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been thoroughlY trained in digital programmin&and 
every digital programmer has been trained in the 
programming and use of analog equipment so that 
there exists no language or specialization barrier 
between the people who are responsible for these 
two classes of computing equipment. The onlY pro­
blem, then, is one of having the programmer decide 
which equipment to use for the solution of a parti­
cular problem and how best to get the answers rap­
id~ and economical~. 

This has not always been so, and the author 
can remember the time when the rivalry between 
these two factions was great. It even crept into 
the lunch hours when digital and analog programmers 
played chess and proudly announced to the author as 
he went by, "SeeJ analog vs. digitalJ It. However, 
:through the forced integration of these two fac­
tions by the Chief of COMPADAC, this rivalry has 
been eliminated and the effort now is toward better 
use of the equipment, either independentlYarjo~ 

The latest development along this line has 
been the concept of a series of progressive steps 
leading toward a better integration of the two 
classes of equipment than has been achieved in the 
past by plain converters. This new concept will 
ultimately result in the "Dig'inalog" (which will 
combine the best features of each class of equip­
ment without the superfluous or objectionable fea­
tures), but it will not spring up full blown. Rath­
er, it will develop as a series of logical steps 
commensurate with the current and changing state of 
the art. 

On To Diginalog 

Anatran - The F~st Step. The first of these 
steps (which is the b:~is for this paper) is the 
development of a problem-oriented language thatw.ill 
permit translation on a digital computer of the 
complete input information for an analog computer. 
This new language has been termed "Anatran" (ANAlog 
~slation). -

The first step in developing Anatran was to 
determine the feasibility of producing an accept­
able output from Anatran on existing equipment - -
a wiring flow diagram for the analog computer such 
that one of the progranmers could wire a patchb~ 
for the analog computer directlY without further 
translation or interpretation. The conventional 
flow diagram produced by humans for the translation 
of the problem statement into patchboard wiring is 
typicallJr a symbolic wiring diagram involving cir­
cles, triangles, rectangles, etc., as indicated in 
Fig. 3. To produce such a diagram on current EDPM 
would involve a number of technical problems such 
as the introduction of new print characters on the 
output printer and the storage of the completedia­
gram with interconnecting lines while selecting in­
dividual and unrelated areas for printing one line 
at a time, as most digital output printers do. 

Accordingly, a new type of wiring now diagram 
was developed based upon the dc operational ampli­
fier or the non-linear element as the fundamental 
unit. In this new flow diagram format, the print-

out format is arranged to include the inputs and 
outputs of each such basic element as a complete 
entity with that element, as indicated in Fig. 4. 
This will become clearer as we follow the details 
of the new type now diagram and compare it with 
the earlier form shown in Fig. 3. 

Concurrent with the development of the new 
format, it was found possible to include on this 
wiring now diagram a complete list of all poten­
tiometer settings in numerical order so that the 
diagram can also be used for manuallY setting the 
pots on the analog equipment. In addition, by in­
cluding the origin of all inputs and the destina­
tion of all outputs, this same diagram becomes the 
means whereby the programmer or analyst can check 
the accurac,y of the formalized flow diagram pre­
pared by the digital computer. This will b"ecome 
clearer as we follow the diagram in detail. Final­
ly, the diagram also provides a notation of the 
total number of potentiometers and linear and non­
linear elements required by the problem. 

A ~iCal Problem. Now let us look at a typ­
ical proem to be s oived on an analog computer -­
that of determining the stability of an aircraft 
in steaqy horizontal flight, with and without an 
autopilot, as the tail is struck by a vertical gust 
of short duration. The equations are shown in 
Fig. 1 together with the coefficients and other 
data on the input parameters in Fig. 2. 

Normally, this problem would be programmed 
either by the originating engineer (if he were one 
of those trained by COMPADAC) or by one of COMP.AIWl:s 
programmers. From the mathematical statement of 
the problem, a flow diagram would be constructed 
showing the complete step-by-step solution of the 
problem and closing all loops. All potentiometer 
settings, scale factors, voltage levels, and ini­
tial conditions would be determined and listed so 
that the potentiometers and other equipment could 
be set up for proper solution of the problem. A 
patchboard would be wired, checked, and put into a 
control console in the equipment. When all of the 
setup had been checked, the machine would be tu.rnai 
on for solution and the results recorded on six­
channel strip chart recorders, changing input con­
ditions as desired. 

Now let us refer again to Figs. 3 and 4. The 
flow diagram in Fig. 3 is the manual product that 
will norma1~ result from the engineer's or pro­
grammer's work except for the fact that the equa­
tions, pot numbers, amplifier numbers, and output 
destinations would not be shown normally on the 
diagram. The sophisticated programmer does not 
need such data on the diagram and they are shown 
here for the reader's convenience in following, in 
detail, the comparison between Figs. 3 and 4. The 
numbers within the circles are alw~s gain factors 
while the numbers within the triangles are the 
voltage levels for the amplifiers and represent 
the number of volts per unit of the quantity pro­
duced b.1 the amplifier. 

Fig. 4 is the corresponding wiring flow dia­
gram, listing of pot settings, check sheet, and 



notation of the number of pots and f~ctional com­
puting components required, as it will be produced 
by the proposed Anatran. This will be the final 
product of the 704 (or other EDPM) output printer. 
Once familiarity with the format has been realized, 
no headings are really necessar,r for the COlUMnS 
since their content is almost self-defining. How­
ever, it is no problem for Anatran to produce the 
necessary headings over the various columns and 
over the various groups of columns that constitute 
a functional field on the diagram. Pre-printed 
paper is unnecessar,r and would be impractical if 
the analog problems were mixed in with the digital 
problems handled by the EDPM. 

The similarity between Figs. 3 and 4 ~ not 
be apparent on first observation but a little ex­
planation should make the principles of Fig. 4 
perfectly clear. We know this because we have 
tried out the new format on two different program­
mers who were unacquainted with its development and 
who had to translate its contents into patchboard 
wiring with only a brief explanation of the rules 
of format. One of these had originally been tra:in­
ed in digital programming and the other in analog, 
although each does both classes of work now. Each 
of these men found the format eas,y to grasp and 
simple to apply accurately. 

Let us follow the flow diagram and tabular da­
ta in Fig. 4, explaining the ground rules as we go. 
The first six columns list in sequence the inputs 
to any amplifier or non-linear element in the form 
of a name for the quantity depicted, its source, 
and the various data connected with potentiometer 
settings and the input. The next two columns in­
dicate the voltage level and type of analog compo­
nent involved, together with its identifying numben 
In this case, the numbers are assigned serially 
while the letters are assigned according to the 
function of the analog component according to the 
code listed at the bottom of Fig. 4. The last two 
columns indicate the output of the analog component 
by name and destination. 

The diagram is built up one component at a 
time , with the component name or identification 
letter and number listed oposite the last input to 
that component as indicated in Fig. 4. FollOwing 
the complete input and output stor,y of any element, 
a line is skipped to indicate the change to the 
next element and the new inputs are listed. 

Notice that where no potentiometers are in­
volved, such data is omitted. The components in 
Figs. 3 and 4 have been lettered and numbered iden­
tically for exact comparison, and the reader can 
trace through the diagram shown in Fig. 4 by com­
parison with the corresponding steps in Fig. 3. 

The reader will observe in Fig. h that the po­
tentiometer numbers and settings are listed simply 
and clearly in columns 3 and 4 so that the diagram 
constitutes a list for the potsetting operation. 
He should also observe that the "component count" 
table at the bottom of Fig. 4 indicates the number 
of elements required to solve that particular pro­
blem. 
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The wiring can be accomplished by patching 
cords from the output destinations in the last col­
umn to the corresponding input information in the 
input field. Notice, too, that this arrangement of 
a tabular f om of flow diagram permits eas,y check­
ing of the solution by the programmer to make sure 
that all loops are closed and all inputs and out­
puts included. 

In order to extend these same principles de­
veloped in this simpler form of stylized flow dia­
gram to other analog components, comparable flow 
diagrams were developed for other problems involv­
ing servo-multipliers, resolvers, ungrounded pots, 
and diode limiters. The problem statements, and 
corresponding manual diagram and EDPM-produced now 
diagram are shown in subsequent Figs. 5 and 7. As 
the reader compares the corresponding diagrams, the 
extension and application of the same principles 
described before will become self-evident. 

Having determined that it is feasible to pro­
duce on existing EDPM (without modifying that equip­
ment) a suitable flow diagram, listing of pot set­
tings, eas,y checking diagrams, and a notation of 
the number of components required, the next step is 
the development of the vocabular,y and syntax re­
quired to translate engineering and quasi-mathemat­
ical statements such as shown in Figs. I and 5 into 
the output that has been shown in Figs. 4 and 7. 
The development of the Anatran translator program 
itself is our next goal. This is the "courtship" 
of our allegory. 

Mechanization. The next step in automatizing 
the setup of general purpose analog equipment by 
use of a digital computer requires no new digital 
equipment and is also commensurate with the state 
of the art. Currently, the manual setting of po­
tentiometers (which is a laborious task that is 
time consuming and easily subject to errors) is 
being replaced at Northrop by an automatic potset­
ting device emplo,ying punched paper tape as its 
input information source. As the digital computer 
computes the potsettings, scale factors, gains,and 
voltage levels, and develops the end product shown 
in Figs. 4 and 7, it is possible for it to produce 
punched cards or punched paper tape that contain 
just the potsetting information. Cards can be cm­
verted into punched paper tape (or even magnetic 
tape) format so that the tape can be fed to the au­
tomatic potsetting device and thereby eliminate the 
manual step or setting pots. This is the "engage­
ment" referred to in our allegor,y. 

Means already have been developed for elimi­
nating the analog patchboard wiring by the use of 
automatic crossbar switching, but such equipment is 
very large and expensive and difficult to justify. 
The author and his people have ideas about the pos­
sibility of electronic switching devices in matrix 
arrangement ( with or without relays) that will pel'­
form the same functions as patchboard wiring more 
rapidly and less expensively, but this will be the 
subject of a later paper. This is the "marriage" 
referred to in our allegor:r. 

When this marriage is consummated, it will be 
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possible for the digital computer to determine the 
entire course of the solution of a problem on both 
digital and analog equipment. If the problem is 
one for which the digital machine is best suited, 
it can solve the problem without recourse to the 
analog, but it can, meanwhile, set up the analog 
equipment to solve problems that are best suited 
to analog solution while it is doing its own work. 
Thus, ooth kinds of equipmen-t will be kept busy un­
der the control of the digital machine. Problems 
that the analog portion of the united equipment 
might solve would include "quick and dirty" solu­
tions that do not warrant greater accuracy and pre­
cision, parametric studies that involve m.any cases, 
and multiple degree of freedom problems. 

However, in those cases in which the problem 
calls for integration or some of the other functions 
peculiuly suited to analog equipment, the djgital 
machine can perform its own part of the solution 
and c all upon the analog to do the integration or 
other function when and if required. 

Extrapolation 

One can extrapolate the principles of this 
united digital/analog computer into the "Diginalog" 
in which the logic of the machine is such that only­
the best features of each class of computing equip­
ment are exploited and all other superfi uous or re­
dundant features are eliminated. 

Of course, with crossbar switching, vacuum 
tube or rel~ switching, or matrix electronic 
Switching, it is possible to retain the individual 
identity of the digital and analog machines as des­
cribed in the "engagement" stage above, by utiliz­
ing punched paper tape or magnetic tape output from 
the 704 as the input information for controlling 
the automatic patchboard wiring device. Such a 
'technique would postpone the "marriage" if the lat­
ter were uneconomical compared to the cost of the 
added manual step in moving tapes from the EDPM to 
the analog machine. 

Likewise, the digital differential analyzer 
(DDA) can perform some of the desirable tasks of 
the conventional analog with dc operational ampli­
fiers while improving the accuracy and repeatabil­
ity of the solution. Therefore, it might bee~ 
desirable to develop the interconnection first by 
use and later by hardware of EDPM and DDA equipment 
much as has been described in the text above. The 
principles of developing the interrelation will be 
the same. 



CLASS ~ 

ITEM + 
Amount of 

Data Handled 

Amount of 
Calculating 

Usual Type 

Usual Size 

CLASS ---+ 

ITEM t 
Amount of 

Data Handled 

Amount of 
Calculating 

Usual Type 

Usual Size 

Calculators 

Small 

Large 

Digital and 
Analog 

Small to 
Large 

Calculators 

Large 

Large 

Digital and 
Analog 

Small to 
Large 

TABLE I 

THE FIELD OF COMPt1rERS 
Prior to 1959-1960 

Data Handlers 

Large 

Small 

Digital 

Large 

TABLE II 

THE FIELD OF COMPUTERS 
After 1959-1960 

Data Handlers 

Large 

Large 

Digital 

Large 

Simulators and 
Model Testers 

Varies 

Varies 

Analog 

Small to 
Large 

Simulators and 
Model Testers 

Varies 

Varies 

Analog 

Small to 
Large 

(For Interpretation Of These Tables, Refer To Text) 

Controls 

Varies 

Varies 

Analog and 
Digital 

Small to 
Large 

Controls 

Varies 

Varies 

Analog or 
Digital 

Small to 
Large 
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Longitudinal Motion Of An Aircraft With 

And Without Control B.1 An Autopilot 

Equations or Motion 

u -Au -Bw -B9 

if -Du -Ew +aG -H' .. 
9 -Ju -Kw -Lv -Me -N I +Fl (This is the gust disturbance of forcing function) 

Autopilot Eguation 

7) +P9 +R9 

Load Factor Equation 

An sa -TW 

Altitude Equation 

h -va +!w 

Definition Of §Ymbols 

u Forward velocity of the aircraft 

Forward acceleration of aircraft 

w Vertical velocity of the aircraft 

Vertical acceleration of aircraft 

9 Pitch angle of the aircraft 

Notation 

h 

n 

Total control surface deflection 

Altitude of the aircraft 

Load factor 

An input disturbance to pitch accelera­
tion 

Capital letters A, B, C, •••••• ! represent constants that will be determined and put into the 
equations for each set of conditions in the problem. 

The single dot over a s,ymbol represents the rate of change of the quantity represented b,y that 
s,ymbolj e.g., U = rate of change of the velocity u. 

The double dot over a symbol represents the rate of change of the quantity represented b,y the 
single dotted symbol; e.g., 9 .. rate of change of the "rate of change" of the pitch angle 9. 

MATHEMATICAL STATEMENT 

OF A TYPICAL PROBLEM 



COEFFICIENT 

Symbol Value 

A .0059 

B .0366 

C 32.20 

D .1030 

E .h480 

G 536.0 

H 27.50 

J .000450 

K .0122 

L .0000037 

M .3500 

N 1.270 

P 1.500 

R 1.500 

S 17.64 

T 0.031 

V 536.0 

Pot Set Scaling With Positive Coefficients 

FACTORS 

Scale Gain 

(Voltage) (Resistor) 

1 0.1 

1 0.1 

100 0.5 

1 1 

1 1 

100 10 

100 1 

0.01 0.1 

0.01 5 

0.01 0.05 

1 5 

1 2 

1 10 

1 10 

100 0.2 

1 0.1 

1000 1 

SET UP OF TYPICAL ANALOG PROBLEM 

POTENTIOMETER 

Identity Setting 

1 .0590 

2 .3660 

3 .6440 

4 .1030 

5 .L480 

6 .5360 

7 .2750 

8 .4500 

9 .2400 

10 .0074 

11 .0700 

12 .6350 

13 .1500 

14 .1500 

15 .8320 

16 .3110 

17 .5360 
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VARIABLE POTENTIOMETERS SCALE GAIN 

QUANTITIES NO. SETTING FACTOR FACTOR 

j l--r-rT 
P. PI 

W P2 
-p. 

"">---.... PI, P4, P8 (ReI, I) 

-(J P3 

I w=-op.-Ew+GO -H8 

-p. P4 

-w P5 

· +0 P6 

- 8 P7 

-p. P8 

-w P9 

-w PIO 

-0 Pll 

-8 PI2 

+ FI 

+0 PI3 

· +0 PI4 

· +0 PI5 

· -w PI6 

-0 PI7 

+w 

III 
(Rel,2) 

I (j = - J P. - K W - L ~ - M () - N 8 + Fl I 

Pll 

1500 

P6 
P14 

P15 

~
10 +8-8 

,--____ ..--__ . 100. ~ P7, P12 

1500 10 
~ ____ ~__ S9 

1~7J= SO-T~ 
(Rel,4) 

~=-vo + YW 

~
~ 1 _: ,_, 

. 0.1. (Rel,5) 

----~ 10 1 III 

5360 

Figure 3 
ANALCG BLOCK DIAGRAM (BY EQUATION, MANUALLY PRODUCED) 

P3 

P17 

P2 

P5 

P9 
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11 
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-u 
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-hi 

-THETHDOT 

+THETRDOT 

-THETR 

+THETH 

-DELTR 

-[IEL THt1 

+H 

PESCtLVEF'S 
,) 

('UTPUT 

DESTHIHTI (ttl 

P1 , P~, P8/P( 1· 1 :', 

13,Pl0.P16 

S,+, I 11.(P( 1, :::' 

P2. P5. P-:' 

Pl1,56 

pa;., I7.Pl't.P15 

P3.58,F17 

P 13. '.:P( 1. 3:' 

P7,Pl;:: 

(PC 1.4:' 

~:P( 1 • 5~' 

F'ECOH,EPS 

An • High Gain Amplifier (n-no.) 
LEGEND- In • Integrator (nano.) 

NLPnt • Non-Linear Potentiometer (n=no.,t=tap(T-top,C-center,Bsbottom») 

x - ¥n _ Servo Multiplier (nano.) 
Sn = Summer or Sign Reverser (n-no.) 

Pn = Potentiometer (n=no.) 
(RCn,c) = Recorder (nano.,c-channel) 
Rn,c - Resolver (n-no.,ccoutput channel (1 or 2» 

Figure 4 
ANATRAN OOTPUT 

(Wiring block diagram, list of pot settings, checking diagram and 
component count. Produced on 704 or other EDPM output printer.) '-CJ,) 

o~ 
~CJ1 
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40 

w 30 
£t: 
C» 
W 
Q 28 
a: 
c= 10 

2 4 & 8 
R .. RANGE 

(THOUSANDS OF FEET) 

V
T 

.. TARGET VELOCITY 

V
M 

.. MISSILE VELOCITY 

9 .. LEAD ANGLE 

R .. RANGE RATE 

¢ .. TARGET ANGLE WITH RESPECT TO RANGE 

EQUAT IONS: 

R lIZ V
T 

COS <1>- V
M 

COS 9 

¢ .. (V
M 

SIN 9 - V
T 

SIN ¢ )/R 

CASE 1 : VOLTAGE LEVELS: 

V
T 

.. 500 FT /SEC V
T 

O.lv/UNIT 

V M .. 700 F T /SE C V
M 

O.lv/UN,IT 

R .. 4000 FT R O.Olv/UNIT 0 

¢ .. 0.5 RADIAN 
. 

