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QGENERAL PURPOIE COMPUTERS Lab.tod
Burroughs Laboratory Computer

Since February 31, 1861, the Surroughs Adding Machine Company has been operating, tn the
Philadelphia laboratories of its Research Diviaion, an electronic digital computer of unique
conatruction.

This machine, which has a magnetic-drum memory and teletype input-output facilities, was
assembled entirely from general-purpose electronic building blocks. Almost all of these genera!-
purpose unita belong to the line of aquipment known as Pulse-Control Units, for which a deacriptive

% "brochure is available on request,
t " Each Pulse-Coutrol Unit is a astandard logical component, such ae a flip-Ilop, gete or pulse-
delay circuit, and {s equipped with input and output buffers. Waveforms on the coaxial cables which

interconnect units are reatricted to two standard types: 0.1 -microsecond pulses and two-valued d-c
control voltages having 0.3-micriésecond switching time.

Use of Pulse-Control Units permitted assembly of the computer directly from logical diagrams
without the usual intermediate enginesring steps. Ouly nine months elapsed from inception to com-
pletion, After assembly and tnterconnection of approximately 500 units, the computer was made to
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wark in lte entirety within 48 hours total acoumulated time on the d-0 supplien. Thin time included
cheok-out of the power ayatem.

The machine’n prenent repartotre indluden 13 instructiona, which are suificient to make it a
eneral-purpone computer. Until now multiplieation and divislon have been programmed, but modi -
{toutionn in progrean will make t.om ningle inatructions. A single-addrass code (s normally used,

tat & recent ohange permits a programmed cholos between single= and double-addreas operation,
Mont alugle-addreas operationa require ona magnetic druim revolution, t.e,, 16 milltascondn for
completion, The program v nurmally stored oun the drum,

Number representation i binary-coded decimal (excens thres). Storage (s asrial-herial on the
drum, but aerial-parallel in the magnetic ahift-regiater accumulator. A word check is omployed
{weighted modulo-d count of bits),

The form of unitined conatruction employed here atforda an additional degree of freedom which
makea thin machina unique; not only can it be programmaed, both the internal workings of the machine
can De and have heon modified readily by eastly accomplished changes in plug-in conneotions without
great conoern over electronic detatls.

This computler has been operating during normal working hours since February 21 with about
A% troudble-free avallabtlity.

UNIVAC Dedication

On June 14, 1951 the formal dedication ceremonies wero held in Philadelphia by the Bureau of
the Censua, National Bureau of Standards, and the Eckert-Mauchly division of Remington Rand, Inc.
at which time the Secretary of Commerce, Charles Sawyer, accepied the first UNIVAC ayatem for
the Census Bureau. Dr. Roy V. Peal, Directqr of the Census, Dr, Edward U. Condon, Director of the
Bureau of Standards, Mr. James H. Rand, President of Remington Rand, Lt. Gen, Leslte R. Groves,
V. Pres. of Remington Rand and Mr. Albert M, Greenfield, President of Greater Philadelphia Cham-
ber of Commaerce took part in the ceremonies, as did Dr. 8. N. Alexander of the Bureau of 8tandards,
J. A. McPheraon of the Buresu of the Census and J. P, Eckert, Jr.,of the Eckert-Mauchly division of
Remington Rand. The firat UNIVAC saystem passed government acteptance tests in March and has
been in almosat continuous use by Census personnel since the firat of April. It is operated twenty-
{our (14) hours a day, seven (7) days a week.

The second UNIVAC system is now nearing its final tost and the third UNIVAC system is going
through its initial test. All of these systemas are identical in design and construction differing only
in the amount of auxiliury equipment which varies according t0 the needs of the user. The self-
checking facilitie® of the UNIVAC system have shown themselves to be highly important and desir-
able. This is the first large digital computer system to be manufactured on a production basias.

The Raytheon Digital Computer

The clock, central control, main memory, and the hunt rack are now in the system testing
phase. The external memory rack and theproblam preparation data transfer unit have been unit tested,
and are now undergoing rack tests. Twenty-six chassis, not yet included in rack tests, have been '
unit tested, while seven chassis are undergoing unit test. Fleven chassis have been fabricated
awaiting unii test; thirty-nine chassis are in fabrication, with the last one scheduled to be delivered
early in August, Optimization of the circuitry of the remaining twelve chassis of the computer is
now being completed and the fabrication of these chassis {s scheduled for completion in August.

Magnetic tape defects have been reduced considerably by tape manufacturers. These defects,
where not removable, will be positioned in dead spaces between blocks on the magnetic tape.

A pulse transformer, capable of passing a 10-microsecond pulse with % droop and having a
0.02 microsecond rise time, has been developed and s utilized in certzin circuits of the arithmetic

unit.

