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Connections in the History of Australian Computing

John Deane

Australian Computer Museum Society,
PO Box S-5, Homebush South, NSW 2140, Austraisane@ihug.com.au

Abstract. This paper gives an overview of early Australiaomputing
milestones up to about 1970 and demonstrates a ofdsfluences. Wartime
radar, initially from Britain, provided basic expemce for many computing
engineers. UK academic Douglas Hartree seems te kaown all the early
developers and he played a significant part infifs¢ Australian computing
conference. John von Neumann’s two pioneering desdijrectly influenced
four of the first Australian machines, and publghdS designs were taken up
enthusiastically. Influences passed from Austrétiathe world too. Charles
Hamblin’s Reverse Polish Notatioimfluenced English Electric’'®KDF9, and
succeeding stack architecture computers. Chris \déaltantributed to English
Electric, and Murray Allen worked at Control Dataf €édurse the Australians
influenced each other: Myers, Pearcey, Ovenstonen@&eand Allen organized
conferences, interacted on projects, and created Athstralian Computer
Societies. Even horse racing played a role.

Keywords: Australia, computing, Myers, Pearcey, Ovenstone,nBgnAllen,
Wong, Hamblin, Hartree, Wilkes, CSIRO, CSIRAC, SILLIACTECOM,
WREDAC, SNOCOM, CIRRUS, ATROPOS, ARCTURUS.

1 Introduction

The history of computing in Australia can be sesmaanearly continuous series of
personal connections, both within the country antrhationally. The following
sections highlight some of the influences on thiéye®ustralian projects.

2 George Julius’ Automatic Totalisator

There have been calculating aids in Australia folang as there have been people
here, but one of the first mechanical aids assediatith Australia was developed by
a mechanical engineer, George Julius. George wasibdEngland, brought up in
New Zealand, and it might be fair to say he wasesebsd with mechanical gadgets.
From 1896 he was working as a railway engineer @sttn Australia and

1 Born in Norwich, England 29 April 1873, died 28 éuid47.



“A friend in the west conceived the idea of gettimg to make a machine to
register votes, and so to expedite elections byngithe result without any human
intervention.”[1]

George liked the challenge and by 1906 he had aitigomachine® which he
offered to the Australian Federal Government. Theyuld see difficulties, and
considerable expense, and declined. But Georgeiserd would not be thwarted:

“A friend who knew of a ‘jam tin tote’ - a machiménich kept a sort of record of

tickets sold at each window ... | found the probteEngreat interest as the perfect

tote must have a mechanism capable of adding tberds from a number of
operators all of whom might issue a ticket on thee horse at the same instant.”

(2]

George was head-hunted from the railways by a Sydngineering firm, and also
set himself up as a consulting engineer in 190&nEwith two jobs and a young
family he built a prototype of his Automatic Totator in his home workshop [3].

The first Tote was installed in Auckland NZ in 1913. Though ragiofficials
predicted that the “giant tangle of piano wiresljgys and cast iron boxes” wouldn’t
work, it was a great success. George patented 19i? installed the second in
Western Australia in 1916, set up Automatic Totdbss Ltd. in 1917 and never
looked back. By 1970 Australian Totalisators werservice in 29 countries [4].

The London Science Museum has described the Jltitesas the “earliest online,
real-time, data-processing and computation systaat’the curators can identify [5].

George took part in an increasing number of engingexind scientific bodies, and
when theCouncil for Scientific and Industrial Resear@hter CSIRO) was formed in
1926 he became its first Chairman [6]. The Couwei$ formed to direct research into
agriculture but by the mid 1930s Sir George becaomerinced that research should
be extended to industry, and he was instrumentatréating the Aeronautical
Research Laboratories, Electrotechnology Sectind,the Radiophysics Laboratory
in 1939.

3 David Myers’ CSIR Differential Analyser

About 1925 George Julius gave a lecture on caloglatmachines where he
demonstrated his Totalisator model [7]. In the andée 14 year old David Myéra/as
very impressed, and the session generated a Iifétaarest in computing machinery.
David graduated from Sydney University then heaftedthe UK in 1933. Before
starting his PhD at Oxford he briefly worked for company constructing a
mechanical “computer” (a Bush Differential Analyséor Prof Douglas Hartree at
Manchester. David used this D-A later, and maimdinontact with Prof Hartree for
many years.

UK patent 1906/28,335.

This model is now in the Sydney Powerhouse Musealiaction
Australian Patent 15133/14, 21 December 1914.

