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Engineering design involves the resolution of a number of compromises
to obtain an optimum design to meet the requirements of the customer. It
1s obvious that a thorough investigation of all the alternatives is not possible
in the time usually available between the receipt of an enquiry or an order
and the preparation of detail design information for a tender or for the
workshops to proceed with manufacture. The use of electronic calculating
machines has made the greatest single contribution to an adequate attack
on this problem. It has been so sucvcessful that their use is being extended
t0o many other problems that arise due to the rapid progress being made
in the engineering industry.

For several years the English Electric has been solving some of the
more difficult problems that arise in the design and development of its
vast range of products by using the most up-to-date dectronic calculating
machines available. These machines have carried out in a matter of a
few hours, calculations which would normally take many months of
extremely tedious arithmetic. This has meant that the designers have
been able to check their designs and try out new ideas which otherwise
could not have been considered before the equipment was due to be
delivered to the customers.

The centre of these activities is in the Nelson Research Laboratories
in Stafford which provides an extensive computing service for the English
Flectric Group and uses the most modern tools available. The earliest
of these was the A.C. Network Analyser which was installed in 1949 and
has been employed continuously on the solution of power systems problems
for the Company and for power supply organisations throughout the world.
A second machine which is of the electronic analogue type was produced
in prototype form shortly afterwards and has been in operation on the
analytical solution of automatic control problems. From this prototype
an electronic machine was designed and built by the Nelson Research
Laboratories for the Company's aircraft division at Warton Aerodrome

whose designers have produced the famous Canberra and-more recen tly
the Pl. fighter.
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The most powerful machine of its type is the Digital Electronic
Universal Calculating Engine (DEUCE) which was demonstrated to
the public for the first time on February 17th. This machine 1s the
outcome of years of intensive development of ideas first put forward
shortly after the war at the National Physical Laboratory at
Teddington. Sir George Nelson was approached at that time by
Sir Charles Darwin with a request that the English Electric Company
should assist the scientists at N.P.L. with the development of an
Automatic Computing Engine, a machine of vast potential whose
logical design had already been worked out at N.P.L. The Company
provided a team of engineers and craftsmen to work at Teddington
and as a result a Pilot Model A.C.E. was brought into successful
operation in the Mathematics Division at N.P.L. in February 1952.
This pilot model proved to be an outstanding success in solving
problems for many branches of Government and industry. The
experience gained with this early machine was of tremendous help

‘in determining the next stages of development. The English Electric

Company decided to produce a fully engineered version of this machine
embodying all theimprovements which were suggested by the extensive

operational experience at the N.P.L. This new machine is called

DEUCE and three machines were shown on February 17th.

Certain principles are common to all high-speed digital
computors. They are capable of doing sequences of elementary
operations such as addition, subtraction, multiplication and division,
together with some logical operations of which the most important
is the ability to proceed along one of two alternative paths at specified
points in the calculationdepending on the results obtained up to these
points. To make effective use of the great speed available the machine
must be supplied with the "programme of instructions’ which it is
to carry out. This is coded into numerical form and is fed, together
with numerical data on which it is to operate, into the machine’s
storage system.

Internally, all operations are carried out in the binary scale of
arithmetic to achieve maximum reliability and economy of equipment.
In the DEUCE, numbers and instructions are represented by sequences
of pulses at intervals of 1 microsecond. A train (or "word') of 32 such
pulses is used to represent either a number (equivalent to 9 decimal
digits with sign) or an instruction. Two forms of storage are
provided. The first is intimately associated with the computing
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circuits and includes 12 mercury delay lines each storing 32 words
together with 10 shorter lines of various lengths which are used as
accumulating registers etc. The second store of large capacity
(8192 words - or more than a quarter of a million digits) is provided
by a magnetic record. ng d- um. Information can be written on or
read from 256 tracks by means of two sets of 16 heads, either of
which can be moved into any of 16 positions by a high speed shifting
mechanism giving access to any track in 25 milliseconds. 7This 1s
slow in comparison with the speed of operation of the computing
circuits. Itis of no consequence, however, because useful work can be
carried on during this (ransfer time and becausettransfer operations
are required relatively infrequently. |

Fach "instruction word'' specifies some transfer within the
machine and therefore determines the source (i.e position in
storage, etc) from which a number 1s to be extracted, and the
destination to which it is to .be sent. To achieve maximum speed
optimum coding is used, i.e. each instruction specifies also the
timing and duration of the current transfer and the position in the
store from which the next instruction ‘s to be taken. 7This system
avoids the loss of time which must otherwise occur if instructions
are placed consecutively in the store causing the computor to
halt after each operation until its next instruction is emerging
from the mercury l'ne in which 1t is stored.

It is therefore possible to perform all the elementary
operations (addition, transfers between storage locations, etc) in
64 usec. The only exceptions are multiplication- and division, which
require 2 m liiseconds. During this time. however, all other
facilities in the machire are available for performance of other operations
simultaneously with the multiplication or division.

Input and output of information is on 8U column punched cards
o' standard type. Use of a card punch instead o' a printer on the
output enables the maximum speed of the computor to be utilised;
subsequent sorting and printing can then be carried out on standard
machinery without occupying valuable computor time.

E-~h nput card can carry 12 instructions or up to 32 decimal

digits. The latter can consist,for example, of 3 9-digit numbers
(each with sign) or several smaller numbers. Input of information

in sterling or other non-decimal form is also possible. The computor
can convert these numbers into binary form and send them to its
storage system when cards are being read at the maximum speed of
200 per minute. The reverse process 1s carried out at the output,
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