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European Electronic Data Processing—A Report on
the Industry and the State-of-the-Art*

ISAAC L. AUERBACHY, FELLOW, IRE

To help assure that the U. S. computer engineer has good visibility on the European scene, I. L. Auer-
bach was asked to undertake the task of surveying the many computer developments in that part of the
world. Engineers will find useful information in this paper, in which several of the most promising tech-
nical developments have been identified and described briefly, and the characteristics of most of the com-
puters in operation and in development are summarized.

—The Guest Editor

Summary—Information processing activities in Western Europe
are developing at an increasingly rapid pace. Newly created com-
panies and many of the established business machine and electronic
firms are entering this burgeoning field. A first-hand tour of major
industrial and academic groups in Western Europe reveals important
progress in equipment design and manufacturing techniques, as well
as significant advanced development work.

The United States is ahead of Western Europe, due primarily to
a greater over-all research and development effort. However, there
is no national boundary for creative ideas; European laboratories are
developing new techniques and products for the world market, rang-
ing from peripheral equipment to complete information processing
systems.

The survey of European activities is presented in three parts:
an introduction, details of some important technological develop-
ments under way, and a detailed review of the characteristics of
European computing systems. The technological developments in-
clude fixed high-speed memories, magnetic thin films, random-access
memories, pattern recognition, learning machines, hydraulic logic,
and problem-oriented languages.

I. INTRODUCTION

N a mere fifteen years the electronic digital com-
]:[ puter has risen from a laboratory curiosity to a

vital element of present-day civilization. The phe-
nomenal growth of the computer industry in the United
States has been the subject of many articles, both tech-
nical and popular. But too little attention has been
given to the work going on in other countries. Indeed,
very basic research and development is being conducted
everywhere in the world. It is therefore of inestimable
value to keep in focus these activities and recognize the
magnitude of the ever-growing field.

While virtually every nation today is engaged in
some sort of computer activity, the most significant
work being done is found in the United States and
Western Europe. Several European countries, notably
Great Britain, France, Sweden, The Netherlands and
Germany, have been active for many years and have
well-established research groups and manufacturing
concerns. Other nations entered the field more recently
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and are aggressively forging ahead in basic research
and product development.

In an effort to learn first hand just what the Western
Europeans are doing in information processing, the au-
thor spent seven weeks touring the continent and
Great Britain, visiting virtually every major area of
computer activity. Through exhaustive interviews,
tours of facilities, and examination of equipment the
author has prepared this presentation of the technical
state of the art in Western Europe.

II. TEcENOLOGICAL DEVELOPMENTS

All over Western Europe important research is being
conducted by both commercial and government or-
ganizations in advancing the state of the computer art.
Some of the work parallels that being done in the
United States and elsewhere, while in other cases Euro-
pean groups are pursuing entirely new ideas. Although
not all advanced developments are revealed to an out-
side observer, the author was fortunate in seeing much
original and interesting work in process. The items of
particular interest are noted below, categorized by tech-
nical subject matter, so that the results of several or-
ganizations working in the same area may be grouped
together.

Fixed High-Speed Memories

There is very interesting development work in West-
ern Europe in the area of fixed high-speed memories,
including both technique developments and applica-
tion studies. Two techniques are receiving particular
attention: wired-core memories, and fixed memories
using magnetic rods.

Wired-Core Memories: Wired-core memory tech-
niques, well known but little used in the United States,
are extremely popular in Western Europe. Almost every
modern European computer uses some form of wired-
core storage.

In wired-core storage, a wire is threaded through a
core matrix in a pattern which represents stored infor-
mation. Such memories are characterized by nonde-
structive readout, with higher speed (under 1 pusec
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switching time is typical) and lower cost than coinci-
dent-current memories. Wired-core memories are used
to store various fixed or seldom-changed data; e.g.,
start-up sequences, basic programs for communicating
with peripheral equipment, basic subroutines such as
standard trigonometric functions, program constants,
and, in some cases, entire operating programs. The
technique is particularly useful in microprogramming,
where the cores control logical gates and the structure
of the wired-core matrix defines the logical characteris-
tics of the computer. Industrial control is one of the
areas where wired-core techniques have great potential
application.

Telefunken in Germany uses E-shaped wired cores
in the TR-4, a large-scale, high-speed, solid-state com-
puter. One slot of the E core stores a ONE and the
other slot stores a ZERO. A storage capacity of 256
words is achieved with 52 cores and 52 diodes mounted
on a single plug-in card threaded with 256 wires. Tele-
funken claims an access time of 1 usec with a 30 per
cent cost saving over coincident-current systems.

In Holland, N.V. Electrologica uses wired-core stor-
age in the X1 computer. Organized in blocks of 64
words, the storage is used for peripheral equipment sub-
routines. N.V. Electrologica has automated the as-
sembly of the wired-core matrices with punched paper
tape.

Most other European groups are active in wired-
core development and application, particularly Elliott
Brothers in England who have utilized the technique
for both serial and parallel storage in process-control
computers. :

Fixed Rod Memories: The advantages of wired-core
memories are retained and the disadvantage of inflexi-
bility of modification overcome in a new memory de-
velopment at the University of Manchester in Eng-
land. Using small magnetic rods inserted in a wire mesh,
this 8192-word memory has achieved the highest operat-
ing speed of any known memory of equal size being
built into a computer anywhere in the world: 0.3 usec
cycle time and 0.15 usec access time have been achieved
in laboratory tests.

The fixed rod memory was developed by Professor
T. Kilburn for use in the radically new MUSE com-
puter currently under development. The memory has
a capacity of 8192 words of 48 bits each. A smaller ver-
sion, 256 X256, using parts supplied by Manchester,
was built at the University of Pisa in Italy and is oper-
ating in the C.E.P. computer there.

The fixed rod memory is constructed from a woven
mesh of copper wire mounted over a soft plastic. Ferrite
rods 1 mm in diameter and 5 mm long are placed in the
interstices of the mesh wherever a ONE is to be stored.
The woven mesh for a 4096-word memory is 3 feet wide
and 8 feet long with t%-inch grid spacing. The mesh,
folded in half over the plastic, results in a two-sided
frame 3 feet by 4 feet. There are 256 X768 loops in the
mesh, organized as 256 X 16 words of 48 bits each.
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Fig. 1—Kilburn fixed rod memory technique.

The wire mesh is formed into loops (see Fig. 1) by
cutting one horizontal and one vertical edge of the
mesh. When a ferrite rod is inserted within both a hori-
zontal and vertical loop, it couples these loops and
may be detected. To provide a flux return path for the
magnetic field and to reduce noise, identical rods are
inserted in all of the noncoupled loops.

The memory is organized by switching 48 sense am-
plifiers to a selected 1-out-otM6 group of 48 loops on
the vertical axis. A single driver switched to one of the
256 loops on the horizontal axis provides the interroga-
tion.

Magnetic Thin Films

Research on magnetic thin films is under way in
many laboratories throughout Europe. Two of the or-
ganizations visited—IBM Zurich, and ICT in Eng-
land—made some information available about their
programs so that a brief review of these programs serves
as an indication of the state of the art.

At the IBM Laboratories in Zurich a major program
on magnetic thin films is divided between two groups:
one engaged in metallurgical methods for depositing
and heat-treating ferromagnetic films, and the other
concerned with the switching properties of the films
and their application in logical devices and memory.

IBM’s investigations show that ferromagnetic res-
onance of a thin film occurs at 1 kMc, which may estab-
lish the upper boundary for speed. The possibility of
making use of the ferromagnetic resonance in new cir-
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Fig. 2—ICT thin film memory, laboratory model.

cuits is being studied. Experiments have been con-
ducted on nanosecond switching of film 1000 angstroms
thick and 1 cm square. Output signals of up to 0.1 volt
have been obtained comparable to signal amplitudes
derived from small ferrite cores. Memory planes are
being tested.

Through microscopic examination of the thin film
under polarized light, both the IBM and ICT re-
searchers have been able to observe the domain wall
switching and have discovered that the domains “lock
up” on impurities.

In England, International Computers and Tabulators
Ltd. is active in thin film research. ICT’s main empha-
sis is on improving the reproducibility of the desirable
properties of the magnetic thin film, to permit eco-
nomical manufacture of large-scale memories with
cycle times under 100 nanoseconds. Metallurgical re-
search at ICT has produced a new alloy called Gyralloy
which is deposited by vacuum evaporation onto an oxi-
dized aluminum substrate. The presence of a conductor
so near the film gives a good signal-to-noise ratio and
reduces the drive impedance, because magnetic flux
cannot penetrate into the conductor in the duration of
the selection pulse. ICT claims no harmful damping
effect on the magnetic reversal with this arrangement.

An experimental thin film memory assembly built by
ICT is shown in Fig. 2. The Gyralloy is deposited on
the aluminum substrate in a continuous film—not in
spots. An insulating layer is applied over the film; over
this are printed circuit copper conductors, which form
the read winding. At right angles to the read winding
are coils of flat wire, with 10 turns per coil, again at
right angles to these coils is a set of conductors em-
bedded in a plastic sheet, for x/y control.

Other European groups engaged in thin film research
include Siemens & Halske and the Max Planck Insti-
tut fuer Physik in Germany; and Plessey, Mullard
Radio Research Laboratory, and the University of Man-
chester in England.
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Fig. 3—FACIT ECM 64 Carousel memory.