Born Sydney 5 June 1911, died Sydney 11 Novemhe9 [.

a b W N



David returned to Sydney in 1936, joined the CSMNational Standards
Laboratory, and subsequently headed its new ElectrotechndBmgyion. Instead of
standards, this group was soon pressed into watceedeveloping gun aiming
computer devices, and they continued this work Wigldiophysics’ radar group.

After WW2 David recommended increased work on caingudevices and the
Mathematical Instrument Sectiavas created within his Division. Their first jokass
the design and construction of an advanced eles&chanical Differential Analyser
for the CSIR. This used technology developed far giming, and was used heavily
through the 1950s [9].

4  Trevor Pearcey and CSIRAC

In 1940, a young mathematician, Trevor Peafdeined the UK war effort instead of
starting a PhD. He worked with the BritiBladar Research Establishmemnt the way
radio signals travelled in different atmospherinditions. Initially this involved
months of work on manual calculators, but aftertaonwith Prof Douglas Hartree
the work continued on the Differential AnalysershMdnchester then at Cambridge
[10, 11].

Late in 1944 the radar research was winding dowd @revor answered a
newspaper advertisement for a mathematical physigith the CSIR Division of
Radiophysics. He was successful and, a year latarthe end of the war, he sailed
for Australia. Trevor accommodated a growing insen@ calculating machines by
arranging to visit Boston and Howard Aiken's enoumoAutomatic Sequence
Controlled Calculatorat Harvard University, as well as the latest Bstierential
Analyser nearby at the Massachusetts Instituteeghology.

Trevor established a Mathematical Section in Sydtiggn managed to convince
management to redirect his radio studies into theebpment of an electronic
computing machine. He argued that this would cjebd needed by Radiophysics’
other projects.

The logical design work started in 1946 with radargineer Maston Beard
producing circuit details. While the influencedl $tave to be teased out, Trevor could
hardly not have known of UK and US work. In mid 59rof Hartree had prepared a
large report into calculating machines [12] whicltluded extensive extracts from
John von Neumann’s EDVAC report [13], and outlioéshe critical memory design.
Anyhow, Trevor clearly approached his design framstfprinciples, the essential
design of theCSIR Mark 1was completed in early 1948 and construction extiar
review paper written then started with Charles EBageband ended with a prediction:

“in the non-mathematical field there is scope ftwetuse of the [computing]

techniques in such things as filing systems. Iindé inconceivable that an

automatic encyclopaedic service operated through miational teleprinter or
telephone service will one day exisil4]

6 Born London 5 March 1919, died Melbourne 27 Jani888.



Radiophysics staff developed major sub-systemscanged out the construction.
The Mark 1 ran its first program late in 1949 thbufpe arithmetic unit was not
complete [15].

While Trevor and his team worked on their compuf@ayvid Myers organised
Australia’s first Conference On Automatic Computing Machirfes 1951. Four
presentation were given by Prof Hartree, three hyi® Myers and four by Trevor
Pearcey. Also there was a substantial equipmerglagisincluding the CSIRO
Differential Analyser manual calculators, considerable punched cargheunt - and
- theCSIRO Mark 1 Electronic Computgr6].

The computer was heavily used, a high-level languags developed alongside
the world’s first computer music program [17]. Toewanted to start oklark 2 and
CSIRO approached Australian industry for commeraapport. This was not
forthcoming and CSIRO did not want to fund computdgvelopment. After
considerable agonising thdark 1 was transferred to the University of Melbourne
and rename@SIRACIn 1956. There it provided a successful servidd 4864 [18].

CSIRACwas preserved by Museum Victoria, it received tdge Status in 2009,
and is believed to be the only intact first gerieratomputer [19].

5 John Ovenstone and WREDAC

Immediately after WW2, and in the shadow of Gerrtemor weapons, Britain and
Australia agreed to develop rocket technology atanitions factory north of
Adelaide. A corridor was allocated from there stingtg 1,800 km north-west to the
ocean near Broome in WA, and this test range wastehedWoomerg?20].

As thelLong Range Weapons Establishm@riRWE) installed tracking cameras,
radar, recording equipment and started rocket fiesigs from 1949, it quickly
became obvious that their room full of girls witestt calculators took too long to
process the flight data. They knew of Trevor Pegsceork and sent a group to the
1951 computer conference. Shortly after that theyted building a copy of the
CSIRO Mark las thedLRWE Electronic Digital Automatic Computer LEDAC[21].