0 R O.lv/UNIT 

9 0.5v/DEGREES 

rp 100v/RADIAN 

Figure 5 
A COLLISION COURSE SIMULATION PROBLEM 



> 
~ 
8 

m 
t:::1 

~~ 
~~. 
I ~ 
i!O'> 

~ 
~ 
;ll 
g 
c:: 

~ 

+ 100 PI I 7000 
(REF) 

+ R FGl • I 

+ 100 P3 
(REF) 

+~ * P4 

5000 

2865 

+ +0.5 ¢ 

+0.5¢ ** 

¢------------------~ 

+R ,( (7--

NLP 3 {~ 
NLP3T 

-R¢---

+ V
M 

SIN 0 ____ --l 

- V
T 

SIN 9S ___ ---.1 

-100 P5 I 5000 
(REF) 

A9 
-0.1 VT SIN ¢ 

+¢> 

R=VTCOS¢-VMCOS.(} I 

~ • A9 
+VMSINO 

+VT COS ¢ 
• S3 

+R 

CODE 

FG1, M3 
(RC1,1) 

[:> SUMMER OR SIGN REVER" 

~ INTEGRATOR 

A C> HIGH GAl. AMPLIFIER 

~ =(VM SINO - VT SIN ~ )/R 

P4 
R RESOLVER 

M SERVO·MUL TlPLIER 

NLP3{~ NON·LlNEAR POT; 

TOP,CENTER, BOTTOM 

..... CJ.) 
O~ 
~'-l 



OUI7lNTITV SOURCE 

+100 P.EFVOLT 

-VSUBtol s 

+0,5THETR FG 1 
+VSUBtol 
-VSUBtot 

5 2 
C" 

-VMCOSTHETR P 1.1 
+VrCOSPHI P :,1 

-ROOT S 3 
-100 REFUOLT 

-VMSIUTHETR P 1,2 

+100 REFVOLT 

-VSUBT 5 6 

+PHI 1 10 

INPUT 

POTENTIOMETER SCRLE 
NO. SETTING GRIN FRCTOP 

7000 0.001 

NLPIT 
t1LPIB 

0.1 
2 4000 IC 0.0001 

.3 5000 0.001 

4 2865 0.005 

RtolPL I F I ER OF: Uotl­
LINERI': ELEtolEtHS 

VOLTHGE ELEtolEtH 
LEVEL RND tw. 

-------
0.1 S 

0.1 S _ 

F~ 1. 1 
1" 1.: 

0.1 5 .3 

0.01 4 

0.1 S 5 

0.1 S 6 

0.1 5 7 

R 2,1 
F.' 2,,2 

-VTCOSPHI 0.1 S 8 

+R 
-PHIDOT 
+0 
OPEti 

+VMSINTHETR 
-VTSINPHI 
-PPHIDOT 

-PHI DOT 
-100 

4 
R ~I 

S 5 
R ' ~ ~,~ 

M 3 

R ":I 
REFUOLT 

HLP3T 
t-1LP3C 
NLP3B 

5 

POTENT I Ot01ETEI"S 
E:' 
~o 

tol 3 

1000. R S' 

0.1 
5000 IC 100. 10 

RtolPLI F I EPS NUL TI PLI EF:S 
1 0 1 

OUTPUT 

OURNTITV DESTINRTION 

-VSUBtot NLPIB,S2 

+' .. 'SUBtol NLPIT 

-VMCOSTHETR S3 
-UMSINTHETR S5 

-RDOT 14 

+P FG 1 , M3 CRe 1 , 1) 

+VMS,INTHETR R9 

-VSUBT NLP2B,S7 

+' .... SUBT NLP2T 

-',,'TCOSPH I 58 
-'..nSINPHI R":I 

+',nCOSPHI 53 

-RPHIDOT R9 

-PHIDOT NLP3T.ll0 

+PHI P4 

F:ESOLVEI"S RECORDERS 
2 1 

An • High Gain Amplifier (n-no.) 
LEGEND- In· Integrator (n-no.) 

NLPnt - Non-Linear Potentiometer (n-no.,t-tap(T-top,C-eenter,B-bottom» 

• Mn - Servo Multiplier (n-no.) 
Sn - Summer or Sign Reverser (n-no.) 

Pn • Potentiometer (n-no.) 
(Ren,c) - Recorder (n-no.,c-channe1) 
Rn,e - Resolver (nano.,e-output channel (lor 2» 

Figure 7 
ANATRAN OUTRJT 

(Wiring block diagram, list of pot settings, checking diagram and 
component count. Produced on 704 or other EDPM output printer.) 

(Compare with Fig. 6) 
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MAN-TO-MACHINE COMMUNICATION AND AUTOMATIC CODE TRANSLATION 

A. W. Holt and W. J. Turanski* 

Summary 

The ACT system is a programmed adjunct to 
a general purpose computing machine (currently 
considered for the MOBIDIC)whose purpose is to 
facilitate the initial encoding and subsequent 
application of specific "code-to-code transla­
tion" procedures. The phrase "code-to-code 
translation" is primarily meant to cover the 
conversion of problem oriented pseudo-codes in­
to machine code equivalents. The ACT system 
provides for the nhousing!! of many distinct 
translation procedures - carrying algebraic, 
data-processing, simulation languages, etc., 
into any of a variety of computer codes - with­
in the bounds of a single controlling system. 

The programmed components of the ACT sys­
tem inolude: 

1. An allocation interpreter - AI 
2. A "core library" of basic translation 

functions 
3. A general translation library whose 

content, varies with use of the system. 
The allocation interpreter permits the 

formation of large translation programs out of 
large (and small) pre-stored sub-programs. 
Without greatly'impeding computation speed, AI 
determines internal and external storage allo­
cations for all space-taking portions of infor­
mation as part of problem computation. This 
facility is shown to be essential to the con­
struction of ACT, and perhaps widely useful in 
other types of programs. 

The core library contains translation 
functions which play a fundamental role in a 
wide range of code-to-code translations. In­
cluded are many functions which usually pl~ 
an important part in machine assembly programs. 
Other functions provide for general library 
handling, code reordering, etc. 

Also associated with ACT is a writing con­
vention called "canonical form" which governs 
the presentation of data (i.e., programs in 
source code submitted for translation). Ca­
nonical form, while flexible enough to permit 
highly diverse problem codes, still standardizes 
all those signals which the basic ACT components 
decode. 

The ideas presented herein were developed 
at the University of Pennsylvania under contract 
to the U.S. Army Signal Corps in connection 
with the FIELDATA family of data-processing 
equipment. Although reference is made to the 
FIELDATA family in the presentation below, the 
ideas should be applicable to other families 
of equipment. Because of the prevailing ten­
dency towards modular design in computing sys­
tems, such families are rapidly becoming more 
numerous. 1,2,3 

General Considerations 

The Problem 

The ACT system, is designed to reduce the 
man-to-machine communication problem in oper­
ating the Army FIELDATA system. The fundamen­
tal assumptions with regard to this communi­
cation problem are: 

1. that the FIELDATA system employs a 
variety of different digital computers; 

2. that the computational problems to 
be solved with these machines belong to many 
different "problem areas" - e.g., trajectory 
computation, estimation of statistical param­
eters, information retrieval, language trans­
lation; etc. 

3. that the exigencies of time and cir­
cumstance may make it necessary to run any of 
the intended range of problems on almost any 
of the intended range of machlnes; 

4. that the overwhelming majority of 
Army personnel concerned with these problems 
will not be computer programming experts for 
any (let alone all) of the intended computers; 
and 

5. that the efficiency of the entire 
FIELDATA system hinges primarily on the speed 
of problem solution - i.e., the total "lapsed 
timen from problem statement till solution de­
livery. Therefore, the speed with which a prob­
lem can be correct\y encoded for computer 
solution may m8tter a good deal more than the 

* The work described in this paper was done for the U.S. Army Signal Research and Development Labo­
ratory, Fort Monmouth, New Jersey, as part of a "multiple task" project at the University of Penn­
sylvania. The aurhors were engaged in this work by sub-contract of Remington Rand Univac, Phila­
delphia, Pa., to the "Common Programming Language" task of the above project. 
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efficiency of the machine program with which the 
computation is finally performed. 

Existing Techniques 

The man-to-machine communication problem 
has been widely recognized and seriously attack­
ed in many of its special instances. Most of 
the present day "automatic programming systems" 
are the result of manufacturers' attempts to 
narrow the gap between "the problem", which ex­
ists in the minds of technical specialists, 
and Itthe program" which "causes li the computer 
to compute a solution. The invention and con­
struction of an automatic programming system 
normally involves two major steps: 

1. The invention of a special problem code 
(often referred to as a Ilpseudo-code" )which: 

(a) is compatible with already es­
tablished habits of expression within some 
technical specialty, and 

(b) is sufficiently formal and complete 
to permit automatic conversion - or "transla­
tion" - into a computer-coded program. 

2. The construction of a special trans­
lating routine which accepts as input data 
problems represented in problem code and pro­
duces as output corresponding machine pr~grams. 

Most commonly, the translating routine is 
designed to accomplish its entire task before 
computer solution of the stated problem begins. 
Thus, bringing a problem to solution with the 
help of an automatic programming system is 
typically a two-stage process - translation 
followed by computation. (See figure 1). 

Automatic programming systems which func­
tion as in Figure 1 depend upon three codes: 
S, V, T. They are usually produced by manufac­
turers; as adjuncts to particular computers. 

Thus, ItComputer V" and "Computer Til of 
Figure 1 are almost always one and the same. 
If, for example, the manufacturer is putting 
a "scientific machine" on the market, he will 
usually design an algebraic-mathematical pseudo­
code to go with it, and he will prepare the 
translating routine to produce programs for 
itself on that computer. -

Past experience with the building of auto­
matic programming systems has brought to light 
several facts which have a strong bearing on 
the FIELDATA man-to-machine communication prob­
lem: 

1. To produce an automatic programming 
system (S,V,T) normally requires major pro­
gramming effort - measured in tens of man-years. 

2. Such systems are usually very difficult 
to modify in response to changes in the specifi­
cations for S, V or T. This difficulty arises 
because the translating routine, within which 
the specifications for S, V, and T are "frozen", 
is usually a large computer program from which 
it is impossible to 'factor' the components, 
S,V,T. 

3. As a consequence of the immediately 
preceding point, it is further true that a 
translating routine which has been programmed 
for the triple (Sl, VI, Tl), does not give a 

substantial head start for prodUCing the routine 
for (Sl, VI, T2) or for (S2, VI, Tl). 

FIELDATA Requirements 

The requirements for FIELDATA computing, 
as set forth at the beginning of this intro­
duction, make it clear that: 

1. The operation of the FIELDATA compu­
ting facility will require a large variety of 
source codes available for easy use in a rich 
variety of technical specialties. 

2. A given source code will have to be 
translatable into anyone of several target 
codes. 

Some more detailed discussion of both 
points follOlO"s. 

Problem Code Flexibility 

It is a well known fact that each techni­
cal field has associated technical "jargon" -
special vocabulary as well as special forms of 
expreSSion - which belongs to it and it alone. 
This specialization of language resembles the 
specialization of computers for particular pur­
poses. In general, special computer problem 
codes for statisticians, physicists, psycholo­
gists, business administrators, operations 
researchers, etc., have not been developed be­
cause the art of automatic programming is young 
md the building of new systems very expensive. 
If the cost of translating routines were not 
an issue, it woul~ be desirable to provide each 
technical field with coding conventions which 
most nearly suit its established habits of ex­
pression. 

Quite apart from making provisions for 
presently fixed habits of expression, the cre­
ator of a translating routine must also note 
that habits of expression change with time 
and circumstance. As the constellations of 
problems to be solved undergo change, so do 
the related~anguage habits. Old words are put 
to new uses; new words are invented; abbrevi ... 
ations are created to refer to oft-repeated 
combinations; previously disjoint sets of nota­
tions must be combined, etc. Thus, expression 
forms change in response to changing needs. 
In many important cases the expressions lead 
to computable problems. The speed with which 
answers appear depends heavily on the amount and 
kind of hand tftrecoding'" (or t'encoding'~ of the 
original problem statement before the computer 
can "take over lt and u1 t1mately execute the prop­
er sequence of computer steps to achieve a prob­
lem solution. 

Computers - Variety and COmpatability 

No matter how similar two computers may 
seem, they always turn out to be distressingly 
different in relation to some problems. Consid­
er, for example, two computers, C and 2C, which 
differ from each other in no respects other than 
that 2C has twice the internal storage capacity 
of C. Ror all those problems easily accomplished 



by a single run on C, Computers C and 2C are 
fully equivalent. For those problems which in­
volve more than one run on C - or perhaps the 
use of overlays - Computer 2C is equivalent to 
Computer C in only the sense that those origi­
nally programmed for C will also run on 2C. 
Thus, for such problems, a major task of con­
version from one computer to another may be en­
countered if 

1. the problem was originally programmed 
for 2C, or 

2. the problem was originally programmed 
for C but must be made to run efficiently on 
2C. 
So-called "compatibility" "",eween machines (in 
the sense of very similar or identical instruc­
tion codes) does not guarantee ease of program 
conversion from one computer to another. Only 
small problems will ccnvert readily, while big 
problems will offer difficulties not much less 
formidable than when "incompatible" machines 
are considered. Although the FIELDATA computers 
are being designed with mutual compatibility 
in mind, significant differences between one 
translatin~ routine (5, V, Tl) and another 
( 5, V, T2) must be expected. 

The need for many source codes and the in­
clusion of many machines (and many configurations 
for each machine) in the FIELDATA system makes 
the normal automatic programming approach ec­
onomically unfeasible. To go from s source 
codes to m machines patently requires s.m trans­
lation routines - a prohibitively large number 
when the effort for each such translating rou­
tine is considered. Even worse, if one had gone 
to the labor of constructing these B.m trans­
lating routines, one would still be faced with 
an unmanageable chore in keeping them up-to­
date in response to changing requirements.* 

Code-to-Code Translation 

The study of many problem oriented source 
codes and their translation into computer code 
reveals that various translation processes have 
many important common elements. Often commonness 
between translation processes can be found by 
examining their respective constituent parts. 
For example the translation of Sl to Tl - briefly 
(51' Tl) - and the translation (52' T2) may both 
employ the same assembly system for the terminal 
portion of the translation. Sorting is a fre­
quent common sub-process; at a finer level of 
analysis, table look-up, list forming, subdivid­
ing a "sentence" into "words ll , economizing stor­
age locations, etc., have frequent occurrence. 
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Another kind of commonness frequently found 
between two translation processes is the employ­
ment of a common control seq~ence with differ­
ences in regard to what is controlled. This is 
illustrated by generator systems (such as 
FLOWMATIC) in which the individual generators 
are properly regarded as sub-translators subject 
to an over-all controlling scheme. Two quite 
different pseudo-codes might be handled by the 
same controlling scheme with differences only 
in the library of generators being controlled. 

These examples indicate that code-to-code 
translation is coherent area of computation for 
which programming aids may be prepared. These 
programming aids (whose nature and form will 
be discussed below) will: 

1. Reduce by large factors the effort 
required to produce an operating program for the 
translation (5, V, T). 

2. Similarly reduce the effort required 
to modify existing translation programs in re­
sponse to changed specification for S, V, or T. 

The ACT system is designed to be a pro­
gramming aid such as discussed above. Once con­
structed, it should have a far reaching effect 
on the manner and effectiveness of FIELDATA 
utilization. In working on some particular class 
of problems - or even just one large problem -
programmers will find it convenient to refine 
their tools of program expression as they go -
by modifying or adding to some previously a­
vailable set of conventions. Thus code or 
"language" development will go hand in hand with 
problem solution, j~st as is normally the case 
in technical or scientific work without compu­
ters. Furthermore the ACT system'shou'ld greatly 
facilitate the re-translatian of a particular 
source code, originally translated to one ma­
chine but now required for anothero 

The Act System 

The ACT System is a collection of programmed 
devices which loosely fit together to help in the 
implementation of specific translations.** 

Also associated with the ACT System are two 
sets of writing conventions; one set governing 
the presentation of translation procedures - to 
be called "ACT translation procedures" - and the 
other to govern the presentation of data (i.e., 
source-coded programs submitted for translation.) 
This is analogous to computer systems, for which 
data and programming conventions must always be 
specified. A complete description of ACT will 
therefore include: 

* This is almost exactly the problem to which II proposal named UNCaL (sponsored by SHARE and described 
in ACM Communications, Vol. I Nos. 8, 9) is addressed. In our opinion the UNCaL proposal, while 
aimed in ~ valuable direction, is practically unworkable. For more details, see section on General 
Translation Library below, also a letter from George H. Mealy, Switching Systems Dept., Bell Tel. 
Lab., In~., to the members of the UNCaL committee, dated Feb. 3, 1959. 

** Some of these components have importance and usefulness above and beyond their function within ACT. 
This is exactly comparable to parts of a computer (such as memory units or tape transports) which can be 
integrated into many diff-erent systems. 
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I. A description of major components. 
2. writing Conventions governing ACT trans­

lation procedures. 
). writing Conventions governing programs 

submitted for translation. 
The programmed components of the ACT system 

include: 
1. An allocation interpreter - AI 
2. A ·core library" of basic translation 

functions 
). A general translation library whose 

content varies with use of the system. 

Allocation Interpreter 

The allocation interpreter permits the for­
mation of large translation programs out of 
large (and small) pre-stored sub-programs. Un­
like assembly programs, it accomplishes its 
function dynamically - i.e., during the actual 

running of translation programs. This mode of 
operation is dictated by two important character­
istics of translation programs: (a) frequent use 
of data dependent storages (b) the possibility 
of analyzing such program.s into parts some of 
which are large sub-programs (unlike mathe­
matical subroutines). 

Although AI participates at run-time, it 
does not cause any substantial reduction in 
computation speed. Almost all program ins­
tructions are performed by the actual computer 
without interpretive interference. Only at 
infrequent intervals in program running time, 
when there is a change in requirements for 
internal or external storage space, is there 
a jump out of AI for bookkeeping and allocation 
activities, followed by a return of control to 
the running program. in this respect AI behaves 
in a manner analogous to that of contingency 
routines. 

The special jump-return instructions which 
interrupt the main computation for AI interven­
tion might be conveniently viewed as new macro­
instructions, added to the previously available 
stock of computer commands. These macro-in­
structions are entirely concerned with space 
allocation, and programs written with these in­
structions in mind have new formal properties. 
Correspondingly, a computer-pIus-AI on which 
such programs are intended to run mq be con­
veniently regarded as an "Extended Machine" 
EM. Figure 2 is based on this conception. 
T~e central cross represents the extension. 

