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THE KRA 1101 COMPUTER | =

The firat 1101 Electronic Computer waa deliverad by Engineering Renearch Aasoclates, Inc., to
the United States Government in late 1880 and vaa in operation eight daya after delivery. The mag-
netic drum memory, which atores 1380 bita of information per square inch, has a maximum atorage
capacity of 18,384 34¢-binury digit words, For introducing information into the computer, photoelec-
trically read punched tape {s employed. Input data may be nonverted from decimal or oxtal to binary
torm in the computer and output data may be converted from binary to decimal form and sent to an
electric typewritar for typing, or to & paper tape punch if the data ave to be reused.

In order to increare flexibility of control, the commands which the computer can carry out are
stored in the magnetic drum memory and can be altered by arithmetic operations. Control is of the
single addresa type with provisicn for 38 bullt-in commands, I required, multiple prociaion opera-
tions can be programmad.

Complete loading of the storage drum c.n be accomptished in leas than eight minutes. Although
minimum access time to the arithmetic unit from the drum is 32 microaeconds, the maximum time is
determined by the timo required for one complete drum revolution, which is 17 milliseconds. By
proper programming, the time required for the addition of two numbers can be as low aa 96 micro-
seconds, and for multiplication, 382 microseconds, including procurement of both operands and the
next command. However, where the problem requires random accens to the memory, the speed of
calculation is dependent upon the time for the complete drum revolution, By using care in the map-
ping of the program on the drum, the speed of operation may be obtained which approaches maximum
operational speeds.
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The compuatar han bensn very rellable, By spending approatimately L0% of each day tor foutine
prevenitve maiienanee, the Government han oparatod the origined (101 for the tirat 500 houra with
only 18 hourn of unachedulsid mnintenance,

MOOIE SCHOOL AUTOMATIC CUMPUTER (MY3AC)

Work (e eontinuing th the deatm and teating of the barts cifouite,  The maln catoegorion are
thp - tlopa, pualee tranaformern, gating oivonitn, and dalay Hne and ransminnton line atudiea,

A preliminary modifioation of the loglo based on the capeblilitien of the new olrcuits his baen
completed amd timing studies have boen conducted,

Protity pe chiasnta have boeon conatravted and waed in the teating program. ‘The cabinets wnd
holdara for the mercury=acountic high apeed memury tanks are boing amiembled, ‘The phyaical lay-
ont of the MBAC and methoda of interonmwction are being atudied, Consteuction of the fivat chanais
tr neheduled tor the month of June,

THE INSTITUTK FOR ADYANCKD STULY COMPUTER

Since the publivation of tha laat Newsletter the mewmory organ lor the Institute {or Advanced .
Study computer haa been completely integiated into the ayatem and varioua tanta have baen made
involving the interplay of the arithmetic and memory organs. These teata are proceeding
antinfactorily.

During the same poeriod extensive life taata of the multiplier were completed, These tenta were
carried out with the unit oparating at a high duty cycle and fully covered all aapecta of the situation,

Varlous input-output organa are being bullt and teated at the preasent time,

ADRRDEEN PROVING GROUND COMPUTERS
The KENIAC

The ENIAC completed ita fifth year as un operating machine in February 1881, Gradual im-
provementa have been made aince the adoption of the converter code, the most recent being a chunge
in the address terminology and an addition of a ama!l unit to make automatic the switch between con-
trol from the function tables and control from cards,

During a recent period (November 1980 to March 1881), the ENIAC completed the computationa
for tha following problems: (&) an investigation of some of the properties of interior ballistics, (b) an
evaluation of error in axially symmetric aupersonic airflow, (c) two additional programs for the deo-
termination of the equilibrium composition of a four component system of fuel elements, (d) two com-
plate bombing tablea, (e) the reduction of data for 8,950 points of guided missile dats, and (f) two pro-
grams Involving normai trajectory computations.

The EDVAC .

During tne period covered by the current report the IDVAC system has been bruught tu the con-
dition of satisfactory operation with the exception of the momory amplifier assemblies. The original
amplifiers are not considered satisfactory and new ones have been under construction and hive just
been delivered. It is hoped that the installation of the new memory amplifiers will conclude the con-

“Jruction and teating of this unit,
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Toat work on the GRDVAC memory syatem(ulecteontatic tubes) haw indicated that exceptional ve-
Hability may be pxpociod (ram this equipment, 1t has vun tor pertoda of the ovder of tens of houts
without erecr. The Univeraily of IHnin e sxerting every effurt to be aure that the elementa of thia
machine will be vxhauatively tented balora the syatem ia completed, It appoara that thia policy will
ylokd a fintah " machine aid & more natinfuetury dovice in loan timo than would otherwise be ponaible.
Wappears that the completion date (October 1081) originatly anticipatod will be met,

NATIONAL UK KAU OF STANDARDS WESTERN AUTOMATIC COMPUTER_(3WAC)

AR TEmE G

Improveme ita have been made in (o tenting techniguea and mothods of adjuating the memory,
reaulting th more effivient maintenunce of the SWAC, Qeneral testing in atill baing carried on inter-
aperrad with the running uf problenm,

Two optical rader unite for thput arc undar conntryotion, u large one for handling 1000 font
reoln of paper tape and a amaller une for handling ahorter plecen of tape.