Management had a change of heart, cancdlEDAC, and directed LRWE to
purchase &erranti Mark 1 However, the Ferranti machine wasn't ready, atslity
kept slipping and its price kept rising.

Also in 1951 LRWE hired a brilliant maths graduatehn Allen-Ovenstone, and
sent him to Cambridge to do a doctorate under Cxsuglartree. John had used the
CSIRO computer and reached Cambridge shortly #ftsr first computerEDSAC,
came into operation. When he returned late in 188ting had changed, and he
wrote a detailed specification for the computet ttRWE needed [22].

John visited the UK and found FerrantPEGASUSo00 complicated, and English
Electric’'s DEUCE wasn't ready, but Elliotts was willing to buildspecial version of
their 400 series. Their internal “odd jobs” coddp3”, became LRWE’s computer.
Initially called “Cobber”, then thé&lliott 403, and following LRWE's name change to
the Weapons Research EstablishméW{RE), it was WREDAC The CPU was

7 Electronic Delay Storage Automatic Calculatargely based on von Neumann’s work
[13].



shipped in mid 1955 and the output processor soroathm later. By late 1956
WREDACwas working well [23].

John Ovenstone managafREDAC but he saw a much bigger picture. He
organised a week long computer conference in J@& ht WRE. There were 25
papers on programming, 23 on engineering, and ffohm’s vision: 15 on business
applications. There were demonstrationSMREDACand their analogue computer,
Elliotts’ AGWAC. Presenters came from London, Cambridge, Leeddviamthester
Universities, the UK National Physical Laboratodyerranti, EMI, Elliotts and
English Electric. Also Michigan University, the USape Canaveral testing ground,
three Australian Universities, CSIRO and, of coutRE. A few of the visitors were
Andrew Booth, Stanley Gill, Tom Kilburn, and MawgidVilkes. Locals including
Trevor Pearcey, Murray Allen, John Bennett, Briawir® and John Ovenstone
renewed acquaintances and a great deal of infawmatas transferred [24].

“The conference was a great success, both technaa socially” [25]

WRE hired arlBM 7090from 1960, and in late 1962 REDACwas scrapped [26].

6 Brian Swire, John Bennett and SILLIAC

In 1952 the University of Sydney’s Physics Deparitngot a new Head, Dr Harry
Messel, and a new budget. Messel appointed Dr Bdth from the University of
lllinois. Dr Blatt had programmed IllinoidLLIAC, one of a series of copies of John
von Neumann'slAS Computer and easily made the case that Physics needed a
computer. Australia’s only computer was on the Sydtuni site, but it was being
kept very busy with CSIRO work. Prof Messel campaid for funding and in 1954
Adolph Basser donated his horse’s Melbourne Cumings. Dr Blatt arranged to get
circuit details and construction samples from di;mwhile Prof Messel arranged for
staff to build their computer and to program it][27

Construction of “Sydney’s ILLIAC”, orSILLIAC, was directed by Brian Swire.
Brian had worked as a radar engineer at Radiophysien moved to the CSIRO
Aeronautical Research Laboratory, and he atterded 951 conference. He took the
von NeumannLLIAC design and reworked it for maximum reliability [28

When they advertised for a software expert whodaildo teach programming, the
best applicant was an Australian working for FetirddK. John Bennett had
experience with CSIR’s radar team and David Myerfote heading to the UK. He
was Maurice Wilkes first PhD student and he hadpérl build Cambridge
University’s first computeEDSAG which was largely based on John von Neumann’s
EDVACdesign. John Bennett’'s work for Ferranti involwegvorking the instruction
set of their first computer, logic design (inclugiNIMROD, the first games console),
software development and customer relations [29].

SILLIAC’s circuitry was constructed by Sydney electronicemfiStandard
Telephones and Cablében assembled and tested by Brian's small team fmid
1955. John started programming courses, which dedua helping of numerical
analysis concepts, and assembled the operatingasefbased on lllinois’ experience.

8 The Australian Guided Weapons Analogue Computeas used to model missile
behavior.



The first successful run in July 1956 gave Sydnéyief lead in quantum thechand
heralded a decade of intense work for the Uniwer§iSIRO and business [30].

Late in its lifeSILLIAC was interconnected with other University computssan
input/output server in what we would now call adbearea network. Hardware and
software were developed by Chris Wallace. Chrisrlapent some time with English
Electric and contributed to theftDF9 team [31].

When SILLIAC was finally turned off in 1968, parts were givena variety of
people, including 14 schoolchildren who wrote ikiag for mementos [32].