Present plans call for operational testing of the complete machine to be underway in October.
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The Nattong! Tyreay of Standarde Funtern Automatio Computer

A large variety of problema have bhoen run nuccenstully on the 3XAC. Total operating time
devoted to problem molution exaeeded 1000 hours during the monthe January through March 1981,

The Willtams tube memory has been ?onhd succeantully with 288 spota for several 8-hour
aesaions on a supersonic noasle problem. ngineering teata show that the Ayatem can be adjusted
& ‘hat the Maximum maohine-call-rate of one word every 48 microneconds does not intertere with
stored information, The Willlama meniory has aleo been uned succeanfully with 818 apots on a
problem in dynamios (Involving two degreas of freedom) which concerna the conatruction of sensi-~
tive apparatus related to atrplane safety. It ia now being tried out (with 812 spots) In conjunction
with the acsoustlo memory on a problem requiring the fu)} capacity of both memories,

A punohod-«rd-to-mnmc tape converter has heen bullt and used auccessfully for the
8COOP problem.

Whirlwiad 1 (M.1.T,)

During April, May, and June the Whirlwind computer has been assigned to computation on
achedule for 38 hours a week. Of thia assigied time, 89 per cent has been trouble-free. The Whirl-
wind statf is uaing 348 regiaters of electrostatic storage and computing at a speed of 20,000 ulnflo
Address operations per second. A photoslevtric reader provides Paper wpe laput at a apeed of ity
18-digit words per second,

A group of 18 mathematicians and enginears are engaged in planning the operation of the ma-
chine and tn preparing and operating programs for scientific and engineering computation, A fee-
ture of the orgunimtion ! the group {a the development of techniques, similar to thoae used by the
EDSAC people, by which all goneral applications programs are performed on the cowputer and the
fesulta or symptoms recorded by an operator without any knowledge of the given programs.

In addition to the above group, there is another group of 18 mathematicians and engineeras doing
analysts and preparing programs for government applications.

The ORDVAC (Uniy. of .)

The arithmetic unit and the controls for the arithmetic orders for the ORDVAC have been
completed. The electrostatic memory containing forty 3KP1 tubes has, in test runs, stored patterns
for 3¢ hour periods without error but no read around ratio test of the entire forty tubes has as yet
been carried out. The memory has been installed recently on the arithmetic unit and has operated

The group is now engaged in testing the memory and constructing the memory control com-
ponents which will be necessary lor the combined operation of the memory and arithmetic unit,

Moore School Automatic Computer (MBAC)

The development of the basic circuits are being completed and final dezign mamoranda are
being written. These will appesr in future issues of the MSAC progress reports,

A survey of the timing tolerance was carried out and a decision made as to the number of
clock pulse phases required,

The physical and electrical layout of the logical elements of the machine has been started as
well as the packaging of the plug-in diode asserblies.

The construction of racks and chassis is now underway along with the assembly of portions of
the memory system.
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An this ageount s belng written the control orgun of the Inatitute for Advanced Study Computer
{n undergoing ita final tvata tn the machine.

The oaly remaining purta are the divider, the teledeltoa unit which {s now being fabricated, and
s fow minor “cleanupa” of various chanals now in place.

SPECIAL PURPOSE COMPUTERS
The CRC 101 Digital Differentinl Analyser

A CRC 10! Digital Ditferentinl Analyser wan completed recently by the Computer Research
Corporation of Torrnce, Californta. Thia machine i8 a mobile unit, woluhtn. aboul 330 poundu in-
cluding power wupply and occupying approximately the space of an office deak.

It 1s applicable to a wide range of computation, test and control problems and can solve any
problem that can be put in the form of ordinary differsntial equativis (linear or non-linoar). It has
50 integrators and edch of ‘them can tntegrate the algebraic sumn of up to 16 variables with respect
to any other variable,

Control of CRC 101 i{a from a remote operating panel which may ba placed at any desired dis-
fance from the nachine. The control panel is the size of an adding machine.

Input data may aloo be read into the machine {rom external sensory devicea or graph followers
and the output may be tn the form of a plotted graph, typed numbers or control over some type of
effector. Conncctions are provided for these purposes.

The computing section of the machine contains 102 vacuum ‘ubes and 1743 germanium diodes.
The memory uses 21 tubes.

Power requirements are nominul,

The machine (s filled by means of “typing” in initial conditions and lhte'grator connection codes
with two adding machine type buttons. Integrators and channels are selected by control knobs,
While the machine functicas in the binary system, read out at the remote control panel s in the
octal notation.

The memory for CRC 101 is a magnetic drum which ¢an store in excess of 7000 digits, with
drum apeed 3600 RPM. Computation speed is 3900 incremerits of the independent variable per
minute.

