


PHOTO COURTESY OF LOCKHEEO CORP. © AMPEX CORP. 1963 

Now: who's got news for everyone with an IBM computer system? AMPEX 

The news is inside an eight page booklet. It 
tells the what, the why and the how of Ampex 
computer tape - the tape that provides superior 
performance in I BM computer systems. If you 
think you might find the booklet helpful, just 
write and ask for it. Also, we'll put your name 
on our mailing list and regularly send you our 
informative periodical, "Tape Trends." It's a 
good way to keep abreast of the fast changing 
tape technology. I n it, the latest tape develop­
ments are clearly explained by Ampex tape 

experts-the same experts who application­
engineer Ampex tape to your system. This is just 
one of the many ways we assist you in obtaining 
maximum system efficiency. I n addition to en­
gineering the tape to your system, Ampex digi­
tally checks each reel from end to end, and 
gua ra ntees its performa nce. Write for free 
booklet, "Ampex Tape for I BM Computers," 
and your copies of "Tape Trends." Ampex 
Corporation, Redwood City, California. Sales 
and service engineers throughout the world. 
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At Eastern Joint Computer Conference 3C introduced DDP·224, faster than the [)Dp·24. Multi'processor 
options were also announced. At the, same time a Van·Mounted DDP was unveiled. Prices on the 24 were 
reduced May 1 to reflect production economies. With this advertisement, 3C announces the DDp·24A (mqdi· 
fied I/O capabilities) ·and previews the DDP·24P, portable version of the 24, small enough to pass through 
submarine hatches. Extensive software and user services are basic to all models. Write' for complete 'deta'ils~ 

DDP-224 
New 24·bit word DDp·224 features: 1.9 JLsecs (0.8 
access) memory cycle, and powerful command 
structure, 260,000 computations per second. Trans· 
fer rates up to 325,000 words per second. 3.8 
JLsecs add. 6.46 JLsecs multiply. 17 JLsecs divide. 
4096·word memory expandable to' 32,768. Typical 
add time with optional floating point hardware 7.6 
JLsecs (24·bit mantissa, 9·bit characteristic). Fully 
program compatible with DDp·24. 

DDP-224 MULTI-PROCESSOR 
Fully bu.ffered control unit, access distribution unit 
and time multiplex unit make it possible to com· 
bine several DDp·224's into integrated large scale 
computer systems with functionally common and/ 
or private memory, control arithmetic, system 
input/output facilities and peripherals. 

DDP-24 
The DDp·24 general purpose computer with indirect 
addressing, hardware index register and I/O charac· 
ter buffer features parallel machine organization, 
powerful instruction repertoire,' sign/magnitude 
arithmetic, and easy expansion. Up to 100,000 
c~mputations per second with 5 JLsec access. 

DDP-24A 
A version of the standard DDp·24 which substitutes 
teletype paper tape and teleprinter I/O for the 
paper tape reader, punch, and I/O typewriter •. 
Same mainframe features. . 

. DDP-24 VM 
The Van Mounted DDp·24 is a rugged, compact, 
fully mobile general purpose digital computer; 
functionally identical to the 24 with paper tape 
reader, punch, and specially mounted I/O type· 
writer. 

DDP-24P 
The Portable DDp·24 is being manufactured to 
offer full computer capability in an ultra·compact 
configuration to meet demands for shipboard, air­
borne and other applications requiring portable 
computer installations. 

s 96,000 

Priced in multiples 
of the DDP- 224. 

s 79,000 

s 69000 , ' 

s 87,000 

Pricing and propos­
als on RFQ. ' 

3C DDP's have been delivered for real-time simulation, on-line data conversion, open-shop scientific and 
engineering computations, speech simulation and analysis, high' energy physics research, ground support 
check-out, and' integrated hybrid systems. ' 

3C DISTRICT SALES OFFICES: NEEDHAM, MASS,; SYRACUSE, N,Y,; COM· COM P UTE ReO NTR OLe 0 M PA NY., INC. 
MACK, LI., N.Y.; LEVITTOWN, PA.; CLEVELAND, OHIO; SILVER SPRING, 
MD.; DES PLAINES, ILL.; ORLANDO, FLA.; ALBUQUERQUE, N.M.; PALO 
ALTO, CALIF.; LOS ANGELES, CALIF.; HOUSTON, TEX.; HUNTSVILLE, ALA. OLD CONNECTICUT PATH, FRAMINGHAM, MASS •• 2217 PURDUE AVE., .lOS ANGELES 64, CALIF. 
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SDS MAGPAK TAKES T'HE GRIEF OUT 

BEFORE MAGPAK 
To assemble a program 

1. Mount paper tape and load assembler. 
2. Run source program cards. 
3. Rerun cards with source program. 
4. Punch out object code. 
5. Rewind paper tape. 
6. Load object program. 
7. Load tape subroutines. 
8. Load data. 
9. Execute the program. 

Magpak is a magnetic tape system 
developed by Scientific Data Sys­
tems specifically to fit SOS 900 
Series software. It takes seven 
inconvenient, time consuming, 
error-causing steps out of small 
computer operation. With Magpak, 
budget-limited c'omputer users can 
have large compu~er convenience 
and efficiency. at half the cost. 

independently controlled magnetic tape drives mounted on a 101f2" by 
19" panel that fits any standard SOS 900 Series Computer rack. Each 
tape drive holds a self-contained, dual track, magnetic tape cartridge 
with a total capacity of more than' 4 million characters. All Magpak 
controls and programming functions are identical to the controls and 
functions of standard SOS high-speed IBM-compatible tape units. Any 
program written for these standard units can be run on Magpak. 

Magpak system costs 

SOS Magpak, a compact, low cost,' automatic programming oriented 
magnetic tape system, is available with all SOS 900 Series Computers. 
It has the functional capability of four SOS standard IBM-compatible 
magnetic tape units at a fraction of the cost. Magpak consists of two 

A typical SOS Magpak system, including an SOS 910 computer With' a 
4,096-word memory, card reader, typewriter and a' comprehensive soft­
ware package (FORTRAN II, SYMBOL Assembly System, META­
SYMBOL and MONARCH Monitor Routine plus a complete library of 
subroutines and utility programs) costs only $81,000 ($2,350 per month 
on lease). A competitive system with comparable convenience and 
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OF SMALL COMPUTER OPERATION 

WITH MAGPAK 
To assemble a program 

1. Load single card deck containing source program and data. 

2. Execute the program. 

performance costs twice as much, yet operates up t'o ten times slower. inherent to paper tapes and cards. With Magpak, you simply load a 
punched card source program and execute your problem in, a manner 
identical to operating a large, expensive computer system. 

Magpak convenience saves money 

In addition to its low original cost, Magpak greatly reduces operating 
costs. Most small, scientific/engineering com­
puters are used on an open shop basis. They 
are generally operated by high salaried tech­
nical personnel with only moderate computer 
usage skills. This results in lost time and 
operating errors. With Magpak, both the time 
required to operate the com'puter and the 
opportunities for human en'or are greatly 
reduced. And the easy to carry, easy to store, 
easy to mount Magpak tape cartridges elimi­
nate the wear, tear and sequencing problems 

For more information 

If you wQuld like additional information about SDS 900 Series Magpak 
systems, contact your nearest SDS sales and service office, or write 
on your letterhead for our Magpak Data Bulletin. 

s ai' -Is a 900 SERIES/MAGPAK 
SCIENTIFIC DATA SYSTEMS 1649 Se'venteenth Street, Santa Monica, Calif. 
Sales offices in New York, Boston, Washington, Philadelphia, Huntsville, 
Orlando. Chicago. Houston. San Francisco. Foreign representatives: Instronics, 
Ltd., Stittsville, Ontario; CECIS, Paris; F. Kanematsu, Tokyo; RACAL, Sydney. 
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. This is Computapereel # 8741-11 

~ . ,- .. 

. I : Reel#8741:~11 was part 
of an order shipped tothe Engineering 
Department of a leading{J niv~rsity. There 
it was selected at random and . subjected 
to a continuous wear test. In 268,853 
passes no permanent dropouts were ex-
perienced. . . 

$ Yes, out~tanding . .. But 
another example of the longer wear 
qualities of Computape. L'()"nger wear, less 
static build-up, great~r reliability than 
ever before. " " " 

Test ityoursel/.Against any other (ape . 

. (+1 COMPUTRON INC. 
122 CALVARY STREET, WALTHAM, MASSACHUSETTS 
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\NHICH 
PAGE PRINT.ER 

DO VO'U NEED? 

With several new and different lines of Teletype send-receive and re­
ceive-only sets, how do you decide which is best for you? While they 
may seem alike at first .glance, there are actually many differences. 

4-row keyboard 

Let's begin .with the most 
obvious diHerence. The Model 
32 send-receive set has a 3-row 
keyboard, like the familiar 
Model 28, but the Model 33 
and 35 have 4-row keyboards. 
Why the shift to a 4-row key­
board when the 3-row keyboard 
has been standard for many 
years? To avoid the shift! That 

is, to avoid the need to shift in order to type numbers and 
common punctuation marks. Besides saving strokes and 
cutting down on errors, the 4-row keyboard is familiar to 
any' typist. 

Now, for the not so obvious diHerences. The Model 32 
page printer oper~tes on the 5-level, 7.50 unit code, but 
the Models 33 and 35 handle an 8-level, ll-unit message 
and data code which conforms to the newly approved 
American Standard Code for information interchange. Both 
the 32 and 33 units are available with a friction feed platen. 
The Model 35 can have either a friction or sprocket feed 
platen, the latter for use with multiple-copy business forms. 

5- and S-/evel tape 

The Model 35 has the exclu­
sive "stunt box" that can per­
form a wide variety of switch­
ing duties including "editing" 
incoming messages, as well as 
turning on and turning off un­
attended Teletype equipment. 
The Models 32 and 33 are 
equipped with a simplified 
"stunt box." 

What do these Teletype machines have in common? 
Many things. They operate at 100 wpm; have pneumatic, 
shock absorbers for smooth, quiet carriage return; all-steel 
clutches that engage at high, positive pressures to insure 
slip-free operation; and quieter nylon gears and pulleys 
that last longer and cut maintenance to a minimum~ . . 

What about optional features? The Model 35 offers 
many modification kits to serve individual needs. Included 

f 

are vertical tab, horizontal tab, page feed-out, and a variety 
of different width platens for printing on business forms. 

Now, which machine should 
you use? Though your specific 
needs have to be taken into 
consideration, the following will 
serve as a guide: Where the 
traffic ranges from normal to 
light, Models 32 and 33 are the 
most economical. The Model 

stunt box 
. 35 is designed for handling a 

much larger volume of mes­
sages and data, as well.as offering increased versatility for 
on-line and off-line communications. 

What are some typical applications? This Teletype 
equipment is used to handle a variety of business needs, 
such as to link sales offices with customers, production 
plants with company headquarters, warehouses with .dis­
tribution outlets, purchasing with outside suppliers. 

multiple-copy forms 

All business forms can be typed 
on this equipment, such 'as 
invoices, payroll checks, per­
sonnel records, sales orders, 
freight bills, tracers, and reser­
vations. In addition, they can 
be used to gather information 
for sales reports, expense fig­
ures, production schedules, and 
account facts. 

This kind of equipment is made for our parent company, 
Western Electric, Bell System affiliates, and others who 
require the utmost reliability at the lowest possible cost. 

To obtain a new and informative brochure on the uses of 
the Model 32, 33, and 35 equipment,' write: Teletype 
Corporation, Dept. 81F, 5555 Touhy Avenue, Skokie, 
Illinois 60078. 

, 
....... __ ® 
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Here's escape from slow figurework 

For example: Miller Oil Company of 
Toledo, Ohio, wanted to automate all 
the accounting for their 30 gasoline 
stations. 
Delays, inaccuracies and the high 
cost of their manual system made it 
necessary to find a faster, and less 
expensive way. 
Now, with one girl, Miller Oil enters 
financial data for all 30 stations on 
Add-Punch'; the original tape-punch 
adding machine by Friden. 

Its punched tape feeds a computer. 
So once a month, Miller Oil sends the 
accumulated tape to a local service 
bureau for data processing. The fee 
is low. No costly key-punching and 
verifying is needed. 
Miller Oil states: "By the end of every 
month, we have 30 complete, fully 
analyzed financial statements in our 
hands. This up-to-date data is help­
ing us to more successfully operate 
each MiJler station. Our Add-Punch 
is so efficient that we're also using 
it to keep records for our subsidiary, 
Tag Airlines." 
Friden offers sales, service and in­
struction throughout the world. Call 
your local Friden systems man to see 
how one compact Add-Punch takes 

black journals. Or * you away from the F · d 
write Friden, Inc., fl en 
San Leandro, Calif. 

*ATRADEMARK OF FRIDEN, INC. A Subsidiary of The Singer Company 
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• The Fifth Joint Automatic Control 
Conference, sponsored by the IEEE, 
will be held at Stanford Univ., Stan­
ford, Calif., June 24-26. 

• The lIth annual Symposium on 
Computers & Data Processing will be 
held June 24-25 at the Elkhorn 
Lodge, Estes Park, Colo. Sponsor is 
the U. of Denver Research Institute. 

• A special summer session on Ad­
vanced Digital Computer Program­
ming will be sponsored by the U. of 
Pennsylvania's Moore School of Elec­
trical Engineering in Philadelphia, 
June 29 through July 10. 

• A summer institute to train high 
school and college teachers in the 
basics of edp will be offered by the 
School of Government and Public 
Administration of The American Univ., 
Washington, 'D.C., July 6-August 14. 

• A short course on Electronic In­
formation Displays is being conducted 
by The American Univ., Washington, 
D.C., July 20-23. A registration fee 
of $200 includes luncheon and back­
ground materials. 

• A two-week course on Man-Com­
puter Information Systems is being 
conducted by the U. of California, 
Los Angeles, July 20-31. 

• The Engineering Extension of 
UCLA, Los Angeles, will conduct a 
course in Reliability and Industrial 
Statistics. Session I will be held 
August 3-14; session II will be held 
August 17-28. 

• A special program on Language 
Data Processing will be held August 
10-21 at the Harvard Summer School, 
Cambridge, Mass. Topics include 
survey of mathematical linguistics, 
formal languages and associated ma­
chines, syntactic analysis of natural 
languages, automatic. analysis of 
content and language processing ap­
plications. 

• The 19th annual meeting ·of the 
Association for Computing Machin­
ery will be held at' the Sheraton 
Hotel, .Philadelphia, August 25-27. 

DRTRMRTIDN 



WHY MUST PROGRESS IN COMPUTER 
USAGE PLUNGE AHEAD AT A SNAIL'S PACEY 

Take on-line or real time systems. You'll find the concentration of these sys­

tems in defense, space or critical industrial and business applications. In 

categories less critical than these, more mundane techniques are condoned. 

And that's too bad. But there's not a lot anyone can do about it in a hurry. 

By Dr. Walter F. Bauer 

Much has been said 
a bou t real time 
computer opera-·. 
tion. A great deal 
of writing has been 
done about on-line 
computer systems. 
Yet, comparatively 
little has actually 
been done to inte­
grate the systems 

into instrumentation and people-loops. This 
is very curious, since many computers are 
suitable for such applications, buffering and . 
display equipments exist, and the techniques 
for implementation are known and under­
stood. The principles are straightforward. The 
computer is a wonderfully flexible instru­
ment, which can take over much complex 
system control and even many of the trivial 
human tasks. Although experience in on-line 
systems is limited in the industry, the knowl­
edge of software like real time executive 
control systems is available to those who 
need it. 

WHO'S AT FAULT? 

TYPICAL ASSIGNMENTS 
Listed here are a few examples of the 
type of real time software work Infor­
matics is involved in: 
PACIFIC MISSILE RANGE: Pro­
gram design for one of the most com­
plex and critical on-line systems yet 
developed; tracking, radar target ac­
quisition, data recording, and display 
involving time requirements twice as 
strict as currently operational similar 
applications. 
NASA HOUSTON: Programming for 
mission control, launch abort, orbit, 
rendezvous and re-entry for Apollo 
and Gemini missions in the Real Time 
Computer Complex under develop­
ment by IBM. 
NATIONAL MILITARY COM­
MAND SYSTEM: Programming and 
analysis in displays and other on-line 
aspects for the highest level command 
and control system in the nation. 
UN IV AC: Programming for the Uni­
vac computers which automate mes­
sage switching in the GSA communi­
cations system. 
OFFICE OF NAVAL RESEARCH: 
Analysis of the country's hardware 
and software technology and system 
planning for Naval Tactical Systems 
of the 1975 era. 

Informatics, you talk to someone who ha~ 
been directly responsible for the manage­
ment of successful real time software pro­
grams. These are very expensive salesmen. 
But anyone at a lower level of competence 
would be unable to evaluate problems prop­
erly. Nor could he ask the questions that 
allow proper evaluation. The techniques are 
too new. The disciplines still too' narrow. 
The acceptance of on-line concepts still too 
restricted. 

THE SOLUTION: 
MORE QUALIFIED PEOPLE. 

At Informatics Inc., we are particularly 
well-suited to solve the problems of on-line 
systems software. We have done a lot of it. 
In fact, we are the only independent soft­
ware firm that specializes in solving real time 
problems and developing on-line computer 
controlled systems. It follows that if on-line 
usage has been slow to evolve, we must 
shoulder a fair share of the blame. We do. 
And it bothers us, since there is really no 
logical reason for there being so compara­
tively few on-line installations. The problem 
is not that difficult. There are no longer basic 
impracticalities to the on-line concept. Real 
time operation is well out of its experimental 
stages in most areas. Yet much of the prog­
ress of data processing i~ jammed up behind 
the on-line road block. There are reasons for 
this. One of these reasons is the need to un­
derstand the potential advantages and to 
plan the system carefully. Another reason 
lies in our own organization. 

WE CAN'T SOLVE OUR 
OWN PROBLEMS. 

. There is a considerable shortage of talent in 
the general field of software. That is bad 
enough. But when you further qualify this 
talent to the specific of on-line systems capa­
bility, the shortage is acute. If you canvassed 
the world for men fully qualified to analyze 
and solve real time software problems, you'd 
find them extremely few and far between. 
We know. We canvass constantly, with the 

nature of our work demands that each and 
every Informatics staff member be qualified 
to take on problems of the most modern 
type, involving computers controlling dis­
plays, communication devices, and analog 
instrumentation. It's not unlike staffing a 
hospital with nothing but neuro-surgeons. 
But we can find no alternative. This limits 
our own growth. It limits the number and 
nature of the assignments we can accept. 
And it helps to limit the entire progress of 
on-line systems usage. But we are making 
progress. Today we're at work on eight large 
scale on-line systems! . 

WHY DID WE PRINT 
THIS MESSAGE? 

This advertisement is appearing for three 
reasons. First, of course, we hope it puts 
us in contact with people who have soft­
ware problems that require our level of 
capability. Second, we'd like to talk with 
talented people who are qualified to join us. 
Third, we hope to concentrate more atten­
tion on the entire field of on-line systems. 
From our point of view, even though the 
swing to optimizing computer usage must, 
by its very nature, be evolutionary, every­
thing that's published to expose the prob­
lems involved will serve to speed things up 
a bit. 

If you would like to discuss our approach 
to partially or fully on-line systems software, 
the best way to do so is by telephone. Our 
number is (213) 783-7500. Ask for Walter 
Bauer or Frank Wagner, or any of our other 
non-salesmen. We also have literature on 
our people and capabilities which we will 
be happy to send you on request. Address 
Department E, Informatics Inc., 15300 Ven­
tura Boulevard, Sherman Oaks, California. 

I

II informatics inc. 
• 15300 Ventura Boulevard 
• Sherman Oaks, California 91403 
Please send me your staff-authored arti­
cles checked below: 
o Programming On-Line Systems 
o A Real Time Data Handling System 

Name ________________________ __ 

Address ______________________ _ 
Our only reason for existence is to b~ing effi­
ciency into our customers' operations. That 
fact necessitates a measure of inefficiency in 
our own organization. For instance, we have 
no. salesmen. When you talk to a man from zeal of treasure hunters. We have to. The' '--________________ ... 
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Sir: 

000000 
0000 

000 
00 

I am a Practical Realist, one of the 
monsters described by Tom Steel. Mr. 
Steel thought to dispose of me by a 
reductio ad absurdam, but I willingly 
accept his paraphrase of my argument. 
Yes, a system is real-time only if the 
computer (hence the programmer) is 
hard-pressed to meet timing require­
ments. And yes, this implies that no 
computer job is inherently real-time; 
that term applies only to specific pair­
ings of task and machine. If we allow 
this, says Mr. Steel, "confusion will 
reign;" but is it really harder to deter­
mine whether programmers have had 
to keep timing constraints in mind 
than it is to determine the suddenness 
with which the value of output falls 
off as time elapses? 

Mr. Steel's own definition of real­
time, which makes the term descriptive 
of an ordinary payroll job but not of 
an airline reservation system, repre­
sents a violent departure from common 
usage, and in doing so provides its own 
counter-examples. Through a surfeit 
of sophistication, perhaps, Mr. Steel 
has come full circle to adopt what is 
fundamentally the Naive Beginner's 
criterion. Both make real-timeness 
depend on an unquantified timing rela­
tionship between a computer job and 
the outside world, and both thereby 
make it impossible, without arbitrari­
ness, to identify a nonreal-time job. 
Specifically: Mr. Steel's criterion is 
the steepness of the performance-vs­
time curve-but that slope' is a func­
tionof the scales chosen for the co­
ordinates, and can always be made 
to approach the vertical as closely as 
may be desired by suitable choice of 
time intervals. 
MARK HALPERN 

Lockheed Missiles & Space Co. 
Palo Alto, California 

Sir: 
Mr. Steel, in his eagerness to catego­
rize us poor schnooks, has not told 
us of what set Humble Authors are a 
subset. Gods? He also, in the opinion 
of this Practical Realist, has failed 
in his task. A real-time data processing 
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system must be capable of the 
following: .' 
1. Accept input, data in the format, 
at the rate, and at the time they 
are offered. 
2. Process each item of input data 
using the relevant processed informa­
tion contained in all previously offered 
input data. 
3. Provide a fully processed output 
before the next item of input data 
is offered. 
4. Provide output data in the format­
and at the. rate required by the total 
system. 

If this definition differs from Mr. 
Steel's, it is, perhaps, partly due to 
my viewing a' data processing system 
as a tool, not as a master. 

As for Mr. Steel's arbitrary and 
summary dispos~l of an airline system: 
Assuming the, discontinuity in the 
degradation curve to be the 'sole 
criterion (which I do not), any airline 
executive will tell him that it exists 
in the reservation system too. It occurs 
when enough passengers take their 
business elsewhere to cause the airline 
to lose money, rather than make it. 

In this sense, there is a drastic 
difference between "scientific" and 
"practical" systems. Fortunately for the 
former, the latter are constrained to 
make the money which supports "Pure 
Theory." 
JOSEPH BAER 

Hughes Aircraft Co. 
, Space Systems Division 
El Segundo, California 

a spade a spade 
Sir: 
On page 78 of the April issue, you 
published a writeup of my session 
on Hybrid Systems at the SJCC; Al­
though you printed my picture, the 
caption read: Dr. C. C. Gotlieb. I 
would appreciate it if you would print 
a correction. 
J. E. SHERMAN 

Lockheed Missiles & Space Co. 
Sunnyvale, Californ"ta 

For the record, here's 
the real Mr. Sherman 
•.. and our apologies. 

flowcharts & standards 
Sir: 
The lack of conformity in flowchart­
ing symbols as discussed in your edi-

torial (March, p. 23) is only one of 
the undesirable elements of hand-:­
drawn flowcharts. The need for flow­
charts as a means of foimal man-to­
man communication cannot be dis­
puted, but hand-drawn flowcharts are 
extremely costly" to prepare and 
maintain. 

If management is to achieve fullest 
utilization, of its dp department, the 
effective throughput of its program­
mers and analysts becomes as impor­
tant as the throughput of its hardware; 
With nanosecond hardware and to­
day's sophisticated software, it seems 
archaic that an indiVidual must, use 
a pencil and, template to depict com­
puter logic. We believe that thepencil 
and template should be replaced with 
a computer program capable of inter­
preting free-form logie statements into 
standard flowcharting symbols .... 

Various programs for' mechanized 
flowcharting are available, with 'a 
variety of input and output formats. 
From our own experience as authors 
of a mechanized flowcharting system 
(80FLOW) for the IBM ,7080, these 
programs "are not only, possible, but 
extremely practical. 

ASA has ,set a, standard for the out­
put symbols. Ifmanageme'nt accepts 
the' concept of. mechanized 'flowchart­
ing (and we believe they ,must), p~r­
haps ASA should also investigate a 
universal flowcharting language to 
standardize input. 

Although the necessity 'for flow­
charts may be reduced by higher­
level languages, they will never be 
completely eliminated: Some fore­
sight now might prevent aprolifera­
tion of flowcharting languages in the 
next few years. 
E. DEAN HOUCK 

DefeWie Electronics Supply Center 
Dayton, ,Ohio 
LOUIS T. COPITS 

IBM Corp. 
Dayton, Ohio 

on-line banks 
Sir: 
Re your statement, "So far, only 
three U.S. savings banks have on-line 
systems, all developed by Teleregis­
ter." In July 1963, Stone Laboratories 
Inc .. installed "the Tellertron, an on­
line' system which it designed and 
engineered, in the Provident Insti­
tution for Savings in the Town of 
Boston. The system has been in' opera­
tion continuously from the time of 
installation. 
WALTERD. WEKSTEIN 

Attorney' for 
Stone Laboratories Inc. 
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Now, from standard typewriting 'action, ,the, Dura®, 
MACH 10® produces data that can be fed into 'the most 
advanced computers.' , . . , 

Simply type a tape to translate data for inventory 
control, sales analysis or numeric control. . 

Or feed a punched tape or ,edge card into, the Dura 
MACH 10 for automatically produced, sales .orders, 

purchase orders, bill of materials and other documents. 
The versatile MACH 10 offers you unlimited systems 

applications~ 
Call your local Dura representative for a demonstra­

tion and systems study. Or write direct to us: Dura 
Business Machines, Dept. P-6, 32200 Stephenson High­
way, Madison Heights, Michigan. 

Subsidiary DC dura corporation 
*Trademark Dura Business Machines, Inc. 
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A real speed reader-2,OOO cards per minute. 

We think you'll agree. Our new NCR 
380 reader really is a whiz at cards. 
As input to an NCR 315 Computer' 
System, it can read 2,000 punched 
cards per minute. What's more, it 
can edit, change format, and lay 
the data down on magnetic tape 

\ 

without reducing its reading rate. 
There's nothing quite like it on the 
market today. So if your system is 
card oriented, you'll certainly want 
to investigate the remarkable- high­
speed capabilities of this new NCR 
reader. It's another example of the 

superior component feature~ which 
NCR provides computer users. For 
more detailed information on the 
new 380 card reader - or on NCR 
Total System planning, call your 
local NCR representative. Or write 
to NCR, Dayton, Ohio. 45409. 

BE SURE TO VISIT THE NCR PAVILION AT THE NEW YORK WORLD'S FAIR. THE NATIONAL CASH REGISTER COMPANY 
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the computer for real-time data systems 
That's the Beckman Model 420. It's in production and espe­
cially engineered for data acquisition and processing systems, 
telemetry ground stations, communication systems, etc. 

Real-time and on-line uses of the Model 420 include: 
System checkout and calibration. Sampling, processing and 
recording from hundreds of analog or digital sources. Decom­
mutating data, detecting and correcting for loss of synchroni­
zation. Converting to engineering units. Testing selected 
channels for alarm conditions, selecting and formating data 
for readout and control. 

.Input/output flexibility is achieved by fully buffering each 
~~hannel, allowing them and the central processor to function 

independently. Thus the comp~ter can respond to real-time 
I/O requirements without waiting for completion of instruc­
tions currently in process. 

Performance and features are outstanding. Operating' 
console has numerical rea~out, table-top operating controls 
and audible alarm. Indexing is unlimited, since each memory 
cell can be used as an index register. Circuitry is all-solid­
state. Full read/restore cycle takes 3.2 JLsec, addition time 
6.4 JLsec. Word length is 18 bits. System expansion is simple, 
since I/O channels and memory can be increased entirely 
within the 420's standard cabinet. For details call your 
Beckman Field Engineer or write 

Beckman® INSTRUMENTS, INC. 

SYSTEMS DIVISION FULLERTON, CALIFORNIA. 92634 

INTERNATIONAL SUBSIDIARIES, GENEVA, SWITZERLAND! MUNICH. GERMANY! GLENROTHES. SCOTLAND! PARIS, FRANCE! TOKYO. JAPAN! CAPETOWN, SOUTH AFRICA 
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realtime data reduction 

PROVED UNDER FIRE AS 
SATURN'S S-IV STAGE 

ROUGHS B 5000 ANALYZES 
ENT SECOND BY SECOND. 

Pacing the recent Saturn shot was all 
in a· day's work' for the Burroughs 
B.5000 Information Processing System 
at NASA's Marshall Space Flight 
Center in Huntsville, Alabama. Via 
microwave and a data conversion link, 
the ·B 5000 process~d and analyzed 
flight characteristic data such as 
thrust and acceleration-providing an 
instaritaneous running analysis for real 
time data reduction. 

Such exa:cting assignments are routine 
for the B 5000 at Huntsville. Here it 
regularly handles post-flight data 
reduction assignments, processing 

. , 

Burroughs-TM 

16 

mountains of flight data, helping deter­
mine successes and failures of previous 
flights, and suggesting corrective 
measures for future shots. 
The B 5000 represents a genuine 
advance in computer technology. It 
has the ability to do true multi­
processing. Its random access disk 
file memory is the fastest available. 
Programming languages are powerful 
and easy to use. Input/output 
equipment is fully buffered 
that all components can op­
erate at rated speeds. 
In fact, with the B 5000 you 

enjoy the best combination of hardware, 
software, and total technical support. 
Whether your data processing problems 
are real time or just real tough, you 
should investigate all the factors that 
make the Burroughs B 5000 today's 
most advanced computer system. 

Call our nearby office or write us at 
Detroit~ Michigan 48232. 

Burroughs Corporation 
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't 3" Data Printer 

be as an on-line communications printer. 
This remarkable machine is the first of 

ty, the SCM Kleinschmidt 300 Series of elec-
rts tronic data-transmission equipment. There 
ns are other teleprinters, tape perforators, 

automatic data-processing sets - all de-
ter signed to meet today's and tomorrow's 
m- more demanding requirements of com-
3te munications and data-handling equipment. 
on For further information, write to SCM 
or Kleinschmidt, Deerfield, Illinois. 

rlDT 
~ATION, DEERFIELD. ILLINOIS 
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SANTA MONICA'S 
MOST HAPPY FELLA 

BUSINESS 
& SCIENCE 

The happy millionaire over in the corner (of the U.S.) 
is Max Palevsky. The energetic entrepreneur looks like 
$lO-million, on paper at least, thanks to 386,000 
shares he holds in the company he heads. Scheduled to 
go public earlier this month at around $25/share, 
Scientific Data Systems is the latest Wall St. 
darling, although it's unlikely they'll get many 
grubby hands on the initial offering. Only some 3500 
shares out of 387,000 were available for divvying up 
amongst 600 employees and other good guys. 

With the stock issued, Max & Co. turned to 
announcing two new products: the SDS 925 (a stripped­
down 930) and SDS 92, a small control computer which 
will buck the likes of the PDP-5 at $29K. The 925 is 
said to be 2x as fast as the 920. 5x~the speed of the 
920, and faster non-arithmetically than the 930. 
Available in 4,- 8 and 16K memory sizes, the 925/ has 
a 1.75 usec cycle time, a· ~.5 usec add, and a 
$80-120K price tag. It's a 24-bit machine, compatible 
with the 910. The 92 has a l2-bitword, and a 2.1 
usec cycle. 

MODERATIOli! J~ND ALGOL) 
WIN QUT IN EUROPE 

A strongly worded attack on FORTRAN and IBM's new 
programming language -- made at a recent IFIP 
meeting in Prague -- has been toned down, we hear, and 
now constitutes a suggestion for cooperation between 
ALGOL working groups and NPL development 
repr~sentatives. IFIP also ignored a U.S. suggestion 
that ALGOL, FORTRAN and COBOL be given equal-favor 
development status. Indeed, IFIP is pushing hard to 
get ALGOL and ALGOL subsets proposed as standards 
... and soon. 

While the Continent seems reluctant to accept the 
U.S. de facto standard scientific/engineering 
language, it evidently swallows COBOL, almost whole. 
The European Computer Manufacturer's Association -­
the equivalent of the U.S.' BEMA -- has translated 
COBOL into French, Italian and German, and proposes to 
work with the American COBOL maintenance committee to 
develop them as standards at the tutorial level only. 
Source language, they say, should still be English, 
although non-reserved words (dates, etc.), ~ould still 
take on a native hue. Anybody for Esperanto? 