Random-Access Memories

The problem of providing random access to large
quantities of stored data has been attacked many ways
in the United States and Europe. Two interesting de-
velopments in this area are the Carousel memory de-
veloped by Facit in Sweden, and the K-10 memory
built by Standard Elektrik Lorenz in Germany.

The Carousel (Fig. 3) permits access to any of over
five million stored decimal digits in an average of less
than two seconds. It contains 64 small reels of 8-chan-
nel magnetic tape mounted in two concentric circles on
a wheel. A given reel of tape is read by indexing the
wheel so that the selected tape is at the bottom. A
weight attached to the end of the tape drops down past
an air-gap read/write head to an unwinding bin. Photo-
electric sensors control start, stop, and rewind. A fully
loaded Carousel wheel can be replaced in about ten
seconds.

Standard Elektrik Lorenz’ K-10 (Fig. 4) takes a
somewhat different approach to the random-access
storage problem. It provides a storage capacity equal
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Fig. 4—Standard Elektrik Lorenz K-10 memory.

to that of a standard tape transport with a 1000-meter
tape, but with an access time of only 2.5 per cent
of a conventional unit. The K-10 has ten bins, each
containing 100 meters of tape. Associated with each
bin is a read/write head and a drive mechanism. The
tapes normally rest with the midpoint over the head,
detected photoelectrically. A typical application uses
a crossbar switch, four tape control units, and nine
K-10's for simultaneous reading or writing on any four
of 90 tapes.

Pattern Recognition

The most outstanding development work observed in
character recognition in Europe is being conducted at
the Technische Hochschule in Karlsruhe, Germany.
Solartron in England has produced commercial equip-
ment for character reading. BULL in France, EMI in
England, and three German manufacturers are also
working in equipment development.

The Karlsruhe approach, sponsored by the German
Post Office, is a unique combination of analog and digi-
tal techniques. The initial input of a character is
straightforward; a flying spot is used to scan the pattern
at a rate of 3000 characters per second and the output
signal wave is converted to bits indicating black or
white areas. The result of a scan is 200 bits (20 vertical
by 10 horizontal). A two-dimensional 200-bit shift
register stores this image of the original pattern as it
develops. The system is currently limited to 14 char-
acters; continued development is expected to increase
this number.

The first phase of processing centers the character
image. First the character image is transferred from the
shift register to an array of 200 flip-flops which in turn
feed a resistor matrix. The resistors are so intercon-
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nected that there are four output currents: left side,
right side, top and bottom. The character is scanned
and repeatedly reloaded into the flip-flop array from
the shift register with each vertical synchronizing pulse.
The character effectively moves from left to right across
the array until the left and right currents are equal.
This is defined as horizontal centering.

The flip-flops are cross-connected so that vertical
shifting of the character image is possible. Then the
character is positioned so that the top and bottom cur-
rents are equal. This is defined as vertical centering.
The horizontal and vertical “centering” places each
character image in its unique standard position.

The next phase of processing, which has been thor-
oughly analyzed but only partially implemented in
hardware, is the extraction of salient features from the
pattern. Since the currents flowing in the resistors rep-
resent the “potential field” (Fig. 5) of the character
stored, it is possible to deduce the key shape features of
the character from properties of this potential field.
For a simple example, a node with a maximum current
inflow indicates the end of a line or an isolated point.

An analysis of first and second differentials of cur-
rent flow at a point indicates the location and curvature
of a line. The sign of the first differential indicates
whether the character lies to the right or left of the test
point. The sign of the second differential indicates
whether the line is straight, curved away from or
curved towards the test point (see Fig. 6). Note that
these currents and differentials are analog, not digital
phenomena.

To test the first and second differentials, some novel
circuits have been devised. The most novel test uses a
differential transformer technique. Leads from adja-
cent nodes of the resistor matrix are wound around fer-
rite cores with proper numbers of turns and direction.
There are also sense and interrogate windings on the
core.

The core is saturated in one direction or the other
depending on the sign of the second differential. An
interrogate pulse only produces an output for a positive
second differential.

The figures to be recognized are described in terms of
the location of major straight lines, the direction of
curvature in the upper, middle and lower portion of the
figure, and the location of line terminals. The present
recognition criteria were selected experimentally and
wired into the equipment.

Solartron’s commercial development is the ERA
(Electronic Reading Automation), which converts
printed characters to punched cards at the rate of up
to 240 characters per second. The accuracy claimed is
better than one in 10,000 rejects and one in 1,000,000
errors. Four units represent the necessary equipment
for recognition: the scanner, memory, logic, and docu-
ment handler. The latter provides only for cash register
tally rolls, but developments are in process for handling
separate documents. One of the Solartron ERA systems
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Fig. 5—Two-dimensional potential field for the character “2.”
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Fig. 6—Determining character shape by
analysis of second differential.

was observed undergoing final factory tests in July,
1960.

The ERA is designed to read numerals (0-11), plus
some alphabet characters and special signs. (Models
are under development for sensing additional charac-
ters.) The sensor uses a flying-spot scanner and a photo-
electric pickup. Each character is prescanned twice.
The first prescan establishes peak white and black
levels which are used to clamp the limits to a narrower
range than would otherwise be necessary, thus com-
pensating for smudging and other irregularities. The
second prescan establishes x-y limits to center the char-
acter:; then a final scan transfers the character informa-
tion into ferrite core storage. Each character has its own
criteria stored within the machine; both acceptance
and exclusion criteria are used for identification.

Three of the larger German computer manufacturers
(Telefunken, Siemens, and Standard Elektrik Lorenz)
have been also working on character recognition equip-
ment, in an effort to receive contracts for equipment to
mechanize the German Post Check system and the Ger-
man Post Office letter sorting problem. Telefunken has
a pilot model reader for American Banking Association
characters under test.

Electric and Musical Industries (EMI) in England is
developing a character reader named FRED (Figure
Reading Electronic Device).

Machine Learning

Exploratory work in learning machines, most of it
in the early stages, is being pursued by several Euro-
pean groups, notably the Technische Hochschulen in
Vienna, Austria, and Karlsruhe, Germany, and Man-
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chester University and Solartron in England. Unfor-
tunately, little information is available on these activi-
ties, other than an indication of the general approach
each group is taking.

In Vienna, programs are being developed for the
MAILUEFTERL computer to create a new type of
conditioned reflex automaton. An improved model of
Shannon’s maze runner has also been developed, with
the ability to detect circle-ways, dissolving them into
parts of the solution.

The Karlsruhe group has devoted much study to the
philosophy of learning machines and has produced ex-
cellent articles summarizing the accomplishments in
the field. Their work, like that in Vienna, is concerned
primarily with conditioned reflexes and is closely re-
lated to their developments in character recognition.
One approach to the conditioned reflex problem uses
the multistep characteristic of ferrite cores in a matrix,
with the sensors connected to one axis and the reactors
to the other. By repeatedly exposing the sensors to the
situation, a conditioned reflex is built up so that, when
the reactors are interrogated, a learning-type reaction
is obtained. In addition to character recognition, ap-
plications of this technique are seen in information re-
trieval and automatic speech recognition.

At Manchester University, one problem under in-
vestigation involves control of a configuration of water
tanks in which some drain into others, some drain into
a sink, and some are filled from an external source. All
flows are controlled by valves, some of which operate
randomly, while others are controlled by a learning ma-
chine. The machine is told only which tanks are too full
or too empty and must try to maintain the proper
levels without knowing how the tanks are intercon-
nected or what the valves control. Such a machine may
find application in chemical processing.

Another learning problem under study at Manchester
involves the memory organization of the MUSE
(ATLAS) computer. To achieve, in effect, a huge fast-
access memory, MUSE combines a magnetic core
memory and a drum memory such that information is
transferred between the memories without direction
from the programmer. The computer’s task is to keep
those data which are frequently requested in the im-
mediate-access core memory, with less used data in the
drum. When a given block of information is requested,
it is read out immediately if in core storage, or trans-
ferred from the drum in exchange for an unused block
in the core memory. Learning criteria are being devel-
oped so the computer can maintain the best compromise
of storage locations at all times.

Solartron’s association with Rheem Manufacturing
Company in the United States has resulted in the de-
velopment of EUCRATES, an experimental teaching
and learning machine. Learning is accomplished by
storing the number of hits in correlating a keyboard and
a selected light. As the number of hits is increased, the
“pupil” part of EUCRATES “learns” the correlation,
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and eventually selects the right key. To simulate human
behavior, a “forgettery” control is introduced that re-
quires continuous enhancement. The “pupil” learns
under control of the “teacher” part of the equipment,
or on a trial-and-error basis without outside assistance.

Solartron has also developed a teaching machine, the
SAKI (Solartron Automatic Keyboard Instructor)
which trains operators in the use of punch-card equip-
ment. It consists of a keyboard, a power supply, and a
control unit. On the latter are two indicators, one cor-
responding to the location of the keys, and the other a
card with rows of random numbers and/or letters. In
operation, a light shines behind each of the characters
on the card, in sequence. The corresponding keyboard
indicator is also illuminated, telling the trainee which
key to depress. As the proper buttons are depressed, the
kevboard indicators grow dimmer and the rate is in-
creased. If errors are made, the rate is reduced and the
indicators gradually come back on again.

