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A �S�H�A�F�~�-�T�O�-�D�I�G�I�T�A�L� �~�C�O�D�E�R� 

B. M. Gordon M. A. Meyer R. N. Nicola 
Laboratory for Electronics, Inc. 

Boston, Massachusetts 

INTRODUCTION 

The �i�n�c�r�e�a�s�L�~�g� application of digital techniques, particularlY in 
control systems, has heightened the need for a device capable of trans­
lating shaft position into a digital representation. A survey of tech-
nical literature of the past several years indicates that many approaches 
to such a device have been made. This paper is presented to describe what 
is believed to be a unique approach to the problem of shaft-to-digital 
conversion. 

Since shaft positions are commonly found as inputs in many digital 
control systems, these angular positions must be translated into digital 
form. The device to be described is capable of accepting a rotational 
input and yielding a parallel �b�i�n�a�~� code which represents the angular 
position of the input member. Since digital techniques are often emplqyed 
to maximize the system accurac.y, the translation from shaft position to 
digital form must be at least as accurate as the input member. In some 
cases, where the shaft position involved is an element of a highly ac­
curate closed-loop system, a �r�e�l�a�t�i�v�e�~� large number of binar,r digits may 
be needed to represent an angular position. In other cases, fewer digits 
may be required, in which case, the number of digits must be compatible 
with the accuracy of the input shaft position. 

Since the shaft-to-digital encoder under discussion has immediate 
application in several different systems, a flexible unit was sought. 
�~�l�e�x�i�b�i�l�i�t�y� was achieved by repeated use of identical components which 
could be added or removed as demanded by the particular application. This 
type of construction minimized the number of different parts and, conse-
�q�u�e�n�t�~�,� the over-all cost. 

The important problem to be solved in this �~�e� of device was that 
of eliminating ambiguities. Very often, special codes are employed which 
change only one digit at each transition. The use of special codes often 
requires additional equipment to translate the special code into a form 
compatible with the system involved. The encoder discussed here, by its 
unique operation, has a straight binary code output with all ambiguities 
avoided. 

CHARACTERISTICS 

The encoder is characterized by light weight, small size, low torque, 
and long life. The output is in the form of parallel lines, each being at 
one or the other of two voltage levels representing the ones and zeroes of 
a blnarJ numoer. The number represents the angular position of tile input 
shaft. The actual character wheels are not �m�e�r�e�~� alternately conducting 
and non-conducting segments, but are segments connected �a�l�t�e�r�n�a�t�e�~�y� to one 
or the other �c�o�m�r�r�~�n� bus. The two voltage levels involved can be set by 
the user since the �c�o�~�~�n� buses �s�u�p�p�~�i�n�g� them are made available. 

A feature of this unit is the ability to accomodate a S,YTIchronized 
switching from one number to the next. Obviously this can only be done if 
timed pulses at a rate higher than the rate of change of the least signif­
icant digit of the converter are available. This is the prevalent case 
since, in general, shaft positions change slowly compared to electronic 
pulse rates available in the systems into which t.hey work. '1\10 important 
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characteristics of the unit that result from this s.ynchronized switching 
are; that the switching can be done at a time when no data pulses are 
present, and that the switching time can be a few microseconds since it 
is electronically derived. 

The converter is also able to read out either the number or the comp­
lement of the number upon demand. This change from number to complement 
can also be accomplished at microsecond rates, thus allowing operations of 
addition and subtraction by complementing as is common in binar,r arithmetic. 

The block diagram of Fig. 1 can be used to demonstrate the functional 
opera tion of this digi tal encoder. A shaft to be monitored is connected to 
shaft 1. This shaft is connected through a l-to-256 gear ratio to shaft 2. 
Four identical gear stages are used. This particular gear ratio is chosen 
for encoding the input shaft into 512 (29) discrete numbers. The reason a 
particular gearing is required is that the least significant digit wheel 
has 16 segments on its circumference. For 9 bina~ digits this least signif­
icant digit must undergo 512 changes for a complete revolution of the input 
shaft. This means that shafts A and B must travel 32 revolutions for 3600 

of input rotation. Shafts A and B are geared to shafts 3 and 4 respectively 
through a 1-to-4 gear ratio whereby shafts 3 and 4 will make 128 revolutions 
for 32 revolutions of shafts A and B. Connected to shafts 3 and 4 are star 
wheels having four slots separated by 900. These slots engage the pins of 
the spider connected to shaft 2. Since the spider has two pins engaging 4 
slots of the star wheels, shaft 2 will travel twice as fast as Shafts 3 and 
4. Therefore, shaft 2 will make 256 revolutions for 32 revolutions of 
shafts A and B or 256 revolutions for 3600 of input rotation. These condi­
tions then satisfy the requirements for encoding the input shaft position 
into 512 discrete numbers. 

The intermittent spider and star wheel drive is chosen so that py 
using two parallel banks, one of the two banks is stationary while the 
other is in motion. This is easi~ accomplished by moUnting the pins on the 
spider so that they engage the two star wheels 900 out of phase. This al-
ternate moving of banks permits reading out from a stationar,r set of digit 
wheels at all times. 

To select the proper bank to be read, a timing wheel is mounted on 
s~t_ 2. uuTIlis ntimer llas-i'our segmentson-llS- wheels- -and -Sil'lce- it- is- geared 
up in speed qy a factor of 8 from shafts A and B, it will experience 1024 
changes for one input revqlution. This permits two bank selections for each 
least significant digit of input rotation. A more detailed operation of 
this timing is indicated below. 

The two banks consisting of three cylinders each are identical in con­
struction. In turn the six c.ylinders are identical and consist of six 
wheels keyed together on a common shaft. The periphe~ of the outer two 
wheels of all cylinders is solid conducting material. These outer wheels 
serve as slip rings through which the two voltage levels are introduced 
into the particular cylinder. The inner four wheels consist of 16, 8, 4, 
and 2 segments making the character wheels for four binary digits. Alternate 
segments of each wheel are connected together and 1D one or the other of the 
slip rings. 
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The gearing between cylinders is accomplished by geneva transfers in 
which case the a,rlinder is locked in position at all times except when a 
car~ is propogated. The effective gear ratio is 16-to-l thus propogating 
a carr,y for the fOllr binary digits of the previous ~linder. 

Since the requirements for this unit wer~ originally for eleven bina~ 
digits, a choice of ~~e n~~ber of cylinders and gear ratios to meet these 
requirements had to be made. Since small size was necessar,y, it seemed 
hopeless to try to use one cylinder in which case the least significant 
digit would have to have 2048 segments, since the minimum number on aQY 
wheel is 2 segments. The converter as it stands then, is a compromise 
between a large number of segments on aqy one wheel and a large gear ratio 
at the input. 

A brush block of six brushes forms an integral unit serving as read 
out and voltage supp~. Again the six required brush blocks are identical. 

The size of this unit is extremely small .and the fabrication was carried 
out essentially as a watch-r.aking operation. The a,rlL~ders are one-quarter 
inch in diameter and mounted in the housing with the relative positions as 
in Fig. 1, the outer diameter is one and one half inches. The overall length 
is two and one half inches. The unit weighs approximately 8 ounces. The 
average input torque at shaft 2 is I inch-ounce. Most of this torque is used 
in overcoming friction in the spider and star wheel drive. 

OPERATION 

The operation of the converter can be shown from Fig. 2. The block 
diagram indicates the use of the converter in the system for which it was 
pr~arilY developed. The switching is all done electronically in this 
case to cotr.!Ply with system requirements. All the functions to be described 
could be done equally well 'W i th relays, the logic of the diagram. remaining 
unchanged. 

Looking at Fig. 2, assume that the correct number to be read is on 
bank A. The timer actuates the appropriate gate and allows a synchronized 
pulse to set the bank selection flip-flop so that the gates on bank A are 
actuated while those of bank B are inhi'tited. In this case, the two cathode 
followers associated with bank B are held at the lower voltage. Therefore, 
all segments of all wheels on bank B are at the lower potential. At the 
same time the complementing flip flop introduces the upper potential on one 
of bank A's gates and the lower potential on the other. These gates drive 
cathode followers which suppl,y the levels to the digit wheel segments through 
lines Al and Ao. Since the outputs from both b~lcs are buffed together in a 
manner such that the ou tput tenninal will go to the most posi ti ve potential, 
the read-out is from Ao If a signal to complement now arrives, the potential 
of line Al and Ao are exchanged, and every segment in bank A reverses its 
potential. vlhen the timer calls for a bank switch, the gates associated with 
A are irllibited ~~d those of B are actuated. The complement;~g ;n1orw~tion 
is given to both A and B at all times so that bank switching does not effect 
the complementing. 

To clarify the bank switching technique, a detailed timing sequence 
is presented. Assume an arbitrar.r starting point which, for simplicity, 
can be a reading of zero. At every position of the converter one bank is 
being read while the other is ready to be moved. Assume bank A is being 
read and then assume that an angular rotation is applied to the input 
shaft. The table below indicates the sequence of events for the four 
least significant digits. 
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Rotation in READING 

Number of Digits Bank ! Bank ~ 

0 0000 0001 

1/2 0001 0001 

1 0001 0010 

1 1/2 0010 0010 

2 0010 0011 

NOTE: Underline indicates bank being read out. 

These two b~,ks are physical~ assembled to be one least significant 
digit out of phase. Since the timer traverses twice as many segments at the 
least significant digit wheel, it must change a segment for every half least 
significant digit. The phase of the timer is such that it signals for a 
bank switch just before the spider engages the star wheel as seen in Fig. 1. 
This signal causes the reading to be made from the stationary bank and causes 
all the segments on the moving bank to assume the lower of the two poten-
tials. Since all segments on the moving bank are at the same potential, 
brushes need never interrupt current, a feature which avoids arcing and 
greatly prolongs brush life. . 

SINE AND COSINE GENERATOR 

Frequently the need arises for the generation of the sine or cosine 
function of an input angular position. A componion unit has been developed 
in which a cam is used to convert linear input velocity into harmonic motion, 
which in turn drives the actual converter. The unit has two output shafts 
moving in quadrature to provide the sine and cosine functions of the input 
angle. 

"When assembled this sine-cosine unit has an outer diameter of five and 
one r.Ld.lf incheS B..l"'ld is one and one quarter inches long. The large diameter 
comes about due to the relatively large size of the oscillating member. 
Fig. 3 shows the configuration of the cam and oscillating member. 

This shaft-to-digital encoder has wide application in operational­
digital techniques, many of which have been introduced at the Laboratory 
for Electronics. The original application was in an airborne digital 
computer. The encoder was employed in a variety of ways as input and 
output equipment for this computer. 

A common and useful application of this device is in the solution of 
right triangles. Fig. 4 indicates in block diagram how this converter is 
used to produce the magnitude and direction of the resultant vector when 
the quadxature components are known. 

ACKNOVlIEDGEMENT 

The mechanical design of this entire unit was carried out qy Instrument 
Development Laboratories, Inc., Needham Heights, ~~ssachusetts under con­
tract from Laboratory for Electronics. The authors wish to extend their 
gratitude to Mr. George McNabb of I.D.L. for his cooperation throughout 
this project. 



Fig. 1. Functio:nal m~echanical operation 



B=BUFFER 
CF"CATH. FOL. 
FFc FLIP FLOP 
G=GATE 

SYNCH 

PULSE 

Fig. 2. 

BANK A 

NU M BE R __ -"" 

COMPLEM ____ -' 

Conv~rter blook diagram 

Fig. 4. Right t:riangle solver 

() 
\~ 

Fig. 3. Trigonometric converter 

SIN -& 

Y SIN e 

COS e 

-~-----

Y 

"/ e , , 
" " 

SINE-COSINE 
CONVERTER 

B : BUFFER 

x 

R 

8M: BI N ARY MULTI PLiER 



~34 

REAL-TIME DIGITAL DIFFERENTIAL ANALYZER (DART) 

Loren P. Meissner 
U .. S .. Naval Oriina.nce Laboratory 

Corona, California 

Introduction 

The solution requirements of differential analysis problems are increas­
ing to the point where solution speed requirements are often beyond the capa­
bilities of present-day conventional digital computers, while analog computers 
will not provide sufficient accuracy. For many of the problems of this class, 
a computing system is needed which possesses the desirable characteristics of 
both analog and digital computers - that is, one which has the inherent speed 
of an analog computer and the basic accuracy of a digital computer. One ap­
proach to the problem of designing a computer having these characteristics is 
described in this paper~ It involves the use of a system design based on the 
electronic analog computer, with components which are digital in nature. 

Basic Concept 

The concept on which the DART system design is based involves the combined 
use of pulse-train information (such as is used in digital differential analy­
zers like MADDIDA or the CRC-105) and of information in the form of sets of d-c 
gating voltages. The relation between these two kinds of information can be 
readily shown. If a train of pulses is fed into a binary counter, conSisting 
for example of a row of flip-flops, a set of d-c voltages, constant between 
pulses, is available at the plates of the flip-flops. This set of voltages 
may be used to control logical gates or switches of various types; hence, they 
are referred to as "gating voltages." 

A study is in progress at the Naval Ornnance Laboratory, Corona, to inves­
tigate the design of computing elements using both these kinds of information, 
and to investigate the incorporation of these separate computing elements into 
computing loops for the solution of systems of differential equations. 

The pulse-train units under consideration in this project depend upon es­
sentially the same logic as do other digital differential analyzers. No mag­
netic drum or other central memory is used, however, since a separate computing 
unit is provided for each operation. For example, if a problem requires three 
integrations, three separate integrators are used. These are plugged together 
in the same basic manner as the integrators of an analog computer. 

By eliminating-the memory, and thus eliminating the time-sharing feature 
of magnetic-drum computers, a much higher basic pulse rate is made pOSSible, 
although at the expense of equipment. 

Present desigus are aimed at a lO-kilocycle bssic pulse rate, but much 
higher rates are possible without requiring the use of any radically new cir­
cuit techniques. 