SERVICE BUREAUS AIM 
AT BANKS, PUBLIC APPROVAL 
ADAPSO -- service bureau organization -- has a new 
president (Ray W. Johnson, Sacramento), but the same 
old burning animosity toward "give-away" or "unfair­
competition" edp services from banks. (Bank of 
America is supposed to have 60 clients for its new 
medical billing system). And they want the support of 
smaller banks in the fight. The big banks, says 
ADAPSO, often offer services at unfair rates -- due 
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This reliable, compact, low cost random access disk file memory 
contains read/write and control electronics as well as the mechan­

icalunit which handles the interchangeable disk kits. These disk file 
packages contain six disks which will store over 27,600,000 bits. Disk 
kits can be placed in position or removed in a matter of moments. They 
are self-contained and can be safely stored on a shelf without additional 
protection. Access time, data packing and disk kit capacity are bal­
anced to make this unit adaptable to the requirements of most 

medium and small scale A N E L E }E 
data processing systems. ® 

Write for information and, AI_I'\.. 
complete specifications. SYMBOL 0" QUALITY 155 CAUSEWAY ST., BOSTON 14, MASS. 

18 

Interchangeable 
Disk Kits 

provide fast 
random access 

and unlimited 
data 

storage 
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maybe to unrealistic or ignorant prlclng policies. 

OF 

IBM DEFINES 7095/6 
- ... JUST IN .QASE 

One edp specialist working for a bank says his firm 
doesn't offer any unprofitable services, but admits 
that some banks have archaic accounting systems, often 
charge by the seat of the pants. Others might have 
"loss leaders" ... or cut prices to get into new banking 
markets. ' 

ADAPSO, meanwhile, strengthens its reputation as a 
responsible citizen by supporting rehabilitation work 
... h~s helped to educate and place 17 graduates of a 
NYC rehabilitation center. The organization is looking 
for five free alphanumeric keypunches in any kind of 
condition, to accelerate its program. 

Although dedicated full-circle to the 360, IBM is 
evideritly not taking any chances. Reportedly ready to 
accept the loss of 30-40 7000-series installations to 
competitors at installations balking over the 
transition to the 360 and the new programming language, 
IBM has specs for the 7095/6 machines in case the 
enemy raids get too ambitious. 

The 7095 is said to contain a fraction of the 
components of the 360/mod70; the 96, with a slower 
m~mory than the 360/90, is supposed to be faster. 
Both look like paper tigers nobody will have to feed, 
however, unless IBM fails to come up with a good­
FORTRAN for the 360. 

, SOVIETS HONOg DEVELOPERS The Lenin prize for the progress of Soviet science & 
PNEUMATIC CONTROL ELEMENTS technology has been awarded to a group for developing 

ANOTHER NEW ONE 
FROM CONTROL DATA 

RUMORS AND 
RAW RANDOM DATA 

general-purpose pneumatic 'elements for process ' 
control. A Pravda report says that more than 20 
chemical installations "are equipped with the new 
devices." 

Control Data has added another machine to its line. 
It's the 3100, which looks like a poor man's 3200, 
although CDC says it's been in their plans all along. 
Sporting a 1.75 usec memory and a clock cycle 75% of 
its big brother, the 3100 offers n6 BCD or floating 
point hardware,a minimum core of 16K and either two 
or four data channels. Also missing: a sit-down 
console. The most important feature: price ... 
allegedly 50% of the 3200, which brings the 3100 in 
under $lOOK. 

Although enthusiasm of some computer firms for the 
automated typesetting market is chilling (RCA is 
shelving its mod 30), Di/An Controls, Boston; will 
come out with a new low-cost device soon .... CEIR is 
supposed to be 'selling time on the 7094 in L.A. for 
$160/hr. Typical price: $300.' ... A Calif. firm is 
working on'a drum (10-12-in. diameter, 42-in.high) 
with more than 8K tracks. At conventional densities, 
capaci ty may be 150 megabi ts ... L.A. County's 
sheriff's dept., which gave up an attempt to install 
a big real-time system, is using the time-sharing 
system at SDC ,on an experimental, limited basis .... 
It looks as if Librascope has decided not to 
implement COBOL for its L-3000, commercial version of 
a military command & control machine. Advisor CUC 
reportedly'estimated it would take $lt-million to 
develop a veril sophisticated compiler designed by 
another' consultant .... SDO and NYU are looking for 
good papers for their conference on edp in state & 
local gov' t. , 'NYC, Sept. 30-0ct., 2. . .. First 
~omputer joke with social overtones may be the 
definition of core storage as a Birmingham jail. 
~ .. A quick, rough count shows computing firms 
landed over $86-million in Saturn,& Apollo contracts. 
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The PDP·5 computer can control systems with up to 64 

devices for only $24,000 ... an untouchable combination of ecqnomy and 

capability for control applications. The PDP-5 can receive signals from-or generate 

commands to-64 ~xternal devices connected to its input-output buss. Six-microsecond 

memory cycle and fully parallel processing permit a 55,555 additions-per-second 

compilation rate as well as a real-time data compilation and processing or 

recording. Add these features: a two-megacycle bit input via built-in 

data channel, 12 -bit word length, 24 - bit arithmetic, a 

l024-word random access magnetic core memory ($3,OOO 

more for a 4096-word memory), and an analog-to-digital 

converter wired into the basic machine. There's a complete 

softWare package, too, including FORTRAN. Price also 

includes printer-keyboard, paper tape reader, and punch. 

• If all this makes the PDP-5 sound like the capable, 

economical command post you've been seeking for your 

control system, let's get together soon and talk computers. 
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ASHINGTON REPORT 
CLEWLOW REPORT 
BEINQ POLl SJ!E~ 

NASA PLANS COMPUTER 
-- - BUY ALA pO:q 

June 1964 

Finishing touches are being applied to the 
comprehensive report on procurement and use of 
computing equipment by Government agencies from the 
Budget Bureau's Clewlow Committee. (See May, 1964, 
DATAMATION, P. 63.) Findings are hush-hush, but 
speculation is the committee report will fall short of 
recommending the changes in the Brooks Bill. 

Scheduled for Presidential surveillance by June 30, 
the report has been labored over intently, by a. BOB 
work committee which includes edp experts from a 
number of executive agencies. The fact that the 
report is being written largely by agency 
representatives has rai ged some legislative eyebrows. 
"Maybe we've sent a goat to watch the cabbages," 
commented a Congressional aide. 

In-government political pressures concerning the 
report have intensified with GAO and GSA against most 
of the executive agencies. The report's compilation 
was seen by many as a delaying tactic to forestall 
Senate acceptance of H.R. 5171, the bill sponsored by 
Rep. Brooks (Dem., Texas) which would give GSA broad 
powers over Government computer procurement and use. 
The measure passed the House but has been marking 
time in the Senate ever since. 

Rep. Brooks, along with upper house ally Senator 
Douglas, has continued to press for passage. The 
Texas Democrat, who enjoys a close political and 
personal relationship with President Johnson, has 
reportedly parleyed with BOB officials who suggested 
amendments to make it more palatable to them but met 
with Brooks' thumbs-down. With current economi3ing, 
Brooks is ~aid to believe the bill can be pushed 
through the Senate largely as is. 

It's believed Brooks' opponents will attempt to hold 
procurement powers to an agency level, eliminating 
waste and duplication, for example, in the DOD but 
sparing its hierarchy the ignominy of having to come 
to GSA, gold-braided hat in hand, when· they wanted 
another computer. . 

NASA, long a staunch advocate of computer leasing, 
has apparently decided to tack a point or two into 
the prevailing Congressional wind. Included in its 
proposed '~5 budget is a request for funds to 
purchase, rather than lease, a sizable amount of 
computers now installed or on order. Reportedly, 
some $50 to $70 million in equipment has been fingered 
by NASA'officials as potential candidates for purchase. 

Though apparently the space agency now regards 
computer purchasing as tolerable, it has long balked 
on obsolete equipment grounds. "We'd rather lease," 
admits a spokesman. "We think it makes more sense in 
our line of work, but with those reports rolling out 
of GAO and everyone getting excited about purchases and 
savings, it may be a good idea for us to buy a few." 

Giving NASA another nudge on the way to market was 
the latest report emanating from the GAO, which 
claims to have uncovered a loss of almost $2 million 
to the taxpayer through NASA's refusal to purchase 

Continued on page 99 
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when you have a mountain reduced to a molehill ... 

do you wrap it ... or phone it? 
Modern data processing achieves miracles in 

reducing mountains of paperwork to compact 
"molehills" of cards or tapes. 

But what then? How do you move that com­
pressed data across town or across country? 

If you're practica I (and time-and-cost-con­
scious), you telephone it. 

Bell System DATA-PHONE service can trans­
mit it over regular telephone lines at great 
speed-and at regular phone-call rates. 

DATA- PHONE. service is a natural extension 
of your regular phone service, giving you 
integrated information handling that pays off 
in important time savings, better control of 
costs and great~r all-round efficiency. 

Talk with our Communications Consultant 
about it_ Just call your Bell Telephone Business 
Office and ask for his services. 

Bell· Telephone System 
Serving you 
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ILL-ASSORTED FACTS, THOUGHTS, QUESTIONS 
AND CONJECTURES FOR THE RANDOM ACCESS MIND 

If you get as.tired of reading as we do of writing neat prose packages which 
tidily sum up and solve huge and complex problems, you may welcome 
the following exercise in creative reading: 

.., A command and control system we know about requires over 1.5-
million instructions . 

.J One big bank is reported to handle some 1500 payrolls for 500 clients 
in one state . 

.J A top-level systems programming specialist claims that his efficiency­
measured in working lines of code-is increased anywhere from 30 to 100 
percent through the use of an experimental time-sharing system . 

.J. Certain aerospace and defense-oriented firms are releasing program­
mers. Many of them are finding jobs in commercial edp ... at significantly 
lower salaries. 

J One' man estimates that there is a $2~~-5-billion investment in FOR­
TRAN programming. 

J A manufacturer of several 'computers, a line of logic modules, a-d, d-a 
converters, etc., says that the total number of parts-including every size 
bolt, screw, bracket, and type of wire, plus diodes, transistors, etc.-which 
make up all his products is 800 . 

.., A computing executive for a fairly large firm which spends an esti­
mated $7 -million a year on data processing as it is currently defined-$3-
million of it on hardware-estimates that there are another $20-30 million 
spent on data processing which is called something else . 

.., A salesman looking for a job has four offers from two manufacturers, 
a bank and a software-consultant firm. He wants to know: which one of 
the three forces will be the most important on the information processing 
scene ... over the short and the long haul? 

.., You strike up a conversation with the stranger next to you on the 
plane. He asks your profession. You tell him computing and learn that he 
hates computers because "they are dehumanizing people." 

.., We know a man who swears he knows an installation of back-to-back 
1401's ... both used one shift. It's an up-graded tab shop, with no need 
for redundancy . 

.., At another company, a man spends hours a week poring through 
umpteen-hundred pages of printout, plotting key figures on a graph he 
constructs as he goes along . 

.., What percentage of your current work would you describe as creative 
... as menial, routine,. capable of being automated? 

.., Your son says he wants to be a programmer when he grows up. What 
do you say to him? 

" Read any good books lately? 
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get speed and data density of magnetic tape . , . 

-with new standard digital data acquisition systems! 
ADD: The advantages of standard systems-complete system specifications, immediate delivery, 
proven reliability, low cost TO: The benefits of magnetic tape recording and data processing 
AND GET: Fast automatic measurement of dc volts, low-level dc, ac volts, ~esistance and frequency 
recorded on an incremental recorder in computer compatible format-as fast as 
10 channels per second-with up to 440,000 unattended measurements and recordings. 

Heart of these magnetic tape systems, as of other 
Dymec 2010 Data Acquisition Systems, is the DY-24018 
Integrating Digital Voltmeter, a floated and guarded in­
strument which lets you measure extremely low-level 
signals even in the presence of severe common mode 
and superimposed noise. The 24018 measures dc 
voltages to 1000 volts with 300% overranging on the 
lower ranges. It also measures frequency 10 cps to 300 
kc, and you can add an optional converter to measure 
ac and resistance. 

The newest of Dymec's standard systems comes in two 
models, the 2010J and the 2010H, which differ only in 
scanning capability. With the. 20l0J you can measure 
up to 200 3-wire channels, or measure up to 100 chan­
nels with the 2010H System. 

Now from nine standard systems you can select a wide 
variety of input capabilities and recorded output, in­
cluding printed paper tape, punched tape, punched cards 
... and magnetic tape. Prices of the newest systems: 
DY-2010H, $15,365; DY-2010J, $17A15. 

Data subject to change without notice. Prices f.o.b. factory. 

Call your Dymec/Hewlett-Packard field engineer for more information or for a demonstration of a standard digital data acquisition system. 

"'y"JlAIE'~1 ffil!I 
A DIVISION OF HEWLETT-PACKARD COMPANY L.--________ .-..s;;~ ______ ---1 

DEPT. A-6, 395 PAGE MILL ROAD. PALO ALTO, CALIF. • PHONE (415) 326-1755 TWX 415·492·9363 

CIRCLE 20 ON READER CARD 
DATAMATIDN 



DESIGN 
AUTOMATION 
by E. H. 'WARSHAWSKY 

[
---'-] Since general purpose computers have become 

generally available to electronic system design­
--.----- ers, there have been attempts to apply them to 

the solution of design problems. Most of the early at­
tempts had limited and only temporary success. They 
suffered from such things as rapid obsolescence of equip­
ment, inadequate long term planning, lack of management 
interest, and other things which plague the application 
of new techniques. However, the major problem was one 
common to most early computer applications-a lack of 
understanding of the implications of automation. 

From modest early beginnings in the 1950's, design 
automation has grown into an activity of great magnitude. 
A recent conference in Los Angeles on one aspect of 
electronic design automation, sponsored by IBM for it,S 
equipment users, was attended' by representatives' of 35 
different companies or divisions of companies from all 
over the country. The attendees numbered well over a 
hundred and represented the automobile, aerospace, com­
puter, electronics, communications, ship-building, and 
chemical industries. Apparently the interest in this field 
is great and growing. 

At present, automation techniques are being applied 
.to a wide variety of functions of electronic system design. 
Some of the most common of these are printed wire lists; 
change control and configuration, wire routing, component 
placement, logical design, circuit design, automatic draft­
ing, and machine tool control. 

The purpose of this paper is to attempt to explain the 
broad significance of design automation: to electronic equip­
ment manufacturers, and in so doing, to aid managers 
and system designers in their considerations of the sub­
ject. Of major importance is an understanding of the 
complexity of the problem, the potential of the approach, 
and the scheduling and control of the activity. 

First, let us examine some arguments in favor of con­
sidering . a design automation activity: There are three 
fundamental considerations in every business situation­
the cost of the product (or service), the time it takes to 
produce the product, and the quality of the product. All 
of these can. be related to dollars-measured by profit, 
capacity of the plant, and re-orders from satisfied cus­
tomers. Business decisioris necessarily involve trade-offs 
among these factors in an attempt to somehow optimize 
the activity. . 

The electronics and aerospace industries are faced with 
a number of critical problems which have a profound 
bearing on the industries' future. First, there is a severe 
shortage of qualified design personnel on all levels. from 
draftsmen to senior engineers. It has been predicted that 
for the next five to 10 years, the situation with respect to 
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electrical engineers and draftsmen will get worse rather 
than better. Second,the time available to design and 
develop a product is shrinking rapidly. Many government 
contracts have time penalty clauses in them and political 
pressures are. being applied to meet scheduled dates. In 
the commercial field, the rapid obsolescence of products 
and the fierce competitive situation cause product de­
velopment time to be . a factor of increasing Significance. 
And third, products are becoming more complex. 
Throughout the industry, the arriount of information to 
process is growing rapidly, and the processing rate is 
increasing, as are the accuracy and reliability require­
ments .. 

These problems, when viewed as a whole, force one 
to the conclusion that a new approach to electronic prod­
uct development is required. Government projects have 
switched their emphasis from the high production rate, 
low engineering level of the past to the high engineering 
level, low production rate of the present and future. This 
has forced large production-oriented companies to become 
engineering-oriented in a very short time. Along with this 
re-orientation has. come a vast increase in such engineer­
ing activities as design analyses, drafting, test procedures, 
optimization studies, laboratory experiments, and re­
liability programs. It is obvious that companies must find 
ways of performing these functions in a competitive man­
ner in terms of cost, reaction time, and product quality. 

The economic value of applying automation techniques 
to many production activities has been proven to every­
one's satisfaction. In many industries, the question is not 
"Why automate?", but '~When?" The same is true of elec­
tronic systems design. Many companies have had some 
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activity in design automation, and most have emphatical­
ly proclaimed its value. Design automation holds the 
promise of decreasing product cost, decreasing product 
development time, increasing product quality, and in­
creasing plant capacity in terms of both numbers of 
projects and scope of projects. 

If one were to examine· the design processes of a com­
pany in sufficient detail, one would find that they can 
be classified into two general categories-creative and 
non-creative. A creative process is one in which a man 
applies his education, experience, and ability to generate 
information. N6n~creative processes, on the other hand, 
are those that involve translations and reorganizations of 
information supplied from other sources. The overwhelm­
ing majority of' the processes performed by a company 
are non-creative; they generate no new information. What 
'actually constitutes' the creation of information' is a ques­
tion that defies an answer. It can be noted that in the 
area of design, many jobs once considered to be creative, 
no longer are. This is a direct consequence of the advent 
of computers. Rather than define a creative process, the 
tendency has been to define one that is not creative. Any 
job that can be analyzed to the point where it can be per­
formed by a computer is defined as non-creative. This 
does not mean that it must be practical to do it on a com­
puter-only that it is possible. It can be inferred from this 
definition and the history of automation that the increas­
ing emphasis on the analysis of design processes will 
cause many creative jobs today to be considered non-
creative in the future. . 

A design automation system, then, is a means of per­
forming the design furictions of a company, wherein the 
non-creative tasks are done by computers. The definition 
of such a system is the subject of an automation study. 

An automation study· consists of two phases-a detailed 
analysis of the problem and a study of the application of 
computing devices to those aspects of the problem that 
are suitable for automation. Rarely, if ever, is any large 
system problem entirely automated. In most cases, there 
is a distribution of tasks between men and machines with 
an attempt made to· optimize the man-inachine interfaces. 

In block diagram form, this can be represented as 
shown in Fig .. 1 and 2. Fig. 1 depicts a hypothetical sys­
tem prior to analysis, and Fig. 2 shows the same system 
after analysis has' been performed. 

In both figures, the inputs represent information enter­
ing the system and the outputs represent information leav­
ing it. In Fig. 2, each box represents a unique process or 
function. Boxes containing the letter "M" are to be per­
formed by men, and those containing the "C" are to be 
done on computers. The flow of information is represented 
by arrows. Note that the 'columns of boxes are in relative 
time sequence and that each box generates only one out­
put. Of major importance in such an analysis are the 
man-machine interfaces. At each such interface, a trans­
lation of information from one format to another must 
take place. Each translation is expensive and non-produc­
tive relative to the total system function. Examine points 
a and b in Fig. 2 At point a, a man must format data for 
input to a computer, and at point b, the computer must 
format data for prBfientation to a man. In general, it is 
easier and less expensive for a computer to format data 
than for a man to db it. Often-times, one finds that the . 
sequence of events in a system is not rigid and can. there­
fore be changed to some degree. In this case, a system an­
alyst should try to minimize .interface points, pa'rticularly 
man-to-machine interfaces. 
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Even though Fig. 2 represents' a very simple system, 
and real systems usually contain many more functions and 
a much more complex interconnnection matrix, it is still 
an excellent model of the real world. One might note that 
the concept is exactly analogous to that of a computer pro­
gram flow chart and very similar to a PERT diagram. 

The performance'of an analysis such as that represented 
in Fig. 1 and 2 is a very complex, time consuming task. 
However, the success or failure of an automated system 
depends to' a great extent on the thoroughness of this 
analysis and, consequently, on the capability and back­
ground of the analyst. 

The system being considered will consist of all of the 
design activities associated with electronic systems and 
all other activities directly related to those of design. De~. 
sign activities would consist of such functions as· circuit 
design, logic design, trajectory analysis, specification writ­
ing, etc. Design-related activities would include such func­
tions as purchasing, manufacturing, testing, and docu­
ment preparation. 

It can readily be seen that, as defined, design automa-
. tion includes, or can be made to include just about every 

function performed by a company. This should not be a 
cause for alarm. Most companies have over the years 
evolved very effective organizations, with different de­
partments to handle such functions as purchasing, engi­
neering, manufacturing, and sales. In a similar manner, 
the'design automation system can be subdivided and made 
more amenable to analysis. 

The significance o'f viewing the subject in this way lies 
in the consideration of the flow of information through a 
company. Generally speaking, the design activities are 
those which create information, which is then processed 
and translated in design related activities. For example, 
consider an arbitrary black box: engineering designs the 
box, and in so doing specifies the components to be used 
and how they are to be interconnected. A wiring list is 
prepared from this design for use by manufacturing, and 
a material' list is prepared for use by . purchasing. The 
tasks of preparing a material list and a wiring list are 
clearly simple translations of information to special for­
mats. In the same sens.e, purchase orders could be written 
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and control tapes for automatic wmng machines could 
be generated by simple format translations directly from 
design data. . 

In summary, the view taken in this paper is that design 
activities are by far the most significant ones in a com­
pany that develops products. Most other activities are de­
pendent on design and are often simply data processing 
functions. The justification for performing an analysis. of 
the scope described earlier is that with a minimum amount 
of planning, a system developed for use in design could be 
very effiiciently extended into other related areas. If this 
planning is not done or if various departments pursue 
their own automation programs without regard to the 
rest of the company, most of the potential economic bene­
fit of automation could be lost. Not only are the regular 
operational costs usually much higher, but .the initial capi­
tal investment to develop the systems will invariably be 
much higher. . 

There are a number of general statements relative to 
the value of a design automation system which can be 
made. 

1. The time required to design and develop a system 
can be reduced· significantly; Jobs such as wire 
list preparation and load analyses can be done on 
computers in minutes, whereas they require days 
or even weeks to be performed manually. 

2. The quality of a design can be improved. Com­
puters simply. do not make errors as often as men, 
and design checking tasks, that were either not 
done or done in a cursory fashion by men, can be 
done thoroughly in a reasonable length of time 
on computers. 

3. The cost of a project can be substantially reduced. 
Labor costs are easily the most significant cost 
factor on most projects today. A reduction in the 
number of men required to do a job plus a reduc­
tion in the length of time required results in huge 
dollar savings. This is further enhanced by the 
increased product quality, which implies a reduc­
tion in rework and product modification activities 
that are often non-profit operations. 

4. The scope of activities in a company, in terms of 
complexity and volume, can be greatly expanded. 
With a specified number of qualified designers 
one can consider many more jobs, since the design­
ers are no longer required to do data processing 
tasks and can spend their time in creative design 
work. Furthermore, many problerris cannot be 
solved in a reasonable length of time without com­
puters. Such things as missile trajectory simulations, 
efficient, high volume telemetry systems, and many 
variable logical equation minimizations were, es­
sentially, impossible to handle before the advent 
of computers. 

5. It is easily possible, through the use of computers, 
to force the use of design and hardware standards 
in the company products. This is inherent in a 
design automation system. . 

Along with the advantages, come certain disadvantages. 
These areas follows: 

1. While it is true that the total number of people 
required will be reduced, it is also true that the 
number of good, capable people required will be 
increased. This is due to the rapid response time 
of computers and the anticipated increased scope 
of activities. Whereas in the past a designer was 
required to make perhaps five decisions a· day, it 
is likely that he will be required to make as 
many as 50 decisions a day when working with 
an automated system. This is likely to require 
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a better designer. 
2. Standardization, while it is good in general, may 

be a disadvantage in an automated system. Such a 
system may exhibit more resistance to change than 
a group of men. . 

3. If improperly designed and serviced, an automated 
system may actually slow down a company's 
growth. Remember that. once functions are auto­
mated, the manual methods are discarded and, 
after a period of time, the personnel familiar with 
the methods may leave their positions. Once this 
occurs, the company is wholly dependent on the 
automated system and cannot function without it. 
It must be reliable, it must be maintained, and it 
must be understood by someone. 

Fortunately, most of these disadvantages can be avoided 
if adequate attention is given to the initial system design. 

reconciling goals. 
A new project in design automation is immediately 

faced with the problem of reconciling long- and short-term 
goals. The long-term goal is simple-an operational, auto­
mated design system for the functions included in the 
subject system. The short-term goals. are more complex. 
They include getting some programs into operation, plan­
ning expansion, establishing a working rapport with user 
groups, and generally gaining acceptance of the ideas 
which one is trying to promote. Both goals must be pur­
sued simultaneously. Short-term projects should be eval­
uated with .respect to long-term goals, but with other fac­
tors in mind too. It is often wise to do a job that has little 
long-term value if it will facilitate the acivity in the imme­
diate future. One satisfied user is worth a hundred theoret­
ical reasons when the project's future is being decided by 
management. . 

The first functions which should be automated are those 
that bring the greatest immediate benefits and are rela­
tively easy to analyze. This is true for political and psy­
chological reasons, as well as for sound, practical design 
considerations. These are usually functions that involve 
very diill' repetitive data processing tasks, iIi which. de­
sign data are simply manipulated in many ways. Primarily, 
this is the area of document generation, configuration, and 
change control. 

Most companies have shown the wisdom of starting 
here; the advantages are many .. First, in manual systems, 
the document preparation area is where all of the design 
data are finally gathered; consequently the automation of 
this function enables one to establish complete program 
files, and then to expand the system in all directions-back 
towards design and forward toward functions like purchas­
ing and manufacturing. The second advantage is that the 
company automates something that almost everyone in 
the company is aware of and can appreciate. And third, 
it fills an existing manpower gap caused by a severe short­
age of draftsmen. 

The deciSIons as to what functions to add and when to 
add them, once· the documentation area is automated, de­
pend on· the needs of the company, the capabilities of the 
automation analysts, and the desires of the user groups. 

There is a great deal more involved in the. implementa­
tion of a design automation system than a realization of its 
potential benefits. Most people have a fairly good idea of 
what they can expect once a system is in operation, but 
few appreciate the many and diverse problems that must be 
solved to bring a system to that state. 

hardware: the character machine 
Most· of the· functions pr~setitly ·being automated are 

non-creative. They involve· such tasks as document 
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generation, preparation of control tapes for automatic ma­
chines, and the selection of optimum wire sequences. By 
and large, these jobs involve sorting, error checking, format­
ting, printing, and other data processing tasks. !-luge files 
of millions of characters are involved, and hundreds of 
pages may be printed in a day. Many magnetic tape units 
are used, and magnetic tape libraries containing tens of 
reels are common. A system response time of about one 
day is usually adequate. 

These types of functions require machines with reason­
able internal storage (perhaps 40,000 characters or more), 
high speed accessibility to magnetic tapes or other high­
volume storage media, and a fairly rapid processing time. 
It is not correct to say that this means that large-scalema­
chines are needed. There are many small and medium­
scale computers on the market today which could easily 
handle most design automation systems. Such machines 
as the SDS· 920, the PDP-24, and the PDP-l would be 
excellent choices for most companies. If a choice exists be­
tween a character-addressable and a word-oriented ma­
chine, the character machine is preferable. This is because 
most non-design functions are a sequence of sorting and 
formatting operations that are more efficiently handled in 
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character machin·es. In general, machines that have been 
developed for business data processing applications are the 
type needed for the automation of non-design functions. 

financial cispects 
A design automation activity is expensive. Many com­

panies have invested hundreds of thousands of dollars in 
their projects and are just beginning to reap the rewards. 

The fact that the capital investment is high is certainly 
something to be considered; however, the major cost is in­
volved in the actual detailed programming. The system 
analysis can usually be done by a small number of quali­
fied people, and, except for the initial planning phase, 
they need not be on the project full time. It is possible for 
a system analyst to define five to 10 man-years of program­
ming work in a few months of effort. Also, there are per­
petual costs in an automation system involving mainte­
nance, program changes, user services, and file updating . 
which must be kept in mind. 

Whatever the total cost of the project, however, if a 
company concludes that it wants and needs an automated 
system, it must be prepared to finance it adequately. There 
is a minimum level of funding, varying among companies, 
that must be maintained if one hopes to hold experienced 
personnel and achieve usable results. • 

shortcut 
to customized products 

DESIGN ENGINEERING 
by DAVID HOLSTEIN 

[

_ .. _-.... -.. _ ... ] This story is short, but it could have been long­
er. The storm had been an unusual one for the 
season; the damage great. Bob Nichols, chief 

engineer for a small, but growing southern utility com­
pany, was a man on an urgent mission. Flooding and 
undermining had ruined a bank of power transformers at 
an important substation and he needed replacements 
quickly. But where could he obtain specially designed 
transformers in so short a time? Being a resourceful en­
gineer, he checked the major. manufacturers on the phone 
and found that some significant changes had taken place 
in the design of these equipments since he had last placed 
an order. For one, the design cycle had been reduced to 
a matter of minutes for special orders requiring new de­
sign instead of days or even weeks, permitting much faster 
delivery schedules. The reason: Automated Design Engi­
neering, a newly developed system by IBM and installed 
first by ITE Circuit Breaker in Philadelphia. Nichols recog­
nizedhe wouldn't have his transformers tomorrow, but he 
did have the assuranoe that the order would be released to 
the shop for manufacture very soon after he compiled a 
statement of requirements for the units and communicated 
them to the company. So saying, he wrote this problem off 
the books and turned to the many others pressing him on 
that post-storm day. 

While the foregoing story probably never happened, it 
does illustrate how computers and engineers have been 
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teamed up to produce an ever more effective automation of 
the design process. 

I-T-E Circuit Breaker initiated its Automated Design 
Engineering system last November with the processing 
of an order for a 13,200/480 volt, 1500 KVA transformer. 
Williarri C. Long, manager of the Transformer and Recti­
fier Div., summarized the results: "It took the IBM 1401 
approximately 30 minutes to compute and pl;"int out elec­
trical and mechanical design characteristics of the trans­
.former. An entire customer order could be processed in 
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one day, in contrast to a mll1lmUm of six days formerly. 
More important," he continued, "this new method frees 
our excellent, but often heavily burdened engineering staff 
to do creative engineering instead of purely routine, math­
ematic,11 work. Already it has increased our engineering 
capability." 

The unique difference between this and other engineer­
ing computer programs lies in the basic systems concept: 
design methods {logic) are stored rather than answers 
compiled from many previous designs. When the logic 
of engineering design is successfully identified and stored 
in the computer, complete design plans can be automati­
cally generated from statements of customer requirements 
serving as input to the system. . 

Automated Design Engineering was first introduced to 
I-T-E Circuit Breaker in ,March 1963 when a survey was 
undertaken with personnel from IBM's Data Processing 
Div. to determine the relative value of the system for 
transformer design, and evaluate its applicability to other 
electrical product lines. A decision to implement the sys­
tem was reached in May, and it was in operation by fall. 

The transformer line covered by the new system in­
cludes three types: ventilated dry, gas sealed, and liquid 
filled {oil or askarel) transformers. Ratings range from 45 
to 10,000 KV A on 5,000-69,000 volt applications. In man­
ual design, the primary task is to perform electrical calcu­
lations and specify mechanical parts which meet a cus­
tomer's special requirements. This is a laborious and time 
consuming task considering the numerous parts in a 
transformer. With the new system an engineering editor 
checks the order for accuracy, data is punched into cards 
and fed into the computer, and a complete design is 
printed out. As Kenyon Sweitzer, I-T-E supervisor of 
Electrical Design, notes: "It is estimated that Automated 
Design Engineering can be employed in processing 90-
95% of I-T-E's transformer orders. Only very unusual, one­
of-a-kind designs will be handled manually." A. E. Mac­
Kenzie, vice-president of Power Eqtiipment adds: "It is 
quite likely Automated Design Engineering will be ex­
tended at I-T-E. Our line, particularly power apparatus, is 
non-standard. Therefore, the use of this new computer 
technique in product design promises to strengthen I-T-E's 
overall competitive position." 

To see why these statements are made, it is necessary 
to look inside the system and view it in action as it proc­
esses a customer order. 

overview of system operation 
I-T-E's Automated Design Engineering system, complex 

in size and approach, operates on an IBM 16K 1401 com­
puter with two 1311 disc drives, the first to use this type 
of storage with the 1401 program. The program is written 
in FORTRAN and contains approximately 826,000 char­
acters of 1401 program. They are stored on one of the 
1311 disc drives in modules of 16,000 characters each. At 
the conclusion of its processing, each module decides 
which one is to be executed next, and transfers control 
to the overlay routine for calling the new module into 
core storage from disc. As is typical in transformer design 
practice, the system approach is iterative, with each in­
termediate result converging closer to a "best" design 
meeting specific electronical requirements. A disc scan is 
used to retrieve information concerning mechanical parts. 

