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Clean and comfortable 

when we ship it 

Our computer tape is clean and 
error-free. We think that our supe­
rior cleaning process makes it cleaner 
than anybody else's, but of course we're 
prejudiced. Point is, to be computer tape at 
all, it has to be clean and free from dropouts. 

But we don't stop at merely making clean tape; we make sure that 
it gets to you clean and that you can keep it clean. Here's how: 

Then, for the only sure protection 
in storage, we pack our tape in a 

unique all-plastic canister. It keeps tape 
clean because it cannot generate contam-

ination and its positive seal prevents outside 
dirt from getting in; comfortable because it pro­

tects against shock and humidity. This canister is even encased in an 
airtight poly bag during shipment. From then on, it's up to you. 

o 

Our exclusive environmental shipper which we call the Tape-Safe 
keeps dust out and your tape "clean and comfortable." Clean, because 
the polystyrene foam won't shed like cardboard; comfortable, because 
it cushions the tape in transit against shock and damaging fluctuations 
of temperature and humidity. Best of all, it's free with your minimum 
order of Ampex tape for I BM and I BM-compatible computers. 

FREE! If you'd like a few suggestions on how to keep tape clean, 0 
write Tape-Safe, Ampex Corpora-
tion, 401 Broadway, Redwood City, I AM PEX I 
California 94063, for a copy of our . _ 

TRENDS Bulletin No. 12, "Care Career opportunities? Write Box D, 
and Storage of Computer Tape." Redwood City, California 94064. 
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Now you can get the new ft-STORE ICM-500 in standard 
systems: 600 nanoseonds full cycle time Special 
systems: cycle times as low as 500 nanoseconds. 
Up to 16,384 words with Ej4 bits/word; or up to 4096 
words with 72 bits/word. (Over 3/4 of a million bits in 
little more than 15" of vet·tical rack space -- including 
power supply). You also get I/e construction for all 
major functions i ncl udi ng X-Y current drivers plus a 
choice of mechanical packaging. 

Get the full story. And take advantage of our eight 
years' experience in solving core memory problems. 
Write today for our new brochure. Honeywell, Computer 
Control Division, Old Connecticut Path, Framingham, 
Massachusetts 01701. 

'Patent applied for. 

nrr aD ll1l®y\lJ¥®TI.TI. 
(i\ic=lCOMPUTER CONTROL 
-\J<=T DIVISION 
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Really serious 
about a 

better information 
management 

system? 

o 



c, our new 
. 3500 system 

is ready, 
if you 
are! 

If you are looking for better ways to handle information, 
data communications, production control, scientific and 
engineering problems, you will want to know more about 
the new CONTROL DATA® 3500 computer system. 

The CDC 3500 is a large-scale, multi-programming 
system designed for general purpose and time-sharing 
applications. It is the most advanced computer in our 
compatible family of systems that includes the 3100, 3150 
and 3300 - hundreds of which are on the job throughout 
the world today. Each offers the advantage of fully com­
puterized, automated information handling. 

People-oriented 
peripherals 
Along with the new 3500 
computer system, Control 
Data gives you a wide 
choice of advanced periph­
eral products: Remote en­
try-and-di sp I ay stati ons 

provide direct communication with the computer system. 
DIGIGRAPHICS® light-pen systems make computer-aided 
designs a reality. Remote-processing terminals extend 
the capabilitie~ of the 3500 to remote plants, laboratories, 
distribution facilities, etc. 
All software is available now 
Control Data's advanced operating system, known as 
MASTER (mass-storage oriented, multi-programming op­
erating system), lets you efficiently handle mixed busi­
ness/scientific work loads in your organization. Your 
costs are lower because MASTER makes maximum use 
of all hardware features. Software includes compilers, 
assemblers and job-oriented systems such as COBOL, 
MASS STORAGE SORT, FORTRAN, PERT/TIME, PERT / 
COST, ALGOL and COMPASS. All software is field-proven 
and available now. 
INTEBRID circuitry 
Specially developed by Control Data for use in the 3500, 
INTEBRID® circuitry combines the advantages of both 
monolithic-integrated and hybrid circuits. The results are 
higher speed, reduced space requirements and greater 
reliability. 

If you are genuinely interested in a fully computerized 
information management system for your company, the 
coupon below will bring complete details. 

r-------~-----------------------· 

CONTROL DATA 
CORPORATION 

CONTROL DATA CORPORATION, DEPT. H·117 
8100 34th Ave. So., Minneapolis, Minn. 55440 

Please furnish us with full details concerning your 
new CDC 3500. 

NAME - ____________ TITLE ____ _ 

FIRM ____________________ _ 

ADDRESS __________________ ___ 

CITY ___________ STATE ______ ,ZIP_ 
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Anyone Can Talk 
To A Computer! 

... even without knowing Fortran IV, Cobol II, or 
Gobbledygook V. 

An 101 Computer Controlled Display System 
makes the computer speak your language and 
eliminates the conversion-computation-conversion 
bottleneck. With a light pen, keyboard, track ball 
or other man-input device you feed data directly 
to the computer in alphanumeric .or graphic form 
and your answer comes back in alphanumeric or 
graphic form-immediately usable without expen­
sive and time-wasting conversion. 

If your efficiency is bottlenecked by the con­
stant need for data conversion, you need an 101 
Computer Controlled Display System. 

101 Computer Controlled Display Systems are 
ideally suited for such applications qS: 

• Computer aided • Command and Control 
design • Program debugging 

• Manage,,}ent • Pattern recognition 
information • Automatic Checkout 

• System Simulation • Information retrieval 
• On-line problem solving 

We'll send you more information at the drop 
of a postca rd. 

III] I 
INFORMATION DISPLAYS, INC. 

333 N. Bedford Road, Mt. Kisco, N. Y. 10549 

(914) 666-2936 
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Remote-terminal solenoid card reader. 
Shove a badge in the slot. Zok! Up to 264 
data bits go into your computer. Instantly. 

Redundant contacts:doubl.~wiping. A million cycles. 
A million uses-job reporting,.instrum,entation, 

:~~R~D:~:O A:::~~~ ~LP:,tA~: E'GI'EERING "WORLOWIDE AMP 
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TEST PROCEDURE 
1. Equipment calibrated and 
adjusted, according to equip· 
ment manufacturer's specifi· 
cations, and cleaned, prior to 
testing each reel of tape. (No 
further cleaning allowed duro 
ing test). 
2. A new unused 2400' length 
of tape which has been certi· 
fied at 800 BP I free of perma· 
nent errors is used for this 
test. 
3. Write 3000 character (all 
bits) records in the start·stop 
mode at a density of 800 BPI. 
4. Read while writing check· 
ing for all errors, in all tracks, 
which fall below the 50% 
dropout level. 
5. Count all errors. No retries 
allowed. Error count includes 
temporary and permanent. 
6. High speed rewind to the 
beginning of tape and repeat 
steps three and four until 50 
passes (120,000 head feet) are 
completed. 

o The only meaningful way to evaluate computer tape performance and relia­
bility is to test it, over a series of full-length passes, under actual operating 
conditions. 
o The above graph reflects a recent performance study in which Computron's 
new TVP2 was compared directly with three leading "premium" tape brands. 
The curves above illustrate typical test results in terms of total errors (bits 
below 50% dropout level) for all tracks, during each of 50 passes. 
o Note that Brand C showed a rapid error build-up over the first few passes 
then leveled off at a relatively high error rate. Similarly, Brand A showed high 
initial error build-up, which then dropped to a somewhat lower level. Brand B 
had good initial error characteristics, but exhibited rapid error build-up during 
the rema i nder of the test. 
o Only TVP2 demonstrated a consistently low average error rate throughout 
the test. This is another example of TVP2'.s Total Value Performance. 
o Consider this the next time you select your computeI'" tape. 

~ CCMPUTRCN INC 
r::I CROSBY DRIVE, BEDFORD, MASSACHUSETTS 01730 
\iiiiiiI GENERAL ELECTRICI BASF GROUP

J 
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22 TRENDS IN AEROSPACE COMPUTER~, by R. L. Hooper and 
L. D. Amdahl. ~ A survey of the hardware and software characteristics of 
current U. S. aerospace digital systems, and a glance at future prospects. 

26 AEROSPACE SOFTWARE, by Vilas D. Henderson and R. Dean 
Hartwick. Stringent operational requirements that now exist will be more and 
more difficult to meet as hardware technology sustains major advances. 

30 SPACE SCIENCES DATA PROCESSING, by George H. Ludwig. 
An over-all view of the data processing procedures used, on board and on the 
ground, for satellites within the Goddard Space Flight Center dp jurisdiction. 

37 THE ROLE OF COMPUTERS IN MARINER V, by Edward K. 
Yasaki. Passing within 2,000 miles of Venus lait month, the Mariner V 
exploratory space shot required a large battery of supporting computers and 
11 man-years of programming effort. 

42 TIME-SHARING TALLY SHEET, by Robert L. Patrick. A review of 
several published studies concludes that there's a lot to be done. 

48 ECONOMICS OF TIME-SHARED COMPUTING SYSTEMS, by 
Walter F. Bauer and Richard H. Hill. First of a two-part series dis­
cussing the economic aspects of time-sharing, and intended for the manager 
who may be faced with deciding whether time-sharing. or separate computers 
are most suitable for his needs. 

55 PROTECTING COMPUTER PROGRAMS, by Allen W. Puckett. 
While protection of computer programs is necessary, the author claims patents 
are undesirable, and not in the best interest of programmers and software 
companies. 

63 THE MISSll SYSTEM, by Everett B. Turner. A system for file manage­
ment for the small company. 

67 NRMA CONFERENCE REPORT. 

77 - GElS N~W MONITOR. A new operating system for the 600 series of large­
scale computers that integrates requirements for on-line and remote batch and 
time-sharing systems, using a common data base. 

78 HONEYWELL ADDS TO 200 SERIES . 

datamation departments 

11 Calendar 119 New Products 
13 Letters to the Editor 133 New Literature 

17 Look Ahead 147 Books 
21 The Editor's' Readout 157 People 

83 News Briefs 165 Datamart 

107 Washington Report 773 Index to Advertisers 

111 World Report . 778 The Forum 
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IS listed here, . 
yop can get a . 
third-generation 
computerto 
. process your :~ 

I I ,---.... / 

existing" 
7044 programs. 
American Oil Company Educational Testing Service General Telephone & Humble Oil & Refining 
Whiting, Indiana Princeton, New Jersey Electronics Company 

General Electric Company 
Sylvania Electrical Products Baytown Refinery 

Atlantic Richfield Company Mountain View, California Baytown, Texas 
Los Angeles, California Apollo Support Department 

Daytona Beach, Florida Hercules Powder Company Mobil Research Laboratory 

A VCO Corporation Salt Lake City, Utah Princeton, New Jersey 
General Electric Company 

Lycoming Division Ordnance Department 
Humble Oil & Refining 

Phillips Petroleum Compan~~ 
Stratford, Connecticut Pittsfield, Massachusetts Idaho Falls, Idaho \",--... ,/' 

Company 
Cleveland Trust Company General Electric Company Bayway Refinery The RAND Corporation 
Cleveland, Ohio Utica, New York Linden, New Jersey Santa Monica, California 



o 

o 

C; 

But, you'll have 
to spend 15,000 
a month less. 

The Standard IC-6000 is a third-generation computer that works directly with 7040/7044 series 
programs without modification. Rentals are $22,500 a month or less. IC-6000 computers can 
also be purchased. Write or call for complete information. Standard Computer Corporation, 1411 
W. Olympic Blvd., Los Angeles, Calif. 90015, Phone 213·387·5267. Standard 

Research Analysis 
Corporation 
McLean, Virginia 

Shell Development Company 
Emeryville, California 

Standard Oil of New Jersey 
Esso Research 
Houston, Texas 

Standard Oil Company of Ohio 
Cleveland, Ohio 

Sun Oil Company Thiokol Chemical Company 
Philadelphia, Pennsylvania Brigham City, Utah 

Texas Instruments, United' Nations 
Incorporated New York, New York 
Dallas, Texas 

U. S. Bonneville 
Textron-Bell Helicopter Power Administration 
Fort Worth, Texas Portland, Oregon 

Thiokol Chemical Company Western Electric Company 
Elkton, Maryland .Burlington, North Carolina 
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Western Electric Company 
Winston-Salem, 
North Carolina 

Westinghouse Electric 
Company 
Lima, Ohio 

Xerox Corporation 
Rochester, New York 



WE JUST Our new CRT computer terminal makes all other graphics systems suddenly look like 
Theda Bara vamping Rudolph Valentino. Nostalgic, maybe, but very, very obsolete. 0 

The difference is that the Adage Graphics Terminal is a fully-integrated 

OBSOLETED 
general-purpose system. It has its own internal computer and is delivered 

complete with operating software for communicating with the remote central 
computer and for local image control and console I/O.' 0 Hybrid processing 

techniques exclusive with Adage (our Ambilog 200 hybrid computer is standard 

EVERYBODIV in every terminal) produce dynamic displays of 3-dimensional objects which really 
II move continuously. Pictures are bright and clear. Even complex images don't 

flicker. 0 You can start-with the Model 10 Graphics Terminal at $75,000, and get 4K of 

ELSElS 30-bit core memory, CRT console, and Dataphone interface to the central computer.o For around 
. $250,000 the top-of-the-line Model 50 buys you 16K of core, extended arithmetic capability, 

and disk memory for local storage of image and program libraries. The console has a 

COMPUTER . full complement of operator's controls for image translation, rotation, and scaling. 
Options include a hard copy display recorder and an analog input tablet. 0 Would 
you like a demonstration? In your office? Write David Sudkin, Manager of Marketing 

GRAPHICS 
Services, at Adage, Inc., 1079 Commonwealth Avenue, Boston, Mass. 02215, on 

. your company letterhead. We will send you a 16mm demonstration film showing 
• the system in action. 0 The movie is on us. You bring the popcorn. 
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HOW'A CHESHIRE 

• MAKES IZIPIEASY 
(' calendar 

DATE TITLE LOCATION SPONSOR/ 
CONTACT 

Seminars in: Regency Hyatt House Mgt. Development 
Atlanta, Ga. ,nst., 130 West 

Nov. 27-28 Mgt. Info. Systems Lancaster, Wayne, 
Nov. 29-30 Simulation Pa. 19087 
Nov. 30 & 

Dec. 1 Decision Tables 

~ 
Nov. 27-29 Conf. on Adminis- Americana Hotel Amer. Mgt. Assn., 

trative Mgt. in New York, N. Y. 135 W. 50 St., 
Electronic Era N. Y., N.Y. 10020 

Nov. 27-28 Inst. on Computer Univ. of Wisconsin D. P. Hartman, 
Ajds to Systems Milwaukee UW-Milwaukee, 
Effectiveness 600 Kilbourne 

Nov. 28- Inst. on Computers Gramercy Inn American Univ., 
Dec. 1 & Hospital Admin. Washington, D. C. Ctr. for Tech. & 

Adm., Washing-
'on, D. C. 20006 

Seminars on Time- ACM, 211 E. 43 
Sharing St., N. Y., N.Y. 

10017 
Cost: $15-20 

Dec. 4 Sheraton Cape Colony 
Inn, Cocoa Bch., Fla. 

C! Dec. 5 Holiday Inn 
Tallahassee, Fla. 

Dec. 6 Sheraton Motor Inn 
Hu"ntsville, Ala. 

Dec. 7 Sheraton Motor Inn 
Memphis, Tenn. 

Dec. 8 Howard johnson's 
Motor Lodge, 
Shreveport, La. 

Seminars on File ACM 
Structures for On- Cost: $40-50 
Line Systems 

Dec. 11 Marriott Motor Hotel 
Atlanta, Ga. 

Dec. 12 Royal Orleans Hotel 
New Orleans, La. 

Dec. 14 Sheraton -Lincoln Hotel 
4 Pieces automatically separated by lIP codes Houston, Tex. 

Dec. 15 Statler Hilton Hotel Converting to ZIP codes? Add 
Dallas, Tex. codes to your data processing rec-

Dec. 13-15 Inst. on Process Univ. of Wisconsin Institute Dir., 
ords " .. then use fDP system for 
addressing. A Cheshire applies the 

Control Madison 53706 432 N. Lake St. address form at speeds to 25,000 
Cost: $70 per hour. Write for brochure Bonus 

Jan. 18-19 First Annual Sheraton-Tampa Hotel Ira M. Kay, . of Data Processing. --

CJ Simulation Symposium Tampa, Fla. P. O. Box 1155, 
Dec. 4 reg. deadline !ampa 33601 Cheshire 

Jan. 22-26 Course in Computer UCLA Eng.lPhYskal A XEROX COMPANY 
Oriented Circuit Los Angeles 90024 ~ci. Ext., 6532 
Design Boelter Hall 408 Washington Blvd., Mundelein, Illinois 60060 
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Plug your information gap 

There's something 
new on the circuit: The Bryant XLO 
1000 Controller. A complete memory system that plugs into almost any 0 
computer made. One plug. And general or specific software to suit, including 
handler and maintenance routines. . 

The Controller can operate in several different modes-serial or parallel­
with word transfer rates from 50 microseconds per word to 900 nanoseconds 
per word. Talk to two central processors. And handle as many as eight 
Bryant Auto-Lift Drums, PhD's or Disc Files. So you get fast, direct access 
to up to 4 billion bytes of information. 

If you're adding on to your current system, 
Bryant men can add the Controller and 
memory devices for you. Just like they've 
already done for many commercial, industrial 
and military a pplica tions. . 

Call your local Bryant representative or 
write to 850 Ladd Rd., Walled Lake, Mich. 48088. 
We'll make a Bryant Believer out of you, too 

EX-CELL-O CORPORATION 
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* . 
o letters 

o 

rpg 

Sir: 
After reading the verbose COBOL pro­
gram in Mr . Leslie's article on RPG 
(June, p. 26), I am in agreement that 
there is a shortage of programmers. 
Simple programs like this are easily 
written in half- to three-quarters of an 
hour by anyone with COBOL experi­
ence. If Mr. Damico took two hours 
to author this gem, perhaps he should 
use RPG for all his programming 
needs, including resume generation. 
KENT HUCKSTEP 
San Diego, California 

program budgeting 

Sir: 
The article, "Program Budgeting" 
(Sept., p. 37), by Charles J. Hitch­
now president of the U niv. of Cali­
fornia-was excellent. I have sub­
scribed to Mr.Hitch's philosophy 
since I first investigated cost effec­
tiveness in the early '60's. 