Gating Matrices 

Once a binary number is available as a set of gating voltages, other re­
lated sets of gating voltages can be produced by using gating matrices. For 
example, an adding matrix would give the sum of two numbers available in gating­
voltage form; a multiplying matrix would give the product. Other functions 
which could be performed by using gating matrices would include the extraction 
of digits, limiting the value of a variable: and other logical operations. 
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Combined System 

In combining pulse-train computing elements with gating matrices, to pro­
duce a computing system for the solution of differential equations, it is pos­
sible to take advantage of the fact that a pulse-train integrator contains a 
register, from which a set of gating voltages may be obtained. This is the 
register in which the dy pulses are counted to produce y (see Figure 1). 

The set of gating voltages representing y may be combined with other sets 
in gating matrices, as required to solve the given system of differential equa­
tions. Figure 2 shows an example of the use of this method, to solve the system: 

(1) 
dy :: pdt 

(2) 
-dp = (p + 1) ydt 

In this example, a pulse train, dp, is fed into the Integrating Register 
to produce p as a set of gating voltage. This is combined with the pulse train, 
dt, in the Rate Scaler to give the pulse train, pdt. 

Since, by equation (1), this is equal to dy, it is again integrated to 
give y. The two sets of gating voltages now available, y and p, are combined 
in the Multiplying Matrix to produce py. This is added to y in the Adding 
Matrix. At this pOint, py + y, or (p + l)y, is available as a set of gating 
voltages. Another Rate Scaler is used to produce (p + l)ydt. According to 
equation (2), this equals -dp which, except for a simple sign inversion, is 
the same pulse train used originally. 

This example illustrates the combined use of pulse-train units and gating 
matrices for the solutiOn of a simple system of differential equations. 

Feasibility 

It remains to be shown whether gating matrices can be produced which are 
simpler or faster than the elements which would be required to perform the cor­
responding operations with pulse trains. As yet, no specific detailed designs 
~~"I;"§ bf::_eo_woned. -0U't- .for-. -any o:tthese- gaMngmat-riees-. Preliminary -analyses-­
indicate, however, that such units can be designed which would have desirable 
features as compared with pulse-train systems used alone. 

Pulse-Train Operations 

There are a number of possible choices involved in the detailed design of 
computing elements to perform pulse-train operations. There are a number of 
different ways of handling signs, both in the pulse trains and in the registers 
of pulse-train integrators. Also, at least two basically different methods of 
designing rate scalers (the "transfer" method and the "sieve" or "scaled-train" 
method) have been used. 

In the design of pulse-train components for DART, these choices have been 
made in light of the fact that it must be possible to use these components a­
long with gating matrices. 



Integration 

A pulse-train integrator consists of an Integrating Register and a Rate 
Scaler. The Register contains a row of flip=flops which count the incoming 
pulses to produce a set of gating voltages representing a binary number, y. 
The rate at which the number in the Register, y, is changing depends upon the 
pulse-train rate, dye 

The Scaler has as one of its inputs the number y, represented as set of 
gating voltages (which are constant between inputs to the Register). The other 
input to the Scaler is a pulse train, dx, which in many cases is a uniform 
train of pulses originating in the clock-pulse generator. This pulse train 
is scaled down by the factor y/k (where k is chosen so that y/k is always less 
than unity). The output of the Scaler is, then, a pulse train, (Y/k)dx; that 
is, the number of pulses at the output of the Scaler is less, by the factor 
y/k, than the number of pulses at the input. 

This is accomplished by feeding the input pulse train, dx, into a row of 
binary scalers to produce scaled trains dx/2, dx/4, .•• ,dx/2n • "Each of these 
scaled trains corresponds to one of the binary digits of the number y, with the 
most'significant digit of y corresponding to the first scaled train, which has 
the largest number of pulses. The gating voltages representing "ones" in the 
binary number y allow their corresponding pulse trains to pass; those repre­
senting "zeros" do not. The scaled and gated pulse trains are then recombined 
to form the output pulse train, dz. 

The number of pulses in the output pulse train, dz, is proportional to 
dx ~ dye This is a numerical approximation (according to the Rectangular 
integration formula) to the integral, Kydxj K is a constant of proportionality 
which depends simply upon the number of binary digits in the number y. 

The integrator, then, has two input pulse trains, dy and dx, and an out­
put pulse train, dz = Kydx. In addition, it should be remembered that the 
number y exists as a set of d-c gating voltages (constant between dy inputs) 
at the output of the Register. 

Signs 

As shown in Figure 3, each of the inputs and outputs consists of a pair 
of pulse trains, one (labeled "6") carrying magnitude information, the other 
(labeled It_") carrying sign information. A pulse on the "6" line of the dy 
input represents an increment of y (a change in the lowest digit of the Regis­
ter) • If the "6" pulse is accompanied by a pulse on the n_" line of the dy 
input, the increment, is negative; if it is accompanied by no pulse on the tt_" 
line, the increment is positive. If there is no pulse on the "6" (magnitude) 
line, the Register is unchanged, whether or not there is a pulse on the " __ " 
(sign) line. 

Count Control 

The number in the Register represents the absolute value of S dy; a 
separate flip-flop is used for the sign of y. A positive increment must cause 
the absolute value, Iyl, to increase if the Register sign is positive and to 
decrease if it is negative; a negative increment must cause IYI to decrease if 
the Register sign 1s positive and to increase if it 1s negative. In other 
words, if the incoming increment has the same sign as the Register, the number 
in the Register must be made to increase in absolute value ("count up"). If 
the signs are opposite, the number in the Register must be made to decrease in 
absolute value ("count down"). The Count Control, shown in Figure 3, accomplishes 
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this. The pulse on the ,,_If line is made available before the "A" pulse; a 
logical network is used to sense whether the Register and input signs are the 
same or opposite, and to produce ~ gating voltage on one of a pair of lines, 
ordering the Register to ttcount up" or "count down." Wben the "A" pulse ar­
rives, the count order has been established, and the magnitude of the number 
in the Register increases or decreases as required. 

Figure 4, showing in detail a single digit of the integrator, illustrates 
the manner in which the Register is made to count up or to count down. 
Essentially, the method simply requires that tbe pulse which causes a flip-flop 
to change state (the "carry pulse") come from either plate of the preceding 
flip-flop, depending upon whether it is desired to "count up" or "count down." 

In the binary number system, "counting up" proceeds as follows: The low­
est digit is changed (from I to 0 or from 0 to 1). If it is changed from 0 to 
1, the process ends; if it is changed from 1 to 0, a "carry" occurs: i.e., the 
second digit is changed. If this digit is changed from 0 to 1, the process is 
finished; if from I to 0, the third digit is changed. This process continues 
until the first digit is reached which was initially o. At this point, a 
change from 0 to 1 will occur, and nothing will happen to change any of the 
higher digits. Electronically, this is done by producing a "carry" pulse when-. 
ever a flip-flop changes from the "1" state to the "0" state; this carry pulse 
is used to flip the next higher flip-flop. 

When "counting down," the process is exactly the same except that the 
roles of the l's and O's are reversed: a carry occurs from every digit until 
the first digit is reached which was initially 1. This requires a carry pulse 
whenever a flip-flop changes from "0" to "1". This Simply means that the carry 
pulse must be derived from the opposite plate of the flip-flop when counting 
down. Outputs are available from both plates of every flip-flop; when counting 
up, carry pulses are taken from the "RO" plate of each flip-flop, and when count­
ing down they are taken from the "RC" plate. The "RO" plate is the one which is 
down ("open") when the Register is reset to zero; the "RC" plate is up ("closed") 
when reset. The gating voltage is also taken from the tlRC" plate, since this 
is the plate which is down ("open") when the flip-flop is in the "I" state. 

Scaler 

The Scai-er consi-sts stmp-lyof·a row of fiip--fl:opo, -vtttrthenumb-e-r-of 
pulses at the output of each flip-flop equal to half the number of pulses at 
its input. One somewhat unconventional feature, however, is that the pulses 
which are used to flip the next flip-flop are taken from one plate, and the 
pulses which are combined to form the dz output are taken from the other plate. 
This insures that no two flip-flops will feed pulses into the dz line on the 
same input pulse, and allows these pulses to feed directly into the output line 
from all the flip-flops without danger of coincidence. 
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THE IBM MAGNETIC DRUM CALCULATOR TYPE 650 
E~~G!~~EERING AND DES!GN CONS!DERATIONS 

I: ~ u .. _'-...... I .. 
1... ..,. I IUtlIIC~ I oil. 

International Business ~chines Corporation 
Endicott I New York 

Resume 

This paper covers the engineering principles and design considerations given to the 
components that are used in the International Business Machines Corporation1s Type 650 
Calculator. The factors that led to the selection of the particular systems and components 
are discussed, rather than the way and manner in which the calculator functions. 

. The general topics that are covered include a review of the machine as a unit, 
self-checking features, and storage systems. Self-checking codes supplemented by control 
checks to form a self-checking system are covered in some detail. 

The storage system is broken down into two types - main storage and buffer storage I 
with comments on their adaptabil ity and flexibility in the complete system. Significant 
test data are presented. 

T~.e !BM tv\agnetic Drum Calcu!ator Type 650 is a stored program, two address 
calculator I intermediate in speed I capacity I and cost. Its comprehensive order list I 
punched card input - output I memory capacity I and self-checking features give it the 
flexibil ity that is required in both the commercial and scientific field. Its moderate cost; 
ease of operation I and small size places it within the reach of many users. 

Ntachine specifications and special features incl ude: 

1. Two thousand words of storage on the magnetic drum with an average 
access time of 2.4 milliseconds. 

2. Input of 200 cards per minute with full 80 columns. 
3. Output of 100 cards per minute with full 80 columns. 
4. lOX 10 multiplication to give 20 digit product. Average time is 11.6 

milliseconds including access times. 
5. Twenty digits divided by 10 digits to give 10 digit quotient" Average 

time is 14.5 milliseconds including access times. 
6. Addition and subtraction of 10 digit words to give 20 digit sums. Aver­

age time 5.2 milliseconds including access times. 
7. Consult storage for both reading and writing -- 5.2 milliseconds. 
8. Instructions are stored on the drum as 10 digit numbers plus sign. 



An instruction consists of two digits for operational codes, four digits for address of 
data or alternate instruction address (D Address), and four digits for address of the next in­
struction (I Address). See Order List, Figure 1. 

A seven bit biquinary code is used for input, output, accumulator, and program 
control. Drum storage uses a condensed five bit code for economy. Information is stored 
parallel by bit, serial by digit, and word. 

A table look-up (TLU) operation is performed automatically with one operation code. 
An equal or high search may be performed on arguments stored in an ascending order. Re­
lated functions may be located by normal programming procedures after a constant has been 
added to the storage location of the argument. 

The built-in, self-checking features include a validity check for number trans­
mission, read-in and punch-out checks, control checks on the program, and timing and 
synchronizing checks. Figure 2 shows the data flow paths and validity checks. 

Figure 3 shows the operator's control console which serves as a comprehensive means 
for monitoring and manually controll ing the operation of the machine. 

The storage display lights show the contents of any memory location, or the contents 
of the program register, distributor, upper accumulator or lower accumulator. The display 
switch and the address selection switches select the proper location for display. The 
storage entry switches provide a means for entering information, either in the form of data 
or instructions, manually into the machine. 

The order, address and operating lights indicate the operating condition of the ma­
chine. The checking lights indicate the source of a detected error, except for the error 
sense I ight which indicates that an error has been detected and a self-correcting routine has 
been employed. This error sense I ight can only be turned off manually, and it wi II remain 
off only if the error is not repetitive. The address selection switches provide a unique 
means for choosing key points in Ude-bugging" a program. They allow a stop at any de­
sired instruction in particular routine being IIde-bugged ll by merely setting the switches to 
the location of this instruction and setting the control switch to the address stop position. 

-

The power requirements are as follows: 

Either 208 volts or 230 volts with.:l; 10 per cent regulation 
60 Cycles 
Single Phase 
100 ampere service 
16.8 kilovolts-amperes power dissipation 
45,500 BTU/hour heat dissipation 

The direct current power is provided by selenium rectifiers with primary power 
regulated by saturable reactors thus avoiding the need for electronic regulation. 

Figure 4 shows the three units that make up the complete calculator. The unit in 
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the foreground is the Type 533 read-punch unit I the center unit houses the drum, program 
control, and computing circui ts, and the rear unit provides the card scan, translating and 
power supply circuits. 

A broad outline of the complete calculator has been given. With this in mind it is 
possible to review the calculator from an engineering evaluation of the logic and com­
ponents used. 

The general specifications are that the machine is intermediate in cost and speed, 
simple to operate, and se If-checking. 

The self-checking feature determined the selection of the biquinary code. The 
binary code is exce lIent for large, high-speed machines where the cost of conversion can 
be absorbed. The forms of binary coded decimals were eliminated in favor of the positive 
checking features, and ease of use of the biquinary code I since it closely resembles the 
decimal code. 

Since the biquinary code requires seven bits per digit, there is a question as to its 
worth because of extra bits that must be stored. When serial - serial recording is used in 
drum storage, the extra bits of storage cost very little in terms of dollars. However, if the 
pulse repetition frequency (prf) and bit density remain the same, the drum circumference 
must be increased thus resulting in an increase in access time. In a parallel-by-bit, serial­
by-digit system, the dollar cost increase is directly proportional to the bit increase but the 
access time remains the same. 

The MOe is based on the parallel-by-bit, serial-by-digit system and the extra cost 
is partially null ified by other means e This is accompl ished by taking advantage of the sim­
plicity of the biquinary system as illustrated by a few examples. 

In Figure 5 (Operation Code t-Aatrix) it is shown how decoding is eliminated, a 
timed output is obtained, and grouped signals are automatically avai lable. 

In Figure 6 (Static Head Selection) the circuitry for the selection of the forty bands 
is shown. Since there are 50 words per band, selected on a dynamic basis, this will give a 
total of 2000 words. The outputs from the address registers energize the three dimensional 
matrix directly, eliminating the necessity for decoding or buffer amplifiers. This also gives 
the optimum load distribution since anyone line drives a maximum of five intersections. 
These are only a few of the advantages that are realized due to the simplicity of the 
biquinary code. Others include simplification of the matrix adder, ease of reading on the 
display lights, and ease of interpretation by the service engineer. 