Fig. 1 shows a flow chart of the input preparation for 
the electrical design of a transformer. When a customer 
places an order he specifies such factors as: coiling media, 
KV A, primary and secondary voltages, impedance, cycle, 
physical termination of the primary and secondary coils, 
accessories, and certain special options. An 1-T -E sales­
man transfers this information to a check-off sheet. The 
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sheet produces a 14-digit catalog number and identifies 
any non-standard data needed to completely describe the 
transformer. An engineering order editor then transcribes 
this information from the worksheet to an input card. Since 
the system is divided into two sections-electrical and 
mechanical-three to five cards are prepared for electrical 
input (depending on the amount of special information), 
and one for mechanical input that indicates a catalog num­
ber. Prior to key punching, the data is checked for com­
pleteness and consistency by the engineering editor. A 
machine operator rech'ecks the input cards after key 
punching. For the transformer shown on the INPUT Card 
in Fig. 2, the 12,500 primary voltage and tap configuration 
ar~ special requirements. 

Fig. 3 shows the basic computer operations for elec­
trical design. Upon entry into the computer, a third data 

. validation is performed for consistency, completeness, and 
non-redundancy. Where no errors exist, the system pro­
ceeds to electrical design on the assumption a standard 
core is to be used. Values for core characteristics are as­
signed, and the low and high voltage coils are designed 
consecutively. Each coil design is iterated first for wire 
size, then for temperature rise; current density is changed 
until temperature rise falls within required limits; in this 
example, less than 150 degrees. Next, impedance and total 
copper losses are computed. If either falls outside allow­
able tolerances, certain design parameters such as current 
density and impedance· gap are changed, and the windings 
are redesigned. Dimensional clearance between coils is 
then calculated and checked against minimum required 
clearance. 'Where it does not fit, a new core must be de-

Fig. 1 I-T-E System Flow Chart-Electrical Design 
Input Preparation 

Machine ~ 
Operator 

Verify 
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signed, and the entire process repeated until temperature 
rise, impedance, copper losses, and clearance are fully 
satisfactory. In a final step, dimensions and winding char­
acteristics 'are computed for the core and coil. This com­
pletes the design cycle. 

Values for the completed design are printed out in a 
form suitable for the manufacturing department. Electrical 
output consists of a specification sheet, a coil e,ngineering 
sheet, and a coil assembly sheet. A core assembly sheet is 
also included if a special core is needed; otherwise, it is 
p~inted out as part of the mechanical retrieval section. The 
specification sheet shows customer name and address, shop 
order number, transformer rating, testing and shipping 
requirements, wire sizes for the windings, and copper 
weight. Coil design values are printed out on the coil en­
gineering sheet, and turned over to the engineering de­
partment for analysis of test results and standard param­
eters to determine whether they need modification to re­
duce the number of iterations necessary for an optimal 
design. Values for each variable characteristic of the coil 
are printed out on the coil assembly sheet, which, in con­
junction with one of 15 standard assembly drawings, is 
used by the Manufacturing Department to construct the 
c.Qil. Where a special core is required for the customer 
order, output follows this same pattern. 

In the mechanical section of the program (not shown in 
Fig. 3), bills of materials consisting of major and sub­
assemblies, are exploded into parts lists. The transformer 
in this example contains three' major assemblies: core, 
main, and transformer enclosure. Each of these includes 
subassemblies at one or two lower levels. The 1311 disc 
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is scanned for parts used on these assemblies, and as each 
one is located, a part number, description, quantity, and 
related purchasing and inventory information are printed 
out. Fig. 4 is an actual computer print-out for the core as­
sembly. It shows that part number G006077350 is the first 
to be retrieved for the core assembly. A significant part 
number is printed next to indicate shape, material, and 
variable dimensions of t~ft part; in this example the part 
is a non-metal, Rat or formed piece of insulation with no 
holes and made from Glastik. A quantity of two is needed 
for each core assembly. Parts are stored only once on the 
disc, and all assemblies using an individual part are ref­
erenced on the disc record. Recapping, the mechanical 
system contains all the information required to determine 
which assemblies 'are used in the manufacture of a trans­
former. The disc scan function retrieves all, necessary 
parts information, assembly by assembly. 

With this system, I-T-E has considerably reduced the 
number of drawings necessary for manufacturing trans­
formers, specials are designed in the same amount of time 
as standards, duplicate parts are eliminated, and optimal 
designs are now being achieved that were not possible 
manually. 

computers in design engineering 
Actually, Automated Design Engineering is not a radi­

cally new concept. Rather it is a further refinement of 
progress which has been going on continuously in the en­
gineering field over the last decade. Ever since the advent 
of the electronic computer, engineers have been their 
strongest and best, advocates. Hampered by the lack of 
adequate computational capacity, engineers at first treated 
this new phenomenon as an overgrown desk calculator. 
Design engineers, for example, continued to produce de­
signs as before, except that when a lot of calculation was 
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required, they would turn to the computer for this orier­
ous chore. 

While the computer played a relatively small role in 
these early applications, the groundwork was being laid 
for today's more sophisticated man-machine systems. 

Soon limited logic and decision making capability (de­
sign synthesis) was assigned to the computer, particularly 
in transformer and rotating equipment industries. Here 
product design passed through several iterations· involving 
many repetitive calculations before an acceptable design 
could be produced. Computers were programmed to ac­
cept manually prepared input variables, to evaluate inter­
mediate answers after each computation, and to select 
the next calculation, using the same decision rules an en­
gineer applied. 

Another approach to the problem was taken with the 
introduction of IBM's Design Automation system for 
circuit design of wiring panels on computers. The engi­
neer still maintained a substantial design responsibility, 
but the computer took over a larger share of the testing 
and evaluation work, and produced a complete set of 
manufacturing instructions for wiring panels in the shop. 

Fig. 3 Computer Operations - Electrical Design 

June 1964 

Automated Design Engineering is another in a continu­
ing series of improved computer applications for product 
design. With this system, design logic, mathematical anal­
ysis, desigp checking, and data processing have been sub­
stantially turned over to the computer. 

development and implementation tools 
Aside from the fundamental concept of Automated 

Design Engineering - i.e., capture and regeneration of 
design logic - certain systems techniques old and new 
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have contributed heavily to application development. 
None of them was devised exclusively for this system, but 
taken in concert, they permitted an ordered, step-by-step 
approach to study, design, and implementation, and pro­
moted construction of an economical systems package. 

Regeneration 
Design engineering is concerned primarily with the 

problem of what to build to satisfy a customer's require­
ments at stated levels of quality and cost. At the conclu­
sion of the design cycle, product part and assembly specif­
ications are compiled and released to the shop as instruc­
tions for manufacturing the product. The intervening sys­
tematic steps between customer requirements and prod­
uct specifications are referred to as design logic. 

Traditional engineering systems are based on the prem­
ise that once a problem is solved, the answer is stored 
for retrieval as needed. Automated Design Engineering, 
on the other hand, is founded on the principle that the 
method of arriving at an answer (or logic) is stored, rather 
than an ever increasing series of answers for highly special-

Fig. 5 

DRIVE GEAR SELECTION 
DRIVE GEAR R-230-6 
ASSEMBLE PER DWG SD-122-SK-23 

ized problems. Then, as problems arise, answers are re­
generated automatically and with little human interven­
tion. In this case, "problems" are customer requirements, 
while "answers" are product characteristics and specifi­
cations. 

In practice, specific applications are mostly regenerative, 
and partly file reference, depending on the nature of the 
product. Parts and assemblies that have to be selected are 
usually, but not always', associated with file reference pro­
cedures. The example of an instrument recorder is a case­
in-point. It is necessary to select one out of three standard 
drive gears at one stage of design. The logic of the selection 
process has previously been defined, and as each customer 
order is processed, the appropriate gear is designated and 
printed out along with the assembly drawing number. 
Fig. 5 shows the computer printout for this operation. The 
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design of a reading scale for the recorder is quite another 
matter, since it is unique with each customer. Design data 
supplied to manfacturing must include a list of the nu­
merals to be printed on the scale, size and location of each 
numeral, and length and placement of lines to be drawn 
on the scale. The design logic for specifying these param­
eters is stored in the computer for automatic regeneration 
according to the expressed needs of each new requirement. 
The manufacturing specification printed out for a scale 
appears in Fig. 6 as a schematic drawing, showing nu­
merals to be printed, size of major, intermediate, and minor 
division lines, and their location. In this example, the 

Fig. 6 
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line representing 500 is a major demarcation, and is to 
be placed (reading down) 1.975 inches from the left mar­
gin of the scale. Part numbers for the scale blank, pen, 
and pen guide, as well as packing instructions are also 
specified. 

Documentation Techniques 
Decision ta'Qles have proved to be a highly effective 

device for analyzing and documenting design logic in 
these systems. Tabular format is particularly valuable 
where cause and effect relationships {e.g., customer re­
quirements-product specifications) need to be structured 
and displayed in a systematic, compact manner. 

In an Automated Design Engineering system, names of 
customer requirements are documented .in the upper left 
quadrant (condition stub) of a decision table, while var­
ious ranges of requirement values are arrayed in columns 
of the condition entry area (upper right quadrant), as Fig. 
7 shows. Product specification names are listed in the 

Fig. 7 
- STUB _ .... ~---- ENTRY -----i~ 

IF ." 
TABLE HEADER Rule Rule Rule Rule Rule Rule 

"1 "2 "3 "4 "5 116 

1 
Conditions 

1. Names of 

2. 
Ranges of value 

customer for customer 

I 
requirements 

3. requirements 

THEN ... 

t 
I. Names of 

Ranges of va lue 
Actions 2. part for ports 

j 
characteristics 

3. choracteristics I I I 
action stub or lower left quadrant, while associated values 
for these actions are placed in columns of the action entry 
area. 

A decision rule is comprised of the values in any single 
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vertical column of the entry area. For example, Fig. 8 is 
a simplified table for the design of a centrifugal pump. 
The customer has ordered a unit to pump water with a 
viscosity of 20 SSU (Saybolt Seconds Universal), where 
specific gravity is 100, temperature 140 degrees, rate of 
How -is 260 gallons per minute, pressure is 155 feet of 
water, speed is 1750 rpm, and voltage is 220 v. In an op­
erating system, this requirements data is punched. into 
cards and processed in the computer through multiple 
decision tables to arrive at final product specifications. 

This initial table is used to determine pump model. 
Rule # 1 reads: IF the capacity is zero to 250 gallons per 
minute, and the pressure is less than 100 feet of water, 
and the temperature is less than 225 degrees, THEN the 
pump model number is B-1, and screwed connections are 
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to be used, and the lubrication is grease. A final step in­
dicates that table # 10 is to be processed next. However, 
this rule does not fit the designated customer require­
ments in all respects. Rule # 3, then, is processed and 
table # 12 is called upon for the next processing step. 

This has been a relatively simplified demonstration of 
decision table application, but it does illustrate their con­
tent and structure, and method of displaying design logic. 
Tables in an operating system consist of many more rules, 
and include highly complicated logical networks. While 
the example emphasized demonstration, systems engineers 

Fig. 8 

DECISION TABLE # I (MODEL SELECTION) 

l 
TABLE NO.3 RULE I RULE 2 RULE 3 RULE 4 ( 

CAPACIT Y IS ....... 0- 250 0- 250 250-570 250-570 
IF ...... HEAD IS ........... LlOO L225 L240 L600 ( 

TEMPERATURE IS ... L225 L250 L550 L575 ( 

MODEL NO. IS ....... B-1 B-1 B-1 B-1 ( 
THEN .... CONNECTIONS ARE .. SCREWED SCREWED FLANGED FLANGED 

LUBRICATION IS ...... GREASE OIL OIL OIL 

GO TO TABLE 10 II 12 13 

also are employing tabular format successfully for the 
initial capture of design logic during interviews with prod­
uct engineers. Please note the bibliography for more de­
tailed treatment of decision tables. 

Structured Approach to Systems Design 
Installation of Automated Design Engineering systems 

is considerably eased by following a systematic design and 
implementation plan. After a general systems design is 
formulated, appraised for economic value, and docu­
mented for management review and approval, three prin­
cipal tasks of detailed systems design are performed­
customer requirements analysis, product structure analysis, 
and capture of design logic. Since the results of these 
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analyses are critical to the eventual quality of the design, 
it is worthwhile to examine them more closely. 

During customer requirements analysis, the product is 
described as it is viewed and requested by customers. 

A dictionary of product terms is compiled and related 
to all values each requirement can assume over the entire 
product line (Fig. 9); Sales catalogs and completed orders 
are screened for this data, and marketing personnel inter­
viewed for added information. This analysis provides the 
structure of the input to the system. 

The second analysis-product structure-yields a descrip­
tion of the product from the viewpoint of the shop; results 
establish the structure of system output. A generic model 
list, Fig. 10, is prepared from parts catalogs, material bills, 
and inventory lists to show relationships among parts and 
assemblies. Fixed and variable characteristics are identified 
for each part in the product, Fig. 11, and a range of values 
designated for each variable. Part characteristics are not 
especially useful to the shop, but are vital to system. de­
sign. Consequently, they are eventually converted back to 
the more conventional terminology of part, assembly, or 

Fig. 9 
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Nomenclature 
KVA 

2 Primary Voltage 
3 Secondary Voltage 
4 Primary Connection 
5 Secondary Connection 
6 No. of Taps 
7 Tap Percentage 
8 Taps Below Rated 
9 Phase 

10 Sound Level 
11 Impedance 
12 Losses 
13 Frequency 
14 Primary Termination 
15 Secondary Termination 
16 Cooling Medium 
17 Temp. rise 
18 Installation 
19 Finish 
20 Accessories 
21 Special Features 

Fig. 10 

Scope! boundary and range 
45 - 10,000 kilo volt amperes 
• 48 - 34 kilo volts 
• 12 - 15 kilo volts 
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Delta, Wye, Scott, Non~ 
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Std., Non. Std. 
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Std., Non. Std. 
Std., Non. Std. 
20 - 60 cps 
Roof bushings, throat, close-coupled 
Throat, close-co,upled, tranfo 
Oil, askarel, air, nitrogen, gas 
45 - 180°C 
Indoor, outdoor 
Standard, non-std. 
Standard, non-std. 
Match & line, special bushing 
location, special phasing, misc. 

GENERIC MODEL LIST 

Shopwork Assembly 
A. Case and Door 

1. Case Casting 

2. Hinge 

3. Door 

4. Bracket 

5. Door Handle Assembly 

a. Handle 

b. Washer 

c. Latch 

d. ~ck 
e. Stop 

f. Key 

g. Bracket 

B. Main Frame Assembly 

1. Main Casting group 
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a. Casting 

etc. 

drawing numbers through the medium of an association 
logic. 

On completion of these two analyses, logic is identified 
to connect individual customer requirements to related 
product characteristics and specifications. Generaliy, this 
is accomplished by tracing paths through a matrix with 
requirements on one coordinate and variable characteris­
tics on the other. Paths from requirements to characteris­
tics are not always direct or one level progressions, and 
often many intermediate values have to be identified to 
complete the logic net. As the logic is identified, it is 
documented on decision tables. 

The preliminary system design previously outliried is 
now amplified to show precise input/output formats, and 
program Row. Special emphasis is placed on error preven­
tion routines, program modularity, language selection, file 
organization, and sequences of processing· orders. (batch 
or serial) to build up system accuracy and Rexibility. 

Next, decision tables containing design logic are coded 
to minimize storage and execution time, and debugged 
either in groups or individually. Programs are partitioned 
into modules based on the memory capacity of the proc­
essor. Program testing is conducted at three levels: deci­
sion table, program, and system. 

The system is normally run as a pilot operation for a 
time before conversion to full operational status. After 
the system has been runiting under full load conditions 
and modified to improve its overall efficiency, other prod­
uct lines are added as time and personnel permit. (In view 
of systems complexity, it is preferable to start small and 
expand with experience), 

This, then, is a brief look at some of the tools and tech­
niques which promote the economical installation of an 
Automated Design Engineering system: regeneration, de­
cision table for analysis and documentation, and a sys­
tematic plan of systems design and implementation. 

From the foregoing discussion it will be recognized that 
this system is not universally applicable to all types of 
businesses. Where the design is essentially prototype 
(successive models are quite different from their prede­
cessors), or involves standard models with little or no 
engineering change from one unit to another, there is little 
advantage to this approach. 

However, where product design is customized and spe­
cial design variations have to be introduced to a stabilized 
produ6t line to meet individual requirements, Automated 
Design Engineering can be implemented with consider­
able benefit. This includes a long list of companies manu­
facturing motors, pumps, transformers, switchgear, gen-

Fig. 11 
,_ 

Fixed Variable 

Dwg. Part Character- Character- Reason for 

Name No. No. istics istics Variation 

Input 44717 K6071 1) Depth & No. of positions No. of input 

Circuit Diameter & subtended circuit points 

Selector of Shaft angle to be monitored 

Switch Body No. - . Angle 

2) Shaft 10 36
0 

Length 12 300 

20 18
0 

24 1So 
0 

30 12 

33 



DESIGN ENGINEERING ... 

erators, instruments, communications gear, and, heat ex­
changers, to cite just a few. The obvious advantages of 
this system for these industries are several: engineering 
lead time arid total product cycle time are compressed; 
engineering paperwork is automatically generated; best 
design practices are used consistently; savings in mate­
rial costs are realized; arid routine, repetitive elements of 
design engineering are reduced. All of which can be 
channeled into an improved competitive position for a 
company. 

evolving decision making systems 
Certain fundamental concepts and principles of engi­

neering work have been, recognized in the development 
of Automated Design Engineering: 

a. Cause and effect relationship among events. 
h. Part commonness across product lines and models. 
c. Organization of parts and assemblies into families 

or generic groups. 
The existence of cause and effeCt relationships permit 
the organization of infonnation into logical, decision-:-mak­
ing networks. When these relationships are defined and 
programmed for computer processing, routine decision­
making, repetitive computation, and documentation are 
appreciably reduced. As part commonness is accounted for 
in a system, frequency ,of selection is minimized. Struc­
turing of parts and assemblies into generic groups or 
families facilitates breaking complex jobs into controll­
able, meaningful elements. 

The regeneration principle of Automated Design Engi­
neering is equally applicable to many other functional 
fields of work where routine decisions ,are made repeti­
tively in the course of on-going operations: manufacturing 
planning, quality control, product cost, production con­
~rol, etc. If the inputs and outputs of these functions can 

MORE 
INSTRUCTIONS 
LESS WORK 
by CHRISTO~HER J. SHAW 

• • • 

, The well-known defects of "number of instruc-

0' , Hons" as a measure of programming productivity 
have not yet diminished the popularity of this 

measure, mainly because no other is so easily available; 
Among these defects are the facts that (1) machine in­
struCtions for one computer (with a 24-bit instruction, 
say) aren't always even' roughly comparable to those of 
another computer (for example, one with a 48-bit instruc­
tion,) and (2) much programming effort is often spent 
in reducing the number of instructions in a program. 
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be identified and structured, and a decision logic recap­
tured to connect them, then an automated decision-making 
system can be designed. Outside the manufacturing indus­
try, this concept might be applicable to such diverse fields 
as medical diagnosis and Investment planning. 

In retrospect, Automated Design Engineering is a big 
jump forward in the evolution of efficient man-machine 
complexes. As comparable systems are developed for 
other areas of a business, they can be merged at their 
interfaces to produce a complete business decision-making 
system. 

Of course, Bob Nichols, the hero of the fictional story 
at the beginning of the paper, might not be remotely 
interested in all this. But the fact that somebody else 
was, meant he would get those badly needed transform­
ers a lot sooner than he expected. • 
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The first defect mentioned is commonly ignored or 
passed over lightly, even when several different computers 
are involved, while the second is conveniently hypothe­
sized away by hoping the sample is large enough to 
smooth over any such irregularities of practice. 

Two studies made last year, comparing the effects of 
using different types of programming languages on pro­
gram cost and quality, point out still another defect in 
"number of instructions" as a measure of programming 
productivity. For any given problem, the number of ma-
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chine instructions you get is very heavily influenced by 
the language you write the program in, and by the effi­
ciency of that language's processor. This influence is per- . 
haps larger than many realize. It can sometimes mean a 
factor of two or even three i~ program size. 

The first study,l a costing study of a number of pro­
gramming projects ranging from the small to the very 
large, reported that average manpower cost was 5.8 man­
months per thousand machine instructions for all proj­
jects studied, regardless of the programming language 
used. Of this effort, 34% (or almost 2 man-months per 
thousand instructions) was spent on "analysis;" 20% (or 
almost 1.2 man-months per thousand instructions) was 
spent on "documentation and turnover;" and the remain­
ing 46% was spent on "programming." 

The study also reported an average cost af 6.26 man­
manths per thausand instructions far thase projects using 
a machine-ariented language (MOL) such as FAP ar 
SAP, and an average cost of 4.54 man-manths per thou­
sand instructions far thase projects using a pracedure­
ariented language (POL) such as FORTRAN or JOVIAL. 

If we assume (and this is not unreasonable) that the 
costs about 3.13 man-months per thousand instructions 
is nat greatly. affected by the type af programming lan­
guage used, then we may conclude that MOL pragramming 
costs about 3.13 man-months per thausand instructions 
vs. about 1.41 for POL programming. 

But is this the whole stary? Unfortunately (far POL 
advacates,2 anyway) it is nat. 

The second study,3 af the quality af programs pro­
duced using several programming languages, reported on 
the size and running time of 10 prO' grams written far a 
single benchmark prablem. All programs were written 
for the same camputer (an IBM 7090) and used the 
same algarithm (which was supplied as part of the prob­
lem statement). One program was written in an MOL 
( SCAT), while the ather nine were written in various 
POL's (COBOL, MAD, NELIAC, and twa versions each 
of CL-l, FORTRAN, and JOVIAL). 

Here are some af the results: The MOL program pro­
duced 1,059 machine instructions, while the nine POL 
programs produced an average af 2,021 machine instruc­
tions. Furthermare, total running time for the MOL pro­
gram (an two different sets of data) was slightly under 
11 seconds, while average running time for the POL pro­
grams (an the same twa cases) was slightly under 23 
seconds. ,Thus it seems, at least in this insta~ce that one 
MOL-produced instructian can dO' the work 'af almast 
two POL-praduced instructians, and in less than half 
the time. 

What daes this mean in terms of program productian 
cost alane? 

Well., if it takes 3.13 man-months to write a pragram in 
an MOL, it may easily take almost as long-2.7 man­
months-to write the same program in a POL. But if the 
POL-produced program is twice as lang, its apparent cost 
-in terms of man-months per thousand instructions-is 
halved, thus artificially enhancing the attractiveness of 
the POL as a highly praductive programming taal. 

But are things really this bad with respect to'· POL 
programming? I don't believe they are. 

Far ane thing, the. benchmark problem used in' the 
study was meant to typify the "command and cantrol" 
type af problem. It was therefare somewhat outside the 
ardinary field of application af most af the POL's involved, 
and this may justify somewhat their paar showing (or, 
mare precisely, the poor showing of their compilers). 
Presumably, they'd dO' better at mare amenable problems. 

For another thing, the figures quated abave are average 
values. Actual values ranged fram 1,232 to 3,238 machine 
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instructians, and from slightly aver 11 secands to almost 
57 secands running time for the two cases. 

Encauragingly, the same POL (J2-JOVIAL) was at the 
low end of both these ranges.4 Taking it as indicative 
of the state-of-the-art in POL pragramming, then, let us 
campare it with the MOL (1,232 vs. 1,059 instructions, 
and 11.3 vs. 10.9 seconds running time). When we make 
this comparison in terms of the figures derived from the 
first study (1.41 vs. 3.13 programming man-months per 
thausand instructions), we get about a 41% reduction in 
pragramming man-months, paid for by a 17% increase in 
program size and a slight (4%) increase in running time. 

Needless to say, these results are statistically unreliable. 
Also, since there are trade-affs to be made amang running 
time, storage space, compiling time, and programming 
time, and since some compilers are undoubtedly more 
efficient than athers, the results are, at best, merely illus­
trative. Nevertheless, I believe they show fairly well the 
price to' be paid and the benefits obtainable by the careful 
choice af a POL-based programming system that is ap­
prapriate to' the type of prablem being salved. 

It shauld be clear, then, that choice af a programming 
language (where choice exists) is not easy to' make, far 
it may have more impact on project success than chaice of 
the computer itself. This being sa, the chooser shauld not 
be misled by passibly artificial claims of high productivity 
for one POL ar another. He shauld consider programming 
productivity, af course-along with all the ather advan­
tages and disadvantages of using a pracedure-ariented 
language. But in particular, he should also take a close 
and critical look at the efficiency af the compiler and its 
output. After all, to quate ane forthright expert, "With 
an inefficient compiler, yau can be as praductive as hell." 
And still nat get any wark done. • 

NOTES 

1 Unpublished, government·sponsored report, dated March 1963. 

2 The autho'r includes himself in this category. 

3 AFADA Programming Systems Evaluation, J. B. Jordan, Department of 
the Air Force, Final Report, 11 September 1963. 

4 I must also mention that it was at the high end of the compile-time range, 
. taking-with Iisting-286 seconds, vs. 54 seconds for SCAT and 27 seconds 

for MAD (the "winner" in this category). 

Mr. Shaw is a member of the 
Information Processing Staff, 
Advanced Technology and Re­
search DireCtorate, of System 
Development Corp., Santa 
Monica, Calif. He participated 
in the design of the J3 version 
of JOVIAL, wrote the language 
specifications, and authored a 
primer on JOVIAL. He has also 
taught programming at SOC 
and written a programmer text 
on the 709. He is presently in 
charge of SDC's Information 
Processing Information Center. 
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Attention, 
shopper· 

Interested in high-capability plus economy? 
Interested in high reliability plus flexibility? 
Like to be in the very best company? 

Then you'll be interested in the 
UNIVAC@1218.military computer. 

Ideally suited for Telemetry, 
Tracking, Digital Fire Control, 
Radar Acquisition, Simulation, 
Systems Checkout and Data 
Reduction, the 1218 answers 
all Real-Time computational 
requirements. 

And some of your most 
prestigious neighbors have' 
already bought it: 

At NASA Gemini tracking 
sites, at the Jet Propulsion 
Labor~tory in Pasadena, on the 
Pacific Missile Range-aboard 
ships, aircraft and on vans in 
remote corners of the world, 
the UNIVAC 1218 is at work today. 

Effective 1 May, prices start at $67,300 for a 4096 word 
memory and four Independent Input and Output channels. 
Perhaps you would prefer our very popular 16K, 8 1-0 model, 
that sells for $85,000. Or our deluxe model with a 32K memory. 

Can the UNIVAC 1218 help do a better job for you, too? . 
We're open weekdays, and weekends, too. U N I VA C® 
UNIVAC DIVISION OF SPERRY RAND CORPORATION THE FIRST COMPUTER 

CIRCLE 12 ON READER CARD 
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CONVERSATIONAL 
TEACHING 
MACHINE 

substitute 
for Socrates 

by WALLACE FEURZEIG 

D [The author became involved in the area of com­
puter-aided teaching toward the end of 1962. 
After considering an internal memorandum (see 

p. 39) and surveying the work being done at BBN and 
elsewhere, he decided with Colleague Swets that it was 
both feasible and necessary to design a teaching system 
which made possible a student-computer dialog, the con­
versation guided by the computer. In its most pri~itive 
form, it could be considered a sort of Twenty-Questions 
game which required that you first establish whether the 
object to be identified was animal, mineral, or vegetable. 
If you made a guess not based on previously-established 
fact, the computer would inform you and require that 
you narrow down the choices to a logical few from which 
to make a selection.· Programming problems were solved 
early in 1963, and the first version of the Socratic System, 
as it is called, was built in April of that year. The system 
was programmed for the PDP-1 computer (a moderately 
fast, medium-scale machine), with an on-line typewriter 
and auxiliary drum memory]. 

In the Socratic System, a student is given a list which 
specifies the vocabulary for the problem; he is limited 
to the use of this extensive vocabulary during the ses­
sion. However, he is allowed considerable freedom in 
his approach to solving the problem; he can specify the 
information he wants when he wants it, and can propose 
a solution whenever he ,likes. 

Seated at the computer's keyboard, the student is pre­
sented with the problem and subsequently engaged in 
"conversation" while he attempts to solve it. The student 
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types a question or an assertion, and the computer types 
back a response-an answer or comment or, possibly, a 
question in return. 

The system notes the action taken by the student; it 
answers his questions or declarations by typing one or 
more responses from a pre-specified set of responses. The 
particular responses at any time are conditioned by the 
student's actions up to that time. Thus, each computer 
response may depend not only on what has just been 
said, but also on everything that preceded it. 

The system was debugged on a simple, though very 

Mr. Feurzeig is a senior staffer 
at Bolt Beranek and Newman 
Inc. (BBN), Cambridge, Mass. 
His previous affiliations have 
been with Argonne National 
Laboratory, the Univ. of Chi­
cago Laboratories for Applied 
Sciences, and Computer Asso­
ciates. He holds degrees in 
math from the Univ, of Chi­
cago and the Illinois Institute 
of Technology, 
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SOM[E [P>OSS~[Bl[E 

USES Of A 
SMALL COM[?U1f[E~ 

AS A 
lrEACH~NG MAC'H~NrE 
by JOHN A. SWETS 

Let's say we want to make good diag­
nosticians out of our blossoming M.D.'s. 
So we have lots of cases ina com­
puter. A student comes into the com­
puter room, selects a ,card out of a 
file, and learns that' John Doe has a 
medical history of thus and so, that 
some intern has "worked him Up" on 
his recent admittance thus and so. 
What's John's problem? The student 
sits dow" at an avai,lable typewriter, 
and decides what else he wants to 
know. He wants to know if John has 
urea in his urine, so he asks the com­
puter and the computer tells him the 
answer is "Yes." II Aha, then how 
many white corpuscles does he have?" 
Answer: "150." "Well," he tells the 
computer, "this is clearly a case of 
mononucleosis." The computer replies: 
"Don't you think you ought to know 
whether John shows a Babinski reflex 
before deciding such?" "Yeah," says 
the student, "I guess so. Does he?" 
Answer: "Yes." "'o.K., now I'm sure 
it's mononucleosis." "But/' says the 

computer, "you are forgetting that 
John's pulse is normal, which you well 
know is inconsistent with your diag~ 
nosis.'" Etc. 

Or maybe a budding pat~o/ogist 

comes in to find a certain, slide pro­
jected on the weill. He grabs a' type­
writer, and tells the computer that he 
sees a f1im-f1am at A6 and wants to 
know if that means carcinoma of th~ 
epigiottis. The computer tells ,him that 
he's a darn fool, that this is a section 
of th~ renal gland,. and that wasn't a 
f1im-f1am anyhow. T'he computer also 
tells him that if he doesn't look a lot 
smarter on the next question, he, has 
no business tackling Slide 366, and he 
had better go back and get checked 
out at the 200 level. 

It seems that such a facility would 
speed, the learning process considera­
bly. Maybe it also turns out to be a 
good idea to program case histories 
of research. II Jonas Salk found x to be 
true. What did he do next? No, he 
considered that possibility, but instead 

LOOSE, ENDS? 
Two. 

OBLIQUES? 
Zero. 

C. 

performed experiment y. Why do you 
suppose he did that? Yes, that's part 
of it but you see, he also figured that 
if'the result was z, then a and b ~ust 
necessarily follow." Etc. 

As a matter of fact, students become 
addicted to this game; they sell their 
golf clubs, they drop out of the bow,l­
ing league, they stop vacationing in 
Las Vegas. Even when they become 
interns and residents, they dash over 
for a try whenever they have 15 min­
utes free. The word spreads that a Dr. 
Lahey at Johns Hopkins is the only 
man alive to solve case 174, and he 
did it in just 10 exchanges with the 
computer-worldwide competition sets 
in. Medics all over take on a new hob­
by-they take a crack at programming 
each interesting case that comes along. 
Staff promotions at a junior level 
come to depend on how many cases 
one solves, and at a senior level on 
how many one sells. • 

useful problem-a guessing game aptly devised for testing 
purposes by Judith Harris of BBN. Called the Alphabet 
Guessing Game, the student (or player) is to try to guess 
a letter of the alphabet by asking questions of the compu­
ter. The questions, for the most part, name simple geo­
metric characteristics of a printed letter, such as the num­
ber of horizontal" vertical, oblique or curved line segments 
in the standard drawing of the letter, and so on. (A pic­
ture of the letters in the standard drawing is provided to 
the student). 

You dori't have enough information yet to get, the right 
answer. How do you know it isn't J, for example? 

The illustrative computer run that follows shows that 
the responses of the computer can be of some interest, 
even in this rather simple problem situation. In the dia­
log here, the student's inputs are indented and capitalized 
to distinguish them from the computer's responses,which 
begin from the margin and have normal capitalization. 
(This convention is observed later in another illustrative 
run) . 
Start when ready. 

CURVES? 
One. 
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, J. 
You don't have enough information yet. How do you 
know it isn't C, for example? 

HORIZONT ALS? 
Zero. 
That was a wasted question. It did not eliminate any 
possibilities. 

VERTICALS? 
Zero. 
Good question. 

G. 
Wrong. Your guess is inconsistent with the information 
you've been given. 
You must have forgotten that the right letter hasn't any 
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HORIZONTAL LINES. 
The letter you guessed can't be right-it has too many 
LOOSE ENDS. 

CURVES? 
The answer is still: one. 