I think it is unfortunate, however, 
that most long-range planning verbi­
age borders on the nebulous. With 
decision planning so critical when 
related to present technology, it 
is a shame that our jargon confuses 
and intimidates middle- and upper­
level "planning" management. 

Just as with all endeavors, long­
range planning-with "effectiveness" 
criteria-will make real strides when 
it is displayed and tested in prac­
tice. 
PHILIP P. CARVILLE 
Oakland, California 

more pI/I 

Sir: 
Hedley Voysey mentions ICI's tech­
nical computing language K Auto­
code. This· language is also imple-' 
mented on System/360 under OS and 
provides an efficient alternative to 
PLI I for technical computing. (On a 
360/40 it compiles five times faster 
than version 3, and it does not use 
Linkage Editor.) The language pro­
vides procedures, file handling, sym­
bol manipulation, good diagnostics 
and is backed up by an extensive 
library of mathematical and engineer-

November 1967 

ing programs. Further details may be 
obtained from: Information Officer, 
ICI Management Services, Harefield 
House, Fulshaw Hall, Wilmslow, 
Cheshire, England. 
A. GIBBONS 
Cheshire, England 

Sir: 
In PLII in the U.K. (Sept., p. 73), 
Hedley Voysey asks, "Is PL/I easy to 
( 1 ) learn, ( 2 ) write, and ( 3 ) de­
bug?" In many cases, for example the 
publication of algorithms and the 
production of very large programs 
with long lifetimes, a more significant 
question would be "Is PLI I easy to 
read?" 

I am not trying to suggest that 
PLI I is either easy or difficult to read, 
b~t only that I would have been 
interested in the. answers, had the 
question been asked. 
HENRY S. WARREN 
Linwood, N.J. 

information retrieval. 

Sir: 
Because of our interest in information 
retrieval, we were pleased to see the 

article (Sept., p. 95) concerning the 
legal information retrieval system de­
veloped by the Air Force, LITE. 

From your report, one can feel it is 
meeting a real need in the legal 
community, but perhaps your com­
ment "LITE . . . is the only operation­
al, full-text computerized retrieval 
system. . . " should be amended to 
read" ... in the legal community." 

In the chemical community, CAS 
has had an operational text search 
program on an IBM 1401 since early 
in 1965, searching Chemical Titles 
and Chemical-Biological Activities. In 
1966, these capabilities were made 
operational on a 360/40 .. 

The computerized text search capa­
bilities of Chemical-Biological Activ­
ities have been twice demonstrated in 
1967. At two conventions h~ld in 
Chicago-Federation of American 
Societies for Experimental Biology 
and American Chemical Society-we 
transmitted questions and answers via 
Dataphone between there and our 
Columbus office. 

Several of our subscribers are 
searching these publications on a reg­
. ular basis at their own installations. 

We recognize the tremendous 
amount of achievement that needs 
dOIng in this area, but are therefore 

All of these securities having been privately placed, this advertisement 
appears as a matter of record only. 

Computer· Communications, Inc. 
$1,000,000 

6% Subordinated Debentures due 1975 
with Stock Purchase Warrants 

B 

and 

20,000 Shares 
Common Stock 

($10 Par Value) 

:£: BLAIR~CO.9INC. 

CIRCLE 10 ON READER CARD 
13 



o FOR YOUR DATA COMMUNICATIONS 

The Rixon 4800 bps 
SEBIT-48M Data Set. 
Cabinet and striping . 

. optional. 

IF 'THE SPEED DOESN'T IMPRESS YOU 

THE ECONOMY WILL 

With 'an automobile you usually sacrifice economy 
for speed. Not so in data communications. The 
Rixon Sebit-48M Data Set which operates at 4800 
bits per second proves that speed produces signifi­
cant economies. You achieve higher throughput, 
increase off-line time, ease schedules and make 
more efficient use of communication circuits. These 

benefits help you effectively reduce many of your 

costs. The 48M, like all of Rixon's data sets, will 

interface with all EDP equipment and uses voice 

grade telephone channels. We've just published a 

brochure that details the economies that Rixon data 

sets ,can give you. May we send you a copy. 

o:u 0 ~ [OJ ~ fED-lE'tC7TfRJa:IJM DtCS, DMa:;. 
2120 INDUSTRIAL PARKWAY, SILVER SPRING, MD. 20904 301-622-2121 
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letters 

proud of our operational system. 
DAVID R. HEYM 
Chemical Abstracts Service 
Columbus, Ohio 

patenting computer programs 

Sir: 
In the September Forum (p. 160), 
Mr. Jones presented an appeal for 
making computer programs patent­
able. He implied that only the manu­
facturers (with selfish interests) and 
the Patent Office itself opposed pat­
enting programs. As a former pro­
grammer and current supervisor of a 
programming group, I would like to 
voice my opposition with the follow­
ing answers to his reasons for action: 
1. The technology is so dynamic that 
patent action, investigation of possi-

ble infringements, etc. would slow the 
productivity of the field in general. 
2. Programming needs the encour­
agement provided by a creative en­
vironment in which the participant 
concentrates on how to program well, 
rather than how to collect patents. . 
3. Competent and industrious pro­
grammers have the same protection 
(job security and rapid advance­
ment) and opportunity to profit 
(among the best of today's salaries) 
as do most practitioners in other tech­
nologies. 

As a taxpayer I shudder to con­
template the added federal payrolls 
that could be generated in order to 
examine today's explosion of com­
puter programs'for patent action. 

The computing community exhibits 
far more professionalism than Mr. 
Jones gives it' credit for. The best 
professionals in any field are creative 
primari1y because of their intense in­
terest in the field, not because of the 
lure of inventive profits. Where would 
computing be today if people like 
John von Neumann had patented 
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their revolutionary new techniques? 
In my opinion the only segment of 

the community that could profit from 
patented programs would be inde­
pendent software firms-all others, 
including the large government instal­
lations, would suffer. 

. E. C. WITT 
Knoxville, Tennessee 

erma again 
Sir: 
Re:. Thomas Lang's letter (Oct., p. 
14): In a large systems project like 
ERMA, it is always difficult to satisfac­
torily identify just who made what 
contribution. The original design 
work was done by B of A and 
SRI, though there was substantial re­
work of both hardware and software 
when GE became involved in 1957. If 
Mr. Lang had been around at the time, 
he would have been able' to observe 
that the ERMA system was not designed 
by «programmers," but by the com­
bined efforts of bank officials, systems 
engineers, logical designers, trans­
ducer specialists, mechanical engi­
neers, etc. 

He would also have noted that the 
GE 100 and the GE 210 were the 
same machine. The computers deliv­
ered to B of A were designated as 
100's and those subsequently installed 
at Security F{rst National and else­
where were labeled 210's, but they 
were identical right down to the "as­
terisk compare" and "tumble" instruc­
tions. The reader is referred to the 
July-August 1967 issue of the Journal 
of the Systems and Procedures Asso­
ciation, for a more thorough discus­
sion of the ERMA project. 
ROBERT V. HEAD 
Los' Angeles, California 

israeli edp . 
Sir: 
Dr. Frank Moser's article, "EDP Prog­
ress in Israel" (Aug., p. 29), states 
"Control Data has a fairly limited 
market.in Israel since they aim main- ,­
ly for the medium- to large-scale 
scientific systems." 

Since opening our office in Israel in 
1965, we have received orders for the 
two largest business processing com­
puter applications in Israel. A CDC 
3300 computer was ordered by the 
Israel Aircraft Industries and installed 
in September 1967,and two 3300's 
will be installed with the Israel Post 
Office in 1968. 

The above orders,together with the 
currently installed 3400 and 1604 
systems, give Control Data the lead 
over its competitors in Israel in the 
medium- and large-scale market. 
D. F AMILIANT 
Tel-Aviv, Israel 

Put some sparkle into your copies. 
Tell your forms printer you want 
Port Huron Carbon Paper in all 
your carbon interleaved forms. 

Port Huron One-Time Carbon­
designed particularly for snap-outs 
-continuous forms-machine or 
hand written. 

Port Huron Car/Bond Paper-
ideal for up to fifteen clear copies 
from one EDP print out. 

Port Huron Opti/Scan Carbon-
formulated for optical scanning 
systems programmed to read the 
document carbon copy. 

Ask your supplier for information 
or write direct for samples to run on 

your equipment. 

PORl HURON PAPER COMPANY 
Port Huron. Michigan 48060 
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Anything the nelM 
the SEL B10A 
can do, 

BEL B108 can do 
tlMice . as fast. 

Over 50 SEL 810A, 16-bit computers have been supplied for data acquisition 
and control. Now meet the SEL 810B, with twice the speed of the A. Yet only 

. about 20% more in price. Same great features: all integrated circuits, 2 levels 
of priority interrupt, memory expandable to 32K, I/O typewriter, high-speed 
hardware multiply and divide, and real-time I/O structure. And the software 
package of the 810B has been proven in the A. 

Fixed point execution times of the Bare: add/subtract-1.58 microseconds; 
multiply-4.74 microseconds; divide.....,..6.32 microseconds; ~ycle time-790 
nanoseconds. If you don't need the speed of the SEL 810B, buy the A. For 
either, call or write: Systems Engineering Laboratories, 6901 West Sunrise 
Blvd., Fort Lauderdale, Fla. 33310. Area Code 305 587-2900. 

Systems Engineering Laboratories 
See the 810B at FJCC Booth Dl-2-3-4. 
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~-OOk~ahead 
WESTERN UNION STILL 
STRUGGLING INTo-coMPUTER AGE 
As observers have long suspected, the major proponent 
of the total information utility, Western Union, has 
trimmed its ambitious plans to blanket the nation with 
a dp/message switching network INFOMAC by 1970. The 
last two years have seen: about 100 dp people come 
and go, most unhappily; money problems; the delivery 
of 1108's slowed (the first is due in momentarily, but 
plans for six more are getting vaguer all the time). 

WU, undaunted, is definitely going ahead with 
its Automated Computer Telex services (battling 
Advanced Computer Techniques over its copyrighted 
acronym ACT), and will integrate its telegraph 
network with Telex. Four' Univac 418 switching systems 
replace electromechanical units. Two, dedicated line 
services, SICOM and INFOCOM, will be offered if and 
when tariffs are blessed by FCC. (See Washington 
Report.) SICOM provides brokers with a private 
network to link them with branches and exchange 
floors and to computer-store records. INFOCOM, 
planned for April, gives SICOM service to anyone. 
Hopefully dp will be phased in to the "manana" 
utility. 

In the meantime, WU continues to barter with AT&T 
Dver the price of TWX. WU-customer Law Research o Service is trying to fight off a copyright infringe­
ment suit by West Publishing (filed 1966), and suits 
by some franchises for non-performance of contract. 
And state employment agencies are seriously asking if 
PIX personnel data bank service, partly WU-owned, 
should be considered an illegal agency operating 

o 

sans license. 

SOFTWARE SLIPPAGE 
HITS UNIVAC 
Like all operating systems, Univac's Exec 8 is months 
behind schedule, due, the firm says, to the happy 
problem of an unexpected high number of 1108 orders 
~(l30-140 rumored). Revision 3 of Unit Processor Exec 
8 was out in August, seven months late. This month 
Revision 4, including Fortran V, appears, four months 
late. UP Revision 5 should arrive early in '68, with 
multiprocessor Exec 8 due out in the first quarter. 
On schedule is 9200 and 9300 software and the 494 
extended Omega multiprogramming system (due in Oct.) 

GSA PLANS MASS TAPE ORDERS 
AS vENDORs TRY TO QUALIFY 
Mag tape makers, who have wondered about what they 
feel are inadequate federal government tests and 
wondered if the feds would centralize tape purchases, 
may soon have some answers ••• and more questions. 

GSA's plans for mass purchase of mag tape are 
nearly final. Early next January, they'll release 
invitatio'ns to bid on a year's supply of 800-bpi tape 
for a particular geographical area. The bids will 
apply only to purchases above a certain amount. (The 
ceiling is $25K right now, but this may rise to $50K.) 
Procurements will be bid in up to 10 different areas, 

November 1967 17 



How to save thousands 
on an EDP investment. 
Three ways. 
We have three looseleaf reference ports. The industry standard for 
services -- two new ones and an years. Contains all of the da~ 
established industry standard -- above except for the, two volumes 
that can save you thousands of that deal with less~widely-used 
dollars, or, more important, thou- systems.* Updated ten times 
sands of hours, in selecting and yearly. Subscription price, $900. 
using EDP equipment. • Special: A three-volume edi-

• Comprehensive: The new ten- tion. Provides detailed reports on 
volume edition of AUERBACH all systems not covered in the 
Standard EDP Reports. eight-volume edition. Includes 

Gives definitive data on all the valuable sections on systems anal­
major EDP systems made by ysis techniques, selection proced­
all the major U.S. manufac- ures, and state-of-the-art reports. 
turers. In-depth comparisons Updated bimonthly. Special in-
of components, configuration troductory price, $320. 
capabilities, costs -- and lim- Take your choice, depending 
itations. (The IBM system/ on your needs. No matter which 
360 report, for instance, runs you choose, you'll get more than 
over 400 pages.) your money's worth. 
Provides detailed reports on The time anyone of these 

o ..JVoving? 
If you're going to have a 
new business address, please 
fill out the form at the right 
now and return it to us. We'll 
make sure that DATAMA­
TION keeps up with you. To 
save time, we need your old 
address, just as it's printed 
on the mailing label, (or the 
whole label is better yet) as 
well as your new address. 

Name __ _ 

Title __ 

Company_ 

Address_ 

City __ 

NEW AD 

Name __ 

Title __ 

Company_ 
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City __ 
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Your Sign 

data processing systems that, services can save you in looking. 
until now, have defied classifi- for information is worth far more 
cation, comparison, and cata- than the cost of the service. One 
loging: small systems made week's rental of the wrong piece of 
by large manufacturers; large EDP equipment would cost you 
systems made by small manu- more .. In fact, just the secur!ty ~f 
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and scientific computers. backed up by AUERBACH's long 
Includes 16 supplements an- years of EDP experience, is worth 

nually. Special introductory sub- more than the SUbscription prices. 
scription price $1,140. For a closer look, just clip the 

Now, that is a lot of informa- coupon below and attach, it to 
tion. More information, perhaps your letterhead. We'll send you 
than you need. So we have tai- full details. 
lored two other bundles of data *The additional two volumes are 

. for you. . available to current eight-volume 
• Standard: The eight-volume subscribers for a special intro­

AUERBACH Standard EDP Re- ductory price of $240. 

-------­AUERBACH Info, Inc. 
121 North Broad Street, Philadelphia, Penna. 19107 

I'd like to know more about the following 
edition of AUERBACH Standard EDP Reports 
D Ten volum~s ($1,140.) 
D Eight volumes ($900.) AU ERBACH 
D Three volumes ($320.) e 

Name ____________________________________________________ __ 

Title ___________________________________________ _ 

Company _________________________________________________ __ 

Street ______ ---.,-__________________________________________ _ 

City , State Zip _______ _ 

Mail this coupon today. Introductory offer expires December 15, 1967. 

c 
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look ahead 

THREE 360' S IN THE, 
WINGS AND ! CUE FOR ONE 

TAPE STANDARD 
CLEARS LAST ( 11 HURDLE 

November 1967 

to give smaller suppliers a shot at a share of what 
may amount to a total buy of 5 megabucks or more. 
Reportedly, GSA hopes to pay less than $16 a reel, vs. 
$23 or more now. 

The request for bids will go to makers' plants 
represented on the Produc,t Quality List. Right now 
that's four firms--CDC, IBM, Memorex and 3M. But 
three of them are really ~M, although others will be 
able to qualify before bids open in Feb. or March. 

Tape makers, including one qualifier, claim GSA 
test procedures are obsolete, inadequate. For 
instance: temp. and humidity requirements reflect 
unrealistic military needs; durability requirements 
are not rigorous; there's no allowance for tests on 
vacuum capstan drives; tests are for 200 bpi only. 
And tests are run behind locked doors at the Nat'l 
Security Agency: vendors don't know what test gear 
is used, how to correct failures. 

GSA says it's upgrading the tests for both 200 
and 800 bpi, hopes to establish a new clean room~ 
probably at NBS, pending Congressional approval of 
the adp revolving fund appropriation. The facility 
would involve tape certification and acceptance, which 
would later be replaced by quality assurance. And GSA 
stresses it's anxious to change test specs, is wide 
open to suggestions. 

-
IBM now has three new members of the 360 family 
backstage--with one about to be pushed into the 
footlights. 

Biggest--by far--and most talked about is now 
known as the Model 85. It's said to have up to 6 
million bytes of main storage and use some of the Mod 
91 lo'gic. Performance should be 5 to 10 times that of 
the 65 at about l~ times the price. Probable 
announcement time is early January, with deliveries 
scheduled to begin about 15 months later. 

, Next smaller may be called the Model 58. It 
could be about twice the speed of the 50 but sell 
down' with the present Mod 40. It's apparently aimed 
directly at the SDS Sigma 7 market. 

Last, and least, is the relatively tiny Mod 7-­
reportedly as fast as the 20 but much cheaper. 

Adoption of USASI's proposed 800 cpi mag tape standard 
was virtually assured recently when IBM vp J.A. 
Haddad, in a letter to USASI'sX3 computer committee 
withdrew his company's opposition, informally. But 
formally the company is still opposed. 

This month or next, USASI will recommend adoption 
of the standard, probably by a 15-1 vote. Soon after, 
BOB will issue an executive order making USASCII 
mandatory for all related federal applications 18-24 
months later. The order will cover input-output 
devices and communications eqUipment as well as mag 
tape format. 

