out of storage
. 1o the i-egiatcrs, and to synchronize fhem wken they go in the reverse
direction.

‘‘he bigite are arranged ia decsdes, fouwr to o word and two to
a command, one for the exponent when the number 1s floating point.
Althouwgh sdditiomns take 120 us, waltiplications reguire only 360, A
drum provides suxiliary storsge. 'P: machine has actually operated,

but is not yet regerded as completa.
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In many respects the most lanterestiag establishuent was that al
| Lms Tea Company. There they became interested in possible commercial
appliea‘hions of electronioe cmxmtm as fer back ws 19%7. Mr. 7. E.
I‘heupseu came to the U, 8. st ﬂ:ﬂ W, though there was then very little

that he could wetuslly see. kvmclesa, they declded the OL\IN! oo
prouising, so they had some of their engineers aseist in tlu conntruetion
of the Fdeae at Coubridge, after which thgy retarncd to Lysas snd built
Leo largsly following the same amgn.’ ;it the sume time a programming
group wes investigeting their reel needs sand attempting to formmiate these
in msehine terms. ;

At the present time they use the maschine for the analysis of
results of merket surveys, and for compuiing the payroll for a sample of
2,500 of their employes, The sample payroll is being rua aes an experiment,
but they now eonsider that it demonstretes the wtility of the operation,
intending to include all employes (about 30,000) when they have finished a
second mechine now being constructed. Other uses, steh o stdres and
inventories, a.ri being studied but they feel thalt Lhis can be made feusible

ronly after they have devised a techanique for direct reading of an initm
recording. ‘ :

The most impressive sgpect of the payroll operation was the fact
that it wes done without _millary gtarage. Bu@m, Lec does have &
wfcr storage uult, a part of the fast memory, into which it is possible
to resad while eowputing continuea. FEffective use is made of mmltiple
inputs, two card readers and two tape reasders. Fixed informatios and

variable information are stored separstely and reed in alterndtely, en
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employe at 2 %time, Payments (including the mmber of coins and notes of

esch denominetion required), deduwotions, etc., are computed and printed
out by wesng of s tabulateor. Ianput, eomputation, including aumerous eross
checks, and printout, require utmn;ar about 1-1/2 sec per esmploye.

Seversl references have been mede already to Elliott Brothers
and the 407, and there is not much more to be nid. They became interested
in computers sg a result of ﬁn‘ing been commissioned by the Admiralty to
look into digital colution of the fire control problem during the war,
They later built a epeciel purpose digital computer for the Admiralty,
using nickel-scoustic-line and magnetic-disk storagae, with the program
stored apart from the date.

For pervice computing they use Nicholas, with 1025% words of
32 digits each, and no auxiliary memory. They have also vhat 1s esseentially
a complete 402 except for the packaging, and this has been run for short
periods for test purposes. l

At ¢he Royal Adreraft Establishment trhe greatest volume of vork
ie in Adats reduction, and hence they have given a great deal of attention
to terminal facilities, ineluding analogue-to-digital comverters. Among
other dsvelopuents of thelr own, they have a light airborne paper-tape
punch with a speed of T9 echaracters per second, and s fast punehed-card
reader, photo-electric, whieh pushes cards through at a rate of 10 per

second and sesns st & rate of 1800 columns per second.

! £ry £

Their present computing facilitics imclude a Hollerith installation,
& Philbrick differential emalyzer, a polynomial equation solver, and a
lipear equaticn solver. The last item is intended to solve gysteme of

order 12 or less, snalogue, to three deeimsl digits, and for the system
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Ax = v it is designed to do a 3eidel iteration on AT AX = AT ye Tuls

being the cage, it gives a least-squares solution of an over-deterwlued
syatem of not more then 12 mt.m ﬂnfort\mately, the operating record
m\mwrypm, and it mm Qoutiu;mlvn there.

The _pcw gmnﬁim_ﬁnlnr, also .““‘”“‘" was much pore
sucoessful, An equation of degree 6 or lees is written lu the iora
?(z) g’ s, Fe 8. 23« 4, avt slthm@ the inpwts make provision '
for only real a's, the intermal elrcuitry could handle complex a's us
vell, 'The oscilloscope then exhdbits the curve f(r e'*) for fixed r .
‘It 13 o simple metter to vary r and find those wvalueg of r and of #
at which the curve passes through the origin.