Hydraulic Logic

One of the most interesting and unusual develop-
ments in Europe is the work being done at IBM’s Zurich
laboratory on hydraulic logic. This is exploratory work
aimed at establishing basic techniques rather than build-
ing hardware.

This application of hydraulic techniques is quite dif-
ferent from the conventional usage where high power is
used to move heavy external loads. In hydraulic logic
there is no external load, thus permitting lower pres-
sures and much smaller elements. Miniaturization also
permits higher speed, and hydraulic elements compete
favorably with relays in this area of performance. Lab-
oratory models of a free-running multivibrator have
been operated at 300 cps, and calculations indicate
that, with care, 2000 cps operation can be obtained.

Although hydraulic elements can take many forms,
the devices built by IBM Zurich use “spool” valves,
shown in both schematic and symbolic form in Fig. 7.
In this simple building block, three inputs (4, M, and
N) and one output (X) are provided. Logical signals in
the form of high and low pressure (corresponding to the
voltage no-voltage levels in electronic binary logic) are
applied to the inputs. A static medium pressure is ap-
plied to m. Thus the pressure at 4 determines the posi-
tion of the valve, which in turn defines, together with
the input at M or N, the pressure at X. If high pressure
is regarded as logical ONE and low pressure as logical
ZERO, the performance is described as

X =MA"+ NA.

The logical capability of the hydraulic element is thus
greater than that of a single transistor.

By providing a feedback path from X to 4, a bistable
element is created. These simple configurations—the
gate and the bistable device—are the basis for all other
hydraulic logic elements. Gating networks, shift regis-
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Fig. 7—Basic hydraulic logic element. (a) Schematic, (b) Symbolic.

ters, counters, matrices, and multivibrators have been
built and successfully operated. Fig. 8 shows the logical
diagram of a scale-of-two counter and a working model
of this unit. Fig. 9 shows two multivibrators, with bores
of 5 mm and 1 mm, respectively. The larger models are
executed in clear plastic to permit direct visual observa-
tion of operation using stroboscopes and high-speed
photography.

Hydraulic logic presents many serious design prob-
lems. In many respects the elements behave like their
electronic counterparts, and problems such as transient
peaks when a current in an inductive circuit is sud-
denly stopped are encountered. In addition, many phys-
ical effects relating to fluid flow influence the design.
Inertia is especially critical in determining response
time, and channel (z.e., conductor) lengths must be
equal for two parallel-fed elements to operate synchro-
nously.

Despite these problems, the IBM Zurich group has
made an impressive start toward realization of practical
control and decisioning equipment using hydraulic ele-
ments exclusively. They admit that a hydraulic com-
puter is in the far distant future, but point to more im-
mediate potential applications, such as process control
and machine tool control. They feel that the high re-
liability and long life of hydraulic components make the
technique especially attractive in such applications.

Other Developments

In addition to the major development efforts de-
scribed above, several other interesting programs were
observed in both computer applications and hardware
techniques. In the former area, the work in problem-
oriented computer languages is worthy of special men-
tion.

Development of computer languages for simplifying
programming is centered around ALGOL (Algorithmic
Programming Language). The idea for ALGOL orig-
inated in Germany several years ago and is being de-
veloped by a cooperative group representing West
German and Swiss technical institutes. A preliminary
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Fig. 8—Hydraulic scale-of-two counter.

Fig. 9—Hydraulic multivibrators, 1-mm and 5-mm bores.

ALGOL language proposal was approved by GAMM, a
German technical society, in 1957. ALGOL conferences
in 1958 and 1960 saw the formation of a unified effort
to establish a universal computer language. Currently,
most computer groups in Europe are working on or
have completed ALGOL-60 translators for their com-
puters. Universities are teaching the language and are
reporting very good results.

Elliott Brothers have observed an interesting phe-
nomenon that can be used for nondestructive storage
with nickel delay lines. A bit of information is stored in
a nickel wire by discharging a capacitor through the
wire at a fixed point. Bits may be placed every % to 1
centimeter along the wire, equivalent to approximately
one-microsecond intervals. The discharge applies a
permanently stored circular magnetization to the wire.
Passing a current pulse through the wire sets up an
acoustic wave from each bit stored, so that an acoustic
coil transducer mounted on the wire past the current
output will receive a sequence of acoustic signals cor-
responding to the stored discharges in the wire.

II1I. CoMPUTERS IN EUROPE

The chart on pages 340-347 presents a compre-
hensive summary of Western European computers. In-
cluded are all current or recent computing systems
on which information is available. The chart is mainly
devoted to commercially available machines, but a few
of the more important one-of-a-kind computers, as well
as some systems still in development, are included for
reference. The data in the chart were compiled from
manufacturers’ literature and, in most cases, through
direct communication with the manufacturers.

The indexes on which the evaluation of computing
systems is based were chosen in the belief that they
achieve the most meaningful presentation of informa-
tion. To clarify the indexes and define the terms used,
Table I, on page 339, explains the column headings.

To provide a frame of reference for the computer
comparison, the following paragraphs present brief
notes on each company and computer represented in the
chart.

Great Britain

Computer activity in Great Britain is second only
to that in the United States. Several large manufac-
turers are active in commercial development and pro-
duction, and British universities continue to play an
important role in advanced computer development.

Leo Computers Ltd: Leo Computers Ltd. is a wholly
owned subsidiary of J. Lyons and Company Ltd. of Lon-
don, a pioneer in the application of computers in busi-
ness. Leo Computers’ first effort was LEO I, the oldest
computer in the world still in operation. LEO II was
introduced in 1957 and was followed by LEO III, an-
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nounced in the summer of 1960. This transistorized
parallel computer has three distinctive features: basic
actions are controlled by microprograms; the computer
can be microcoded to operate as a multiradix com-
puter; and two or more different programs can be op-
erated simultaneously under control of a master pro-
gram.

Ferranti Ltd.: Ferranti Ltd. was one of the earliest
companies in Great Britain to enter the computer field,
beginning with the MARK I development in collabora-
tion with the University of Manchester in 1951. Since
then Ferranti has produced a large family of electronic
digital computers, and the company is today at the
forefront of technological developments and scientific
computation in England.

The ATLAS computer, jointly developed with the
University of Manchester, is the most advanced com-
puter being developed in Europe. It features an ex-
tremely sophisticated organization and several unusual
hardware techniques, including the fixed rod memory
described earlier. Ferranti is also building advanced
process control computers.

Elliott Brothers: Elliott Brothers, a division of Elliott
Automation, entered the general-purpose computer
field in the early 1950’s, producing several serial sci-
entific machines. The first business data processing
machine made by Elliott was the 405 computer, using
tube/diode logic, a magnetic tape memory and a 16,000-
word magnetic disk memory.

In 1958 Elliott introduced the partly transistorized
802 computer, followed almost immediately by the
completely transistorized 803, which is being promoted
as a small-scale scientific computer, a small-scale busi-
ness data processor, or as the computer unit of an on-
line industrial data processing system. Elliott recently
announced the 503, a large high-speed scientific com-
puter.

EMI Electronics Ltd.: EMI Electronics Ltd., known
for its work in analog control systems, entered the gen-
eral-purpose electronic digital computer field with the
EMIDEC 1100, a transistor/magnetic core computer.
The 1100 is a two-address binary parallel machine with
magnetic core and drum storage.

In 1955 the National Research Development Cor-
poration contracted with EMI Electronics Ltd. to de-
sign and develop an advanced data processing system.
This system, the EMIDEC 2400, is a very large high-
speed data processor comparable to the IBM 7080, with
a sophisticated organization of on-line and off-line
peripheral equipment. Special features of the 2400 in-
clude automatic interunit switching of peripheral
units, with an interrupt facility to permit breaking into
the normal computing routine for peripheral unit con-
trol; elaborate error-checking and time-sharing of com-
puting and input-output functions.
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International Computers and Tabulators Ltd. (ICT):
ICT was formed in 1959 from the British Tabulating
Machine Company, Ltd. (Hollerith) and Powers-Samas
Accounting Machines Ltd. Later in 1959, ICT and the
General Electric Company Ltd. formed Computer De-
velopments Ltd. as a jointly owned design and coor-
dinating group. The 1301 computer, the first outgrowth
of this united effort, is a file processor for medium-size
companies. A fully transistor 1 Mc binary-coded-deci-
mal serial-parallel machine, the 1301 has a magnetic
core and drum memory.

Standard Telephones and Cables Ltd. (STC): STC’s
entry into electronic data processing came in 1958,
when the first STANTEC ZEBRA was produced, using a
logical design developed by the Netherlands Postal
and Communications Services. The ZEBRA’s unique
features include the use of large etched circuit boards for
interconnections between the vacuum-tube plug-in
modules, extensive use of microprogramming, and the
use of all “short” storage registers as instruction modi-
fiers. In addition to the normal machine code, a “simple
code” has been designed especially for the unskilled user.

STC is producing the STANTEC COMPUTING
SYSTEM, the heart of which is a transistorized and im-
proved version of the STANTEC ZEBRA. In the
STANTEC COMPUTING SYSTEM, the magnetic
drum is supplemented with ferrite core fast-access stor-
age. Among the peripheral equipment available with the
system is the Standard Elektrik Lorenz K-10 Magnetic
Tape Unit, described earlier.