Adoption of the code reportedly poses big 
problems for IBM, whose 360 operates internally on 
EBCDIC, which can't be mated to USASCII without 
expensive hardware changes or processing delays. The 
360 also can operate on IBM's version of ASCII, which 
poses less of a translation problem. But IBM hasn't 
VAt developed any USASClI-compatible software; even 
after it does, the company might be at a disadvantage 
in competition with other systems designed to process 
and store USASCII without translation. Some observers 

(Continued on page 167) 
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ONE S'GM~ C1Jt-I\PUTeR 
'S eo,Ne To HAND~E 

A\-.L THE TEL,:eMeTRY 
. fROM PoS'6't>ON 

f~'6HTS. 

Poseidon will be one of the most advanced strategic mis­
siles in our inventory. Lockheed is developing it. 

Telemetry from Poseidon test flights will be recorded 
by three stations along the range at up to a 100-kc word 
rate (1 million bits per second). The tapes will then be 
processed in real time by a Sigma 7 computer system 
located·at Sunnyvale, California. 

In the foreground the Sigma 7 computer will have 
adaptive control of the telemetry front end. In the back­
ground it will perform mathematical analyses and com­
parisons of the refined data. 

The front end will decommutate the incoming streams, 

minimize the noise, edit and compress the data, merge the 
three tapes into one optimized record, and sort the infor­
mation into measurement strings with time correlation. 

Concurrently, Lockheed engineers will be able to type 
questions into the computer and obtain immediate 
answers. They will have their test results 10 to 25 times 
faster than they could get them from a conventional 
telemetry system. 

Sigma is the only system that cando decommutation, 
data compression and merging all at once in real time. 
Other systems can barely perform one of these functions 
at a 100-kc word rate. 

Sigma can do it because of the high-performance tele­
metry front end, the computer's enormous throughput 
rate, and the specialized telemetry software. 

Like all Sigma telemetry systems, this one is composed 
of standard modules. Even the software is modular. Thus, 
although the system is custom-tailored for Poseidon, there 
are no subsystem interface problems, and virtually: no 
special programming will be required. 

All the operating software is provided, so that the 
telemetry engineers can operate the system, using FOR­
TRAN statements and the SDS Telemetry Compiler. 

We are c~rrently putting together five Sigma 7 telem­
etry systems for major missile and space programs, and 
each one is custom-engineered through the use of stand­
ard hardware and software modules. 

We developed the modular con- 5· . [J 5' 
cept fro, m experience in prod. uCin-g., . , 
more than 500 special-purpose data , 
systems. All we needed to make it ' , 
work was a computer that could 
manage the whole job. Scientific Data Systems, 

Sigma makes it possible. Santa Monica, California 
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editor's read.ut 

LET'S CLEAR UP THE MYSTERY 

Computer professionals who are curious about how the federal government 
tries to direct and control its use of information processing systems may want to 
read or at least skim through a recently published volume called Data Processing 
Management in the Federal Government. The 384-page document contains 
the hearings before a House Government Activities Subcommittee of the Com­
mittee on Government Operations, held three days last July. 

The subcommittee is primarily concerned with the federal government's edp­
activities and is headed up by Jack Brooks, a Texas Democrat and the father 
of what is known as the Brooks Bill, which set forth the organizational structure' 
and policies by which the government is attempting to more efficiently coordinate 
its huge edp investment. 

The volume offers a peek into the painful process by which the people's elected 
representatives attempt to grasp a new complex technology and to see that it is 
sensibly directed and applied, although the primary emphasis is upon economy. 
Still, there are several instances where Congressmen begin to see the hopeful 
implications of using this new and mysterious tool to help them perform more 
efficiently and, perhaps, more wisely. 

Here we see the Congressmen attempt to understand ·such shadowy and 
esoteric. concepts as the third generation, the significance of standards, Manage­
ment Information Systems, time-sharing, etc., thrown at them by a bevy of 
spokesmen for the new technology from the Bureau of the Budget, General 
Services Administration, Civil Services Commission, National Bureau of Standards 
and other organizations and offices. 

Despite the rather impressive array of titles and talents, the real star of the 
hearings is Congressman Brooks himself. Although Brooks decl~res himself "some­
what held in awe by computers," he has obviously done some homework. He 
reminds one witness from the GSA that he hasn't covered software, and later 
asks him if he has examined "the feasibility of procuring software separately 
from hardware ... ?" Then, he wonders if they' "have developed criteria for 
evaluating these various packages?" You know the answer. He wonders why the 
government can't get volume discounts. He wonders if enough good. edp training 
and orientation for people like himself and other government officials is being 
developed and offered. With the aid of his shrewd, hard-nosed assistant, Ernie 
Baynard, Jack Brooks has learned enough about edp to ask some' solid, tough 
questions. . 

And while it's reassuring to know that someone on the Hill has some insight 
into our special, complex world, it would be even nicer if there were more of 
them. Early in the hearings, Congressman Randall of the Government Opera­
tions Committee says, " . . . these computers are still something of a mystery 
to. me." And, he goes on, "I would hope, Mr. Chairman, that somewhere along 
the line, you or some of your staff can explain more to me about the operation 
of these [little black boxes], or how these things work." . 

We would hope, too, that somewhere along the line some way is found to 
introduce our Congressmen, our Senators, our key government officials to the 
m'ysteries of our little black boxes. I 

We understand that an edp orientation course for Congress is now being 
formulated. We hope that it is encouraged, expanded, put into action soon. 
The implications of information processing are immense. If the nation is to make 
the best possible use of this vital resource, then it is essential that our lawmakers 
and top policy makers have some insight into the basic concepts of computers 
and information processing. 
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TRENDS IN 
AEROSPACE 
COMPUTERS 
by R. l. HOOPER and l. D. AMDAHL 

[

] The purpose of this article is to present a sur­
vey of the hardware and software characteris­
tics of current U.S. aerospace digital computer 

, -- systems, and then to describe our concepts of 
trends we would expect to see during the next few years. 
This article is intended to be of interest to computer 
professionals who are involved with general purpose 
computer systems, but wish to know "what's happening" 
in other application areas. , 

P. Dickson! describes a recent government survey 
which estimates that the Department of Defense will 
purchase 10,000-20,000 airborne digital computers during 
the' next five to seven years. The same article suggests up 
to 3,000 aerospace computers will be purchased for 
commercial purposes in the next five years. 

These figures can be compared with over 45,000 
general purpose computers 'installed today in the United 
States and a current annual shipping rate in the neighbor­
hood of 13,000 general purpose systems. It is difficult to 
compare value of types of systems shipped, but in 
numbers of systems, the aerospace market represents a 
significant chunk of the total computer market. ' 

Aerospace computers have typically ranged in cost from 
$15,000 to $500,000 per system. The typical hardware 
cost per system has probably been in excess of $200,000, 
reflecting unusual reliability and packaging requirements. 
However, small computers in large production runs are 
expected to significantly reduce these costs in future 
systems. 

Aerospace co~puters, as defined here, are those stored 
program digital computers designed primarily to meet the 
needs of airborne or spaceborne applications. No attempt 
has been made to include all aerospace systems in the 
survey of current systems. Representative systems from a 
variety of manufacturers are described in Table I (p. 24). 

Reliability, power consumption, weight, and size are 
those physical characteristics which are' generally of 
greatest concern to the aerospace computer system de­
signer. In most cases, a computer system that fails in flight 

1 Electronics, Feb. 20, 1967, pp 203 ff. 

22 

reach for the ground 

cannot be repaired in flight, and the semi-automatic back 
up which exists may be unsatisfactory in terms of mission 
goals. Depending on the application, reliability may be of 
considerably' greater consequence than any of the other 
physical parameters. Typically, mean time between fail­
ures of 2,000 to 20,000 hours are quoted. Power consump­
tion, weight and size may have varying emphasis, depend­
ing on the characteristics of the host vehicle. Obviously 
300 watts, 1 cubic foot of space and 50 pounds have a 
different significance, depending on whether the host is a 
C-135 or an unmanned satellite. 

Performance, characteristics are the focus of this article, 
however, and in this area 'the parameters of concern are 
memory size and speed, word length, average instruction 
execution time, and input/output capability (there is 
frequently a requirement for high speed scanning of 
sensors and output of control signals) . 

Mr. Hooper is the director of 
systems programming at Com-' 
pata, Inc. He was previously 
leader, design engineering, at 
RCA, and programmIng man­
ager at Packard Bell. He holds 
a BA degree in mathematics 
from Colby College. 
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As physical characteristics become more satisfactory, 
performance characteristics get more and more emphasis 
by the system designer, who once asked, "Will it work for 
the length of the mission and can we fit it into the space 
available?" Now he is beginning to ask about things like 
programmability and software support. 

Therefore, aerospace computers, which were once con­
sidered a breed apart from ground-based general purpose 
computers, are coming more and more to resemble them 
functionally. That is the conclusion to be drawn from 
some of the representative systems shown in Table 1. 
Input/output and packaging areas seem to be two excep­
tions to this rule. However, in terms of circuit technology, 
memory speed, memory capacity, register organization, 
instruction repertoire and software, there is a growing 
resemblance. This trend is also noticeable in the process 
and industrial control area where use of higher level 
languages, foreground and background processing; and 
standardized'I/O interfaces are becoming prevalent. 

Circuits and packaging. Monolithic semiconductor cir., 
cuits are almost universally employed for arithmetic and 
control functions in the computers of Table 1. These 
circuits are usually packaged in the 14-pin flat-pack 
configuration .. Where emphasis has been on extremely 
small size, 50 to 100 or more flat packs have been 
attached to individual specially-designed multilayer 
boards. These multilayer boards may have a dozen or 
more layers of signal interconnection, and may in turn 
connect to a multilayer board for a higher level of 
interconnection. 

With less emphasis on size and more emphasis on ease 
of repair, computers such as the Raytheon R-11 and the 
Univac 1830A offer pluggable circuit modules. Others, 
such as the Nortronics 1051, use a "stick" structure for 
utilizing small component groupings attached to a mother 
board. 

Memory speed and capacity. The Univac 1830, Ray­
theon R-11, IBM 4 Pi (EP) and Litton L304 all can 
address memories of 131,072 words. The GE A605 can 
address 262,154 words. Typical capacities are 4K to 32K 
words. The Raytheon R-11 has a memory cycle 'of 950 
nanoseconds; h'owever, typical memory cycles are from 
two to four microseconds. Some systems pull three or four 
w~:>rds from memory at a time, with a resultant improve­
ment in program execution time. 

Most of the computers of Table 1 use magnetic core 
memories; however, the Univac 1824 employs a thin 
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magnetic film memory. Protection for fixed programs and 
constants is achieved in a variety of ways. Some comput­
ers, such as the IBM 4 Pi, employ an additional memory 
protect bit with each word to prevent errant instruction 
execution from destroying protected words. Other comput­
ers employ non-destructive readout (NDRO) memories 
that are implemented, for example, with multiple aperture 
cores or magnetic thin films. The NDRO memories. are 
usually electrically alterable in conjunction with support 
equipment. Still other computers employ permanent mem­
ories that are implemented by techniques such as "missing 
core" and "rope" memories. Rope memories are con­
structed with somewhat larger cores than usual, with a 
number of wires selectively laced through or around them 
as a function of the desired bit pattern. The missing core 
memories are more nearly like standard core planes with 
cores omitted according to the desired bit pattern. Rope 
memory is used in the Apollo Guidance Computer (not 
shown in Table 1), and missing core memory is used in 
the IBM Pi (EP) for storage of microprograms. 

Register organization. The L304 and IBM 4 Pi (EP) 
series both employ the general register concept. The L304 
has eight registers for each of 64 interrupt levels. The 4 Pi 
(EP) has 16 registers. Many computers utilize an upper 
and lower accumulator, and provide three to seven active 
(flip-flop) index registers. 

Instruction repertoires. The GE 605, IBM 4 Pi (EP), 
CDC 5400, 5500, Litton L304, Raytheon R-11 and 
Univac 1830A systems all have large capable instruction 
repertoires. Not only are single precision, binary fixed' 
point arithmetic instructions provided, but character han­
dling, memory search and bit manipulation instructions as 
well. 

Software. Compatibility with ground-based processors 
(see below) immediately makes large software libraries 
~vailable. In addition, JOVIAL is to be available for the 
Litton L304 and Raytheon R-ll, FORTRAN for the R-ll 
and Univac 1830A, and PL/I for the 4 Pi (EP). All systems 
listed have an assembler (which runs on another comput­
er), a simulator (likewise) and libraries of math function 
subroutines and diagnostic or fault detection routines. 

- Operating systems are developed for particular applica-
tions on a custom basis only. . 

Compatibility. The Burroughs D840, GE A605, IBM 4 
Pi and Univac 1830 are all "instruction compatible" with 
ground-based computers. This concept can sometimes take 
advantage of the software developed for the ground-based 
system, particularly if the instructiOri repertoires are nearly 
duplicates of each other. In addition, it may be unneces­
sary to develop a separate simulator program for program 
debugging. 

what are they used for? 

In terms of applications, multipurpose use is becoming 
more common in aerospace computers. Previously, a single 
use was normal in all but a few cases. Greater reliability 
and capability have been the stimuli for the change in 
thinking here. Some multipurpose applications include 
E2A, ANEW, and AWACS. Today, more is being required of 
compu~ers which occupy the same or less physical space 
than their predecessors. The E2A aircraft is produced by 
Grumman and the on-board computer system supports 
navigation, display, tracking and I intercept functions. 
ANEW is the electronic system aboard the Lockheed P3C 
and assists in anti-submarine warfare. AWACS is a future 
Air Force System on a large jet such as the Douglas DC-8 
or Boeing 707 and supports both Tactical Air Command 
and Air Defense Command requirements. 

There are currently two divergent approaches to aero­
space computer d~sign. One is the "sparse," low com-
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ponent count approach which tends to avoid such features 
as index registers, large instruction sets and longer word 
lengths. These computers are notable for relatively low 
cost, good to excellent reliability, and small size and 

. weight. Very often these computers have been hand 
tailored for a particular single purpose application (space 
missions, for instance) and are generally more difficult to 
program. The other approach is the "general purpose" 
approach, which presents a longer word length, consider­
able modularity in memory sizes, index registers, indir~ct 
addressing and extensive instruction repertoires. These are 

Table 1 
REPRESENTATIVE U.S. AEROSPACE COMPUTERS 

Computer Size Weight 
Manufacturer System (cu ft) (Pounds) 
ARMA MICRO 0 .071 4 
AUTONETICS D26J .7 35 
CDC 5360 .6 26 
CDC 5400 1.1 60 
CDC 5500A .7 45 
GEN. ELECTRIC A224 .44 21 
GEN. ELECTRIC A605 .78 36 
GEN. PRECISION GPK·20 
GEN: PRECISION L·90·3 35 
HONEYWELL SIGN III • 45 22 • 
HONEYWELL ·ALERT .98 60.5 
HUGHES HCM 205 .2 13.3 
IBM 4 Pi (EP) 1.88 75 
IBM 4 Pi (CR2) .86 47 
IBM 4 Pi (TC) .37 17.3 
LITTON L304 .3 34 
LITTON LC·728 .55 32.9 
NORTRONICS 1051 .5 29 
RCA VIC·3M 3.0 120 

RAYTHEON R·ll 1.9 100 
RAYTHEON R·25 .75 38 
SPERRY MARK 14 .66 32 
SPERRY MARK 16 1.5 60 
TELEDYNE AAFSS .52 33.5 
UNIVAC 1824 .49 28 
UNIVAC 1830A 2.7 190 

standard, undifferentiated .structure to processors, control 
memories might be the means of providing application 
dependent structure to a computer. Our thinking in this 
regard parallels that of Ascher Opler2 who describes 
fourth generation general purpose computers with no 
order set and no data structure, until "firmware" is 
supplied for the microprogrammed memory. It may be 
desirable to have an electrically alterable control memory 
rather than permanent control memories such as ropes or 
capacitors. Perhaps, LSI will provide this function as 
well. 

General registers. An increasing trend to the use of 
general registers can be expected. This will come about 
for three reasons: cost, size/weight, and function. Special 

Manufacturer Instr. Data Instruction 
Power Est. MTBF Word Word (Words) X 

(Watts) (Hours) (Bits) (Bits) Min 
171 >20,0001 132 132 1920 X 13 

200 12 12 4096 X 12 
95 7545 24 24 4096 X 24 

140 2500 24 24 12288 X 24 
125 8000 13/26 13/26 2176 X 52 
108 10000 24 24 4096 X 24 
150 36 36 4096 X 24 

10 20 4096 X 10 
100 2000 14 14/28 8192 X 28 

90 14000 20 20 2048 
140 20000 24 24 4096 X 24 
100 4500 18·24 18·24 4096 X 18 
365 3000 16/32 ' 32 16384 X 32 
240 4000 16/32 16/32 8448 X 32 

60 6300 8/26/24 16/32 8192 X 8 
100 32 16 4096 X 16 
200 4250 16/12 38 4096 X 28 

94 24 24 2048 X 24· 
325 36 36 4096 X 36 

500 3500 24 24 8192 X 24 ----..--
390 24 24 4096 X 24 ( 
250 3500 21 21 6144 X 2J3\.... j 

250 21 21 8192 X 213 
250 2500 20 20 1024 X 20 
110 10000 16 24 3072 X 16 
567 4500 30 30 32768 X 30 

I KEY. 1. WITH 2048 WORD MEMORY BUT NO POWER SUPPLY 
2. EXPANDABLE ON ORDER 3. NDRO/DRO COMBINATIONS AVAILABLE 

often "off-the-shelf" machines, designed for multipurpose 
use and therefore don't necessarily represent the most 
hardware-economical design for a given application, if 
large numbers of the system are to be produced. 

,If only a few systems are required, off-the-shelf com­
puters will often show, a better cost tradeoff than custom 
computers because of design cost amortization. 

what's next in hardware? 

LSI. A strong trend toward large scale integration 
(LSI) is expected, but its widespread application appears 
to be several years away. LSI will have a profound price 
effect upon large quantity buys, thus encouraging stan­
dardization. 