X. 
Wrong. Your guess is inconsistent with the information 
you've been given. 
I think you only made that guess to see what I would say. 

C. 
Yes, you've done it. Good work. 
If you want to play again, start right in. 

Since the letter game· was unleashed, the system has 
been applied to problems in electronic trouble shooting, 
management decision-making and medical diagnosis. The 
medical case was designed by Dr. Preston K. Munter of 
the Harvard Health Center. The author was ably ass,isted 
by Myra Breen of BBN in programming that case for the 
system. 

The study session begins when the computer requests 
the student's name and other information. When the 
student finishes typing this material, the computer types 
a statement of the problem to the student. 

A short, illustrative computer run with the medical 
problem follows. It is preceded by the statement of the 
problem (the case to be diagnosed) and the vocabulary 
listing the terms available to the student for communicat­
ing with the computer. Thes~ are provided at the start 
of the study session. 

The following vocabulary list is composed of two parts: 
questions that the student may ask the computer and 
declarations that he may initiate or use in responding to 
questions put to him by the computer. 

QUESTIONS 

physical exam? 
abdominal exam? 
chest exam? 

auscultation? 
localized tenderness? 
percussion? 
respiratory excursion? 

eent exam? 
distension of neck veins? 
stiff neck? 

general appearance? 
backache? 
contact with birds? 
cough? 

heart exam? 
muscolo-skeletal system? 

extremities? 
neurological exam? 
rectal exam? 
vital signs? 

blood pressure? 
pulse? 
respiratory rate? 
temperature? 

laboratory reports? 
differential? 
esr? 
hemoglobin? 
rbc? 
wbc? 
urine exam? 
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x-ray? 
evidence of fluid? 
lateral? 

blood culture? 
nose and throat smear and culture? 
sputum culture? 
sputum smear? 
urine culture? 

DECLARATIONS 

acute pyelonephritis. 
appendicitis. 
friedlander pneumonia. 
influenza. 
mild upper respiratory infection. 
pleural effusion. 
pneumococcal pneumonia. 
primary atypical pneumonia. 
psittacossis. 
pulmonary infarction. 
staph pneumonia. 
strep pneumonia. 
the grippe. 
viral pneumonia. 
yes. 
no. 
proceed. 
evidence from blood culture. 
evidence from abdominal exam. 
evidence from blood test analyses. 
evidence from chest exam. 
evidence from eent exam. 
evidence from heart exam. 
evidence from ms system. 
evidence from neurological exam. 
evidence from nose and throat smear and culture. 
evidence from rectal exam. 
evidence from sputum smear and culture. 
evidence from urine analysis. 
evidence from urine culture. 
evidence from x-ray findings. 
positive evidence of another disease. 
positive evidence though inconclusive. 
complications. 

Please type your name, the date and a slash. 
DR. SOCRATES 1963 / -

It is mid-December. Late this afternoon, a patient 
was admitted to ,the hospital. He is a well de­
veloped, 'well nourished, 34-year-old Negro ~oal 
miner. He was brought -in by his wife who reports 
that he has had "the grippe" for about four days. 
During the past 3 days she had given him fluids 
and aspirin every six hours with no sign of improve­
ment. Today he suddenly became much worse. For 
the past two days he had complained of feeling 
very warm and of pain· in . his belly. This· morning 
he had a severe shaking chill that was so bad his 
teeth rattled. 
You, the admitting physician, are requested to di­
agnose the case. To obtain the information you need 
to make this diagnosis, you are required to perform 
a methodical physical examination of the patient 
and to order all pertinent lab tests. This is done by 
typing questions to the computer. The set of ques­
tions you may ask is listed in the vocabulary you 
have been given. The computer will respond to 
each question with an ans~er or comment. 
When you· have finished the examination and lab 
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tests, type: proceed. At this point the day "ends." 
Before you "go hoine" you may take a sec:ond series 
of lab tests during the night so the results will be 
ready for you "tomorrow." It is assumed that the 
second series consists of just those tests you think 
necessary. 
Tomorrow morning, results of some of the first lab 
tests will be returned to you; others won't be avail­
able until late in the day. On the basis of informa­
tion you have been able to obtain, you will be asked 
for the diagnosis. If you feel that no conclusive diag­
nosis can reasonably be made, you may then per­
form another full physical exam. Also, reports from 
the second series of lab tests may be requested. 

You may make a diagnosis at any time you choose 
by typing the name of one of the diseases in the 
vocabulary. At various times the computer will 
discuss certain diagnostic possibilities with you. If 
questions are raised you must answer them by typ­
ing a diagnosis or an appropriate declaration from 
the final section of the vocabulary. Begin the phys­
ical examination as soon as you are ready. 

It may be of interest to compare the run that follows 
with the imaginative dialogues in the Swets memorandum, 
keeping in mind that the system is still quite new and 
that much more will be demanded of it in the future. 

PHYSICAL EXAM? 
Fine. What in particular would you like to know? 

CHEST EXAM? 
It is common practice in the medic~l profession to begin 
an examination by checking the patient's general appear­
ance. 

general APPEARANCE? 
Acutely prostrated, lying in bed on his .right side. Looks 
acutely ill, sweaty, apprehensive, but alert. Paroxysmal 
cough, bringing up a little rusty streaked sputum. Breathing 
with difficulty. 

EENT EXAM? 
Check all of the vital signs first I 

TEMPERATURE? 
103. 

BLOOD PRESSURE? 
150/84. 

PULSE? 
100 a minute. Occasional extra systole. 

RESPIRATORY RATE? 
20 a minute and shallow. 

EENT EXAM? 
Essentially negative. 

CHEST EXAM? 
Good. Go right ahead with the chest exam. 

PERCUSSION? 
Normal. 

RESPIRATORY EXCURSION? 
Apparently equal. Questionable pain on right side on in­
spiration. 

HEART EXAM? 
Not enlarged to percussion but low grade systolic mur­
mur at apex. Otherwise normal. 

ABDOMINAL EXAM? 
Diffusely tender, some splinting noticed in lower right 
quadrant and occasionally radiating to right flank area. 

THE GRIPPE. 
There's insufficient information for any conclusive diag­
nosis at this time. You're not being careful! 

MUSCULO-SKELET AL SYSTEM? 
Essentially negative, except for generalized- weakness and 
aching. 

EXTREMITIES? 
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Normal, except nailbeds are questionably cyanotic but diffi­
cut to determine because of patient's skin color. 

RECTAL EXAM? 
You're not being careful! The pati~nt is too acutely ill for 
a rectal examination. 

LABORATORY REPORTS? 
Fine. Which lab tests would you like to have done? 

RBC? 
A red count will be done. 
Results will be sent to you as soon as possible. 

W-BC? 
The WBC will be taken. 

[Ed. note: Requests for such tests as hemoglobin, urine, 
x-rays, and blood culture were deleted from this dialog 
for the sake of brevity, as were the results of these tests 
promised by the computer.] 

NOSE AND THROAT SMEAR AND CULTURE? 
They'll be ordered now. 
When you've requested all the lab reports you want, let 
me know that you're ready to proceed. 

PROCEED. 
You may want repeats on some of the lab work. 
Would you like to alert the night nurse to set up the lab 
tests you'll want to see tomorrow? 

YES. 
Good .. That will speed things up. 
However, there's nothing furtper that can be done tonight 
to help the patient. Let's call it quits for now. Perhaps 
you'll be in a better position to diagnose the case tomor­
row after the first lab reports come in and you have re­
examined the patient. 
Have a good night's sleep and when you're back on duty 
tell me to "proceed." 

PROCEED. 
It's morning and you're making your rounds. You've come 
to our patient and are given the night nurse's report: 
"Temperature l'emained high but patient spent a reason­
ably comfortable night. Cough diminished but persists. 
Occasional traces of blood in sputuin. Patient still dysp­
neic and still has pain in abdomen. The second series of lab 
tests was initiated." 
Some of the first series of lab reports have just come in. 
Urine exam: insufficient fluid for analysis. 
RBC: 5 million. 
WBC: 15500. 
Differential: Shift to left. 
When the other reports are in you'll be notified. 
Before proceeding with the r~examination it might be in­
structive to pause and consider the diagnostic implica­
tions of the information at hand. Perhaps you think it 
too early to arrive at any definitive conclusion. On the 
other hand, you may be prepared to make the diagnosis 
now. Are you? 

NO. 
Fine. Nevertheless, we've got a fair amount of infqrma­
tion-at least enough to raise some, perhaps several, diag­
nostic possibilities. Have you any in mind? 

PULMONARY INFARCTION. 
Fine. Pleural pain, dyspnea, fever and the physical exam 
signs and symptoms are certainly consistent with pul­
monary infarction .. Do you think that shaking chills and 
the presence of rusty sputum further support this diag­
nosis? 

NO. 
Right. Though the white count is consistent, isn't it? 

NO. 
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Wrong. The white count is consistent. This should further 
support your diagnosis. 
We've considered one possibility. Do you have another 
diagnosis in mind? 

NO. 
In that case I'd like to talk about viral pneumonia. The 
tachycardia, high WBC, elevated respiratory rate, shak­
ing chills, bloody sputum and severe pleural pain all 
lend weight to that diagnosis--:-right? 

YES. 
You're way off base. There's not an iota of truth to any 
part of what I just said; in fact, the opposite of what I 
said is true. You'd better review some elementary medi­
cine, doctor. 
Some more of yesterday's lab reports have come in. Nose 
and throat smear and culture: no growth after 12 hours. 
There, was some trouble at the x-ray lab. Please excuse 
the delay. The x-rays are normal. ' 
Now let's see how the patient is today~ Begin the physical 
when you're ready. 

VITAL SIGNS? 
Take a look at your patient first. 

GENERAL APPEARANCE? 
Essentially unchanged since last night. 
The last of yesterday's lab reports are in. . 
Sputum smear: After 12 hours-occasional beta hemolytic 
strep and staph aureus organisms. 
Blood culture: Negative after 12 hours. 

PULMONARY INFARCTION. 
Yes, I remember you liked this diagnosis before. 
There's no question of the need to account for this pos­
sibility. You're thinking-but rule it out, won't you, on the 
basis of the history of shaking chills, high temperature 
and somewhat excessive WBC. 

[Deleted at this point: responses to and requests for tem­
perature, pulse, respiratory rate, blood pressure, EENT 
exam, respiratory excursion, percussion, and auscultation]. 

LOCALIZED TENDERNESS? 
Questionable on right. 

THE GRIPPE. 
"La Grippe?" Nonsense! 

APPENDICITIS. 
Sounds good! But what about the history of cough and 
the chest signs? What evidence would help you establish 
this diagnosis? 

EVIDENCE FROM ABDOMINAL EXAM. 
Right! Go to it. 

ABDOMINAL EXAM? 
The heart exam should be done before this. 

HEART EXAM? 
Unchanged, except systolic murmur more prominent. 

ABDOMINAL EXAM? 
Pain localizing in lower right quadrant with continuing 
diffuse abdominal tenderness. 

APPENDICITIS. 
Appendicitis? Nonsense. By this time you should have 
your attention focussed on a different part of the patient's 
anatomy. 

MUSCULO-SKELETAL SYSTEM? 
Unchanged. 

RBC? 
, An RBC is not indicated at this' time. It's an unnecessary 

expense for a poor patient. 
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WBC? 
22500. 

PNEUMOCOCCAL PNEUMONIA. 
Are you absolutely sure? 

YES. 
You can't be until you have irrefutable evidence. 
What would help you nail down the diagnosis? 

EVIDENCE FROM SPUTUM SMEAR AND 
. CULTURE 

Good. Anything else? 
NO. 

I think you might also want evidence from x-ray findings. 
Go ahead and we'll see what happens. 

X-RAY? 
Not ready yet. Try the blood lab. 

DIFFERENTIAL? 
Marked shift to left. 
Even though all the lab reports aren't in, you have enough 
information to make a presumptive diagnosis. If you care 
to make one go right ahead. 

URINE EXAM? 
The urine test shows presence of albumen, few hyaline 
casts, few WBC, occasjonal RBC. 

X-RAY? 
The x-ray shows: area of consolidation, right lower lobe, 
consistent with pneumonic process. This is a good time to 
review the total findings and make another tentative diag­
nosis-if you like. 

EVIDENCE OF FLUID? 
No evidence of fluid. 

SPUTUM SMEAR? 
Gram positive rods. 

STREP PNEUMONIA. 
Fine, but how can you distinguish this from any other 
bacterial pneumonia? Wait until you have an irrefutable 
case. 

SPUTUM CULTURE? 
Presence of pneumococci. 

STREP PNEUMONIA. 
Incredible! You have disregarded the positive finding that 
should clearly have established the correct diagnosis. 

PNEUMOCOCCAL PNEUMONIA. 
Very good. It's obvious now, though there were some con­
fusing signs and symptoms in the picture. You've seen your 
way through to the correct diagnosis. 

The medical application illustrates some important fea­
tures of the system. For instance, the problem under 
study can describe a changing situation as well as a sta­
tionary one. The system also has no intrinsic teaching 
paradigms; teaching strategies are a part of the data pro­
vided by the teacher designing the problem. 

The system can be programmed to operate most of the 
various ways that existing teaching machines do. Alterna­
tively, as the application demonstrates, the system Can be 
made to respond to the student in the manner of a per­
sonal tutor- noting good questions, reproving hasty con­
clusions, acknowledging perceptive decisions, questioning 
the grounds of inference, and so on. 

Economic considerations suggest that the most fascinat­
ing kinds of computer teaching machines will be of little 
practical interest without a major reduction of current 
computer operating costs per student hour. The most 
likely solution is through the use of computer time-sharing 
among many simultaneous users. The Socratic System will 
be operable on a multi-station, time-shared computer at 
BBN shortly. The state-of-the-art of time-shared com­
facilities like the Socratic System will be common in the 
puters is developing rapidly; we can thus expect that 
near future. • 
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BIGGER 
COMPUTERS 
AND BETTER 
MATHEMATICIANS 
by RICHARD BELLMAN 

[=··-l According to Lefschetz, Einstein constantly 
complained that mathematics was basically sim­

.. _. __ .. _ .... _- pIe; it was the mathematicians' who made it 
seem difficult. I think that most mathematicians would 
agree with this dictum, which is certainly well supported 
by the history of the subject. Occasionally, we hear a 

.related comment, HMathematicians need bigger and fast­
er computers to solve by brute force problems which 
they are not bright enough to solve otherwise." 

Most mathematicians would disagree with this com­
ment, which has two defects. First of all, it has enough 
truth in it to appeal to prejudice seeking rationalization; 
secondly, it omits any discussion of why mathematicians 
want to solve some problems by brute force, and what 
they, expect to do with the solutions obtained in this 
fashion. 

To begin with, let us point out that certain current 
problems possess a high priority in the sense that any 
type of solution now is far preferable to the most elegant 
analytic solution 10 years from now. Into this category fall 
a large number of problems from the engineering, eco­
nomic and military spheres. Indeed, the rapid change in 
technology would make solutions 10 years from now of 
no interest ·whatsoever in many of the most iP1portant 
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situations. Furthermore, in the biomedical area, it is dif­
ficult to calculate what the present worth of an efficient 
drug-screening technique is, as compared to an optimal 
technique 10 years from now~ 

I do not believe that anyone should be ashamed of, or 
contemptuous of, brute force solutions to problems of 
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gramrrring" (1957) and "Ap_ 
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lished by Princeton U. Press. 
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the type indicated above. Actually, as far as most signif­
icant problems are concerned, we require all of our mathe­
matical sophistication and ingenuity even to apply what 
the uninitiated might call "brute force" methods at the 
present time. 

The principal point is that bigger and faster computers 
permit those of us somewhere between the ape and 
da Vinci to treat significant questions now .. 

From the purely theoretical. point of view, it should be 
remembered that the origins of mathematics are in experi­
ment. Who can count how many triangles and circles were 
drawn in the sand before the time of Euclid, or how many 
beads and apples and oranges were arranged and re­
arranged before even elementary number theory arose? 
The prime number theorem was discovered by Gauss and 
Legendre by means of an examination of numerical tables; 
Euler regularly used computers (people-computers, that 
is) to construct tables of arithmetical functions; Artin con­
jectured the Riemann hypothesis for· finite fields on the 
basis of an examination of several hundred cases; and 
so on. 

The present emphasis, and certainly overemphasis, upon 
axiomatics and armchair mathematics has obscured these 
well-known facts. In entering new domains df mathematics 
and science, we need specific examples before our eyes. 
First Brahe, then Kepler, then Newton-that is the order 
of scientific progression. Gauss understood this perfectly, 
and so did Wiener and von Neumann, two of the most 
important pioneers in the development of digital com­
puters. 
. In entering new fields, such as turbulence, Or adaptive 

control, or the many body problem, or scheduling, it is 
essential to solve as many particular problems as possible 
in the hope that patterns and solution and structure will 
emerge. Following initial clues, we solve further problems 
and so, hopefully and at least historically, converge to a 
theory. 

Once upon a time, this preliminary problem-solving 
could be done with pencil and paper, or with a few hired 
hands. This is no longer the case. Eventually, when we 
fully understand some of the phenomena we are investi­
gating, we will know what simplifying approximations· to 
make so that we can easily and rapidly perform the calcu­
lations leading to a solution. At present, we are struggling 
to understand many different types of scientific phenom­
ena never previously studied, or even conceived· of as 
worthy of study. 

As luck would have it, the digital computers currently 
available are about one order of magnitude in speed and 
rapid access storage below what we could use to tackle 
vast classes of realistic and significant processes. Many 
examples of this can be given. Let me merely refer to 
some of my own work for discussions of these ques­
tions. 1, 2, 3, 4 

What is rather sad to contemplate is that the comput­
ers we have now have certainly not been used in any 
scientifically efficient or idealistic fashion. Rather clearly, 
the use of the computer to make out telephone bills il­
lustrates C<M ons laboravit et mus parturit" [The mountain 
labored and brought forth a mouse]. For several years, 
it has been possible at a relatively small cost, say $3 
million per computer, to soup-up the rapid .access storage 
of an IBM 7090 from 32,000 to one million words. Due to 
the shortsightedness and lack of scientific perception of 
those responsible for computer technology, this has not 
been done, and even now there is no comprehension of 
what an increase of this type means to the mathematician 
and the scientist. 

Five years ago, the government should have initiated 
research into the problems ·of constructing digital com.:. 
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puters 100 to 1,000 times as fast and 1,000 to 1,000,000 
times as large as far as rapid access storage is concerned. 
It is absolutely absurd in a world in which science and 
technology are obviously of major importance to allow 
the development of this fundamental scientific tool, the 
digital computer, to be left to the whims, chances, and 
tax write-off of commercial computer companies. 

We can hope that the situation will improve. Un­
fortunately, reading what is written, listening· to what is 
said, I get the impression that the situation will not im­
prove for quite awhile. Those most inHuential in the field 
of computer technology seem distracted by gimmickry,· 
overimpressed by the glamour of "intelligent machines," 
and, generally, little informed in the needs and objectives 
of mathematics and science-and less sympathetic: • 
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IS 
COBOL 
GETTING 
CHEAPER? 
by ROYDEN A. COWAN 

0
,' Westinghouse Electric Corporation has advo­

cated the use of COBOL by its divisions (plant 
locations) since 1961.1 Since that time, several 

divisions have extensively and ,successfully used COBOL 
for their business applications. The recent development 
of several new, fast, COBOL compilers makes it appro­
priate to evaluate the cost of COBOL and see what trends 
exist. The work of the Westinghouse Headquarters Busi­
ness Systems Department in testing COBOL compilers 
arid assisting our divisions in implementing COBOL as 
a standard programming language for business applica­
tions has enabled us to reach several inferences which 
are explained below. Inferences drawn are, in part, sup­
ported by the accompanying table and graph. Since com­
pilation speed is somewhat d,ependent upon which CO­
BOL verbs are involved and, for some computers, on the 
magnitude of the program being' compiled, compilation 
speeds shown in the table are of necessity typical, or 
average figures. 

A corporation using COBOL as a programming lang­
uage for business applicatioris on computers must con­
sider many factors which influence the acquisition of 
computing equipment. These factors include computer 
rental costs, COBOL compilation speeds and costs, ma­
chine configuration, eleinents of the COBOL language 
implemented, object program efficiency, computer and 
compiler delivery dates, and so forth. All these factors 
interact, making sound analysis time-consuming and dif­
ficult. For example, the evaluation of COBOL compilers, 
using computer cost for compilation as the only criteria, 
would be of dubious value. In this example an increase 
in compilation cost could reflect a compiler which pro­
duces more efficient object programs with shorter running 
times. Compilation cost is also dependent on the number 
of elements of the COBOL language implemented. A 
compiler which contains all of Required COBOL and a 
large section of Elective' COBOL cannot compile as rap­
idly or as inexpensively as a compiler for a similar ma­
chine which has deferred large segments of the language. 

compilation cost vs. rental 
Although compilation speed and prime shift cost per 

minute are not the only factors influencing equipment 
selection, the relationship between these two basic factors 
is of obvious interest (see Fig. 2) . For medium-scale 
computers, the trend appears clear (Fig. 1, medium-scale 
computers). With one exception, as 'prime shift cost per 
minute increases, compilation speed increases. For large­
scale computers, however, a graph of this function peaks 
and ,dips spasm,odically with the absence of any trend 
readily apparent. 

II/COBOL at Westinghouse," Arthur J. Whitmore, Datamation, April 1962. 
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changing face of compilation costs 

Generally speaking, computer speed/cost ratios tend 
to improve as the main frame gets larger and more ex­
pensive. In other words, the more expensive the compu­
ter, the less expensive each computer operation. Similarly 
one might suspect COBOL compilation cost would be a 
function of computer rental price. For medium-scale com­
puters this trend has generally held true. As prime shift 
(basic rental) cost per minute has increased, compilation 
cost per 100 COBOL statements has generally decreased 
(see Fig. 1, medium-scale computers). However, an ex­
amination of, columns 6 and 7, of the ,large-scale compu­
ter portion of Fig. 1 indicates that computer cost is not 
the major factor influencing COBOL compilation cost for 
large-scale computers. ' 

'Thus we see the trend of increased computing power 
per dollar is approximated by the cost trend of COBOL 
compilers for medium-scale computers, but not by the 
cost trend of COBOL compilers for large-scale computers. 
The absence of these trends in COBOL compilers for 
large-scale computers may have many explanatioris. One 
which seems valid is that hardware technology is still 
far ahead of software capabilities and, as, a result, com­
piler builders are still learning to take full advantage of 
the increased computing speed arid power of the new 
large-scale computers. This is not to imply that economical 
COBOL compilers for large-scale computers do not exist. 
A glance at Fig. 1 indicates several. However, most of 
these compilers were released recently and the authors 
had the benefit of previous compiler writing experience. 

compilation cost vs. configuration 
When the entire range of large-scale computers is con­

sidered; compilation cost does not appear to be a function 
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Ho~ to cOlDpose 
a diabolically 

clever 
lDelDorandulD 
on the subject 
01 cOlDputers 

step No. S Never be too proud 
to flatter the boss. Nor too humble 
to pat your own back. Example: 
Dear Sir: 
Your inspiring speech at our 
company gathering got me 
thinking: surely a company as 
big and important as ours is 
ready for a computer.Honeywell 
came instantly to mind. Work­
ing nights and on weekends 
(the office is quieter then, as 
you know), I gathered facts on 
how Honeywell stacks up 
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against 'the other computer 
manufacturers . .. 
step No. Z State your case for 
Honeywell boldly. Some technical 
jargon gives your memo a ring of 
authority. 
Honeywell has a family of five 
hardworking' computers rang­
ing from the small H-200 which 
rents for as little as $3,000 per 
month up to the super H-1800 
which can do as many as eight 
diHerent jobs simultaneously. 
Furthermore, HoneyweJI sys­
tems excel in multiple periph­
eral capabilities, in meeting 
real-time arid communications 
requirements, and in exclusive 
automatic error correcting 
abilities. 

step NO.3 Quickly follow up 
with some other eye-opening 
Honeywell advantages. 
As you iue certainly aware, sir, 

CIRCLE 23 ON READER CARD 

Honeywell's hardware, soft­
ware, training centers, pro­
grammers, systems analysts and 
service engineers are among the 
tops in the business. And you 
will be impressed, as I was, at 
all those successful Honeywell 
EDP 'installations across the 
country. In England, Australia 
and Japan, too. 

step No.4 Make the boss want 
to hear more. 
I've got a whole brief case-full 
of other facts on Honeywell 
that I'm anxious to show you. 
Perhaps at lunch, tomorrow, if 
you're free . . . 

II ~ ! ~ ~ f1tlt!l 
Roney-w-ell 
ELECTRONIC DATA PRDCESSING 
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COBOL ... 

of computer configuration. Two computers of different 
suppliers with the same quantity and speed tape units 
and the same amount of memory may have radically 
different compilation costs. However, when a single large­
scale computer is considered, and a prime component of 
the configuration, such as memory, is altered, significant 
changes in compiling speeds may occur. 

The B 5000 C,OBOL compiler is an excellent example 
of this change in compiling speed. With minimum confi­
guration, the B 5000 will compile at 20 COBOL state­
ments per minute. When memory size is doubled, and 
the rest of the configuration unchanged, the compiling 
'speed is increased to approximately 450 COBOL state­
ments per minute. Both of these speeds appear low and 
are currently limited by software design, not by hard­
ware. More significant in this example is the decrease in 
compilation cost in relation to the prime shift cost per 

Fig. 1 

Typical. Com-
pilat ion 
Speed COBOL 

Computer Statements 
Per Minute 

H-1800II1 1000 

H-800111 600 

IBM-7010 550 

1BM-7044 600 

CDC-3600 1000 

B-5000 450 

U-ll07 700 

CDC-1604A 650 

IBM-7090 1000 

IBM-7094 1000 

B-5000 250 

IBM-7040 202 

B-5000 80 

U-111 60 

U-111 47 

u-490 44 

IBM-7074 30 

B-5000 20 

IBM-7080 29 

1BM-7070 II 

COBOL 

COMPlIATION SPEED AND COST 

IARGE SCALE Ca.1PUTERS 

Configuration Typical. 
Monthly 
Rental -
Prime Shift 

Memory Tapes 

8,192 words 6 (48 KC) $ 24,410 

8,192 words 6 (48 KC) 18,510 

60,000 char. 6 (60 KC) 19,900 

16,384 words 5 (60 KC) 26,360 

32,768 words 6 (120 KC) 55,800* 

24,576 words 2 (66 KC) 22,750 
2 mag. drums 

32,768 words 1 mag. drum 36,940 

32,768 words 4 (83.4 KC) 40,505* 

32,768 words 7 (60 KC) 55,250 

32,768 words 7 (60 KC) 61,250 

20,480 words 2 (66 KC) 21,500 
2· mag. drums 

16,384 words 5 (60 KC) 17,760 

16,384 words 2 (66 KC) 20,250 
• 2 mag. drums 

32,768 words 7 (133 KC) 22,930 

16,384 words 7 (133 KC) 20,300 

16,384 words 5 '(125 KC) 25,420 

9,990 words 7 (60 KC) 28,100 

12,288 words 2 (66 KC) 19,000 
2 mag. drums 

80,000 char. 10 (60 KC) 53,020 

9,990 words 7 (60 KC) 22,000 

Prime Shift Prime Shift 
,Cost Per Compilation 
Minute Cost Per 100 

COBOL 
Statements 

$ 2.31 $ .23 

1.75 .29 

1.88 .34 

2.50 .42 

4.65* .47* 

2.15 .48 

3.50 .50 

3.38* .52* 

5.23 .52 

5.80 .58 

2.04 .82 

1.68 .83 

1.92, 2.40 

2.17 3.61 

1.92 4.09 

2.41 5.48 

2.66 8.87 

1.80 9.00 

5.02 17.31 

2.08 18.91 

* Based on 200 hour/month prime shirt which is standard for this company. 
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minute. Compilation cost for the mmlmum configuration 
is $9 per 100 COBOL statements at a prime shift cost 
of $1.80 per minute. Compilation cost for the increased 
memory configuration is $.48 per 100 COBOL statements 
at a prime shift cost of $2.15 per minute. Compiling cost 
is decreased almost 95%, while prime shift rental is in:­
creased only 20%. 

Such spectacular savings cannot be expected by every 
computer system. While an increase in equipment for a 
given computer system usually will increase compiling 
speed and decrease compilation cost, the increased cost 
may nullify any gain. For example, the minimum Univac 
III configuration will compile at 47 COBOL statements, 
per minute. When memory size is doubled, compilation 
speed increases to 60 COBOL statements per minute. 
Compilation cost for the minimum configuration is $4.09 

Fig. 1 Continued. 

per 100 COBOL statements at a prime shift cost of $1.92 
per minute. Compilation cost for the increased memory 
configuration is $3.61 per 100 COBOL statements at a 
prime shift cost of $2.17 per minute. Compiling cost is 
decreased only 12%, while prime shift rental is increased 
13%. A COBOL user'must evaluate the decrease in com­
pilation cost against the increased rental for his own in­
stallation before deciding what weight should be applied 
to this factor. . 

For medium-scale computing equipment a relationship 
between compilation cost and configuration does exist; 
namely, that the larger the configuration the lower the 
compilation cost. The presence of this trend in medium­
scale computers and the absence of this trend in large­
scale computers gives further impetus to the hypothesis 
that compiler builders are not yet knowledgeable enough 

CClvtPlIATION SPEED AND COST 

MEDIUM SCALE COMPUTERS 

Typical Com- Configuratiori Typical Prime Shift Prime Shift 
pilat ion Speed- Monthly Cost Per Compilation 
COBOL State- Rental - Minute Cost Per 100 

Computer ments Per Prime Shift COBOL 
Minute Memory Tapes Statements 

IBM-1410 
4 (20 KC) (1410/7010 250 40,000 char $ 10,780 $ 1.02 $ .40 

System) 

H-1400 31 4,096 words 4 (48 KC) 10,760 1.02 3.29 

H-400 22 2,048 words 4 (48 KC) 8,275 .78 3.55 

NCR-315 16 20,000 char 2 cram units 6,345 .60 3.75 
CRAM 

NCR-315-100 
TAPE 

10 20,000 char 5 (12 KC) 4,525 .43 4.30 

RC'A-301 12 20,000 char 6 (10 KC) 6,423* .54* 4.50* 

IBM-1401 10 4,000 char 4 (20 KC) 5,460 .52 5.20 

* Based on 200 hour/month prime shift which is standard for this company. 

The tables (figure 1) show the minimum configuration required for COBOL compilation for the 
computers listed, except that in some cases faster tape drives have been shown to make tape 
speeds as compatible as possible. The monthly prime shift rental prices reflect the configu­
ration shown. The asterisk references those rental prices and compiling costs based on a 
200 hour per month prime shift. Compilation speeds were developed from two sources: in some 
instances the computer manufacturer was willing to contractually guarantee the speeds shown, 
in other instances figures derived from Westinghouse experience are given. The cost per 
minute and the cost per 100 COBOL statements figures were developed from the following formulae: 

Formula 1) 

Formula 2) 

Monthly Prime Shift Cost 
Monthly Prime Shift Minutes 

Cost/Minute 
COBOL Statements/Minute 

100 

Cost/Minute 

Cost/100 COBOL statements 

, The graphs shown (figures 2 and 3) plot the compilation cost per 100 COBOL statements against, 
compiler release date. 
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to take full advantage of the increased computing power 
and speed of the new large-scale computers. 

compilation cost vs. compiler release date 
One might also surmise that, since the writing of com­

pilers is a relatively young art, we are still in a stage 
of rapid development. In such a stage we expect rapid 
improvements in new compilers as they come along. Per­
haps compiler writers are learning from past experience 
and this increasing experience has a noticeable effect on 

20.00 
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I 5.00 

8 
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compilation cost. In Figures 2 and 3, prime shift com­
pilation cost per 100 COBOL statements is plotted against 
the date the COBOL compiler was made available to 
users. With few exceptions (notably the Univac 490, 
which lies sufficiently far outside the curve to be the one 
that proves the rule), there is a trend in the more recent 
compilers toward lower compiling costs. It is significant 
to note that both the large-scale and medium-scale com­
puters exhibit this trend. What does this trend imply? 

To the business systems computer manager who has 
used or is considering COBOL, the apparent trend toward 
inexpensive compilation has important implications. For 
him, the advantages of COBOL are numerous. As com­
piling cost is decreased, the use of COBOL becomes eco­
nomically more attractive to all users of computing equip­
menf. Many industrial business systems managers con­
templating the use of COBOL on medium-scale and some 
large-scale computers have been dismayed by the reports 
of excessive computer time needed for COBOL compila­
tions. If COBOL. were not used, they would be faced 
with a large reprogramming cost when a new computer 
was ordered; sacrificing the potential documentation ad­
vantages of COBOL and losing a good communication 
method between programmers, systems analysts and busi­
ness-oriented persons. If the cost trend indicated in this 
article is real, one horn of the dilemma is being dulled. 
Several of the suppliers appear on the verge of incor­
porating improvements in their compilers. This will effect 
sizeable improvements in the compilation speeds shown 
in Fig. 1 and give further· credence to the cost trend. 
The incorporation of techniques to compile on random 
access devices should give further impetus to this trend. 