Associated with EM is EM-code in which 
programs for EM must be stored. This code 
differs from ordinary machine code in several 
respects. 

1. The program is formally subdivided into 
program ·phases", each phase headed by a phase 
description. The phase description lists 
It sequences " of "segments· of information be­
longing to the phase and requiring space (in­
ternal or external) when the phase operates. 

2-. The phases of a program relate to each 
other through special calls (interpreted by AI). 
When a call for a new phase is encountered, the 
calling phase is suspended and the called phase 

initiated. When the called phase terminates it 
may either be held for re-use or dropped, de­
pending on the manner of call. 

). Aside from special AI macro instruc­
tions having to do with space allocation (in­
cluding new phase call) EM code contains or­
dinary computer instructions with sequence­
and-segMent-relative addresses. These addresses 
are converted by a program loader into fixed 
form when the phase is first encountered during 
program operation. If a phase is held for re­
use and then re-activated, it is returned to 
memory to the same set of locations to which 
it was originally assigned. Between uses of 
the same phase AI will have taken care not to 
assign any newly developed information which 
this phase requires to locations causing con­
flict with old information already belonging 
to the phase o 

Although phases of EM-coded programs will 
normally be functional units (corresponding to 
a box on some flow-chart description), the con­
verse need not be expected. The only use which 
is made by AI of the knowledge that a program 
is subdivided into phases with particular inter­
connections is to temporarily dump some infor­
mation in favor of other information which is 
now required and which could not otherwise be 
accomodated. Therefore functional units which, 
in their coded farm, occupy very little space 
in the various computer media are not worth 
treating as separate phases. The bookkeeping 
involved in their handling is not worth the 
space return which they can bring. 

The power of EM may be said to derive from 
the following fact. In the case of EM programs 
the total space requirements of the program (for 
external and internal space) have been brOken 
down into space requirements for individual pro­
gram phases (Where different phases may overlap 
by requiring the same information). At anyone 
moment in computation time only one phase is op­
erating and hence only its space requirements 
must be satisfied. Any parts of other phases 
which do not overlap with the active phase can 
be dumped and later restored if necessary. But 
the greater the amount of dumping and later re­
storing the slower the program operates. If, 
therefore, there is enough memory space to per­
mit the assignment of phases side-by-side the 
program will run correspondingly faster. In this 
way EM is able automatically to trade time for 
space depending on the total available storage 
of the computer and the sizes of various data 
lists which may have grown in course of compu­
tation. 

The Core Library 

The core library consists of a collection 
of sub-programs - called translation procedures -
which have near-universal importance in trans­
lating pseudocodes into machine codes. (Many of 
these functions derive from a single fact about 
the relation of source to target: namely that 
the information in the source code is packaged 
by time of generation, while in the target code 



it must be packaged by time of use). 
The writing conventions - called "Canonical 

Form", abbreviated "CFIf - governing source­
coded programs submitted for translation, are 
entirely related to the core library. All of the 
signals for which CF provides are decoded by one 
or several procedures in the core library. 
Conversely, all those translation procedures 
which only deal with signals specified by CF 
belong in the core library. The following 
is a partial list of functions fulfilled by 
the core library procedures. 

Coding Item Handling - Each CF item of pseu­
do-code (such as a FORTRAN formula, an assembly 
instruction, a FLOWMATIC sentence, etc.) has a 
formal structure which provides for standard 
item features such as: (a) an item identification 
number (b) a symbolic item name (c) item type 
indications. In addition, after some preliminary 
editing, the body of the item may be recognized 
to consist of a sequence of symbols. The core 
library provides CF item handling functions which 
allow specific translation proces~s to gain ac­
cess to constituent portions of items by means 
of Iti tem dis sectingn commands. Similar ly, if 
a translation procedure produces CF coding items 
as output, they may be assembled from their con­
stituents by use of "item assemblinglf commands. 

Patch Interpretation - CF coding items may 
be generated (by programmer or generating rou­
tine) in some order wholly different from the 
order in which they will be next required. Item 
rearrangement may be coded into the original item 
sequence by use of the item identification num­
bers as well as by use of special "patch items". 
Core library functions will cause item re-order­
ing, thus interpreting the tlpatch" intentions 
expressed in ~he original item sequence. 

Symbol_!.~terpretation - By tlsymbol lt is 
meant the smallest meaningful constituent of 
a coding item. ' Thus, the computer instruction 
ICLA B 5421 is composed of three symbols. Sym­
ools may be of various types from the point of 
view of what interpretation they require during 
translation. Some symbols, for example, are 
absolute and require no interpretatioTI'; other 
symbols are 'dummy I and require replacement 
by specified expressions: yet other symbols 
refer to named coding items - i.e., are "ad­
dresses" - and will require address interpre­
tation. The core library contains a variety 
of procedures to effect symbol interpretation. 

TyPe Interpretation - CF coding items may 
contain marks to indicate their specific type. 
Thus, for example, a FORTRAN DO-statement and 
a dimension statement might be distinguished 
as to type; or a statement to be interpreted 
by FORTRAN as opposed to a statement to be 
interpreted by SAP may be distinguished by type. 
In general, type indications always mean that 
the items thus categorized, are to be respective­
ly delivered to different translation procedures 
for treatment. Core procedures are used to de­
liver CF coded items to appropriate translating 
routines in proper priority sequence, accord­
ing to type indication. 
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Call Interpretation - One of the frequent 
mechanisms emplqyed in code-to-code translation 
is the adjoining of one or more batches of 
coding items, taken from a libr~y of such 
"batches", to the coding items wh ich already 
belong to the source coded routine being in­
terpreted. A good example of this is the se­
lection of subroutines from a library. After 
the subroutines have been picked up and (with 
some adjustments) adjoined to the routine un­
dergoing translation, this latter routine has 
been lexpanded' by the inclusion of new coding 
items. Special items in the -aource coded rou­
tine, called "call items" tell what particular 
batches are to be selected from the library for 
inclusion. 

In the case of subroutine selection, call 
interpretation may be carried out through a 
hierarchy of levels. The subroutines selected 
for adjoining to the calling routine may them­
selves contain further call items requiring 
(for their interpretation) the selection of 
yet other library routines for inclusion. Thus 
the original source coded routine contains 
Itfirst level" calls; the subroutines thus se­
lected may contain "second level-" calls, and 
so forth, for nth level calls. 4 

Call interpretation may be usefully applied 
to a variety of cases Which have nothing to 
do with subroutine selection. For example, 
a routine coded in FLOWMATIC might be said 
to "call" on file descriptions from a library. 
The interpretation of such calls has much in 
common with subroutine selection. To go one 
step further: if there were a number of diff-
erent files Which all involved the same item 
description, then there might even be "second 
level lt calls - the routines calling on file des­
criptions, and the file descriptions calling on 
item descriptions. Core procedures are used 
to carry out hierarchic fetching and adjusting 
of library information. 

The General Translation Libr~ 

The contents of the general translation li­
brary are governed by the particular source 
codes and target codes for which translation 
procedures are desired. When stored in the 
translation library, these procedures are rep­
resented in EM code - hence contain special ma­
cro-instructions having to do with allocation. 
The.y also contain maero-instructions referring 
to translation procedures stored in the core 
library. In general, the time at which various 
core functions are brought into play in course 
of a translation is dependent upon features of 
source and target codes beyond those which are 
governed by canonical form. Hence the highest 
level control of a translation procedure always 
resides in a program belonging to the general 
translation library. With ACT, as presently 
conceived, there must be a distinct high-level 
controlling program for each source-to-target 
pair (S, T) desired. Ofcourse these controlling 
programs will, in general, be very short, the 
bulk of the work being encoded in sub-programs 
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belonging to general or core libraries.* 
One class of translation procedures expected 

in the library deserve special comment. In 
course of many code-to-code translations one 
reaches a penultimate code form which m~ be 
roughly described as 'tassembly code" and a final 
step in translation called Itassembly". There 
is considerable variation bet~een present-d~ 
translation systems (such as FORTRAN, FLOWMATIC, 
IT, etc.) in regard to the c omplexi ty of this 
final assembly phase. In the FLOWMATIC compiler 
for example, only the most rudimentary assembly 
phase, consisting of nothing more than relative 
address interpretation is employed,5 while 
FORTRAN translation produces SAP assembly code 
with symbolic addressing, library reference 
ability, and m~ other features. 

In the development of ACT a special analysis 
was undertaken of the terminal translation steps 
to determine whether a widely applicable 'end 
game' could be prepared for inclusion in many 
different translation procedures. This analysis 
resulted in a set of specifications for assem­

bly - system and code - which includes maQY 
featUres normally included in such systems but 
also some notewor~ additions. (Description 
of these lies beyond the scope of this paper.) 
Assembly procedures conforming to these speci­
fications make extensive use of the core func­
tions previously described as well as some 
additional ones. Since, howe-ver, such proce­
dures always depend, in part, on the target 
computer, they are themselves represented in the 
general translation librar.r. 

The success of the ACT system conception 
hinges critically on the feasibility of general 
translation library building, and we will now 
try to show that past experience with code-to­
code translation justifies the expectations on 
which the OVer-all design of ACT is based. 

.It is well known that, in normal code trans­
lation procedures, the source code is made to 
pass through some number of intermediate forms 
until, through final processing it becomes target 
code. 

(1) Cs --. CII --. C12 ~ C13 ..... ".CAI-CT 
In (1) the subscripts, II, 12, etc., are 

meant to suggest successive Intermediate forms, 
while Al suggests Assembly form (A2, A3, etc o , 

being possible intermediate forms through which 
the code passes during assembly). In FORTRAN 
translation, for example, the initial formula 
statements pass through several intermediate 
forms until they reach "triple" form;6 they are 
then translated further into SAP assembly code, 
etc. Generally speaking, as the code progresses 

from form to form, it becomes, step-wise, less 
and less conditioned by the specifications of 
the source code. Thus, for example, in FLOWMATIC, 
by the time the code has reached Op. file (1) 
form, it is largely independent of the detailed 
rules for FLOWMATIC statement writing. One 
could substitute many new conventions for 
FLOWMATIC sentence presentation, and correspond­
ingly onl alter the action of the so-called 
"glossaries", which together with some general 
controlling code) determine the first intermedi­
ate code form. To put this another way: many 
details of FLOWMATIC code form are interpreted 
and done with in the first stages Cs -. CII. 
All such details could therefore be altered with­
out requiring any revision in the compiler, save 
a change in the early phases. 

Exactly parallel observations apply to the 
terminal stages of code translation with regard 
to the details of the target code. Again 
choosing FLOWMATIC as an example: one can alter 
the target computer (hence the target code) 
with little or no effect on the early stages 
of translation which are source-code determined~~ 

Figure 3 show£ a rough break-down of code­
translation into stages which are successively 
more target-code determined and less source­
code determined.~~~ The division into gross 
stages as in Figure .3 is neither unique nor 
optimal. Its sale purpose is to show how the 
ACT translation library may be used to good ad­
vantage. Suppose for example that a certain 
translation (Si, Ti) is coded with exactly six 
intermediate stages, shown in Figure 3. The 
over all ACT program would read: 

(2) Do stage 1 
Do stage 2 

. 
Do stage 6 

This program would be stored in the ACT li­
brary together with all six sub-programs which 
are called upon. Now suppose that one wishes 
to produce a translation for (Sj, Ti) where Sj 
differs from Si only in its rules for operation 
and operand presentation (such as parenthesis 
notation for algebra replaced by Polish nota­
tion; or the rules for fi·le and item descriptions 
changed from Itexplicitt' to "pictorialu form, 
etc.). The new translation may be obtained by 
writing a new controlling program 

(3) Do stage I' 
Do stage 2 

· · · • 
Do stage 6 

* It is projected that a special component of ACT can be prepared, to be called the ACT "translation 
controllt program. Highest level control of translation would then always be vested in this program, 
and the total number of individual translation procedures required to handle a large class of (S,T) 
would be greatly reduced. Further study is required to test the feasibility of this. 
** This observation is the basis for the so-called AIMACO system which translates FLOWMATIC code 
into 1183 target code. 

*** The fact that some computer effects enter the translation procedure almost from the beginning 
is what makes the UNCOL proposal - namely to accomplish all translations in two stages, the first 
source determined and the second target determined - unfeasible. 



and also coding a new sub-program correspondlng 
to 1'. If, on the other hand, one wishes to 
produce a translation for (Si, Tj), one will 
have to consider how radically Tj differs from 
Tj • The more radical the difference, the great­
er the number of intermediate stages which must 
be replaced. 

Consider next, the nroblem of producing a 
translation for (Sk, Ti) where Sk is a source 
code which allows parts to be written in Si 
and other parts in S j with "type" labels to show 
which sections are written in accordance with 
which conventions. Suppose further that both 
translations (Si, Ti) as well as (Sj, Ti) were 
already available, and both coded in six stages 
as in Figure 3. The new control program would 
cause some number of initial stages for Si 
to be performed, and also some number of initial 
stagea- for Sj. As soon as both streams of 
coding have achieved a common form, they are, 
from there on in , submit ted to the same terminal 
stages. How many stages would be involved be­
fore the two streams converge is a function of 
how profoundly the two codes, Bf and Sj, differ 
in their features as analyzed in Figure 3. 

These greatly over-simplified examples are 
meant to show that, because of the partial 
ttfactoringtt of source from target effects which 
one may realize in code-to-code translations, 
one will have ample opportunity for the re-use 
of major translation sub-programs to be stored 
in the ACT translation library. As already 
discussed previously, the extended machine base 
seems indispensible for the combining of such 
major sub-portions into entire operative 
programs. 

Final Summary 

The primary aim of the ACT system is to 
reduce to a minimum the labor required to 
implement a given translation (Si,Vi, Ti)o 
The reduction of labor is achieved through: 

1. Storing translational functions of 
almost universal applicability in the core li­
brary a1 d providing for their incorporation in 
new translation programs. 

2. Making it possible for the translation 
library to grow in such a way that new programs 
(Sj, Tj) may use, as sub-programs, previously 
coded procedures already stored in the trans­
lation library. 

Regarding item (2) above, its realization 
is entirely dependent on EM as the fundamental 
base on which ACT is built. The effictiveness 
of item (1), on the other hand, is dependent 
on the analysis of coding functions which leads 
to the definition qt canonical form. 

(Many of the representational facilities 
which CF provides will not be directly employed 
in progrannner-written source codes, but will 
appear in intermediate code-forms which are the 
result of early editing and other translations.) 

Figure 4, is a schematic summary of the 
three main portions of ACT. Each box in the 
figure is horizontally divided into three sec­
tions. The middle section tells by what func-

tional requirements the object is determined; 
the 10~Ter section tells by what coding forms 

335 
11.1 

the object is determined. ('EM-code' refers to 
the extended machine. In regard to the triplet 
(S,V,T) the machine used - extended or unexten­
ded - is V. Because of the nature of EM, the 
ACT system can be transferred from one V to a­
nother without recoding if the two machines diff­
er only in configuration but not in order struc­
ture.) 
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THE COMPUTER OPERATION LANGUAGE 

George F. Ryckman 
General Motors Research Laboratories 

Warren, Michigan 

Summary 

The many machine oriented and problem ori­
ented languages existing and being planned today 
give rise to more complex problems in operating 
a computer. The development of computer operat­
ing systems have materially aided the problem 
of getting a program or series of programs on 
and off the computer efficiently. The variety 
of language processors have created a new op­
erating S,Ystem function - that of interpreting 
a language describing the processing to be per­
formed for a given job. In particular the lan­
guage is used to call a given processor, per­
scribe pertinent options and other control 
information. As such it is termed a computer 
operation language or operator oriented language. 
Not only does this language serve to free the 
human operator of many clerical tasks but it 
also provides for more consistent and error­
free operation of the computer. 

Introduction 

In recent years the computing profession 
has recognized two classes of computer languages. 
The first of these is termed the machine oriented 
language. Characteristic of this language is 
that it is tied quite closely to the hardware 
itself. That is, coding in this language is 
either directly interpretable b.r the computer or 
an assembly process produces a language which is 
directly interpretable by the hardware. The as­
sembly process then is working on a one-to-one 
translation basis. Exanples of machine oriented 
languages are basic coding, relative coding, and 
probably the most used, s.ymbolic coding. 

A second computer language is called a 
problem oriented language. It is characterized 
by having few. ties to the computer hardware. 
Rather it is aimed at problems in specific areas 
of mathematics, engineering, physics, accounting, 
and so on. Characterist:lc also of the problem 
oriented language is the compiler or generator 
which examines the source statements and gener­
ates strings of basic machine code. The compiler 
is not only doing all of the basic machine cod­
ing, but in many cases it is also doing some of 
the analysis and even furnishing numerical tech­
niques. One of the more important differences 
between the machine oriented language and the 
problem oriented language is that it requires 
fewer pencil marks to state a problem in the 
pro blem oriented language. This in turn means 
less effort, less time, and less cost involved 
in preparing a problem in a problem oriented 
language. Still there is a need for the machine 

oriented language for those problems which are 
not conveniently expressed in any of the pre­
sently prepared problem oriented languages. 
Examples of problem oriented languages are 
Flowmatic, Fortran, and the data processing 
generators. So much for the machine oriented 
language and problem oriented language. 

The Computer Operation Language 

I should like to introduce a third class 
of computer language. It is one which is known 
but probably not as universally recognized as 
the first two. We call this the computer op­
eration language. Like the problem oriented 
language, the computer operation language has 
few ties to the actual hardware. Unlike the 
problem oriented language, it is aimed at in­
forming the computer of the major steps to be 
taken in processing a job. The information 
supplied to the computer is much like the 
operator instructions written for the machine 
operator. Relatively unimportant is the dis­
tinguishing characteristic that the computer 
operation language is processed by an inter­
preter. This of course is not essential, and, 
in fact, the language could just as well be 
processed by a compiler. 