An intermediate step to LSI is anticipated that will 
have a significant impact on design tradeoffs-the com­
plex integrated circuit. The complex circuit will have 
hundreds of gate functions per chip, rather than thou­
sands per chip as projected for LSI. Its header will 
provide 40 or 50 terminals, much like the old discrete 
component circuit module. The yield for this type of 
integrated circuit may be sufficiently high that discretion­
ary interconnection to avoid faulty circuits may not be 
required. 

Control memories. If LSI techniques can supply a 
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bus-oriented integrated circuits permit general registers to 
be implemented with relatively small increases in cost and 
size/weight. Use of general registers reduces the number 
of loads .and stores in a program, thus reducing memory 
requirements and providing faster program operation by 
register to register operations. The use of general registers 
for indexing functions eliminates specialized index manip­
ulation instructions. Multiple sets of general registers 
permit rapid context switching when interrupts occur, and 
thus can be expected to be offered as options. 

Word length. A polarization' around 16, 24 or 32 bits 
can be expected. Eight-bit codes for character representa­
tion are now becoming standard. Sixteen- and/or 32-bit 
instructions combined with multiple general registers 
appear highly bit efficient, and the size of memory will 
still be a concern. Twenty-four- and 32-bit data appears to 
have considerable utility for computations associated with 
airborne navigation'. 

Floating point arithmetic. There is an increasing de­
mand for the convenience of built-in floating point opera· 
tions to minimize the need for undue attention to scaling. 
Floating point is optionally available now on some aero· 
space computers, and is expected to become more popular 
in future machines. 

20ATAMATION, January 1967, "Fourth Generation Software." 
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Memory. Options permitting larger memories (32K-
256K words) will become more common. Ohe micro­
second cycle times and less will become customary. The 
availability of batch fabricated memories will provide bulk 
memories of high reliability, moderate weight and reason­
able cost available to support multipurpose use. Memory 
protect features will also be required for multipurpose 
use. 

what's next in software? 

A fairly safe prediction about software for aerospace 
computers over the ne?'t three years would be that there 
will be more of it. However, this is too easy and compels 

. mance-taken together suggest greater use of compilers 
by aerospace computer programmers. Benefits to be de­
rived are well known, but aierestated here: 

• faster program preparation, checkout, and docu-
mentation 

• ease of communication 
• reduction in computer time for checkout 
• simplification of program updating 

It is assumed that compilers will be written to operate on 
ground-based computers, since they have the 1/ 0 and bulk 
storage resources needed .. Even a compiler development 
cost of $100,000 to $300,000 could be justified, if the 
program to be developed were sufficiently extensive. This 
assumes an improvement of. approximately 50% in pro-

Memory Memory Data Memory 
(Words) 

Memory 
Cycle 

(l'seC$) 

Number Multiply 

=C' 

Cl 

(Bits) 
Max 

2 
8192 
8192 

8192 
262154 

16384 
16384 
16384 
3276B 
16384 

131072 
33792 
65536 

131072 . 
32768 

8192 
32768 

131072 
.65536 

16384 
16384 
12288 

131072 

Cycle 
(,. sees) 

2.0 

6'.0 
2.5.. 
2.5 
3.0 
3.0 
4.0 
2.4 
2.0 
1.0 
2.0 
2.5 
2.5 
2.5 
4.0 
2.2 
2.0 
3.0 

.950 
3.0 
8.0 
6.0 
5.0 
4.0 
2.0 

Min Max 
128 

4096 
256 

4096 X 24, 32768 

256 X 24 1024 

A-Active 
M-Memory 

2.0 

2.5 
7.5 

2.0 

8 
6 

us to ask more specific questions.· Three topics are 
specifically considered: compilers, executive programs 
and simulation. These subjects were chosen despite the 
knowledge that assembly language will still be the most 
used developinent tool over the next few years. 

Compilers. The use of compilers for program develop­
ment will become more frequent during the next three 
years. Historically, the use of compilers for airborne 
computers has been ·limited (see Table 1). This can be. 
explained in part by. the relatively low' performance of 
earlier aerospace computers, due to the use of rotating 
memories for program and data storage. Today, however, 
performance of aerospace computers is quite comparable 
with that of ground-based computers. Compiler imple­
mentation techniques have also improved: 10-20% penal­
ties in memory required and in execution time are typical 
today for compilers like FORmAN IV and JOVIAL, as 
compared with "hand-tailored" code written in machine 
language: Language designs which are suitable for real­
time/on-line usage are also appearing: FORTRAN (:with 
additions), JOVIAL, PL/I· and SPL (Space Programming 
Language). SPL has been recently specified by System 
Development Corporation.3 These three factors-lan­
guage suitability, language efficiency and computer perfdr-

3SSD-TR-67-11, Vol. III,· Recommendation for a Common Space Pro­
gramming Language, January, 1?67. ( 
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of 
Instr. 

41 
73 
70 
68 

142 
32 
32 
59 
64 
41 
70 
36 
54 
30 
61 
38 

70 
40 
13 
14 
29 
45 
62 

Index Add Time Time 
. Registers (I'sees) (I'secs) Compiler 

12. 168. 
0 8. 18. 

28M 12. 90. 
4A 2.5 25. 
7A 5. 25. 

6. 17. 
8. 34. 

0 20. 100. 
2A 3.3 41.1 
4M 4. 24. 
6M 2-4 12-14 FORTRAN 
3A 4. 22. 

16G.R. 5. 10.4 PL/I 
3A 5. 19.4 
0 18. 54. 
0 8/4 . 58.5/56.5 

8M/LEVEL 7.2 31.6 JOVIAL 
7M/LEVEL 8. 70. FORTRAN 

JOVIAL 
FORTRAN 

lA 1.9 5.6 JOVIAL 
1/2A 6.2. 20. 

18. 60. 
12. 34. 

3A 12. 40-60 
3M 8. 44-92 
7A 2. 18. . FORTRAN 

gram pr.oduction rate when using a compiler, as opposed 
to machine language programming. 

Executive programs. Standardized executive programs 
for today's aerospace computers appear to be unknown. 
Typically, these control programs are custom tailored to a 
particular application. However, we expect to see manu­
facturer-designed modular executive systems made avail­
able during the next three years. This will be attractive 
when the number of computer systems to be prod]J.ced is 
small and the application is "typical" in the sense of 
requiring foreground-background type of multiprogram­
ming. Functions provided will include: 

• input/output control 
• interrupt analysis . 
• fault response, including diagnosis 
• bulk memory control (where required) 
• allocation of time as a resource to be divided 
As hardware costs contiime to qecline, greater emphasis 

will be placed upon reduction of programming costs. This 
will be accomplished in two ways: building in previous. 
software functions as hardware features (.interrupt re­
sponse, floating point) and providing. standardized soft­
ware modules for user application. The executive control 
program seems to fall partly in the latter category. . 

'.Multiprocessing, which can be expected to gain in favor 
as presently remote functions are centralized, will still 
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demand customized executive programs to provide recon­
figuration capability in the event of subsystem failure. 

Simulation. Instruction simulation of aerospace com­
puters (by interpretive programs) on ground-based com­
puters for program checkout has been common in the 
past, for the following reasons: 

• unavailability of the actual computer 
• lack of I/O devices and of bulk storage 
Simulation typically involves a penalty of 15-30 instruc­

tionsper instruction simulated, with a resulting time 
penalty. This penalty can be eased or removed if aero­
space computers possess upward instruction compatibility 
with ground-based computers or if an emulation mode 
permits making the ground-based computer hardware 
«look like" the aerospace system being simulated. This 
appears to be another ripe field for "firmware." 

Another factor to be considered is the' availability of 
generalized I/O interfaces on the aerospace computers. 
There will probably always be a need for specialized I/O 
interfaces, but the advent of displays and bulk storage in 
some aerospace applications will make the standardized 

AEROSPACE 
SOFTWARE 

interface more probable. Therefore, it should be possible 
to configure an aerospace computer in a computing center 
environment to provide reasonable program checkout 
facilities. Performance validation of a real-time control 
system can also be achieved through operation of the 
control system in a simulated environment. 

conclusions 

The architecture of aerospace computers is maturing 
toward a close functional similarity to ground-based 
computers, with general registers, modular word lengths 
and larger memories already in evidence. Ease of initial 
programming and of making programming changes is 
becoming more important as aerospace computers assume 
multipurpose use. Many of the design features that 
facilitate programmability can now be afforded because of 
changing tradeoff factors due to integrated circuits. High­
er level programming languages have had low utilization 
in the past, but their use is expected to steadily increase. 

Aerospace computers are big bUSiness, and the com­
panies that will penetrate this market most effectively are 
likely to mix expertise in design for the aerospace environ­
ment with hardheaded commercial ground-based practice 
-in nearly equal proportions. • 

for now and later 

by VILAS D. HENDERSON and R. DEAN HARTWICK 

D 
We have often heard that the development of 
software for controlling an aerospace vehicle 'is 
not inherently different from the development 
of other kinds of software. True-if operational 

requirements are ignored. But it is precisely the operation­
al requirements placed upon a system that distinguish it 
from all others. A stringent accuracy/performance re­
quirement is what makes . the software for aerospace 
missions unique: when a multimillion dollar system and 
human lives are at stake, there' is no room for errors of any 
consequence, no secqnd chance. Some organization, some 
person, must sign on the dotted line to certify that the 
controlling Right computer program is ready for its 
operational mission. 

Through - its program, the Right. computer performs 
navigation, guidance, and control functions, communicat­
ing in real-time with external devices to obtain data and 
to issue commands. Many other functions are normally 
performed-telemetry data processing, sensor calibration 
and alignment, digital control, processing of experimental 
data, and so forth-but the central computer function as 
part of a closed-loop system is to participate in sensin-g, 
directing, and controlling the state of the aerospace 
vehicle throughout the mission. The complexity of the 
functions to be performed within the demanding accu-
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racy/performance requirement causes a great impact upon 
the process for developing Right computer software and 
the environment in which it is developed-the responsibil-
ity is tremendous. ' 

Mr. Henderson is manager of 
the computation and software 
dept., Logicon, Inc., San Pedro, 
Calif. He has directed projects 
such as simulation system de':' 
velopment; software analyti­
cal, design and development 
support to the Air Force and 
Aerospace Corp. on the Titan 
III program; and software proj­
ect support .lor the Airborne 
Tactical Data System. Previous­
ly with Space Technology Lab­
oratories, he has an MS in 
mathematics from the Univ. of 
Wisconsin. 
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It is difficult to convey the total interaction that takes 
place during a major Hight computer software develop­
ment cycle. Ideally, the process can be viewed as a 
sequence of functional activities as shown in Fig. 1, which 
is a greatly simplified representation. Starting from a set of 
mission requirements, a mission specification that princi­
pally details the mission/vehicle data descriptions. is 
developed during the mission planning activity. This then 
becomes the input to the analysis and equation formula­
tion activity, which produces and justifies the equations 
and main logic content to be used for gujdance, naviga­
tion, Hight sequencing, and so forth. The output of this 
activity becomes the input for the programming activity, 
which is usually a two-step mechanization process, partic­
ularly if different contractors are involved in it: first, 
transforming the model specification into a program de­
sign specification; and second, developing and checking 
out the program for the Hight computer. Finally, the 

Fig. 

MISSION 

REQUIREMENTS 

validation activity is undertaken to assure readiness of the 
Hight computer program for the intended mission. 

sequential flow 

'A sequential How has been suggested, and ideally, this 
is the way the process should work. In practice, however, 
there is considerable parallelism, feedback, and recycling 
among the activities. Frequently a real bottleneck devel­
ops between the mission planning and analysis and 

. equation formulation activities for the simple reason that 
performance and analytical data generated during the 
latter activity are required before the former can. be 
completed. . 

Another reason for the failure of the functional How to 
be straightforward is that various responsibilities are 
customarily split among several contractors, generally 
along hardware lines but spreading across all of the 
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functional activities in the software development process. 
Sandwiched in between the other hardware contractors is 
the one that builds the Hight computer and is frequently 
responsible for all program coding and checkout. This 
division of responsibility causes great interfacing and 
communication problems and is certainly one of the 
outstanding characteristics of the environment within 
which aerospace software is developed. 

Another factor' that has been found to be inHuential in 
the development cycle is the Hight computer itself. Until 
now, Hight computers have been designed or selected with 
little concern for programming problems. The emphasis 
has been on low weight, low unit cost, and high reliabil. 
ity, notwithstanding the fact that high hardware reliability 
is very expensive. The computer hardware cOst limitations 
have invariably unfavorably affected the software devel­
opment process. Existing Hight computers have been 
difficult to program; there have been few coding and 
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debugging aids; and thus far, fixed-point arithmetic has 
been used exclusively-a good example of the adverse 
effects of a hardware cost savings on the software 
development process. Despite large advances in hardware, 
we cannot expect widespread use of general-purpose 
aerospace computers for some time. There will continue to 
be significant advances toward making the Hight comput­
ers compatible with general-purpose ground-based com­
puter systems, but this is an over-stated advantage in view 
of the inherent limitation in the compatibility that can be 
achieved in the all-important input/output areas. While 
size and weight problems will become less significant, cost 
will always be important, as will the availability of proven 
hardware; paradoxically, an aerospace mission is not the 
occasion for rapid innovation. 

Flight computer software developments will certainly 
continue to suffer from schedule pressures. In spite of 
painstaking planning, the entire software effort is often 
disrupted by additional requirements to perform new 
functions that were to have been handled by some portion 
of the hardware. Among the variety of reasons, two stand 
out: There may be no other way out of a development 
dilemma without extensive additional system costs or 
schedule slippage; or project personnel may obtain more 
understanding of the Hight computer's capability and 
choose to exploit it further. This all contributes to the 
truth of one maxim about aerospace computers: software 
requirements will tax them before they are ever Hown, 
leading to speed and memory size conHicts very early in 
the development cycle. We do not expect this situation to 
change in the foreseeable future. 

This, then, has been a broad description of the nature 
of the Hight computer software development cycle and its 
uniquely complicated environment. The imposition of the 
very stringent accuracy/performance requirement upon 
the end-item programs only serves td make this environ­
ment even more demanding. 

We have said that the one distinguishing operational 
requirement placed upon the software for a computer-
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controlled aerospace vehicle is that confidence in it ~ust 
be achieved before the start of the mission. This dominant 
accuracy /performance requirement affects not only 
the development and checkout of the flight computer 
code, but all software aspects that influence the comput­
er's jurisdiction over the vehicle: equation formulation, 
parameter specification, program design, and so forth. The 
necessary confidence is obtained via a technical activity 
that has become known as validation. 

While validation is the final development activity, it is 
actually directed at confirming the accuracy and perfor­
mance 'of all the products of the software development 
process. The correctness of the object code relative to the 
program design specification comprises but part of the 
necessary confidence that 'the software is correct. Also to 
be validated is the performance of th~ flight equations 
themselves,' and all mission and vehicle targeting data. 
This ~eans that all assumptions made during the develop­
ment cycle must be placed within the purview of all 
validation participants. In short, the validation process is a 
software systems engineering activity that 'climaxes the 
overall development effort. 

Who performs the validation activity and how do they 
go about it? Typically, validation is the responsibility of 
one or more organizations that have not participated in 
mission planning, analysis and equation formulation, or 
programming, although they should have been technically 
cognizant of these activities. Now no one will soberly 
certify with absolute certainty that a complex computer 
program will operate correctly under all conceivable 
conditions. However, it is reasonable to check out the 
software to a point that there is a very high probability 
that no errors of cons'equence exist in it for the expected 
range of operating conditions. So it is in the validation of 
aerospace flight computer software: the final software is 
put through an exhaustive checkout and performance 
analysis to achieve confidence that it operates correctly 
within this range; mathematically, that the probability of 
consequential errors is near zero. 

The checkout process now used is beyond the experi­
ence of many computing professionals, particularly those 
outside of the aerospace industry. The procedures used 
are staggering in their intensive analysis and devotion to 
thoroughness. 'Ascertaining the adequacy of the flight 
computer software necessarily involves studying the be­
havior of the entire aerospa'ce system under its control. 
Simulation on a support computer is the only practical 
method of studying this behavior, and it will continue to 
be a principal validation technique. Simulation is costly, 
however: a 6-houraerospace mission may well require 30 
hours of computer time for a single comprehensive' simula­
tion. Longer missions and greater complexity of the total 
aerospace system are rapidly making it prohibitively 
expensive to use simulation as the sole validation tool. 

At first glance; some of the simulation a~d other 
validation techniques now current may seem to be slavish 
attempts to verify' the correctness of a given program by 
brute force-possibly because validation of code' for the 
relatively primitive aerospace computers now in use can 
be done only' at the very basic branch and equation level. 
Nevertheless, a great deal of imaginative effort is required 
to assure that the programs are properly qmilifieq. To this 
end, . a wide range of validation aids such as independent 
mathematical checks and balances and highly sophisti­
cated simulation tools are employed. 
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Validation technology offers a source of great potential 
benefits to the software industry at large. It is currently 
the only means of obtaining confidence' that a computer 
program is ready for operational use before the fact, and 
we feel sure that the additional costs incurred in applying 
it would be ~ore than offset by increased customer 
satisfaction. In this area also lies the source of greatest 
difficulty for aerospace computer systems of tomorrow; for 
much work must be done toward developing an improved 
validation technology capable. of coping with the in­
creased computational requirements of forthcoming aero­
space systems. 

future needs and trends 
What is the future of aerospace software? The hardware 

to come will have much greater capacity, speed, and 
sophistication; the rotating memory computer will soon be 
a thing of the past. Keeping pace with hardware advances 
-forcing them, in fact~will be the far more complex 
requirements of the operational environments to come. 
Man in the loop is already a fact and will' become 
increasingly important .. Onboard programming is another 
future requirement expected to lead to more complex 
software. The more sophisticated hardware, coupled with 
the more sophisticated' missions and the ever-present 
accurac:!y /performance requirement, will impose ever-in­
creasing burdens upon the aerospace software develop­
ment process. For one thing, the time now allotted to the 
development cycle is already close to insufficient. With the 
more complex requirements, an immediate problem will be 
how to develop the software in the same time period as in 
the present. For another, the ability must be developed tQ 
validate the more complex programs within reasonable 
cost and time factors; while the need for validation will 
!lot change, the difficulty of doing so will increase 
enormously. 