The selection of a magneHc drum for storage is a natural choice since it offers a 
large volume of storage at medium access and cost. The details of resolving the size, con­
figuration, frequency, surface speed, revolutions per minute, and bit density present a 
more compl icoted "Rroblem. It "is necessary to determine the frequency early in the design 
stage since ampl ifiers and synchonrizing circuits are not readily redesigned for various 
frequency characteristics. When a reasonable bit density has been establ ished, it, 



143 

combined with the chosen operating frequency, will determine the surface speed. The re­
maining characteristics are merely determined by the access time that is desired. In the 
MOe design, an operating frequency of 125 kilocycles per second (8 microseconds bit 
spacing) and 50 bits per inch were chosen. 

1,000,000 ... S 

Surface speed = 8 X b· I. = 2500 in/sec • 
... S It In. 

(1) 

The drum layout is shown in Figure 7. It is readily apparent that once the bit densi­
ty and frequency (bit spacing) is determined, the remaining characteristics are fixed by 
access time and capacity. 

The mechanical aspects of the drum must also be given special consideration since 
dynamic balance I concentricity, and long life is of prime importance. The drum assembly 
is shown in Figure 8. In the simplest sense it consists of a one inch steel tube placed inside 
a four inch steel tube with a set of precision ball bearings in between. A drive pulley is 
fastened to the outside tube and it rotates about the inside tube which is clamped to the 
mounting plate. The assembled drum is then turned in its own bearings which results in 
almost perfect concentricity. After the unit has been dynami.cally balanced and mounted 
in its final assembly (Figure 9), a run out of more than O. 0001 inch is not accepted. 

A general requirement in I1'IQny calculators is several one word buffer storage regis­
ters. The Type 650 uses four such registers with specifications illustrated in Figure 10. The 
scan pulse repetition frequency (prf) is 125 kilocycles per second and the delay varies be­
tween +2, and'O cycles to give a right and left shift. The normal operation is to read out 
one digit early, delay one digit time, and then store on time. Several types of storage 
were considered for this application. Tube shifting registers and cathode ray tube storage 
were too expensive. Core storage, as either a shifting register or static single turn arrays, 
was compared in cost and operating characteristics to a form of condenser storage. 

Both methods are comparable in cost, in an advanced stage of development, and 
known to operate reliably. After considerable investigation, condenser storage was chosen 
for the followi ng reasons: 

1. Basic components readily available. 
2. Large output signals of 30 to 35 volts adaptable to the rest of the 

calculator units. 
3. Ntatrix drive for condehser storage is less rigid than that required 

for core storage. 
4. Assembly and manufacturing techniques same as those for other 

electronic components. 

1 
The basic circuit and waveform is shown in Figure 11. A stored 11111 is represented 

by no charge on the condenser, and a read-out signal at 1 will produce a differentiated 

1 For other work done on condenser storage see A. W. Holt, "An Experimental Rapid Access Memory Using 
Diodes and capacitors", National Bureau of Standards, Washington, D. c. 



signal at point "3". If a "111 is to be regenerated a pedestal will appear at point 114" at 
the same time a damp signa! appears at point 112". As c result the condenser is left un­
charged as shown by waveforms 3 and 5. 

The circuit in Figure 11 is arranged in a 7 X 12 matrix as shown in Figure 12 to 
give a one word storage unit. 

Self-Checking 

The Type 650 has been designed with reliability as a paramount consideration. 
Conservative circuit design I and components chosen for the ir high reliability, are employed 
throughout. The Type 650 also employs built-in self-checking as a supplement which 
further improves this degree of re liabi I ity . 

Self-checking within the machine is separated into two categories - validity check 
and control checks. 

Validity Check 

The validity check consists of checking all information in the distributor, the ac­
cumulator, and the program register for a valid biquinary code. Since all information used 
in a problem eventually passes through these units, any invalid codes will be detected. 

In addition to the above 1 if any brushes in the card-read-unit are shorted together 
(touching each other) they will read in double digits and cause a val idity check. If a 
brush has short strands, it will read the same hole twice and cause a validity check. 

Control Checks 

The contiol checks are dependent upon the proper combination of signals within the 
machine, the proper sequence of signals or double circuitry. Some of these are as follows: 

1 • Meaningless address and operation codes are detected and cause an 
error indication. 

2. Checks are provided to insure that the signal to perform the operation 
was rece ived and that the operation was completed. 

3. The main timing circuits and their outputs to the machine are continu­
ously checked. Any timing error is detected and an error is indicated. 

4. The accumulator is designed to detect an accumulator overflow or a 
division error resulting from more than a ten digit quotient. 

Address Selection Checking 

Checks are provided to insure that information is read and recorded in the proper 
location. 
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Input Checking 

Should incorrect reading occur as a result of misfeeding or open or shorted circuits, 
the error will be detected by a combination of the control and val'idity checks when the 
information is processed. In the event that misfeeding results in the card being exactly 
one hole early or late, too little or too much information will be read as a result of brushes 
readi ng the bare contact ro II at 9 or 12 ti mes . In this case, the error wi II aga in be de­
tected by the validity check. To completely satisfy input checking, the signs, both plus 
and minus, must be punched in the card. 

Output Checking 

Punched results are checked by means of double punch and blank column detection. 
This is equivalent to a validity check. In addition, there are internal machine checks to 
make sure that the drum is reading out a digit corresponding 'to the correct punch timing for 
that digit. 

Programming for Error Correction 

When the machine detects an error by means of a validity check or a timing circuit 
check, it is very possible that this error is a random one which will not occur again, or at 
worst occur very infrequently. Hence, it is reasonable to assume that the machine wi II 
probably perform the problem correctly if given a second chance. Therefore, it wi II prove 
profitable in some applications to program the machine to repeat a problem in the case of 
errors detected by se If-checking. 

In practice I very large problems wi II be broken up into smaller segments, each 
segment representing a small part of the whole. In this way I it will not be necessary for 
the machine to repeat the whole problem, but to repeat only that segment in which the 
error occurred. 

The use of a self-checking code alone is not sufficient to determine a satisfactory 
system check. Storage selection I translation, synchronizing of input-output, and program 
control in general are directly de~~~~n!_I..I~_n~!b~~t~c:~iI19 ~yst~Tl'I! . __ 111 th~ QQQ 9~Qmplete 
d1€ck is applfecrto-the clockfng-system and is illustrated in Figure 13. The start and com­
pletion of each ring is checked by a recorded pulse on the drum. As an example, the word 
ring would be started by sector pulse "0" and checked by sector pulse 11111. Since they are 
open ended rings, it will be started again by sector pulse "1" and then checked by sector 
pulse "2". The process is continuous. This check determines that each ring cycle is cor­
rect, but in itself is not sufficient to say that each individual output is correct. This check 
is determined by a characteristic of the latch circuit which is used in the ring. A cathode 
follower output is used as a feedback on each individual stage, and it must be correct to 
insure the cycle completion at the prescribed time as dictated by the clock drum recording. 
This results in a complete check on all the output synchronizi ng signals that are distributed 
throughout the machine. Experience has shown that faulty components, located throughout 
other units of the machine that are associated. with synchronizing signals, wi II usually indi­
cate a timing error on a particular ring and timing output. This aids materially in quickly 
locating the faulty component. 
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A complete analysis of the checking system is not within the scope of this paper I 
• - rr • • I r I I 1.-1· I • ...I L.I t· I.J • h... h I nor can ItS errecTiveness De fUllY revecueu until conSiueraule liel'" experience ...... s ..,een reo.-

ized. It can be stated however, that approximately one yearis experience of useful work 
on an engineering prototype modei has shown that no errors, to the operator's know!edge, 
have escaped the machine detecting circuits. The type of problems that have been applied 
to the machine do not include programmed checks, and are of such a nature that the results 
can be che cked to a reasonable degree of accuracy. 

A total of 2100 tubes and 3600 diodes are used in the production model. The tubes 
are mounted in a total of 1856 pluggable tube units which consist of 29 different standard 
types. The diodes are mounted in 516 pluggable diode units of which there is one standard 
type. The various combinations of logical nand" and "orn circuits are determined by the 
manner and position in which the individual diodes are cl ipped in the diode unit. 

Tube operating experience on an engineering model during a period of controlled 
test from December, 1952 through September of 1953 (a total of 1848 operating hours) has 
shown the following results: 

Tube Type 

5965 
2021 
12AY71 
6211 

Table I 

Number of Replacements 

( Type 6350 to be 
used in production 
model) 

3 
2 
7 
o 

Total Used 

765 
120 
113 
35 
92 

Diode operating experience during the same controlled test period: 

Table II 

Diode Type Number of Replacements 

Germanium diodes of 
several manufacturers 19 

Total Used 

2800 

Per Cent 
Replacements 

0.4-
1.7 
6. 1 
0.0 
2.6 

Per Cent 
Replacements 

0.7 

Additional tube types which wi II appear in the production mode I include the 5687, 
6350, and the 6Al5. 

1 Eighteen Type 12A Y7 tubes are used in the production model and may be replaced with the Type 6072. 



Code 

00 
01 
10 
11 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
30 
31 
35 
36 
44 
45 
46 
47 
60 
61 
64 
65 
66 
67 
68 
69-
70 
71 
84 
90 
91 
92-99 

Abbreviation 

No OP 
STOP 
AU 
SU 
DIV 
AL 
SL 
AABL 
SABL 
MULT 
STl 
STU 
STOA 
STIA 
STD 
SRT 
SRD 
SLT 
SLC 
BRNZU 
BRNZ 
BR MIN 
BR OV 
RAU 
RSU 
DIV-RU 
DA I 
"", ... 
RSL 
RAABL 
RSABL 
to 
RO 
PCH 
TLU 
BR 010 
BR 01 
BRD2-BRD9 
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Order List 

Order 

No operation 
Stop 
Add to upper 
Subtract from upper 
Divide 
Add to lower 
Subtract from lower 
Add absolute value to lower 
Subtract absolute value from lower 
Multiply 
Store lower 
Store upper 
Store lower data address 
Store lower instruction address 
Store distributor 
Shift right 
Shift and round 
Shift left 
Shift left and count 
Branch on non-zero in upper 
Branch on non-zero 
Branch on minus 
Branch on overflow 
Reset-add to upper 
Reset-subtract from upper 
Divide-reset remainder 
Reset-add to iower 
Reset-subtract from lower 
Reset-add absolute value to lower 
Reset-subtract absolute value from tower 
lOad -eli 5 fr i b-u-to (-
Read one card 
Punch one card 
Table look-up 
Branch on 8 in 10th position of distributor 
Branch on 8 in 1st position of distributor 
Branch on 8 in 2nd position through 9th 

position of distributor 

Figure 1 
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NOTES: 
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CODE TRANSMISSION. 
3. LIGHT LINES SHOW" ELEMENT 

CODE TRANSMISSION. 
4. DASHED LINES SHOW 5 ELEMENT 

CODE TRANSMISSION. 

Fig. 2. Basic 650 circuit 
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Fig. 3. Operators control console 

Fig. 4e Magnetic drum calculator type 650 
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15 X2 X 2 
81-QUINARY120 X 2 
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0050 -1050 

0100-1100 
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Fig. 6. Static head selection 
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012 
\.1.1 \.1.1 \.1.1 

6 HEADS 

TIMING STORAGE 

~--------3~"----------~~------------~10-·~------------------~~----------3·------------~J 
50 BITS PER INCH 

8 MICROSECONDS BIT 

12 BITS PER WORD 

SPACING 

50 WORDS PER REVOLUTION 

50 X 12 = 600 BITS PER REVOLUTION 

60,000 MILLISECONDS 
4.8 MILLISECONDS PER REVOLUTION =.I~1'500 REVOLUTIONS PER MINUTE 

2000 WORDS , 
50'WORDS PER BAND =40 BANDS 

40 X 5 HEADS PER BAND = 200 HEADS 

200 _ '" , .. ".u"" ... 
600 X 0.008 MILLISECONDS = 4.8 MILLISECONDS PER REVOLUTION 20 HEADS PER INCH - ," "" ... n ... ~ 

600 BITS P!;R REVOLUTION a 12- CIRCUMFERENCE 
50 BITS PER INCH 

&EARING 
SHELL 

Fig. 7. Drumlayout 

Fig. 8. Drum assembly 

TUBE 

PULLY 

MOUNT 
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Fig. 9. Magnetic drum final assembly 

<4--DlRECTION OF SCAN 

~: Iii j iii iii 1 i l 
Q4 ~--~----~--+---+---~---r---+--~--~~--~--+-

READ OUT 
Q3 -4--~----~--+---+---~---r---+--~--~~--~--+-

Q2 _+--_4----~--~--+_--4_--~--_+--_+--_4----~--+_ J" 

:~ ~ __ ~ ____ L_ __ L-__ ~ __ ~ __ _L __ ~ __ ~ __ ~ ____ L_ __ ~ 

DELAY It--------------------------­
O,+I J +- 2: I 

DIGIT SPACING-8 MICROSECONDS 
Fig. 10. Buffer storage specifications 
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(I) -50 

(2) +50 

I B A 0 

(3) ~-~ 
I 0 

(4) -50 

+50 

T I 

I 
0 ® 

(5) --W -50 

NO CHARGE -I 
C,",ARGE -0 

Fig. 11. Data floy/ paths and validity checks 

REGENERATION 

READ-I-~ 
REGENERATE 

CYCLE ONE 

-50 

12 POI NT R 1 N G' 

ROW L 

ROW 2. 

ROW 7. 

Fig. 12. Capacitor storage, 12 x 7 array 
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WP 
WORD PULSE 

WJ 

50 PULSE 

START 10 POINT ~HECK START 
S.P. WORD RING S.P. W.P, ~LL~ START 5 POINT CHECK 

H.P. SECTOR RINIG H.P. 

r 
S.P. DRIVE W.P.DRIVE 

DP 
DIGIT PULSE 

WJ 

600 PULSE 

XO 12345678910 

12 POINT 
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D.P. DRIVE 
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Fig. 13. Record~d tlmimg pulses 
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DESIGN FEATURES OF REMINGTON RAND SPEED TALLY 

John L. Hill 
Engineering Hesearch Associates Division of Remington Rand, Inc. 