Turning our attention for the moment to 
some history in the development of the computer 
operation language, we began experiments in this 
area in the summer of 1957. At that time we 
were processing something over one hundred jobs 
per day on our computer with the aid of an op­
erating sYstem. Our only coding sYstem at the 
time was a s.ymbolic assembly program. Anti­
cipating a wide use of Fortran which had just 
become available, we began the design and check­
out of an operating system for the Fortran com­
piler. One of our first requirements was that 
the programmer have the ability to compile a 
program in Fortran and then immediately execute 
it all on one machine pas.s. We also wanted him 
to be able to easily control these options. As 
a result we made our first attempts at a com­
puter operation language. The Fortran operat­
ing system had an interpreter built into it 
which recognized such simple terms as compile, 
execute, and others. As more features became 
available in Fortran, their terms were added 
to the interpreter's dictionary or vocabular,y. 
Fewer than twenty-five verbs and nouns comprise 
the vocabulary today. However, there is un­
limited expansion room. 
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Environment of !:!!! COl!J?uter Operation Language 

Recognition of the computer operation lan­
guage is significantly important in the evolu­
tion of computer languages. The user has a 
powerful command of the computer. In our ex­
perience the language has been enthusiastically 
accepted by the programmer. First, because it 
is easy to use and second, because it gives him 
consistent results in the processing of his pro­
blem on the computer. From the standpoint of 
the computer operating system this language is 
an input, informing the system of the actions 
to be taken for each job. A few words about 
operating systems is in order at this point. 
Charged with the major responsibility of op­
erating the computer continuously and smoothly, 
the operating system shows up most favorably 
when there are a large number of jobs to process 
in a day. The author recognizes that operating 
systems were originally justified on the basis 
of such a machine load. It takes effort in 
terms of man-hours to devise these systems, to 
expand them and to maintain them. On the other 
hand, our payoff was great enough in terms of 
savings both on the part of the user and also 
in more efficient machine operation to justif.y 
the expenditure. Some users of present-day 
computers may find they are unwarranted in 
developing an operating system on the basis 
that they are running a relatively few problems. 
It should be pointed out that long-running pro­
blems on today's computers will be short-running 
on the next generation of computers. But more 
important are the benefits accorded the user 
through other functions of the operating system, 
e.g., more powerful and consistent control of 
the computer via the computer operation lan­
guage. 

Developments in Planning 

I should like to explore what might be the 
future of the computer operation language. At 
the time of this writing we had just completed 
the incorporation of a new coding system in our 
operating system. The Surge compiler is a pro­
blem oriented language processor which is de­
signed to aid in the preparation of data pro­
cessing programs. It will sort a file of in­
formation, update it, and prepare reports from 
a file. In addition to adding it to our master 
tape, we have also increased the vocabular,r of 
our computer operation language. The computer 
now understands a call for Surge along with 
execution of the resulting program if so de­
sired. M~ of the options available under 
Fortran processing are also available under 
Surge processing, and accordingly are under­
stood by the computer. The effort of incor­
porating Surge amounted to approximately one 
man-month - an insignificant part of which was 
the expansion of the computer operation langu~e 
vocabulary. It was not surprising to learn 
again, as we had with Fortran, that the Surge 

coding system was considerably enhanced just 
by virtue of the fact that it was more read.ily 
usable. The user prepares the Surge statements 
as well as the processing statements which are 
all incorporated in one d~ck of cards and sent 
to, the computer room for complete processing. 

It would be well at this time to bring out 
another inportant advantage of the language in 
that it has the inherent ability to merge parts 
of a program which have been coded in different 
languages. As an example, a program which had 
been partly coded in symbolic language, partly 
in Fortran, and partly in Surge could be quite 
conveniently combined, loaded into memor,y, and 
executed as a single job. The merging can be 
done at ~ level at which the languages are 
in fact compatible, such as at the symbolic 
language level. This advantage of the language 
should not be underestimated. 

In the near future we intend to add still 
another coding system to the package. The 
Dyana coding system, which was reported at an 
earlier Joint Computer Conference, will be 
added with the necessar,y extensions to the 
vocabulary. In this case the words: DYANA, 
EXECUTE, will trigger the following actions 
on the part of the computer. First the DYANA 
processor will be retrieved from the system 
master tape, and it will conunence processing 
the DYANA source statements and as a result 
will produce Fortran statements. Given the 
Fortran statements, the system then understands 
that it is to bring in 'the Fortran processor; 
and as a result of this operation, the object 
program will be produced. In response to the 
word EXECUTE then, the system will load the re­
sul ting object program into memory and transfer 
control to it. The DYANA object program will 
get its input from the same source which con­
tained the DYANA source statements, and it 
records its outputs on the appropriate media. 
At the conclusion of execution, the DYANA ob­
ject program releases control to the system to 
bring in the next job. Thus through the com­
puter operation language the programmer has 
controlled a sequence o~ processes which do not 
require ~ human intervention. 

Potential of ~ Language 

Given a large capacity memory device with 
reasonably good access, it will also be pos­
sible to store a number of production programs 
in the computer. Through the use of the com­
puter operation language, the programmer m~ 
then call ~ one of these production programs, 
supply it with appropriate data, and produce the 
necessary results. 

Future developments of the computer op­
eration language may well include some condi­
tional statements, boolean expressions, de­
clarative statements, and others which are 



presently found in problem oriented languages. 
The macro concept can be used to good advantage 
in specifying a sequence of processes. In one 
of mw earlier examples, I mentioned a call DYANA. 
This was interpreted by the computer to mean call 
the DYANA processor and when it has completed 
its compilation. call the Fortran processor. In 
a very elementary sense then, the command DYANA 
is a macro. 

Figure 1 shows the potential power which 
might be built into the computer operation lan­
guage. The first statement is a simple call for 
a processor Dyana. Next the programmer has 
specified the action to be taken if a machine 
error occurred on the first try at a ~ana 
processing. He wants to go back and recall 
~ana. The second statement calls a report 
generator. Here again, if a machine error 
occurs on the first try he wants to go back 
and recall the report generator. Assuming 
these two processes are successfully completed, 
he then wishes to set a debugging mode followed 
by an execution of the object programs result­
ing from the ~a and report generator pro­
cessors. During the execution of this program, 
if something causes an interrupt, he wants 
tapes A and B to be saved. If on the other 
hand an error occurs, then he would like to 
get a dump of all core variables and also 
tape A. Following the completion of all pro­
cessing he wants to exit to the next job. At 
the bottom of the illustration is a macro Which 
will perform the same functions as all of the 
statements 1 through 5. In this case a simple 
CALL ABLE. 

One of the points which becomes quite clear 
in this discussion is the necessity for process­
ors such as SAP, FORTRAN, SURGE, etc., to behave 
as subroutines to the operating system. The,r 
must be subroutines in the sense that they are 
informed by the operating system of the machine 
configuration available to them for each exe­
cution. As an example a processor must be told 
where it will find its input(s), where to re­
cord its outputs, what primary and secondary 
storages are assigned to it and even where the 
processor itself is stored. This information 
may be thought of as parameters in a calling 
sequence at the time the operating B,Ystem calls 
the processor. The operating B,Ystem is of 
course aware of the needs of a given processor 
and proceeds to call that processor if the re­
quired portion of the machine configuration is 
available. Alternate sets of needs should be 
allowed which will allow the processor to op­
erate more or less efficiently on the computer. 

The major reason for subroutinizing pro­
cessors is solely to allow compatible operation 
of more than one processor on the computer. Two 
or mo~e processors which make a priori assump­
tions concerning input, output or other storage 
use probably preclude compatible operation. A 
simple case is that of two processors both of 

which assume they theysel ves occupy the first 
position of a given tape. The programmer 
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effort required to eliminate these incompat­
ibilities is not inconsiderable. It should be 
noted that some large processors have alreaqy 
been written as subroutines such as the SHARE 
Operating ~stem for the 109 computer. A second 
reason for subroutinizing processors is to allow 
a program to be written in more than one lan­
guage, as stated earlier. The saving of each 
segment of the program as processed is another 
function of the operating B,Ystem as directed 
by computer operation language statements. In 
summarizing this point processors must be writ­
ten as subroutines before the full potential 
of the computer operation language can be readily 
realized. 

Conclusion 

Although the computer operation language 
has been used in many of today's computer 
systems, it has never been extracted and re­
cognized as being a powerful concept. Once 
it has been recognized, it will be much more 
fully exploited. The SHARE organization's 
General Standards Connnittee is currently con­
sidering the impact of the computer operation 
language on future computer systems. The lan­
guage is a key to the sound and successful 
operation of the computer from remote stations. 
It will one day take its place with the machine 
oriented language and the problem oriented lan­
guage. 
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! Program Written in ! Computer Operation Language 

Statement ~ Statement 

1 

2 

3 

4 

5 

CALL DYANA 
IF (ERROR FmST TRY), 

CALL REPORT GEN 
IF (ERROR FIRST TRY), 

SET DEBUG MODE 
EXECUTE 
IF INTERRUPT, GO TO 3 
IF ERROR, GO TO 4 
GO TO 5 

SAVE TAPES A, B 
GO TO 5 

DUMP CORE VARIABLES 
TAPE A 

EXIT TO NEXT JOB 

MACRO ~ STATEMENTS !-2 
CALL ABLE 

Figure 1 

GO TO 1 

GO TO 2 
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A New Approach to the Programming Problem 

William Orchard-Hays 
C-E-I-R, Inc. 

Arlington, Virginia. 

The computing and data processing field as we 
know it today, that is, employing high-speed EDP 
equipment, although but a few years old, has 
grown accustomed to major advances, changes and 
reworkings of systems in quick succession. How­
ever, the increasing complexity of programming 
and of applications, together with the rapid 
appearance of several powerful hardware systems, 
has now reached such proportions as to cause 
considerable uneasiness and confusion. It ap­
pears sometimes that the effective lead time for 
preparing for a new machine has not only gone to 
zero but become negative. As to problems, it 
has become a cliche' that they are always wanted 
"yesterday" • 

It would be hard to deny that the programming 
profession has brought some of this on itself 
although the total problem is much broader than 
what is usually considered programming. It ap­
pears sometimes that the equipment users have 
not kept pace with the equipment makers in 
imagination, sensible distribution of effort and 
just plain pride of workmanship. Yet, a real­
istic evaluation of the work done on large 
machines in the past three or four years will 
elicit admiration from anyone capable of under­
standing it. But mingled with the understanding 
admiration is likely to be a trace of fear that 
man cannot yet effectively utilize the powerful 
machines which he is building. Some of the most 
ambitious, thoroughly planned and well funded 
projects have been little short of fiascoes. 
And machines five times as powerful are on the 
threshold, with other machines twenty times as 
powerful as that following. 

A brief look backward is sometimes helpful. In 
earlier days of machine computing, say as far 
back as 1952-3, there was a keen interest in 
getting jobs done and a lively anticipation of 
doing these jobs better on the equipment soon to 
be available. The dark ages of the 602 and 604 
had given way to the transitional CPC with oc­
casional excursions on the EDVAC, SWAC or UNIVAC. 
People were steeped in the care and preCision of 
EAM procedures, still believed in the doctrine 
of economy of space and time, and still accepted 
a challenge to do some operation in a better way. 

Machines were looked on as tools, and it was 
assumed that people would be required to make 
effective use-or-tnem -- people who understood 
them. It was also accepted that computing de­
partments existed to serve some higher purpose 
and that it was the function of the programmer 
or machine specialist to provide means to make 
machines useful to those with problems. 

It would be hard to say that these notions have 
ever been deliberately scrapped but, somehow, 
they no longer seem to describe current atti­
tudes. Perhaps it is just that the problems 
have gotten harder faster than we have gotten 
smarter. We can hardly be accused of idleness. 
Programs have proliferated in ever increasing 
sizes until today one person can scarcely be 
aware of all the routines available for one 
computer, let alone understand their use. At 
the same time, the number of new jobs presented 
which require original programming has grown at 
least as fast. This in itself, of course, is 
encouraging; we do not wish to work ourselves 
out of a job. But neither, I think, do we wish 
to attempt to re-define every field of tech­
nology. I am aware that much lip service, and 
much real effort, is devoted to providing better 
programming aids and "automaticn systems, pre­
sumably for those who have a need to exploit 
machines but who have neither time nor inclina­
tion to become professional programmers. Few 
would claim an outstanding success here. Per­
haps the trouble is that we are attempting to 
bridge an ever-widening gap with the same double 
step that was effective in the days of the CPC, 
namely the general programmer and the system 
programmer. 

The standard solution to the problem of "getting 
on the air" with a big project has been to pro­
liferate ever larger programming groups - by 
hiring, training, renting, pirating or any other 
means including dumping a bunch of people in to 
sink or swim. This method is becoming increas­
ingly ineffective. A large number of people 
doing a mediocre job only adds to management's 
problems. This is not to say that the people 
are mediocre. Rather they often lack direction. 
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However, that there is a definite limit to the 
number of potentially top-flight professional 
programmers - dedicated, intensely interested, 
highly skilled and capable of creative work - is 
apparent to anyone in the industry. This limit 
is indeed small, I would guess in the hundreds. 

This problem has not gone unnoticed, of course. 
Besides a number of elaborate processors and 
operating systems, there has been talk of a 
universal problem-oriented language, of a uni­
versal machine-oriented language, and even of 
some kind of a universal language for both pur­
poses. People evidently take these seriously 
since there are many active committees in exis­
tence. But just what meaning do such phrases 
have? 

Let us look at the problem-oriented language 
first. Before we can begin, we must assume that 
it is somehow possible to foresee every kind of 
term that will ever be used and every kind of 
action that will ever be taken in defining and 
solving a problem. We can, you may say, assume 
synonyms and isomorphisms so that it is not 
necessary to pre-define every actual combination 
of characters and symbols. But this assumption 
implies a recognition and/or memory capability 
which far exceeds anything we now know outside 
of the human brain. Moreover, there is the 
deeper implication that all classes of quanti­
ties and operations are now known. To say that 
the operation of defining an operation will be 
permitted is only evading the issue since this 
implies that we know how many innovated opera­
tions will interact with all existing operations. 
Given any defined langu~ge, it is not very diffi­
cult to show that there/are reasonable problems 
which may require instructions, i.e. notions, 
outside the language. Hence no problem language 
can be universal. 

Similar arguments can be made regarding a 
machine-oriented language. Consider a simple 
example. One of the tasks to which such a lan­
guage must be adequate is the translation of any 
program to a form usable on a machine and, at 
the same time, responsive to the needs of the 
problem formulator. Suppose this person is 
studying improved methods of handling his prob­
lems and wishes to determine how much informa­
tion is required in translating a program. Then 
he must be able to write a 'program which outputs 
information about every action of the processor. 
Hence the processor must accept modifications to 
and interruptions of itself. But then it is no 
longer merely the processor of the original 
language. Hence he must be using a more ex­
tensive language. 

There are other and more powerful arguments 
against the feasibility of a universal machine­
oriented language. This is betrayed by the fact 
that such supposed languages have a bad habit of 
turning into rather specific problem-oriented 
languages where the problem is how to describe 
a machine, whereas what is desired is the 
ability to use a machine. Yet the notion of a 
universal macnine-oriented language system does 
have meaning, it seems to me, in a somewhat 
different sense. 

In order to develop this argument, it is neces­
sary to consider a few basic principles. I will 
restrict myself to fcur, all of which have to 
do with the dynamic nature of computing. 

1. The introduction of new ideas and new 
applications is an inherent part of 
EDP technology, both in the manufacture 
and in the use of equipment. Some of 
these new ideas and applications have 
unanticipated but far-reaching logical 
implications. 

It seems to me that a failure to recognize this 
principle has caused us to get farther and 
farther behind. We are forever coming up with 
excellent solutions to problems which we 
muddled through a year previously, while at the 
same time trying to cope with current problems 
which have new requirements. Furthermore, we 
should certainly be aware by now that every 
major procedure, when perfected, is looked on 
by the analyst as an available technique or 
operation and that he will seek new degrees of 
complexity in his next project. No fruitful 
line of development is ever complete and very 
few computer program systems will remain static 
if they are found useful. This is verified by 
many years of consistent experience in nearly 
all installations. Compatibility is a greatly 
overrated virtue. It is desired most urgently 
when there is a need to reprogram, say for a 
new maChine, ~ horrendous complex of codes 
which we have lost control of and no longer 
understand. We don't really want the compat­
ibility, which stifles advancing the art, but 
rather we fear to expose the muddle into which 
our own work has gotten. 

2. Since the handling of information 
involves the generation and manipulation 
of information about information, the 
growth of data handling requirements. 
is self-compounding unless carefully 
constrained. 



This principle is insidious, but true. It might 
be called the Parkinson's Law of data processing. 
It is interesting to note that human beings, in 
doing clerical work or calculations, impose the 
necessary constraints in the form of what we 
call common sense and judgement. The dullest 
sort of person is able to exhibit these qual­
ities in far greater measure than we often admit, 
but the brightest genius has difficulty in pre­
cisely defining them. Which leads to the third 
principle. 

3. Nothing can be mechanized which cannot 
be precisely defined. This is as true 
of second, third and higher orders of 
control as of primary mechanization. 

I have come to the conclusion that many people 
who ought to know better don't really believe 
this principle. Sometimes I try to ignore it 
myself, always to my eventual grief. It is too 
tempting to solve easy problems, pushing the 
hard ones back with a sort of mental note that 
"we'll do something" when the time comes. If 
pressed we may mumble something about statis­
tical methods, which sounds impressive. Now 
I would not want to appear to minimize the worth 
of faith, self-confidence, and drive. But it is 
foolish to undertake a piece of work without 
having first estimated the effort required. In 
data processing, we have sometimes been trapped 
into doing this because of a failure to under­
stand the true complexity of what we are asking 
for. Thus complex, far-reaching and important 
decisions and plans are left to those who are 
unqualified to make them, technically, admin­
istratively or policywise. 

The inability to precisely define all aspects 
of a technology does not bother us too greatly 
in most endeavors. A car still requires a 
driver, a plane a pilot. We think of an assem­
bly line as highly mechanized but it works only 
because many people are working on'it and making 
little spot judgements all the time, sometim~s 
big ones. But who can work at the rate of 
40,000 additions per second, even in a super~ 
visory capacity? Of course, the very essence 
of the stored-program concept is to allow com­
plete pre-planning, which amounts to canned 
supervision, of the whole sequence of operations 
required by some process. There are two catches 
to this. The first is our second principle, 
i.e. the bookkeeping soon outweighs the data 
processing operations and becomes a bigger data 
processing 'problem than the original one. The 
second catch is that it is impossible to pre­
plan the proper action for every eventuality; 

in fact, it is questionable whether the term 
"proper" has any meaning in this context except 
as dictated by particular policy. All this 
is simply a roundabout way of saying that 
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human beings cannot be taken out of the daily 
activities for which they are responsible and 
which exist in the first place by their decision. 
The introduction of new machinery - no matter 
how revolutionary, powerful or potentially 
useful - does not change this basic fact of life. 
Rather than relieving people of effort or re­
quiring less in the way of disciplined endeav­
ors, this new equipment is more demanding if 
its use is to be profitable. 