A magnetic wapr unit haa been delivered from Raytheon Corporation and wurk la proceeding on
ita integration into the 8WAC input-output aystem.

Progresa is alnd being wude on the necesaary circuitry to onsble the magne-ic drum memory to
bo uned ax an uuxtliary memaory for the SWAC,

NATIONAL BUREAU OF STANDARDS EASTERN AUTOMATIC COMPUTKR (SEAC)

Statiatica were com)ied on the operating performance of the SEAC for the months October
through December 1980, During the time which was set aside for the aolution of problema (76 hours

per week), the machine way in yood working order for 64 par cent of the time in October, 70 per cent
of the time in Novembe:, and 88 per cent of the time in December. During the last waek in December,

the machine was in good werking order for 86 per cent of thia time. A wide variety of problema have
been run on the 8EAC, including the following:

Total Hours
Problem on the Machine Briof Description
Linear Programming, OAC 526 Solution of large aystems of linearalgebraic equa-
tions pertaining to program planning for the Air Force,
Number Theoretical Problems 200 Computation of factorization tables, tables of primes,
primitive roots of primes, diophantine equations,
and Haupt exponents,
Subsunpling Design, Census 68 Determination of sample sizea corresponding to mini-
mum variance ina census, using sampling methods.
Relative Abundance of Clements 48 Solution of a 2Tth-order system of ordinarydifferen-
tial equations relating to the neutron capture theory
of the formation of the elements in the universe,
Electron Trajectories 40 Solution of a second order noalinear difterential equa-
tiondescribing the passage of electrons through a
cavity.
Laplace Equation by 26 A test of the Monte Carlo Method by solving a
Monte Carlo Method known problem in two dimensions.
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Une has been mede of iwo models of the new maguetiv tape tranaport mechanism whioh re-
quire nn reels or aervoa (the tapes are held botween parallel glans plates). In this mechanism the
only inertia to be overcome, when atarting or atopping, ia that of the tape passing over cupatan heads.
Reading, writing, und reverael operations have heen performed completely under the machine’'s con-
trol, Equipmeat to provide seleviive erasure under machine control ls now baing developed.

The Willlama tube memory, deaigned for 1084 apotn per tube, is currently being proved {n with
206 apots in order to obviate possible ditficultiea of aplash (read-around ratio). The full Willlams
syatem wan operated auaceasfully on test routinea for over five houra, on two occantons, It haa also
worked auccesafully for several hours in tntegrated operation with the complete machine, on & prime
number routine. This particular rovtine utores orders and temporary results in the electrostatic
meniory and does most of the baaic computation there, in order to achleve increasod apeed. With the
slectrontatic memory, it took 11 minutea and 8 seconda to compute that 90,000,000,077 ia a prime
number; with the acoustic memory, the corresponding computation time wan 38 minutes, or three
timea as long. A problem of significance is now being tried, using both the acouastic and electrostatic
memory in combination.

PROJRCT WHIRLWIND

During January, February, and Murcn the Whirlwind computer has been operating usefully with
electrostatic storage. One third of the time, about 30 hours a weok, ia divided between acientific and
enginvering computation and the stucy of real-time control problems. During thesc asaigned applica-
tion periods, computer operation in now satiafaciory about 83 per cent of the time. The other two-
thu;dn of the tima is devoted to imroving reliability, extending the terminal facilities, and routine
maintenance.

Whirlwind ia at present using 380 registers of electrostatic storage. Input is by means of
punched paper tape. A photoelectric taps reader has been received and will shortly be connected to
the computer to increase the speed of reading in programs and data. An output typewriter is in use
for printing computed results, An oacilloscope display la available for problems more readily stud-
ied by this meana., A magnetic tape driva has been received, and circuits are baing built for its in-
corporation into the computer,

RELAY DIGITAL COMPUTER, IMPERIAL COLLEGE, UNIV. OF LONDON

K. D. Tocher is building an automatically sequenced digital computer at the Imperial College
of Science and Technology. The operation of the computer is serial and a three-address code, simi-
lar to the ane originally devised for the National Physical Laboratory ACE pilot model, is used.
Addition of two ten-binary-digit words takes approximately a quarter of a second; round-off multi-
plication takes approximately three secondr. Exact multiplication and double length operations on
words can also be performed. Division will be automatic.

Approximately 1800 high-speed relays and 1200 slow-speed relays are used in the computer,
both for the erasable memory elements and for the gating elements. This rather large number of
relays is due to the inclusion ut several special facilities, which can be called for automatically, and
not to the size of the erasable memory store, which can hold only twelve words of ten binary digits
each. A slower, auxiliary store s provided by punching equipment and Hollerith tape. Standard
Hollerith punched card machines are used in the input and output equipment. (From 1 February 1931
ONR European Scientific Notes.)