John Bennett continued lecturing, supporting coinguas a profession and, with
Trevor Pearcey, founded the Australian Computeiebpc

7 UTECOM

At the same time as SILLIAC was being built, Sydeegther university, the New
South Wales University of Technology, received agdagrant from the state
government to study nuclear power. The new hea#leftrical Engineering, Rex
Vowels, proposed purchasing a computer to supparttipte disciplines [33].
Government policy meant the purchase had to bésBriand in 1954 that meant a
Ferranti Mark 1, Lyons LEO 1 or English ElectricDEUCE They felt that the
DEUCE, derived from Alan Turing’sACE design, was the most advanced and
ordered thelniversity of Technology Electronic Compytes UTECOM This was
shipped from the UK in mid 1956 and it was usednfi®eptember [34].

Work on UTECOM paralleled SILLIAC with intense student, research and
commercial activity. An early user was Professor Rifilosophy (and ex radar
engineer) Charles Hamblin. At the 1957 computerfea@mce he presented a
somewhat abstruse maths method “Reverse Polishtidigtaand showed how this
simplified programming and even hardware desigrgligh Electric engineers at the
conference understood the significance and their major machine, th&KDF9, used
its push-down/pop-up stack memory extensively [35].

UTECOMwent through two rounds of upgrades and its owhanged its name to
the University of NSW before it was replaced bylBM 360in 1966, and mostly
scrapped.

8 Murray Allen’s ADA

In 1949 the Australian government started the Sndountains Hydro-electricity
project. This required an unprecedented level girexering design and, specifically,
mathematical modeling of the overall system. Atfiastempt at this by manual
calculation had taken “many man-years”, and thesded to do a whole series [36].
The Snowy folk approached David Myers at the CSIR&tion for Mathematical
InstrumentgSMI) and found that they already had a projectesway that seemed a
good match. The SMI had a brilliant young enginegigraduate, Murray Allen, who

9 Specifically, the mathematical description of tielisuperfluidity.



was developing a new computer as his PhD projelats Tised a new electronic
device, the transistor, which promised speed, biilig, heat, and size advantages
over vacuum-tube technology. Murray’s project wasdwork the USBendix D-12
Differential Analyser design using transistotS. This was electronic, digital,
programmable and automatic - it waBA, theAutomatic Differential AnalysdB7].
Construction started in 1956 when reliable transistbecame commercially
available!* Adolph Basser contributed funding and the Snowytharity wanted
ADA-2for their exclusive uséADA was ceremonially opened in March 1958 - but its
life was short. Its memory was a CSIRO built magneétum:
“One afternoon tea [early in 1961 [38]] there wasmaighty crash and the drum
was essentially destroyed - a piece of lint hadyémt under a head and dug a
great channel. ADA was done fof39]

9 David Wong’'s SNOCOM

During the development oADA one of Sydney Uni's graduate students, David
Wong, was given the task of determining what $mowy Mountains Hydro-electric
Authority (SMHA) really wanted to do, and whabDA-2 should be capable of. David
concluded that whilADA had 60 integrators, the full problem would requi@Q.
Also, the SMHA had many non-differential computjogs, and he showed that while
these could be expressed in differential form,aswomplicated. David went one step
further and programmed a representative differeptiablem on Sydney University’s
digital computelSILLIAC. His conclusion that a general-purpose computardvdo,
plus its specification, earned his Master’s degage, a PhD project - to build it [40].

There were some constraints on the project: lititaey, little time, and little help.
Then, in early 1957, the design of a small comna¢tds computer, theGP-30Q was
published by its designer, Stanley Frankel [41]e Thbrascope General Purpose
computerused valve logic and a drum memory and was sumghs similar, in a
general way, ttADA. David, with Murray Allen, set about expanding th8P-30’s
description to a design they could build with thedules developed fakDA[42].

A simulator for the Snowy ComputerSNOCOM- was written orSILLIAC [43]
and software development started. Much was dormudjir a 500 km teleprinter link
from SMHA headquarters in Coomal!

SNOCOMwas delivered to SMHA at Cooma in August 1960. B362, 50
programmers kegpNOCOMbusy for two shifts a day, and it was augmentedty
Elliott computer. In 196 BNOCOMwas retired to student work at Sydney Uni, then
presented to the Powerhouse Museum [44].

10  The D-12 was based on Northrop’s 198agnetic Drum Digital Differential Analyzer
(MADDIDA).
11 Philco surface-barrier germanium transistors.