English Electric Company Lid.: In 1947 the National
Physical Laboratory at Teddington, England, formed
an Electronics Section to undertake the design and con-
struction of an electronic digital computer, designated
ACE. In 1952 English Electric Company was given the
task of designing an engineered model of the ACE de-
sign, with expanded capability. The result was DEUCE
(Digital Electronic Universal Computing Engine), a
vacuum-tube serial machine with mercury delay stor-
age and magnetic drum back-up storage.

English Electric Company currently has an agree-
ment with RCA to produce a transistorized medium-
size data processing system patterned after the RCA
501. The English version, designated the KDP10, is
physically and functionally similar to the RCA sys-
tem and is not included in the chart.

France

Computer activity in France is proceeding at a mod-
erate level, concentrated primarily in a few large, active
firms. There is considerable potential for France to con-
tinue to be the leading producer of data processing
equipment on the Continent, but it Is clear that in the
future there will be much more serious competition
from other countries.
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Compagnie des Machines BULL: BULL is the largest
data processing manufacturing organization in Europe
and ranks among the top four companies in the world.
Its most important data processing equipments are the
GAMMA 3 and GAMMA 60 computers. The former is
a small-scale computer introduced in 1952. When fully
equipped, the GAMMA 3 is similar in size to the IBM
650.

The GAMMA 60, BULL’s entry into the large-scale
solid-state data processing system market, is an ad-
vanced machine featuring simultaneous independent
processing of several unrelated problems. Its internal
structure is based on the concept of autonomous opera-
tion of individual elements under control of a central
unit which dispatches data and instructions to the ele-
ments and serves as a buffer storage for transferred data.

Société D’Electronique et D’Automatisme (SEA):
Primarily involved in the design and manufacture of
analog computers for the military, SEA expanded into
flight simulators and machine tool control. During the
past four years the company has produced a series of
digital computers for military, scientific and business
applications. The computers are used almost entirely
within France.

The CAB 500 is a small serial digital scientific com-
puter using magnetic logic elements and transistors,
with magnetic drum storage. The SEA 3000 system is a
medium-scale data processor designed for scientific and
commercial applications. The heart of the system is
the SEA 3030 computer, a vacuum-tube, binary com-
puter with ferrite core and drum memory. Successor
to the 3000 is the SEA 3900, a fully transistor serial-
parallel 2 Mc data processor also intended for general
commercial applications. A modified version is avail-
able for scientific calculations.

Société Nouvelle D’ Electronique (SNE) : SNE’s parallel
binary computer, the KL901, is designed for scientific,
statistical, and accounting applications. The vacuum-
tube machine uses magnetic-tape and ferrite-core mem-
ories. The tape units have 36 tracks, allowing an entire
word to be read in parallel.

Tialy

The most active computer development work cur-
rently being done in Italy is at the University of Pisa
and the Olivetti Laboratories near Milan. These two
groups are working on both new computers and applica-
tion problems.

University of Pisa (Centro di Studi sulle Calcolatrici
Elettroniche) : The University of Pisa’s Computer Center
is engaged in logical design, computer programming, nu-
merical analysis, and electronic design and construction.
The computer development work is among the most ad-
vanced observed in Europe. The University’s com-
puter, CEP (Calcolatrice Elettronica Pisa), is a 36-bit
parallel binary computer with magnetic core and drum
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memory. The CEP has several interesting and advanced
features, including fixed high-speed rod memory for
storing microprograms, identical in concept to the fixed
memory being built at the University of Manchester
(described earlier); and an order structure embodying
double address modifiers.

Olivetti: Olivetti is the only major commercial Italian
manufacturing company extensively working on data
processing equipment. The Olivetti computer product
line includes two electronic systems: the ELEA 9003
and the ELEA 6001. The computers are both transistor
machines with variable word length. The 9003 is a large
system for business applications, while the 6001 is a
scientific computer. Both computers operate on a deci-
mal character-by-character basis with memory access
time of ten microseconds per character and use
threaded-core type microprogramming.

West Germany

The computer industry in Western Germany is quite
active on many fronts, despite the country’s relatively
late start in the field. In the early 1950’s the only sig-
nificant work on computers was being done at the uni-
versities and research institutes; not until the past
few years did the commercial companies become in-
volved.

Siemens & Halske AG: The SIEMENS 2002 is a
transistorized decimal machine, with magnetic-core and
drum storage. Input-output equipment includes paper
tape, punched card, magnetic tape printer and cathode-
ray tube. The machine is designed for both scientific
and commercial applications and sales have split evenly
between these two uses.

Telefunken: Telefunken specializes in communica-
tions, radar, computers and other electronic fields. The
Telefunken TR-4, a large-scale transistorized high-
speed computer designed for both business and scientific
applications, is the fastest computer being built in Ger-
many. It uses two novel fixed memories: a wired ferrite
core array, described earlier, and a memory used for
microprogramming, consisting of double-sided printed-
circuit cards, with diodes inserted wherever connections
are desired.

Standard Elektrik Lorensz AG: Standard Elektrik
Lorenz is an affiliate of the International Telephone
and Telegraph Company. The company’s data process-
ing activities include the development of special-pur-
pose systems from elements manufactured by various
members of the ITT family. Standard Elektrik Lorenz
has developed a transistor general-purpose computer,
the ER-56, which uses the K-10 tape unit, described
earlier. The ER-56 contains a switching network which
can connect the various units in any arrangement de-
sired.

Zuse K .-G.: Zuse started developing computersin 1947
and produced the Z 4, a relay computer, in 1950. An-
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TABLE 1

DEFINITION OF EUROPEAN COMPUTER CHART TERMINOLOGY

Term

Definition

Manufacturer and Country

Computer Name
Availability—Number on Order
Availability—Number Installed

Availability—Date of First Installation
Technique—Circuits

Word lLength

Addresses per Instruction/Instructions per
Word

Number of Operations: Decoded /Possible

Operation Times

Storage—Cycle Time
Storage—Access-Time

Storage—Data Unit Accessed

On-Line Input-Output—Speed

On-Line Input-Output—Number of Units
Magnetic Tape—Characters per Second
Magnetic Tape—Bits per Inch/Inches per
Second

Magnetic Tape—Number of Units Operating/

Total Tape Units

Special Features

This is the actual manufacturing concern. In some cases the agency responsible for the de-
sign or sales of the machine, may be shown in parentheses. Intra-company divisions are
shown where appropriate. The country is where the computer is actually built.

This is the name the computer is usually called. For numbered computers, the manufac-
turer’s abbreviation is usually shown along with the number.

This is the total number of machines for which firm orders have been received, but which
have not been installed. The figure is current as of September, 1960.

This, is the number of completed machines actually installed and operating as of September,
1960.

This is the actual (or anticipated) date of first installation.
Transistor, transistor-diode, transistor-core, vacuum tube.

The number of bits (including sign) or digits used in a normal add operation. Parity bits are
not included in the count. In variable word length machines, this is the number of digits
or characters retrieved from memory on each cycle.

The numerator is the number of full addresses in the instruction used to specify operands.
In those machines where an address is included in each instruction to specify the location
of the next instruction, the form x-+1 is used for an x address machine.

The numerator is the number of operation codes with assigned functions. The denominator
is the number of combinations possible of the bits (or digits) used to specify the operation
code.

All operation times are in microseconds. The times include memory access for the instruc-
tion and the operands.“Subroutine” indicates that a single instruction cannot perform the
operation.

The minimum time between two consecutive accesses to the same storage unit. This in-
volves the read and restore cycle on core memories.

The average time to retrieve one word. This is the read cycle only on core memories, and
half the time of a drum revolution on drum memories.

This is the amount of information transferred out on one call to the memory. This is usually
a word, but sometimes it is a character (variable word length machines) on a block of many
words (back up drum and memories).

The speed of various units is rated as follows:
Punch card equipment: Cards per minute.
Paper tape equipment: Frames per second.
Line printers: Lines per minute.

Other units: Characters per second.

This is the maximum number of units which may be attached to a production model com-
puter without modifying the equipment.

Alphanumeric character or six-bit groups transferred per second. This is the maximum
transfer rate within a block.

Bits per inch on each track.
The numerator refers to the number of tape drives which may be reading (or writing) data
into the central computer simultaneously. Rewinding, searching or other independent

operations are not considered.