Obviously a major improvement in the development 
process will come from the creation of on-line develop­
ment tools made possible by the multi-processing capabil­
ities of third-generation general-purpose computers; in this 
respect, aerosPflce software is certainly not unique. One of 
the principal' problems facing the developer of aerospace 
flight co~puter programs is the need to complete them in 
a very short time. As a consequence; he often asks for 
voluminous (and thus hard-to-comprehend) amounts of 
computer output to assure hImself that he is not forced to 
wait for more information from the, typically overloaded 
batch-processing computer center. With on-line develop­
ment tools he will be able to request l~ss output, which is 
more, e~sily diagnosed, and quickly regain access to the 
processor when he requires different information. 

To accommodate the increasing computational burdens 
of the future, the aerospace software industry is devoting 
a great ~eal of attention to the development of common 
higher level programming languages for their applica­
tions. For the newer flight computers and those of the 
future, an effective higher level language could significant­
ly reduce the. amount of effort -required in program 
development. The time required to modify existing pro-
grams could also be greatly reduced. , 

The chief requirement of a higher level'language is that 
it be optimized to satisfy the very' specific' needs of the 
limiting, critical use: -that of developing code in an 
efficient manner for aerospace flight computers. Such a 
language must above all be practical; the ability to 
implement it optimally will be far more important than its 
comprehensiveness. While it is theoretically gesirable that 
the language be extended to all aerospace software efforts 
(mission design, support software, and so forth), the need 
to do so is subordinate. If the language implementation on 
flight computers is not completely satisfactorY,it is very 
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unlikely that such auxiliary roles will be considered at all. 
Another requirement for a higher level aerospace pro­
gramming language is that it be tailored to existing flight' 
computers while accommodating the expected transition 
to more sophisticated machines. It is likely, for example, 
that future computers will perform floating-point arith­
metic. However, since most computers planned for use in 
the next few years are fixed-point machines, the language 
and its implementation should contain new and sophisti­
cated means to generate efficient coding in the fixed-point 
arithmetic mode. Interpretive floating-point packages usu­
ally result in coding that is unable to meet the stringent 
timing constraints of flight computer software;' requiring 
the programmer to specify the complete details of scaling 
and shifting would eliminate much of the advantage in 
using a high-level source language. For the most part, the 
language requirements for the more sophisticated flight 
computers of the future will very likely be compatible 
with and even a subset of the languages used for today's 
general-purpose computers. 

We feel, therefore, that the principal effort of develop­
ing and mech~nizing higher level languages should be 
directed toward achieving a minimal language that can be 
used to write flight computer programs of the present. 
Once proven successful in this application, its compatibil­
ity with other aerospace programming applications can be 
considered. This is not to suggest that a super-language 
usable for all· aerospace applications does not have a 
place. To the contrary, development of a problem-oriented 
source language has been suggested; such a language 
could greatly reduce both the communication problems 
between the many people working on a project and the 
turnaround times for follow-on· missions within a project. 
This language should be complementary with the new 
higher level aerospace programming language and any 
other procedure-oriented languages, such as FORTRAN, 

now in use. Statements from the problem-oriented langu­
age could then be compiled· into a specific procedure­
oriented language for a particular computer, depending on 
what application is being used. For example, such state­
ments could serve as input both to develop a FORTRAN 

program to perform mission analysis ona general-purpose 
computer, and to develop a guidance and control program 
that operates on a flight computer. 

Although not a prerequisite, the acceptance of a 
standard higher order language would greatly enhance the 
utility of another new concept for relieving the increasing 
aerospace software burden: an aerospace software library 
to be shared throughout the industry. This idea centers on 
the development of program modules for use on a variety 
of missions with minimum changes. For example, if a 
particular explicit steering block were coded modularly; it 
might be possible to use it for dissimilar missions. 
Developers of flight computer programs could contribute 
to a library of available modules just as user groups for 
general-purpose computers now do. This type of library 
might prove to be even more useful for aerospace users 

for-bit simulation of the flight computers. Once the 
individual program modules had been developed and 
validated, more sophisticated simulation techniques reach­
ing only to the interfaces would substantially reduce the 
complexity of the checkout for a given mission. Such 
techniques would also reduce the development burden 
when only minor changes were to be made in a' program 
used on a previous mission. 

Our discussion of the increasing development and 
validation problem and possible ways of alleviating it has ' 
thus far ignored the fact that validation is an after-the-fact 
approach to satisfying the accuracy/performance require­
ment. It fails to extend to the far more basic problem of 
how to achieve quality in the flight computer programs, 
and does not provi,de a means of evaluating this software 
early in the development process when empirical knowl­
edge of its quality would be most useful. The approach 
commonly taken by quality control functions in overseeing 
the development of software is the same as that taken in 
the development of hardware. This approach is hampered, 
hO"Ye~er, by a lack of quantitative tools; traditional 
notions of statistics and of reliability terms are meaning­
less because errors in program design or coding are not 
analogous to hardware failures. If software is correct at 
one point in time, it cannot be wrong at a subsequent 
point for the same set of operating conditions. What is 
needed, then, is a set of quantitative tools for evaluating 
the flight computer software at any point in its develop­
ment. They should be capable of identifying troublespots 
precisely so as to be useful in specifying re-work to be 
performed. A model which would generate a single 
number summarizing the program-the quality quotient, 

,perhaps-would be of little use even in accepting or 
rejecting the software totally. The real need is for the 
intermediate numbers from which the final quotient could 
be derived. Sttldies to develop such quantitative quality 
measures are now being conducted. The resultant quality 
evaluation criteria should prove beneficial to the entire 
software community, for there is every reason to expect 
that the majority of these criteria will be directly transfer-
rable to many other areas of software development. , 

In summary, the present flight computer software 
development process is characterized by thoroughgoing 
development and validation techniques made necessary by 
the demanding accuracy/performance requirement. These 
techniques are faced with ,obsolescence owing to flight 
computer hardware advances and the increasing demands 
imposed by more complex missions. Thus the challenge to 
the aerospace industry is to find ,new and better ways of 
developing software that . satisfies these increased de­
mands, yet retains today's high level of confidence that it 
will operate successfully when first used. • 

because aerospace problems are so similar, especially in the j ~' 
navigation and guidance areas. It would certainly im- -;:. . , ~ 
pose an additional validation burden, however, since each ~ J . 
that It operated correctly III the context of the program It _ _ _--
mod~le entere. d into it W.O~ld have. to be validated to assur.e . ~,. ... !,DQ5 _ L---!-.=-~....L_ 
was developed for and also when combined with any, other _r~ '::.- c=' ==J._-
programs. .' '~'. 0, 

As we have said, the difficulties of developing software, -;:~"\~"'1. ~.:: 
for the more complex missions of the future will be much =t..1;J-r::...lj "r'~ 
greater. Almost certainly, simulation will still be the Cr' ~ 
backbone of any development effort, but there will :~ 
probably be less. of today's very accurate and very , ' ' ';, ©DATAMATION I 
expensive closed-loop simulations requiring exhaustive /II n,ever did ~~derstand what Fail-Safe meant./I 
checks down to the level of the vehicle dynamics and bit-
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D." In the pre-satellite era of the 1950's, experi­
ments flown on sounding rockets and balloons 
produced from a few minutes to a few hours of 
data-analyzed during the next several years 

by the experimenters and, at universities, by their groups 
of graduate students. Even the first artificial earth satel-. 
lites greatly expanded the data base by providing data for' 
months of operating lifetime. Since then, the data rate has 
increased rapidly from a few bits per second to 64,000 
bits per second in the case of the Orbiting Geophysical 
Observatory (OGo) series, and from operating lifetimes of 
a few weeks to several years. 

Fig. 1 illustrates the manner in which the data volume 
has grown from 1961 to the present time for space 
sciences satellites." Only the figures for the Explorer, 

Fig. 1. Growth in space sciences data volume, in millions of 
data points per day. 

250r-----------~------------------~--_M~ 

200 

150 

100 

50 

10 

r AVG. NO. OF ANALOG TAPES PER DAY 

L-AVG. NO. OF MEGA;OINTS PER OAY 

(140) 

(80) 

NO. OF ~-=o~ 

SATE L LITE S L-.L""'"""""~---L-.,...."....,,.,,....L....L...,~,,....L-...L.,_,...,....,,_L_.L...:_::,.,,...,,.....I.-J....,...,,..,...,,.._'L.......I....,..,,...,~-' 
1966 1967 

Interplanetary Monitoring Platforms (IMP), Orbiting Solar 
Observatory (OSO), OGO, Orbiting Astronomical Observa­
tory (OAO), Application Technology Satellites (ATS) and 
Biological Satellites (BIOS) series are included. Excluded 
are the international satellites (for which data processing 
services are normally provided by the experimenters' 
countries), NIMBUS satellites (which actually do, in fact 
contain a number of scientific experiments), T,ROS, Envi­
ronmental Sciences Service Administration (ESSA) , De­
partment of Defense (DOD), and the University Satellite 
series. These manned, lunar, planetary, meteorological, 
and communications spacecraft, not discussed here, have 

(This article has been prepared from information presented by the author 
at the IBM Scientific Computing Symposium on Environmental Sciences 
held in Yorktown Heights, N.Y., Nov. 14-16, 1966 and at the NASA/EIA 
Briefing held in Cambridge, Mass., May 3-4, 1967. Proceedings of the 
IBM Symposium are' available from IBM.) 
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larger requirements for real-time and near-real-time pro­
cessing-both for operational purposes and because of the 
more volatile nature of their data. Data processing is done 
within the large scale Goddard Space Flight Center 
( GSFC) Central Processing Facility for all the projects 
discussed here. 

the information system 
For the purposes of this paper, the "information system" 

refers to those portions of the electronic system that 
collect outputs from the experiment sensors on the space­
craft, process these data on the spacecraft, transfer them 
to the ground receiving stations, and prepare the informa­
tion for the experimenters so that they may reach conclu­
sions about the phenomena being measured. 

A generalized information system for space experiments 
is illustrated in Fig. 2. The sensors on the spacecraft are 
furnished by the individual experimenters and convert 
physical quantities, such as temperature, charged particle 
energy, and magnetic field intensity into electrical quanti- C' 
ties. Signal conditioning circuits aboard the spacecraft- ,/'. 
such as amplifiers, feedback networks, and' charge integra­
tors-are frequently associated directly with the sensors to 
simplify processing and telemetering of the electrical 
quantities. These are often followed by additional process-
ing circuits to count pulses, measure the amplitudes of 
pulses and of more slowly varying analog quantities, and 
to measure time intervals to further simplify telemetering. 

This processing is indicated in Fig. 2 by the elongated 
box on the left. The box is subdivided by dashed lines 
indicating that soine 9f this additional processing may be 
done within individual experiment assemblies, while some 
of it may be done within a' central data processing 
subsystem. Additional processing of two basic types may 
also be done on the spacecraft within this same block. The 
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first includes processing to reduce the amount of raw data 
without reducing the information content-eliminating 
redundant information and meaningless zero readings­
and to take care of the reformatting operations which 
involve simply the rearrangement of data. The second 
type of additional on-board processing is that which 
reduces the information content of the raw· data, and 
which includes such processes as curve fitting, statistical 
analysis, spectral analysis, and mathematical manipula­
tion. 

The central collection and storage block in Fig. 2 
includes provision for gathering the data from all of the 
individual sources-frequently by means of a time division 
multiplexer and the equipment for bulk data storage­
either for time scale compression or expansion, or to 
permit reception of data for extended periods by the use 
of a few localized receiving stations. This is followed by 
the telemetry link, which includes the transmitter, receiv-

. er, antennas, space path, and encoding and decoding 
where employed. 

For the spacecraft which contain. command systems 
permitting modification of the operation of the experi­
ments or spacecraft, the data are relayed in real-time 

. or near-real-time to control centers at the GSFC and are 
displayed for operati,onal analysis. Decisions are made 
which result in the initiation of commands to the space­
craft through the command link to modify the spacecraft 
configuration. 

After the data have reached the ground, a number of 
additional operations are performed before they can be 
used by the experimenters in their analyses. A number of 
these functions are performed within the Central Process­
ing Facility ( CPF) for the satellites under discussion, 
including the establishment of data synchronization, noise 
removal, time decoding, and quality determination. These 
steps result in the shipment to the experimenters, and 
other users, of data tapes· which contain the best estima­
tions of the original data from each experiment output, 
along with the necessary status, performance, time, qual­
ity, command and validity information. It is also common 

Fig. 2. A generalized space information system. 
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practice to supply orbit and spacecraft attitude informa~ 
tion necessary for the experimenter's analyses. 

These operations are followed by a number of addition­
al processing steps in which the data are edited, sorted, 
stored, and used in mathematical analyses and other 
manipulations to provide results in a form which can be 
readily interpreted. This function, too, is shown as one 
large block with dashed subdivisions, again indicating that 
portions of this function are performed by the individual 
experimenters and other portions are performed within the 
Central Processing Facility. . 

The final step is analysis of the information by the 
experimenters to ascertain some characteristics of the 
phenomena being investigated and the presentation and 
publication of these results. 
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representative systems 
An example of an extremely simple space information 

system is shown in Fig. 3. This is the Explorer I system, 
which was successfully launched on Jan. 31, 1958, and 
led to discovery of the Van Allen radiation belts surround­
ing the earth. Pulses from a single Geiger-Muller (GM) 
counter were accumulated in a five-stage binary register 
capable of storing 32 counts. The state of the output stage 
was continuously transmitted. In addition, a number of 
temperatures and the continuities of a number of micro­
meteroid detection grids were also telemetered. Each 
signal source controlled a subcarrier oscillator so that the 
oscillator frequencies were proportional to the voltages 
from the sources. These oscillator signals were frequency 
multiplexed by the addition of the outputs from the 
oscillators. The resulting composite signal modulated the 
transmitters directly, and the output of the receiver on the 
ground was, in turn, demultiplexed by passing the signals 
through a number of bandpass filters and frequency 
discriminators. At the output of the frequency discrimina­
tors on the ground, the signals (identical in form to the 
signals that modulated the sub carrier oscillators in the 
spacecraft but with noise added) produced strip chart 
recordings. These recordings were manually reduced by a 
number of data readers to provide tabulations of the GM 
counter pulse rates, temperatures, and the rates of break-

Fig. 3. The Explorer I information system. 

age of the micrometeoroid grids. This very simple system 
employed very little on-board data processing and very 
little machine processing on the ground, and was used in 
the first satellites to give a high probability of success at a 
time when instrumentation on satellites was still an 
undeveloped science, and when large volume data pro­
cessing techniques on the ground were relatively unknown 
for this application. 

Since that time, technology has advanced until quite 
complex electronics systems are now placed on s~acecraft 
and operated reliably for a year or more. We now perform 
many more experiments that are individually much more 
complex than those on the early Explorers since, as we 
investigate various phenomena in more and more detail in 
order to study their detailed characteristics, we must make. 
more and more discriminating measurements, which in­
volve a higher order of data processing. To illustrate, on 
Explorer I only the omnidirectional intensity of all parti­
cles above a threshold energy determined by the thickness 
of the GM counter wall was measured. Now, in the 
continued ,investigation of cosmic rays and energetic 
trapped radiation, the directional characteristics, the types 
of particles, the intensity as a function of particle energy 
and type, and the temporal variations of these parameters 
must all be determined. Therefore, where one could once 
simply count the number of pulses, one must now perform 
a multiparametric pulse height analysis of the outputs of 
rather complex detectors. These additional requirements 
impose a requirement of increased capability for the entire 
information system. 

The information system for a recent large spacecraft is 
illustrated in Fig. 4. It is for the Orbiting Geophysical 
Observatory, a spacecraft in the 500-kg category, which 
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was designed for a variety of orbits ranging from low, near­
circular, polar orbits to very highly eccentric orbits. 

Instrumentation for OGO experiments ranges from ex­
tremely simple generators of analog signals corresponding 
to, for example, currents in ion collectors, to extremely 
complex digital data processing subsystems involving 
digitization and manipulation of pulse heights from a 
number of detectors. Each of the two digital data 
handling subsystems on the spacecraft consists of a main 
time-division multiplexer with 128 data inputs, three 
slower sub-multiplexers, and a Hexible format multiplexer 

~ that can be set at anyone of 32 different input data 
formats by ground command. The last multiplexer is 
intended for use with extremely high information band­
width· experiments for relatively short periods. Two large­
capacity tape recorders are included on the spacpcraft. 
They "can record at 1000 hits/sec for 24 hours or 4000_ 
bits/ sec for 8 hours, - depending on the mission. In 
addition, digital information can be telemetered directly 
without the tape recorder at bit rates up to 64,000 
bits/sec. 

Data processing, in the Central Processing Facility on 
the ground involves four major steps. The recordings 
-containing the raw outputs of the receiver detectors are 
first passed through a set of equipment which estimates 
the values of original data bits, establishes bit, word and 
frame synchronization, and decodes the times recorded on 
the tapes at the ground receiving stations. The equipment 
produces a computer buffer tape. The second major step 
involves editing this computer tape to ascertain that there 
were no errors in its production and to, determine data 

Fig. 4. The information system for the Orbiting Geophysical -
Obse!"!~tory. 
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quality. The third step involves establishment of the 
relationship between data as recorded on the spacecraft 
and Universal Time ( U. T. ) . The fourth step is the 
decommutation (sorting) of buffer tape data and the 
generation of individual experimenter's data tapes and 
status and performance data tapes 'used for subsystem 
analysis. These data tapes, along with orbit/attitude 
tapes, are forwarded to the experimenters for additional 
proccssing. 

an experimenter's timetable 
Each experimenter invests a considerable effort in 

conducting a specific space experiment. The timetable 
shown in Fig. 5 is representative of the Explorer, IMP, and 
Observatory missions. It indicates that a, specific experi­
ment may require from seven to nine years for its 
completion, including the time from the beginning of the 
actual building of the experiment hardware to completion 
of work on the data. 