10 Murray Allen, Trevor Pearcey and CIRRUS

Following the transfer o£ESIRACto the University of Melbourne a very disappointed
Trevor Pearcey returned to the URadar Research EstablishmefRRE) late in
1957. Their fast, and largely secret, vacuum-tubenputer TREAC had been
operating since 1953 and Trevor worked on compé#eid a subroutine library stored
in read-only ferrite-rod memory. He also had contsith Maurice Wilkes and the
brand newEDSAC 2at Cambridge. This also had read-only memory, e to
control instruction execution - it was the firstamiprogrammed computer [45, 46].

In 1959 Trevor returned to Australia and joined tBSIRAC Laboratory in
Melbourne. At the same time Murray Allen left Sygingniversity and joined the
University of Adelaide to establish their computkapartment. Murray got his staff
and students thinking about a big computer progexct he talked to Trevor and the
Weapons Research computing team. Their initial @ to produce a cheap, open-
ended architecture with minimal hardware based ratdfierrite core memory and
related read-only store. They dubbed the “blue skyifunded projec€CIRRUS and
proceeded to produce a detailed design. The in&irucmicroprograms were
simulated by Trevor o@SIRACand software design started [47].

Adelaide University saw a very promising future fbe design, supported the
project and stimulated funding from the Postma&eneral, and Weapons Research
Establishment.

The basic hardware elements that Murray usedADA and SNOCOM were
extended forCIRRUS and constructed by a PMG contractor. As the hardwa
developed it became clear that it would be so tlzest a form of multiprogramming
would be needed to keep the processor busy. Time keew of a few commercial
examples Kloneywell 800and IBM 7030 Stretch but their requirements were
different. John Penny wrote a simulator on WREB81 7090 and developed the
operating software there [48].

CIRRUScame into operation in late 1963 with 4 user wiatiksns. It was fast,
inexpensive, and well ahead of commercial conteamies. It was heavily used
despite the installation of a CSIRCDC 3200and aCDC 6400 As well as teaching
and research programming, special purpose on-lovdra and signal-processing
workstations were built. A prolonged breakdown 8692 triggered the purchase of a
Data General NovaandCIRRUSwas taken out of service late in 1971 [49].

CIRRUSIs preserved in Adelaide Uni’s Electrical EnginegrDepartment.

Australian industry did not take up this cheap #fiexible design and Adelaide Uni
did not pursue computer development. Murray Allperg a year with Control Data
in the USA contributing to th€DC 3000series computers, then he moved to the
University of NSW. Trevor Pearcey and John Penimejp the new CSIRO Division
of Computing Research.



11 ATROPOS

The Weapons Research folk needed to know whermtkets they were testing were
likely to come down. They had an “impact predicteystem to do thtd, but with the
1958 Blue Streakproject the impact point would shift by 60 km evesecond, and
they decided a digital system was needed. It haduto the 5,000 instruction
procedure five times a second and there wasn'tranw&rcial system WRE could
afford which would do that [50]. A small team of \ERengineers (lan Hinckfuss,
Ron Keith and lan Macaulay) visited the UK in 196 included RRE where Trevor
Pearcey was working oRREAC[51]. This machine was fast, with parallel opematio
and very good arithmetic [52]. They felt they coudld even better with transistors
instead of valves, and core memory instead of ®Wfills Tube CRTs.

They had a design by 1960 and WRE workshops catetiuheir computer by the
end of 1962. This was large for a second generatiachine: 6m wide, 2m high and
%.m deep. Transporting it 150 km from the labs adelaide to the Woomera Range
was done on an air cushioned truck, at 15 km/h.

Its major input was from two radar units 200 km gws0 they also had to invent a
reliable data transmission system [53]. Its job wasonvert radar data to position
and speed, carry out processing quality checkscamdpare the predicted impact
point to the rocket range boundaries. The finagestaould be to instruct an errant
missile to self-destruct, so it was named afterGheek god of death TROPOS

They also wrote a simulator and tested their saftvesn WRE’'SIBM 7090 Then
they generated test radar data there toofarROPOSwas placed in operation at the
end of 1963 [54]. In 1964 it was

“one of the few, and certainly the largest real ¢indata processing system

operating in Australia. Yet with the exceptiontw tadars and plotting tables, all

the equipment involved was designed by WRE ant ditiier in the WRE or by

local industry” [55]

The system was successful and reliable, and wastpleuntil 1974 when it was
replaced by a commercial computer [56].