Any important facts about the computer which are not shown elsewhere on the chart.
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Availahility Technique General Machine Features (\'(ln c‘lu ding Me:n(\;:y A S ;“‘ Storage On-Line Input-Output Magnetic Tape
Manufacturer Com| g 5 L. . :
. puter] Number Date Addresses per | Number of ’ Partial ; Control Shift Number .
No. an Name of . Instruction | Operations Number . an Add.man Mu!tlply Transfer | Operati Ty, Number of Words Word | Access Data Ty, Number Char. | Bits/Inch | Operating Special Computer
Country Fi Circui Clock Word | 777 |, of Indirect | yroiinio | Internal (Fixed (Fixed Mi 1 Place Fe T 3 3 Uni fe Manu- S 3 Manu- e e Features Name
On | In- In;;itl- ircuits Rate Length | [ o ions __“_‘ﬂ Index | Addressing] \%;ﬁ e | Checking | —— o | 20 | (Min. | ( Sto!:—a e | Minimum ° Maximum | Module ’I‘;:;e E;:e A cc:slsted lﬁ)it facturer peed U:its facturer Se,?:)rnd Inches/See] Total Tape
Order|stalled lation per Word Possible Registers Operations Floating) Floating) Max.) | Average) € System ! System Size uaee : Units
Tape Reader| Elliott 1000 FPS 32 The computer will
generate output lay-
Tape Punch | Teletype 110 FPS 48 Ampex 300 3 out automatically. A
an 90,000 —_ — single instruction will
Card Reader | ICT 600 CPM 16 150 24 follow a table of ad-
Leo Com- 1 110 44 300-700 30 56 Word or dresses and editing
1 |puters Ltd. LEO 1II 3 0 | 1961 | Transistor INA 12 Bits — _— Up to 12 No Half Word |  Parity —_ - — Core 1024 32,768 4096 INA 7 Half Word| Card Punch |1BM/ CT| 250/100 CPM 32 controls to a perfect |LEO 11I
Great Britai iode 2 140 Operations 200-450 600-900 49 88 - 50 LM 300 4 output line.
reat Britain — -
" Ampex | 45,000 150 32
Printer 1CT 600 LPM 16 (%)
IBM 150 LPM
Nickel Tape Reader | Ferranti 300 FPS 2
Delay 55 55 — 126 0 Word
Ferranti Ltd. 1 62 300 1900 300 425 Line Tape Punch | Teletype 60 FPS 1 123 2
2 PEGA- | 10 | 28 1956 | Vacuum 333 ke 39 Bits — — 7 No Double Parity | ——| — -— — —_— Burroughs| 9,250 — — 7 Accumulators PEGA-
Great Britain | SUS Tube 2 64 Word Subroutine | Subroutine 300 2750 Word Card Reader g:w" 200 CPM 1 or Decca 75 10 SUS
or mas
or8
Drum 7168 7168 - 126 8000 Words | Card Punch | Power 100 CPM 1
amas
Tape Reader| Ferranti 300 FPS 2
Ferranti Ltd. 1 70 60 Subroutine 60 60 Core 1024 1024 — 10 2 Word 266 2
3 MER- 3 19 1957 [ Vacuum 1000 ke | 10-20-40 — — 7 No Double Parity — —_— — — Tape Punch | Creed 33 FPS 1 Burroughs| 15,000 — — Division by subrou- | MER-
Great Britain | CURY Tube Bits 2 128 Word 180 300 60 300 Drum 8192 16,384 4096 20 10,000 | 32 Words 7 Others Ontiomal 60 8 tine only. CURY
rs Optional
!
! Parity Tape Reader | Ferranti 200 FPS 2
| nd
Ferranti Ltd. Vacuum 1 63 Con“:plete 234 780 234 234 Nickel Card Reader | Power 300 CPM 1 123 4 Variable radix arith-
4 PER- 0 2 1958 | Tube 333 ke 72 Bits — — 7 No Both Arithmetic | — — — —_ —_ Delay 1024 1024 — 234 234 Word Samas Burroughs| 9,250 —_— —_ metic operations IPERSEUS
Great Britain | SEUS 3 64 Check | Subroutine | Subroutine 3744 1680 Line Teloprintor | Creed ) T % 16
Ferranti Ltd. 10 1 60 240 4000-16,000 240 240 Nickel Tape Reader | Ferranti 300 FPS 10
5 [Ferranti srios | 2 | 1 | 1050 | Transistor | 500 ke | Denpmal b w0 9 No No Parity | — e | | 22 ZZ Delay 1000 10,000 1000 80 4000 | Word Magnetic Tape Available - SIRIUS
Great Britain Core Digits 1 100 Subroutine | Subroutine | 4000 1200 Line Tape Punch | Teletype 60 FPS 10
T ti Ltd. 1 54 1 20 100 20 20 Core 1024 3072 1024 20 2 Word Custom Specified I Process control ma-
' ¢ ARGUS | o 1 | 1960 | Transistor | 500 ke | 12 Bits — — 7 No Double Parity | ————| — — — — (Includes Analog-Digital Converters) Custom Specified chine with peg board | ARGUS
Great Britain iode 1 64 Word Subroutine | Subroutine 20 20 Drum 0 50,000 | 50,000 4 12,000 | Track instructions
! Card Read | ICT 600 CPM
Card Punch | ICT 100 CPM
Core 4096 16,384 4096 12 6 Word
1CT 600 LPM
i Ltd. 36-68 64-184 36 4 . - 375 4
7 Ferrant Ltd ORION | 9 .~ 0 ! 1961 | Transistor | 500 ke | 48 Bits 3 1 64 Yes Both Parity —— — — — Printer BULL 156 LPM | No Limit | Ampex | 90,000 | — — - ORION
Great Britain ‘ ore 1 128 60-80 140-160 68 18 Ronk 000 LPM FR 300 120 16
Drum 16,384 16,777,216 | 16,384 200 12,000 | Variable |Tape Punch | Creed 300 FPS
Tape Reader | Ferranti | 1000 FPS
i Custom Specified Primarily for air traf-
8 Ferranti Ltd. APOLLO| 1 0 | 1961 | Transistor | 500 ke | 24 Bits l E 3 No No Parity _._____6 ____60 E E Core 8000 32,000 4000 6 2 Word (Includes Analog-Digital Converters) Custom Specified fic control APOLLO
Great Britain iode 1 128 Subroutine | Subroutine 12 30 | |
i Automatic drum-core
Ferranti Ltd. . Antinted 1 s . L Core 8192 | 262,144% | 4006 | 2 05 | Word Cl o s .lﬁ . o ot | & ool 8 [data trnsters. Fixed |
: i 4 i — S \ i - — — — ‘ustom Specifie ‘otal mpex s — — errite slug memory
9 [Manchester | Mii| ' | O |16 |Tandstor | INA ) 48 Bite " o 125 No | Both | Parity o : 2 2 Dnm 0 | 10576 | 24,57 | 4 6000 | 512 120 a2 |for controloperations |(ATLAS)
Great Britain ’ Words
Tape Reader | Elliott 140 FPS 1
Tape Punch | Creed 25 FPS 1
Elliott "
Brothers 1 60 720 29,500 720 1440 Card Reader | Elliott 300 CPM 1 : . .
10 803 | 181 5 | 1959 | Transistor | 166.5ke| 39 Bits - — 4096 No No Parity — — — | —— Core 4096 8192 409 | INA | INA Word No Magnetic Tape Serial Computer 803
Great Britain 2 64 720 9360 720 | 15,480 Card Punch | IBM 100 CPM !
35 mm mag. | Elliott 1.44 msec per 1
Film Word
Analog-Digital Converters
Tape Reader | Elliott 1000 FPS Multiple
Elliott Ny
B Tape Punch | Telet; 100 FP8 Multiple
Brothers 1 INA 8 18-28 pe ype S ultip )
1 503 0 0 1962 | Transistor INA 39 Bits _ - 1096 No INA Parity . o= 4 INA Core 4096 8192 4096 4 INA ‘Word - - Potter | 45,000 INA INA Programs compatible 503
Great Britain 2 64 815 15-25 Card Reader | Elliott 400 CPM Multiple with 803
Card Punch | IBM 100 CPM Multiple
Printer INA 900 LPM Multiple
INA—Information not arailable Copyright 1960— Auerbach Electronics Corporation
Cont'd next page