St. Paul, Minnesota 

Tallying, the recording of the number of occurrences of specific 
events, although basically a simple repetitive act, has somehow failed to be­
come mechanized in the general trend toward relieving humans of the drudger-y of 
paper work. A tremendous amount of event counting is still recorded in the 
tally records of modern business establishments in the symbols of the ancients, 
the four strokes and slash. This system is used especially when the number of 
different events being tallied is large. It is true that the ticket taker has 
his thumb-operated counter and the baseball umpire his finger-operated wheels 
for balls and strikes, but as the number of events grows, the mechanism fails 
to keep pace. The Electronic Statistical machine has 62 counters and another 
company makes an analysis machine equipped with 80, but for the problems at 
hand in the field of merchandising, neither of these is at all adequate. Tens 
of thousands of counters are required if record of the movement of merchandise 
bought and sold by even a small mail-order house is to be maintained. 

As a means of mechanizing the tallying operations of the John Plain 
G Company merchandising activity, the Remington Rand Speed Tally has been dev­
eloped. This machine maintains 39,000 tally totals in an ttup-to-the-second" 
condition while simultaneously receiving 9,000 entries per hour which affect 
many or all of the totals thus held. Before describing this machine in detail, 
first let me relate the story of how the development came about. 

Early in 1951, Mr. Harold Lachman and Mr. Walter Richter, both of the 
John Plain Company, became convinced that some electronic methods were ready 
for introduction into their mail-order business. After a rather comprehensive 
search of the field, they contracted with Engineering Research Associates~ Inee 
to design and construct an equipment that eventually became the Speed Tally. 
Their stated requirements were to provide a mechanism which would permit them 
to count (or tally) the number of orders they received each day for each of 
approximately 8,000 catalog items, and to make the result of the counting 
avallaote at-l1fe-eno-ol-tne- aay.-----nie-nyellioo lliey--we-fe--fJieilusTngrequI-r-eo--
about 20 tally clerks and required another one or two days for the cross-footing 
of the 20 sets of 8,000 subtotals thus acquired. Since the activity ran to 
75,000 item orders per day, the conventional mechanized approaches appeared to 
be impractical. 

The existence of a rather well developed magnetic drum storage mecll­
anism and its reliable performance in several computing systems immediately 
dictated its use for the recording of this large number of tally totals. The 
reasonably short access time of an adequately large drum as well as its non­
volatile and selectively alterable characteristics made it appear to be an 
almost ideal storage device for this purpose. After a considerable amount of 
compromise, attempting to balance all factors, a capacity of 39,000 three­
decimal-digit tally totals was selected. These were subdivided into 13,000 sets 
of three totals, each set to be specified by a five decimal digit item or 



catalog number. A ternaryl digit identifying each of the three tally totals 
for each item was provided to permit tallying orders, sales and cancellations. 
Each total was allocated recording space on the drum for three decimal digits 
which permits the accumulation of tallies up to 999. The location of the 
total on the drum surface is identified by the five-decimal-digii caialog 
number plus the ternary or category digit. 

To permit the processing of as many as 75,000 tally entries per day, 
the Speed-Tally was designed to perform its internal operation in the miniml~ 
possihle time, one and a fraction drum revolutions, since the new total is 
always restored to the same location from which the old one was obtained. 
With the addition of the time necessary for a series of cascaded relay oper­
ations, the complete operation time becomes just under 400 milliseconds, thus 
permitting ISO tallies per minute. To match this action time to average hu­
man operators, ten keyboard units are provided; however, with skilled oper­
ators, six appears to be an adequate number. An allotting mechanism, not un­
like automatic telephone exchange practice, seeks each keyboard as the 
operator completes the tally entry. Approximately 400 milliseconds later the 
operation is repeated for another keyboard. At this rate, the required 
75,000 tallies per day are accomplished. . 

So long as the 39,000 totals remain only as invisible magnetic 
marks on the surface of the magnetic drum, they are unusable. To make them 
available to the users of the Speed-Tally, an output system consisting of an 
adding machine type printer and a perforated tape reader are provided. During 
an output sequence, perforated control tapes pass through the tape reader 
controlling the printing of selected item totals from the magnetic drum. This 
operation proceeds at a rate of 75 totals per minute, and the record on the 
magnetic drum may optionally be destroyed or retained. It is, therefore, 
possible to extract an hourly record of the activity of a few hundred items 
by only a few minutes interruption of the tallying. A complete record of all 
13,000 totals in one category can be printed in less than three hours. 

Figure 1 shows a simplified block diagram of the Speed Tally System. 
In the process of following a single operational cycle, let us presume that 
the Input Register is already holding the information normally received from 
one of the keyboards. This consists of a five-digit catalog number, a "one­
of-three" designation of the category, and a two-digit quantity. The first 
two are translated to provide a track selection or magnetic head selection 
and a specification of the angular position at which the desired existing 
total is available. As soon as the translation is completed, and at the next 
drum position which satisfies the angular position criterion, the old total 
is read out through one of the two reading amplifiers to the Quantity Reg­
ister. As soon as this occurs, th@ addition (or subtraction) process begins 
creating the new total. This operation is exactly analogous to the reading 
operation just described. The quantity digits are used to make a time sel­
ection from a recorded counting pattern on the drum and to pass an appropriate 
number of pulses into the Quantity Register. The consequence of ihis action 
is to form the new total and retain it in the Quantity Register. The new 
total is completely formed in the two-fifths drum revolution im_mediately fol­
owing the acquisition of the old total. 

1 A ternary digit may have three values, (a decimal digit has ten values). 
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The actnal selection of this old total from amonc the three hundred 
present on the selected track is the function of the Address TiQina Selector. 
This same device also directs the assembly of the individual digits of the 
old total in the Quantity Register. Exactly one drum revolution later, it 
directs the issuance of the new total from the output terminal of the Quantity 
Register and its simultaneous recording on the drum in the location of the 
old total. This operation forever obliterates the record of the old total. 

Not shm'm in this diagram is a control function whereby the CLi.Uin­
ating keyboard directs the arithmetic operation, causing the two-digit quan­
tity either to be added to or subtracted from the old total. 

Now let us look at some of the hardware by which the operations are 
accomplished. Figure 2, shows the completed equipment in service. I believe 
you will agree that this is one of the most attractive pictures of a com­
pOting system you have ever seen! The next picture, Figure 3, shows a close­
up of one of the keyboard units. As you can see, it is built around the 
small keyboard and case of a hand adding machine, with the rear console ap­
pended to hold some of the added electrical equipment. The operator's con­
trols consist merely of the ten-key numeral selectors, an add-subtract key 
and a mechanical clearing key projecting out of the case in the front, and a 
category swi tch which is normally fixed.- The three vertical apertures are 
used for a neon lamp display of the new total after each operation, and the 
two lamps above these are used to display various alarm conditions tvhen an 
abnormal condition exists. 

This keyboard configuration eliminates every possible nonessential 
and concentrates on the speed of operation. As each numeral key is depressed 
during the registering of an entry, it is stored in a mechanical memory de­
vice, also common to the progeni tor adding machine. When .the last diai t of 
the entry is registered, a sianal is given to the central equipr.wnt which 
stimulates a seeking switch (the allotter) to connect tl1is keyboard to the 
input register. In approximately 140 milliseconds, the input register is in 
possession of the entire quantity of information registered in the keyboard, 
and the internal c-ycle of operation previously described begins. At the con­
clusion of the recording of the new total, a reset signal is issued, the 
input registers are cleared, and the allotter sets out in search of the next 
keyboard. The ~echanical and electrical restoration operations continue 
under lo~~l __ ~Q!Ltr~Lil1~t.be_~keyQoarg uniJ._l_QT anotltQI. 200 _.illi IIi s ccon~~_. _______ ~ __ 

This resetting of the keyboard has been given an auxiliary oper­
ation to perform which is both interesting and of great utility. Besides 
restoring all of the mechanical memory elements to their original state, the 
reset operation enters a quantity of one in anticipation of the next oper­
ation. This was so designed because almost 90% of the orders being tallied 
by the John Plain Company call for a quantity of one. Should this antici­
patory operation be an incorrect one, the operator merely flick~ the clear 
lever with her thumb and proceeds to make a proper entry of the desired quan­
tity. Should her next operation be the tallying of a quantity of one, she 
merely enters the five digit catalog number, the machine having spared her 
the necessity of entering any quantity information. 



When an output is desired from the machine, the equipment shown 
In Figure 4 is put into use which disables operation of any input keyboard 
for the duration of the output operation. The equipr:lent shown consists of an 
adding machine"type line printer on the left and a tape reader and pcrforatcr 
unit on the right. The operation in process, as this picture was taken, is 
the preparation of a perforated tape to be used to control a subsequent out­
put operation. By manipulating a keyboard having a pattern idcnticr.l to th:1t 
used for input, the operator perforates a sequence of item numbers into the 
tape in any arbitrary arrangement. In a typical installation, nany tapes, 
each listing a relatively small but related croup of items, are prcparc0 and 
held in a library. Anyone or several of these control tapes may be run 
through the tape reader to produce printed output of the type shOl·m in FiU­
ure 5. 

This is a sample of both the control tape and ~he output printina. 
Binary coded decimal digits in the control tape are read in groups of five by 
the action of the fifth level control hole causing the printer to print an 
output tape as shown. The five left-hand digits identify the stock number and 
the'three right-hand digits the quantity recorded in the magnetic drum. As 
you tvill note, the stock numbers can be listed in any arbitrary sequence to 
produce output information exactly fitting the needs of a particular buyer or 
other administrative official. 

The complete tallying process is performed by the central equipment 
shown in Figure 6. Fifteen pluggable electronic chassis in the upper right 
portion of the equipment constitute the entire tube complement except for the 
D.C. power regulators which are shown in the lower left. Inunediately below 
the electronic section ·are 130 relays used for magnetic drum head selection. 
The relays shown in the upper left portion of the equipment comprise the in­
put register and the output control group. The twin cabinets housing the 
central -equipment are each 38" wide by 30" deep and 78" high and enclose the 
entire equipment with the exception of the input and output devices. Approx­
imately three kilowatts of power is consumed from the a-c mains. 

Figure 7 is a rear view of the same equipment and shows the mag­
netic drum, a 17ft diameter cylinder having a 10" axial dimension. It is con­
tinuously driven at 1750 rpm by a 1/3 horsepower induction motor. At the 
upper right in this viet'J is shown the address translator which consists of 
two 10 x 10 crossbar stili tches and a bank of 1300 miniature seleni urn recti­
fiers. Not all of the latter are in fact necessary, but their presence 
eliminates all concern about sneak circuits. Directly below the translator 
are t\'10 pOt'ler supplies and below them and not visible is a motor generator. 
These three potller sources provide all d-c for the vacuum tube circuits. 

The translator, consisting of the two crossbars and ten other re­
lays, performs a very significant service in this equipment, since it per­
mits the 13,000 item soaces in the maanetic drum to be located by arbitrary 
combinations of five decimal digits. The only compromise from complete ran­
dom distribution of these numbers is the requirement that not more than 1300 
permutations of the four highest ortier digits be used. In most stock number­
ing systems this is almost as acceptable as complete randomness and it 
significantly reduces the dimensions of the translator. Another way of 
stating the stock number distribution is that recording space is provided for 
1300 item number decades - the decade signifying ten item numbers in which 
the lowest order digit ranges from zero to nine for a given set of high order 
digits. The coil circuits of the crossbar switches and the other ten relays 
constitute the input register for three of the five item number digits and 
twenty more relays provide the input register function for the other two. 
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The operation performed by the Speed-Tally equipment which appears 
to intrigue most technical observers is the location and selection of one 
specific tally record from the 39,000 present on the drum surface. Figure 8 
illustrates the principles er.tployed in performing this locating operation. 
In the center of the figure in boldface you will note a sample catalog number 
and category, AI064X. The category, "A" in this case, merely identifies 
which of three tally totals of the set associated with this item number is to 
be located. This information comes from the input keyboard or the control­
tape reader as one of three electrical signals. The remaining five digits, 
1064X, describe a particular item number from among the 13,000. The "X" is 
merely used to signify one of the values, zero through nine. The higher 
order three digits, 106, perforn t1'm operations. First, they select one of 
the 130 magnetic heads and thereby reduce the 39,000 candidates to 300 (100 
sets of 3). The remaining two digi ts, <IX in thi s case, specify a parti cular 
set from these 100, hO~'lever, wi tIl the random nmIDer system employed, there [laY 
be several totals among this 100 Ivhich are specified by the same ten' s-di0i t 
value of four. Therefore, the track selecting digits, 106, also modify tIle 
value of the ten's digit to one which avoids ]laving duplicate values in any 
one track. This is the principal action of the translator referred to in the 
previous figure. 

Since the timing track contains 3600 discrete bit positions, the 
consecuti ve action of the category and item nur.lDer digi ts reduced these by 
1/3, 1/10, 1/2, and 1/5 leaving only twelve bit locations eligible for con­
trolling the output of the reading amplifier into the quantity register. The 
timing pulse count-down which achieves this selection is performed by four 
counters, and their relationship is arranged to space each of the twelve bits 
by an interval of sixty bit positions and to concentrate them in one-fifth of 
the drum periphery. Our convention is to arbitrarily label the sector con­
taining the desired item space "Sector 1" and the subsequently arriving sec­
tors 2, 3, 4, and 5. This convention does more than merely aid in locating a 
particular item record, since the programming of the several actions performed 
during each operational sequence is done by the consecutive existence of the 
numbered sectors. In this way, by the time Sector I returns to the magnetic 
head on the following drum revolution, the new total is available and is 
written in place of the old. 

Having shOwn you the machinery of the Speed Tally, I shall conclude 
~th a word or two about applications of machines of this kind. The Speed 
Tally has been applied to that region of the unit control problem referred to 
yesterday by Mr.. Shaffer. that of recording for analysis, the unfilled demand. 
~ere. ~1. uhuheen .. ahle..ll provide... i niomat ion ... io.r-use.-hJ- . .the- merchandise buyers 
quickly enough for them to take some action. It should be evident that this 
kind of machine is not limited to this work; but is capable of handling many 
associated portions of the unit control problem. It is my belief that it will 
only be a short while until its use in a variety of commercial applications will 
give rise to new concepts of utilization; and. of importance to equipment de­
signers, new concepts of design for an even wider ratlgeof applications. I be­
lieveweare witnessing the office machine counterpart of the introduction of 
the internal combustion engine into our lives, and just what and how much 
change it will bring is as yet unmeasurable. 