Pending completion of their copy of the Deuse, they use tlae
on the Ace, with their owm stalff %0 program and operate, The Rascal is
being ullt to their own design, with floating-point decilll? and & cyelie
progressive biparyecoded representation of the deeimel lategers which is
{ntended to .g;';iw the effecte of punching and resaing errore. (It is
pot clear that the effect will be apprecisble. Whereas cansecutive digits
d!.fter_ by only one hole, it is a particular hele, aad an error im ome bole
vill in general lesd to an error greater then 1.)

The Mathematical Division of the Hational Physical Lauoratocy
corresponds ronéhly to the National Aple Mathematics Laboratories of
the Hational Bursau of Stenderds. They sell time on the Ace and will
pell time on the Deuce, mmhmﬂn comput ing and progremming,
being thus partially oeu-amaruna. ‘Hovever, they are in no way
dependent upon this income end L g considersbly more freedom for

basic research. This is, in feet, one of the major centers for resesrch
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BN stnriithel. snalyafe. Their aperating philesophy, and their computsetional
experience, Wwere tberefora.ggneonaiderable-interaat. |

While their library f# reasonsbly camplete on functioasl
evaluation, they do not make use of special input and ecampiler rouwtines.
Inetead, each problem is ecofad directly in muchine form. Moreover,
Goodwin wes emphatlie on ti.ir jrtnciplo of avoiding fleating point if at
all possible. This general philosophy seems to be in marked contrast to
that of the Elliott group and doubtless accowits ia part for the fact that
HPL maintaine a considerable stalf for hand computing whereas Ellioti's
doaz not,

Many of their service computations have been on classified
problems, of which they knew omnly the mnxhennéienl formulation. Moreover,
thege have not included partiel differential equations simce, until just
vécently, they have had no suxiliery storege (they now heve e drum).

They have had & conslderable number of matrix inversions, of latent root
snd veetor computations, and, sporsdically, algebraic equations.

On matrix inversion, they use straight elimination and handle
sympetric and nonsymmetrie natrice; alike. They search for the largest
element in a colusn, snd program a atop in cese of overflow., In principle
there could be ane overflow 1n any columm. Nevertheless the stop has
never occurred. In general they dc not believe in trying to provide for
contingences that may very well not arise.

Their treatment of latent roots and vectors, alresdy mentioned,
was the most remarkable point brought up. They use straight iteration to
get the largest root end the associated vector; then they reduce the order
of the metrix by one, and proceed. In case of slow convergence they apply
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Altken's &e-procnu once, and then continue the iteration, They have
handled "bundreds” of metrices, both syumetric and otherwise, of orders
'ntoao, udclaﬂamrmmeyemdmtctu lntroclthtnthay
~ean get by sny vtharuth‘dtheytmm tried, including that of Lanczos.

In prineiple um %pzhoa cam ve adapted for algsbraic squitions,
although eppareatly they have not tlom 80, Ingtead Olver rccomenén either
using Graeffe's method for exploration, or else digitalizing essentially
the process used by the &Al anslogue equation selver, and then following
wp by Newton's method for esth root.

In a paper by Goodwin m Fox on integral equations, ‘they had
pasped over equations of the first kind rather hurriedly, and I was hoping
they might have some technigques they had withheld. Unforiunately thesy did
not . :

The dsae IT at Casbridge has a).rc'tdy been mentioned and briefly
eharecterized: magnetic cores for storage and switching; permanently stored
Ynput routines and standard sdhroutines in umlmn:ta.ry storage; roughly
Oracle speeds; systematic use of micro-programming for the eoustruction
af basie operationg; twvo B-tubes; woth fixed- and floating-point opera.’gimq
availability of worde and half-words.

On Edesc I they heve recently installed a drum, sad added a B-tube.
For decimal punchecut they use a twoeowteof=five code, which has checking
advantigaa but x-equirés s speclal puncheout routine. Othervwise the machine

is essentially es deescribed in the published literature.