The MADDIDA

Coples of the 44-integrator, MADDIDA, called the MADDIDA 44A, whose development was
mentioned in the 1 August 1950 Newaletter, have been completed and are now in operation. This
computer employs a magnetic~drum memory combined with a computer unit. Although the funda-
mental operation is numerical integration, integrators can be so operated as to perform other oper-
ations such as addition, comparison, and multiplication.

Esuentially, integration of the equation z = / ydx is performed by repeated addition. However,
the block diagram of the solution of a differential equation or aystem of equations on the MADDIDA
is similar to that on an analogue differontial analyzer.

During computation, information i{s transmitted between integrators in the form of incremental
changes in variables. Each integrator has a dx {nput through which it receives {incremental changes
{n an independent variable x; a dy input through which it receives changes is a dependent variable
y; a dz output through which tt delivers incremental changes in the integral £. The source of dx may
be the output of any one of 42 other integrators, or its own output, or any one of 12 empirical input
channels. The source of dy may consist of the algebraic sum of from one to seven of the above

-4 -

i

p




sources in any combination. The dy input may also bs onittted when using the integrator as a constant
multiplier. In cases where the equation is such that dx must also consist of the sum of asveral chan-
nels, an additional integrator is used, coded as a aimple adder.

Computation within the computer ia done in the binary number system, since this leads to more
compact and reliable circuitry. This means that initial conditions must be typed into the computer
as binary or octal numbers; howsever, vutput devices are available which will tabulate the results of
MADDIDA computations directly in the docimal system.

The desired interconnections betwaen integrators are easily expressed as a binary code, and
this code is typed into the computer along with initial conditions. The artusl {nterconnaction of in-
tegratora is dono fully automatically in the machine’s electronic circuits,

While many functions can be generated within the computer by solving auxiliary differential
equations, it:is at times conventient to insert purely arbitrary or empirical data into the computution.
For this reason 13 empirical input channels are provided in the machine. These input channels may
be fed from various input devices. One such arrangement is now being made available as a graph
follower with which graphical data are semi-automatically placed on perforated tape. A number of
tapes may then be simulianeously fed into the computer through these input channels while com-
putation proceeds. The independent variable (or apeed of tape advance) i» under the control of the
computer. Step functions may alao be inserted at pre-set intervala with such apparatus.

Alsc provided in MADDIDA are 12 output channels. A tabulating printer which will accumulate
and print resultr decimally, and an automatic plotter to present results graphically are available
for operation from these channels. There are many other devices whic.: can be developed that will
operate from these channels,

The integrating device consists of two registers "Y* and “R” and a transfer device, "T.” When
a dx pulse is applied to T, Y is added to R and the ds outputs are pulses representing overflows
from R. Hence the rate of dg pulses overflowing out of R is proportional jointly to y and to dx; dg =
ky dx. Of course at any time y = y, + Zdy;.

The memory drum uses six channels. One of these is a permanently recorded ciock channel
which keaps the machine in synchronisation. Two channels hold the Y and R information, corre-
sponding to the two registers already discussed. Two more channels, which are referred to as

*s and "L”g, contain hook-up information and specify what probiem is being solved. A sixth

el, referred to as the “Z line,” is used for intercommunication between integrators and trans~

mits this information in accordance with the date contained in the L channels.

AUXILIARY AND CONVERSION EQUIPMENT

Flylng Typewriter

Potter Instrument Company. Inc., 115 Cutter Mjll Road, Great Neck, N, Y. announces the de-
velopment of a new high-speed, line-at-a-time printer. Driven by a flextble slectronic shift register,
the "Flying Typewriter” will print over 300 lines per minute. Each line consists of 80 columns of
alphanumeric characters. Forty-seven different alphanumeric and special characters are used.
Printing s on standard 17 -ounce teletype paper and several carbon copies can be made.

The vacuum tube shift register, in addition to being used as a loading device for the printer,
can also be used as an 80-column arithmetic accumulator for calculations. Although primariiy de-
signed for ‘coded pulse and magnetic tape input, it can be adapted to print from punch cards, perfo-
rated paper tape, keyboard, and other means.

Conversion and Display Equipment

Recent contritntions to the computer field by the Benson-Lehner Corporation, 2340 Sawtelle
Boulevard, Los Angelea 64, California, include the following!




1) A D.C.-to-decimal converter for feeding from atrain gauges, potentiometers, stc., directly
to tape, punch cards, typewriters. The system has no electronic counters; it involves the Analog
Digital Converter (see Newsletter of December, 1050), and is accurate to one part {n a thousand,

3) Benson-Lehner Dactylograph: an x-y plotter for desk use with 11 x 17 {nch paper, having
independent x aund y scale and origin adjustment. A variety of inputs may be used according to model
type, tncluding the following: hand-operated keyboard, D.C. voltages, IBM output, MADDIDA owput,

and others. ‘
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