Our first Speed-Tally machine, and the only one in existence, has 
now given us six months of experience centered on the Christmas rush business 
of the John Plain Company. It has provided our industry with another illus­
tration of the potential of electronics in business. To the user, this illus­
tration has been very dramatic and understandable. It has further dispelled 
any feeling that these computing devices were only for the conaercial giants. 
To the designers and machine builders it is revealing a much clearer picture 
of commercial requirements which has already resulted in machines of the 
Speed-Tally type better matched to the unit control problem. 
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PRODUCTION CONTROL WITH THE ELECOM 125 

Norman Grieser 
Electronic Computer Division 

Underwood Corporation 
Long Island City, New York 

The revolution in the office 'Which electronic digital computers eventually 
will bring about, will not be accomplished by a clash of thunder, charged with 
100,000 volts, and accomplished with the speed of light. Instead, it looks to 
me as if the electronic computer will have to enter the office wearing a blue 
serge suit with pin stripes, topped off with a Homburg, and acting on the whole 
very much like timid little Mr. Casper Milquetoast. 

B.y now you have heard many of the objections to electronic computers raised 
by our hopeful, but sceptical, friends in management engineering, accounting, 
comptrolling, banking, and associated fields. They hear that we can do 4,000 
additions a second, or 40,000, or 40 million, and they ask embarrassing questions 
like, "How many copies does it give me for distribution to sales, accounting, 
manufacturing and the executive offices?" Or, It Are you always correct to the 
last penny?" Or, "How do you get the thing into my office without knocking 
down the walls?" 

Bearing all the needs for, and objections to, office electronic computers 
in mind, the people of the Electronic Computer Division of the Underwood Corp­
oration have taken the attitude that the business data-handling system must come 
into the office quietly and without fuss. It should look fairly familiar. The 
people needed to operate it should look more like office clerks, supervisors and 
potential vice-presidents, rather than the proverbial mad scientist. 

With that attitude in mind, a group of tElecom' people went up to the Under­
wood typewriter manufacturing plant in New England some months ago to look over 
the production control problem and to see what an electronic data-handling sys­
tem had to offer. Before making the trip, we had been primed with a lot of 
facts about how expensive the operation was; howm~~y errors were being made 
daily; how far behind reports and surveys were; and how, in general, the whole 
procedure was inefficient. 

Nobodv mentioned beforehand the obvious facts that Uncter'WQod'hadb_e_en man~ 
.racturffig-typewrfters successfully-for more - than half-a, century; that somehow in 
the process, all the necessar,y parts got together, and that the Underwood type­
writers worked satisfactorily when completed and delivered. 

We learned a lot. The results of what We learned are now taking shape as 
we build the Elecom 125 Electronic Business System. 

What did we learn? 

First of all, we learned that a million dollars for an electronic system 
is a lot of money. This was not exactly new to us, since the whole effort in 
the Elecom line of computers has been to produce relatively low-cost machines. 



A million dollars to most average-sized businesses is a lot of money, 
since, with the exception of very large centralized corporations, and the 
Federal government, the need for giant, lightning-speed computers usually 
cannot be justified by the present d~llensions of the operation. 

Take the Underwood production control operation. The exact number is 
a commercial secret, but Underwood produces 'hundreds of thousands' of type­
writers a year. The number of different parts going into the various models, 
such as standards, portables, electrics, typewriters with special feed de­
vices, etc., is about 12,000. Fifty different departments at the Underwood 
factories handle these parts. On the average, any particular part travels 
among four of the fifty departments. As examples, there are the plating de­
partment, the blanking department, the heat treating department, primary 
press department, secondary press, and some forty-odd others. 

The dimensions of the production control paperwork operation were modest. 
Underwood had some fifty people doing the production control paperwork. The 
total payroll cost is of the order of $150,000 a year. The savings to be 
effected by any electronic equipment installed should be able to pay for the 
equipment in a couple of years, rather than ten or fifteen. 

Also, Underwood already has a paperwork system. This system, with all 
its shortcomings and strong points, has been built up through experience over 
many years. It involves existing names of parts, part numbers, accounting 
numbers, department numbers and names. It involves procedures for ordering 
materials, the various stages of manufacturing the 12,000 parts, assembly, 
shipping finished typewriters, billing customers, paying Underwood's bills, 
and so on and so on. 

To change the whole system overnight would not be practical. Too many 
people j too mal'lY processes with too many ramifications are involved. Not 
only in New England and New York, but all over the United states, in Canada, 
England and around the world. No Underwood vice-president in his right mind 
would allow everything to stop and be completely changed. The cost in change­
over and lost motion would be excessive. And suppose the new system developed 
some bugs? 

Since production control was not the only office problem in Underwood, 
the electronic data-handling system which we delivered for production control 
should be general purpose, not limited to the one special application. 

Let me break down the lessons we learned, and the results, in terms of 
hardware. 

Input and Output 

L~put a~d output anits should be completely independent of the central 
data handler. This allows 'ganging up' on the computer on the 'in' side, and 
the multiplication of output units to keep ahead of the computer in producing 
the visual copy. 

The input and output devices should be cheap. The work done on the 
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input unit should be capable of easy checking. The input to the computer 
should be in a form understandable to the office typist. Input to the com­
puter itself should be rapid. The ten digits per second rate achieved by 
the Flexowriter and other punched hole tapes was not fast enough. Even the 
Fe~ti reader appeared to be too slow. 

The economic cost of using present devices to type and simultaneously 
punch holes in paper tape also appeared to be undesirable. So we designed 
a new input unit, called the Underwood Tapewriter. The Tapewriter is an 
Underwood Electric typewriter which produces two typed impressions sL~ulta­
neously: first, the normal English letters and numbers of the data being 
inserted. This visual copy is then available for a check against the letters 
and numbers on the original document from which the data is transcribed. 

At the same time, the Tapewriter produces the coded-dot binary pattern 
for the English letters and numbers which have been typed. Thus, when the 
typist strikes the keys for 'JOHN JONES', two things happen. The capital 
letters JOffi~ JONES are typed on a piece of paper, or any business form in­
serted into the Tapewriter. At the same time, the dot patterns for the 
letters JOHN JONES are printed on a strip of half inch wide paper tape. If 
the girl strikes the correct keys, the correct coded dot pattern is produced 
automatically, since both letter and coded dot pattern are printed by the 
same operation. 

We expect to produce and sell the Tapewriter at an approximate price of 
$1,000 each. Thus, multiplication of input units becomes economically fea­
sible. Since a typist can type, handle documents, etc., at an average rate 
of three digits per second, and since the input from the printed dot paper 
tape to the computer is.at the rate of 600 digits per second, the Elecom 125 
data handler can keep up with some 100 to 200 typists. 

Once the paper tape is produced and removed from the Tapewriter, it is 
then inserted into a photoelectric reader attached to the central computer. 
The reader and computer convert the printed dots into pulse patterns on mag­
netic tape. Once the information has been transcribed to magnetic tape, the 
computing system is ready to go to work. 

Let me mention one :important feature of the input unit. The Tapewri ter 
produces-trara- copy-.;;.---tne--nOrniat -ntifiloerof -car1Yons-can- be pr-epared--';;;;-s-o--tliaX--
the sceptical business man has data, in visual form, in English letters and 
numbers, on paper. Carbons can be routed around the office and factory for 
various purposes. Other copies can be filed where desired. Thus, if the 
office manager desires to reconstruct an account, audit a set of transactions, 
or look over his records, he can do so without going to the magnetic tape and 
calling for a print out. Thus the businessman does not have to depend upon 
magnetic tape alone. 

Checking input data can be done by several methods. Two typists can 
prepare the same data independently, with the tapes then being compared by 
the computer. Or, visual checking of the original document against the hard 



copy can be done. Errors then are corrected by the preparation of a trailer 
'correction' tape fed into the computer: Errors 1~ich the t~~ist catches as 
she types can be corrected by backspacing ~ld the use of ~l 'error' key, which 
blank$ out the data in error. 

At the output end, the requirements were much the same. Output should 
be independent of the computer, cheap, flexible, and of a nature enabling out­
put to keep up with the computer. Like many other computer manufacturers, we 
are hoping that a cheap, reliable line printer will be available soon, but we 
are not waiting for the miracle to happen in the next couple of months. 

The present Elecom 125 output unit is an Underwood electric typewriter, 
with a photoelectric reader attached. The photoelectric reader reads the 
printed dots on the paper tape which has been produced by the computer as the 
final output. The reels of printed dot paper tape are mounted on the output 
typewriter, read photoelectrically, and the output typewriter types out hard 
copy at the rate of ten digits per second. Since the computer can produce 
printed dot paper tape at a rate of 600 digits per second, theoretically it 
would take 60 output units to keep abreast of it. In practice, the number is 
less since the'electronic data handler takes time to process tape, convert 
from magnetic to paper tape, etcetera. 

At the proposed price of $2,500 per output typewriter, multiplication 
of the digit-per-second output rate is feasible and economic in terms of the 
cost of the entire system. For $25,000, the customer can buy 100 digits per 
second. Considering present printer costs, the economics are not out of line. 
The price of the output unit should decline as the quantity produced reduces 
the unit cost, and we are prepared to go to a line printer as soon as one 
comes along which fits the bill. 

The Elecom 125 Computer 

An electronic computer for a modern office must be simple to operate, 
reliable in operation, easy to maintain, and fast enough for the job. The 
Elecom 125 computer has grown naturally from its little brothers, the Elecom 
100 and the Elecom 120 computers, along those lines. 

First, we use what we consider to be the simplest and most reliable type 
of memory, the magnetic drum. The Elecom l25 has a magnetic drum niemory of 
1,000 eight-digit words, each plus sign. For more rapid access, we use a ten 
word recirculating channel. 

How reliable is a drum? Nobody really knows. However, we have an Elecom 
computer which has been operating without any drum trouble for more than two 
years. The part most likely to wear, the bearings, are estimated by our me­
chanical engineers to have a normal life of at least 100,000 operating hours. 
On the basis of a 2Q-hour computer day, that is something like 20 years. If 
~ne computer is used only one S~I~ or less, the life expectancy of the bear­
ings in the drtnn unit should be of the order of 100 years. 

The Elecom computers operate at a fairly sedate pace. Since the pulse 
rate of the Elecom 125 is 107 KC, compared with over two megacycles in some 
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of the million dollar computers, we have more tolerance in our circuitry, so 
that the chances for error and failure are reduced sharply. 

The primar,y weak points, to date, of electronic computers seem to be 
vacuum tube. failure and imperfect magnetic tape. 

The vacuum tube problem we attack by not using so many. The Elecom 125 
computer contains about 350 vacuum tubes. Ninety percent are of two standard 
types, 6CL6s and 12AT7s, which can be purchased in the local radio shop in 
case of emergency. The entire Elecom 125 system, including both the computer 
and the sorter, contains less than 600 vacuum tubes. Statistically, the fewer 
the tubes, the fewer the chances for tube failure. 

As to magnetic tape, Elecom computers utilize a system of presprocketing, 
developed by our engineers, which eliminates errors caused by faulty magnetic 
tape. The raw tape received from the manufacturer is run through an electronic 
sprocketer. The sprocketer examines all areas of the tape, and puts a magnetic 
pulse in one channel where the tape is discovered to be good. On the areas 
(one or two percent) of the magnetic tape where faults in the coating are dis­
covered, no sprocket pulse is laid down. Thus, in operation the computing sys­
tem merely skips these marginal areas of the magnetic tape. The sprocket pulses 
are permanent, and are never erased or changed during any operation of the data­
handling system. 

\'le have included many self-checks in the Elecom 125 system. In addition 
to pre-sprocketed tape, we have a built-in odd-even check; we check forbidden 
combinations in the computer; we have a special check for recording and reading 
on the memory drum; and program checks can be included to the specifications 
of the most scrupulous auditor. We can, we believe, safely guarantee accuracy 
to the exact, not the nearest, penny. 

Electronic Sorting 

I now come to a term ~~ich is generally avoided by COITiputer people -
sorting. As we all know, data processing is a cinch. The trouble is, the 
daily inputs of data, the outputs in the form of listings, reports, etc., are 
all out of sorts. 

- - - -- ---

The production control people at Underwood first wanted the data on type-
writer parts in part number order; then they wanted the parts listed by depart­
ments. Otherxeports required certain data on a limited number of critical 
parts listed in priority order. The input information comes into the produc­
tion control office in the form of white, blue, pink and yellow slips, letters, 
phone calls, and reports from the New York Office a hundred miles away. The 
master libra~ reels are all nicely sorted out when the operation is started. 
In order to process the master tape reels and come up with new ini'ormaticn, 
the daily inputs have to be sorted into part number order. Then, when the out­
put data is produced, it has to be resorted into the order required by the 
particular report being prepared. 

The requirements for electronic sorting are much the same as for the rest 
of the system. It must be simple, automatic, reliable and economic. Furthermore, 
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since almost exactly half of the time involved in the production control job 
turned out to be sorting and resorting, the sorting process should not tie up 
the central computer. 

The electronic sorting unit of the Elecom 125 system is completely inde­
pendent of the data-handling process. We do not use the central computer for 
a programmed sort. We have an independent sorter which does all the sorting 
and collating. 

To keep the cost low, we utilized the fact that our memory drum was built 
for a maximum capacity of 2,000 eight-digit words. Since we found that 1,000 
words of memor.y was more than adequate for programming the simple operations 
involved in a business paperwork problem, we therefore used the other half of 
the same drum for sorting. 

The cost of manufacturing the drum, turning it, timing, gating and so on 
had already been incurred in putting the memor,y drum into the computer. We 
added magnetic heads and the associated electronic equipment, but we didntt 
have to build a sorter from scratch. Thereby, we cut the cost of the sorting 
system considerably. 