Let us admit boldly, or humbly if you prefer, 
that there is a lot of confusion in data 
processing work today. Let us further admit 
that there is a great deal of difficulty and 
uncertainty in the projects to which DP equip­
ment is often applied. If there weren't, most 
of us would be out of work. Now while it may 
be possible to cut down on the confusion, it 
appears realistic to me to assume that the 
problem difficulties will increase, certainly 
not decrease. These problems are not the 
exclusive domain of anyone discipline. Cer­
tainly they do not all belong to the field of 
programming. Programming has its share of 
tough problems and also its share of skill and 
helpful techniques to be contributed. What 
makes the programmer invaluable is that he 
knows how to make a computer perform. What 
makes him inadequate is that he doesn't always 
have the script. After all, problems originate 
in people's minds and techniques of operation 
reside in other people's minds. We need to 
remember, and to believe, that the really 
valuable residue of a completed job consists 
of the ideas, insights and techniques recorded 
in human brains, in short the experience 
gained. This leads to the fourth principle. 

4. A wide variety of skills are involved 
in present-day EDP applications thus 
multiplying the problems of commu­
nication. 

Communication evidently means different things 
to different people -- which seems odd. But 
one must recognize that vast efforts are under­
way to increase communication between systems, 
sub-systems, or just plain code and systems. 
It is not clear to me that communication 
between two inanimate objects can exist but I 
admit my knowledge of psychology is limited. 
At any rate, I am more concerned with commu­
nication between humans and by humans with 
machines. 
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Now there are at least three important condi­
tions for communication: 

(1) The parties concerned must have rapport 
in the area under discussion; 

(2) the quantity and rate of information 
sent at one time must be within the 
capacity of the receiver to assimilate; 

(3) the language and medium used must be 
known and compatible to both parties. 

A lack of any of these can be compensated for by 
sufficient determination, repetition, patience 
and time. In EDP, however, efficiency must be 
given great weight. We cannot always afford 
to compensate for poor communication. 

It might be asked how one can gain rapport with 
a machine. The best way is to build into the 
programs the kind of receptors and output 
devices that one would like. But this option 
is usually available only to a limited number of 
people, namely, expert system programmers. But 
once the user is one step removed from the 
machine, as say a production programmer, the 
communication is mainly between people. Further­
more, the system programmer now has a new respon­
sibility, viz., to provide techniques which can 
be responsive to the user without major overhauls 
in handwritten code. Repeat, responsive. 

Turning to the other end of the spectrum, how 
can the language and working papers of the 
physicist, economist, engineer, or operations 
researcher be compatible with the language and 
experience of the professional programmer. 
Except in isolated cases of fortuitous back­
grounds, the answer is they can't. The truth 
is that there is a whole spectrum of languages 
from the problem formulator to the machine 
operator, with only slight intersections. I 
dislike to call these language 111evels". It is 
not a question, at least not anymore, of one 
being above or below another. The language of 
the engineer is every bit as specialized as that 
of the programmer. Generalizations can be made 
in both directions but this mayor may not help 
to get a job "on the air lt

• 

Now the machines are not the exclusive domain 
of anyone group, any more than the problems, 
except in an administrative sense. The problem 
formulator is just as anxious, and probably 
more needful, to exercise control and introduce 
changes from his viewpoint and with his lan­
guage as is the system programmer. I think we 

all recognize the fact that human beings still 
must work out together the roles they will each 
play in getting a job done. That is, that the 
preliminary discussions, planning, mutual 
training, etc. are going to be with us for a 
long, long time. What we apparently have 
failed to recognize is that the machine itself 
can be used in such a way that it can help us 
remember, control, modify and use the fruits 
of all this labor much more efficiently. 

What should the system programmer be' doing? He 
should not be building systems for himself. He 
should be providing standard parts and routines 
with which systems can be built. Of course, 
his consultation will be needed but the whole 
system should be literally built by the whole 
spectrum of people who are going to rely on it. 
How can the programmer anticipate the kind of 
system and languages that the next project will 
require? He must be prepared to build any 
definable system or at least to supervise-its 
building. That is his specialty. The same 
thing is true of language. \fbat we need is not 
a universal language but the ability to define 
and utilize ~ language that suits our purposes. 

Consider a moment. Systems of 10,000 - 15,000 
instructions are routine, 25,000 - 50,000 
instructions are not uncommon. Some plans now 
underway will likely require 50,000 - 75,000 
instructions. Where do we stop? Some of these 
systems are supposed to be all things to all 
people but on closer examination it turns out 
that they generally do about one thing well. 
Maybe they compile algebraic statements, or 
maybe they assemble and execute handwritten 
programs or maybe they perform certain standard 
D.P. functions. But they are only straight­
line cuts out into a whole field to be harveste~ 
Furthermore, they are difficult to understand 
and require a staff of specialists to service 
each one. Far from facilitating communication, 
they vastly complicate it. 

Suppose then we begin by trying to extract from 
all systems those parts which are common. We 
will, without question, have to establish 
certain rules and conventions, for example, 
the card form for instructions to a monitor 
(any monitor) and the first and last words of 
each tape record, etc. In other wordS, we have 
to establish standards. But these standards 
must not be restrictive to the user. Their 
only purpose is to allow standardized parts 
from which any system can be started. We must 
not forget that knowledgeable people must be 
integrated with systems ~r versatility is to be 
maintained. 



In addition to a package of standard parts, 
there is something more needed. This is a 
standard philosophy of using them. There is a 
somewhat subtle distinction here. We do not 
want to make all systems be just alike, other­
wise we may as well program a standard system. 
The idea is to have standard techniques to 
cause a system to grow in whatever way is needed 
at the time. The word "grow" is not used light­
ly. Certain characteristics of an organism must 
be provided. To me, the notion of a universal 
computer-oriented language has meaning only in 
this dynamic sense. 

There is one further requirement. The method 
must not lead to unnecessarily cumbersome 
systems, that is, this must not be inherent. 
t'Jith the present state of the art, at least, 
this will require some rather stringent convent­
ions regarding symbology. Hopefully, they can 
be relaxed as experience is gained. I do not 
see this as a great problem, however. People 
are pretty good at picking up rules of this 
kind and at getting used to cryptic notations. 
They may grumble but their real problems usually 
lie elsewhere. If they understand the structure 
of the system and its attendant language, the 
actual encoding is not too important. 

1Vhat are some of the features that might be 
expected to be available with such a method? I 
think the following is a minimum list. 

(1) A core of highly polished utility sub­
routines, a standard skeleton monitor, 
and a basic assembler, all capable of 
expansion in well-defined ways and 
maintained by a single small group 
(per installation) of highly skilled 
professional programmers. 

(2) The capability of defining hierarchial 
sets of macro-operations tailored to the 
job and understood to the depth required 
by the various echelons or categories of 
professional people involved. Since 
they would be involved in defining them, 
they should easily understand them. 

(3) The ability to make changes at any level 
provided that at least the next lO1-Jer 
level were understood, and to add levels 
as nead dictates. 

(4) The ability to debug in detail at object 
time without detailed pre-planning. 

(5) Complete reV1S10n of a system by 
rev1s1ng definitions and restarting 
from the basic system, with a minimum 
of elapsed time. 

(6) Partially automatic documentation of a 
system since higher levels of opera­
tions will require fewer lines of 
progrannning. 

(7) Ability to experiment with systems 
as such, and to extract production 
systems at will. 

(8) Alleviation of the training problem 
by spreading the load now imposed 
on programming over a wider variety of 
skills. 

Let me re-emphasize that such a technique as 
just outlined is going to be very demanding 
of the people using it. Responsibility is a 
necessary counterpart to responsiveness. The 
ability to exercise higher level control 
implies the ability to make bigger, more 
disastrous errors. With proper safeguards, 
however, this is somewhat compensated for by 
the ability to quickly reconstruct a previous 
situation. 

To sum up the foregoing very briefly, no one 
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can become expert in many fields simultaneously. 
Programming must provide access to machines for 
others, via the programmer but not by the 
programmer-on every occasion. To expect to find 
individuals who can understand all the goals, 
restraints, techniques and policies of a large 
project and still be capable of translating 
these into a mechanized system is unrealistic. 
To hope that a system can be defined by one 
group and turned over to another for imple­
menting is just as unrealistic. Everyone must 
play his proper role from the outset and 
communication must exist between members of a 
team, at the least by pairs. After all, systems 
exist to serve some human purpose, not to be 
self-sufficient automatons. The trick for 
making the hardware a useful member of a team 
is to construct systems which are self-adaptive 
lin a machine oriented sense, but externally 
responsive in a problem oriented sense. The 
know-how to accomplish this exists. 

As will be seen, there are implications of so­
called self-organizing systems here. I believe 
that the reduced cost per computation, promised 
by the bigger, faster and more expensive 
machines around the corner, can only be achieved 
in practice by some such innovation. This is 



350 
11.3 

not, however, a new idea, as suggested at the 
outset. It is simply the old idea of breaking 
down a technology grown complex into simpler 
pieces understandable separately by a wider 
cross-section of the population. The skills so 
highly developed and so cherished by the expert 
programmer are as needed and as important as 
ever. But his field h~s also become so special­
ized that he must concentrate on particular areas 
to be effective. He must use his skill to open 
up new facilities to others so that they too 
can work more effectively. Only by a multi-link 
chain of people between problem and machine can 
the growth of EDP be kept on a workable basis 
such as gave it its initial impetus. 
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A LINE-DRAWING PATTERN RECOGNIZER 

Leon D. Harmon 
Bell Telephone Laboratories, Incorporated 

Murray Hill, New Jersey 

Summary 

A machine is described which recognizes line 
drawings of circles, triangles, squares, pentago~ 
and hexagons. This identification is independent 
of rotation and, within limits, of size, preCision 
of drawing, or positioning. The system 1-1ill also 
distinguish and count separate objects up to six 
with limited independence of the size, shape and 
position of each object. 

This "Gestalt" recognition is accomplished 
by using a dilating circular scan. The virtue of 
such scanning is that object-size changes trans­
late into time-of-arrival changes while object 
rotation preserves topological relationships. 
The n-gon detection depends on side counting, and 
the object counter uses the same logiC in conjunc­
tion with a detection of discontinuities. 

Thirty-two small photocells arrayed in a 
circle are mechanically puckered across the input 
plane. Light signals derived from opaque line­
drawings are converted into binary representation 
in a special thyratron register. Time sequencing 
of logical operations and output displays is relay 
controlled. The actual decision logic uses a 
novel combination of optical and electronic de­
vices in a simple but effective manner. 

It is also shown that this circular scan 
technique is applicable to automatic detection of 
letters and numbers over a wide variety of styles, 
and several examples are given. 

Introduction 

One of the very interesting classes of 
problems in pattern recognition is that of the 
detection and classification of two-dimensional 
visual images such as written language and line 
drawings. Research of this nature is interesting 
because it may elucidate some of the problems of 
human and machine pattern recognition; it may be 
useful as well since it can lead to devices such 
as automatic reading machines. This paper dis­
cusses some of the problems encountered in such 
visual pattern recognition and describes a new 
approach to machine recognition of printed and 
handwritten letters and numbers. 

In the past, machine detection of two­
dimensional visual patterns has been generally 
restricted to carefully constructed and positioned 
alpha-numeric characters. Ideally however, 
pattern recognition should be independent of 
character Size, rotation, and within limits, 
position, style, and noise. Such general or 
"Gestalt ll recognition takes advantage of a set of 
characteristics defined to be invariant under 

these transformations, and can be usefully 
applied to many detection problems. 

If we want a machine to make identifications 
which agree with those a human observer might 
make, the rules for classification of "essential 
features" must be similar for each. The defini­
tions of letters, numbers, triangles, or any 
other symbols are quite arbitrary and are made in 
terms of the structure and limitations Of the 
observer's mechanisms. Hence it is necessary to 
be quite careful when establishing the "essential 
feature" requirements for any classification. 
These essential features may be quite diffuse 
and exist only "Ivithin ill-defined limits. 

Recognition of visual patterns is most in­
teresting and valuable when it is not restricted 
to a small class of inputs. We should like to 
understand how an A or a triangle may be detected 
irrespective of position, rotation, dilation, or 
of variations in style. A really useful reading 
machine will be one which can recognize the 
symbol 5 whether it is continuous or in two parts 
and whether it has been printed by a machine or 
scrawled by a child. 

There are in existence a number of systems 
and ~~oposals for obtaining limited recognition. 
IBM( ) has developed computer programs for reading 
a variety of alpha-num~r~c characters. (f~telli­
gent Machines Research,2) and Solartron j) have 
machines for sale which read numbers and letters 
printed in one carefully conttolled type font. 
Stanford Research Institute(4) and others have 
produced magnetic ink check readers. 

Most of these systems have similar design 
concepts, based on inspection of sequences of 
pulses generated by scanning with a slit aperture 
moving past a symbol. Segments of numbers and 
letters are detected by matching pulse sequences 
for best fits to stored matrices of segments. 
The number, size, and position of these elements 
determines recognition of a character. 

These devices have limited utility because 
of their critical dependence on the style of type 
which can be reliably read and their sensitivity 
to format and to tilt and size changes. They 
generally come into being to serve one specific 
purpose, that of high speed reliable recognition 
of one fixed symbol style. The IBM system is 
built around their output printer type font, the 
IMR scheme for credit card reading uses a letter 
and number style especially created for this 
purpose, and the SRI magnetic-ink marks must be 
carefully held to close size and position toler­
ances. 
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The pri~ciples that these systems use to 
achjeve recognition are not ve~J general or 
easily extendable. The desire for auto~atic 
reading of income tax forms, train car '11arkings, 
postal addresses, bank checks, toll tickets and 
the like will have to be met by machines using 
much more powerful algorithms than those present­
ly available. Considerable effort is currently 
being put into finding more ~eneral and flexible 
systems for pattern recognition, (5-10) but there 
are many difficult problems yet to be solved 
adequately. 

One new approach which attempts to get at 
some of the problems of achieving more general 
recognition will now be described. Following 
that is the description and circuit details of a 
simple pattern-recognition machine based on that 
system. 

Principles of Operation 

It is possible to inspect a simple line 
drawing in a way which yields similar transfor­
mations for geometrically similar figures, in­
dependent of their absolute size or rotation. 
This "Gestalt" recognition is accomplished by 
using a dilating circular scan. The virtue of 
such scanning is that object-size changes trans­
late into time-of-arrival changes while object 
rotation preserves topological relationships. 

Consider an array of picture elements 
arranged in £ concentric rings, having r elements 
in each ring. If each ring is inspected sequen­
tially, say from center outward, the resultant c 
sequences of r signals can be shown to have the­
desired transformation properties. A logically 
equivalent implicit scan is possible with uni­
directional propagation along radii and with 
unit delays inserted between adjacent elements 
on each radius. This type of signal processing 
has interesting analogies to physiological 
structures. 

Suppose that an equilateral triangle is 
centered on such an array. The first inter­
sections of the scanning interrogation ring with 
the figure will be three simultaneous "hits" on 
the mid-points of the triangle 1 s sides. As the 
scan continues its outward sweep, points on each 
side of the initial intersections are progress­
ively touched. The last parts of the triangle 
which are inspected are the vertices, those 
points at the greatest radial distances from the 
center. 

Thus the outward puckering scan produces 
three radially equidistant epicenters of activity. 
An accumulating register of r places, represent­
ing the r elements of each rIng in turn, will 
display three Single active cells initially, 
equally spaced along the length of the register. 
There will then be a spread of activated cells 
in each direction from each of the initial loca­
tions. Finally the apices of the equilateral 
triangle will cause the last three cells of the 
register to be activated. Again these are equalJy 

spaced, representing the 1200 radial symmetry of 
the vertices. 

A similar but smaller triangle would have 
generated similar signals earlier in the sweep 
cycle; conversely for a larger presentation. 
Rotational changes are represented as lateral 
shifts in the contents of the register. Thus the 
detection of three simultaneous, equidistant, and 
uniformly expanding waves of activity is suffi­
cient to "recognize" an equilateral triangle 
independent of size or rotation. (Bounds on size 
exist, of course. The lower limit is fixed by 
the resolution of the array of elements while 
the upper bound is determined by the field seen 
by the array.) 

An isosceles triangle will generate simply 
detectable time and position asymmetries. 
Squares and rectangles are differentiable in a 
similar manner; their unique corrnnon property in 
this system is, of course, a count of four. A 
convex polygon of any number of sides can be 
detected, given sufficient resolution; circles 
are represented by a simultaneous filling of all 
places in the inspection register. 

Let us consider now how a system can be 
developed to make use of such scanning. Suppose 
for example that the input transducer consists 
of 32 concentric rings of 64 photocells each, 
as in the illustration below. 

FIG. 1 

Let a sweep cycle comprise the simultaneous 
gating of all 64 cells in each ring, one ring 
at a time, into 64 corresponding amplifier 
channels. Thus for an outward puckering scan, 
the innermost ring is first interrogated, then 
the next, etc., until the gating out of the con­
tents of the outermost ring completes a sweep 
cycle. Fig. 2 shows, in block diagram, one 
system for using this information. 

The beginning of each sweep initiates a 
storage operation in each of the 64 function 
generator locations. A linear accumulation 
(e.g., current) continues in each location until 
stopped by the first black element encountered 
by the expanding sweep. The value of each func­
tion at the end of sweep may be read out as a 
voltage level which is proportional to the radial 
distance of the corresponding image point from 
the center of the array. 



At the end of a sweep, a comparator makes 
peak detections on the 64 generated functions. 
This operation is performed by local differencing 
over several adjacent locations. A simple count 
of such peaks is sufficient to identify an n-gon, 
while a measurement of the inter-peak distances 
(given by the addresses of the radii on which the 
peaks occur) establishes criteria for separation 
of isosceles and equilateral or of square and 
rectangle. 

It can be shown that the alphabet of line 
drawings recognizable by this system is not re­
stricted to a few polygons. Many figures have 
unique "invariants" if they are interrogated 
with an expanding circular scan whose origin is 
near the center of gravity of the figure. 

A modest number of more complex comparator 
operations produces much more sophisticated 
recognition. Detection of concave and convex 
segments distributed in time over the 64 channels 
leads to identification of numerals, for example. 
A series of gedanken experiments on many examples 
of hand-printed digits has shown that very modest 
extensions of logic considerably enlarge the 
classes of recognizable images. Fig. 3 shows 
several examples of numerals which have been 
"recognized" in these experiments. 

Each of the four numerals was drawn free­
hand and roughly centered on a layout of the 
photo-receptors. The rectangular grids are ob­
tained by unfolding the circular array after 
making a cut from the center to the top of that 
array. Thus points along the top of the rectangle 
represent points on the inner circle of the 
photocell matrix while the bottom line contains 
the points forming the periphery of the circular 
array. The left and right vertical edges of the 
rectangle were coincident in the original layout, 
being the two edges of the cut we made. 

This Simple transformation makes it con­
siderably easier to follow the scanning events 
and to discover useful detection criteria. The 
expanding sweep circle is seen to be represented 
by a horizontal line 64 cells wide moving down in 
time through 32 positions. Any given horizontal 
line may be thought of as the contents of a 64 
place register at any epoch. Each activated 
receptor location on the circular array is shown 
as a dot in the rectangular representation. 