It must be kept in mind that the experimenters are 
frequently not able to predict the detailed characteristics 
of their expected data accurately enough to permit them 
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to write the final processing programs before launch. 
Thus, although experimenters can sometimes present pre­
liminary results a few months after launch by the use of 
interim processsing systems, it is common for them to 
require from six months to a year after launch for the 
preparation of the final processing programs. Their de­
tailed reduction and analysis then occurs over a period of 
from two to five years. 

A very strong effort is being made at the Goddard 
Space Flight Center to reduce the processing backlog in 
the Central Processing Facility and to maintain the 
processing on a current status. It is believed that progress 

Fig. 5. A space sciences experimenter's timetable. 

EXPERIMENT SELECTION 
- ! 

, --BUILD INSTRUMENTS-

INTEGRATE AND TEST 

COMPLETE PRELIMINARY 
PROCESSING PROGRAMS 

PRESENT PRELIMINARY RESULTS 

COMPLETE FINAL PROGRAMS 

PRESENT FINAL RESULTS 

YEARS 

-3 -2 -1 0 1 2 3 4 5 

LIJUNCH 
in shortening the experimenter's time scale can be made 
by additional work on on-board processing equipment and 
techniques and by the development of improved program­
ming and display techniques for experimenter's ground 
data reduction. The remainder of this paper will discuss 
these three activities in more detail. 

on-board processing 
In the earlier programs data processing on the space­

craft was kept relatively simple to obtain high equipment 
reliability and high confidence in our ability to interpret 
the results after Hight. However, some steps have already 
been made in the direction of increasing the amount of 
data processing on the spacecraft. A very simple example 
is the inclusion of Hoating point counters on several 
spacecraft which count pulses in a rion-liriear manner to 

, provide a very large dynamic range and a fixed accuracy 
with a minimum amount of circuitry. 

Processing in many current experiments is considerably 
more complex, involving, for example, the accurate digi­
tization of a number of photo-multiplier and solid state 
detector pulse heights from cosmic rays when a given 
logic condition is met. Specialized computers for the 
computation of an autocorrelation function and for per­
forming statistical analyses are being built for some of the 
IMP-F experiments. 

There are a number of arguments at this time for 
developing more extensive on-board processing techn­
iques. One is that the volume of data being returned from 
the satellites is becoming extremely large, and the task of 
processing the data on the ground both in the central 
facility and by the individual experimenters is expensive 
and time consuming. On-board processing may check the 
present high rate of growth of d.ata volume by reducing 
the volume of unused data. Another strong argument is 
that the on-board computers may make it possible to 
obtain information that might not otherwise be recover-
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able because of telemetry link bandwidth limitations. 
A system designed for significant on-board data proces­

sing should be able to handle any degree of processing 
from essentially zero to a larger amount by reprogramming 
from the ground after launch. Thus, the spacecraft can be 
launched ~ith a very simple data processing program and 
then, as the characteris'tics of the phenomena and the 
behavior of the instruments are ascertained in orbit, 
additional degrees of data processing can be added. It 
should also be designed so that it can, at any time, be 
reprogrammed for very simple processing to verify the 
proper operation of the experiments and data handling 
equipment. This is necessary to provide a 'high level of 
confidence. 

On-board computers with stored but replaceable pro­
grams are now being developed. Some of these computers 
may also have the ability to control the calibration of 

. experiments, the computation of spacecraft attitude rela­
tive to the sun or magnetic field (with resulting control of 
experiment sampling times and programs), and may 
interface with the spacecraft attitude control, power and 
thermal control subsystems. 

The computer project under way within the Informa­
tion Processing Division at the GSFC is illustrative. This on­
board computer, illustrated in Fig. 6, employs a data bus 
with a variable number of memory modules (1 to 8) and 

Fig. 6. The organization of the on-board computer being 
developed by the Information Processing Division, GSFC. 
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central processing units ( cPu's) (1 to 3) to provide a 
multimission capability. The input/output (I/O) provi­
sions are also modular to adapt the basic computer to a 
large variety of experiments and spacecraft. The memory 
modules are woven, plated wire, random ac~essed, and 
true non-destructive readout. Each module will provide 
8,192 18-bit words of storage with a 2 microsecond cycle 
time. 

The cpu employs a full parallel adder and parallel 
transfer at register and I/O interfaces. It uses' automatic 
scaling for bInary point bookkeeping and hardware multi­
ply/divide. Add and multiply times will be about 7 and 
45 microseconds, respectively, including operand fetch. 
An alternate cpu employing serial arithmetic is also 
planned for' those missions which do not require the speed 
of the parallel system. The I/O equipment will be 
customized for each mission but will have an over-all 
capability exceeding the requirements of any single appli­
catiop.. It has a cycle steal capability for rapid direct 
exchange of data with th~ memory, priority interrupt for 
entry of data by external control, and external request 
scanning for entry of data by programmed control. The 
computer cali be used as a multi-processor, and digital 
tape decks may be added when they become available. 
The single memory module, single parallel cpu, average 
I/O version of this computer is expected to weigh 
approximately 12 pounds and have a volume of about 
0.25 cubic foot. It will consume from 3 watts (idling) to 
13 watts ·(400,000 word per second memory exchange 
rate) imd will be ready in the 1969-1970 era. 
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The use of general purpose on-board computers will 
have an important effect on the data processing performed 
on the ground. The early spacecraft, which had no 
command capability, depended on the ground network 
and the Central Processing Facility to gather the data as 
transmitted for later analysis by the experimenters. There 
was very little requirerpent for real-time and near-real­
time processing since there was no possibility of modifying 
the operation of the spacecraft or experiments. As the 
spacecraft systems have become more complex and exten­
sive command capabilities have been added, it is now 
necessary to perform a large amount of processing within 
the various Mission Control Centers ( MCC'S) in order to 
ascertain the performance of the spacecraft and to control 
its operation. When general purpose on-board computers 
are used, even greater reliance on real-time and near-real­
time processing will be necessary for on-board processing 
to be more effective. Thus, we can expect a shift toward 
more real-time and near-real-time processing in the Mis­
sion Control Centers and Central Processing Facility. 

It is possible that, for spacecraft employing the general 
purpose on-board computers, most data processing will be 
done immediately by the use of data transmission links 
from the data acquisition stations to the Goddard Space 
Flight Center and by the use of additional data trans­
mission links directly to the experimenters' laboratories. 
One of the eventual functions of the Data Reduction 
Laboratory, which i~ described in a later section of this 
paper, will be to ascertain the desirability and practicabil-
ity of this. . 

data processing in the central facility 
After the satellite telemetry dat~ are recorded on tape 

at the 12 data acquisiton stations, these tapes are for­
warded to Goddard for· processing. The initial processing 
is done in the Central Processing Facility. The output of 
this facility is a set of tapes for each experimenter, plus 
the necessary auxiliary information and the spacecraft 
orbit and attitude. The functions performed by this 
Central Processing Facility are illustrated in Fig. 7. On~ 
tape from each shipment from each data acquisition 

Fig. 7. The functions performed within the GSFC Central 
Processing Facility. 
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station is evaluated soon after receipt to determine \Yheth­
er the equipment at the data acquisition station was 
operating properly. After evaluation, the tapes are 
mounted on one of the Satellite Telemetry Automatic 
Reduction Systems (STARS) for initial processing. Signals 
are conditioned and bit, word and frame synchronization 
are established. In the signal conditioning operation, a 
best guess is made as to the original content of the signal 
on a bit-by-bit or· tone-burst-by-tone-burst basis. This 
operation usmilly includes the integration of the signal for 
the duration of the bit or tone-burst period before a 
decision is made. At the same time that these operations 
are occurring, the times recorded on the tapes at the data 
acquisition stations are decoded and continuously com­
pared with a locally running clock. Both the reconstructed 
telemetry data and the times are buffered in a core 
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memory and then recorded on a computer compatible 
buffer tape. 

In the latest model of the processing lines, referred to as 
STARS Phase II, a CDC 3200 computer is included to 
perform two major functions. The set-up of the processing 
line is under computer control. Initial computer pre­
editing is performed during this first pass to determine the 
quality of the data as early as possible. In addition, a 
simulator is included for system checkout. 

After the first processing operation on the STARS 
lines, all additional processing is performed on general 
purpose computers, also indicated, in Fig. 7. ~urther 
editing of the buffer tapes checks the internal conSIstency 
and the quality of the data. The times, either telemetered 
with the data from the spacecraft clock, or recorded with 
the data from a ground clock, or both, are converted to 
Universal Time (U. T.). Corrections are made for clock 
errors and propagation times. This step is crucial, since it 
is common practice to use time to correlate the Hight data 
with orbital position and with other housekeeping and 
experimental data during the analysis phase. 

The data, now including U.T., are arranged into a 
convenient format, and sorted (decommutated) onto sep­
arate tapes for each experimenter. 

In parallel with the telemetry data processing, the 
spacecraft orbit is computed for each minute. This 
smoothed orbit, along with attitude control system error 
signals and attitude sensor output signals ,obtained from 
the telemetered spacecraft data, is used to compute the 
instantaneous look directions for the detectors. Both the 
orbit and attitude information are shipped to the experi­
menters along with their telemetered data tapes. ' 

Since the identification of each command received by 
the spacecraft is not contained in the telemetered data, it 
is also necessary to decode the commands from the 
original acquisition station tapes. The complete command 
list is then furnished to the experimenters in the form of a 
magnetIc tape, punched cards, or a listing. This task may 
be quite large by itself, since tens of thousands of 
commands are transmitted to some of the spacecraft. 

In connection with these operations, it is necessary to 
conduct a number of bookkeeping and library functions. 
The original data acquisition station tapes are cataloged 
when received and eventually placed in permanent stor­
age in the analog tape archive. An intermediate digital 
tape, the "edit tape," is also placed in permanent storage 
for use if it is necessary to redo the computer processing. 

Several significant changes from the data How indicated 
in Fig. 7, are being made. These include the movement of 
some of the pre-editing and quality checking functions to 
the STARS Phase II data processing lines, permitting 
determination of the quality of the data and success of the 
processing operation during the first pass. 

A second change under way is the movement toward 
the generation of a master digital data tape near the end 
of the processing in the Central Processing Facility. This 
tape will contain all of the raw telemetered data, com­
mands, corrected time, orbit, spacecraft attitude and 
quality information in chronological sequence with, most 
probably, overlapping portions of data removed. This tape 
will be the source of all further sorting and processing. In 
addition, it will become the prime archival medium, 
replacing the earlier analog station tapes and edit tapes. 

additional ground data reduction 
After the data are availabie in raw form, the experi­

menters must still reduce them into forms from which they 
can reach meaningful conclusions about the phenomena 
being investigated. This reduction commonly includes 
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reformatting, sorting, merging, accumulation, statistical 
analysis, and mathematical manipulqtion. It includes some 
provision for outputting the summari~ed data in a read­
able form, such as line printer tabulations, x-y plots, 
motion pictures, etc. 

It is useful to remember that most experimenters make 
four different uses of their data: C 

1. Scan All Data. It may not be necessary to perform a / 
detailed analysis of every piece of data received from a 
particular experiment. It is generally necessary in these 
cases to scan all of the data to select the interesting 
portions, since it will not be possible to predict the time 
periods or regions in space which will produ~e those 
interesting data. To illustrate, bursts of partIcles are 
occasionally emitted by the sun. One of the objectives of 
many of the experiments is to detect these unpredictable 
bursts and analyze them in detail. 

In order to simplify the process of scanning all the data, 
it is common to reduce them to strip chart or some other 
form for rapid viewing. One of the most recent techniques 
which shows great promise is the production of motion 
pictures generated by taking sequences of photographs of 
a suitable display of the data. 

2. Analyze Selected Portions of Data. Limited portions 
of the data may require detailed analysis. These may 
include, for example, data obtained during transversal of 
the magnetospheric boundary surface, the transition re­
gion, and the shock front' if one is studying the interaction 
of the solar plasma with the earth's magnetic field. 
Another example is the detailed study of the ionized layers 
surrounding the earth at heights of from one hundred to 
several hundred kilometers. 

3. Map in Either Space or Time. A frequent scientific 
objective is to determine the spatial extent of specified 
phenomena. Thus, it is necessary to take the data from 
various periods during which the spacecraft moves from (" 
position to position in its orbit, and the location of lthe ,~:, 
orbit moves in a sun-earth coordinate system. ,A camp ete 

. mapping in space may require a year or more. It is 
frequently necessary to reduce these data to one or a few 
plots to provide a map of the phenomena. 

It is also frequently necessary to provide a map in time, 
with scales ranging from minutes or hours to many years. 
For example, in studying numerous solar-related phenom­
ena, some changes occur in a few minutes during the 
buildup of a solar Hare. On the other hand, other changes 
involve a time scale equal to the length of the sun spot 
cycle of 11 years. Thus, it, may be necessary to investigate 
the data from a particular type of sensor for at least that 
period of time in order to have a complete understanding 
of the phenomena. 

4. Analyze All Data. Some experimenters may require 
the full analysis of all of the data for extended periods of 
time. Most generally, this will be for those experiments 
which have event accumulation rates low enough to 
require data from long operating periods to obtain statisti­
cal significance. An ,example of this type of experiment is 

,a cosmic ray experiment, where only a few heavy particles 
of some types may be seen each week. 

Note that the processing techniques for meeting each of 
the four data analysis requirements listed above may be 
considerably different. Anyone experiment may require 
processing programs for several of these four analysis 
functions. 

At the present time these reduction programs are 
usually prepared by the individual experimenters, with 
frequent parallel development of similar subroutines by C' 
different groups. To assist the experimenters in their tasks,.-' 
several new development activities are needed: 

1. Basic Computer Programming Techniques for Tele­
metry Data Manipulation. Present progr~mming \tech-
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From 3M: "Scotch"Brand No.777, 
o the world's finest computertape, plus 

total tape capability and service. 

() 

Since its introduction, "Scotch" Brand No. 777 Computer Tape has proven 
to be the finest computer tape ever developed. 

The reason: Extended storage requirements and intensive use are making 
ever increasing demands on today's computer tapes, and "Scotch" Brand 
No. 777 is specifically designed to meet these demands. No. 777 del ivers 
extended error-free performance in continued use over thousands of 
passes and it is here that true savings are realized. Long after ordinary 
computer tapes begin to cost you money, because of time consuming 
"re-tries", "Scotch" Brand No. 777 will still be performing faithfully ... 
reliably. And at all bit densities including 1600 bpi (3200 fci). 

Try No. 777. Test it. Compare it with your present computer tape. Find out 
how No. 777's superior performance characteristics mean dollars saved 
for you! Discover too, how 3M's three magnetic tape manufacturing plants, 
sixteen branch warehouses, and nearly one hundred sales and service 
representatives give you unexcelled service. 

For the world's finest computer tape with service to match, write: Market 
Services Dept., Magnetic Products Division, 3M Co., St. Paul, Minn. 55101. 
"SCOTCH" AND THE PLAID DESIGN ARE REGISTERED TRADEMARKS OF 3M CO. 



Looks great today. But ... 
how will you feel about it on Thursday ... 

... one year after you've installed your automated management information system? That 
will depend on the design. On whether your MIS takes into account the great changes an 
electronic information system causes in a company. Swifter communications, keener 
intelligence, improved technology can completely change your business procedures. You 
need a system that is planned to cope with these changes. Like the kind of systems we 
design at Planning Research Corporation. We call ourselves Systems Architects because 
we design your information system to house your business. Not our hardware. 

We examine the economic implications, the technical specification, then design each ele­
ment of the system to work efficiently with the people who use it. We procure the most 
effective hardware, not necessarily the most expensive; produce the software; and train 
your people. All the disciplines necessary for this Systems Architecture are resident in 
PRC: systems engineering, systems analysis, business administration, behavioral psy­
chology, nearly all branches of engineering, the classical sciences, and mathematics. These 
and other disciplines interact on multidisciplined teams to form the most powerful analyti­
cal tool yet achieved for the solution of computer system problems. 

We suggest Thursday as the best day to review the past year's performance of your auto­
mated management information system. If it's a PRC system, you can take a long weekend. 

To find out what Systems Architecture can mean to you, contact Mr. J. N. Graham, Jr., 
Vice President and General Manager, Computer Systems Division. 

~ 
PLANNING RESEARCH CORPORATION 
Home office: 1100 Glendon Avenue, Los Angeles, California 90024 

Over 1000 employees in 22 cities throughout the world. 
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niques using FOHTHAN, COBOL, etc., are rather poorly 
suited to the rapid development of new programs for data 
manipulation. New modular programming systems for 
data manipulation are required. -

2. Subroutine Organization. Subroutines for performing 
spe~iflc functions (e.g., scale factor correction) need to be 
assembled into a library system and made available to the 
community of users. This subroutine structure needs to be 
built into the program structure discussed above. 

3. Better Display Techniques, Devices, and Programs. 
Many experimenters still obtain their data outputs as 
printed tabulations and then reduce them to charts 
manually; CHT displays, motion pictures, the use of color, 
and three-dimensional displays can be expected to provide 
a more rapid and comprehensive understanding of the 
phenomena being investigated. 

Several efforts are under way to develop some of these 
techniques. The Data Reduction Laboratory (DHL) is 
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being developed by the GSFC Information Processing 
Division to provide several operator stations with two 
consoles each. One alphanumeric CRT and keyboard at 
each station will provide dialog communication with the 
central Univac 1108 computer for rapid program develop­
ment. The second CRT will display alphanumeric and 
graphic data in either static or dynamic form. It will be 
possible to add remote communications consoles later so 
that experimenters may develop programs from their own 
laboratories. It will be possible to enter data either in real­
time via the data ,link from several of the STADANstations, 
or off-line from either analog or digital tapes. In addition 
to its capability for rapid program development, its 
dynamic display capability will provide operational real­
time and near-real-time data presentation for the support 
of experiment/spacecraft operations, especially during 
critical operating periods. This basic DHL is scheduled for 
completion early 1969. • 

casing venus 

OF COMPUTERS 
IN MARINER V 
by EDWARD K. Y ASAKI 

D Last month, the spacecraft Mariner V 'passed 
within 2,000 miles ;of Venus, the planet that is 
both the closest to Earth and also one of the 
most, mysterious in the solar system. Similar to 

Earth in mass, density and siZe, Venus is so enshrouded 
with clouds that no one has ever seen its s~rface and, 
until the U.S.S.R's recent exploration, the world had very 
little knowledge of its characteristics. To get a clearer 
picture of this surface, to make measurements of the 
Venusian atmosphere, and to perform other scientific ex­
periments and measurements were the roles set out for 
Mariner V, as it is now called. I 

It was known as Mariner Venus 67 when it was 
launched from Cape Kennedy last June 14. That was the 
first day of a two-week period during which a shot to 
Venus could be optimally made. A launch during this time 
required the least power, or escape velocity, to get to 
Venus-a function of the relative positions of Venus and 
Earth as they revolve around the sun. Another such 
opportunity would not be around for another 19 months. 
Still, it was a 114-day, 212-million-mile trip. 