8 Mazimum internal memory addressing capacity is 1,048,576 words.
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v -
EUROPEAN COMPUTERS (Cont’d)
Availability Technique General Machine Features Oﬁ;ﬂf;@"i‘f:ég;"fgxg:?’ Storage On-Line Input-Output Magnetic Tape
Manufacturer - N " . X
v Computer| Number Date Addresses per| Number of 3 Partial Addition Multiply | Control Shift . Number .
No. Co:l:xtry Name of o Clock Word Instruction | Operations ““3}"" Indirect | 5204 Internal (Fixed (Fixed | Transfer Ofﬁtwn TyPe Number of Words Word | Access Data Type Manu- Number | prooo | Char. | Bits/Inch | Operating Fsel:fx‘:ls C%':"":‘:"
051 AII:I: | IE;{:%_ Circuits Rate Length Instructi on; M Tndex Addressing| Word Checki - - _li (1 Place Sto(;age Minimum | Maximum | Module I;;": :2:": Aclg:;;ed U‘;f“ facturer Speed Uggts facturer Selz)l;ld Inches /S;c— Total Tn_pe
Order|stalled| ;i per Word Possible | Registers Operations Floating) | Floating) Max.) | Average' System System Size ‘I Units
Tape Reader| Ferranti 300 FPS
Tape Punch | Creed 30/300 FPS
Core 1024 4096 - 20 10 Word 16 Total 167 6 Automatic decimal-
P;M[ X Card Reader | Elliott 400 CPM Anipex | 20,000 —_— —_ binary conversions | EMIDEC
Electronics FR 300 120 16 1100
Ltd. 2 30 Double 140 1260 125 170 Card Punch | ICT 100 CPM
12 EMIDEC] 15 4 1960 |Transistor 100 ke | 36 Bits —_ — 7 No Word None |-———— — -— —
Great Britain 1100 1 32 Addition Subroutine | Subroutine 225 340 Printer ICT 300 LPM
Drum 16,384 65,536 16,384 INA 15,000 4
Words
Tape Reader | Elliott 1000 FPS Multiple
Flexible switching of
EMI Core 1096 32,768 4096 10 5 Word | Tape Punch | Creed 300 FPS Multiple peripheral equipment
Electronics 300 5 to on-line or off-line
Ltd. 2 57 . i 32 130 16 32 Card Reader | Elliott 400 CPM | Multiple -— — use. Program inter- | EMIDEC
13 EMIDEC] 3 0 1961 |Transistor | 1000 ke 36 Bits — 64 No Multiword | Parity —_— — — EMI | 60,000 200 30 rupt. 2400
Great Britain | 2400 Diode 1 64 Transfers Subroutine | Subroutine 30 60 Diod Card Punch ICT 100 CPM | Multiple
iode-
capacitor 64 64 — 4.5 1.5 Word ICT 300 LPM
Printer —_ —_— 6
Rank 3000 LPM
Direct transfer from
| N Card Reader | ICT 100 CPM 1 card reader to prin-
ICT ICT 1200 1+1 38 0 No Both No 2500 20,000 1250 2500 ter and punch. The | ICT 1200
14 ICT 1201 21 | 57 | 1955 |Vacuum 40 ke | 40 Bits — ~- — | — - — Drum 4096 8192 4096 1250 10,000 Word | Card Punch | ICT 100 CPM 1 No Magnetic Tape same card can be | ICT 1201
Great Britain | ICT 1202 Tube 1 64 Subroutine | Subroutine | 20,000 2500 punched in both deci-| 1CT 1202
Printer ICT 100 LPM 1 mal and binary
12 300
Computer Decimal 2 Core 400 2000 400 12 4 Word | Card Reader | ICT 600 CPM 1 Ampex | 90,000 —
Development or 1 51 Parity 27 2040 12 23 FR 300 150 2
15 |Ltd. ICT 1301 | 25 0 | 1961 |Transistor | 1000 ke | Sterling — — 0 No No Bits per | — " -— — - Card Punch | ICT 100 CPM 1 — Automatic error cor- | ICT 1301
(ICT & GEC) Diode Digits 2 100 o Subroutine | Subroutine 12 23 200 Ampex 300 8 rection on tapes
Incl. Check Sum| Drum 12,000 96,000 12,000 52 286 Words | Printer ICT 600 LPM 1 FR 400 | 22,500 —
Great Britain Sign on Drum 75
Standard Micro Tape Reader| Ferranti 200 FPS 1-2
Telephones 1 Programmed Multiple 312 11,000
16 |and Cables STAN- 6 | 32 1957 |Vacuum 100 ke | 33 Bits — R a— 12 No Word Parity | ——— — | INA INA Drum 8192 8192 —_ 312 5000 Word | Tape Punch | Teletype 50 FPS 1-2 No Magnetic Tape Microprogrammed STAN-
TEC Tube 1 215 Operations Subroutine | Subroutine computer TEC
Great Britain | ZEBRA Teleprinter | Creed 7 CPS 1-2 ZEBRA
Tape Reader | Elliott 800 FPS 1-6
Teletype 50 FPS 200 1
Core 512 8192 512 INA INA Word | Tape Punch 1-6 ITT — —
Standard Creed 300 FPS K28 20,000 100 64
Telephones Micro Up to 8 blocks of core
and Cables 1 Programmed Multiple 312 624 Card Punch | ICT 150 CPM 1 buffer storage with 32| STAN-
17 STAN- | 10 0 1960 |Transistor 128 ke 33 Bits — — 12 No Word Parity | ——— o INA INA - words each are avail- TEC
Great Britain | TEC M 1 205 Operations Subroutine | Subroutine Card Reader | Flliott 340 CPM 1 X able. SYSTEM
SYSTE
Drum 8192 8192 -— INA 5000 Word | Printer Rank 3000 LPM I?ﬁ Ampex INA INA —_
‘ne 64
Teleprinter | Creed 10 CPS 1-2
Word | Tape Reader [ INA 850 FPS 1
Mercury or (Optional)
Delay 402 626 - 32 .496 Multi-
English 241 Many 64 2080 61 | 64 Line Word | Tape Punch | INA 30 FPS 1 80 1 Serial binary com-
18 |Electric DEUCE!| 2 | 30 | 1955 |Vacuum 1000 ke | 32 Bits — Not Defined 0 No Double No — — | ——— — — (Optional) |  Decca 8000 — —_ puter DEUCE
Tube 1 Word Subroutine | Subroutine 9% | 100 8
Great Britain Operations | Drum 8192 8192 —_ INA 15 w32d Card Reader | ICT 200 CFM 2
. ords
{ Card Punch | ICT 100 CPM 2
Printer Rank 3000 LPM Use of special work-
ing storages. Concur-
rent operation up to
Main Tape Reader | INA 1000 FPS 4 programs running
Storage X on time sharing basis.
English i 6 us Main Tape Punch | INA 110/300 FPS . Time smoothing ad-
Electric Transistor Oor | 292 { 14 i 2.5 Special | Storage As English 333 8to 16 |vance control.
19 KDF-9 JINA 0 | 1962 |Core 2000 ke | 48 Bits 16 Yes Double INA — -— INA Core 4096 32,768 4096 (Wkg Store] 3 us Word | Card Reader | English 400 CPM | Required | Electric | 33,333 —_ KDF-9
Great Britain iode 2t06 INA Word 7 14 i 5 .5 us Special Electric 100 64
! Read |Wkg Store
From i us S us Card Punch | English 150 CPM
Special | Write Electric
Working | - -
Store i Printer English | 600/900 LPM
Electric
! Electro. | | Cord Reader | BULL | 15000 1-2
: ; magnetic
ompagnie 12 Variable I Delay 7 135 16 172 500 Digit
Machines | GAMMA Vacuum Digits 1 Word 850 11,000 - Line Card Punch | BULL 150 or 1-2 21,500| 200 1 GAMMA
20 |BULL 3 25 | 88 | 1956 |Tube- 280 ke | (Binary — INA 0 No I‘.englgh INA e :I-~ INA INA o 300 CPM Burroughs| Digits I 3 —_ Ig'l‘
i b i S ti bl ti
France ET Diode (Commands) g a Digits ubroutine | subroutine Drum 1006 | 16,384 3096 | 172 | 10,000 | Words | Printer BULL ts0or 1-2
300 L

INA—Information not available o
& Mazimum internal memory addressing capacity is 1,048,576 words.