It can be readily seen that size changes 
would appear as vertical (time) shifts while 
rotational transformations cause lateral dis­
placements of the pattern. Since the left and 
right edges of the rectangle are actually con­
tiguous in the original array, lateral displace­
ments would simply wrap around the rectangular 
grid, disappearing off one vertical edge and 
reappearing at the other. 

A set of tests for the examples shown in 
Fig. 3 will now be given. These tests are for 
purposes of illustrating principles and should 
not be considered the most complete or effective 

rules whi"ch can be found. We shall invoke two 
simplifications; the numerals will be centered 
and there will be no rotation. 
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An ascending function will mean a mostly 
continuous mostly monotonic decrease in values 
of c as r increases. The first 2 shown would be 
said to have an ascending function from r = 0 to 
r = 6; conversely the first 5 has two descending 
functions between r = 0 and r = 6. In a similar 
manner we may describe horizontal segments, con­
cave or convex functions, etc. We test for the 
following: 

1. An ascending function for 0 < r < 8. 
This describes the curved section of-the 
upper right portion of most 2's. 

2. An ascending function for 24 < r < 32. 
This describes that portion of the tail of 
a 2 lying to the right of center. 

3. A partially horizontal or ascending 
function for 32 < r < 40. The presence of 
at least a short-segment which is level or 
rising during this interval indicates the 
left end of the tailor the bottom of the 
down-stroke for most 2's and is independent 
of whether or not a loop is present. 

4. A two-valued function for 0 < r < 8 and 
60 < r < 64 establishes the presence-of the 
top-bar-and top of the curved portion of 
a 5. 

5. A descending function for 16 < r < 40 
describes the tail of a typical 5: -
The limits on r need not be taken as 

absolute. If our tests are based on relative r 
values, then the results of the tests can be in­
dependent of rotation of the sample numerals. 

Rules based on the five tests listed above 
are sufficient to obtain unique "recognition" of 
the samples given and of a variety of other ex­
amples of these two numerals. The first three 
tests concern properties of the number 2 which 
are relatively invariant over a population of 
about twenty samples which have been checked. 
Similar rules have been successfully applied to 
all of the ten digits for a number of hand­
printed samples. The extension to letters of 
the alphabet while more complicated, does not, 
in principle, appear difficult. 

A Model to Demonstrate Principles 

A simplified model has been built to 
recognize line drawings of Circles, triangles, 
squares, pentagons, and hexagons. This identi­
fication is independent of rotation and, within 
limits, of size, preCision of drawing, or posi­
tioning. The system will also distinguish and 
count separate objects up to six with limited 
independence of the Size, shape and position 
of each object. 
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The present device simpl.Y" detects and counts 
the segments intersected during one expanding 
sweep cycle. It is the largest count which de­
termines the correct number for identification. 
In general, this maximum count may occur only 
briefly during part of a cycle, or it may be 
generated by several different segments encount­
ered se~uentially during the cycle. For any non­
concentric placement of the figure with respect 
to the sweep center, one or more sides will be 
encountered earlier than the others. The rela­
tionships are depicted for the case of a s~uare 
in the illustrations below. 

(a) (b) (c) 

FIG. 4 

In A, the innermost circle represents the minimum 
sweep diameter where no part of the figure has 
been encountered. The next circle out, corres­
ponding to a time later in the sweep cycle, in­
dicates the four segments cut from a well-centered 
figure, and the succeeding circle has just en­
countered the vertices. Finally the sweep has 
passed out of the s~uare; all portions of the 
inspection circle have encountered the figure. 

A slightly non-concentric placement, as in 
B, results in first one side of the s~uare inter­
sected, then three, perhaps four for a moment, 
then one again. This is in contrast to the case 
A where if any sides were contacted at any in­
stant, all four were. In C where the decentering 
is excessive, there are never more than three 
sides intersected at any radius of the expanding 
sweep. It is re~uired then to detect, store, 
and sum the number of separate sides encountered 
during one sweep cycle. Thi s number can never be 
more than n for any position of an n-gon, and 
except for-accurate centering of regular figures 
it is generally less than ~ at any instant. 

Let the expanding circular sweep be quan­
tized into a sufficient number of elements, and 
suppose that those elements which have not passed 
through the figure are Given the value of 0; 
those which have encountered the figure are 
called 1. The system then must count the transi­
tions between strings of ones and zeros around 
the circle. This count thus indicates the number 
of sides in the figure. 

We can distinguish separate objects in the 
follmving manner. Notice that for any closed 
figure lying within the swept area and enclosing 
the center of sweep, all ones will eventUally be 
generated. This is not the case for separate 

objects placed in the inspection field as in the 
illustration ~elow. 

FIG. 5 

Here there will be four discrete strings of 
ones and ~ but not all zeros will have been 
changed to ones by the end of sweep. This Simple 
fact is used to provide discrimination of 
separate objects fram continuous (or nearly con­
tinuous) line drawings. 

Notice that the count does not depend on 
the size or shape of the objects, but only on 
continuity of form, i.e. on unbroken strings of 
ones. 

The block diagram for this system is shown 
in Fig. 6. In this version, 32 rather than 64 
quantized positions are used in each ring. Also, 
successive positions of the expanding sweep pro­
vide continuous signals rather than the 32 dis­
crete Signals described earlier in the general 
model. 

The requisite scanning and resultant Signals 
which provide input for the machine is obtained 
from 32 small photocells which are mechanically 
puckered across the input plane. As successive 
portions of the line drawing are encountered, a 
thyratron register records this information. At 
the completion of a sweep cycle, this stored data 
is examined for one-zero strings, i.e. - a series 
of ones followed by a-Beries of zeros. 
----) -----

Conventional means for determining these 
binary se~uences in a register involve shifting 
the contents of the register or otherwise se­
quentially commutating the digits. The present 
system avoids this complication by a simple 
parallel operation. Note that for a count of 
the numbers of strings of ones and zeros, the 
essential information is contained in the tran­
sitions between strings, i.e., the one-zero or 
zero-one locations in the binary number~or a 
close~ing of digits, as in the register repre­
senting the state of the 32 photocells, the 
numbers of strings of ones and zeros are equal. 
Conse~uently there will be 2n transitions for n 
strings of ones. Since the--number of strings­
of ones (or-zeros) corresponds to the number of 
sides of the inspected figure, a triangle is 
represented by 6 tranSitions, a s~uare by 8, etc. 



Parallel inspection of the thyratron regis­
ter is obtained by connecting a small neon lamp 
(NE-2) between each pair of adjacent thyratron 
plates. As photocells pass beneath portions of 
the figure being scanned, they fire their respec­
tive thyratrons, which thus change state from 
zeros to ones. Those thyratrons yet unfired 
because their photocells have not been darkened, 
remain as zeros. At the junctions of ones and 
zeros, the-neoD lamps light, since there is 
sufficient potential difference between the 
plates of fired and unfired thyratrons. As can 
be seen in the illustration below, n sides pro­
duce 2n discontinuities and thereby-2n lighted 
neons. 

L - - - NEON LAMPS 

FIG. 7 

The lighted lamps are "counted" in the 
maximum-count detector circuit (see Fig. 6), 
which sums the light output of these lamps and 
produces a voltage proportional to the number of 
sides of the figure. This part of the system 
consists of an enclosure with the 32 neon lamps 
arrayed in it together with a photocell. The 
siGnal from this cell is amplified, peak detected, 
and stored in a capacitor. 

Since the peak detector indicates only the 
maximum number of neons lit at any instant, there 
will be fewer than the correct number of sides 
indicated in some cases. Consider Figures B and 
C of Fig. 4. Unless the object and scan centers 
are COinCident, there may not be n intersections 
at anyone time; rather the n sides of the object 
may be encountered successively during the sweep. 
One simple solution to this problem is to "save 
Sides", i.e. to prevent the n strings of ones 
from flOwing into eacn other-as the vertices-of 
the figure are encountered. This is accomplished 
by inhibiting that thyratron controlled by the 
last photocell passing through a vertex. It is 
locked up by adjacent thyratrons (thus preserving 
the sequence •••• 101 ••• ) and consequently the 
neon lamps on either side remain lighted for the 
duration of the scan. 

In the final step a level detector classi­
fies the stored signal and lights up the corres­
ponding display. Since the amplitude of the sig­
nal is proportional to the number of sides in the 
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figure inspected, the level detector is set to 
report a hexagon for the highest signal, a penta­
gon for the next lower, and so on through square, 
triangle, circle, and no-figure. 

This detector circuit comprises five thyra­
trons, each of which has a preset firing thres­
hold corresponding to the signal it is expected 
to classify. The stored, peak-detected signal 
is applied in common to all five stages. A 
common holdoff bias is then removed from one 
thyratron at a time, starting with the hexagon 
(highest level) detector and proceeding mono­
tonically to the circle (lowest level) detector. 
When that stage is encountered where the signal 
is sufficient to fire the thyratron, recognition 
occurs. 

This machine can also count up to 6 small 
objects placed at the inspection station. Only 
if a closed figure is inspected will all photo­
cells be shadowed, whereas if discrete-0bjects 
are presented, only a few cells, those passing 
beneath the objects, will have responded by the 
end of a sweep cycle. The distinction is easily 
made by monitoring the total current of the 32 
thyratrons • 

Notice that the count does not depend on 
the size or shape of the objects, but only on 
continuity of form, i.e. on unbroken strings of 
ones. The detection scheme used for the present 
device will erroneously count as one object any 
two or more which lie on a single radius, even 
though they are separated (at different radial 
distances). A more elaborate scheme can easily 
be made to count such objects separately. 

A working model of this system, built to 
demonstrate prinCiples, is shown in Fig. 8. A 
pentagon figure is on the horizontal platen, the 
central portion of which is the inspection sta­
tion. The figure has been inspected, and the 
responding display appears in the small vertical 
panel behind it. Beneath the platen may be seen 
the mechanism which moves the scanning photocells 
in radial paths and which drives a rotary switch 
for controlling the sequence of events in a 
scanning cycle. At the very top of the apparatus 
is the lamp ( within the pyramidal shade) which 
transilluminates the figure for scanning. 

Fig. 9 shows four objects which have been 
counted, and the answering display. 

This machine serves to illustrate the 
feasibility of using a circular scan to identify 
or count simple objects independently of rotation 
and, within reasonable limits, of dilation or 
translation. It is relativeiy uncomplicated, 
despite the detailed appendix which follows. 

Appendix 

In this section, some of the essential 
features of the pattern recognizer are described 
in greater detail. A complete schematic of the 
system is shown in Figure 10. 
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Scanning and Control Mechanism 

The scanning photocells are actuated by a 
motor-driven mechanism which comes into play when 
identification of a figure is reQuested. The same 
motor drives a rotary tap switch which programs 
the seQuences and durations of voltage applica­
tions to different parts of the circuit. A com­
plete scanning cycle lasts about 1 second. 

The photocells are mounted on rods which 
are part of a mechanism that is very much like an 
umbrella rib assembly. The cells are attached to 
the free ends of the rods and face upvTard. As 
the mechanism is operated, the cells, forming a 
circle of variable radius, move along radial 
paths. In a cycle, the cell assembly is first 
brought in to a minimum radius of about 1.5 
inches, is then expanded at a linear rate of 4 
inches per second to a maximLrrn radius of about 
5 inches. 

The rotary tap switch has two sections of 
32 contacts each, one section being used to close 
control relays and the other section to open them. 
These relays enable and disable different sections 
of the circuit by svdtching appropriate voltages. 
The sliding contactor arrangement in Fig. 10 
represents the operation of these relays. 

Not shown in this seQuence chart is a relay 
which operates when the button is momentarily 
pressed to reQuest identification. The relay 
locks itself up and turns on the overhead light 
and the driving motor. 

Register 

In this section of the CirCuit, the one 
signals derived from the lines of the figure-by 
the photocells are used to fire thyratrons, thus 
registering these events for subseQuent use. 
Each of the 32 photocells triggers a thyratron 
as it passes under a line of the figure to be 
identified. 

At the start of a CYCle, the 32 thyratrons 
are disabled (no plate voltage) so that the 
scanning mechanism can come up to speed. When it 
does, relay 1 applies 150 volts to the plate bus 
and the active scan cycle begins. As a photocell 
passes under a line of the figure, it generates 
a positive pip, large enough to overcome the bias 
on the thyratron control grid, causing firing. 

The 32 thyratrons form a closed ring, tied 
plate-to-plate by small neon lamps shmm as L 7, 
L8, L9, etc. When one thyratron is conducting, 
its plate potential falls, ,{hile that of its 
neighbors remains high, and so the two lamps on 
either side will light up. If a neighbor is 
fired, the lamp betVleen the fired thyratrons, 
having little or no potential difference across 
it, goes out. However, another lamp goes on 
between the ne'i.;ly fired th.1ratron and its un­
fired neighbor. As more thyratrons are fired, 
lamps are progressively turned on and off, the 

lit one at any moment locating the bounda~J of 
fired and unfired stages. Thus as the s,.;eep 
expands, we continue to ~ave a pair of lit neons 
for each line segment of the figure as is shovm 
in Fig. 7. We see then that as the cycle pro­
ceeds, two lamps will light at the first points 
of contact with each side of the figure, then 
separate and run out toward the vertices. 

If the figure to be identified should be 
displaced relative to the circle of cells so that 
one or more vertices are completely scanned before 
others, the correct number of lamps (2n) vnll not 
be on simultaneously. Since the photocell in the 
lrunp housing reports only what it sees at any 
instant, it will report too low a number: ---

The circuit of 32 thyratrons has a "side­
saVing" feature which makes it unnecessary to 
center the figure preCisely on the sweep center. 
He can save sides in the following manner: if 
the thyratron controlled by the last photocell 
to s,.;eep through a vertex can be prevented from 
firing, the neons on either side of it will re­
main on even after the circle of photocells has 
dilated past this corner. If this action tru~es 
place at all vertices, the lighted neons denoting 
sides inll all remain on. The photocell in the 
lamp housing will then see 2n lit lamps corres­
ponding to all sides scanned, regardless of the 
temporal seQuence. 

This feature is realized by using the plate 
voltage swings of fired thyratrons to inhibit 
firing of adjacent stages. A resistor netvrork 
couples each plate to the screens of both neigh­
bors. If a tube is flanked by either one or two 
unfired stages, its screen is kept at ground by 
the associated diode which is being held in con­
duction. This condition allows normal operation 
of the stage. However, if both neighbors are 
fired, the screen of the tube between them will 
be driven sufficiently negative to inhibit firing, 
the clamping diode releasing for this condition. 
~1US this stage (corresponding to a vertex) is 
never fired, and the tllO sides have been saved. 

The l~ capaCitor, 4.7 K reSistor, and 
diode associated with each screen prevent in­
advertent lockout. When both flanking stages 
fire, a slight delay is introduced (T ~ 4.5 MS). 
This gives the flanked stage an opportunity to 
fire even if the reQuest occurs late due to minor 
electrical or mechanical uncertainties. This 
delay is long enough to accommodate all such 
variations encountere~ but is short compared to 
the normal rate of progression of cells through 
a vertex, thus permitting lockout to occur for 
the desired conditions. 

A decentering of the inspected figure by 
fifteen percent or so will usually cause no error. 
This lockout action is unreliable, however, when 
the figure is so positioned that two photocells 
pass through a corner at the same time. The 
thyratrons controlled by these cells will both 
fire, and the associated neons vall go out 



i~neaiately. In practice, the nWlwer of errors 
due to this positioning is extremely love 

Maximum-Count Detector 

Having translated the number of sides n in 
a figure into 2n lighted neons in the register 
circuit, "re next convert this information into an 
electrical analog. 

The 32 neon lamps are in a light-tight 
housing, together vrith a photocell. Since this 
cell has a nonlinear inIlUt-output characteristic 
near the origin, a bias source of light (tvo 
grain-of-wheat incadescent lamps) is used to move 
the operating range into the linear region. The 
signal from this photocell is aml)lifiec1. by a 
chopper-stabilized operational amplifier and is 
peak detected and stored by a diode and capacitor. 
The charge on the capacitor is then proportional 
to the number of sides in the figure. 

Display Selection 

In this final step of the recognition cycle, 
the electrical analog of an n-gon is classified 
and then identified by a lighted display. 

This part of the system uses five thyratrons 
each vrith a relay in its plate circuit, to oper­
ate the appropriate display. The thyratrons have 
different triggering thresholds, arranged in a 
graduated series. The signal previously stored 
on the capacitor is presented to all five control 
grids Simultaneously, via a common connection, 
but the firing thresholds are reached sequentially. 

The screen grids of these tures are 
connected to biaSing netvorks through diodes. 
Each screen is set to a different bias in a 
stepped series. vfuile the signal is being stored 
on the capacitor, the 5 thyratrons are inhibite~ 
since their screens are held deeply negative by 
relay 2 (see sequence diagram) until the active 
scan is completed. This relay then removes the 
-33 volt supply from the screen bus, and the 
screens rise tOvrard the different biases deter­
mined by their netvorks. Capacitors from these 
screens to ground are part of RC delay netvorks, 
\·rhich permit the screens to reach their preset 
biases sequentially at intervals of about 5 
milliseconds. 

Nm·r let us take an example. A signal of 
+35 volts, a typical value for a square, appears 
on the storage capacitor, and hence at the control 
grids of all 5 thyratrons. None can fire, hov­
ever, until the screen bus is released from the 
-33 volt supply which is holding all stages com­
pletely cut off. When this inhibition is removed, 
the lover thyratron in the schematic (correspond­
ing to a hexagon display) rises almost immediately 
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to its preset bias, there being no delay built 
j.nto this stage. With the bias selected, this 
tube i·Jill not fire with the +35 volt signal on 
its control grid. Five milliseconds later, the 
"pentar;on" thyratron reaches its preset bias, 
which is also large enough to prevent firing for 
this signal. Another five milliseconds later, 
the "square" thyratron reaches its threshold, 
which is such that Signals over 30 volts vrill 
cause firing. Consequently it fires, its plate 
relay closes and lights up t:re display of a 
square. At the same time the storage capacitor 
is discharged through grid conduction in the 
fired thyratron before the remaining stages 
(triangle and circle) reach their thresholds, 
and so no other star;es can fire. 

Object Count 

"]hen discrete, opaque objects on the 
platen are scanned by the 32 photocells, thyra­
trons controlled by intercepting cells are fired, 
vhile the rest are not. At the juncture of fired 
and unfired thyratrons, neons will light up, 
two for each object. Since two neons also light 
up for each side of a polygon, the processing 
of the signal is the same for both figures and 
objects, except for the display. 