During all this time, both ground-based computers and 
on-board digital systems have played major roles. 
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One of the on-board systems is the Central Computer 
and Sequencer, an 1B~-pound unit that functions as a 
timer to initiate spacecraft events. Not really a computer, 
the CC&S consists of three counters, each with a one­
second clock rate. 

The launch counter is started three minutes before the 
launch and continues for 1,000 minutes (16% hours). 
This counter initiates the deployment of solar panels 
(to generate electrical power) and the activation of the 
attitude control subsystem and Can opus sensor. The latter 
consists of light-sensitive diodes that look for and lock 
onto the star Canopus, one of the brightest in the galaxy. 
By finding Canopus, the spacecraft is able to point its 
high-gain antenna toward Earth and also have a celestial 
reference on which to base the midcourse mqneuver. 

The midcourse counter, initiated from a ground com­
mand, can run for 200 minutes. It tells the spacecraft how 
far and in which direction to turn on its pitch and roll 
axes and how long the midcourse rocket engine must 
fire. 

The third counter controls those events that occur 
during the cruising portion of the flight and the subse­
quent encounter' of Venus. It starts three minutes before 
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the launch, but has the capacity to continue beyond the 
duration of the mission. This counter, some 30 days after 
launch, switches the spacecraft's telemetry transmission to 
an S}~ bps rate, down from the 33}~ bps at the start. The 
faster bit rate at the start is to ensure the capture of much 
meaningful data about the condition of the craft, which is 
needed during the launch and early flight stages. During 
the cruise phase, the transmission rate is slowed down to 
allow good data recovery when the signal level from the 
spacecraft becomes lower.' 

Data telemetered from the spacecraft consists of engi­
neering and science measurements prepared for transmis­
sion by a data encoder. This information indicates volt­
ages, pressures, currents, temperat~res, and other values 

measured by the spacecraft telemetry sensors and scientific 
instruments .. During the launch and cruise stages of the 
flight, information sent to ground stations is a mixture of 
about two-thirds engineering-relating to the performance 
of the craft-and one-third scientific. As the craft en­
counters Venus, engineering data comprises only about 3% 
of the transmission. And after the encounter, as Mariner V 
passes from behind Venus (as viewed from Earth) , 
science data is read from mag tape-with periodic inser­
tions of real-time engineering measurements. 

The tape recorder for this uses 50 feet of mag tape in 
an endless loop. Science measurements formatted by the 
Data Automation System are recorded· simultaneously on 
two tracks at 66% bps, the tape moving at O.SO ips~ 
Playback of the data after the spacecraft passes the planet 
takes approximately 36 hours at S}~ bps. 

The Data Automation System, a 20-pouncl solid-state 
sequencer, controls and synchronizes five of the seven 
scientific experiments that are a part of Mariner V's 
mission. The DAS also records the information and 
converts 'it into a suitable digital form for transmittal to 
Earth. The experiments: 

• Ultraviolet photometry experiment, designed to mea­
sure atomic hydrogen and atomic oxygen in the upper 
atmosphere from which atmospheric scale height and a 
temperature profile of the upper atmosphere of Venus can 
be calculated. 

• Radio occultation experiments, which should provide 
data on the refractivity profile of the atmosphere. Temper-
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atures, pressures and densities can then be deduceq by 
assuming model atmospheres composed of various constit­
uents. 

• Magnetic field measurements, designed to determine 
the direction and strength of any magnetic field that may 
exist aroun~ Venus, as well as provide data on interplane-
tary magnetic field. ' 

• Trapped radiation experiment, which will observe 
charg~d particles of various energies dudng interplanetary 
cruise and around Venus. 

• Solar wind experiment, which will study density, 
velocities and direction of the relatively low energy 
particles of the solar wind and their possible interaction 
with Venus. ' 

Other experiments, not controlled by the DAS, are the 
S-band occultation, an attempt to' determine the density of 
the' VenusIan atmosphere by . transmitting radio signals 
from the spacecraft through the atmosphere of Venus to 
Earth, and the celestial mechanics experiment. The latter 
is an attempt to refine basic information on the masses of 
Venus and' the moon, on the astronomical unit (the 
distance from Earth tq Sun), and on the ephemerides of 
Earth and V f:mus. 

Two-way communication with Mariner is accomplished 
with a radio link between the spacecraft's dual-trans~it­
ter/single-receiver radio system and the 10 tracking sta­
tions on Earth. The stations, in turn, are connected by 
Teletype (30 bps) and high-speed (1200 bps) lines to 
the Jet Propulsion Laboratory in Pasadena, Calif., a NASA 
facility run by CalTech. 

The 19 space communications stations, situated on four 
continents anci a South Atlantic island, are a part of 
NASA's Deep Space Network. They are located geograph­
ically so that at least one station always has a clear 
communication line to any spacecraft. The facilities are 
located at four sites in Goldstone, Calif., in the Mojave 
qesert; two iIi Australia, at Woomera and near Canberra; 
two more near Madrid,Spain; and at Johannesburg, Soutp 
Africa and on Ascension Island. Not all stations are 
actively· engaged with anyone space mission, but it 
requires at least three to maintain 24-hour tracking. 

MARINER 1967 FLY-BY OF VENUS 

SfNSOR DETECTS PLANET, 
START RECORDING ULTRA -#/ VIOLET DATA· -60MIN. 
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At each site is an S5-foot-diameter parabolic antenna (a 
210-foot model is a feature of the Mars station at 
Goldstone), plus, transmitting, receiving, data handling, 
and interstation communication equipment. Microwave 
frequencies (S-band) are used in all 'communications with 
the spacecraft. In addition, there are four SDS 900-series 
computers. 

In a dual-mainframe configuration-for redundancy­
o~e pair of SK920's forms a Telemetry and Command 
Processor. It performs telemetry decommutation and edit­
ing, writes a log tape,andformats and buffers data for 
transmission to JPL.An SK SDS 910 controls the antenna, 
operating from a driver tape (paper tape with trajectory 
data supplied by JPL) and also generating its own 
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ephemeris-the position of the spacecraft as seen from the 
station. When the craft is far out, this means merely 
compensating for the Earth's rotation. A third 920, also an 
8K unit, is the Digital Instrumentation System, which 
monitors the tracking system. It oversees the configuration 
at the site, the tracking mode, and compares the actual 
performance with expected results. 

The tracking stations and the central computation 
facility that supports them cannot be said to operate in a 
closed-loop fashion with the spacecraft. Telemetry and 
tracking data, before they reach the Space Flight Opera­
tions Facility (SFOF) at JPL, must enter the Nascom 
communications network. As a JPL official describes it, 
this means that telemetry data m'ight be received at the 
Earth station and relayed (in real-time) bit by bit over 
Teletype lines to NASA'S Gqddard facility in Greenbelt, 
Md. There the bits are pour~d into the buffer of the' 
communications processor, a Univac 494, whence it is sent 
on to JPL. In Pasadena, the buffers of another communi­
cations processor, this time a Univac 490, are filled befoi.e 
the data: is sent on to an IBM 70~4, which places the raw 
data 'on a disc. By the time 'an IBM 7094-II, which also 
has access to the same disc, is able to act upon that data, 
much time has passed find many mil~s have been 10gge:1 
by the spacecraft. 

Thus the computers at SFOF, in contrast to those at the 
Manned Spacecraft Center in Houston, are used mostly 
for analytical purposes. Since JPL manages urimanned 
space launches with scientific experiments aboard, the 
acquisition of, data about these experiments and their 
subsequent analysis an~ of great concern. Perhaps the best 
known of this type of activity are the photographs of the 
moon's surface taken and transmitted by Surveyor space­
crafts. 
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At the SFOF, are three "processor stripgs," or identical 
sets of computers. Each consists of a 64K IBM 7044 and a 
32K 7094-II, both linkeq to four modules of 1301 discs 
(a total of 18 million 3B-bit words). The computers are 
also connected by a direct data channel (DbC) and by 
sense lines. The DDC is used, for example, when the '94 
calls for a change in a constants file on which it is 
operating; through the sense line, the 7044 is able to tell 
the '94 what to do with new data for the constants file. In 
short, the DDC is principally for the transfer of program 
data, and the sense 'line for control information. The 
shared discs transfer . spacecraft and tracking data. The 
7094 also has two 8-~lrive tape channels, both loaded, and 
the '44 has another eight drives. 

Two of the processor strings can be used in support of a 
mission in one of its critical phases-during launch and 
encounter, for example-and another string could then be 
devoted to another space mission. in a noncritical phase-
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as during the cruise phase. The '44 and '94 can also be 
operated independently, as indeed they usually are. Since 
so little of the computation is not in real-time, jobs can be 
run in the batch mode weeks ahead of their anticipated 

, need. Once a spacecraft is placed into orbit, scientists are 
able to compute its trajectory a week in advance and 
notify the tracking stati9ns where they can expect to begin 
tracking the vehicle as it rises over the horizon. This 
computation accomplished, then, they need only ship this 
information to the tracking station for use each day. 

On-line to these processor strings are the user stations, 
also called analysis areas because they are occupied by the 
Flight Path Analysis group, Space Science' Analysis group, 
and others. There are six such areas, each having one or 
two sets of I/O equipment. A typical set might include a 
Tasker Instruments message composer ar;d status display 
console, by which messages and 'commands for the 
computer are input; a bulk printer (SC 3070) for high­
quantity output; an administrative printer-another elec­
trostatic unit: this time a Motorola mod 3000-for indicat­
ing operating conditions, the status of data going to and 

MARINER TRAJECTORY 
RELATIVE 10 VENUS 

from the computers, and for program status; a Milgo 30 x 
30 plotter for trend indication; and a Burroughs card 
reader that has been modified by Lockheed Electronics for 
interface compatibility, used as a back-up to the message 
composer. 

A fourth processor string, similar to but not identical 
with the 7044/7094 complex, is used mostly for the 
production and testing of software. 

One can get an idea of the magnitude of the software 
effort required for an unmanned shot by a look at one 
program, that for orbit determination. Twenty core loads 
in size, this prqgram shirts with the raw tracking data. 
This is placed on the disc by the 7044, where it is 
accessiqle by the '94 (see Fig. 1). The Mission Indepen­
dent Editor in the '94, operating under the SFOF System, 
calls in the raw Teletype data from the disc, separates the 
telemetry from the tracking data, and stores it bCl.ck on 
disc in the Raw Tracking Data file. 

The Tracking Data Processor (TDP) program retrieves 
this data, edits and reformats it, and places it back onto 
the disc in the Master Tracking Data file. The Orbit Data 
Generator (ODG) program uses' this file to prepare a 
block of data for the Orbit Determination program. 
Essentially, the ODG program extrads a subset of the 
Master Tracking Data and formats it, using control inputs 
which have been provided to the program. 

The Orbit Determination program (ODP) retrieves the 
block of ODP data, compiled by the ODG program, and; 
employing a least squares curve fit and an iterative 
tecpnique, determines the orbit of the spacecraft. The 
injection, or epoch, conditions are placed on the disc and 
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All time winner, 
move over-

the new PDP-S/I 
computer is here 

The integrated circuit PDP-8/1 is a brand new computer, 
but behind it are the two most successful small computers 
ever built. Over 1,000 PDP-8 systems are already installed 
- an all time high for real-time, on-line small general pur­
pose machines. Nearly 1,000 PDP-8 IS computers are 
installed - all sold and delivered within the last 15 
months. Built into instrumentation. On-line in process 
control. 

So, PDP-8/1 starts with a history and goes on from there. 
It has all the features of the PDP-8 plus a new ease of 
interfacing, expanded software and new options. It is 
more compact. PDP-8/1 has a faster multiply-divide option 
(multiply 6.0, divide 6.5 microseconds). Its standard 1.5 
microsecond 4K core memory expands to 32K (first extra 
4K plugs into the basic configuration without further inter­
facing). PDP-8/1 comes as a stand-alone console or 
mounted in a standard 19-inch rack. The processor is pre­
wired so that it will accommodate a high-speed paper 
tape reader and punch, a 100 card-per-minute reader, 

an incremental plotter,and a scope display also without 
further interface. 
And software. The same proven software that runs the 
PDP-8, drives the PDP~8/1. Auto-indexing. MACRO. 
FORTRAN. On-line editing and debugging: But that is 
not all. New systems software is availablewhich takes full 
advantage of 32K or more of DECdisk or DECtape 
memory. Thousands of the most active computer users in 
the world exchange PDP·8 programs and techniques. 
Peripherals that go with the PDP·8 and PDP-8 IS go with 
the PDP·8/1. Hundreds of logic·compatible modules make 
interfacing easy. Peripherals are field-installed by an 
applications engineering and field service group second 
to none. 
And the crusher. PDP-8/1 sells for $12,800 complete. 
Quantity disGQ.unts reduce that price. Deliveries in the 
spring. PDp·8 and PDP-8/S available now. Write for 
brochure. We'll throw in our new Small Computer Hand-

. book free. . 

mDmDomo 
COMPUTERS' MODULES 

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 897·8821 • Cambridge, Mass .• New Haven· Washington, D. C .• 
Parsippany, N. J .• Princeton, N. J .• Rochester, N. Y .• long Island, N. Y .• Philadelphia· Huntsville· Pittsburgh· Chicago· Denver· Ann Arbor· Houston 
• Albuquerque· Los Angeles· Palo Alto· Seattle· Carleton Place and Toronto, Ont. • Montreal, Quebec· Reading, England· Walkden Manchester, England 
• Paris, France· Munich and Cologne, Germany· Noordwkerhoot, Holland· Sydney and West Perth. Australia· Modules distributed also through Allied Radio 
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are available for use by other programs. 
The area on the disc (Fig. 5-this page) marked "User 

Programs" contains the, actual programs called up by the 
system and brought into the 7094 for operation. The normal 
output of these programs can be accessed by the 7044 from 
the "output" area on the disc and sent to the user areas for 
display. 

Similar programs exist for trajectory computations; the 
predicts computation which computes the predict data for 
up to 15 stations, along with the station view periods; one 
for selecting a midcourse maneuver that satisfies all 
trajectory constraints; and many more. 

When the spacecraft goes into its cruise phase, only the 
7044 is used. The '94, then, can run in the batch mode for 
job-shop work. All real-time processing and display capa­
bility, however, continues, and incoming data is still 
recorded on the 7044 log for subsequent processing. 

Tracking dat~ handling and orbit determination 
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Another measure of the software requirements can be 
seen from the manpower expended. Something on 'the 
order of 11 man-years of programming effort we~t into the 
Mariner V ~hot. And yet most of the software used was 
taken from previous space launches. One of the changes 
made in time for the Mariner V mission was the process­
ing of more telemetry data in real-time. In previous 
missions, such data was processed in real-time, "near real­
time," and the post processing performed during the two 
to three months following the' mission. By getting rid of 
the "near real-time" processing they should be able to 
complete in some two weeks the post-processing phase. 

One of the functions of post processing is to take data 
from the log tapes of the 7044, as well as the 920's at the 
tracking stations, and come up with the most accurate 
stream of telemetry data possible, The ideal stream can be 
broken down into spacecraft data frames, each consisting 
of engineering sync words at the beginning and end of 19 
(7 -bit) words. An Edit program comes to some conclu-

,sions about the quality of the stream based on the proper 
or improper locntions of the sync words, and by looking at 
some of the data words that contain information on the 
status. of the processing, recording and receiving equip­
ment. The Edit program then produces a standard Master 
Data Library (MDL). tape and a Bad Data Listing tape; 
thlC latter is formatted for off-line printout and eyeballing 
to see how much additional processing is required to 
improve the quality. 

The MDL tape is then subjected to a Re-edit program. 
One of the problems detected is that of inconsistent times, 
for which there are many potential sources. At the DSN 
stations, for example, they may begin recording time on 
the time track before they begin recording the spacecraft's 
analog signals. Inconsistency also can occur from bit errors 
in the time track, in the recording of days, hours, minutes 
or seconds. By looking at bad data flagged by the Edit 
program, much of it can be corrected. 

A third program, Merge, processes a number of tapes 
(up to six) from various sources, covering the same period 
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of transmission, and merges them into one "best possible" 
tape. The tapes processed by the Edit and Re-edit 
programs are from a variety of sources; therefore, many 
tapes can contain telemetry data for identical tracking 
periods. This occurs during station overlaps-when more 
than one station is tracking the spacecraft at one time­
and from overlaps within a station-when a second 
recorder is started while the first is still running. (Approx­
imately three analog tapes are required for one pass of the 
spacecraft over a station.) 

The resulting MDL tape can be used by eJ1gineers 
concerned with the performance of the spacecraft and its 
various subsystems, and by scientists. A magnetometer 
experimenter, 'for example, can extract all magnetometer 
data. 

The production of software to perform these functions is 
obviously an enormous undertaking. One applications 
program-for the. computation of the trajectory"":'can take 
almost an hour for the printout. Arid while there are 
critics of the software being used, the fact is it works. Not 
examined in this article is the computation that precedes a 
launch, sometimes years before the actual lift-off. 

Not only does this include a determination of the 
optimum launch date-a two-week period in mid-June of 
'68 for a Venus shot-but also the correct injection 
velocity, 2,515 miles per hour relative to Earth. Because 
the Earth is orbiting the sun at 66,000 mph, an observer 
on the sun would clock the spacecraft at 72,255 mph. 
This velocity, plus the Earth's speed, is imparted to the 
spacecraft at injection. But the two quantities are added 
~ectorially, or in different directions; only if the two were 
in the same direction would the,total be 91,515 mph. 