Copyright 1960—Auerbach Eleclrogic: %orporation
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8 Mazimum internal memory addressing capacily is 1,048,576 words.
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EUROPEAN COMPUTERS (Cont’d)
Availability Technique General Machine Features °‘z%:‘;1‘&’52£‘?&‘;‘£f;°&%§§;12?5’ Storage On-Line Input-Output Magnetic Tape
Manufacturer| oo - . . N
puter| Number Date [Addresses per | Number of Partial Control Shift Numb .
No. Name of Instruction | Operations Number . an Add'mon Mu!tlply Transfer| Operations Ty] Number of Words Word Access Data Ty, Number Char. | Bits/Inch [O ;;i:r Special Computer
Country First Circuits Clock Word Decoded of Indirect | projinle | Internal (Fixed (Fixed i (1 Pl Fe 8 T H })e Manu- Manu- 4 D! g Features Name
On | In- Ay ol e Rate Length |y i ictions Index | Addressing "y orlt)i Checking - - o ace Sw(:age Minimum | Maximum | Module :l:’s';:e ;‘: Aclélél;s'/ed Uonit facturer Speed Uzgts facturer Se%%rnd Ec—he:/ge: Total Ta
Order|stalled | |, i per Word Possible | Reaisters Operations Floating) | Floating) | Max.) | Averages System System Size . HEeC. 1 Units pe
Card Reader | BULL 300 CPM INA
Compagnie . L Core 8192 32,768 4096 10 10 Word | Card Punch | BULL 300 CPM INA
des . 6 Digits 1-3 Modulo 100 250 B h 21,500 200 10
21 |Machines | GAMMA| 13 | 3 | 1960 | Transistor | 2700 ke or ————— | INA 0 Yes No 7 Check — — INA INA Printer BULL 300 LPM INA UITOUBhS Digits|  — — — GAMMA
BULL .60 iode 24 Bits Undefined On All INA INA 67 48 60
Operations . Tape Reader | BULL 300 FPS INA
France Drum 25,600 No Limit 25,600 100 10,000 Word
Tape Punch | BULL 25 FPS INA
Tape Reader | Ferranti 200 or 2
400 FPS
Core 1024 16,384 1024 320 6 Word
SEA Vacuum X 2 31 . 320 640 320 Tape Punch | SEA 45 FPS 2 140 1
© 22 CAB |INA| 3 1958 | Tube 100 ke 30 Bits — - 1 No Double Parity —_ —_— INA —_— Potter 8000 —_ — — CAB
France 3030 Diode 1 31 Word 9600 5120 5120 32 or Printer Shepard 900 LPM 1 60 10 3030
Drum 16,384 16,384 — 320 20,000 128
Words | Microfilm SEA 2000 1
Printer Char/sec
Tape Reader | SEA 80 FPS 1
Le Matériel X Drum 16,384 16,384 16,384 160 10 Word N (Optional)
Electrique Magnetic 2 46 308 Subroutine 308
23 |S- CAB 20 2 1960 | Switching | 220 ke 32 Bits — — 1 No Double Parity —_— ———— INA — Tape Punch | SEA 45 FPS 1 Magnetic Tape Available — CAB
(SEA) 500 (Symmag) 1 64 Word Subroutine | Subroutine 308 Shift (Optional) 500
France Register 16 16 16 2.5 2.5 Word
Typewriter | Friden 10 CPS 1
Printer Shepard 900 LPM No Limit
Variable 216 5590 2048 4096 Cd.C.
SEA SEA (2 Characters 3 13 3 Data . —] = - Core Characters| Characters — INA 6 Char. | Card Reader | Eiliott 400 CPM | No Limit | (French 300 2
24 3900 20 2 | INA | Transistor | 2000 ke Per —— — (One For No Controlled | Parity | Subroutine| Subroutine 48 Undefined Licensee 9000 — ———— | Double recording on | SEA
France Diode Memory Undefined 128 Each Word Tape Reader | SEA 450 FPS No Limit of 60 No Limit |magnetic tape 3900
Access) Address) Length (5 Digit Factors] 40,960 81,920 - Potter)
Drum Characters| Characters — INA 15,000 | 160 Char.| Tape Punch | SEA 45 FPS No Limit
Tape Reader | SEA 400 FPS 2 C.d.C.
SEA 2 34 2 Parity 24 48 24 18 Core 4096 32,768 4096 24 6 Word (French 300 2
25 CAB |INA|INA | INA | Transistor | 2000 kej 42 Bits — —_ 3 No Double | Bits Per — — — — Tape Punch | SEA 50 FPS 2 Licensee 9000 —_ — Square root operation| CAB
France 5000 Diode 1 INA Word Word 48 18 24 48 128 - of 60 64 5000
Drum 16,384 131,072 16,384 160 10,000 Words | Printer Shepard 900 LPM 1 Potter)
Transistor No 8192
SNE 2 56 10 Operation 10 10 (Total Tape Reader| SNE 1000 FPS 1 50,000 200 2
26 KL INA| 1 | 1960 | Vacuum 200 ke] 29 Bits - — 2 Yes No Parity — — — — Core 1024 Including 1024 10 5 Word SNE  {(10,000 -— - Square root operation| KL
France 901 Tube 1 64 20 80 10 10 ixe Tape Punch | Creed 33 FPS 1 Words) 50 8 901
Diode Memory)
Vacuum ) R Fixed ferrite slug
University Tube Tape Reader | Ferranti 300 FPS 2 memory (256X256
of Pisa Germanium| Asyn- 1 512 Double 15 135 10 10 Core 4096 32,768 INA 7 3.5 Word 270 1 bits) for control.
27 C.E.P. 1 0 1960 | Diodes chronoud 36 Bits — — 64 No ord No - —— — — - Tape Punch | Teletype 60 FPS 3 Ampex | 20,000 - — Two index register | C.E.P.
Italy and 1 512 100 135 24 52 Drum 16,384 INA 16,384 39 10,000 | Variable - 75 8 addresses per instruc-
Transistor Printer BULL 150 LPM 1 tion. Extra codes.
Tape Reader | Olivetti 800 FPS 1
Olivetti Variable 1-3 116 Data Parity 36+4 3804 - Tape Punch | Olivetti 50 FPS 1 300 1 Wired in micro sub-
28 ELEA 4 | INA | 1960 | Transistor | 250 k] Number —— — 16 Yes | Controlled | Bit On e — 60 Undefined Core 10,000 100,000 10,000 10 6 Digit Ampex | 22,500 — — routines and expanda-| ELEA
Italy 6001 Diode of Undefined 256 Word Each 2198 3426 Card Reader| BULL 150 CPM 1 75 6 ble set of commands.| 6001
Core Digits Length Digit - ———
(10 Digit Factors| Printer Oliv tti 600 LPM 1
Tape Reader| Olivetti 800 FPS
Variable Variable Parity ——
Number Word Bit On Core 20,000 160,000 20,000 10 10 2 Char. | Tape Punch | Olivetti 50 FPS
Olivetti of 1 91 Length Each 200 1400 300 2 X
29 ELEA 6 1 | 1960 ’Fmransistor 100 ke| Characters oy — 10 No (‘on;ml}!ed fdha(i’alcter Frmened Iwrmmvrin 100 | Undefined Tot Card Reader | BULL 500 CPM | 10 Total | Ampex | 45,000 by v Three simultaneoug %16513-\
3 iod 256 By Eitl 3 brouti ti p to rogram sequences.
Ltaly 9003 ode ndefine g Istruniiond Gk o | uroutine | Subroutine Drum 0 360,000 | 120,000 | 11 | 10,000| 1620 | Card Punch | BULL | 150 CPM P a
Or Data |Arithmetic Char. " A
Printer Olivetti 600 LPM
Tape Reader | Siemens 200 FPS 1-5
Core 1000 100,000 —_ 14 5 Word | Tape Punch | Siemens 60 FPS 1-5
i 12
%;EEFA ¢ Decimal 1 36 Tilegal % 1260 % Card Reader | IBM 800 CPM 1-5 Siemens 16.000 200 INA Real b0 SIEMENS
30 SIEMENY 22 8 1958 | Transistor 200 ke Digits — _— 3 Yes INA Digit — —_ — INA or . — —_— eal time input
2002 Diode gnd 1 1000 Combina- 150 1350 90 Card Punch | IBM 250 CPM 1-5 Ampex 120 60 2002
! 4
Germany en fons Drum 10,000 | 2,000,000 | 10,000 | INA | 19,000 | INA IBM 1000 LPM
Characters Printer 1-5
Analex 900 LPM
Elliott 1000 FPS
Tape Reader
FACIT 500 FPS
Core 8192 28,672 4096 6 2 Word
Modulo Tape Punch | FACIT 150 FPS 5 s ’Qperatim;ls usuallﬁ
Telefunken 1 208 Half and 3 8.5 30 10.5 aster than note
31 TR-4 4 0 | 1961 | Transistor | 2000 ke] 48 Bits — — 256 Yes Double Check — — 7.5 —_— IBM 800 CPM | 64 Total | Telefunken| 37,500 — — dué to overlapping | TR-4
Germany iode 2 256 o Word 00n All 15 30 12 Card Reader BULL 200 OP M 100 64  |memory accesses
perations | Operations Fived 1024 4096 256 1 1 Word
Core 1BM
Card Punch 250 CPM
BULL

Copyright 1960—Auerbach Electronics Corporation
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EUROPEAN OMPUTERS (Cont'd)