There is also meaning in the projections for the com­
puter manufacturer. In discussing, building, and pricing 
new systems an accepted technique is to study what is 
available from competition and, as a result, determine 
what improvements can be marketed at a price which 
is competitive. The COBOL cost trend allows compiler 
builders to evaluate their COBOL compilers from another 
viewpoint. Experience has shown that COBOL compilers 
which convert COBOL statements to an assembly lan­
guage and then translate the assembly language to machine 
code are usually high compilation cost (slow) compilers. 
Fortunately, the computer manfacturers now seem to be 
aware of this factor. This is evidenced by the release of 
one new operating system in which the COBOL compile 
time has been improved by a factor of from 15 to 1 up to 
30 to lover the old system. The old system converted 
COBOL to assembly language, then translated the as­
sembly language to machine code. The new system trans­
lates COBOL directly to machine code. 

summary 
The table and graphs do not afford a simple means of 

evaluating COBOL compilers, but show factors which 
must be considered and factors which indicate a trend 
toward lower compilation cost. The cost trend points out 
the learning process which has, and still is, influencing 
the building of COBOL compilers. Problems which 
plagued the builders of the first compilers are now grad­
ually being solved. New methods of analysis, keener in­
sight into problem areas and greater· experience in com­
piler writing are some of the factors which have affected 
the cost trend for the compilers being produced today . 
Although it is beyond the scope of this survey, it will be 
interesting to analyze these tentative trends through a 
study of object program efficiency.· Hopefully the eco­
nomical compilers also produce efficient object programs 
and the throughput cost of COBOL becomes economical 
for all computer users. • 
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PROGRAM for command & control 

CHANGE PROCEDURES 
by WILLIAM A. STEWART and JOHN E. CRNKOVICH 

D Currently, command/control systems have been 
built primarily to assist military commands in 
controlling their forces and carrying out their 

mISSIOns. Of necessity, the computer has been made the 
heart of these systems, and the link between man and the 
machine has become a maze of cryptic instructions called 
a computer program. In a large-scale, real-time, computer­
ized, command/control system, such as SAGE, the number 
of computer instructions will run into the tens of thou­
sands, and additional thousands are necessary to prepare 
these basic instructions for computer entry and use. Be­
cause of the size, complexity and interweaving relationships 
of program, machine, and mission, it is inevitable that 
changes in all three will occur before' and after the op­
erational date of the system. To manage the development 
and use of the computer programs successfully, it is essen­
tial to establish and follow a set of concepts and procedures 
for accomplishing these changes with maximum efficiency. 

necessity of program. design change procedures 
The skeptical reader will immediately ask, "Is it really 

necessary to establish formal procedures for making com­
puter program changes?" The answer, we feel, is an un­
qualified YES! Because the production of large-scale com­
puterized command/control systems is so costly, it has 
become more efficient to design and develop the system 
in iterative, piece-meal fashion, modifying, adding to, 
and deleting from the system after a basic capability has 
been established. 

To accomplish this in a flexible, sensible, efficient man­
ner requires a flexible, sensible, efficient design change 
processing procedure. For years hardware people have 
been painfully aware of the expense involved in making 
design changes to hardware once production had begun, 
and they have made sure that all concerned knew how 
they felt about it. Because of our reluctance to apply 
known production principles to computer programming, 
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we programming people have found it difficult to make 
a similar case for the problems and difficulties encount­
ered in making changes to a computer program. A pro­
gram, even a large-scale, real-time program, is often 
treated as if it were little more than a list of instructions 
written on a piece of paper, easy to erase and change. 
Although it is true that a computer program can usually 
be changed somewhat more easily than a piece of equip­
ment can be redesigned and rebuilt (but only in a physi­
cal sense), it is time to recognize that heartaches and 
frustrations caused by changes are no less real to the 
software programmer than they are to the hardware en­
gineer. 

It can probably be said that the heartaches which the 
programmer undergoes are even greater, for the simplest 
of tests will usually check out the engineering change, 
while the most complex of programming tests may not 
check out the program change. 

It should be recog~ized, then, that every computerized 
command/ control system will undergo some kind of pro­
gram change or redesign during its lifespan; indeed, 
change will be the byword during the system's gestation. 
Such program changes are unavoidable, because of the 
current nature of the design and development of large­
scale system programming. 

These changes will spring from any of a multitude of 
individual causes, which can reasonably be grouped under 
one of the following two headings. 

1. Lead Time 
Even with the accelerated operational schedules, there 
will usually be considerable lead time (sometimes sev­
eral years) between concurrence on basic system de­
sign specifications and the operational date of the 
system. Many customers with little or no previous 
experience with command/control systems will not~ 
at first~ fully realize the character and potential of 
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their system. They may not, in fact, be really sure of 
what they've contracted to buy! If the system were 
to be produced in a matter of a month or two, the 
problem of design changes would be minimal. How­
ever, with the extended lead time necessary to produce 
a large-scale-system, there is ample opportunity for 
the customer to become familiar with what he's buy­
ing, and to demand changes because of new equip­
ment, new operational requirements, new conceptual 
formulations, and sometimes sheer whim. Contractor 
pleas of increased costs and schedule slippages are 
usually silenced by the appearance of additional mon­
ies. 

2. System Incompatibilities 
Because of the large numbers of people (system en­
gineers, hardware engineers, system designers, program 
designers, programmers) involved in developing, de­
signing and programming the system, system incom­
patibilities are bound to occur. The original system 
requirements may be incompatible with the capability 
(or promised capability). of current or new equipment, 
and these differences are frequently not found out 
until after the' equipment has been built. Meanwhile 
the program has been written to reRect the Original 
system requirement. In practically all of these in­
stances, it will be cheaper (if not easier) to modify 
the program than to modify expensive equipment. 

Even though considerable communication among 
system engineer, hardware manufacturer and software 
producer takes place (admittedly there could be 
more), out and out errors in following requirements 
and specifications are inevitably made by all three 
parties and will need correction. For example, it is 
quite common in the software production for some-

Fig. 1 Design Change Processing Flow 
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one other than the' system operational designer to do 
the actual programming, ·and the programmer may 
misinterpret the operational design specifications. 

What, then, can be done to establish and follow a 
change procedure which. will permit the necessary 
changes to be effected without permitting (1) a too 
loose change control which eventually leads to chaos, 
or (2) a too stringent procedure, which, while not 
leading to chaos, will arouse bitterness and acrimony 
among all concerned? 

controlling system change 
Fig. 1 outlines the basic procedures which should be 

followed to produce a program change. Before it is pos­
sible to follow and implement the outline, three items 
must be considered. 

1. Program Phases 
As in hardware manfacture, production of a large­
scale computer programming system can be divided 
into several distinct phases. Four specific phases which 
can be identified are: Design, Production, Test, and 
Operational. The Design phase of a real-time computer 
program system can be defined as the period devoted 
to using the physical limits of the system to define 
the various functional components of the program 
system. BrieRy, these components consist of the kinds 
and numbers of system inputs, the formulas to be used 
in manipulating these inputs, the kinds and numbers 
of human interventions, the kinds and numbers of sys­
tem outputs, and the publishing of design documenta­
tion. 

The Production phase includes program design, ac­
tual coding of the individual subprograms, testing these 
individual subprograms using simulated parameters, 
and publishing relevant documentation. Program de­
sign consists of developing and organizing a network 
of various subprograms· such as compiler, assembler, 
read-in, control, simulation, recording, reduction, and 

4. REQUESTS CHANGE PROPOSAL 
FROM CONTRA CTOR ( S) 
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the operational programs themselves. Program sequenc­
ing, flow charting, and peripheral table organizations 
are a large part of program design. 

The Test phase includes system testing of the entire 
program portion of the system, preferably in an en­
vironment as similar to real life as possible. Prior to 
the availability of a live environment, large-scale simu­
lation tests must be generated to shake down the entire 
program system. It is in this phase that most design 
errors and system incompatibilities will be detected. 

The Operational phase, of course, is the time period 
in which the system is put to use by the user to per­
form its stated mission. During this phase will occur 
most of the change requests calling for design improve­
ments. In each phase, -the change procedures vary 
somewhat, with the relative informality of the Design 
phase gradually giving way to the somewhat rigid, 
formalized procedures of the Operational phase. 

2. Design Specifications 
A set of system design specifications must be concurred 
upon and produced by the buyer/user, system design­
er, hardware manufacturers and program producer 
-early in the Design phase of the system. That docu-
ment, or series of documents, will serve as a base to 
which changes can later be made. Without this base, 
it becomes impossible to manage a design change ac­
tivity effectively. It is extremely easy to fall into the 
trap of saying, "Let's not document the system until 
all the design improvements and changes are known." 
This view is usually very acceptable because it sounds 
logical and economical; to follow it, however, is to 
court disaster because with the passage of time, in­
formal and undocumented design change activity, 
without a formal base to work from, will result in a 

"Rube Goldberg" specification, which will .probably 
bear no resemblance to the original system design 
intent. 

3. Change Committee 
A central System Change Committee must be estab­
lished by the customer to serve as the clearing house 
for all change recommendations. This committee is 
usually composed of representatives of all interested 
contractors, and is chartered by the customer. (The 
military services are presently organized in such a 
way that a developing or buying command acquires 
the system for a using command. The buying com­
mand, which normally maintains desigri control 
through the first three phases, needs to set up the 
central System Change Committee. Control of the com­
puter programs will pass to the using command when 
the system becomes operational). If the customer. fails 
to establish this committee early in the Design phase, 
he will sooner or later be forced to do so by the pres­
sures of equipment/program incompatibilities, schedule 
conflicts, and/or design improvement suggestions from 
operational personnel. I 

Additionally, since by definition the operational portion 
. of the system will be based on a computer program, most 
operational changes will directly affect the programming 
system; it is therefore most efficient to have the computer 
program producer responsible for physically producing 
and maintaining the system operational specifications. 

The central System Change Committee serves as the 
clearing house .for all change recommendations. To sup­
port the change process, a certain amount of paper work, 
however unwanted, becomes necessary. Change Recom­
mendations (CR's) are input to the committee in a speci­
fied format, processed, and, if approved, are forwarded 
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to the action agencies for an implementation plan. 
The Change Recommendation should include essentials 

such as title, reference documents, priority, justification 
for change, description of change, and other systems af­
fected by the change. The title gives a short but complete 
description of the change, such as "Data Link Display 
Modification." References should include any documents 
which will help clarify the problem. 

Priority may include several distinctions; three work­
able classifications are (1) emergency, (2) urgent and 
(3) routine. The "emergency" priority should be used 

. only for changes that affect safety conditions, the known 
existence of which would result in fatal or serious injury 
to personnel or destruction of equipment, if uncorrected. 
For an emergency priority, the programming changes are 
to be done immediately, with design documentation to 
follow as soon as practical. "V rgent" should be used for 
changes necessary to meet contractual performance re­
quirements which, without special processing of the 
change, would necessitate slipping schedules. 

In addition, this priority should be used if there is a 
potential reduction in functional and operational effective­
ness without the change. The "routine" priority should 
be used for mission' capability and improvement changes 
which will provide improvements in the maintainability, 
reliability, and capability of the programming system. 

Justification for change should detail why the change 
is being recommended. Coordination that has been af­
fected with external agencies should be shown. The de­
cription of the change should identify and describe alter­
nate methods of accomplishing it. The interrogatives, 
"what," "how," "where," and "who," should be answered 
in great detail. V nder "Other Systems Affected" should be 
statements concerning the interface changes necessary to 
other systems to complete the whole change. 

If approved, the CR is referred to the action agency 
as a Request for Change Proposal (RCP). At this point 
it becomes mandatory that the program producer estab­
lish a Design Control Office (DCO). This office serves as 
the central control point within the program producer's 
organization for all design change information. It must 
be placed high enough in the organization to effectively 
control the design change processing activity. 
_ Further, it must be staffed by people who have a 
thorough technical understanding of the system and who 
are also capable of doing an effective job of communicat­
ing to and with people. As Requests for Change Proposals 
from the System Change Committee are received they 
must be logged in, assigned a control number, and for­
warded to the proper in-house agency for action. Follow­
up in the form of monitoring progress of the change, call­
ing meetings to resolve problem areas, and generating 
written correspondence to external agencies is a prime 
function of the DCO. For a typical design change, the 
detailed procedure would be the. following: 

A Request for Change Proposal is received by the DCO 
from the System Change Committee. This request contains 
information such as a statement of the problem, recom­
mended solution, priority, and whether or not equipment 
also need be changed. The DCO assigns the change re­
quest to a design team, which coordinates and produces 
a Change Proposal (CP). In the Change Proposal, the 
program manufacturer is expected (1) to go along with 
the technical feasibility of the change, or (2) recommend 
a better solution (which may not involve the computer 
program), and (3) propose an implementation plan. The 
proposal is then forwarded to the System Change Com­
mittee, after which there will be further interplay among 
the committee and its contractor agencies in the form of 
meetings, telephone calls, letters and memoranda. 
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CHANGE I-PROCEDURES ... 

When a change request is received in the design phase 
(or any of the other phases, for that matter), it is well 
to classify it as either a major or a minor change. This 
practice will prevent relatively small, but important, 
changes from being placed at the end of the change line 
and taking years to accomplish. Major changes can be 
defined as those (1) having a profound impact upon the 
operational system, (2) requiring schedule modification, 
( 3) and/ or requiring additional dollar cost (particularly 
for equipment) not presently covered by contract funds. 

Minor changes, obviously, are those having only a 
sight operational effect, and can be made with no schedule 
or manning problems. If the change is of a major nature, 
it must be examined in light of previous agreements and 
commitments. Can it be made without jeopardizing pres­
ent schedules? If an equipment change is involved, do 
we understand the equipment change so as to be com­
patible with it? Is it worth the cost to make the change? 
Is this the best way to solve the problem? . 

When the answers to these and many other questions 
are known, a Change Proposal, outlining the implementa­
tion plan for the change, is sent back to the System 
Change Committee. The CP, like the CR, should include 
essentials such as title, reference documents, priority, 
justification for change, implementation schedule, and a 
complete description of the change. The implementation 
schedule should specify the date at which a specific 
change will be released to become part of the operational 
system; alternate solutions should be discussed under the 
description of change. 

For changes processed prior to the operational date of 
the system, the release date will normally be the system 
operational date. Under the description of the change, 
brief, concise summaries of the operational program 
changes, support or utility program changes, equipment 
changes and all related document changes, should be 
shown. The committee then takes further action by say­
ing, "OK, do it," or "Do it with the following modifica­
tion," or "Don't do it, we've had second thoughts on 
the matter." 

Design change processing does not end at this juncture; 
indeed, it has only begun. Although the elapsed time 
between the Request for Change Proposal and the Change 
Proposal is invariably longer than the time spent actually 
making the change, if an affirmative nod is received to 
implement a change, much work remains to be done. In 
the design phase, the change must be coordinated with 
designers in other areas· to guarantee that a modification 
to one function, say, air surveillance, does not degrade, 
say, the weapon function. 

If it does affect other functions, of course, they must 
be modified as needed. Although this factor is explored 
during the generation of the Change Proposal, side effects 
frequently do not emerge until the change is actually 
begun. The estimated cost in manpower and schedule 
has already been determined, but intervening change re­
quests may invalidate these estimates and re-costings be­
come necessary. If the program change also requires an 
equipment change, the change must be monitored to 
guarantee program/equipment compatibility. During the 
operational phase, installation' dates of both program and 
equipment must coincide to prevent any loss of system 
capability. 

All documents, including the system design specifica­
tions, program design specifications, program listing, op­
erator handbooks, and program test specifications, must 
be revised and updated to include the change. Other 
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support or utility functions, such as data recording and 
reduction, may need revision. A systematic procedure for 
issuing change pages or complete revisions to these docu­
ments is preferable to a helter-skelter updating by individ­
ual authors at their leisure. Document revision oftentimes 
is treated lightly; it is, however, a keystone of effective 
design change control. Without it, the future base of 
change operations becomes progressively smaller, until 
one finds himself in the embarrassing position of not know­
ing exactly what one's system consists of. 

Although the prime purpose of any software design 
change procedure is to implement quickly and efficiently 
changes which otherwise might take months to accom­
plish, nonetheless, cutoff dates must be established after 
which no further design change can be entertained with­
out schedule slippages. This cutoff date will, of course, 
depend upon the size of the system and fue resources 
available to make a change. This cutoff limitation should 
be followed in the Design, Production, and Test phases; 
during the Operational phase, schedules for changes are 
set individually and this time limitation does not apply. 

Changes acquired for processing during the Production 
and Test phases are handled in essentially the same man­
ner as during the Design phase. Internal in-house coordi­
nation, however, becomes more complex. If discrete teams 
of technical personnel are used to man each phase sep­
arately (and this does become necessary on large systems) 
oral and written communication links need to be estab­
lished. 

The Design Control·Office must assure themselves that 
the designer, programmer, and tester fully understand 
the change, that they agree as to how and when the 
change will be performed, and that all pertinent docu­
ments are updated to reflect the change. For continuity 
of design, in addition to designing the retrofit for the 
current model or version of the program system, the de­
signer must look ahead and design the change in the 
succeeding program model. 

Attempts to coordinate these activities by word of 
mouth will fail, and although professional systems design 
and programming personnel will resist any attempt to 
document the change agreements, it must be done. A 
simple form, containing the detailed change and imple­
mentation plan with room for appropriate team head sig­
natures, will suffice. If the test facility is geographically 
located away from the design and production facility, 
additional communication channels must be instituted. 
These channels must provide for the reporting of design 
problems, acknowledgement of the receipt of the prob­
lem by the DCO, and a report of the action taken by the 
control office. Periodic status reports of design problems 
wi! permit the entire organization to be kept abreast of 
problem areas and the solutions being provided. 

Assuming that the program producer has a mainte­
nance responsibility during the Operational phase of the 
system, change procedures are further complicated by the 
addition of another link to the chain-the Operational 
Maintenance Team. Since this team works closely with 
the true user of the system, any reports of design deficiency 
emanating from this source cannot be treated lightly. As 
in the test loop, avenues for reporting, solving, and mak­
ing known the solution of all design problems must be 
widened to include the operational team. 

This, then, completes all the loops of the design change 
procedures for the computer programming of a large 
command/control system. With a reasonable exercise of 
restraint in the number and kinds of reports generated, 
well coordinated, systematically produced changes' are 
well worth the minor inconveniences occasionally encount­
ered in producing the change. • 

DATAMATION 
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BREAK THE SOFTWARE PERFORMANCE BARRIER 
When the chips are down and the only thing that counts is performance, call SPC, the one company that always 
delivers, the one company with total software competence ... over 100 computer specialists in systems, in real 
time, in software, in scientific applications. 
That's why the tough problems go to SPC ... the big ones, the dirty ones, the ones never tried before. 
Performance-wise, SPC routinely cracks computer and engineering software systems assignments that would 
break the backs of giants. 
CASE IN POINT: Douglas Aircraft Company, Missile and Space System Division, where the S-IVB stage of the 
SATURN vehicle is under development. In support of this massive effort, directed by NASA Marshall Space 
Flight Center, one of the world's most advanced and complex automatic checkout and ground data acquisition 
systems is now taking shape. 
The systems use three CDC-924-A computers; continuously monitor over 800 analog, digital, and discrete data 
points; accept commands through an engineering-oriented automatic checkout and test compiler; initiate stimuli 
and provide automatic conditional test alternatives according to responses; permit automatic control of static test 
firing; control emergency shutdown and restart; and provide both a continuous running picture and quick-look 
analysis of test status. 
SPC systems programming specialists, together with Douglas and Mesa Scientific Corporation systems engineers, 
are providing the advanced analysis program system ~,~sign, and unprecedented systems programming perform-
ance needed to get the big bird off the ground.",.'i'>, , . 
Exceptionally sticky problem? Sure. But sma~p.ingperformancez:ec~~ds is as regular as clockwork at SPC. Total 
Competence where it really counts - in.,~yst:lIls,i.nrealtime, .in,~oft~~re, in scientific applications - substan-

tially reduces the conventional nor~:~~:,~iT::",~n.dc~st."" ••• , •• ,.,." ',>"",:, ,'", : "i',":::'. 
In real time engineering control systems;'''compu,tersoftware,~ystem's,aa~!'''acquisition systems, multiple com-
puter systems, simulators, process control systeF~,i¥()rmati9n systems, management systems, command and 
control systems - wherever the systems and pro~rrunllling pr()~lems are toughest - for complete project respon­
sibility or expert on-site assistance - SPC outperforms aU otliers. 
For your computer system problem, call SPC. ~:R2~~~t,~,Y9ur business and a chance to demonstrate what 

, expert knowledge and superior performance re~lly' m~'~'. ", ,," . 
An Equal Opportunity Employer, SPC wants mor~,eX:pert, hard-cnarging people who live to outperform. If that's 
you, if this is your kind of company and you~d"'like to share in ~ur".growtli, write personally to: J. N. Graham, 

fl Vice President and General Manager./""/""'"",, 

SYSTEMS PROGRAMMING CORPORATION 
1833 East 17th Street, Santa Ana, California. Phone: (714) 547·0069. Offices in Inglewood, Pasadena, Washington, D.C., Boston. An affiliate of Mesa Scientific Corporation 
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THE 
EDP EXPERT 
by CHA~LES BLOCK 

Frequently there have appeared in data proc­
essing journals, articles which ~ick up a rum­
pus about the alleged misuse, under-use, and 

lack of success in applying the. computer to commercial 
EDP problems. These articles always conclude by point­
ihg a pompous finger in th~ "true" direction of EDP 
pay-offs. . 

Since this species of article is an unlabeled advertise­
ment . for the author or his company I feel it a public 
duty to identify some of the predatory tactics of these 
pompi rhompi and to offer an antidote. 

The opening tactic is usually the When-did-you-stop­
beating-your-wife Bit. These are glib statements calcu­
lated to undermine management's confidence in themselves 
and their EDP staff. "Management no longer can afford 
to experimeht, nor is there a need for it,"· or " . . . have 
the systems - not the computer - met management's in­
formation needs? FOr the most part, they have not." This 
is really general purpose propaganda, for, in the first 
quote, change "management" to "government" and you've 
got. a . real applause-getter in certain circles. . 

Then a change of pace to the Polonius Advice Ploy. 
Here you'll find several high-toned but self-evident truths; 
e.g. " ' .. '. Computers could well be a waste of time and 
money if extensive plan~ing does not precede aninstalla­
tion" (Underlining is mine). Observe the economy of 
this advice: by appropriately changing the underlined 
words the same advice can be re-applied to almost any 
situation. 

As you get into the selling part of. the article you'll 
get peppered with the Jargon Gambit. These are cur­
rently popular EDP terms that sound meaningful, but 
no one;s quite sure what they mean; e.g.; "total informa-' 
tion systems," "planned optimum operations," and "inte­
grated EDP approach." But these phrases are more than 
jargon; they are jargon generators, for by simply per­
muting these terms you come up with other equally 
meaningful gems. 

Finally there's the arresting Flow Chart Sleeper. These 
prominently· displayed charts consist of a few simply­
labeled boxes that collectively describe some overwhelm­
ingly complex commerciai phenomenon (that mayor may 
not be related to the rest of the article). 

These articles are usually authored by EDP consul­
tants, whose lot today is not a happy one. They are 
finding it barely possible to remain EDP experts in a 
field that) changing so rapidly in form, content, and 
emphasis. As the Red Queen said to Alice, "Now here, 
you see, it takes all the running you can do, to keep in 
the same place. If you want to get somewhere else, you 

- must run at least twice as fast as thatl" 
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pam PO",s fi ngers 

Due to this dilemma, the EDP consultant has two 
major markets he can appeal to, the past and the future. 
That is, he can sell cookbook solutions to the novices or 
blue sky to the rest of us. In the first instance, a con­
sultant can make a significant contribution to the company 
just getting its EDP feet wet. But in the second instance 
he is usually not coupled to the real world. Witness the 
pompus rhompus. Not that I'm against blue sky, for 
that's like being against motherhood or COBOL. But the 
trouble with the blue sky is that you can't get there from 
here unless you are an expert in the present. And in that 
regard, the consultant, in his efforts to sell his own 
services, is often a victim of his own propaganda. 

antidote 
However, if bitten by the pompous rhompus you can 

restore your perspective with the words of that poet of 
pragmatism, J. J. Murphy. You'll recall how· in the fifties, 
Murphy's first three la~s enabled us to better understand 
the true nature of the hardware, namely: 

1. If anything can happen it will happen. (Some­
times referred to in the literature as Jones' 
Constant) . 

2. Nature is on the side of the hidden error. 
3. It's impossible to make anything fool-proof be­

cause fools are so ingenious. 
Now in the sixties, as we strive for a deeper meaning 

of systems as well as hardware, Murphy gives us his next 
three laws, namely: 

1. My blue sky is not your blue sky. 
2. It's not trivial to make a trivial improvement. 
3. Automation does not cut red tape, it perforates it. 

Mr. Block is an. assistant vp in 
the Advanced Systems Plan­
ning Di;'. of The Chase Man­
h~ttan Bank, New York City. 
He joined the bank after five 
years on the· operations re­

search staff of Arthur D. Little 
Inc., Cambridge, Mass. This, 
in turn,· was preceded by 
five years at the MIT Instru­
mentation Lab, programming, 
among others, the early Whirl­
wind I computer. He holds a 
masters in math from Harvard. 
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"In the mad, mad, mad, mad world of movies,. 
Computer Audiotape plays an important role," 
says Mr. John Fitzgerald, Data Processing Manager for United Artists Corporation UA 

In the colorful motion picture business even accounting is unique. 
For example, here at United Artists we use an IBM 1401 Com­

puter for the sole purpose of processing producers' settlement statements. 
United Artists circulates as many as 1,000 films throughout the world at any 
given time. Our computer prepares detailed financial statements for each of 
these films. To do this job, we use Computer Audiotape. We first tried it two· 
years ago, and it worked out so well'we've often recommended it 
to other companies. As a matter of fact, we now use it exclusively. 

United Artists Corporation is another prominent firm that consist­
ently specifies Computer Audiotape. You can "test run" Computer 
Audiotape on your computer. "Test run" it on your own equipment, 

at no cost and at your convenience. For complete details write to 
Audio Devices, Dept.' DT. 
AUDIO DEVICES, INC., 235 East 42 Street, New York, N, Y. 10017 
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Amazing, when you 
stop to think about it. 

That's ,,.eat. 
They're light, rugged, 
handle every logic 
function, take prac-

What's that? 

tically no power. . . OK 

We've estimated 
100,000,000 module­
hours in space flight 
without a failure. I know. 

Up there in orbit; .• 
thousands of tiny 
Ol/AN magnetic logic 
modules. 

. .. aren't susceptible 
to noise, store data 
with or without power, 

Does Khrushchev 
know about this? 

are low in cost. . . All right, already. 

You know? 
Yes. Friend of mine 
went broke. 

They're used.in space­
craft for counters, 
programmers and 
digital data processing. That's good? 

_ .. and best of all, 
they're extremely 
reliable. 

He had the service 
contract. 

See for yourself why 
DI/ AN CTL's* Don't Fail 

1. Transistor base and emitter are wire­
connected to handle high leo. 

2. Low transistor Beta can be tol­
erated because of high regenerative 
loop gain. 

3. Low impedance circuit won't pick 
up electrostatic noise or interference. 
And VBE provides thresholding. 

4. Transformer-coupling eliminates 
ground loop problems. 

5. Non-volatile storage retains data 
when power fails. 

RESULT - the CTL is the most reli­
able logic element available. Life tests 
prove it. (See logic in space report.) 

'* A CTL is a UNIVERSAL logic element, With. 
magnetic storage and delay, consisting of a 
toroid with multiple windings, a transistor, and 
a pulse delay network. 
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DI/AN CTL's have been on the scene 
with almost every major space program. 
In the orbiting vehicle, the launching 
rocket, the ground support equipment 
- wherever digital data must be ac­
quired, stored, processed, counted, or 
used for control, you will find CTL's 
handling the job. 
Meanwhile, back on earth, you can't 
beat CTL's for commercial applications 
either. Because they combine logic, 
memory and delay functions, they per­
mit substantial savings in circuit costs; 

CIRCLE 26 ON READER CARD 

because all counting, register and logic 
functions are performed by the same 
basic device, you save in test, inventory, 
and purchasing costs, and drastically 
reduce design lead times. We'd like to 
tell you more. Write, on your company 
letterhead, and ask us to reserve: 

1. Your FREE COpy of DI/ AN's new 
MAGNETIC LOGIC COOK BOOK 
A practical hardbound ency­
clopedia of proven CTL cir­
cuits, indexed by type and 
application, with some palat­
able theory on the side. And: 

2. "MAGNETIC LOGIC 
IN SPACE" - A 34-page 
report on CTL applications 
and reliability. 

Di/An Cont:ro/s, Inc. 
944 DORCHESTER AVENUE, BOSTON, MASSACHUSETTS ZIP CODE 02125 

TEL. (617) AV 8-7700; TWX 617-288-5963 Leadership in Digital Magnetics 
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DPMA Meets in 
New Orleans 
June 23-26 

CONFERENCE 
, . 

PARTICULARS 
~ If the DPMA had its way, it'd be pIpmg 

@;"'!~ Dixieland music into the offices of every vp­'-otfP controller and dp executive in the country. 
_~___ For, New Orleans is the site of this year's 

c_. ______ . __ ::J International Data Processing Conference and 

~LJL1@Q Business Exposition, set for June 23-26 at the 
.:.J l Jung Hotel. Sponsored by the Data Process-fA. ~ ~ ing Management Assn., conference theme is 

The Space Age Challenge. 
(HAllEr~GE Registration is open to persons with an in­
terest in systems, management, dp, and related areas. Fees 
are $75 for members and $85 for non-members, including 
three luncheons and the banquet, and a hardbound copy 
of the proceedings. 

There will be 30 separate seminars, with simultaneous 
presentations of "industry-oriented, management-oriented, 
and open-end" sessions. Unlike last year, each seminar will 
be given only once. Advanced registrants, however, are 
guaranteed the sessions of their choice, obviating the nec­
essity of designating a second choice. In addition, on the 
first conference day, the Executive Forum will be con­
tinued from last year's Detroit meeting. The topic: How 
Can Executive Management and Data Processing Best 
Assist Each Other? Chaired by Dr. Herbert E. Longe­
necker of Tulane Univ., the session's panelists will be Ed­
ward J. DeYoung, John Diebold, William R. Devine, 
Harold F. Hatch, Dr. Jerry C. McCall, and Malcolm 
Phares. 

The keynote speaker, the morning. of June 24, will be 
Warren C. Hume, president of the DP Div. of IBM. His 
talk is titled "The Problem Solving Manager in the Space 
Age-You." On the final conference day, farewell lunch­
eons will be held at the Jung and Roosevelt Hotels; each 
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will have its own speaker who will depart from the tech­
nical nature of conference sessions. They are Calvin D. 
Johnson of the Rem Rand Div. of Sperry Rand Corp. and 
Justin Wilson of Justin Wilson & Assoc. 

ReRecting the conference theme, the committee has ar­
ranged tours of the Michoud Operations, a division of 
NASA's Marshall Space Flight Center. Production site for 
Saturn boosters, the facilities are located in the city. There 
will also be a tour of the Falstaff Brewery. • 

Space production facility tours' reflect 
the conference theme. 
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CHALLENGE 

THE 
PROGRAM 

WEDNESDAY 

2 to 4:30 P.M. 
01 EXECUTIVE FORUM 

THURSDAY INDUSTRY 11 12 13* 14 15 16 
9 to 11 :30 A.M. ORIENTED 17 18 19 20 21 22 

THURSDAY MANAGEMENT 41 42 43 44 45 46 
2 to 4:30 P.M. ORIENTED 47 48 49 50 51 52 

FRIDAY OPEN 53 61 62 63 64 65 
9 to 11:30 A.M. END 

*Rescheduled to Thursday afternoon. 

01 The Executive Forum 
Dr. Herbert E. Longenecker, Tulane Univ.; E. J. De­
Young, First Federal Savings of Detroit; John Diebold 
The Diebold Group Inc.; Harold F. Hatch, John Han~ 
cock Mutual Life Ins. Co.; Dr. J. C. McCall, Mar­
shall Space Flight Center; Malcolm E. Phares, The 
Boeing Co.; Ferrance Hanold, Pillsbury Co. 

11 Petroleum 
J. C. Beardsmore, Gulf Oil Co.; F. A. Romberg, Bon­
ner & Moore Assoc. 

12 What's New in Biomedical Research 
Dr. James W. Sweeney, Tulane Univ. 

13 Improved Marketing by Computer ·Control 
Dr. Phillip G. Carlson, Tulane Univ. 

14 Management Control of Manufacturing Through In­
tegrated DP 
Norman H. Carter, Lockheed Aircraft Corp. 

15 DP in Volume Retailing Operations 
Frank J. Buescher, D. H. Holmes Co. Ltd. 

16 Transportation 
D. S. Bradley, Chesapeake & Ohio Railroad 

17 Insurance 
FrankC. Enoch, National Old Line Ins. Co.; P. Ad­
ger Williams, The Travelers Ins. Co. 

18 Government 
Ervin B. Osborn, Internal Revenue Service 

19 Education 
Paul Serote, Board of Education 

20 Utilities 
Hugh L. Freeman, Ceorgia Power Co.; Ashton S. 
Junker and Maurice E: Katz, New Orleans Public Serv­
ice Inc.; J. W. Lawrence, Duke Power Co.; John H. 
Saunders, Northern Illinois Gas Co.; D. L. Willing­
h.am; Houston Lighting & Power Co. 