If a figure is being scanned, all thyra­
trons are fired, except the n inhibited by the 
sidesaver; if objects are being scanned, only a 
fe,v thyratrons are fired. The difference is 
detected by a relay (6) in series IVith the plate 
supply for the 32 thyratrons. This relay is 
adjusted to operate when about 24 of the 32 
thyratrons are fired. In turn another relay (7) 
is operated to switch betveen the object display 
and the figure display. 

Relay 7 also has another function. In 
the identification of circles, should the figure 
be precisely concentric with the scan Circle, 
all 32 thyratrons will fire essentially simul­
taneously. Consequently, there ,nIl be no lamps 
turned on and no signal generated. In this case, 
relay 7 (,vhich is energized because> 24 thyra­
trons vere fired) brings the storage-capacitor 
to 0 volts (from -33V). This is sufficient to 
fire subsequently the circle thyratron. 

I acknowledge Inth pleasure the design 
of the mechanical pucker by C. F. Mattke and 
the coaxing of the electronics to perfection 
by S. E. Michaels. 
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FIG. 8 

N-Gon Recognizer, Showing Mechanical 
Scanner and Output Indicator 
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RCA's Automatic Store and Forward Message Switching System 

by 
T. L. Genetta, H. P. Guerber and A. S. Rettig 

Electronic Data Processing Division 
Industrial Electronic Products 
Radio Corporation of America 

Camden, New Jersey 

INTRODUCTION 

AutoData is an automatic, fully transistor­
ized store and forward message switching sys­
tem. It is designed for use in common user com­
munication networks in which message traffic in 
digital form may be relayed throughout the world. 
When the message switching system is used, many 
advantages may be obtained, some of which are: 

• Economic utilization of communication 
facilities 

• Automatic transfer of messages through 
the network 

• Effecti ve utilization of communication 
facilities operating at different data 
rates, with different codes, and with 
different coordination procedures 

• High degree of message protection 
all with, 

• Building block expansibility to provide 
increased service as required. 

The design features of the system are pre­
sented by first describing the configuration of a 
communication network, then explaining the basic 
switching center functions, outlining the main sys­
tem design considerations, and finally reviewing 
the flow of messages through a typical switching 
center. 

THE COMMUNICATION NETWORK 

Figure 1 shows the elements of a typical 
communication network using AutoData Message 
Switching Centers. Messages originate and ter­
minate at subscriber terminal stations (Tl through 
T.o) that are connected to the centers by tributary 
channels, or at Electronic Data Processing Equip­
ment (EDPE) stations which may be local or re­
mote from the centers. The switching centers 
are interconnected with trunk channels. All com­
munication channels and their associated line ter­
minal equipments are of types currently available 
in the communication industry. 

TYPICAL COMMUNICATION NETWORK 

// ....... ----.................. " 

Figure 1 

The message traffic handled by the com­
munication equipment discussed here is always 
in digital form. Each message consists of three 
parts: header, text, and ending (See Figure 2). 
The header contains all the information needed 
to route the message. The text comprises the 
intelligence to be transmitted. The ending dis­
creetly marks the termination of the message. 
The header and ending must consist of characters 
of information organized in a manner such that 
they can be interpreted by the switching center. 
The text may consist of plain text characters, 
encrypted characters, or bit-stream traffic 
organized into checkable pseudocharacters. 

Messages are interchanged through the 
network by sending them first to the nearest 
switching center. They are automatically re­
layed among the switching/centers and finally 
distributed to the destinations listed in the headers. 
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TYPICAL MESSAGE FORMAT 

I---- HEADING ------I r--- ENDING ---l 

l R T W PA B COO 2 0 EPA B C .--- TEXT -- < < == =- == == == == == == N N N N I 
1234567891011121314'51617181920 ' 

I 
OR::;HG:::- --::::-t 

STATION SERIAL INDICATOR 
HUMBER END.Of.ROUTING PROSIGN 

(FOLLOWS LAST ROUTING INDICATOR) 

MESSAGE TYPE DESIGNATOR 

PRECEDENCE PROSIGN 

Figure 2 

A message may be relayed among different types 
of communication equipment, such as teletype, 
punched card transceivers, as well as the new 
high-speed digital data transmission devices 
which will be available soon. These equipments 
have widely varying characteristics. The data 
transfer rates will vary from around 30 to 3000 
bauds. Data characters will be represented in a 
variety of codes varying from 5 to 8 elements, 
with different redundancy features. The control 
procedure used on the various channels will differ. 
Some will provide closed-loop control while others 
provide no return path for signalling; some will 
be fully automatic while others are manual. The 
modes of transmission will include several types 
of keying: For example, DC keying, tone keying, 
frequency-shift keying, and phase-shift keying 
and will be over wire line, microwave, or radio 
circuits. The AutoData equipment provides com­
patibility between these many types of communi­
cation devices. 

SWITCmNG CENTER FUNCTIONS 

A Simplified functional diagram of a Mes­
sage Switching Center is shown in Figure 3. 

SIMPLIFIED FUNCTIONAL DIAGRAM 

Figure 3 

The Input function recei ves message charac­
ters from the various incoming channels and ac­
cumulates them into blocks conditioned for proc­
essing. This input function includes character 
and block checks and exercises control over the 
transfer of messages over the incoming communi = 

cation channels. These accuracy checks together 
with the ability to repeat blocks allows errors in 
transmission to be corrected automatically. 

The Message Processing function interprets 
the heading of each message and directs it to the 
appropriate outgoing channel. As the blocks of a 
message are received from the Input, they are 
transferred to the Intransit Store; only when the 
message is complete does h become a candidate 
for transmission. As each outgoing channel be­
comes available, the Message Processing func­
tion transfers to the Output the oldest message 
in the highest precedence category for that out­
put channel. A stored program data processor 
is used for this function. This provides great 
logical power, a high degree of flexibility and 
very fast message handling speeds within the 
center. 

The Intransit Store function provides a re­
servoir for messages when their outgoing channels 
are busy. It is this function that provides the 
"store and forward" capability of the switching 
center. It permits any subscriber to send his 
message without waiting for a through connection. 
It permits one incoming message to be delivered 
to any number of addressees. It allows messages 
to be transmitted out in sequence by priority as 
well as by age. It further allows top priority 
traffic to automatically interrupt lower priority 
messages and provides the means for repeating 
the interrupted messages. 

The Output function coordinates the trans­
fer of outbound traffic on each tributary and trunk 
channel. Storage capability is provided for each 
channel to maintain continuous transmission. 
Repeats of traffic blocks are provided by the out­
put function as requested by the next switching 
center or tributary equipment. 

Messages to and from local EDPE and 
other High Speed Input-Output devices have ac­
cess to the switching center by way of the Mes­
sage Processor. Local Low Speed Input-Output 
equipment is handled like any other tributary 
channel. 

DESIGN FEATURES 

Some of the more important design features 
of the message switching system are illustrated 
in Figure 4. These features are fully automatic 



except in a few cases where the subscriber ter­
minal equipment does not permit. 

AUTODATA SWITCHING CENTER SIMPLIFIED BLOCK DIAGRAM 

Figure 4 

The communication channels are shown 
terminating in an equipment complex called Tech­
nical Control. Technical Control contains switch­
ing facilities which provide flexibility in the con­
nection of the various types of buffer units to the 
corresponding types of communication channels. 
In some installations this switching capability is 
manual and in others it is semiautomatic. A 
further refinement provides for patching one com­
munication channel directly to another. This 
allows any subscriber to be connected directly 
to any other subscriber in the network; a direct 
connection of this type is convenient in cases 
where large volumes of traffic are to be trans­
mitted to a single destination. Needless to say, 
this capability can be exercised only when both 
terminals and all the intervening communication 
channels are compatible. 

Technical control also includes test equip­
ment for monitoring and maintaining the various 
communication channels. 

The Input function of Figure 5 is composed 
of the Buffers, Buffer Commutator, Code Con­
verters and the Input store. 

The Buffers provide independent termina­
tion for the various communication channels. A 
family of buffers is available for use with the 
various types of communication terminal equip­
ment. This permits different data rates, differ­
ent coding and different control signalling to be 
used on the various channels. The present sys­
tem is designed to handle data rates from 30 to 
3000 bauds on each channel with a maximum of 
50 incoming channels. The number of channels 
may be increased in groups of 25 if some of the 

channels operate at the lower baud rates. 

INPUT IMPLEMENTATION 

Figure 5 
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The Buffer Commutator causes all the buf­
fers to be examined every 1-1/2 milliseconds. 
This speed is fast enough to require storage of 
only one character in each buffer. 

A family of Code Converters is aVailable, 
one for each code conversion required. Each 
con verter is shared by all the channels using its 
assigned code, converting characters in that code 
to characters in the common language code of the 
center. Some channels, such as trunk channels 
may use the common language code. Characters 
from these channels, of course, bypass the code 
converters. 

The Input Store consists of a magnetic core 
high-speed memory with storage areas assigned 
to the individual incoming channels. The exact 
storage location for each incoming character is 
obtained from tally information also stored in the 
high-speed memory. The tally system also pro­
vides the basis for channel coordination. 

The philosophy of channel coordination used here 
is one of control by the receiver. As each block 
of characters is recei ved, control characters are 
sent over the return channel either requesting the 
next block of characters or requesting a rerun of 
the same block. In this manner, no block is ac­
cepted unless it passes all the checks provided 
on that channel. Message numbering is available 
to provide protection on those channels operating 
without feedback control. 

The Communication Data Processor (Fig­
ure 6) incorporates a wide variety of advanced 
programming and logic features: 

• Basic Memory consists of 16,000 56-bit 
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words accessible' on a 1-1/2 J1 s cycle 
• Provision is made for overlapping oper­

ation of two memory units 
• Instructions are of variable length with 

provision for index registers for relative 
addressing, and address substitution to 
achieve direct addressing 

• Data tagging is provided for automatic 
identification of messages as well as for 
data separation 

• Simultaneous operation is provided. The 
number of routines that can take place 
simultaneously is not fixed, but is a 
function of the relative speed of any as­
sociated devices involved and the com­
plexity of the individual routines. Such 
simultaneous operation is particularly 
useful for file searches and general 
"housekeeping" as well as for servicing 
on-line input/output devices. 

DATA PROCESSOR FUNCTION 

COMMUNICATION 
DATA 

PROCESSOR 

Figure 6 

As many of the required system operating 
features are included in the CDP as possible. 
Some of the system requirements that are pro­
grammed are: 

• Routing of messages according to single, 
multiple, and collective routing addresses 

• Transmission by priority and age 
• Interruption for top priority traffic 
• Alarms for messages not processed out 

within a time period specified by pri­
ority 

• Intercept on magnetic tape of selected 
traffic 

• Editing and format conversion 
• Collection and display of statistics 
• Automatic routing by both routing ad­

dress and priority. 

These are some of the special functions provided 
by the Communication Data Processor in addition 

to its primary function of transferring traffic 
blocks from the input store to the intermediate 
store and later to the output. 

The Output function (Figure 7) comprises 
the Output Store, Code Converters, Buffer Com­
mutator, and OutputBuffers. These elements 
are the direct counterpart of the corresponding 
input elements. 

Messages to and from magnetic tapes as­
sociated with local subscriber Electronic Data 
Processing Equipment, are accommodated through 
one of a series of Tape Station Converter Units. 
These units provide the needed signal and code 
conversion. 

OUTPUT IMPLEMENTATION 

Figure 7 

MESSAGE PROTECTION 

Figure 8 illustrates the message protection 
and duality features in greater detail. Journal 
and Reference Magnetic Tapes are maintained 
under control of the Communication Data Proc­
essor. The Reference Tape contains a copy of 
every message received by the center. Each 
message is tagged to make recovery easy. The 
Journal Tape contains an abbreviated record of 
each message that has been relayed by the center. 
These records include a discreet message tag 
corresponding to the tag in the Reference Tape, 
time of processing in and out, channels and 
channel sequence number, if used. 

The Ledger Balance subsystem maintains 
a file on a magnetic drum of all messages cur­
rently passing through the center. Each message 
is logged as it enters and as it leaves. This file 
is continuously searched for messages that have 
been in the center too long. Any overdue messages 
found are directed to the operator for expediting. 

CONTINUITY OF OPERATION 

This equipment is intended for communication 



use and therefore requires much higher standards 
of reliability than are currently available in data 
processing equipment. Although transistor cir­
cuitry of proven reliability is being used in the 
construction of the switching center equipment, 
an occasional failure can be expected. 

Elements of the system that are common to 
all channels are duplicated to provide back-up 
capability. One Communication Data Processor 
has enough capacity to handle all the switching 
center channels and normally carries the entire 
traffic load. A second processor is provided 
which is kept in idling status--exercising and 
performing subordinate tasks for the operating 
unit. Both processors have access to the high 
speed memories of the other, as well as all 
input/output stores, magnetic drums and mag­
netic tapes. The operating Communication Data 

369 
12.2 

Processor continuously updates address lists in 
the idling machine so it is always ready to assume 
the traffic load. 

No automatic back up is provided for those 
elements whose failure would effect only a single 
channel or a small group of channels. The buf­
fers fall in this category. 

Figure 9 is a photograph of a scale model 
of a 50-channel AutoData Message Switching 
System. This equipment is presently being con­
structed by RCA for use by the military. 

This system will provide interconnection 
between existing communication networks that 
are presently considered incompatible and will 
provide communication between computers on a 
fully automatic basis. 

AUTODA TA SWITCHING CENTER 

BLOCK DIAGRAM 

Figure 8 

MODEL OF AUTOMA TIC STORE & FORWARD MESSAGE SWITCHING SYSTEM 

Figure 9 
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PRODUCTION OF MAGAZINE LABE LS 
BY THE VIDEOGRAPH PROCESS 

B. H. Klyce 
Technical Coordinator 
Subscription Service Division 
Time Incorporated 
Chicago, Illinois 

Abstract 

System considerations pOint out the feasibility 
of using high density master file tapes in the prepara­
tion of subscriber labels for magazines, thus eliminat­
ing the necessity of using the central computer complex 
for the preparation of edited tapes. The operation is 
completely automatic, and operators are required pri­
marily to feed raw materials and file tapes into the 
machine and to remove the finished products. Produc­
tion of labels at the rate of 131, 000 per hour is accom­
plished by means of an electrostatic process in which 
the image is formed directly on a special paper. 
Several safety features insure reliable operation of the 
equipment. 

Introduction 

TIME Inc. maintains an active file of approxi­
mate1y 10, 000, 000 subscribers to four of its domestic 
magazines - TIME, LIFE, FORTUNE and SPORTS 
ILLUSTRATED. A file of this nature is a dynamic one 
for there is constant activity in the form of changes of 
address, new subscriptions, renewals, inquiries, etc. 
Since 1946, the subscriptions have been processed with 
a semi-mechanical punched card system. Beginning 
in the fall of 1960, the punched card system will be 
"phased out" and a magnetic tape system will be install­
ed, bringing a new degree of machine processing to 
subscription service. 

The installation of the new equipment is the 
result of nine years of intensive study of magnetic 
storage and processing techniques. As late as 1955, 
it would have cost considerably more to process sub­
scriptions by magnetic means than by punched card 
means, but as equipment was improved, the cost kept 
decreasing until it became obvious in 1957 that a prac­
tical magnetic system could be designed. 

Several computers were available. Feasibility 
studies were made and several proposals from com­
puter manufacturers were evaluated with help from the 
Armour Research Foundation during the early part of 
1958. Each computer had its advantages and disadvan­
tages but all of them had one thing in common--no sat­
isfactory solution to the problem of printing labels. 
While 10, 000, 000 small magazine labels can be printed 

By 
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on standard tabulating type computer output printers, 
this solution is a compromise at best and is- very ex­
pensive. 

The label printing operation itself is an ideal 
application for special purpose equipment. The work 
load is almost constant from week to week, the form 
of the label shown in Fig. 1 is constant for long periods 
of time, and the paper on which the label is printed 
seldom changes. Therefore, rather than bend the 
system around to fit existing equipment which was de­
signed for another purpose, separate proposals were 
solicited for new equipment designed primarily to print 
labels. 

This equipment, of course, must cooperate 
with other elements in the overall system in order to 
achieve optimum results. The basic source of infor­
mation for the label printing job is the master file of 
subscriber data. Activity to the file in the form of new 
subscriptions, renewals, changes of address, etc., are 
accumulated on a weekly basis and the file is updated 
just before the labels are to be printed. This insures 
that the labels are as "fresh" as possible. The arrange­
ment of the file is geo-alpha, each record being identi­
fied by a code that is derived from the subscribers 
name and address. The code is constructed with the 
city-state portion major, followed by last naine, first 
initial, street name, and house number. 

Optimum file maintenance procedures dictate 
that certain inactive subscriber records be retained in 
the file for several months, including recently expired 
subscriptions and the old address in a change of ad­
dress activity. An analysis of the list shows that on 
the average there is about one inactive record for every 
three active records. 

On magnetic tape the records will appear as 
follows (F ig. 2): 

(a) They will be grouped in blocks of some­
where between 10 and 20 records per block 
with 14 being the most likely choice in 
order to achieve an approximate balance 
between tape time and compute time. 
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(b) In order to conserve tape and thereby to 
reduce process time, the city-zone -state 
portion of a subscriber's name and address, 
and the code for that city, will not be 
carried in the individual record but in a 
header record that appears at the beginning 
of each new city-zone-state grouping. 

Header record and subscriber record formats 
are similar (Fig. 2b and 2c) and conform to the re­
quirements of the mM 7070 computer on which the file 
will be updated. Statistical information which is rela­
tively constant is placed at the beginning of the record 
while, variable address information is placed at the end, 
allowing maximum conservation of tape. In other words, 
the record is ,terminated with the end of the address in­
formation and short addresses mean short records, 
long addresses mean long records. Specifically: 

(1) The record always begins with a delta. 

(2) The next character, called the indicative 
character, identifies the record as active, 
inactive, or header, as well as a special 
record classification called Suppress Header 
which is used for subscriber records that 
contain special city-state information, there­
by, making the header unnecessary when 
printing labels. 

(3) A second delta signals the beginning of the 
alphabetical portion of the record. 

(4) After the second delta, the first 16 digits are 
part of the code that identifies the subscriber 
record. (The next four digits are ignored.) 

(5) The name line begins with the 21st digit. 
, The first address line begins with the 41st 

digit. The second address line begins with 
the 61st digit. 

(6) The record may end with a record mark 
symbol in any multiple of five character 
positions after the twentieth position, or 
with no record mark if the record is a 
maximum length record. 

(7) The first 10 digits following the second 
delta of the header record are part of the 
code line. 

(8) The city-state line always begins with the 
11th character. 

,Because of the importance of correctly identi­
fying the header record, several checks are available 
in addition to the indicative character. 