slabili i . Operation Times (Micro-Seconds) Stol On-Line Input-Output Magnetic T:
Availability Technique General Machine Features (Including Memory Accesses) torage n-Line Input-Outpu agnetic Tape
Manufacturer v " "
Computer] Number | Date Addresses pef Number of | Partial iti : Control Shift . Number i
No. Cn’:xr:gry Name of Cireui Clock Word Instruction | Operations .\u‘r)r;ber Indirect and Internal A(dl:l;::::ln x\:;‘ll:::‘ly Transfer | Operation Tyr Nomber of Worde "‘l“,icx’xl;‘ei él“:ms ?J:t: sze Manu- Speed Nur:fber Manu- Cll;e?. Bits/Inch | Operating Fsegi‘c’l:el’ C‘K{;':::;“
On | In- lﬁ‘;ﬁtl- reuits Rate Length | 1/ 5¢ructions Decoded Index | Addressing] Mulot;ple Checking | ———— s (Min. | (1 Place sworage Néiniz:lm Ms“si:'e‘l‘:lm‘ Msoidz:le psec. usec. | Accessed Unit facturer Units facturer | gocond | Inches/Sec.|Total Tapg
Order| stalled| },;5n per Word | Possible | Resisters Operations Floating) | Floating) | Max.) | Average) i v i Units
Tape Reader | Ferranti 400 FPS 250 .
lore 200 9000 | 200/1000 30 5 Word Lorenz 50 FPS Ampex | 52,500 — — Control unit simul-
Standard Tape Punch (Digits) 150 16 taneously connects
Elektrik 7 1 82 2 Out 200 500 150 150 Creed 300 FrS any core storage to |
32 |Lorenz ER-56 | 12 7 | 1959 | Transistor | 100 ke | Decimal — _ 9 No Double of 5 — —_ —_ — - 23 Total any input, output or | ER-56
Diode Digits 1 100 Word Code 1000 1500 300 150 Card Reader | Elliott 400 CPM processing unit. Tape
Germany Standard | 35,000 250 4 bin storage units.
rum 6000 72,000 6000 INA 10,000 | 20-200 | Card Punch | IBM 100 CPM Elektrik | (Digits) —_— —
Words 100 16
Printer Shepard 900 LPM
Reservation system
Standard Lorenz 100 FPS computer with real
Elektrik ‘ore 2000 10,000 2000 10 3 Word | Tape Reader - ~— 6 time  input-output
Lorenz Transistor 10 1 57 Partial 90-180 | Subroutine 60 Ferranti | 300 FPS 250 24 facilities and large
33 SEL-B7 1 0 | INA | Diode 100 ke | Characters — — 9 Yes Word Parity | ——— —_ — INA Standard | 25,000 — — back up memory us- SEL-B?
Germany 1 100 Operations Subroutine | Subroutine 60 Tape Punch | Lorenz 50 FPS 6 Elektrik 100 48 ing tape bins and
Jrum 9000 180,000 9000 INA 10,000 Word drum with independ-
Printer Shepard 900 LPM 2 ent searching facilitied
Tape Reader | Ferranti 200 FPS 1
Zuse K-G. 1 Micro Double 600 15,000 Tape Punch | Creed 25 FPS 1 )
34 7-22R | INA| 30 1958 | Vacuum 140 ke 38 Bits — Programmed 21 Yes Word INA _— — 300 INA Jrum 8192 8192 — 300 5000 Word (Optional) No Magnetic Tape —_ 722 R
Germany Tube 1 e Subroutine | Subroutine - "
2. Typewriter | Siemens 10 CPS 1
Tape Reader | Ferranti 300 FPS 1
M Jore 240 8431 256 300 INA Word | Tape Punch | Creed 50 FPS 1
Zuse K.-G. 1 icro 300 13,000
35 7-23 |INA| 0 | 1961 | Transistor | 150 ke | 40 Bits — Programmed | 240 Yes Double INA _ —— 300 INA Card Reader | INA 300 CPM INA INA - Z-23
Germany 1 e —— Word 10,000 20,000
28 Jrum 8192 8192 — 300 5000 Word | Card Punch |INA 150 CPM INA
Printer Maul 80 CPS 1
Tape Reader | Ferranti 300 FPS
10 Tape Punch | Creed 50 FPS
Zuse K.-G. Decimal 1 42 2 Out 600 20,000
36 731 |INA|{ 0 | INA | Transistor 53 ke Digits — —— 10 Yes Double of 5 e — | INA INA tore 200 10,000 INA | 800 INA Word | Card Reader | INA INA INA INA — Z-31
Germany and 1 INA Word Code Subroutine * Subroutine
Sign Card Punch | INA INA
Printer Maul 80 CPS
Tape Reader | Ferranti 150 FPS 1+ Wired core memory
for subroutines added
N.V. Tape Punch | Creed 25 FPS 1+ fin 64 word units.
Electrologica X 1 48 64 500 36 48 . . 200 2 Each 4096 word mem-|
37 X1 16 | 10 | 1959 | Transistor | 500 ke | 27 Bits — — 1 No No Parity | —r | ————— — —_— Jore 1216 32,768 512 32 INA | Word | Card Reader [ BULL 700 CPM 14 INA 30,000 —_ — ory unit has inde- |X1
Netherlands Diode 1 64 Subroutine | Subroutine 64 144 150 16 pendent input-output
Card Punch | BULL 112 CPM 1+ connections.
Printer INA 150/600 LPM 1+
. | i Philips
- | Tape Reader | Lab. 1200 FPS 1
Philips | PASCAL Vacuum . 1 57 i Parity 10 70 4.5 11.5 30 interpretive single
38 | . —_——] 2 1] 1960 | Tube 660 ke 42 Bits — — 8 INA INA on — — —- —_ Sore 2048 2048 1024 6 3 Word | Tape Punch | Teletype 60 FPS 1 300 2 address instructions | PASCAL
Netherlands  STEVIN Transistor 2 64 Half Word]  10-60 55 7.5 12 — — initiati brouti
Diode CCarry. Card Reader |BULL | 150/750 CPM 1 Ampex 45,000 150 16 STEVIN
‘ompari-
son in 10,000 128 Card Punch |BULL 75/120 CPM 1
Adder drum 16,384 16,384 — for 0 Words
Block Printer BULL 150 LPM 1
Tape Reader | FACIT 500 FPS 8
. Jore 2048 65,536 4096 10 2 Word
Facit EDB 2 Vacuum . 1 95 45 290 22 45 Tape Punch |FACIT 150 FPS 8 200 17 EDB 2
39 — 3 5 1957 | Tube and 180 ke | 40 Bits — - 0 No Half Word No e _ == — FACIT | 40,000 — — “Carousel”” magnetic |———
Sweden EDB3 Transistor 2 128 Operations Subroutine | Subroutine INA 157 Card Reader | INA 700 CPM 8 200 64 tape memory EDB3
Jrum 8192 8192 - 625 10,000 32
Words | Card Punch |INA 120 CPM 8
ireton Dans '
raien Jans . Jore 1024 1024 — 10 4 Word | Tape Reader | FACIT 500 FPS 1 The operation times
Institut for X 10 Bits 1 37 " i 50 170 includgeindexing and
40 | matematik- GIER 1 0 | 1961 | Transistor | 500 ke | Plus 2 For — — 12 Yes No No —_— —_ INA INA 500 40 Tape Punch |FACIT 150 FPS 1 No Magnetic Tape counting. Every op- |GIER
Maskina Diode Word 1 64 INA INA Jrum 12,000 12,000 - 500 Block Words eration may be condi-
Denmark Indicator Access Typewriter | Friden 10 CPS 1 tional.

INA—Information not ovailable Copyright 1960—Auerbach Electronics Corporation
8 Mazimum internal memory addressing capacity is 1,048,576 words. PYrig) poi
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other more advanced relay computer, the Z 5, ap-
peared in 1953. In 1958 Zuse introduced a vacuum-
tube 8192-word magnetic drum computer, the Z 22.
This is a medium-scale wired-core microprogrammed
computer with extremely flexible programming.

In 1960 the Z 23 and Z 31 were announced. The
7 23 is a solid-state version of the Z 22, with an addi-
tional 240-word magnetic core memory. The Z 31 is a
new, small, general-purpose solid-state computer with
a basic magnetic core memory of 200 words, expand-
able to 10,000 words. Like the Z 22, it uses paper tape
as its input-output medium and a typewriter for
printed output.

The Netherlands

Contributions in the information processing field
from The Netherlands have been high for the total
computer activity in the country. The general em-
phasis is on the smaller computer systems.

Mathematisch Centrum: The Mathematisch Centrum
was founded in 1946 as a government-sponsored non-
profit organization to work in the fields of pure and
applied mathematics, statistics and digital computers.
It was engaged in early developments of relay and
magnetic drum computers, and built the ARMAC
(Automatische Rekenmaschine Mathematisch Cen-
trum), completed in June, 1956, and still in operation.

N.V. Electrologica: In 1958, under sponsorship of the
Nillmij Insurance Company of Amsterdam, the tran-
sistor magnetic-core X 1 computer was designed by the
Mathematisch Centrum. To fulfill the demands for
additional X 1 computers Nillmij organized a new
company—N.V. Electrologica—to make copies of the
X 1 and to expand the computer’s input-output capa-
bilities. The engineering and fabrication group from
the Mathematisch Centrum was transferred to the new
company.

N.V. Philips Gloetlampen Fabrieken: The Philips
organization, one of the largest electrical component
manufacturing companies in the world, has its main
research and development laboratories in The Nether-
lands. To keep abreast of the new applications of com-
ponents in computers, the company is building two
computers—PASCAL and STEVIN—for its own use.
They are identical, except for input-output equipment.

Philips is also engaged in the design and construc-
tion of an electronic system for air traffic control. In
June, 1960, the gigantic digital data transmission sys-
tem to be used for the United Airlines reservation sys-
tem in the United States was nearing completion.

Sweden

Scene of some of Europe’s earliest computer activity,
Sweden is currently active in research, development and
production. The work stems from the government’s
Swedish Board for Computing Machinery (Mate-
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matikmaskinnamnden). The Board was active in early
computer development. Its BESK computer, com-
pleted in 1953, was used as a pattern for the early ma-
chines built by FACIT and SAAB, and by the Dansk
Institute for Matematikmaskiner in Copenhagen.

FACIT: FACIT Electronic, a subsidiary of FACIT-
Atvidabergs, is one of Sweden’s major data processing
equipment manufacturers. The FACIT EDB com-
puter is an almost exact copy of the BESK com-
puter developed by the Swedish Board. The first ma-
chine produced is installed in the data processing cen-
ter in Stockholm established and maintained by the
company, providing computing service on a rental
basis. The current model, the EDB 3, incorporates the
new FACIT ECM 64 Carousel memory, described
earlier.

SAAB: SAAB, well known for its aircraft and auto-
mobile production, is also active in digital computa-
tion. The company built a BESK-type computer for
its own use and has built a transistorized airborne
navigation computer. A solid-state commercial com-
puter is in development.

Denmark

In 1953 the Academy of Sciences in Denmark formed
a new institute, Regnecentralen (Dansk Institut for
Matematikmaskiner), to work in the field of digital
computer development and application. The grout
patterned its first computer, the DASK, after the
BESK computer designed by the Swedish Board for
Computing Machinery. The DASK was built and put
into around-the-clock operation in early 1958.

In connection with computing and consulting work
for the Geodetic Institute of Denmark, Regnecentraler
was requested to design and build a new computer for
the Institute. This computer, GIER, is a transistol
parallel computer with magnetic core and drum storage
The computer was planned for considerable program
ming flexibility and simplicity.
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