21 Banking 
Martin Karnoff and Gilbert D. Lawrence, Manufac­
tun~rs Hanover Trust Co. 

22 Hospital Administration 

June 1964· 

Lawrence E. Johnson, St. Joseph's Hospital 
41 Data Communication 

J. A. Armstrong, Illinois Bell Telephone Co.; H. M~ 
Silveira, IBM Corp. 

42 A Look into the Future 
Walter R. J ohnson, Fortune Magazine 

43 Management Information Retrieval & Dissemination 
William H. Stidham, Bell Helicopter Co. 

44 Simulation Techniques, Uses & Validity 
45 Controls & the Audit Trail 

William S. Nebe and Bruce P. Olson Ernst & Ernst 
46 Selection, Training & Evaluation of' Personnel 

Marvin Wofsey, The American Univ. 
47 PERT & CPM 

Vincent Arrigo, McDonnell Aircraft Corp. 
48 Management Sciences 

Norman H. Tarnoff, IBM Corp. 
49 How to Conduct a Feasibility Study 

David ~. Harvey and Richard L. Vittingl; Arthur 
Andersen & Co. 

50 COBOL Revisited, Part I 
Howard Bromberg, CEIR Inc. 
Part II 
Charles Phillips, Business Equipment Manufacturers 
Assn. 
Part III, Panel. Discussion 
Robert B. Forest (moderator), Datamation Magazine 
P~nel: Howard Bromberg, CEIR Inc.; Charles Phillips, 

BEMA; William Lonergan, RCA-EDP; Arthur 
Whitmore, Westinghouse Electric Corp. 

51 The DP Organization Functioning Within the Cor­
porate Structure 
George J. Fleming, The Boeing Co. 

52 Equipment Comparison & Selection 
James A. Campise, Hughes Dynamics Inc. 

53 DP in the U.S. Postal Service 
Frank W. Reilly and William S. Bowman, Post Office 
Dept. 

62 Random vs Serial Storage 
Harris Arnold (moderator), Avondale Shipyards 
Panel: Kim Parks, Burroughs Corp.; Frank S. Powell, 

Atlantic Refining ~orp.; Lawrence S. Wolfe, Cen­
eral Electric Co. 

63 Centralized vs Decentralized DP 
C. L. Bradshaw, NASA; John· M. Ryan Jr., North 
American Aviation 

64 Statement-Type Programming Languages vs Machine­
Oriented Programming 
Frank M. Mattas (moderator); The Boeing Co. 
Panel: W. C. Finley, Honeywell EDP 

65 Equipment Purchase vs Rental 
S. L. Noschese, New York Port Authority; Merle 
Wood, Des Moines Public Schools 

EXHIBIT AREA MAPS AND LIST OF DPMA 
EXHIBITORS ON PAGES 64 AND 65. 
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Oata recorder transfers information from employee 
jdentification card and tool card to a three-part form. 

Optical Code Reader automatically punches cards for 
subsequent data processing of all tool transactions. 

Addressograph® methods automate handling 
of 40,000 tool transactions per week 

At a large Naval shipyard, maintaining tool inventory controis 
was a major problem. Manual keypunching 'was used to 
record some 40,000 tool transactions per week. Record­
keeping time was excessive. Errors were frequent. • By in­
stalling ,an Addressograph system, the entire tool record proc­
essing job was automated. Each eligible empioyee 
now carries an Addressograph bar-coded piastic 
card. Data from this and from a plastic card kept 
with the tool is imprinted 'on a 3-part ticket by an 

Addressograph Data Recorder, whenever a tool is withdrawn. 
• An Addressograph Optical Code Reader "reads" and 
punches a coPY of each ticket for subsequent data processing. 
Manual key punching is eliminated, errors reduced, hundreds 
of hours of clerical tilTie saved .• Check the advantages of an 

automated tool check-out system for your plant! Just 
phone your Addressograph office, listed in the Yellow 
Pages. Or write Addressograph Multigraph Corp., 
Dept. T -6436, 1200 Babbitt Rd., Cleveland, O. 44117. 

Addressograph Mult,graph Corporation' 
e U TT IN G COS T 5 IS 0 U R BUS I N E 55 
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CHALLENGE 

THE 
EXHIBITORS 

Exhibitors Booth# 

Addo-X, Inc. ............. 307 Elbe File & Binder 
Addressograph-M ultigraph Company .............. 207 

Corp. . ................ 235-239 Ennis Business Forms ...... 285 
Allied/Egry ........... : .. 264-265 
American Data Processing, 

Inc. .................. 151 
Forms, Inc. .............. 230 
Friden, Inc ............... 140-143 

American Permac, Inc. ..... 262 Futronics, Inc. ............ 288 
American Tel. & Tel., Co ... 120-123 
Audio Devices, Inc. ....... 205 
Automation Institute of 

General Electric Computer 
Dept. ................. 144-149 

America 290 The General Fireproofing 
Co .................. 266 & 275 

Baltimore Business Forms, Globe Ticket Co. .......... '150 
Inc. .................. 157 

Bell & Howell . . . . . . . . . . . . 293 Honeywell, EDP Division ... 248-257 
W. H. Brady Co. .......... 110 
Burroughs Corp .. 244-247 & 258-261 IBM Corporation .......... 212-221 
Business Supplies Corp. . ... 126-127 

California Computer ...... 132-133 
Clarkson Press ............ 117 

Kalvar Corporation ........ 162-163 
Kee Lox Manufacturing 

Co .................... 160-161 
Commerce Clearing House.. 165 
Computers & Automation .. 113 

Kleinschmidt ............. 286-287 

Computron, Inc. .......... 159 Memorex Corp. ........... 289 
Curtis 1000 .............. 305 Midwest Tabulating ....... 263 
Cybetronics . ~ . . . . . . . . . . . . 131 Monarch Metal Products ... 134-135 

Data -American 
Equipment Co. ......... 276 

Moore Business Forms ..... 136-139 
Mosler Safe Co. . ......... 111-112 

Datamation Magazine,. . . . . . 243 National Blank Book Co. ... 130 
Diebold, Inc. . ........... 152-155 N ormandie Press Inc. ...... 291 
Dura Business Machines, 

Inc. . ................. 118-119 OA Business Publications .. 231-232 

LADIES' 
PROGRAM 

Edward Ochman Systems . . . 294 
Office Equipment Mfg., Co.. 204 
Office Publications ........ 201 
Olivetti Corp. ............ 304 

Prentice Hall Inc. ......... 210 

Reeves Soundcraft ........ 306 
Remington Rand Systems .. 280-281 

Service Bureau Corp ....... 241-242 
·Shelby. .................. 202 
Sola Electric Co. .......... 240 
Standard Register ......... 226-229 
Statistical Tabulating 

Corp. ................. 128 
Steelcase, Inc. . ........... 277-279 

Tab Products ............. 222-225 
Teletype Corp ............ 124-125 

Uarco, Inc ...•.. 267-270 & 271-274 
United Gas Company. . . . . . 129 
U.S. Magnetic 

Tape Company ......... 156 
Univac Corp .... 282-284 & 295-297 

Virginia Panel, . . . . . . . . . . . 211 
Weber Marketing ......... 114-115 
Weber Showcase. . . . . . . . . . 203 

, Wilson Jones Co: ......... 233-234 
Wright Line ............. 308-311 

For the inscrutable behind-the-scenes force, in­
creasingly credited as the sine qua non of ex­
ecutives today, a program of fashion shows and 

10-11 a.m .......... Apparels 1863 to 1963 Era 
11:30-1 p.m ....... Luncheon, Royal Orleans Hotel 

tours of the city will unfold. Following the Thursday 
luncheon, the ladies will see a group of high-fashion mod­
els who can "freeze" into postures of window mannequins 
and retain their poise despite deliberate distractions. 
Wives will also be invited to the all-conference banquet 
that evening. The fee for the program is $28. • 

WEDNESDAY 
9-10 a.m ................ Breakfast, Jung Hotel 

June 1964 

1-2 p.m .................. Mad Hatter Show 
2:30-4:30 p.m ..... Conducted Tour, French Quarter 

THURSDAY 
9-10 a.m ............ ~ .. Breakfast, Jung Hotel 

10 a.m. to noon .... Tour Uptown and Garden District 
noon to 1 p.m ....... Luncheon, Tulane Univ. Center 

1-2 p.m ....... Living Mannequin & Spacemen 
Show 

FRIDAY 
9:30-10:30 a.m ............... Breakfast, Jung Hotel 

10:30 a.m. to noon ....................... Free Time 
noon ................ Farewell Luncheon 
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• • I -.~. __. Check To Doctors 
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Here are FORMSCARD checks for periodic payments to doctors, with vouchers at the top, listing cases paid ••• ·and FORMSCARD 
pa'yment notices for subscribers. Both were designed to meet the requirements of BLUE SHIELD OF PENNSYLVANIA, to better 
enable them to continue their vital services to the Commonwealth. Like all FORMSCARDS, they are remarkably versatile, 
wonderfully efficient . . . the popular choice of America's topflight business and industry. 
Write today for information. 

• Efficient operation on ANY printer.at ANY speed • Easily separated manually or on 
ANY burster • AVAILABLE PRE·PUNCHED with vouchers of any size at top or boHom 
• Can be part of multiple-part sets 

cali, write or wire 

7brms inc 
WILLOW GROVE, PA. Phone: Oldfield 9·4000 

Manufacturers of Line Hole Continuous Business Forms 

Call or write for the name and address of our Sales Representative in your area 
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RAYTHEON 
DIGITAL PRODUCTS 

EQUIPMENT/SYSTEMS 

for today's needs and tomorrow's speeds 

&. 1Q)1Q)nn©(j11tn CIDJ]) 

NCID1t®~ 
This is the first in a series of helpful application engineering tips 
from Raytheon ... leader in impulse instrumentation for the 
high-speed data processing field. 
PROBLEM: To sample a channel of video information at a 10MC 
rate to establish 100 data points for a short duration Gaussian 
pulse. 
SOLUTION: The system illustrated in the block diagram Will dig­
itize a video waveform having a 5 MC bandwidth and a 1 %. duty 
cycle. It will take samples at a 10 MC rate and produce 
IBM-formatted digital tape as an output. The model AD 50-A 
Converter provides a burst of data (100 samples of 7 bit digital 
information) at a 10 MC rate. Data is then stored in 56 separate 
100 bit, acoustic-type memori~s and commutated out at 96 KC 
rate onto digital tape (%" IBM format 800 BPI.) 

INCOMING VIDEO 0-11/2 VOLTS 0-5MC BANDWIDTH 

SAMPLE & HOLD .. SAMPLE & HOLD 
100 ns ACQUIRE 100 ns ACQUIRE 
5 ns APERTURE 5 ns APERTURE 
90 ns HOLD 90 ns HOLD 

AD 50·A *- AD 50·A 
7 BITS Mark Out 7 BITS --#1 

I 
1 ' 10 MC 110 Me 1~2 "AND"Gatesl "AND"Gates 

. #1 

I I 
-4r1n--
a..tt-tu-

! I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

~ ~ I I 

lil!1 I I 

I I 
I I 
I I -+I 1+200 

TRIGGER 
TO SAMPLE 
& HOLD 

ns 

--1-rLu- . ./.5 MC ~ 

/

2 f/JCLOC 
FROM 
MEMORY 
CONTROL 

~ ... 
Mark <;>ut #2 CIRCUIT 

I I 

l II Mark Out #1 
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-t 10 MC -
"OR" Gates 

I II I II I 
7 DATA LINES TO STORAGE 

For complete application notes covering this system 
write (on company letterhead) to: Dept. D-664A . 
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1·505U 
1·506U 
1·507U 
1·508U 

1·505B 
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1·507B 
1·508B 

5·505U 
5·506U 
5·507U 
5·508U 

5·505B· 
5·506B 
5·507B 
5·508B 

ML·50. 
S~RIES 

5 BITS 
6BITS 
7 BITS 
8 BITS 

5 BITS 
6 BITS 
7 BITS 
8 BITS 

5 BITS 
6BITS 
7 BITS 
8 BITS 

5 BITS 
6 BITS 
7 BITS 
8 BITS 

M506U 6 BITS 

M506B 6 BITS 

rsion 
Rates 
up to 
5.0 
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Second 

jt "and 

30 
Nano· 

seconds 
Nominal 

50 
Nano· 

seconds 
Maximum 

25N.S. 

25N.S. 
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Who.~.d·h·ave.···thought 
ODe perforatiollflaw could tie-up 

YQU~ ... ··•· ..•• ·EDP·.· .... sy~teQl •• · IQ'.:a··· •• · .• day.1. 

Because we'v~ seen perisseparat~wh~r1theY.wer~supposedto h()ld.And hofdwhentheY'liere supposed to 
separate. Butthat'sbecause theywerEm'tMachine.Matedlike thosefrom Standard Register. Our forms (in­
eluding the perfs) are designed for your system - as dictated by/end' use. and subsequent handling oper­
ations. Tailoredto meet the high-speed printer's requirements 7 and yours. Machine Mated .forms cover the 
full range of sizes, plies, carbons andfast~ningstogive you consistent, trouble-free performance. No 
one can matchthequalityof Machine Mated forms . .Andweg~arante~thisqualityin writing.~ (No 
one else does.) So teU us what type of EDP systemyouhave~ And we'll seethat you get a free Machine 
Mated Forms Specification Chart <to help you get more trouble-free work out of it.Justcallour 'Iocal 
representative or write us at Dayton, Ohio 45401.. .. . 
. ...... ····.········MACHINE MATEOMFORMS BY STANDARD REGISTER 
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SPRING JOINT 

D The sign at the reservations booth read, "Ameri­
'i: " can Airlines extends a ~ordial welcome to the 

delegates of the American Federation of Process­
ing Societies." The AFOPS-sponsored Spring Joint Com­
puter Conference was, indeed, in town. Judging by the 
crowds in the hotel lobby, at technical sessions, and on 
the exhibits Hoor, every programmer south of New York 
City and north of Cape Kennedy must've been in at­
tendance - many only to check. prices in the Hesh market. 
But if nothing else, the Washington, D.C., site gave 
attendees a chance to meet some serious and savvy servants 
who make up the bureaucracy often referred to as the 
federal government. 

Delegates from France, England, Australia and Canada 
were among the some-4,500 registrants who strained the 
capacity of the smaller session halls. One late hopeful 
who couldn't even get to the doors of the tutorial Infor­
mation Retrieval (1.R.) session was heard to say, "Let's 
go down to the exhibits and come back later:." (Later on, 
by George, some meetings had lottsa room) . An impressive 
number was satisfied to sit in the foyer and listen via the 
public address system, while seated inside were an 
estimated 700. 

1. R. was a target of the conference's keynote speaker, 
Dr. Jerome B. Wiesner, dean of Science at MIT. There 
are probably more unfulfilled promises being made about 
information retrieval than any other area, he said, with 
promises still being made. Needed, he added, are studies 
in the learning processes and machine translation. Dr. 
Wiesner also cited the lack of "good, hard work" in the 
mathematics and logic of computers. Other needs: greater 
public understanding and acceptance of computers, and a 
higher class of machines (larger fast memories, greater 
internal speeds, parallel operation, and the ability to 
handle bulky languages). 

In the last 20 years, Dr. Wiesner said, the nation's R & 
D effort has doubled each five years; in the same period, 
manpower has doubled each 10-12 years. The current 
fund allocation has been 10% for research and 90% for 
development, and the federal government may begin 
questioning this developmental expenditure, he said. 

Some of the technical sessions drew close to 2,000 loyal 
fans; as might be expected, multi-programming was one 
of them. One of the papers at this session, "A General 
PurpOSe Time-Sharing System," got for its authors the 
$500 prize for the best technical paper and presentation. 
The recipients were E. G. Coffman Jr., J. 1. Schwartz, 
and C. Weissman of System Development Corp., Santa 
Monica, Calif. 

An equally large contingent attended the session on 
"Social Implications of Data Processing," referred to by 
one cognoscente as a good session although it would've 
been interesting to have included a computer specialist 
(as distinguished from sociologists) among the authors. 
Indeed, an attendee remarked that the discussions gen­
erated from the Hoor were more interesting than the 
papers. Nevertheless" a man in the audience had the 
right idea when he suggested that sessions of this im­
portance should not be competitive with others. 

The exhibits area, which took on a sideshow quality, 
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featured a number of hybrid systems, much operating 
gear and, neatly tucked into corners, some exhibitors 
who could generate little traffic. An exception to the 
latter was Honeywell EDP with its pitchmen and the 
200 computer. Notably lacking operating hardware were 
IBM and RCA-but, one observer noted, IBM doesn't 
need it. 

Following last year's announcement of Microtapes by 
DEC, Scientific Data Systems debuted a low-cost mag 
tape system using standard stereo tape cartridges. The 
Magpak unit is for its 900-series software, and consists 
of two drives (four data channels) with a capacity of 
six million (six bits plus parity) characters. Price: $15K 
($400/month) . 

An adult-size mag tape unit, demonstrated by GE, is the 
first to be completely manufactured by the Computer 
Dept. It features vacuum capstans, air foil read/write 
heads, and a start-stop time of some 1.5 milliseconds. 
Tape speed is 150 ips, densities are 200, 555, and 800 
bpi, and transfer rates are 30/83KC, which may be 
raised to 120KC. 

Continuing on its remote-user kick, Univac demon­
strated its 1065 data terminal with a card reader/punch 
and' a frisky typewriter (by Kleinschmidt out of SCM) 
that prints at 40 cps. Communication is by full-duplexed 
phone lines. Another remote device, a prototype key­
board/display unit, was demonstrated by Philco: output 
rate of the Real-time Electronic Access & Display 
(READ) system is 36,000 lpm. Twelve units have been 
ordered by Stanford Univ. for its computer-based teach­
ing lab, some of which might be operational this. fall. 

For IBM users, there's a mag tape certifier that at­
taches to a 729 tape drive, and determines in a single 
pass which tape areas will give dropout-free operation. 
Introduced by General Kinetics Inc., Arlington, Va., the 
unit records in ink the defective areas, and tallies them 
on an electro-mechanical counter. 

A variety of peripheral gear introduced by Potter In­
strument Co. Inc., Plainview, N.Y.,includes an incre­
mental mag tape drive with a 300 ,cps stepping rate 
and a 36 ips continuous speed" a multiple tape station 
for time-sharing up to four tape units, and a ruggedized 
paper tape reader. Also new: an off-line print station 
with its own controls, the 3501 high-speed printer 
(1,000/1,200 lpm alphanumeric, and, 2,400 lpm nu­
meric with 64 characters and 160 columns) with an 
addable plotting capability. Paper slew is at 75 ips. 

Winding up the hectic three days was Sen. Hubert 
H. Humphrey, whose luncheon talk-observed an at­
tendee-stood in favorable contrast with his counterpart's 
last year in Detroit. Hitting all bases (education, eco­
nomics, the "computer revolution"), the senator ob­
viously had done his homework well, relating' informa­
tion processing to what he knows best:' the federal 

. government. 
Humphrey termed the federal government's expendi­

ture of 48 megabucks a year. in support of computer 
studies as "'penny ante' compared to what U.S. agen­
cies will require for their own computer research and 
development in the, next decade." 

Local personnel for that R&D effort seems plentiful. 
Whether a product of the conference city or of the 
imagination, it did seem that the crowd is getting 
younger. If this keeps up, sites will be chosen on the 
basis of the availability of good milkshakes rather than 
martinis. Following the upcoming '64 Fall Joint in San 
Francisco (Oct. 27-29) will be the IFIP Congress '65 
(in lieu of the SJCC), the '65 fall meeting in Las 
Vegas, and the '66 spring conference in Boston. Any­
one for clam chowder ice cream? • 

- EDWARD YASAKI 
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~~/t says it's exactly one year old and wants a new 
supply of tapes of MYLAR® for its birthday. ~' 

What a coincidence ... "Mylar"* is having a birthday, 
too. It's ten years old. In the decade since it was first 
introduced as a base for recording tape, "Mylar" has 
consistently been the most used, most trusted tape 
base for all EDP applications. And why not? "Mylar" 

<[(iPOtID 
. AlIt.U,s,Mot,'" 

Better Things for Belter Living 
••• throul'lh Chemis~ry 

Is strong (a tensile strength of 20,000 psi), stable 
(unaffected by temperature or humidity changes) and 
durable (can't dry out or become brittle with age). Cele­
brate the birthday of "Mylar" by giving yourself the gift 
of reliability. When reliability counts, count on "Mylar'~. 

MYLAR® 
POLYESTER FILM 

*Ou Pont's registered trademark for its polyester film. 
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than 
a square 

corner card, 
(Try 250 free cards and see for yourself) 

Round corner cards last longer, 
joggle mo~e easily, 
are much 'less likely to dog-ear. 

To: Department 804-PON 
IBM Supplies Division, Dayton, New Jersey 08810 

I'd. like to have 250 round corner cards free to tryout 
in our DP operation. 

Name ________ ~----------------------------~ __ . They file more efficiently, 
insert more easily, 

Title,-________ ----,-_______ --'-_ 

virtually "align themselves." 
And IBM round corner cards 
don't cost you one cent extra. 
June 1964' 

Organization __________________________________ _ 

Street __________________ _ 

City ___________ _ 

St~te------Zip Code. __ _ SUPPLIES DIVISION 
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Now 
see 
this! 

New Acme Visual Control Panels. 
mastermind electric brains 
at Department of Defense 

worldwide gen'eral supply center 

Have you a tough problem of production 
programming, sales quota policing, budg­
eting, contract coordinating? Then see 
.how swiftly and efficiently two new Acme 
Visual Control Panels help Uncle Sam do 
a kindred job of appalling proportions. 
Computers at the Defense General Sup­
ply Center receive punch card data on 
daily transactions from every supply' 
depot. From these, they prepare a com· 
plete inventory of assigned general supply 
items to the Armed Forces. 

And that's just one of 150 jobs these 
machines must do. Yet the work flows 
smoothly, 24-hours a day,' thanks to just 
two Acme Control Panels that mastermind 
these electric brains. Let an Acme rep­
resentative show you exactly how these 
remarkable control panels, with their 
movable tapes, sliding signals and cali­
brated frames, can help you stay on top 
of almost any program ... at a glance! 
Meantime, send the coupon for complete 
facts on new Acme Visual Control Panels. 

Acme Visible Records, Inc. 
7506 W. Allview Drive 
Crozet, Va. 

Please let me have full details on new Acme Visual 
Control Panels. 
Name ________________________ _ 

Company ____________________ _ 

Address, _________________ _ 

City _________ Zone-_state __ ..... 
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there 
was a machine! 

THE CPC 
by FRED GRUENBERGER 

D 
The CPC-there was a ma­
chine. In fact, for a long 

. while, there was the ma­
chine. It wasn't what you'd call to­
day a computer (what you'd call. it 
today would be a mess), but in its 
heyday, around 1950, there were 700 
of them and they were doing most of 
the computational work in the world. 

It is difficult even to describe the 
beast to today's students. There was 
this tabulator, see, and a card punch, 
and a wired electronic calculator, and 
some huge mechanical storage de­
vices . . . all connected by huge 
rubber-covered cables all over the 
floor. Top speed in floating point was 
150 operations per minute, and no 
loops or subroutines or macros. In 
order to get answers, pal, you had 
to be clever. 

There was another feature, though, 
that we lack today. The CPC had 
sportsmanship. When your program 
didn't work, there was always a 
sporting chance (p = .50) that it was 
the machine that was at fault. This 
made for a more lively atmosphere. 
N one of this dull feeling one gets 
when the machine never goofs. 

The brainpower that today is spent 
on devising better monitors and more 
efficient compilers was applied in 
those days to the construction of 
plugboards. Decision logic had to be 
implemented through relays, of which 
there were never quite enough. Here 
was a fertile field for ingenuity, and 
people dreamed at night of creating 

The CPC 

a 5-cycle scheme using only three 
pilot selectors. In today's program­
ming work there is always a choice 
of goals: we can work to save stor­
age space, or execution time, or com­
pile time. In those halcyon days there 
was only one goal: to save storage 
space. You might reflect on how 
many of your current programs 
would fit into 88 words of data stor­
age. 

And there was another thing: what 
you might call built-in intermittents. 
When storing a result on, the CPC, 
it was necessary to allow two in­
structions to intervene before the 
stored number could be recalled. 
That seems reasonable, but if this 
rule were violated, about one-third 
of the time the thing would work any­
way. Thus, with improper program­
ming it was possible to have the 
test cases check out perfectly but the 
production runs would be wrong. Ac­
cording to McDougal's Law, this is 
exactly what happened. 

So computing in those days had a 
different flavor about it. It seems ages 
since we dealt with morning sick­
ness, for example (the perverse 
gadget that wouldn't work at all at 
0800 would magically cure itself just 
as the maintenance man arrived at 
1000). We get a lot more done today 
(one 7094 does more in a day than 
all the CPC's ever did), but some of 
the fun is gone. A dozen years from 
now, will we be writing about the 
7094 in the same nostalgic way? • 

DRTRMATION 



Would you confine a $50,OOO-a-year executive to routine paper work? 

Then why do it to your computer? 

Ridiculous! You don't pay a man that 
kind of money for grinding out office arith­
metic all day. Yet, all over the country, 
computers that cost $50,OOO-a-year and up 
are being used mainly for basic record 
keeping operations-routine functions 
that. represent only a small fraction of 
total operating costs. 

At General Electric we have found that 
the really big profits from computer use 
are to be found in key operations-oriented 
applications such as these: resource allo­
cation • automatic production planning 
• inventory control • sales forecasting • 
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distribution • materials flow • quality 
control. Equivalent high-profit applica­
tions also are found in non manufacturing 
industries such as wholesale and retail 
distribution, banking, insurance, and 
transportation. 

Research also has shown that the com­
panies who get the big returns from their 
computer investment are those where top 
management gets into the act! Where the 
chief executive takes advantage of the 
total computer/information system capa­
bilities-and expects his operating man­
agers to do the same. 

CIRCLE 35 ON READER CARD 

Are you getting the most 
out of your computer? 
If you have doubts, talk 
to a Problem Solver from 

General Electric. He'll analyze your op­
erating requireme~tsfirst and then recom­
mend,the G.E. computer system that will 
produce solid profits in your key'operating 
areas. That's why we call him a Problem 
Solver. You can find him at your nearest 
G.E. Computer Department office. 

/;' 

G ENE R'A L " E L E CT RIC 
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Now - TELEREGISTER offers 

a new dimension in man I machine communications 

With Teleregister's new CRT input/output display 
systems, you ent~r a new dimension in data proc­
essing, whereby EDP can now be completely auto­
mated. Computer users can now select .Teleregister 
equipment, offering the widest range of individually. 
buffered terminal devices available, to operate their 
business data processing systems without being 
machine-restricted. 

Compatible with all general purpose computers, 
this flexible CRT data display system provides the 
means to communicate directly with a central proc-

essor on an on-line system basis for visual data 
retrieval and for I visual message composition and 
input. The inquiry stations are compact, easy to 
install and economical. 

A choice of three keyboards - numeric, alpha­
numeric, and numeric/block alpha-are available 
for application to your particular requirements. 
Output displays range from 32 to 768 characters. 
For more i~formation contact: Industry Marketing 
Division, The Teleregister Corporation, 70 Reser­
voir Road,. Chestnut Hill, Massachusetts 02167. 

.9609 

TELEREGISTER 
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~® NEWS BRIEFS 
BOOLE, BOOLE, 
CHOOSE YOUR SCHOOL 
Students se2king the college with the 
machine, computer curriculum, and 
degree of their choice have a begin­
ning guide in a recently prepared sur­
vey of college data- processing ma­
chines, courses and degrees. 

Originally sponsored by the Univ. 
of Nevada, the survey was conducted 
by Edgerton, Germeshausen& Grier, 
Inc., Las Vegas, Nevada. The report 
includes 466 responding colleges out 
of 525 with an enrollment of more 
than 1000 surveyed. Included are 
junior colleges and universities, listed 
according to the degrees offered. Sep­
arate listings indicate schools (by 
state), the degree, and field of con­
centration. Other categories are by 
manufacturer and machine. A listing 
of all course titles, where offered, and 

. number of credits, is also included. 
Out of the 466 schools responding, 

322 report machines and courses. 
Maintaining equipment but offering 
no courses are 54 schools; 79 have 
no machines and no courses; 11 have 
courses' but no gear. Computer-mad 

California leads the pack of states with 
71 colleges reporting installations. 

A total of 67 schools offer "com­
puter-based" degrees: 25 AA (Asso­
ciate of Arts) or ATA (Associate in 
Technical Arts); 36 offer bachelor's, 
master's or doctor's degrees; while 
five anticipate a computer degree 
program. 

IBM, naturally, won the installa­
tion race, with 94 schools reporting 
under that flag . . . but this does 
not include tab gear, 1401 or 1620 
installations. The LGP-30 was runner-
up, at 28 schools. ' 
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FIRST COPYRIGHT OF PROGRAM' 
ISSUED, NEW LAW UNDERWAY 

The U.S. Copyright Office has re­
versed a long-standing policy, regis­
tered the first copyrights on computer 
programs, and is preparing a revision 
of the law which will permit protec­
tion of the software. The first two 
copyrights were issued to 10hn F. 
Banzhaf III, editor of the Columbia 
Law Review. (See this month's "Let':' 
ters," p. 12.). 

CLEAR SKIES PREDICTED FOR PROGRAMMER'S FUTURE 
That cloud of uncertainty hovering 
over the programmer's head has 
cleared considerably, if you can be­
lieve a panel of speakers at a recent 
meeting of the Los Angeles chapter 
of the ACM. But there's a hitch: 
programmers must broaden their ap­
plications experi~nce, must develop 
more discipline and' gain better super­
vision. On the panel, moderated by 
Paul Armer of The RAND Corp., 
were Owen Mock, Computer Sciences 
Corp., Fred Gruenberger, -RAND, and 
Frank Wagner, Informatics Inc. 

Wagner. cited the prevalence of 
computer-centered systems where 
there are no open-shop programmers 
(at communications switching centers, 
hospital information and airline reser­
vations systems sites), and thus a 
continued demand for programmers. 
Even with the development of time­
sharing systems, he said, there will 
remain the need for an easy way for 
the user to modify the capability of 
the system to suit his particular 
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requirements. 
Some continued growth of open­

ings was also predicted by Mock, 
who said programmers should assume 
a greater sense of responsibility and 
self-discipline. Specifically, he cited 
their unhealthy attitude toward non­
programmers (management, for in­
stance) and the abandon with which 
they add "cute" features to programs; 
the latter, he said, impede the growth 
of languages and speed their obso­
lescence. 

The rapid obsolescence of present 
curriculums for those not intending 
to get into full time programming 
(scientists, for example, who will use 
the hardware as problem-solving. 
tools) was noted by Gruenberger. 
Such techniques being taught as the' 
construction of subroutines and ad­
dress modification, he said, are 
handled automatically or are non­
existent in RAND's experimental 
time-sharing system. 

Required for copyright registra­
tion: "1) the elements of assembling, 
selecting, arranging, and editing that 
went into the compilation of the pro­
gram are sufficient to constitute origi­
nal authorship; 2) the program [must 
have] been published, with notice, in 
the copyright sense; 3) copies' de­
posited for registration, or some ac­
companying material, [must] convey 
the content of the program in a form 
that makes it intelligible to human 
beings." 

The decision followed' by only a 
few . weeks a joint meeting of the 
American and Philadelphia Patent 
Law Associations during which the 
Commissioner of Patents indicated 
that. his office felt that programs were 
unpatentable.· The same topic was dis­
cussed before an audience· of some 70 
at an evening session of the recent 
S]CC. 

Clear the courts, boys, program 
patent suits are on their way. 

UNIVAC DEMONSTRATES 1107 
LINEAR PROGRAMMING SY'STEM 
A linear programming' p~ckage for 
its 1107 computer has been developed 
by Univac, and is reportedly capable 
of solving problems twice as large 
as currently-operating software. The 
problem: find the shortest non-inter­
fering routes for messages through a 
network of 62 switches. 

Involved were 2.002 constraints, 
13,542 variables, and 0.1% density 
(more than 27,000 non-zero elements). 
The solution required 6% hours of 
machi~e time, and is said to be' the 
equivalent of 100 man-years of a 
mathematician's time. 