12 ARCTURUS

Following David Wong's completion cdENOCOMhe built a large digital trainer,
NIMBUS and from the early 1960s started thinking abowtrg economical, general
purpose computer for the Electrical Engineering &&pent at Sydney Uni. There
was no budget at all but David started small rellggejects: a printer controller, and
a remarkably fast paper tape reader. He also dtaalvaging electronic components
and developing the design wiBNOCOMstyle hardware. By mid 1964 he had a
complete design, and a small amount of fundinguitddba computer for educational
use [57].

12 Rocket tracking radar was linked to plotting tabledched by the Safety Officer.



David bought core memory, a paper tape punch, lamaécessary components to
construct his machine in the University. It was pteted in 1966 at a cost around
£5,000. There was also a competition to name it ARCTURUE won [58].

While there were other computers availaBARCTURUSwvas fast and convenient,
and its hardware could be modified for special grt§. For example, when IBM
donated a large disc drive RAMAC 30%in 1971, it was easiest to build an interface
for ARCTURUSwhich was done by Kevin Rosolen) [59].

By 1975 small and cheap commercial computers dedigor digital control were
available andARCTURUSwas replaced by a Digital EquipmdbP-11/45[60].

13 Summing up

History tends to make champions of inventors anty ésustralian computing has a
notable number of inventions. This brief overvieftioe obvious early milestones
shows quite a mesh of influences. British radawvioled basic electronic techniques,
the critical delay-line memory device and an exgdll reason to automate
calculations. UK academic Douglas Hartree knew Baviers, Trevor Pearcey and
John Ovenstone. John von Neumann’s two fundamdetgnsEDVACand the AS
Computer directly influencedCSIRACand SILLIAC, and had surprising influences
on WREDACand CIRRUSvia Cambridge’sEDSAC Published US designs were
interpreted forADA and SNOCOM and further British radar work offREAC
influencedCIRRUSandATROPOS

Influences passed out of Australia too. Charles blars applied mathematical
philosophy influenced English ElectriddF9, and arguably all the succeeding stack
architecture computers. Chris Wallace worked atliBhgElectric, Trevor Pearcey
contributed toTREACand Murray Allen sojourned at Control Data. Exagthat did
they contribute?

Of course the Australians influenced each othewnid&yers, Trevor Pearcey,
John Ovenstone, John Bennett and Murray Allen organconferences, bounced
ideas off each other, educated a generation ofneegs and programmers, and did
much to create the state and national computeetesi

Finally, this is part of the story up to about 197here is of course more, eg
CSIROnetOwen Hill's Microbee Alan Bromley’s” part in the first build of Charles
Babbage’'®DifferenceEngine and the CSIRO Wireless LAN sagal!

13 In Greek mythology Zeus created Arcturus to guhedbear.
14 Born 1947, died 16 August 2002.



Appendix - Brief Specifications

System Used Brief Specification

Automatic 1913 on Electro-mechanical decimal adders with stiket

Totalisator machine scanners. Not programmable.

CSIR Diff. 1946 to Electro-magnetic analogue integrators. Programnye

Analyser €.1960 cable interconnections.

CSIR Mark 1 /1949 to 1964Serial digital computer, vacuum tube logic, mercury

(CSIRAC) delay-line memory, magnetic drum, paper tape i/o.

WREDAC 1955 to 1962Serial digital computer, vacuum tube logic, Ni gela

(Elliott 403) line memory, mag. disc, mag. tape, paper tapeteplot

SILLIAC 1956 to 1968Parallel digital computer, vacuum tube logic, V¥iths’
tube CRT memory, magnetic tape, paper tape i/o.

UTECOM 1956 to 1966Serial digital computer, vacuum tube logic, mercury

(EE DEUCE) delay-line memory, magnetic drum, punched card i

ADA 1958 to 1961Serial digital differential analyzer, transistogio,
magnetic drum memory, paper tape, plotter.

SNOCOM 1960 to 196/Kerial digital computer, transistor logic, magnetiam
memory, paper tape i/o.

CIRRUS 1963 to 197Parallel digital computer, micro-programmed tratusis
logic, ferrite core memory, multi-programmed
operating software in ROM, paper tape i/o.

ATROPOS | 1963 to 197#arallel digital computer, transistor logic, veagf x, +
V, ferrite core memory, paper tape & parallel i/o.

ARCTURUS | 1966 to 1975%arallel digital computer, transistor logic, fegritore
memory, paper tape i/o.
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