I will not go into the details of the sorting process. However, the sort 
is completely automatic. There is no reel handling except at the start and 
finish of the operation. The sorter is tprogrammedt for the particular opera­
tion about to be done in a few moments. A switch is set to indicate the length 
of the items being sorted, data is fed in to indicate which digits of the item 
are being sorted on, and that is all. When the sorter has sorted the data into 
the desired arrangement, it halts automatically. Collating sorted data, pulling 
out desired data from a large, sorted file, and similar processes all are done 
on the sorter, not the computer. 

Thus, the Elecom 125 can sort and process data at the same time. Or it 
can sort alone, or process data alone. Of course, it cannot sort and process 
the same data simultaneously. Just as you cannot sort and list data contained 
on punch cards without duplicating the decks. 

To sum up the hardware in the Elecom 125 system, we have: 

Input Tapewriters, producing hard copy and reels of paper tape on which the 
coded information is contained in the form of printed dots. 

The central computer, a 1,000 word magnetic drum electronic computer of 
moderate speed, with associated magnetic tape drives, and facilities to handle 
paper tape input photoelectrically, with a printer at the output end which 
produces reels of paper tape containing printed dots. 

The electronic sorting ~~~t, independent 
four associated magnetic tape drives. 

The output units - Underwood electric typewriters with photoelectric 
readers attached. The photoelectric readers read the printed dots and acti­
vate the typewriter to produce hard copy at the rate of ten digits per second. 
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The cost of the system, depending upon the number of input and output 
units, is of the order of $175,000 to $200,000. 

The Production Control Operation 

At Underwood, we did not attempt to devise an ideal production control 
process, thereby completely revising the present system. We attempted to 
handle the data, and produce the reports, listings and documents, at present 
used in Underwood. This meant dealing with purely alphabetic, purely numeric 
and alpha-numeric data. This problem of mixed alpha and numeric information 
is common to most office operations. Therefore the Elecom 125 sorter was 
designed to sort numbers, letters, or any combination of the two. 

We did not attempt to do away with Underwood's existing files. Instead. 
we built upon the foundation of the existing files, so that the people charged 
with the responsibility for controlling the production of typewriters would 
have means for instant access, if emergencies arise, to data covering any part 
merely by going to the files and looking at the pieces of paper. 

We did not attempt any revolutionary method of input. We do not sense 
spots, read original typed numbers and characters, or try to decipher the hand­
writing of the New York Office manager by electronics. Our input operation de­

pends upon a human being, sitting at a machine, typing data in the appropriate 
form for the electronic system. 

Although the application did not require it, our system of independent 
input and output allows for physical removal of input or output operations 
from the central computer and sorter. The problem of converting paper tape 
dots to teletype signals, and reproducing the printed dot paper tape at the 
other end is a simple one, and can be applied where the operation demands it. 

We did not, in the main, ask the computer to make judgments or to come 
up with theoretical optimums. As in most paperwork operations, we found that 
the problem at Underwood was to get correct information, in time, to the people 
who have to exercise judgment. At present, with a hand syst~which is slow 
and inaccurate, judgments as to which typewriter parts to manufacture, which 
materials to buy, which departments to speed up and which to slow down, are 
often made solely on the basis of long experience, or rule of thumb. With the 
Elecom 125 system, the people who must exercise control will have complete, 
up-to-date information at; eight; o-t-cIock--every morru:ng--as tonow- everytlilng ---­
stood the previous afternoon at quitting time. 

As one man, employed by Underwood in the Production Control operation 
for many years, said; even this relatively modest achievement seemed to him 
like 'A trip to the moon.' 

To accomplish this result, we found the breakdown of operations would 
be as follows: 

Input typing and checking; from sixteen to thirty hours per day, depend­
ing upon the type of checking operation. 
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Electronic sorter time: about two hours per day. 

Electronic computeT +-=-,.... • ... ...L.U1c. 

Output typing time: about twenty-two machine hours. 

We had an additional load of detailed reports, in several different forms, 
to be prepared once every two weeks. We found that such reports would require 
about twelve hours of computer time, and forty hours on the electronic sorter. 
By using the Elecom 125 system, as designed, over the weekend, we have ample 
time to get the necessary reports ready by eight otclock on Monday morning, 
current as of 5 p.m. the previous Friday. At the present time, without using 
electronics, these reports are rushed out in a day or two by assigning twenty 
or twenty-five typists on a priority basis to do the job. 

We analyzed the personnel requirements of the operation and discovered: 

We did not reduce the number of higher-trained persons, each exercising 
some form of judgment, ver.y drastically. We merely gave them the information 
to do their jobs more intelligently and on an up-to-date basis. 

We did reduce sharply the need for clerks, typists and form-handlers. 

Th~, the electronic revolution seems to add up to the need for as ma~y 
or more trained people, and less untrained or lower trained office personnel, 
at present doing the routine, dull jobs. 

The economics worked out to be a maximum saving of about $100,000 per year 
in personnel costs. This for an investment of $200,000 in electronic equipment, 
so that the s.ystem; used for production control only, should pay for itself in 
about two years. 

However, the total load - four hours per day - on the central computer and 
sorter are of a magnitude to allow for other work to be converted to the Elecom 
125. We believe our equipment should be used twenty hours per day, with four 
hours for do~ time and preventive maintenance. That means that the load on 
the 125 could be multiplied by four or five before the limit is reached. If 
the factor holds up, and the computing system is utilized fully, the Elecom 125 
should be able to take over paperwork operations now involving some two hundred 
or two hundred and fifty one-shift people, and pay for its costs in something 
like six months. 

For larger jobs, we recommend the use of a number of Elecom 125 systems. 
There are many advantages to decentralized computers. They can be placed in 
different locations. If one computer completely breaks down, the others can 
share the additional load, and so one 

For the million dollar cost of a large computer, we can offer five rela­
tively moderate speed data handlers, five electronic sorters, and SOllie twenty­
five input and ten or fifteen output units. Our tape moving speeds, computing 
speeds, sorting speeds, and in and out volumes become more than comparable and 
respectable on a dollar for dollar of cost basis. 
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The computer and sorter work decimally; no conversion to and from binary 
is required. Programming is done by us, the manufacturer, and included in 
the system cost. We train both operators and programmers, if desired, and 
estimate that it takes a couple of weeks to train an intelligent office girl 
to operate the computer, and three weeks or so to instruct a college mathe­
matician to program the system. 

Maintenance will be done by us, or we will train maintenance personnel 
for the customer. We believe that. per shift, one maintenance man, of the 
order of skill of a radio or television repairman, can successfully keep the 
Elecom 125 operating. He requires three or four weeks training by· us. This 
is the plan we have followed with Elecom computers now in the field. 

Only the future will tell \\'i1ether or not the trend is to laI"ger, faster, 
more complex computers, or with the slower, cheaper and more modest data 
handlers. The answer is that there is probably room for both. 

We at the Electronic Computer Division of the Underwood Corporation are 
confining ourselves to the medium sized and small computing and data handling 
systems. We are trying to walk before we run, and we hope not to stumble in 
the process. 



~\ CENTR1\LlZED DATA PROCESSING SYSTEM 

Jerome J. Dover 
Ed"';·rards !~ir Force Base 

Edwards, California 

Early in the spring of 1953 with the activation of a ground telemetering 
facility at the Air Force Flight Test Center it became evident that there 
existed a real and continually increasing need for a less expensive, faster 
and more reliable method of processing extremely large amounts of raw un­
corrected data that found its origin in the rr~ny diversified activities which 
were at that time presently being conducted at the Center. Examples of the 
sources from which this data came were the flight testing of experimental and 
production aircraft, (i.e. airborne recording), a radar phototheodolite, the 
aforementioned telemetering station, as well as the high speed experimental 
track and the USll1..F experimental rocket engine test station. Figures 1 through 
4 illustrate SOffie of the data sources at this Center. Furthermore certain 
large classified projects y[ere being initiated at the Center at that time and 
they brought with them their ovm large data work loads. The problem of 
reducing this data presented a task almost as large as the problem of correct­
ing the data. Hovrever, before the data could be reduced, that is, reduced on 
IBl-l machines or desk calculators, it had to be processed; that is, put into 
a form \'lhere it could be handled readily and easily by the IBM card programmed 
·calculators. This processing consisted of reading the data, usually from film 
or oscillograph records, translating this information into digital form and 
correcting for any instruI:1ent or calibration errors "ivhich might be present 
in the raw data. \4i th the advent of the IBN card programmed calcula tors, actual 
calculating tine on the data was wBterially diminished, leaving the problem of 
reading and processing the data standing as a very real bottleneck. It there­
fore became evident to responsible personnel concerned that a system would 
haVe to be devised tr..D.t would allm-r either autornatic or semi-8,u.tomatic process­
ing of much of the data incurred at the Air Force Flight Test Center if the 
Center vms to survive this deluge of data. To this end a centralized auto­
matic data proceSSing system "i·ros proposed, based on the philosophy that data 
should be taken in such a form, that it would be suitable for automatic re­
duction. It was felt that such a centralized data handling system would be 
instTULlental in effecting significant savings in personnel costs, since it 
would reduce the number of employees required to reduce data and make un­
necessary the constant recruiting and training of large numbers of data read­
ing employees, or, at least enable those assigned to the data reduction task 
to cope successfully with their expanding work load. Moreover it would 
increase the reliability of results obtained by eliminating much human contam­
ination in the reading of data 'vhich by its very nature was tedious to reduce, 
highly exacting and deITanding of a hi~L order of accuracy in reading. Finally 
this type of data handling system through its ability to rapidly process 
large amounts of data would aid materially in expediting the mission of the 
Air Force Fligrlt Test Center by helping to rrake more complete and efficient 
use of its experimental and unique flight test aircraft and equipment. 

Thus it was with this philosophy in mind a study contract was initiated 
with the Ralph M. Parsons Company of Pasadena, California for a caretul 
analysis of the data reduction problem at the Air Force Flight Test Center 
together with a documented estimation of the data handling requirements of 
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this Center during the next five to ten years and a proposed system solution 
to the problem. This system as it \<las envisioned at the time the contract 
';"8.S let (See Figure 5) can be represented by a data flow chart and daily 
vrork load estiIIl8.te. Note how the different data sources with their estimated 
vTork load flow tOvlard an all inclusive and extremely comprehensive black box 
i'Thieh I'Tould be able to accept input in three possible forms; analogue, frequen­
cy modul2:.tion, or digital coding. The black box would then read the information, 
apply necessarJ calibration and instrument corrections and then read out the 
inforn~tion in any or all of four possible output forms; they are, digital 
t~~ed, digital punched cards, anal06~e (for large &uounts of data), and, finally, 
ITlB-gnetic tape fer input to an analogue or digital computer. Note the emphasis 
at this time on digitalization. 

Ti~e block diagram at the bottom of this figure is a representation of the 
system concept. '::;.11 steps are included and cOnsidered from transdv.cer to 
final presentation of the data to the engineer. How this idealized concept 
as ShO"Hn in Figure 5 differs from the final proposal will be discussed later. 

The Ralph £.I. Parsons Co:npany required over six months and many engineering 
m.an-hours to deli vel" four monthly reports and one final report on the proposed 
data reducing system for the Air Force Flight Test Center. It might be stated 
at this time that the system philosophy as developed by the Parsons Company 
during this :period was one that evolved necessarily from the conditions under 
T~hich data processing and reduction must be performed at the Air Force Flight 
Test Center. One of the most iMportant distinctions or facets of this philosophy 
and one that \'JaS discovered early in the investigation was that in the course 
of an attempt to estimate the data reduction work load at this Center, one had. 
to carefully distinguish betvreen three levels of data and that they are in 
order of decreasing magnitude. These levels 1{lere; one, the 8.r.1ount of data 
2_ctually recorded; tvTO, the a.mount of data vlhich had to be examined for trends, 
that is, inspected in analogue plot form; three, the amount of data that had 
to "be actually tabulated and accurevtely measured "lith resultant accurate de­
termination of specific vslues for further computation. In any of the catego­
ries one could, of course, speak of either present and future work loads; 
hcnlever) there is neither now or expected to be anytime in the foreseeable 
future 8. practical data handling system capable of reducing to the most ad­
vanced digital form all the data vThich the data sources might justifiably 
record. It is in speculations like these that one runs into astronomical 
n1)_'11bers of data. :paints invol"TinS stacks of IBM ca:-ds lite:-ally ~':'les high. 

Therefore, the concept of a human fj.lter was evolved. By human filter, 
it ~~s meant, of course, critical human discrimination at any point where 
the data passes from one class to another, that is, from recording to analogue 
plot or plot to tabulation. This philosophy also advocated a grouping or 
centralizing of the various data handling groups at Edwards for the obvious 
aavantage of the application of mass production methods to data proceSSing 
techniques. It must be carefully pointed out, however, that there were other 
disadvantages that could, if not properly anticipated, offset all the ad­
vantages of centralization. The main disadvantage would be the tendency of 
the nm-r remote Project Engineer or responsible test designer to relax his 
sense of restraint in requesting data reduction services and unless a direct 
sense of responsibility could be enforced on him by distributing the cost of 
operation of the data reduction facility according to the work demands of the 
various test projects, it 1{ms felt that the requests for data reduction might 
very conceivably svramp the system, h~Tever large its ini tial capacity. These 
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facts lead then to one of the initial decisions. This decision was to present 
to the Engineer in ra,,, uncorrected analogue form the results of the test vli th 
which he vras concerned, and charge him 'ttli th the responsibility of eliminating 
the large mass of information that in most cases need not be further reduced. 
Tne recommendation w-as toward the simplest possible system that vrould provide 
efficient information to the responsible test engineer and enable him to 
speci~J those portions of data requiring further reduction. Specifically 
this first presentation was visualized as taking the form of low speed, direct 
writing, oscillograph records of analogue form. Rough calibration scales 
could be provided by the processing agency at the beginning and end of the 
data. FM data could be plotted as a function in terms of frequency deviation 
versus time. wnerever possible, this could include cases of fairly hi&~ frequency 
data, the length of record presenting a single test could be held down to a 
size easily comprehended in a glance, that is about 17 inches. Each group 
of analogue plots would include a time trace capable of uniquely identifying any 
portion of a record requiring further reduction. 