PURDUE UNIV. REPORTS ON 
COMPUTER SCIENCE P~OGRESS 
Progress by the Computer Sciences 
Center of Purdue Univ., Lafayette, 
Ind., has been announced, and in­
cludes 7090 analysis of filmed tracks 
of elementary particles produced in 
the High Energy Physics lab: On-line 
to the 90 in the center (to be replaced 
in the fall with a 94) is a 1401in the 
lab: . A scanner inputs to the 1401, 
whic~ interrupts the 90 and ,checks 
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the accuracy of suppositions by tech­
nicians in their bubble track analysis. 

ynder Prof. Saul Rosen, the center 
has also produced PUFFT (Purdue 
Fast FORTRAN Translator) to facili­
tate throughput of students' short 
programs. Savings of 12-15 hours of 
machine-time are estimated. The same 
group is also completing a self-propa­
gating compiler, a syntax-oriented 
system for the generation of other 
compilers. 

Still in the blueprint stage is on­
line use of a 7094/44 system with 
consoles scattered through the cam­
pus. The university has inaugurated 
MS and PhD programs in computer 
sciences. 

IBM TEACHES, RECRUITS 
ON AFRICAN CAMPUS 
IBM' World Trade Corp., whose 
marketing often starts with generous 
handouts, now has its eyes on African 
resources. The firm has constructed a 
9,000-square-foot education center on 
the campus of the Univ. of Ibadan, in 
Nigeria, and provided full scholar­
ships for 50 business students of 
English-speaking nations on that con­
tinent. Up to 50% of the students will 

be offered jobs with the firm as sys­
tems engineers or salesmen. 

Included in the curriculum are 
computing, accounting, commerce, 
economics, math, and business cor­
respondence. The 1401 and most of 
the facilities will be donated to the 
university on completion of the pro­
gram, which will then be run by the 
school. A similar program in Dakar, 
Senegal, is scheduled next year for 
French-speaking nations in Africa. 

• A $6,000 award, largest in the his­
tory of the Commerce Dept., was 
split by seven mathematicians - four 
of them women - who cut the time 
for computations in a fallout shelter 
problem from four seconds each to 
0.1 second. Involved were some 8 
million calculations, and estimated 
savings to the department: 10 mega-· 
bucks. The seven are Jeanne M. Bei­
man, William C. Hall, Louis Joseph, 
Peter J. O'Hara, Maxine L. Paulsen, 
Irene A. Stegun, and Ruth N. Varner, 
all of the BuStandards. 

• The National Science Teachers 
Assn.'s Project on Information Process­
ing has received another financial 
grant from IBM. The latest, for 
$27.5K, brings the total to date to 
$198.7K. Acting as a clearinghouse 

of information on computer education 
in secondary schools, the project has 
produced a guidance booklet, Careers 
in EDP, a movie, and a text for 
junior high school students. It is quar­
tered at Montclair State College, 
Upper Montclair, N. J. 

• RCA has upgraded its 3301 com­
puter, announced last August, with 
cycle time cut to 1.5 usec, three CRT 
displays made available, as well as 
core-to-core transfers with another 
3301 or a 301, and linkup to phone 
lines. 

• A nondestructive read-out twistor 
memory which is electrically alterable 
has been developed by Bell Telephone 
Labs. It has 4K (54 bit) words, a 
read time of about five usec, and a 
write time of some 20 usec. Currently, 
such memories are said to require 
a change of cards to modify the 
contents. 

• Agreement in principle, recently 
reached, gives Martin Marietta and 
TRW a 65% interest in Teleregister 
Corp., Stamford, Conn., in exchange 
for which Teleregister receives 21 
megabucks and the, recently-formed 
Bunker-Ramo Corp. When approved 
by stockholders of B-R and Tele-

Have, you, heard about the big 
change in Digital Plotting?· 

1. For the small scale computer 
user, the Series 3110/3120/ 
3130 DATAPlOTTERwil1 pro­
duce plots up to 11 x 17 inches 
at 70 lines per minute on-line 
or off-Ii ne from cards or paper 
tape for an ·average three-year 
lease of $450} month. 

Unless you've spoken with EAI lately, 
you may not know how easy ... and 
inexpensive (as little as $450 I month) ... 
it is to add automatic digital plotting 
to your data processing operation. Or the 
new capability thiswill bring to your 
com puter fad I ity. Com puter output is made 
more Lisable ... faster ... when plotted . 
automatically on the DATAPLOTTER®. 
And EAr hasa DATAPLOTTER to suit 
your exactneedsand budget. 
Write for information qnhow anEAI DATA .. 
PLOTTER cim save' you time ... andmoney. 

E··AI"ELECTRONIC ASSOCIATES, INC. 
Long Branch, New Jersey 

ADVANceo SYSTEMS ANALYSIS AND' COMPUTATION SERVICES/ANALOG COMPUTERS/HYBRID 
,l,NAlOG·DIGITAlCOMPUTATlON EQUIPMENT/SIMULATION SYSTEMS/SCIENTIFIC AND LABORATORY 
I NSTRUMENTS/INIJUStRIAl PROCESS CONTROL SYSTEMS/PHOTOGRAMMETRIC eQUIPMENT/RANGE 
INSTRUMENTATION SYSTEMS/TEST AND CHECK·OUT SYSTEMS/MILITARY AND INDUSTRIAL RESEARCH 
AND'· DEVelOPMENT SERVICES/FIElD ENGINEERING AND eQUIPMENT MAINTENANCE SERVICES. 
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register, Martin Marietta would have 
a 58.0% interest and TRW 6.5% in 
the combined company. 

• Watch for postal rates increases; 
the Post Office Dept. has got the 
bug. Computerized· management in­
formation systems are being investi­
gated by the department. An experi­
mental system in Milwaukee, linked 
by phone lines to the department's 
Minneapolis computer center, is 
scheduling vehicle and personnel 
movements and outputting other man­
agement information. 

• A new computing center has been 
dedicated by New York Univ. at Buf­
falo, directed by Dr. William Kehl. 
Main hardware is an IBM 7044 with 
a two-usec access time. The center 
will service the school's education 
and research activities. 

• Research into computerized pro­
duction scheduling and control is 
under way at Cornell Univ., Ithaca, 
N. Y., courtesy of a two-year, $94,100 
grant from the National Science Foun­
dation. Under Richard W. Conway, 
associate prof of industrial engineer­
ing and administration, the project 
team will study hardware processing 
of such production steps as expedit-

ing, inventory control, machine avail­
ability, etc. The work is an outgrowth 
of an earlier study by Conway with 
support from the Office of Naval 
Research. 

• An on-line, electromechanical dis­
play system that notifies the military 
of snafu's in its 19-million-mile net­
work of Defense Communications 
System lines is operational. Central 
hardware is an IBM 1410 at the op­
erations center in Arlington, Va., and 
at each area control center in France, 
Colorado, and Hawaii. When com­
munications are down from hostile 
action or overload, programmed aC J 

tion selects alternate routes on a net­
work of some 32,000 channels, which 
includes land lines, HF circuits, micro­
wave links and others. 

• A total of eight hybrid systems 
will be offered under a manufactur­
ing/ marketing agreement between 
Beckman Instruments Inc. and Scien­
tific Data Systems Inc. To be linked 
up at Beckman facilities will be either 
of two of the Fullerton, Calif., ana­
logs and any of four SDS digitals. And 
with it will go a software package. 

• An Institute for Advanced Tech­
nology has been established by CEIR 

Inc., Arlington, Va., to supplement 
the firm's regional management 
science courses. In addition to man­
agement science courses, it will offer 
instruction in programming and sys­
tems analysis. Next .step: a permanent 
campus. 

• Records-keeping of location, sta­
tus, and usage of precision measure­
ment instruments is being handled 
with a 7090 at Douglas Aircraft's Mis­
sile & Space Systems Div., Santa Moni­
ca, Calif. The Automated Calibration 
Control System sets certfication/main­
tenance intervals for equipment, de­
termines when replacement is cheaper 
than continued repair, and enables 
the scheduling of future workloads. 

• A 43% increase over the previous 
year in the number of computers 
installed in the San Francisco Bay 
area has been reported by Computer 
Usage Co.'s Palo Alto, Calif., office. 
The study shows a dollar-value in-­
crease of 30%, and total installations 
of 412 within a 50-mile radius of San 
Francisco. Business uses account for 
75% of the machines, the remainder 
for scientific-engineering computation. 
Copies are available through CUC 
offices. 

2. For the medium scale computer 
user, the Series 3500 DATAPLOTTER 
will produce plots up to 45x60 inches 
at speeds up to 2200 lines per minute 
on-line or off-line from cards or paper 
tape for an average three. year lease 
of $l,OOOlmonth. 

3. For magnetic tape computer users,. the 
Series 3440 DATAPLOTTER will produce 
plots up to 45 x 60 inches at speeds up to 
4,500 lines per minute off-line from mag­
netic tape for an average three year lease of 
$2,500/month. Time rental is available at 
EAI Computation Centers. 



One for the lab 
and 

One for the road 
Here are two of the most de­
manded recorder / reproducers 
in industrial or military use 
today. Reason: CEC's six-foot 
VR-2BOO laboratory recorder 
Cleft> and compact VR-3300 
portable recorder (right) share 
some unique advantages. They 
both provide outstanding 
performance. They both 
incorporate interchangeable 
electronics. 
Whatever your instrumenta ... 
tion needs, consider these 
advanced features of the 
VR-2BOO and VR-3300: 
• Complete 7 or 14 channel re­

cord/reproduce systems. 
• Six speeds, from 1% to 60 ips. 
• 100 cps to 200 kc; 0-20 kc with 

wideband FM techniques. 
• Direct, FMand PDM electronics. 
• Records data at 1f2 the speed 

required for conventional 
recorders. 

• Uniform tape tension at all 
recording speeds. 

• All components immediately 
accessible from the front. 

• Solid-state electronics through-
out .. 

For more facts about these ex­
ceptional recorders, call or write 
CEG {or Bulletins 2BOOV -X8 
and 3300V-XB. 

CEC 
Data Recorders Division 

CONSO lIDATED ELECTRODYNAMICS 
A SUBSIDIARY OF BELL & HOWELL/PASADENA, CALIF. 91109 
INTERNATIONAL SUBSIDIARIES: WOKING, SURREY, ENGLAND 

AND FRANKFURT/MAIN, GERMANY 
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people 
IN 
DATAMATION 

• Vernon S. Cooper is the new mar­
keting manager for G.E.'s Computer 
Dept. He most recently reported to 
the vice president of the company's 
. Supply Div. 

• Dr. Charles F. Spitzer, former 
. head of G.E.'s computer lab, has 
joined Ampex Corp., where he will 
head up research planning. 

• Aaron H. Coleman has been named 
general manager of Pennsylvania Re­
search Assoc., Philadelphia. He was 
most recently manager of Data Com­
munications Systems Engineering for 
RCA. 

• Vincent R. Grillo, founder and 
former president of Computer Dy­
namics Corp., has joined Computer 
Sciences Corp., El Segundo, Calif., as 
director of Plans and Programs. 

• V. R. Clary has been appointed 
director of the edp division of Fire­
stone Tire & Rubber Co., Akron. 

• Gerald P. Weeg is the new direc­
tor of the computer center at the 
State Univ. of Iowa. 

• William Seiden has been named 
acting general manager of Packard 
Bell's Computer Div. 

• Edwin R. Gamson, formerly man­
ager of Ampex Corp.'s Computer 
Products Div., has been named gen­
eral manager of the Products Div. 
of Wyle Laboratories, El Segundo, 
Calif. 

• John R. Opel has been appointed 
director of product programs for the 
Data Processing Division .of IBM. 
He was formerly group director for 
the company's product line on the 
corporate staff. 

• Dr. H., N. Landen, formerly chief, 
New Systems Development, Chesa­
peake & Ohio Railway Co., has been 
named director of Data Systems for 
that company. 

• Anthony T. Spota has been pro­
moted to electronic res~arch officer 
of the Chase Manhattan' Bank where 
he formerly served as supervisory 
programmer of the Systems Planning 
Dept. 

Computer and Data System Designers: 

ROTATING MAGNETIC 
MEMORY DEVICES FROM 

GENERAL PRECISION 

G3-3113 
DISCS - Many computer and data sys-
tem designers are turning to the high 
storage capacity of magnetic discs. 
For example, General Precision Ran- . 
dom Access Magnetic 'Discs furnish 
storage up to 7,680,000 bits per disc. 
"Flying" heads permit high packing 
density of 400 bits/inch. Exclusive GP­
produced plated-cobalt disc coating 
gives exceptionally high resolution. 
Excellent thermal shock resistance. 
Heads replaceable without special 
tools or danger of disc surface dam­
age. Ultra-precision Grade 9 bearings 
give a service life of 10 years at 3600 ' 
rpm. Meets MIL-E-4970A. DRUMS­
Pick the magnetic drums with a 
proved history of reliable perform­
ance in electronic computing.systems 
designed for Navy, Air Force, NASA, 
business, engineering, and educa­
tional applications. Send for full infor­
mation on drums and discs, from 
Commercial Computer Division, Infor­
mation Systems Group (Libniscope 
Division/Commercial Computer Divi­
sion) General Precision, Inc., 100 East 
Tujunga Avenue, Burbank,California~ 
TWX BRB 9884, Phone 849-6061. ' 
For S.ri •• L1DO and L2DO dilci (all mod.II): 
Maximum bits per inch: 400. Head inductance: 25 to 150 microhen­
ries. Type of recording: phase modulation. Recording surface: plated 
cobalt coating, Playback: 50 millivolts (under most conditions). Write 
currents: 40 to 100 milliamperes. Ambient temperature: 32°F to 149°F 
limits. Thermal shock: .6. T ambient in 10 seconds. Vibration: 15 to 
55 cps (0.015 db amp., 3 directions). Mechanical shock: 4-inch 'edge 
test (4 drops). 

SERIES L100 SINGLE DISCS (ONE-SIDE MAGNETIC MEMORY) 
Model Disc Maximum Max. Bits Total Bit Rotational 

No, Diameter Tracks per Track Capacity Speed (rpm) 
1104 4" 8 2400 19,200 3600-12,000 
1106 6" 16 3600 45,600 1800-12,000 
L108 8" 32 4800 153,600 1800-12,000 
U11 11" 64 6600 422,400 1200- 8000 
L116 16" 128 10,000 1,280,000 900- 3600 
1124 24" 256 15,000 3,840,000 900- 3600 

SERIES L200 DOUBLE DISCS .SIZES 8" TO 24",307,200 
TO 7,680,000 TOTAL BIT CAPACITY ALSO AVAILABLE. 

LlBRASCOPE GROUP 

@) ~[glR@[g~AL 
f¥J~~C~~BO~ 

COMMERCIAL COMPUTER DIVISION 

808 WESTERN AVENUE· GLENDALE I,CAlIF, 
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In every business, there are areas where automation may 
be uneconomical. For example, on docks where traffic is light; 
or at sales points where transactions are recorded; or where 
records must be prepared off the premises. Here efficiency 
is gained by using manually written forms that get" all the 
facts for you economically! - -
--The Moore man can help you plan a cost-saving system, 
with the right form for the job. Moore offers practically 
unlimited forms constructions for every writing method. 
32 plants close to you for fast service can design, plan 

and manufacture the exact form needed for your system. 
Ask the Moore man for ideas - he can help with forms­

system planning that will cut your costs and speed up data 
preparation, from original documents to multiple-part form 
sets. If you work with forms, we can show you how to make 
forms work for you. . 

'The right business form for every form of business' 

NIAGARA FALLS, NEW YORK • PARK RIDGE, ILLINOIS· DENTON, TEXAS 
EMERYVILLE, CALIF •• OVER 500 OFFICES AND FACTORIES IN NORTH AMERICA 

MOORE BUSI NESS FORMS ~. 
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PERFORMANCE 
MINDED ... 

COST CONSCIOUS 

$ $ 

$ $ 

$ $ 
An impossible combination? Not at all! It's 

just another way of describing how to "get the 
most for the dollar." 

This is what the industry required when we 
first introduced the remarkable family of "mega­
cycle" BIAX memories. Today, nearly three years 
later, more than a hundred BIAX systems are 
providing the fastest and most reliable perform­
ance available from any standard-line special­
purpose memory-and at prices substantially less 
than a dollar a bit for small to medium sizes. 

Microprogramming is one of the growing EDP 
applications especially well suited to BIAX's 
unique characteristics. In Collins Radio Com­
pany's new C-8401 Data Central, for instance, 
BIAX memories provide the key to broad system 
versatility and ease of adaptation to the demand­
ing requirements of complex communications net­
works. Packard Bell's new PB-440 Computer 
incorporates BIAX stored logic to provide a large 
and varied instruction repertoire to its users in 
the scientific and real-time systems fields. 

There simply is no advanced memory available 
today that matches BIAX's performance - and 
cost. For technical brochure, specific application 
information or price and delivery details, direct 
inquiries to: 

BIAX Sales Manager 

AERONUTRONIC 
DIVISION OF PHILCO CORPORATION 

A SUBSIDIARY OF !f&g;ffgtorY5om;zcunJfo 
fORD ROAD/ NEWPORT BEACH, CALIFORNIA 
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AUTOMATION 
AN·O THE 
LIBRARY 
OF CONGRESS 
A survey sponsored by the Council on Library Resources Inc., 
Washington, D.C., 1963. Available from Superintendent of 
Documents, GPO, Washington, D. C. 88 pp. $2. 

In 1961, the Council on Library Resources awarded a 
grant of $100,000 to the Library of Congress for "a survey 
of the possibilities of automating the organization, storage, 
and retrieval of information in a large research library ... 
not only from the point of view of the functioning of an 
individual institution but also from that of a research 
library whose activities are inter-related with those of 
other research libraries." The survey team was headed by 
Gilbert W. King, Vice President of the Itek Corp. Other 
members of the team were Harold P. Edmundson, Bunker 
Ramo Corp.; Merrill M. Flood, Univ. of Michigan; 
Manfred Kochen, IBM Corp.; Richard L. Libby, Itek 
Corp.; Dean Don R. Swanson, Univ. of Chicago Graduate 
Library School; and, Alexander Wylly, Planning Research 
Corp. The report of the survey team to the Librarian of 
Congress has been published by the Superintendent of 
Documents. 

The report recommends that the library request 
$750,000 from Congress to be used for preparing detailed 
system specifications for the automation of many aspeCts 
of the library's operations. As viewed by the survey team, 
the most exciting prospects for automating the L of Care 
in the possibilities for providing new services that are 
impractical or impossible with today's manual operations. 
Among these would be a communication network linking 
all of the major research libraries of the nation for the 
distribution of bibliographic information. 

The report envisages a system with the capacity for 
storing from 1011 to 1012 bits, with several display con­
soles buffered by 2 x 105 bit random access memories. 
The eventual cost is estimated to be between $50-70 
million or approximately three times the library's annual 
budget. 

The appendix to the report contains an extensive sys­
tems analysis of the operations of the library and the 
details of the cost estimates. The appendix was prepared 
by the Planning Research Corporation. 

Albeit the library could benefit from the plans of the 
survey committee, Congressional policies make the future 
of the program uncertain. Congress traditionally looks 
upon the library as a convenient adjunct to the legislative 
machine and not as· a research library or a national re­
pository. In the past, this has led to a policy of doing only 
what was necessary and then only if it doesn't cost too 
much. This attitude in Congress could seriously delay or 
even prevent the library from carrying out the survey 
team's recommendations. 

This report presents a carefully documented case for 
the feasibility of automating the library. The survey team 
should be commended for. sticking to the possible and 
avoiding recommendations beyond the present state of 
the art. '. 

-LOUIS C. RAY 
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When you buy a computer from General Electric, you get the man before the machine 

He's not just an order-taker. He's a Prob­
lem Solver. His job: to analyze, deter­
mine, and then demonstrate to you how 
General Electric computer equipment 
and programs can best serve your needs. 
From a profit standpoint. 

What, for example, are your opportuni­
ties to streamline operations in such key 
profit areas as inventory control, better 
scheduling, and resource allocation? Like 
to see how minutes of computer time can 
simulate years of production so you can 
choose the best plant layout without dis-

June 1964 

and after, too. 

rupting operations? Or how about deter­
mining the likely profitability of new retail 
outlets before committing yourself? You 
can. At G~neral Electric, we keep 190 
computers busy ftill time, answering such 
problems for ourselves. 

This unmatched experience assures you 
your computers won't stand idle. When 
the equipment goes in, General Electric 
instructors and product service men will 
be there to see that you get the most out of 
it. The best hardware and the best human 
help. It's a hard combination to beat . 
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- Are you getting the most 
. out of your computer? 

• • .•• ~ If you have doubts, talk 
to a Problem Solver from 

General Electric. He'll analyze your op­
erating requirements first and then recom­
mend the G.E. computer system that will 
produce solid profits inyour key operating 
areas. That's why we call him a Problem 
Solver. Call him at your nearest General 
Electric Computer Department office. 

GENERAL _ELECTRIC 
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CONTRARY TO RUMOR ... 
, ' 

(OJruJffi1 ~~\Wl9 ~~rrn~ ~~~~~ ~ffi1~~u[ffi1~ 

~ffi1~ ~(OJ 1(OJffi1~ffi1[~~~[ffi~[ u~!~ 

HOW COULD THEY BE? 

Lots of engineering time and dollars have been poured 
into making a more reliable printer than our dp/p 3300. 
Nobody's been able to do it. Including us. 
What we have done, is develop a new series of high 
speed, buffered LINE/PRINTERS. They're called the 
dp/p 4000 Series. And we're writing orders right now 
on both 600 and 1,000 line-per-minute models. 
With the 4000 Series, we haven't changed our design 
approach. We've used· all of the simplified electronic 
and mechanical features you've come to expect of any 
data products LINE/PRINTER. 
For instance, there's our unique, friction-free hammer 
mechanism. No finicky linkages. No friction points. Just 
fast, accurate, long-term, low maintenance printing. 
Then, there's our non-traumatic paper feed system. It 
starts smooth, feeds smooth, stops smooth. No clutch. No 
brakes. No springs. No dogs. Just load it and forget it. 
Also, there ,are no knobs. Other printers need adjust­
ment knobs. Ours don't. A data products LINE/ 
PRINTER needs no adjusting. Ever. 
As you can see at the right, we did make some cabinet 
changes. With the 4000 Series, everything is enclosed 
in a high-styled shell. The printer looks better that way. 
It also operates quieter. And paper dust stays inside, 
where it belongs. ' 
So, it's true. There's no such animal as a printer that's 
more reliable than our old 3300 model. But -' -­
now there are faste, r ont:s that are just as reli- .-n 
able: The 4000 Series. We'd be happy to ~ 
send you a new data bulletin about them. 

data products corpor.ation 8535 Warner Drive/Culver City, California/Phone: 837-4491 
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The new fully-militarized 500 RM Tape Reader 

At last! .•. a reader conceived, designed and built 
-specifically for military applications - the tape reader 

that meets ~II applicable MIL specs inc!uding require· 

ments for low temperature operation. 

It's Photocircuits' new high-speed 500 RM._ II the 

fully-militarized photoelectric reader that gives you 
reading speeds up to 1,000 char/sec. and 8" reels for 

naximumdata storage. The new 500 RM's exclusive 

printed-motor direct-capstan drive eliminates com­

pletely all the brake and pinch-roller problems typical 

oftoday's hybr.id or conyentional units - giving 'you 

accuracy plus reliabiiity unequalled by any ordinary 

tape reader. 

Details and specifications on the fully-militarized 500 

RM are-yours for the asking ..• or, if commercial/in· 

dustrial applications areybur interest, ask about 

Photocircuits' new high-speed 500 R. Write today to: 

• P4qfq~i{~q(ts 
TAPE READER DIVISION 

GLEN COVE, NEW YORK 

June 1964 
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if you must MOVE it ••• 

from one place to another ••• 

North Electric can CONTROL it 

Our story is as simple as this ... North Electric 
will engineer a Paricode® Supervisory System to . 
control whatever you move ... whether it goes 
merely inches or thousands of miles. 

Paricode is already controlling movement of 
natural gas, water, crude oil, sewage, electric 
power, railways, and products· on assembly lines. 
And is doing it with an economy and reliability 
backed up by 40 years of supervisory control sys­
tem experience. 

Major industries, pipeline companies, uti!ities, 
and the government have long recognized· that 

only a company with unmatched capabilities could 
solve their control problems ... and have chosen 
North Electric to do the job. That's because 
North Electric has the necessary years of expe­
rience, and also assumes complete responsibility 
to recommend, engineer, produce and install the 
system best suited to the particular application. 
These are good reasons why you should get in 
touch with North Electric when you next con­
sider the need for remote control or automation 
... for your transmission and/or transportation 
requ irements. 

e
· . . 

OTHER DIVISIONS: . MrJ'II~71 EJIS'C1JI'Jjr; DEFENSE SYSTEMS-Electronics - Command and Control Systems NO· RTH· . 
POWER. EQUIPMENT-Custom Power Systems - Battery Chargers 

TELECOMMUNICATIONS-Public Telephone Sy~tems &. Equipment . .. ELECTRONETICS DIV/~/ON -GALION, OHIO 

CIRCLE 46 ON READER CARD 
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~[> NEW PRODUCTS 
business form 
Card-Sets combine one-time-carbon 
unit with one or more dp cards. Card~ 
may include consecutive or gang pre-

punching, MICR encoding, back print­
ing, etc. AMERICAN BUSINESS 
SYSTEMS INC., 2929 B. St., Phila­
delphia, Pa. For information: 

CIRCLE 200 ON READER CARD 

line printer 
The dp/p-4000 series prints at 600 
lpm. With no need for adjustment 

KEY FEATURES 
1. Draws all lines at constant 

beam velocity resulting in 
constant light intensity. 

2. Two modes of operation: 
Single lines and connecting lines. 

3. Start coordinates are 
. calculated and stored internally . 

. 4. Available i.n binary or BCD 
version. 

5. "End point accuracy ±.1 % of 
max. length. 

6. Linearity ±.2% of line length. 
7. Solid state design. 

8. Includes its own regulated 
power supplies. 

9. Short circuit proof outputs. 

June 1964 

devices, the hardware is completely 
enclosed. Design of the hammer mech­
anism is said to eliminate friction 
points, pivot mechanisms and mechan­
ical linkages. All standard form paper 
weights and numbers of copies are 
accepted without special adjustment. 
A 1,000 lpm' model is due in future. 
DATA PRODUCTS CORP., 8535 
Warner Dr., Culver City, Calif. For 
inform a tion: 
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tape punch 
The DRPE punches at up to 200 cps 
using a tuned reed principle. Units 
for punching 5, 6, 7 or 8-level codes 
in lYl6, ;~ or one-inch tapes will be 
available. TELETYPE CORP., 5555 
Touhy Ave., Skokie, Ill. For infor­
mation: 

CIRCLE 202 ON READER CARD 

analog computer 
The 4010 is, a large-scale device with 
self-contained air conditioning, 60 

ONCE AGAIN ••• 

NEW 

combination summing-high gain am­
plifiers and 60 combination integrator­
summing amplifiers. The multipliers 
are said to have an accuracy of 0.01%. 
MILGO ELECTRONIC CORP., 7620 
N.W. 36th Ave., Miami, Fla. For 
information: 
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140 1 snapshot program 
Software permits programmer to get 
dumps of memory portions without 
altering his condensed deck. The re­
locatable program operates as a load­
er; a change in snapshot request cards 
accommodates dumping of new areas, 
eliminating re-assemblies. COM­
PUTER CONCEPTS INC., Silver 
Spring, Md. For information: 
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nanosecond cores 
The RZ line of memories has 4-16K 
(8-56 bit) words and a cycle time of 
1.8 usec. Access time: 650 nsec. Oper-

from STRAZA 
MODE·L 52. LINE GENERATOR 
AVAILABLE NOW 
produces more than 10,000 lines per second 

The Straza Model 52 Li:ne Generator is a computer output device for use in 
high accuracy photographic and visual CRT display systems. It accepts 
digital information as input and provides analog outputs which will cause 
straight lines to be drawn between any two points on a 1024 x 1024 point 
format at speeds in excess of 10,000 lines per second. It lends itself ~specially 
to high quality photographic work where variations in light intensity as a 
function of line length are undesirable. The Line Generator can be operated 
from magnetic tape units with character rates up to 62.5 kc without the need 
for tape record gaps . 

STRAZA INDUSTRIES 
LAS VEGAS PLANT 

164 E. Sunset Rd., D664 • Las Vegas, Nevada 89109 

Area Code 702 ... Phone 736-1962 

CIRCLE 41 ON READER CARD 
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NEW PRODUCTS 

ational modes are read-restore, clear­
write, and read-modify-write. AMPEX 
CORP., 401 Broadway, Redwood City, 
Calif. For information: 

. CIRCLE 205 ON READER CARD 

facsimile transmission 
The LDX system consists of a docu­
ment scanner, broadband transmission 
link, and a printer at the receiving 
end. Transmission of written, printed, 
or sketched material over distances to 
4,000 miles has been achieved, with 

final copies made on ordinary paper. 
It accepts documents from 4x5 inches 
to m~ inches wide and unlimited 
length, as well as tab cards. XEROX 
CORP., P.O. Box 1540, Rochester, 
N.Y. For information: 
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1401 programming aid 
The Auto-Translator" provides transla­
tion from machine language to actual 
address, and vice versa. In slide-rule 
form, a reference table lists, in collat­
ing sequence, each of the defined 

"characters, its m~monic, op code and 
description, etc. Fits in shirt pocket. 
ARCHER INDUSTRIES, P.O. Box 
46, Newtonville, Mass. For informa­
tion: 
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ruggedized core stacks 
Operating in two temperature ranges, 
-55 to +100°C and -25 to +75°C, 
these stacks have capacities to 4K (28 
bit) words and 5 usec cycle time. 
ELECTRONIC MEMORIES INC., 
12621 Chadron Ave., Hawthorne, 
Calif. For information: 
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register tape reader 
The 1285 reads cash register and add­
ing machine tapes with certain"optical 
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type fonts for direct entry to a 1401/ 
40/60 and the 360's. Read speed is up 
to 3,000 lpm. IBM DP DIV., 112 E. 
Post Rd., White Plains, N.Y. For in­
formation: 
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i/o terminal 
The dd 10 is a data entry, retrieval, 
and display system with a keyboard 
and CRT which displays data/inter­
rogations prior to computer entry. One 
to 64 units can be up to 1,000 feet 
fro~ a single central control unit, and 

i~terfacing to telephone subsets is 
possible. Response message of 500 
characters can be displayed. Optional 
is a typewriter for hardcopy output. 
DATA DISPLAY INC., 1820 Como 
Ave., St. Paul, Minn For information: 
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family printer 
The 501 is a line printer primarily for 
use with the 32/34/3600 family. 
Speed is 1,000 lpm, with 136-column 
printing of the 48-cha~acter set. Print­
ing is from an asynchronous drum, 
and the unit is totally enclosed. CON­
TROL DATA CORP., 8100 34th Ave. 
So., Minneapolis, Minn. For informa­
tion: 
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core memory 
Addition to VersaLogic line of mem­
ories operates on full cycle (5 and 2 
usec) or half cycle (3 and 1.5 usec) 
with access times of 2.25 and 1 usec. 
Standard size is 4K words, 4-26 bits 
each. DECISIONAL CONTROL AS­
SOC. INC., 1590 Monrovia Ave., 
Newport Beach, Calif. For informa­
tion:· 
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h-200 peripherals 
The 233-1 and -2 are control units for 
MICR readers/sorters, and the 204B-7 
is a half-inch mag tape drive. Bit 
densities are 556 and 800 bpi (manual 
switch), transfer rates are 20/28,000 
cps, and record gap is ~4-inch. 
HONEYWELL EDP, 60 Walnut St., 
Wellesley Hills, Mass. For information: 

CIRCLE 213 ON READER CARD 
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HOGAN FAXimile recorders are available with up 
to 2000 individual styli for simultaneous recording. A 
wide range of stylus spacings is offered-up to 100 to 
tqe inch for high-speed facsimile, television and· radar 
recorders and high resolution printers and plotters. 
Chart widths to 30" and feed rates to 50" per second. 

Hogan·specializes in electrolytic techniques for event, 
spectrum analysis, oscillograph and facsimile recording, . 
frequency time analysis and special purpose binary and 
gray scale record applications. Hogan electrolytic re­
cording papers provide a permanent high contrast black 
on white record which is reproducible on most conven­
tional office duplicators. 

Whatever your recording problem may be - contact 
HOGAN FAXimile, a subsidiary of TELautograph 
Corporation, 635 Greenwich Street, New York 14, N. Y. 

An open and shut case., .. and no question about it. 