GQ3K COMPUTER MOREL IV, AT 2URICH IWITZERLAND

In July 1950, a sequence-controlled computer was installud at the Inatitute for Applled Mathe-
maties of the Swisa Fadaral Inatitute of Technology at Zurich. It was conatructed by Konrad Zuse of
Neukirchen, Germany, in conaultation with E. Stiefel and A. Speiser of the Institute. It is a relay
tomputer with 2200 telephone rolays and 20 step awitches and employs mechanical storage elements
developed by Zuse, Although the atorage capacity is now only 84 numbers, it is hoped that it can be
increased to 1024 numbars, Access time to the memory {5 one-ha)M second,

The machiny opurates in the binary aystem, employing a floating binary point with exponent
ranging from 63 to -31 Translation from decimal to binary numbers and vice-versa is fully auto-
matic, Numbers aro fed in by means of keyboard or punched 35-mm movie film, whereas the output
goea to & typewriter or punched film which can be fed back to the film-read unit, thus providing ex-
ternal storage.

For {ntroducing tnatructiona into the computer, a coded sequence is punched int> movie film,
each Instruction having 8 blaary digits, which is fed into onec of two stations. The computer executes
the following ordera: Add, subtract, multiply, divide, take the s.ji are root, form the absolute value,
call conditionally, stop conditionally and unconditionally, and skip conditionally. The skip order
causes all the following orders up to a starting order to be disregarded and thereby enables suveral
subsequences to be punchod on one loop of tape.

The time for addition and subtraction is approximately 1 second, for multiplication 2.5 sec, for

ghallalon and square root 8 sec, all including transfers from and to storage. To skip an order takes
.2 sec,

DATA HANDLING AND CONVERSION EQUIPMENT
Stavid Engineering Data Conversion Equipment

Stavid Engineering, Inc., 312 PArk Avenue, Plainfield, N. J., has developed a data conversion
recurding and play back equipment which permits the measurements o! servo orders to be made to
an accuracy of .01°. To maintain this accuracy the information contained in the servo order is con-
verted into digital form at a pulse repetition rate of 60,000 pulses per second. Two ring counters
serve as both counters and memory circuits ir order to slow the pulse repetition rate down to a fre-
quency which is recordable on magnetic tape. Nine servo orders are monitored and sequentially
sampled at the rate of one ovdsr per twentieth of a second. The measurements of the servo order
are recorded on three-channel tape in the form of pulses, On the first track, one pulse is the equiv-
alent of .01° of servo orders. On the second track, one pulse equals .25° and on the third track, one
pulse equals 10°. Thus no more than 40 pulses are required on any track to fully define the meas-
urement of the order.

Equipment is now being developed which will automatically accept the information from the
magnetic tape and transcribe it into IBM punch cards where one card contains one measurement of
each of the nine input orders.

Signal Corps Angular Position Encoders

An angular position encoder to generate a 15-digit binary number, which 1 a measure of the
angular position of an input shaft to .01°, has been designed at the Signal Corps lingineering Labora-
tories, Fort Monmouth, New Jersey, and construction of two modele by a contractor i5 expected to be
completed in March 1951. The heart of this device is a special code pattern consisting of transparent
and opaque areas laid down on a glass disk 9-1/2 inches in diameter. The pattern is made by
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photographic contact printing from a suitable master, The disk Is carefully mounted between bet.ings
and rotates with the input shaft. An optical reading system, consisting of a high intensity strobo-
scopic light source, a narrow dafining slit,and fifteen miniaturs photocells, will be used to “read” the
shaft position at regular intervals, using a binary number sequence which provides freedom from
transition arrors and which is easily converted to the stundard sequence. The complete encoder, in-
cluding lamp, photocells,and photocell preamplifiers, will be about 12” in dlameter and 8" deep, and
will mount on any {lat surface. A ring-shaped flange is provided for centering with respect to the
mount, All delicate surfaces will be protected from dust, etc., and the whole ’syembly is expected to
be sufficiently lightweight and rugged for contemplated uses.

One application for this encoder is in connectior with a digital servo for remote shaft positioning
with very high accuracy. In preparation for the construction of such 2 servo, an experimental pilot
model, operating with 10-digit optical encoders, was constructed at the Signal Corps Engineering
{..:boratorlos and completed in June 1950. Studies are now being made of the dynamic behavior of the
10-digit servo.

The major components of the 10-digit piiot model accommodate fifteen binary digits, permitting
their reuse as components of the high-accuracy servo, after completion of the 15-digit encoders.

g_a_tocodlng

Zatocoding is the name given by the Zator Company, 79 Milk Street, Boston 9, Massachusetts,
to its system of coding punched information cards for efficient machine selection by subject. The
process employs the technique of superposition of random subject codes (indentations on the edge of
the curd). It is not necessary to store the cards in any alphabetical or other subject order or to select
references according to a definite classification scheme. Copies of an occasionally published journal,
deiling with the problems of th: organization of knowledge, can be obtained from the Company upon
request.

LI N

Comments, letters to the editor,
and additional contributions for in-
clusion in the Newsletter should be
addressed to:

Code 434

Office of Naval Research
Navy Department
Washington, D, C.