The next step was then to consider a magnetic tape .handling system. It 
was considered because magnetic tape is nOVT used to record information in both 
the Track Branch and Telemetering Ground Station and in addition has been pro­
posed for the new High Thrust Rocket Test Stand. The review of sources of 
data by type indicated that oscillograph and photo panel records presented the 
greatest portion of the present manual processing work load at the Air Force 
Flight Test Center. Substitution of this magnetic tape system for these 
SOurces was then certainly considered feasible and consequently careful con­
sideration of the processing equipment for data recording on magnetic tape was 
one of the prime development recommendations of this contract. The system as 
eventually determined is shown in Figure 6, and has two primary functions. These 
functions are, first, to provide quick look graphical records of tape recorded 
intormation, and second, to provide necessary digital output tabulation, 
computation or cross plotting. It is designed for an average utilization factor 
of a.bou.t 50%. 

A word here about the problems of the design of such a system. Remember­
ing that it is designed for an average utilization factor of about 50%, the 
difference between complete success and failure of such a design is a factor as 
small as 50% in the estimated work load. In light of this fact it was obvious 
why one should hesitate to design a data handling system based on the accuracy 
of the estimated work load. Current attempts to estimate the average work 
load in periods of two to five years in the future have proved practically im­
possible. This is why the "quick look" philosophy is emphasized. Doubling or 
even tripling the number of complete systems (i.e. paralleling) represents 
only a fractional change in the magnitude order of the output, yet the system 
wo~k load can be changed many orders of magnitude by an incremental change in 
the percentage of data to be handled on a digital basis. However, let us 
return to tbe proposed central data processing system. 

Notice that the proposed system is an integrated arrangement of some 
equipments now in use at the Air Force Flight Test Center, a few commercially 
built units and certain specified recommended developments. The basic functions 
to be performed are indicated in the block diagram of the system (Figure 6). 
The actual success of the system is dependent upon the methods by which the 
components are integrated. It is realized that the task of integration is a 
considerable one and, therefore, it has been reco~mended tbqt L~plementation 
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of the entire system be delegated to one prime contractor for detailed design, 
development, coordination of subdevelopment, installation check out and 
evaluation. 

A review of the over all system and the gross performance specifications of 
various components are as follows: Play back: Note that the system requires 
complete equipment for play back of FM/FM and PWM/FM magnetic tape, decommutation, 
and demodulation units that are all standard manufacture to RDB specifications. 
One note about head characteristics of the tape play back mechanisms; they Should 
match those of the airborne recorders as well as ground recorders. .More will 
be said about the airborne recorder later. Analogue conversion and presentation 
can be of modified standard design or developed with a view toward the flexible 
approach stressed in the philosophy, that is, provisions for scale factors, zero 
suppression and provisions for a rather limited linearization. Routine use 
of linearization was not recommended, however; due to the fact that tr~s might 
prove a bottleneck in what must essentially be one of the most streamlined phases 
of the operation. A patch board for decommutation and discrimination outputs, 
digital and recorder inputs, and special amplifier and linearization inputs and 
outputs should be provided. This patch board should provide the most flexible 
possible arrangement of components. Present planning for recorder output should 
probably be something of the Sanborne 4-channel recorder type or possibly one 
with a higher response rate for certain high frequency response work. 

The suggested digital conversion system is built around the Millisadic 
equipment. develyped jointly by the Naval Ordnance Laboratory, Corona, Calif., 
and Consolidated Engineering Corporation of Pasadena Calif. Certain auxiliary 
input conversion equipment is necessary, however, and consists of DC to PWM 
converters with repetition rates at least as high as 500 samples per second, 
a clock pulse generator at a frequency of 2.5 megacycles and a suitable gated 
amplifier to operate in conjunction with the clock pulse generator and pulse 
from the DC to P~1 converter. A time selector must of necessity be designed 
to direct time information pulses to the incremental time or elapsed time 
register. The specifications for this unit will be dependent upon a timing 
system to be installed at the Air Force Flight Test Center under a different 
development project. Another necessity is an events timer required to synchro­
nize the various equipments. This unit initiates sampling by the DC to PWM 
converter at a pre-set rate and signals the millisadic unit to store and read 
out the information. The events timer begins to function upon receiving a 
start signal from the coincidence gate and gives out a final set of control 
impulses- upon receiving 8; stop pulse from the second cOincidence gate.. A 
cj:ock-timer generat-orWltnrn:-tne-even~s--timer- governs-the-rate--a:-t -which-events 
occur and thus the sampling rate. The clock can operate independently or in 
synchronization with the time input signal via the time selector. Figure 7 
shows the programmer which consists of the manual adjustments to the follow­
ing components in that figure: the time selector, the coincidence gates, the 
events timer, clock pulse generator and the time base multiplier. The 
programmer is essentially a control and editing device that selects certain 
specific sections out of a group of data to be digitalized and printed. The 
millisadic eqUipment manufactured by Consolidated Engineering Corporation is 
commercially available only in the sense that a completed deSign is available 
which can be used to duplicate the unit n~ installed at Naval Ordnance lab­
oratory, Corona, California. The sys~em conceived by Consolidated, however, 
does not include all the functions required at the Air Force Flight Test 
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Center and considerable development work in both input output devices will be 
required. The complement of this ground magnetic tape handling development 
is the development of a suitable airborne magnetic tape recorder. It is one 
of the more interesting recommendations under this project and one that stems 
from the desire to record inforrration in a form that lends itself to high 
speed automatic data processing. It should eventually lead to eliminating 
the oscillograph and photopanel data records almost completely and. replacing 
them vrlth magnetic tape recording. In order to proceed with this development 
several basic decis10ns had to be made. They were as follows: First, what 
was the data work load to be expected or minimum number of data points to be 
recorded; second, the range of frequencies being measured; and third, the 
system accuracy with particular regard to the accuracy of the end instruments 
whose outputs were being recorded. To aid in this estimation a survey of 
several typical flight test programs as conducted at the Air Force Flight Test 
Center vTaS made. It was determined that a representative flight data work load 
vms about 1200 data pOints, these being divided approximately among 40 channels. 
The range of frequency in terms of percent of channels vms as follows: 1.0 to 
2 cycles per second 70%; 2.0 to 40 cycles per second 20%; above 40 cycles 
per second 10%. Now the basic accuracy requirements on such a recorder are 
tied directly to the available accuracy in the sensing elements or transducers 
where the data originates. The best available accuracy obtainable with any of 
the number of types of transducers is of the order of 1%. Therefore, it was 
felt that it would be inconsistent to attempt to design a data recorder with a 
much higher degree of accuracy, particularly when it was realized that the 
price to be paid in cost, space, and weight would be rather ·prohibitive. 

A comparison was made of different methods of recording on tape in the 
aircraft. These considerations included not only data resolution, that is, 
economy of tape usage, frequency response available, but also complexity and 
bulk of attendant electronics. No attempt was made in the evaluation of 
present systems to rnaxif'1uize or minimize the importance of anyone of the 
above listed factors but dealt with these characteristics solely as they 
related to the choice for a generalized flight test recorder. 

T'ne methods considered were as follow·s: Recording by digital coding, 
pulse width recording, FM carrier recording, and direct or biased analogue 
recordings. Digital recording is probably inherently the most accurate of 
all possible methods. This is due chiefly to the fact that the data record­
ing and playback is virtually independent of tape speed variations and is 
unaffected by relatively high noise levels. In keeping with the aforementioned 
accuracy requirements the recording of two digits per word would be recommended. 
Based on a standard tape length 2400 feet and a recording time of 16 minutes, 
a t~pe speed of about eight inches per second is called for. The resulting 
sampling rate of about 800 w"ords per second is also compatible with the 
commutation rate of available mechanic commutators which would be required. 
Unfortunately none of the presently knovrn airborne recorder types are well 
suited to the requirements imposed by a system of this type. Probably the 
North .A.merican Aircraft development NA.DAR, is closest, but v,rould require a 
development of a sui table tape transport mechanism. The electronics of 
analogue voltage to digital conversions for airborne use are relatively 
scarce, the only YJ10Wll development being at Hughes Aircraft Company. This 
application is for quite a different purpose and the results of this develop­
ment were not available for the study. One'of the penalties paid for this 
l~~~r~ of airborne digital recording is the complexity of ground based digital 
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to e..nalogue conversion9 vrhich the "quick look If philosophy requires. As a 
result of general considerations outlined previously it can be stated quite 
emphatically that all such recorded data should be plotted while only a 
small portion would require digital tabulation. Thus it would appear un­
reasonable to undertake such a development (digital airborne recording) if 
the d.a ta vTere not to be tabulated but the maj ori ty presented in analogue form. 
Remember we are dealing with data on the order of 7000 channel minutes per 
day (~ 50%) or about 300,000 points per day. 

The pulse ~'Tidth recording of data proved to have several system wise 
advantages over other forms and they may be listed as follows: first, it 
provides .good accuracy and stability; second, it may be readily processed 
into straight analogue and/or digital forms; third, the associated electron-
ics are relatively Simple and can be made quite reliable. Past experience 
seems to bear out these statements. F~ong with son~ direct analogue recording 
(about 10% of the total) the recommendations seem to point to the development 
of an in-flight magnetic tape recorder using PWM coding on 90% of the data 
channels. Here the difference between p~n~ and digital recordir~ lies chiefly 
in the fact that all the inforraation contained in Pvll4 is the leading and 
trailing edges of the pulse and the reproducability of these edges determines 
the accuracy of the system. Since inpm4 a single pulse represents one word 
the ultimate tape economy is raughly seven tirnes that of digital recording. 
Similar advantages of near complete independence of tape wmT and flutter 
characteristics can be achieved in the. PWM system by the Simple expedient of 
using one recording channel to record a clock signal which serves as a reference 
for tape speed variation. 

Frequency modulation coding using the standard RDB/FM system indicates 
the feasibility of recording carrier frequency of the order 1.3 KC per inch per 
second of tape speed and at a standard deviation ratio of 5 and a tape speed 
of eight inches per second (for the comparison with PWM or digital). This 
would make possible a total information band width of approximately 1 KC vnth-
in the requisite accuracy of 1%. However, in this regard it must also be 
remembered that airborne subcarrier oscillators presently used in the FM/FI\l 
systems 8.re known to have minimum drift figures of higher than 2% and in some 
cases as high as 5%- Thus the possibility of recording standaru RDB sub­
channels bas been considered as suosequently unfeasible for the principle reason 
of the limitation of maximum recording time imposed by high tape speeds necessary 
for recording of the higher sub carrier frequencies. Irhe requirement seems quite' 
d.~:f~:g.~teJ.'y __ -t;Q_ J~~ j.~ j;:r:u~di:re~~iQIL of--.a J.arger--number_ofn-lower-n.f~. channe±8-
than can be accommodated in the standard RDB/FM system and still have a reason­
able tape speed. The second serious objection to FM coding is its limited 
accuracy. Certainly there would be a strong nostalgic feeling among the flight 
test engineers against exchanging the present tried and true photo panel and 
oscillograph systems for anything less accurate. Now there are certain tape 
recorders, either on the shelf items or presently under development, that may 
fulfill certain of these requirements but generally all fail in some degree to 
meet these specifications. Principally the most important direction for im­
provement is in that of miniaturization. The Cook and NADAR recorders appear 
to be the only reasonable approach to the critical size and weight problem 
but both have other disadvantages in limited recording and in varying tape speed. 
What several other manufacturers have presently under development at this time 
has not "'freen reported or publicized so they cov~d not be reported in the study. 
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As one result of this st~dy program the Air Force Flight Test Center will 
consider the development of a generalized flight wBgnetic tape data recorder 
having the following specifications. Before presenting these specifications, 
it might be interesting to vie"r the average flight test engineer's concept of 
what the complete flight test recorder should look like, electronics and all. 
This is shown in Figure 8; however, we believe Figure 9 presents a more real­
istic picture of this recorder. Note that the specifications include the use 
of standard 1~ lO~ inch, 2400 tape reels ~ inch tape size, a maximum contin­
uous recording time of 60 minutes, an interchangeable tape speed gearing 
arrangement that provides for 7.5, 15, and 30 inches per second tape speeds, 
7 data tracks with 3 P-WM tracks recording up to 150 channels of 0 to 2 cps 
information and as many as 30 channels of 0 to 40 cps information. Three 
additional tracks will include direct biased analogue recording for frequency 
response up to 25000 cps and the 7th channel should be a 1000 cps CW channel. 
Certainly it should contain provisions for other heads and for modification 
to heads other than the examples specified above. To this end the means and 
procedures for head alignment should be as simple as possible. t~imum speed 
variations in the recording of 0 to 1 cps inforrnation should be of the order 
of 2% peak to peak, while those channels having 1 cps to 2 KC frequency re­
sponse only .5%-peak to peak speed variation can be tolerated. Power supply 
should be the usual 400 cycle 115V or DC 26v. Weight should be under 25 
pounds and size approximately .5 cu. ft. It is felt that this size can be 
obtained by concentric reel alignment. Of course all .construction should be 
according to MIL-E-5400 or equivalent. 

The need for this in-flight magnetic tape recorder has been felt and 
voiced by many in the field of flight test engineering; however, no concentrated 
effort has been made to develop a standard unit that can be used for the record­
ing of all types of flight test data and that will gather the information in 
such a way as to lend itself more completely to automatic data reduction. 

Wi th the development of such a magnetic ha.ndling system for large data work 
loads based on the philosophy of human filtering and quick look presentation 
to the responsible engineer, it is felt that the data handling problem as 
recognized at the Air Force Flight Test Center can be effectively solved and 
that the constantly increasing work load of data processing can be met and 
alleviated. 

Those that are left of the grandfather flight test engineers tell us that 
during the early years of flight testing the speed with which a flight test 
proceeded was limited only by the ability of the engineer to absorb the flight 
test information and the mechanics to keep the aircraft flying. We admit that 
at present the rate at which some flight testing programs proceed is limited 
by the speed with which data can be processed. It will be the aim of our 
development program to return flight testing to this optimum condition, namely 
that flight testing will be liw~ted only by the ability of the engineer in 
charge and not by obsolete data proceSSing methods. 