(1) The first character following the second 
delta of the subscriber record will always 
be the initial letter of one of the months of 
the year, and the first character following 
the second delta of the header record will 
never be one of these eight characters. 

(2) The header information following the second 
delta will always be exactly 30 characters 
plus a record mark word, no more and no 
less. 

In addition to the format characteristics listed 
above, there is available a programmed signal in the 
form of a special record called an "End of Roll" record. 
This record appears to the printer as an active record 
and the information contained in it, roll identification, 
number of subscribers in the roll, etc., is printed as 
though it were a label. It's distinguishing character­
istic is a series of five Z's following the second delta. 
This is a signal to the printer to stop printing on that 
roll and to start a new roll. As a check on the perfor­
mance of the printer, a count is kept of the active re­
cords going through the printer and this count is printed 
beside the computer count shown in the "End of Roll" 
record. 

This arrangement of records is advantageous 
from the file maintenance standpoint, and it also makes 
feasible the printing of labels directly from the master 
file. The manner in which the problems of printing 
control and editing were solved is described in the 
following sections. 

General Description of Label Printer System 

A. B. Dick Company undertook the task of de­
veloping and constructing a label printer system meet­
ing TIME Inc. 's requirements. From the outset this 
system was conceived to be a production machine ful­
filling a vital role in the daily production of magazine 
address labels. As such, it has been designed to 
operate directly from the magnetic tape master file 
records without the necessity of using valuable computer 
time for the preparation of a pre-edited printing tape. 
It produces and delivers completed address label rolls 
ready for use by the magazine printers in their standard, 
label-affixing machines. 

The printer operates at a basic rate of 6100 char­
acters per second. This rate increases to approximately 
7500 characters per second during the key line operation. 
These printing rates permit 36 labels per second to be 
produced and, with t:qe automatic paper processing de­
vices incorporated, permit the machine to produce five 
million labels per week during a standard 40 hour shift. 
Thus, two machines adequately meet the printing load 
faced by TIME Inc. with either machine capable of turn-



ing out the entire production if operated more than a 
single shift. Each machine provides standby service 
for the other. 

To achieve this function requires two major 
units as shown in Fig. 3. The first, or lefthand one, 
of these units, 1) reads the magnetic tape records, 
2) edits the information read, 3) stores the printing 
information until used by the printer, and 4) formats 
the printing data before transmission to the printer. 
This unit is called the Tape Reader-Buffer Unit, or 
TRBU. 

The second unit, the one on the right, converts 
the digital codes received into printing signals and pro­
duces the magazine address labels. This unit is the 
Videograph Address Label Printer. This unit operates 
continuously with provisions for automatically changing 
paper supply rolls and for cutting off completed address 
label rolls and switching to a new spindle in response 
to input control pulses. These cutoff and transfer 
operations proceed without operator intervention and 
without machine stoppage. 

The V ideograph Process 

Before proceeding with a description of the 
address label printer consider briefly the printing 
process itself. Fig. 4 and 5 diagrammatically illus­
trate this. 

As shown in Fig. 4, a specially constructed 
cathode ray tube produces an electrostatic image on the 
treated surface of a moving paper web. The face of 
this electrostatic printing tube (or EPT) consists of a 
matrix array of small, closely-packed wires extending 
from the inner vacuum through the glass to the outside. 
By directing the electron beam to a point on this array 
and turning it on, a current is caused to flow through 
the wires selected to the surface of the paper, produc­
ing a charged area on the paper that is capable of later 
development. Thus, through control of the deflection 
signals, and suitable intensity modulation of the elec­
tron beam, any desired electrostatic image may be 
produced within the boundaries of the wire matrix array. 

This printing process requires two characteris­
tics of the paper. First, the surface must be capable 
of accepting and retaining an electric charge. This is 
accomplished by coating the surface with a thin layer 
of dielectric material. Second, the base, or body of 
the paper must be conductive to create a suitable ground 
plane near the imaged surface. This is accomplished 
by impregnating the paper with suitable materials. The 
resulting paper, therefore, does not depend upon photo­
conductive or other unusual properties, and is, inci­
dentally, easily and economically produced. 

Following the printing process, the latent image 
is developed as shown in Fig. 5 by dusting with a mix-

ture of iron powder and a black toner dust. 

The toner particles, in such a mixture, adhere 
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to the negatively charged regions on the paper surface 
and are conveyed with the paper to the fixing station. 
The iron particles serve to impart a charge to the toner 
causing them to more readily adhere to the image. The 
iron becomes, through the charge interchange, opposite­
ly charged and is repelled by the imaged areas. The 
iron, therefore, serves only as a carrier for the toner 
and is not used up in the process of development. 

Following development, application of heat to the 
developed image causes the thermoplastic toner parti­
cles to fuse and attach themselves to the paper surface. 
The image is thus made permanent and will not smudge 
as a result of later handling. 

Character Generation 

In order to use the electrostatic printing tube for 
the printing of alphanumeric characters, some means 
must be provided for the conversion of digitally coded 
information into Video-type signals. Many approaches 
were possible due to the flexibility of the printer tube. 

The means selected utilizes a monos cope tube 
such as shown in Fig. 6. This tube is basically a 
cathode ray tube with an electrostatic deflection system. 
At the screen end of the tube a circular aluminum disc 
replaces the phospher as the target for the electron 
beam. Immediately in front of the target is a somewhat 
more positive electrode for the collection of the secon­
dary electrons emitted from the target. 

Operation of the monos cope depends upon the 
secondary emission characteristics of the target sur­
face. When the beam strikes the aluminum surface of 
the target, a secondary emission ratio of approximate­
ly two results. This causes an electron current to flow 
from the external circuitry into the target. This con­
dition would be reversed should the surface be covered 
with a carbon -based ink having a secondary emission 
ratio of somewhat less than one. 

The target for the monos cope used contains a 
square array of 64 characters on its front surface. 
Each character is etched into the aluminum surface. 
The remaining surface is covered with a carbon -based 
ink to form the background. As the primary beam 
scans a single character in a raster-like manner, the 
resultant current into the external circuit represents 
a video signal describing the character. By scanning 
the printing tube with an identical raster and intensity 
modulating the beam with the video thus produced, an 
electrostatic image of the character on the monos cope 
may be created on the videograph paper. 

Character selection signals originate in a highly 
stable circuit generating one out of eight voltage levels 
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for both the horizontal and the vertical deflection plates. 
An input, six-bit digital code, representing the desired 
character, controls the selection circuits in such a 
manner that the first three bits of this code select the 
vertical position, and the second three bits select the 
horizontal position of the character to be scanned. By 
this means, the positioning of the characters on the 
monoscope target decodes the input and eliminates the 
need for further logical circuitry. 

Since no cutouts or stencils of the letters are 
involved, and since the plates may be easily produced 
from original artwork by photo-etching techniques, al­
most any type font may be chosen. In fact the type font 
may be varied by switching tubes to meet special print­
ing needs in the future. 

Electronic System of Printer 

Using the printing process and the character 
generator described above, the electronic system of 
the Videograph Label Printer produces an electrostatic 
image of the labels on a continuously moving web of 
paper. The operation of this system is shown in the 
block diagram of Fig. 7. 

Digital signals from the TRBU trigger the char­
acter generator once for each input character. In this 
unit the selection circuits select the character to be 
printed and the raster-scan circuit causes this char­
acter to be scanned. The same raster signals are 
transmitted to the vertical deflection coil of the printer 
tube and through the horizontal deflection circuitry to 
the horizontal coil. In addition, an unblB.nking Signal 
and the resultant video signal modulate the beam of the 
printing tube so as to produce the latent image of the 
scanned character. 

The raster signals used for the character scan 
cons ist of a 200 kc vertical sine wave that is continu-
0usly applied to both the monoscope and the printer tube. 
During the generation of a character, a 100 micro­
second horizontal sawtooth signal produces the slower 
horizontal scan in the monos cope and controls the hori­
zontal movement of the beam in the printer tube. The 
resultant horizontal signal for the printer tube, there­
fore, consists of a stepwise signal combined with a 
sawtooth. The stepwise component provides the char­
acter by character separation, and the sawtooth con­
trols the writing of individual characters. The hori­
zontal circuitary is reset for the beginning of each line 
by the pulse supplied from the TRBU. 

The First Line Pulse modifies the horizontal 
deflection circuitry so as to compress the key line as 
shown in Fig. 1. This compression occurs as a result 
of reducing the magnitudes of the horizontal sawtooth 
and step signals in the horizontal deflection circuitry. 
The compression circuits are reset by the next 
"Beginning of Line" pulse from the TRBU. 

The motion of the paper controls the printing of 
labels so that each label will be accurately centered 
between holes. The paper control circuitry, therefore, 
produces a label demand pulse and transmits this pulse 
to the TRBU to initiate the printing of each new label. 
At the end of each label roll, as determined by infor­
mation from the master file tapes, an "End of Roll" 
pulse is sent to the printer from the TRBU. This 
causes an interruption in the transmiss ion of the label 
demand pulses for 2. 5 seconds in order to create a 
blank strip of paper between label rolls. At an appro­
priately later time the web is cut and caused to start 
rewinding on a separate spindle. 

Paper Processing System 

The mechanical paper processing system consists 
of three basic modules. These are shown in Fig. 8. 
From left to right these are 1) the Unwind module, 
2) the proces s ing module and 3) the rewind module. 

The unwind module contains two supply rolls of 
paper, a flying splice mechanism and a supply elevator. 
The upper supply roll normally feeds paper into the 
printer while the lower roll is in standby. When the 
upper roll is depleted, as detected by a feeler arm and 
cam, the splicer stops the flow of paper. During the 
splice operation, the supply elevator supplies paper to 
the printer so that actual printing does not stop. After 
the paper motion stops at the splicer, the old web is 
cut off and the leading edge of the new web attached to 
the trailing edge of the old. The web is then released 
and the new roll commences to provide the system. The 
entire unwind mechanism then revolves, bringing the 
new roll to the top and placing the empty spindle on the 
bottom for loading of a new roll of paper for standby. 

In the central, or processing, module, the paper 
passes in front of the EPT where the electrostatic 
image is created in its left surface. It then proceeds 
through the developer and around the fuser unit. From 
this point it proceeds to the rewind module. The opera­
tions of the printer tube have already been described. 
The developer unit conveys the iron powder-toner mix 
to the paper surface to develop the image. The fuser 
uses rf to create a corona discharge to the paper sur­
face causing a very rapid surface heating for the fusing 
operation. 

In the rewind module, there is a primary paper 
drive-punch unit, a rewind elevator and a six spindle 
rewind assembly. The primary drive -punch unit uses 
hardened dies in the drive drum meshing with soft steel 
punches on an adjacent drum. These elements of a 
rotary punch are on one inch centers and create the 
holes in the label strips as shown in Fig. 1. In addi­
tion, this unit generates pulses in synchronization with 
the hole punching operation to initiate the printing of 
each label. Since the distance from this drive unit back 
to the printer tube remains fixed, this exactly locks the 



position of the printed labels with respect to the holes 
punched. 

The paper web normally travels over the left 
most spindle of the rewind station and is wound on the 
lower left spindle as shown. At the end of a roll, a 
cutting knife opposite the left most spindle cuts the web 
and a roller, together with a vacuum in the spindle, 
causes the rewinding to commence on the left most 
spindle. The mechanism then rotates 60· counter­
clockwise, returning the system to its original state. 
The completed roll is conveyed to the lower right posi­
tion where it can be removed by the operator and a new 
core placed on the spindle. 

Operation of the Tape-Reader-Buffer Unit 

From the preceding it may be seen that the 
printer operation proceeds in a most conventional 
manner but at a very high rate of speed. It could just 
as easily be recording data directly from the computer 
as an "on line" device or could be printing the text of 
the congressional record. However, the TRBU converts 
this conventional printer to a TIME Inc. printer system. 
This unit contains the editing, logiC, and buffer circuits 
necessary to permit this printer to be driven directly 
from the master file records produced by the computer. 

With the tape organization described previously, 
the TRBU's input control circuitry can, as shown in the 
block diagram of Fig. 9, edit the incoming information 
from the tape. Information read a block at a time from 
tape 1 in the figure, passes sequentially through Sl and 
the two character storage to S2. While in this limited 
storage, the characters are examined by the input logic 
control circuits in order to check the parity of the char­
acters as read and to control the setting of the switch, 
S2, at the input to the main buffer storage unit. 

Switch S2 normally is in the lower pOSition so 
that no information enters the buffer. When the first 
delta symbol is received from the tape, the input logic 
circuit examines the numerical digit immediately fol­
lowing it. If the record is a non -printing subscriber 
record, the control circuitry leaves S2 in the open 
position throughout the remainder of that record. If 
the record is that of an active subscriber, or a header, 
S2 connects with the two character storage input at the 
second delta symbol in the record and enters into stor­
age the second delta symbol together with the portion 
of the record following it. S2 immediately returns to 
the open pOSition at the instant the next delta symbol, 
signifying the start of the next record, is detected by 
the input logic circuitry. 

A parity error detected by the input logic cir­
cuitry is counted and added to the total count of such 
errors stored in the 144 character buffer unit. In 
addition, S2 and the special symbol generator inserts 
the code for a question mark for the character misread. 
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Normally the detection of a parity error does not stop 
the machine since a few such errors will.still permit 
delivery of the magazine. A label is a very redundant 
item, especially when coupled with the postman's 
memory. Such an error will stop the machine, how­
ever, when its frequency exceeds a present amount, or 
when it occurs at a critical point where confusion is 
like I y in the handling of the header. 

The 2184 character main storage buffer has a 
minimum capacity of approximately 26 combinations of 
header and subscriber records. When the number of 
records in storage drops below approximately 12, the 
input tape drive control causes the tape unit in use to 
read the next block. By this means the main buffer is 
kept loaded and the tape reading rate is under the con­
trol of the printer and its operations. At the end of the 
first tape, Sl automatically switches to Tape 2 and 
operation continues as before while the operator reloads 
Tape 1 with a fresh tape. 

The time required to read a block of information 
from the input tape is approximately 50 milliseconds. 
The time to empty the main buffer by printing opera­
tions is approximately 300 milliseconds. Thus, 
approximately 6 blocks of information could be read 
from the input tape before the buffer would be emptied 
by the printer. As a result, there could be a series of 
up to 84 consecutive inactive records without causing 
the printer to print a blank label because of insufficent 
input information. However, no useful information is 
lost as a result. Operational studies of the master 
files at TIME Inc. indicate that such a series of inactive 
records will almost never occur. 

At the output of the 2184 character buffer, S3 and 
S4, under the control of the output logic circuitry, de­
termine the sequence of characters coupled to the 
printer. F or the printing of a subscriber address, the 
data denoting the specific subscriber constitutes the 
subscriber record and is obtained for the printing oper­
ations directly from the main buffer. For this the' 
switch S3 is pOSitioned in its center position. The last 
seven characters of the key line and the last address 
line are associated with the city-zone-state and are 
part of the header record as stored in the 144 character 
buffer in the block diagram. For the printing of these 
characters, S3 and S4 are in their lower-most positions. 
This causes the output of the smaller buffer to be de­
livered to the printer and at the same time to circulate 
back into the input of the buffer so that the same header 
information will be available for the printing of the next 
label. The two spaces and the "Beginning of Town" 
marks are supplied from the special symbol generator 
with S3 in its uppermost position. The "Beginning of 
Town" marks are only placed on the first label in each 
new city-zone-state series. 

The delivery of data to the printer commences 
with the receipt of a "Label Demand" pulse from the 
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printer and continues at the character writing rate of 
6100 characters per second until the label is completed. 
Completion of a label is normally determined in one of 
three possible ways. These are: 

(1) detection of a delta symbol out of the main 
buffer. 

(2) detection of a record mark out of the main 
buffer. 

(3) completion of a full label character count 
by counters in the output logical circuitry. 

The occurrence of anyone ,of these causes the 
output to switch to the 144 character circulating buffer 
for the printing of the city-zone-state line. 

In the event that other than a delta symbol term­
inates the printing, the main buffer advances to the next 
delta symbol. The digit immediately following this 
delta is then examined by the output logic circuitry to 
determine the type of this record. If this record is a 
header record, S4 switches to its upper position and 
the new header is rapidly transferred to the circulating 
buffer to replace the old. If this record is a subscriber 
record, the operations stop until receipt of the next 
"Label Demand" pulse from the printer. If this record 
is an "End-of-Roll" summary record, the output logic 
circuitry causes the next record, a summary for the 
label roll just completed, to be printed upon receipt of 
the next "Label Demand" pulse and also: 

(1) causes the error and label count registers 
in the 144 character buffer to be printed 
with the summary record, and 

(2) sends an "End-of-Roll" pulse to the printer 
following the printing of the summary 
record. 

The other signals shown in Fig. 9 are for the 
purpose of controlling the printer's operation in the 
manner previously described. It may be mentioned at 
this point that the clock controlling the printing rate is 
part of the output logic circuitry of the TRBU and for 
this reason the printer is under control of the TRBU 
once printing commences. 

Summary 

Little has been said of the built-in checks in 
both the TRBU and in the printer to assure the operator 
that the entire system has and is working properly. 
Space does not permit a discuss ion of these features. 
Suffice it to mention that they do exist and will sound 
alarms or stop the machine depending upon the severity 
of the malfunction. This system differs, however, 
from many other systems in regard to the treatment of 
errors. It is essential to the welfare of the magazine 

that each subscriber obtain his regular copy. It is not 
necessarily essential that every label be perfect to 
obtain this result. Thus, certain errors are permitted 
in the operation of the system and a count is maintained 
of the number of such occurrences. The system stops 
only if the number of such events becomes too numer­
ous, or until the operators feel that the system should 
be serviced. 

The principle advantages of the Videograph print­
ing and character generation processes are their speed 
and flexibility. Neither the printing tube nor the char­
acter generator operate near their limits in producing 
the 36 labels per second. Each could function at twice 
the present rate although little would be gained in TIME 
Inc. I s application by doing so. Their label printing 
requirements can be met, together with anticipated 
growth, with two machines operating on a single shift 
and a portion of a second shift. 

The TRBU makes possible the operation of the 
label printer direct from the information contained in 
the master file records. This eliminates the need for 
using computer time in the preparation of edited tapes 
for printing purposes. This saving is an operating cost 
saving and its magnitude more than offsets the addition­
al cost of the TRBU. 

The flexibility of the system and the process 
makes possible the compression of the key line, quick 
changes in type font or input digital coding, easy rever­
sal of the printed image for heat transfer applications, 
and a minimum of circuitry capable of rapid adaptation 
to future changes and applications. Thus, the system 
developed amply meets the requirements set forth by 
TIME Inc. and, in addition, provides them with a 
system capable of expansion and modification to meet 
their future needs. 
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