Anelex High Speed Ribbons produce more good copy and 

last longer in your Anelex Printer. Prove it 

to yourself. Write for price list and quantity 

discounts. Anelex Corporation, 155 Cause­

way Street, Boston, Massachusetts 02114. 
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ANELEX® 
HIGH SPEED 
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In Today's Data Processing Market 

WHAT IS YOUR· TRUE WORTH ? 
SR. SYSTEMS ANALYST ......................... $12-15,000 
Midwestern financial institution. Systems and procedures, 
forms design-control, feasibility studies. Recommend and 
install improvements. 
MATHEMATICIAN & PROGRAMMER .............. to $10.400 
Dev. math and statistical procedures for Q.C. programs. 
Chern processing area. 
SR. ANALYST-COMMERCIAL RESEARCH ......... $9-11,400 
Develop sales forecasts, market research, economics. Primary 
metals field. 
PROGRAMMERS .................................. $8-10,000 
Business systems, commercial applications, .1401-7070. 
MANUFACTURING PROGRAMMER ....... ' .......... ;$9,000 
Bkgd. in industrial area with program evaluation and review 
techniques and/or critical path methods. 
SYSTEMS PROGRAMMING ....................... to $15,000 
Operational programming and check out on digital/analog. 
Large scale magnetic tape systems. 
COMPUTER APPLICATIONS ENGINEER ............ $7-10,000 
Southern chern. company. B.S., M.S. Math, Chern. E. Able to 
apply math and engr. techniques to range of problems. 
DATA PROCESSING OPERATIONS SUPERVISOR .. $7,000-9,000 
Plans, coordinates and supervises EDP operations. Degree in 
B.A. or Acctg. Min. 3 yrs. in supervisory capacity. 
SYSTEMS & PROCEDURES ANALYST .............. $5,000 + 
Midwest location. B.S. in Bus. Adm., heavy in math or ac­
counting. Recent graduate. Open till July 1st. 
PROGRAMMER ................................... to $15,00 
2 yrs expo 1401. 7070, 7090. Degree reg-B.S. Math, Physics. 
Located west coast. 
QUALITY CONTROL MGR •....................... $11-13,000 
EE or Physics degree. Know digital .field. Electro-mech. Logic. 
DIGITAL LOGIC DESIGN ......... ; ............... to $15,000 
BEE deg. or equiv. Involves mechanizing boe1ean expressions. 
3-5 yrs. min. expo 

May we help you In absolute confidence 
and without obligation? For further in­
formation on the above or other posi­
tions, send us a short resume of your 
background. 

Lon D. Barton, President 

CADILLAC ASSOCIATES, INC. 
29 E. Madison Bldg., Chicago 2, illinois 

Financial 6·9400 
More Electronics Executives Find Their 

Than Anywhere Else in the World." 

CIRCLE 80 ON READER CARD 

PROGRAMMERS 
SYSTEMS ANALYSTS 

FOR 
WASHINGTON, D.C. 

If you: 

1. Have at least a B.S. degree in Math, physics 
or engineering 

2. Have at least one year experience on any 
major computer 

3. Want to live in the Washington, D.C. metro­
politan area 

4. Want top income and growth position, 

Send resume or write to Systemat for application 

Positions also available in New York, Philadelphia 
or Boston 

SYSTEMAT 
1107 Spring Street 

Silver Spring, Maryland; (301) Ju 7-4200 
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VISUAL DATA 
ANALYZER 

;~~~BBjl~~~EDICAL/CANCER RESEARCH • COMPUTER SERVICE CENTERS 
••••• ~ ILE MANUFACTURING • WEATHER SATELLITES 

~1· .. ~~ .. 'iI18C.ill::t···.1;. ECTR 0 NICS INC 
1[;; ~;@S~g!~~.~~~I~.~r~~ •.. ~FlIVE, WESTBURY, N. Y. 516 EDgewood 3-2115 
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I'm ag:ainst it. 
~. '.) 

I'm a~ajn~t an i .... ms. 'vrh:lt is 
it, anyway'? 

H.vlH·rgism is tbe most irupor­
tant iSll1 in d8ta pl'oces~~ing 
t.oday. It's the powerful effect 
you get hy linking two con1-
pUlers memory-to-Inemory, to 
handle p:lyroll, inventory, 
;lccnunt ing. pl:1nning ... \Nh:li. 
h,IPPf'\\S is thn! tLt'y put nUL 

(/1111' /(I(,/. 

;";Ol'i lih(O I)ne rid oa.p equal .. 
lhrn~': 

EX;IC1jy. 

You eOHljHlh:r )~eniuses arc going 
too far. 

He.!\ computer 1~'el1jllses vvill 
io/.'(' you 1':11', tOW:lt'Ci gl'c:1Lcl' and 
(':IS1 e]' p: I,V h: 1(' k () 11 :vOUI' data 

'- ....... 

just nne IleA bonus ... the 
:lhility' io put two n.CA con1-
puters to,Lu::n her, :Jble to talk to 
one ill10t her h:v a r;1.pid oata 
t:xclwngc: channel ... giving you 
lnore productivity. dollar-for­
dollar, than :lny oT,her matched 
pair on the In:1l'ket. 

I'm all for s),lH'rgism, then. You 
say HC.\ makes it? 

No, COlnputers. Try a couple. 
neA !:.LECTllONIC OAT 1\ PROGESSHiG, CHERflY HILL, ttl. 

93 



DATAMATION 

G)-CO 
NEW LITERATURE 

'. 
STRUCTURAL ENGINEERING: User's 
manual (56 pp.) describes STRESS, 
a problem-oriented structural engi­
neering programming language. Avail­
able for $2 from The MJ.T. PRESS, 

Massachusetts Institute of Technology; . 
Cambddge, Mass. 

MAG TAPE CLEANING: Six-page bro-

94 

, , 

. Only a . supertape can perform with maximum efficiency in 
y~ur modern, superspe.ed, automatic machines. Specify 
PERFECTION® for the best results from your computers, com­
munications systems, and data processing equipment. 

• For base stocks of assured quality 

• For slitting that is sharp and true •.. and virtually lint free 

• For tapes exceeding Federal specifications 

• For peJforations that are clean and sharp ... first to last 
! 

. \ 

PERFECTION® rolls orfolded tapes are available for mechanical' 
- or photo readers. Please write for a sample brochure and the 

name of our distributor nearest you. 

PAPER 
MANUFACTURERS 

COMPANY 
PHILADEL~HIA, PENNSYLVANIA 19115., 

BRANCH FACTORIES: INDIANAPOLIS; IND., NEWARK, CALIF. 
SALES OFFICES: 

ATLANTA. CHICAGO. CLEVELAND. DALLAS' 
KANSAS CITY. LOS ANGELES ., NEW YORK 

PHILADELPHIA. SAN FRANCISCO. SYRACUSE. 

CIRCLE 54 ON READER CARD 

chure outlines causes of signal loss 
and error, and describes the com­
pany's cleaning 'equipment. CYBER­
TRONICS, Waltham, Mass. For copy: 

CIRCLE 130 ON READER CARD 

RANDOM ACCESS FILE: Sales brochure 
describes features and advantages of 
RCA's new model 3488 random access 
computer equipment. RCA ELEC­
TRONIC DATA PROCESSING, New 
York, N.Y. For copy: 
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GP COMPUTER: Illustrated brochure 
describes internal processor, operator 
console, memory, I/O control, output, 

. optional equipment and instructions 
·for· the PDP-5. DIGITAL EQUIP­
MENT CORP., Maynard, Mass. For 
copy: 
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PRINTER SYSTEMS: Eight-page bro­
chure describes varying specifications 
of modules for Series 5 printers. ANE­
LEX CORP., Boston. For copy: 
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MAG TAPE HUB said to reduce load­
ing time by 80% over conventional 
hubs is described in data sheet from 
POTTER INSTRUMENT CO., Plain-
view, N.Y. For copy: , 
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'CIVIL ENGINEERING applications for 
the 'LGP-21 and 30 are described in 
12-page brochure. GENERAL PRE­
CISION INC.,' Glendale, Calif. For 
copy: 
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JOVIAL GRAMMAR & LEXICON, newly 
revised, and containing discussion of 
JOVIAL J3, most widely used version 
of the language, is available from 
SYSTEM DEVELOPMENT CORP., 

. Santa MoniCa, Calif. For copy: 
CIRC~E 136 ON READER CARD 

COBOL AID: 16:-page booklet contains 
review of the basic. language elements 
for writing COBOL programs for the 
H-200. HONEYWELL EDP, 60 Wal­
nut St., Wellesley Hills, Mass. For 
copy: 
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DISPLAY AND. TRANSMISSION system 
. for dp and digital communications is 
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described in four-page brochure which 
discusses operation, applications and 
features of the KD-5010. ITT KEL­
LOGG COMMUNICATIONS SYS­
TEMS, Chicago. For copy: 
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DATA COMMUNICATIONS: Series of 
bulletins presents features of TE-216, 
-217 and -218 families of data com­
munications units, said to offer data 
rates up to twice of those previously 
available. COLLINS RADIO, CO., 
N~wport Beach, Calif. For copy: 

EXPERTISE to save you money I ..• I' I • 
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CONTROL SYSTEM: Brochure outlines 
illustrations of existing installations as 
well as a description of the company's 
new electronic control drive. BAILEY 
METER CO., 1050. Ivanhoe Rd., 
Cleveland, Ohio. For copy: 

CIRCLE 140 ON READ'ER CARD 

(someone who knows how to 
handle business procedures eco­
nomically and expeditiously, is 
particularly good at unraveling 
paperwork sriarls, and' speCializes 
in establishing automated pro­
cedures; 
someone who has the knowl­
edge, experience, personnel, and 
equipment to provide complete 

. consulting, systems' analysis, 
programming, data processing, 
and computing services) , 

it would be worth your while to write the 
,McDonnell Automation Center on your co~­
pany letterhead without delay tor a free copy 
of "Automation: A Catalyst fOf Growth'''. 

Consulfing. SyJtemJ Design. Programming. Data ProwJing and Computing 0 

. , ... , 

PREVENTIVE MAINTENANCE: Bulletin 
deals with cause of and cures for mag , 
tape ineffiency. Two of the company's 
mag tape certifiers and one tape clean­
er are described., CYBETRONICS, 
[NC., 132 Calvary St., Waltham, 
\!lass. For copy: 
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NlCDONNELL AUTONIATION CENTER 
DIVISION OF MCDONN.LL AIRORAFT G 
Box 516, St.louis, Missouri, 63166 Telephone: (314) 731-2121 

Colorado Office: DELCOS INC •• Denver 
COMPUTER IN EDUCATION: Brochure 
describes use of the H-200 in pupil CIRCLE 60 ON READ&R CARD 
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ADle 
A SERIES OF PRE-ENGINEERED 

A NAlOG -TO -DIG ITAl 
CONVERSION SYSTEMS 

ADIC I-off line, low speed, Piiper tape output. 
ADIC II-off line, medium speed, magnetic tape output. 

ADIC III-on line, high speed, computer output. 

AIL'S extensive experience in analog to digital con­
version of all types of data is exemplified by the 
following features included in the ADICsystems . 

• Simplified Controls • 

• Ease of Maintenance • 

• Wide Range of Sampling Ra~es • 

• Guaranteed Format Compatibility • 

• Solid State Electronics. 

In addition AIL provides a customized systems 
engineering service integrating the best commer­
cially available digital components into' a com­
plete data system built to your specifications. 

AIRBORNE INSTRUMENTS LABORATORY 
OEER PARK, LONG ISLAND, NEW YORK 

CIRCLE 55 ON READE~ CARD 
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WE ARE .. . one of the oldest, fastest-growing "for-profit" 
professional-service organitations in the nation. At PRe. 
the individual is important because our success is a result 
of the efforts and imagination of a competent professional 
staff. WE DO ... in our Information Systems Division: 
requirements analysis, system analysis, system design, 
data-base organization, programming design and imple­
mentation, customer orientation and training, and docu­
mentation. OUR METHOD .. . is to provide a practical 
solution forthe customer by using a small team of special­
ists to work on all aspects of his problem from requirements 
and analysis through design and implementation. The 
result is continuity of personnel on the project and the 
oppor:tunity for all team members to contribute to its 
over-all succ,ess. Our individual project managers have 
full responsibility for satisfying the customer's require­
ments. Project managers can call upon other PRC 
departments for specialized assistance. WE N EED ~ .. 
above-average programmers and analysts with experience 
in command and control systems, particularly in the areas 
of intelligence, logistics, and software-support systems. 
Background should include experience with large com­
puters, such as the 1604 and 709/90. 

For employment information, please contact Employment 
Manager, Department 0-1, Plann'ing Research Corpora­
tion, 1333 Westwood Boulevard, Los Angeles 24, California. 
An equal-opportunity employer. 

PLANNING RESEARCH CORPORATION 

LOS ANGELES I WASHINGTON I NEW YORK I NORFOLK I SAN DIEGO I HONOLULU 

(

Providing assistance to Government and industry in] 
systems engineering, economic research, and infor­
mation systems-for more than a decade. 
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NEW LITERATURE, 

record-processing I applications in sec­
ondary schools. Included are descrip­
tions of computer functions needed to 
schedule classes, maintain students' 
personal, attendance and grade rec­
ords and perform educational research. 
HONEYWELL EDP, 60 Walnut St., 
Wellesley Hills,' Mass. For copy: 
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DP SERVICE DIRECTORY: Listings of 
data processing service organizations 
by city and state with names of chief 
executive of each center, addresses 
and phone numbers. Cost is $1. AD­
APSO, 947 Old York Rd., Abington, 
Penna. 

X-Y RECORDERS: Eight-page brochure 
describes eight new XY recorders and 
includes specifications and feature il­
lustrations. HOUSTON INSTR U­
MENT CORP., 4950 Terminal Ave., 
Bellaire, Tex. For copy: 
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DIGITAL PLOTTING: Company's com­
plete standard line of automatic digi­
tal plotting equipment is described in 
this booklet. Highlighted are the series 
3440, 3500 and 3110 -20 -30 data­
plotter systems~ ELECTRONIC AS­
SOCIATES, INC., Long Branch, N. J. 
For 'copy: . 
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BAKERY COMPUTER: A new simplified 
system of automated route accounting 
for bakeries is described in an ~ight­
page brochure. The system used is 
the Monrobot XI. MONROE CAL­
CULATING MACHINE CO., 555 
Mitchell St., Orange, N. J. For copy: 
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PRINTERS: Four-page bulletin describes 
specifications and options of model 
1000 - one to 20 columns, up to 40 
lpm - printer. FRANKLIN ELEC­
TRONICS, INC., E. Fourth St., 
Bridgeport, Penna. For copy: 
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CORE MEMORY: Brochure offers high­
lights of 2 and 5 usec memories in ran­
dom access, sequential and sequential 
interlaced modes. DECISIONAL 
CONTROL ASSOC., INC. 1590 Mon­
rovia Ave., Newport Beach, Calif. For 
copy: 
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A Computer-Child's Guide 
to the Numbers 

o and 1 are the very best numbers there ar~. 
2 is actually a pretty good number also. Many 
things come by two/s, such as on and off, good 
and bad/ boy and girl. 
3 is a bad number. Still, it has cer"tain re­
deeming features, such as the word-length on 
most computers is divisible by it. 
4 is a bore. 
5 is downright dreadful. There is nothing to be 
said for it at all. 
6 is the number of bits per character. It 
achieves thereby a certain dignity (not wholly 
deserved). 
7 is all right. It is all full of bits, like Christmas. 
8 and 9 do not exist. 

-THOMAS MARILL 

Cambridge, Mass. 

DOD REQUIRES PERT COST 
ON ALL NEW PROGRAMS 

~ 
WHAT WILL IT COST YOU TO * 
IMPLEMENT THIS SYSTEM? 

• DESIGNERS 
• DEVELOPERS 
• DISTRI BUTORS 

OF THE USAF PERT COST SYSTEM 

* CAN SAVE YOU BOTH TIME AND COST BY APPLY­
ING THEIR EXPERIENCE TO YOUR PROBLEMS. 

TRAINING SEMINARS - STARTING JULY 13th 
IN NEW VERSION OF USAF PERT COST 

• IN SYSTEM IMPLEMENTATION 
• IN COMPUTER PROGRAM DESIGN 

CALL OR WRITE 

SYSTEMATION INC. 
9911 INGLEWOOD AVE .• INGLEWOOD. CALIF. 90301 

PHONE 213·677-6138 
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June 1964 

I • 

CIRCLE 56 ON READER CARD 
97 



New "rear window" display 
, ' 

console saves computer time 
The first public demonstration of a unique new display console 
will take place in Washington April 21 to 23 atthe Spring Joint' 
Computer Conference. It is the new S-C 1090 which combines 
simultaneous cathode ray presentations and film frames on the 
face of the same tube. 

A prime advantage of the new 'display console is that valuable 
computer and dynamic display time is not wasted on infre­
quently changing background data. Maps, business or engineer­
ingforms, etc., may be projected on the face of the tube from 
the inside, in color or black and white, using the built-in film 
projector. Changing information is superimposed on this iinage 
by a CHARACTRON® Shaped Beam Tube. Specific film frames 
can be selected manually or automatically by the computer. 

The new development uses a "rear window" tube, so called 
because the filmed data is projected through a small window 
located next to the cathode ray gun. The film image is projected 
onto the inner phosphor-covered surface of the tube from the 
back and is easily visible from the outside. 

The special CHARACTRON Shaped Beam Tube forms al­
phanumeric or symbolic characters for display on the face of 
the tube at high speeds. A metal matrix placed within the neck 
of these tubes produces characters of great clarity. A bright, 
high resolution spot writing beam is also available to display 
data from analog inputs simultaneously. 

In a typical application, such as tactical air operations, var­
ious maps of the tactical area can be produced on film and 
projected on' the screen of the S-C 1090 Console. The computer 
is then free to present only dynamic data such as movement of 
aircraft with associated descriptive information. 

In business or engineering applications, forms may be pro­
jected onto' the tube face and lled in with alphanumeric data 
by the character generator. This compact film projector is 
offered as a custom option on the standard S-C 1090 Direct 
View, Display Console. For additional information, write to 
Dept. E-29, General Dynamics I Electronics, Post Office Box 
127, San Diego, California 92112. 

GENERAL DYNAMICS I ELECTRONICS GIIIIIIID SAN CIEGO 
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MUCH ADO 
ABOUT NOTIU.NG.: 

THINKING BIG 
A LITT~J!J 

computing equipment at the Jet Propulsion Laboratory 
in Pasadena, California. 

Visions of quick riches danced in programmers' heads 
at news that Copyright Office registration of 
computer programs is possible under present law. On 
closer inspection, there's likely very little profit 
·in copyrighting programs. 

According to the Copyright Office, one must prove 
1) that the program is an original composition, 2) 
has been published with the required copyright notice, 
and 3) the copies deposited for registration are in a 
language intelligible to humans (the acid test for 
COBOL?) . ' , 

Having gone through this procedure, the successful 
applicant will find himself possessing essentially a 
handful of smoke. The copyright gives him the right to 
'make copies of his program and sell them, but 
currently there's very little of that kind of 
commerce in programs. Also, by publicly disclosing 
details of a program, the risk is run that unethical 
practitioners will snitch its secrets for their own 
use without paying. 

The same dubious value attaches to patents for 
programs. A number of legal/scientific observers 
believe it's quite possible to patent a program 
(though no one as yet has ever done so), but that it 

. would be wildly impractical. To get a patent would 
require full, public, disclosure of just what makes 
the program unique. Once granted, anyone could obtain 
the pertinent documents from the Patent Office and 
copy down any and all proprietary secrets. Nothing 
except honor would prevent the copier from using the 
program without paying a penny. Thus most companies 
will likely rely on the traditional lock and key to· 
secure proprietary rights to programs. 

Another imposing parade of witnesses recently passed 
before the House Education and Labor subcommittee 
headed by Rep. Roman C. Puscinski (Dem., Ill.) which 
is ponderingH.R. 1946, a bill to establish a 
"National Research Data Processing and Information 
Retrieval Center." They included Dr. Wernher von 
Braun, Director of the Marshall Space Flight Center, 
Dr. Robert M. Fano of Project MAC 'fame, and Dr. Morris 
Rubinoff of the Moore School of Electrical Engineering. 

Expert testimony generally confirms the thesis of the 
Illinois Congressman that the country is missing a 
good bet in not establishing a center for instant 
science. Opposition to the bill is shadowy, but is 
likely to focus on cost. How much money will the 
center re'quire? "Who knows?" says the Congressman. 
"Suppose it's $300 million annually. Maybe that's too 
much, 0r too little. But we're spending $17 billion 
each year on research in this country, an untold, but 
undoubtedly huge portion of it o~ duplicate research 
efforts. A data center would eliminate this waste." 
'Former Presidential science advisor Jerome Weisner, 

has urged a go-slow approach. "Lack of imagination," 
snorts Rep. Puscinski. He visualizes a mammoth 
scientific "nerve center" linked to university 
libraries, industrial laboratories, etc., permit:ting 
national, perhaps later international interchange of 
scientific data. He would amend the National Defense 
Education Act to finance a corps of scientific 
information specialists and establish a "Vannevar 
Bush" award, of $50,000 annually for individual or 
company contributing the most to IR technology. 
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computer 
careers 

Our clients have present critical 
needs in the $9,000-$25,000 class 
for' Managers and Seniors and men 
who can accept management re­
sponsibility and professional growth. 

EUROPEAN and 

NATIONWIDE CHOICE 
N.Y., N.J., MASSACHUSETTS, WASH· 
INGTON, D.C., BALTIMORE, PHILA­
DELPHIA. HUNTSVILLE, HOUSTON, 

DALLAS, FLORIDA, OHIO, UTAH, 
CALIFORNIA & OTHERS 

'Contact us you some .experlence 
or interest in any of the following: 

o Scientific Computation or An­
alysis-For unusual Aerospace and 
lunar programs. IBM 7000 type ex­
perience & strong Mathematics 

oReal Time- Programming 

o Software Development-lan­
guages, Compilers, Assemblers, 
Monitors or Sub Routines 
o Operations Research/Analysis 
-Linear Programming plus Com­
puter Applications 
o Systems-Planning, Design, 
Analysis of State of the Art Massive 
Data Handling Systems 
o Programming-large Scale 
Computers 

o SYSTEMS DESIGN/DVMT-New 
Military on-line D.P. Systems work 
with sales/mktg/ customer engi­
neering 
Person~lized individual service by 
our technically trained staff helps 
you locate that unique position. 

newest newest 
COBOL & 

FORTRAN 
Soft'Yare Implementation & 
Techniques, Programming I 

l\.nlal\rSlSi-~1i9-:n ,000 

Write in confidence outlining Para­
meters or call (collect) Mr. Albert 

(Area Code 212) Plaza 9-1720 

n 
aLBeRT. neLLIssen. Inc. 

leading Consultants to Management 
in the Data Processing Field 

510 MADISON AVENUE, N.Y. 22, N.Y. 
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NEW FIRMS 
&. mergers 

in DP 

_ Brandon Applied Systems Inc., 
NYC, has been formed by Dick H. 
Brandon, to provide feasibility analy­
sis, equipment selection, programming 
and related services to dp manufac­
turers and users. 

_ Friden has entered the dp serv­
ice bureau business with the acquisi­
tion' of the NYC facilities of HRB­
Singer. Now called the Service Bu­
reau Division of Friden, the installa­
tion includes a mag tape 1401, and is 
headed by general manager Clarence 
R. Rydberg. 

_ Management Data Services 
Corp., Dallas, has established a sub­
sidiary, Data Preparation Inc., in that 
city. General manager of the new firm 
is Joe W. Howell. 

_ Computer Applications Inc., 
NYC, 'has acquired Orchard-Hays & 
Co., Inc., Washington, D.C. Orchard­
Hays, a pioneer in linear program­
ming, will become a vp and director 
of . Computer Applications. 

_Sperry Rand has established a 
systems research group at its Research 
Center in Sudbury, Mass. Heading 
the new operation is Arthur A. Hau­
ser Jr. 

_Auerbach Corp., Philadelphia, has 
established an Information Products 
Group. Headed by Robert E. Wallace, 
the group will specialize in informa­
tion retrieval and programmed in­
struction, and will expand the com­
pany's information products and 
services. 

_ Vistas of America Inc., newly es­
tablished firm in Sherman Oaks, Calif., 
will specialize in software for plotting 
and other computing equipment. 
President is Harlan J. Webster. 

_ Four Swedish firms have formed 
a new consulting and service bureau 
organization at Solna, Sweden. The 
new enterprise will make available 
time at Facit and SAAB D 21 com­
puterjnstallations throughout Sweden. 
No company name or officers were in­
dicated for the organization, spon­
sored by ASEA, SAAB, SEV (Scan­
dinavian Power Co.), and the Facit 
Group. 

COMPUTER 
PERSONNEL 
Following are some of the 
positions for which we are 
currently conducting recruit­
ing and search assignments: 
• Manager of Data Processing 

Manufacturing $12,500 
• Senior EDP Consultant 

Manufacturing $18,000 
• Lead Systems Analyst 
. Banking $13,000 
Manufacturing $15,000 
Publishing $20,000 

• Lead 0 I R Analyst 
Publishing $18,000 

• Senior Systems Analyst 
Banking . $11,000 
Manufacturing $11,000 

• Senior 0 I R Analyst 
Manufacturing 

• Junior O/R Analyst 
$20,000 

Manufacturing· $12,000 
• Senior Programmer 

Manufacturing $10,000 
Scientific & 
Engineering $15,000 

• Junior Programmer 
Banking 
Manufacturing 
Operations Research 
Publishing 

• Service Center Sales 
Scientific & 

$7,500 
$8,700 
$8,500 
$8,200, 

Engineering $12,000 
• Systems Representative 

Manufacturing $15,000 
• Territory Sales 

Manufacturing 
Scientific & 

$15,000 

Engineering $12,000 

All fees are assumed by our cli­
ents. All negotiations are handled 
in complete confidence. Registra­
tion of computer and 0/ R people 
not actively seeking a position 
change but interested in consider­
ing opportunities for which they 
ar~ qualified are cordially invited. 

Computer Personnel Consult­
ants, Inc. specializes exclusively 
in the recruitment of professional 
computer and 0/ R personnel. 
CPC is composed of professional 
staff members with extensive com­
puter experience. CPC is the only 

firm that has engaged 
in field research of 
computer personnel 

characteristics. 
Write, call or visit 

I-;I:f-;l:t;WI:t*....,us to discuss these 
and other 

T. M. opportUnities. 

CPC 
COMPUTER PERSONNEL 

CONSULTANTS, INC. 
135 Soqth LaSalle Street-Suite 1460 

Chicago, Illinois 60603-Phone 312-236-0900 
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RCA STANDS FOR DESIGN & 
PROFESSIONAL & PERSONAL DEVELOPMENT 
If you h~~~!!m~}~ t~~~ars EDP ENGINEERS 
experience you can step up to more responsibility 
with RCA Electronic Data Processing. In these 
highly professional positions you'll have the 
opportunity to work on the latest software and 
hardware developments. 

OUTSTANDING CAREERS IN THESE SPECIALTIES 

SYSTEMS DEVELOPMENT-Investigation and devel­
opment of techniques, programs and concepts for the 
application of computers" to scientific markets and to 
the development of management sciences. 

ADVANCED PROGRAMMING-Investigation and de­
velopment of total software systems-compilers, 
assemblers, operating systems, sorts, random access 
and real time systems. 

DESIGN AUTOMATION-Work in computer-aided 
design as it applies to logic design, circuits,simula­
tions, or packaging. 

SYSTEMS AND METHODS SPECIALISTS-Develop­
ment and support of EDP methods relating to: Sys­
tems specification coordination, software development 
liaison, methods technique developments, technical 
publication organization and complete field marketing 
hardware and software support. 

PRODUCT PLANNING-Work with management, 
marketing, and engineering personnel, and be directly 
concerned with translating customer requirements into 
effective engineering and sales programs. 

INDUSTRY MARKET OPERATIONS-Maintain 
maximum sales volume for RCA EDP· equipment in 
your own field. Identify market potential, establish 
sales goals, plan and provide sales support resources, 
audit performance. 

EDP EDUCATION AND TRAINING-Develop train­
ing programs and lecture in the areas of advanced 
software systems design and computer applications, 
part:cularly, real-time applications. 

Openings are in RCA Electronic Data Process­
ing at Cherry Hill, New Jersey, and other 
locations throughout the United States. 

To arrange a confidential interview with RCA M anage­
ment, please submit your resume to: 

Mr. E. F. Grubic 
RCA Electronic Data Processing 
Building 202-1, Dept. AP-12 
Cherry Hill 
Camden 8, New Jersey 

An Equal Opportunity Employer (G The Most Trusted Name 
~® in Electronics 
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HIGHSPffD DIGITAL CIRCUITS, 
EXTREMELY HIGH PERFORMANCE 

CORE MEMORIES 
The success of CONTROL DATA CORPORATION has re­
sulted in an expanded product lin"e of high speed digital 
computers. Desigl1 and development activities are being 
expanded in line with the growth of products and 
corporate activities. 
Several excellent positions are now being staffed within 
the Advance Design and Development Department. Open­
ings exist in both circuit and memory groups for: 

DEVELOPMENT SUPERVISORS, 
DESIGN ENGINEERS, 
DEVELOPMENT PROJECT 

ENGINEERS 
These are challenging assignments on state-of-the-art 
development projects for future generations of CONTROL 
DATA general purpose computers. A dynamic approach 
combined with engineering excellence creates outstand­
ing opportunities for professional growth. 
Successful performance of these assignments requires 
an exceptional degree of creativity and engineering com­
petence. The ability to manage complex technical activ­
ities is a requiSite. 
If you are a graduate electrical engineer with experience 
related to the development of high speed digital circuits 
or high performance core memories, we would like to 
discuss these opportunities with you. 

PLEASE SEND RESllME TO, OR CALL COLLECT: 
R. D. Arent. Computer Division • 4201 No. Lexington 
Avenue. St. Paul, Minnesota 55112 • 631-0531, ext. 
334, area code 612 

CONTROL DATA 
CORPORATION 
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SOIRS ProblelR.s Facing BelicolR ... 

• Decision process for handling in-flight 
contingencies during the Apollo mission. 

• Determination of allowable space vehicle position 
and velocity errors for each mission phase. 

. • Aerodynamic heating during reentry from 
the lunar mission. 

• Landing of a spacecraft on the lunar surface. 
• Semianalytic prediction of near-optimum·choice 
of trajectory planes in the lunar mission. 

@
., a BELLCDMM, INC. 
~. A Bell Telephone System Company 

x' (t) = H A 

A' (t) = -H 
X 

H(t,X*,U,A
O

' ) > H(t,X*,U*,A,).) o . 

Bellcomm is doing systems engineering on 
Project Apollo for Headquartets, Manned Space Flight, 
National Aeronautics and Space Administration. 
If Bellcomm's problems interest you, 
address your resume to 
Mr. W. W. Braunwarth, Personnel Director, 
Bellcomm, Inc., Room 1204-E, 1100 17th St., N. W., 
Washington, D. C. 20036. 
Bellcomm is an equal opportunity employer. 



r 

4 WAYS TO IMPROVE COMPUTER TAPE 

Exercise greater quality control. 

The Memorex-designed Vibrating-Sample Magnetom­
eter (VSM) tests basic characteristics of oxide raw 
material and precise concentration of oxide particles 
in the tape coating. Extra tests of this kind guaran·­
tee the improved performance and reel-to-reel uni­
formity of Memorex computer tape. 

Use a superior production facility. 

A conspicuous aspect of the Memorex pia nt is the 
complex system of air filtration, humidification, 
dehumidification, heating and cooling. The unusual 
high-purity system, equal to that used in pharma­
ceutical processing, provides a contaminant-free 
environment - prerequisite to production of im­
proved error-free tape. 

Memorex tape is premium tape. No need to pre-check it. You 
can pluce Memorex computer tape directly in service­
rpel after reel. 

Memorex certification means what it says: Memorex com­
puter tape ~ error-free. Extra care, extra steps and scrupu­
lous attention to every detail make it that way. We know the 
importance to you of having a tape you can depend on. 

Employ advanced production techniques. 

Specially constructed equipment- used to slit 
Memorex computer tape from jumbo rolls - pro­
duces tape with clean, straight edges free from rip­
ples and ridges. A new slitting technique is but one 
of seventeen manufacturing improvements made to 
insure superior performance of Memorex tape. 

Apply research in depth. 

Research in oxide, coating materials, and tape­
making processes has equipped Memorex with a 
fund of new technology. Combined with manufac­
turing competence, this fundamental knowledge is 
manifest i.n Memorex computer tape by freedom 
from dropouts, longer life, and improved uniformity 
and reliability of performance. 

Are you on our mailing list to receive the 
Memorex Monograph Series of informative 
technical literature? Write 1172 Shulman Road, 
Santa Clara, California 

MEMOREX 
PRECISION MAGNETIC TAPE 
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Sand 6 
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Ferroxcube's new 5 and 6 microsecond Memory Systems fea­
ture this unique switch core matrix drive and selection tech­
nique. Consequently, semiconductor requirements are cut by 
30%. Size is reduced. A typical unit measures only 19" x 18" 
x 8" with a' capacity of 8192 words - each 26 bits long. Re­
liability is increased - hermetically sealed, all silicon semi­
conductor circuit modules and L.T.C. cores provide the wide 
temperature range (0 0 C to +65 0 C) of operation required for 
extreme environments. Write for complete details on Ferrox­
cube's fast growing family of Memory Systems, or call 914-
246-2811 for application assistance. 

FERROXCUBE~ 
CORPORATION OF AMERICA 

SAUGERTIES, NEW YORK T.M. 
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