Fig. 1. Example of flight: test data source 

Fig. J. Expe~'1mental 
rocket enginttl te£lt 
station-data Bource 

!rig. 2. Ground telemetering 
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Fig. 8. Average flight teat engineer's 
concept of Airborne Tape Recorder 

Fig. 9. Proposed specification. 
for Airborne Tape Recorder 
Size: .5 to 1 cu. ft. 
Weight: Under 25 Ibs. 
Maximum Recording Time: 60 Min. 
No. of Tracks - 7. (6 Informat.ion 

and 1 Timiag) 
Power Supp11': 400 Cycle 115 V. 
Tape Speed: 7.5 - 15 and 30 Ips. 
Frequency Response Requirements: 
70% of Channels 0 - 2 Cps. 
20% of Channels 0 - 40 Cpa. 
10% of Channels 0 - 400 Cps. 
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A,. MERCHANDISE CONTROL SYSTEM 

Wi lliali'i L. Martin 
Telecomputing Corporation 

BurbaIl,k, Cal; fornia. 

Introduction 

Merchandise control operations promise to be benefited by the applica­
tion of electronic data processing equipment. Such equipment offers a new 
concept of speed and accuracy in reporting. It makes possible data summaries 
and analyses which to date have not been economically justifiable. 

Inventory control represents one of the most rewarding and interesting 
problems for which electronic equipment is feasible. Such equipment will 
reduce the costs of preparing and maintaining inventory records, and will 
also make it possible to maintain reduced inventory because of the inherent 
speed of reporting. 

Business organizations, in general, operate by purchasing according to 
predicted needs, performing some operation on the purchased goods (if only 
sorting and storing) and then distributing it to- purchasers. Purchasing is 
conducted by means of management reports which aid in predicting future­
needs. This information is usually obtained from the past history of sales 
records, the current inventory status, or both. In general rapid reporting 
permi. ts reduced inventory with associated savings by giving a more immed­
iate picture of current status. 

Reports on current operations give management the opportunity to moni­
tor the efficiency of their organization. Unfortunately such reports are 
often voluminous, and the time of high-salaried talent is required to ex­
tract the attention-requiring items. The selection of these items can be 
made by the decision apparatus aTailable in electronic computers. For 
example ,inventory reporting can be reduced to those items which do not 
fall w""i thin an established stock tolerance. Reports on receipts and short­
ages can be reduced to the data on those venders which are overdue. Re­
ports on sales can be reduced to those i terns not meeting the sales rate 
tolerances set by management, etc. Special treatment can be given certain 
items as is required. 

One of the major items in large scale business operations is the fill­
ing of a customer order. In large retail businesses the paperwork for 
individual customer orders may be processed under one roof at rates around 
ten orders per second. In chain store operations paperwork resulting from 
sales may be processed at a central operations location at near the same 
speed. In one application the central location is a warehouse which uses 
the sales information coming from the stores to effect restocking of the 
stores. In such a case the warehouse is filling an order for the indi vid­
ual store. 

The number of people required by large organizations for their order­
filling operations may vary from under one hundred to many thousands. A good 
share of these people are entirely concerned with the routine processing of 
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paperwork. Often the business has grown up in such a manner that stock 
clerks and sales people are partially occupied with paperwork. By auto­
matizing the clerical functions the effectiveness and productivity of the 
personnel can often be increased or, if the volume of work does not warrant, 
the staff diminished. 

Another important inventory application is keeping track of in-process 
inventory in manufacturing plants. It is important to know the number of 
acceptable subassemblies and parts in process at each stage of production. 
Such records can be maintained by electronic equipment. 

In actual case studies it is apparent that the application of appro­
priate electronic equipment will result in large savings in indirect labor 
in addition to the advantages m~tfest in fast~r operations. Tp~ough sav~ 
ings in indirect labor such equipment often promises to amortize itself 
wi thin two years. 

To meet the requirements of business organizations several basic func­
tions must be perforIOOd. Equipment must be provided to encode the business 
information into machine language. Means must be provided to enter the en­
coded information into the system in proper order using it to fill orders, 
update records, or perform other required functions. Means must be provided 
to process this summarized data into management reports for purchasing, 
financial records, and other purposes. Printing facilities are required to 
prepare the reports. In many cases facility for interrogating the equipment 
memory for particular information is important. 

So-called general purpose electronic computing equipment does not ful­
fill many of the needs encountered in the operation of large scale business. 
In particular the instantaneous selection of data regarding any one of a 
large number of items is beyond the current capabilities of these equip­
ments. To perform this function either the capabilities of the general pur­
pose units must be greatly extended or speCial purpose equipment must be 
developed. 

Companies designing speCial purpose equipment to fill these needs are 
confronted with a serious problem. The many advantages and unique character 
of electronic data processing equipment indicate that its adoption will 
cause improvements in the information flow procedures in.ma.."!Ybus~-Jl~~~~~~ 
Tnese --rmprove-mehT;S--w1..TIsuggest-cnanges -in business-procedures which, in 
turn, in the course of time may obsolete the special purpose equipment. In 
order to avoid such obsolescence, the electronic equipment manufacturer is 
faced with the problem of designing his equipment to acconunodate optimum 
management data processing procedures. Unfortunately, today no one lmows 
these optimum procedures. An expedient solution might be for the equipment 
manufacturer to utilize operations research methods to design optimmn data 
processing procedures for his prospective client. He must then sell the 
client on converting his business methods over to these procedures which the 
equipment can accommodate. 

The client, on the other hand, who has presumably operated at a profit 
in the past, is faced with eTaluating this proposed operating method and de­
Ciding whether it will effect a savings or, indeed, still permit him to oper­
ate at a profit. A mistake on the part of the operations research team could 
put quite a dent in the promised savings of the new system and apparatus. 
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A more acceptable and reliable a.pproach to this problem would be to 
supply equipment that would permit the operating business to utilize elec­
tronic data processi~~ techniques in its current data processing system. 
If the equipment were suitably flexible, an operations research team wi thin 
the organization, or working in conjunction with the equipment manu.facturer-, 
could modify the client I s procedures a step at a time, moDi tOring the effects 
on the business opera.tion. Thus by an evolutionary rather than a revolu­
tionary approach a more efficient operation could be achieved. The equipment 
thus grows with the client f s procedures. As in general purpose scientific 
computers, the use of an internally stored modifiable program, together with 
~ set of well-chosen operational commands, should permit this approach to 
be JUsed. This programming or, in other words, procedural flexibill. ty also 
permits many types of organizations to use similar equipment. 

Wi th this design philosophy in mind hardware is under development. Two 
computers form the nucleus of a system that will fit many applications. One, 
called an Inventory Computer, serves the function of entering the input in­
formation maki..ng preliminary calculations, preliminary summarizing, sorting, 
and making elementary decisions. The other, the Management Computer, serves 
the function of updating seasonal records according to the information sup­
plied by the Inventory Computer, performing business-type calculations on 
the categories being processed and controlling the operation of an associated 
high-speed printer. 

Application of this equipment can best be illustrated by an example of 
a large scale operation. Although systems have been designed for warehous­
ing and distribution organizations, retail businesses, manufacturing con­
cerns, and others, the case illustrated will be that of a mail order house. 

Mail Order Operation 

A block diagram of too flow of informa,+·i on in a mail order house opera­
tion is shown in Figure 1. 

Incoming orders are processed through cash analyzing or credit as appro­
priate, and then proceed to a ticket-pulling operation. Here paperwork in 
the form of tickets, preprinted with the appropriate information such as 
price, weight, and description, is available in racks by catalog number. A 
clerk processes a given customer order, selecting the appropriate ticket for 
each catalog number on the order. The tickets are then manually marked for 
color, size, catalog by which purchased, and quantity. Mailing labels are 
prepared and the orders are scheduled and stamped with a packer number so 
that the people 'Mho will wrap the orders for mailing are uniformly scheduled. 
The tickets are then separated from the customer orders, sorted by the var­
ious merchandise departments, and dispatched thereto. At each department 
they are tallied by size, color, and catalog number, flagged if out of stock, 
and released for stock pulling. Each merchandise item is placed, together 
with its pull ticket, on a conveyor belt system for transportation to the 
wrappers. Customer orders are separately routed to the packer. The packer 
number determines the time and the packer station which is to receive the 
merchandise and order. The complete order is merged and packed a.t a packir~ 
station. It is then weighed, stamped, the customer billed, and the mer­
chandise shipped. Data gathered at the tally stations serve to prepa.re manage­
ment reports on stock condition, sales by item, sales by catalog, etc. 
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Receiting and transfer information is routed to the tally stations to 
correct their inventory figure. The same data is also used to prepare 
reports on purchases, rece:i.vals, and shortages. 

The tally operation often proves troublesome because of seasonal rushes 
and the resultant human errors they induce into the system. The speed-
tally equipment described in a previous paper ideally suits a situation 
where it is necessary to replace a tally operation. A logical extension of 
tallY equipment is a system which automatizes many of the clerical operations 
concerned with utilizing data such as produced by tally in the control of 
merchandising. The equipment to be described in the following material is 
directed toward a large operation requiring high entry rates, complex entry 
operations, detailed management reports, and preliminary accounting data. 

Electronic Control of a Mail Order Operation 

The application of electronic equipment to the mai.l order operation is 
illustrated in Figure 2. The ticket-pulling and preadjusting functions are 
replaced with electrical typewriters directly connected through buffer stor­
age facilities to the Inventory Computer. A typewritten form as shown in 
Figure 3 is prepared at this station, this form replacing the preadjusted 
pull ticket. The form also provides for an indication as to whether the 
sale can be made or must be canceled. The top portion of the ticket is man­
ually typed direct~ from the customer order. The data is accepted by the 
Inventory Computer which then refers to its memory, looking up description, 
weight, price, available inventory, and tallies. If stock is available the 
machine indicates that the item can be sold and corrects inventory and tallies 
accordingly. Tallies on both sales and cancels are maintained. If the item 
is out of stock the machine corrects only the cancel tally. The updated 
tallies and inventory data are replaced in the Inventory Computer memory and 
the results of the deci'sion, the price extension, and the data looked up 
are routed back to the buffer and thence to the typewriter. One entire 
operation of the Inventory Computer is completed in approximately 1/10 of 
a second. Data on bulk operations involving venders is entered through 
typewriter-prepared perforated tape. A complete record of vender informa­
tion, includiI~ purchase orders, due dates~ q~antities~ ~nd financial data 
is maintained in the memory. The typewriter-created tickets are now routed 
through the same operation as the old form of tickets except that no manual 
tally function is required. A speeial station at billi.ng serves to correct 
the comput~r inventoryror those cases where . a sell. dec:'sionis Inade. an~t:tl.Q 
me-r-crumcuse was found on the--slltil.f.~-Such-a--c-()ndItion-can -be causecCby the 
usual factors creating shrinkage. 

PeriOdically the contents of the memory are read off onto magnetic tape 
in ordered form. This tape is fed into the Nanagement Computer, together 
wi th a master record tape containing detailed data on every item sold. The 
master record tape is ordered in the same manner as the updating information 
on the tape prepared by the Inventory Computer. The updating data, together 
wi th the master record tape, is processed by the ¥~ement Computer, using 
a fixed program to create an updated master record tape. No sorting problem 
is encountered because the data is processed by a preset fixed sort. During 
the updating operation report data is placed on magnetic tapes controlled by 
the Management Computer, each report on a separate tape. All output tapes, 
updated master record, and reports are prepared simultaneously. The report 
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tapes, which contain information in the correct format sequence for the re­
port, are applied to the printer controller which, via the high-speed printer, 
prepares the reports. 

The Inventory Computer can be interrogated at will for current inventory 
on any item. 

Equipment 

Merchandise control systems of the type described above fit a wide var­
iety of applications. The chief difference in the equipment to fill these 
various applications is in the input apparatus. For many types of retail 
operations perforated tape prepared by a cash register or label reader is 
more appropriate. Punch card equipment, direct-connected numeric keyboards, 
or direct-connected label reading devices may be appropriate in other appli­
cations. The Inventory and Management Computers, which form the nucleus of 
the system, should. fit any of these systems when sui tably programmed. 

Medium access large scale memory facilities are a key part of the Inven­
tory Computer. Facilities for handling variable word lengths with no par­
ticular requirements on stock number arrangements are fundamental to flexible 
operation. In one application a memory having an average access time of 25 
milliseconds and having storage facilities for 16.106 bits is required. 
Drum equipment currently available could supply this need. Flexible memory 
addressing requirements are achieved by storing the respective customer 
number along with each group of data in the memory and selecting the right 
group of data by aChieving comparison with the address number and the number 
stored in the memory location. 

The Management Computer utilizes rapid access memory of a more modest 
capacity to store its instructions and data. It stores the data on one 
particular group of information and processes it according to a fixed instruc­
tion sequence. In one application 10,000 binary digits of magnetic core 
memory are required to hold. the data, along with an additional 50,000 bits 
of drum memory to hold instructions. Data is processed on a continuous 
basis from magnetic tape input to magnetic tape output. Both input and out­
put tapes operate at a maximum rate of apprOximately 1,000 decimal digits per 
second. The Management Computer is capable of controlling ten output tapes 
simultaneously. By means of these auxiliary output tapes the data for dif­
ferent managerent reports can be separately organized. These tapes can then 
be detached from the comp~ter and introduced to the printer controller where 
memory facilities for one complete line of information are provided to oper­
ate the printer. The printer controls the operation of the tape, transfer­
ring in a line of data at a time. Tape motion is intermittent. 

For those applications requiring larger memory capacity with more modest 
access speed requirements a device is in development capable of storing 50·106 
bits each with an access time of less than one second. Such a device when 
coupled with a modest drum memory greatly extends the flexibility of the 
Inventory Computer. 

All of the equipment and techniques used in achieving the computers and 
systems components described above have been developed and put into use by 
laboratories throughout the country. The development of the Inventory and 
Management Computers involve the organization of these components and tech­
niqu~s in a manner which has direct application to inventory type problems. 
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