Some 1.5-million miles out, when Earth's gravitational 
effects are cancelled, the speed relative to Earth becomes 
6,740 mph, allowing the craft to orbit the sun closer than 
Earth and to curve inward toward VerlUs. At encounter, 
the craft passes Venus at an estimated 18,440 mph 
relative to Venus. 

Designers of the trajectory also had to keep in mind 
that Mariner must pass Venus ahead of its orbit around 
the sun. The fixed arrival date', Oct. 19, was derived from 
the need for a set position of the sun, Venus and Earth as 
Mariner occulted (went behind) Venus, as seen from 
Earth. And during the entire trip, it was imperative that 
the craft's solar panels be exposed to the sun and that the 
reference star Canopus always be visible. 

Further, the trajectory engineer must see to it that 
Mariner not impact Venus, lest there be contamination of 
the planet by Earth micro-organisms. The distance of 
Mariner from Venus at its closest approach, ideally 2,000 
miles for this mission, is also influenced by the launch 
accuracy and the midcourse correction's accuracy. These 
accuracies are illustrated in this way: The injection 
velocity can vary by only ±30 mph or the resulting trajec­
tory will not be within the correctio~ capability of the 
midcourse motor. At midcourse maneuver, an error of one 
mile per hour in the velocity change will result in an er!'or 
at Venus of 2,000 miles. 

\Vhile no computer was aboard Mariner V, the use of 
stored-program computers to automate more and more of 
the functions carried out from within the spacecraft are in 
the planning stages. Mariner VI will have such ~ CC&S. 
Indeed, a fully automated laboratory under the direction 
of a computer and suspended in space has been proposed. 
And if missions with durations of several years arlC to be 
accomplished, something on the order of a multiprocessor 
with so-called "graceful degradation" features may be the 
only way to fly. Meanwhile, the computers on the ground 
that are engaged in mission simulation, pre-launch check­
out, tracking, data collection and analysis will continue to 
play their supporting roles. • 
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TI ME-SHARI NG 
TALLY SHEET 
by ROBERT L. PATRICK 

DATAMATION's interest in time-sharing began in earnest in an editorial 
conference in mid-1963. At that time, the concept of time-sharing had 
been d7monstr~tedexperimentally at MIT some 18 months earlier. MIT 
was then proceeding in the implementation of a full scale time-sharing 
system. Also in 1963, SDC was proceeding with the implementation of a 
time-sharing system of their own similar to, but different from, the MIT 
system. Both ~f these efforts were hea~i1y underwritten with Federal 
R&D funds. As DATAMATION became intereste'd in this area, the litera­
ture and the. co"nferences were replete with grand claims of "increased 
productivity" if this new mode of operation was adopted. 
From preliminary analysis, it seemed that these claims were mere hopes, 
completely unsupported by fact_ I", October 1963, DATAMATION pub­
lishedits first article (3) lamenting the state of affairs and calling for a 
car~ful approach to a difficult problem. Unfortunately, that approach 
was not taken and we stand, four years later and many millions of tax 
dollars poorer, still requesting a careful approach to a difficult problem. 
In the article below, DATAMATION deviates from previous policy by 
reviewing some material which has been published elsewhere. Time­
sharing appears to be a valuable technique for solving certain kinds 
of problems. In an effort to assist our readers in determining where this 
useful technique should be applied, five experimental studies have been 
reviewed. 

D In sea~ching t~le literature priOl: to writing this 
synopSIS of the state of development of time­
sharing systems, five measurement studies were 

" obtained. The first (21) was published by a 
team tram IBM's Cambridge Research Laboratory. The 
next pair were published in summary form by SDC (18). 
The last two are contained in an as yet unpublished 
doctor's thesis\). The viewpoints of each of the authors is 
different; their methods of presentation are" quite varied. 
In an attempt to reduce these five studies to a common 
denominator, they are summarized below. 

the IBM comparison. 
, In the late summer of 1965, a team from IBM's 
Cambridge Scientific Center undertook an experimental 
comparison of time-sharing systems and batch processing 
systems. They were interested in obtaining a measure of 
the effectiveness of time-sharing systems in the problem­
solving context. They, like those to follow them, immedi­
ately encountered a series of difficulties. Initially they had 
problems of definition .. What is effectiveness? How does 
one grade the effectivity of the man/machine interaction? 
How does one classify computer applications? What 
computer applications should be considered typical? What 
are the external facets of the process which can ( or 
cannot) be ignored? 

Without really coming to grips with the total problem, 

*Unfortunately the full citation of this worthwhile thesis cannot be given: 
The university administration forbids any quotes or citations of unpub: 
lished work even though the facility described is subsidized by Federal 
funds. 
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itls harder tban 
it looked 

they chose four problems and fc;mr individuals and de­
signed an experiment. They wished to measure elapsed 
time, analysis time, programmer time, computer time, 
number of compilations, and total cost. They meticulously 
designed a statistical experiment to try and eliminate the 
differences in individuals and in the four problems shown~ 
They attempted to gather experimental results to assist in 
the evaluation of competing computing systems. 

The results, and these "are supported by only eight 
precious data points each, show that time-sharing saves 
about 50%' of the elapsed time for a problem solution 
when compared with an equivalent batch processing 
technique. To do this, time-sharing requires more analysis 
time, more programmer time, a larger number of compila­
tions, and 50% more total cost! 

For reasons academic or political, the authors neglected 
to draw any hard conclusions from their experimental 
measures. The dissertation trails off into a lengthy discus­
sion of mathematical statistics, primarily of interest to 
those who do not produce results for a living. So, with 
boldness, let us review what can be concluded from the 
experimental data presented. 

First, IBM selected four quality programmers as guinea 
pigs and still found a significant spread in their perform­
ance. Even though their spread was 3 to 1 in total cost for 
the four problems, this may even be atypical since many 
of our industrial shops have a wider spread in programmer 
performance than that demonstrated in this exercise. 
Second, for some strange reason, the authors were coy 
about the rates they chose for their various components of 
cost. An hour on the time-sharing system cost them $840. 
An hour on the batch system cost only $560, and for some 
reason they figured programmer time at only $3.00 an 
hour. In preparing this paper, I refigured all their costs 
with a more reasonable programmer rate of $9.00 an hour. 
This changes their numbers somewhat, but not the 
conclusions. 

The eight solutions were obtained under time-sharing in 
29.5 elapsed days for a total cost of $2,l38: The same 
eight solutions were obtained under IBSYS in 46 elapsed 
days for a total cost of $1,350. The conclusion is 
inescapable. If elapsed time is precious to you, then time~ 
sharing delivers the goods sooner at a gre~ter cost. 
Conversely, if your budget is tight and you have program­
ming work backlogged to the ceiling, then give each 
programmer two jobs (so he has something to do while he 
waits for his batch work to return from the computer 
center), save your budget, and get more work done. 

The study showed that the programmers worked con­
siderably harder under time-sharing, accumulating 5,672 
working minutes in the 29-day e~apsed period. The 
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programmers solving batch problems accumulated only 
2,737 working minutes in the longer 46-day elapsed 
period. The work covered in these time periods consisted 
of all programming, analysis, and debugging related to 
producing a computer program. 

Missing from the report is any explanation of what the 
programmers did with the remainder of their time. Under 
time-sharing, supposedly the programmer had ready ac­
cess to computers. They logged about 2~f weeks of work 
out of a 6-week elapsed period. No explanation is given 
for the other activities. In the case of an industrial setting, 
a programmer would probably log a far higher percentage 
of his time to his job assignment. If he were waiting for 
computer service, this delay would be translated into 
additional cost. Each industrial supervisor recognizes that 
it is impossible to keep his programmers working 100% of 
the time due to unavoidable delays in administrative red 
tape and in machine service. The statistics gathered in the 
IBM study appear to bill the problem solution for only 
that time the programmer spent actually working on the 
assignment. This is quite optimistic: if full time (includ­
ing lost time where the programmer had no other useful 
activities) had been billed to both time-sharing and batch, 
the time-sharing system might have shown more brightly. 

Another interesting piece of data which was omitted 
from the published study is any definition or measurement 
related to turnaround time on the batch· system or to 
console availability. For some unexplainable reason, it took 
the programmers using the batch system 16 more working 
days to complete their assignments thari it took their time­
sharing brethren. The paper neglects to provide any 
indication of how much of this time can be ascribed 'to 
total lost-time while waiting for runs to return from the 
computer and the fact that no alternate work activities 
were available. 

Another interesting oversight is the lack of any mention 
of the quality of the product produced by these four 
programmers. Were the programs produced under the two 
systems comparable in size, execution time, completeness 
and flexibility? The individual differences in programmers 
varied by several hundred percent. Was this because some 
programmers produced a higher quality product but took 
longer to do it? 

Finally, it must be noted that no mention of documen­
tation was made in either case. In the batch case, the 
work is forced to spread out as it is paced by the 
turnaround time supplied by the computer center. During 
times of low activity, documentation can and should be 
done in parallel with program development. Thus, when 
the program finally runs, the report is almost complete. 
The same work mode does not seem to apply in the time­
sharing case. If machine time is always available, then 
thel~e are no dead. spaces when the programmer cannot 
work. Thus, documentation time must be added to the 
solution time because the programmer cannot be reas­
signed until the documentation is. completed. 

To conclude, the experiment was well designed, the 
sample was small, they tried to be objective, they left a 
few questions unanswered; tiine-sharing produces results 
sooner, and the batch mode is the cheapest. 

the SDC studies 
The SDC Studies were published in late 1966 and 

. exhibit some of the same garrulous qualities as did the 
IBM one. After a rather good introduction, the description 
of the' experiment deals heavily with statistics and only 
slightly with the phenomenon being investigated. In one 
study, a programmer was allowed to use the full facilities 

. of SDC's time-sharing system. The competing data was 
gathered by causing a programmer to submit his work to a 
second party, who then made a time-sharing run in 
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accordance with the written instructions he had been 
given, and then waited until two hours had elapsed 
(total) and returned the printout to the programmer. 

While the statistics are very impressive, the experi­
mental technique is fundamentally fallacious. To simulate 
a batch operating system as described above changes the 
environment in an uncertain way. Most batch shops have 
debugging tools which are devised for the batch environ­
ment. The same program deck can be put in several times 
and several tests can be run back to back with no 
interference in a normal batch shop. The results o'f each 
test can be made completely available both through the 
normal printouts and through rather' massive off-line 
dumps. None of these tools is available to the programmer 
when the batch shop is being simulated by a second party 
sitting at a Teletype. . 

Further, the raw hardware efficiency of a batch shop is 
superioi· to that of a time-sharing facility. Thus, for a 
straight computational run, the milliseconds of CPU time 
required to read the input, process it, and write a line of 
output are considerably less in the batch mode than in the 
time-sharing mode. However, in the SDC experiment, no 
mention is made of any credits applied for this efficiency 
phenomenon. Thus, the raw data on CPU time used is 
biased strongly in favor of the time-sharing system. 

In the first of" SDC's two experiments, they tried to 
compare only' checkout performance under the two meth­
ods (time-sharing and simulated batch). In both cases the 
analysis and the programming were done beforehand. 
After the programming had been completed, the un­
checked-out programs were entered into the computer. At 
that moment measurements started. They gathered data 
on debug man-hours and CPU time for debugging. Thus, 
any differences in total solution time having to do with 
analysis or programming are not' contained in the mea­
sured results. One additional facet of the first SDC 
experiment is in the high quality of guinea pigs involved. 
Twelve programmers with seven years average experience 
were chosen as the experimental subjects. 

Data was gathered on only two measurement criteria: 
debug man-hours and CPU time. Typical of SDC's non­
profit bias, no calculation of total cost appears anywhere 
in the report, nor are dollars mentioned. To getcompa­
rable data, I worked up the total costs using the same 
rates as in the work reported above: $9.00 per hour for 
programmer time, $840 an hour for time-sharing time, and 
$.560 an hour for batch time. 

SDC assigned an algebra problem to their 12 experi­
enced programmers and found that the mean programmer 
required 34 debug man-hours on-line and 50 debug man­
hours off-line. Similarly, they required .1,266 seconds of 
CPU time on-line and 907 seconds of CPU time in the 
silnulated batch mode. Total cost to debug on-line was 
$605" and $593 to debug off-line. (Note: The off-line 
CPU time is inflated since it was obtained by simulating 
the batch mode. This il~flates the tqtal off-line cost slightly 
since dumps are more expensive on a time-sharing Tele­
type than on a high speed printer.) 

In a second problem having to do with the logical 
manipulations of a rat running through a maze, the 12 
experienced programmers required four debugging hours 
on-line and 12.3 debugging hours off-line. They required 
229 seconds of CPU time to debug on-line and 191 
seconds of simulated batch mode time. The total C'ost for 
the on-line maze problem' was $99.60 whereas the total 
cost to debug off-line was $139.20. Now what do these' 
numbers mean? 

Clearly the problems chosen for the experiments have a 
strong effect on how the experiment~ turn out. In the. 
algebra case, the time-sharing system showed its mual 
benefit by saving programmer time. And it accrued the 
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TIME-SHARING TALLY ... . 

usual expense of increased machine time. The total cost is 
slightly in favor of the batch system even though it was 
simulated. 

The maze problem is one of those problems where 
interactiotl evidently really pays off. The reduction in 
mean programmer time is impressive (3: 1), and the 
additional machine time required is slight. In this case 
and for this class of problem, time-sharing not only saves 
programmer time but reduces the total cost as well. The 
mean total cost for solving the maze problem on-line was 
only $99.60. The mean total cost for the off-line solution 
was $139.20. As before, the measured CPU time for the 
off-line case is bIased in favor of the on-line system, since 
the off-line condition was simulated. No allowance was 
made for the superior efficiency of the batch. However, in 
this case the error is not sufficient to distort the conclu­
sion: the time-sharing system produces both a shorter 
elapsed time and a lower total cost for this class of 
problem: 

In summary, this experiment involved 12 programmers 
with average experience of seven years. The analysis time 
was not part of the measured data, nor was the program­
ming and initial problem preparation. Debug man-hours 
and the CPU time were measured for actual time-shined 
service and for simulated batch service with a two-hour 
turnaround time. The CPU numbers for the batch process 
are in error since no allowance was made for the higher 
efficiency of the batch process when doing things the 
batch process does well: The experiment definitely shows 
that time-sharing is valuable (any criterion) for a certain 
class of problems. This however Had been previously 
discussed elsewhere (7). 

SDC proceeded to evaluate the results by individuals 
and found that the· differences between programming 
personnel were quite profound. In a small sample of 12 
individuals, the range of hours required for debugging 
varied by 25: 1. The program sizes varied by 5: 1, and the 
running times varied by 13:1. Thus, some other variables, 
as yet un isolated and unmeasured, significantly cloud the 
issues. The differences between people are greater than 
the differences between the programming systems. From 
small sample sizes with randomly chosen individuals, one 
can still get a wide discrepancy in performance. . 

Being charitable for a moment, it may be that some of 
the wild claims made by the proponents of time-sharing in 
the early days were in fact true (although no comparative 
data had been gathered at that time). It may be that their 
subjective feelings about the benefits of time-sharing for 
them were correct since most of the time-sharing pushers 
were vastly superior to a random selection of program­
mers. 

However, this gives industrial types another point to 
ponder: Based on the data gathered, SDC felt obligated 
to paraphrase a nursery rhyme: 

«When a programmer is good, 
He is very, very good. 
But when he is bad, 
He is horrid." 

In conclUSion, SDC found an apparent correlation be­
tween programming speed and those programmers who 
were experienced in a higher order language. Interesting­
ly, they also found a correlation between those experi':' 
enced in machine language and short programs which ran 
quickly. 

In the second experiment, SDC did not fare so well. 
They had nine programmer trainees attempt two different 
problems. One group was allowed to use the interpreter 
provided within SDC's time-sharing system in an inter-
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active manner. The other group also used the interpreter 
within the time-sharing system but were arbitrarily re-
quired to use it in a run-to-completion manner. When a 
programmer, trying to run-to-compledon was unsuccessful, 
he had to leave the system, enter a.-queue waiting for a 
console, and log back on for another run-to-completion 0 
session. This was another rather inept attempt to simulate .'. 
a batch system on a time-shared system. 

As before, all analysis and programming were done 
before the time measurement was started. Thus, only 
debug time was measured. Again, they failed to credit the 
batch for the inflated times obtained when the batch was 
simulated. The CPU time was logged as used. This 
severely handicapped the personnel who were not allowed 
to interact with the machine because the full system 
overhead and the lower performance associated with time­
sharing were logged against the batch. The log times were 
not adjusted for this bias. 

Since we have no way to adjust for programmer 
learning, it is useless to have the same programmer do the 
same job in both systems and try to measure meaningful 
results. Therefore, they split the nine trainees info two 
groups of four and five. Since the programs were not 
equally complex, they tried to normalize this uncertainty 
in the absence of accepted measure of difficulty: they 
attempted to get a performance measure by computing 
CPU time per instruction. This, of course, is one of the 
most misleading metrics ever devised by man, since it 
rewards the writing of long, inefficient code and thereby 
credits the marginal producer with an excellence he does 
not deserve. 

To make a long story short, one of the problems given 
to this group of trainees in this strange and probably 
meaningless experiment, took less than a man-hour to 
debug interactively and almost five man-hours to debug 
using a simulator and run-to-completion. During this C 
fiasco, the interactive trainees. used only 11 seconds of .j 
CPU time and the run-to-completion trainees used 109 
seconds of CPU time. 

During the second problem assigned in this strange 
experiment, interactive debugging required nine man­
hours and run-to-completion debugging required 13 man­
hours. Interactive machine· time amounted . to only 290 
seconds while run-to-completion machine time was 875 
seconds. If additional reasons are required for discarding 
this 'study, choose one from the following list: 

No measure of programming skill was attempted for the 
trainees and we know nothing ,about the quality of the 
product they produced. We are given no information 
about their previous background or training, or whether 
they had ever used the time-sharing interpreter before or 
not. Further, we can assume that each one of the trainees 
was in a steep part of his own personal learning curve, 
and we are probably seeing more of the differences in 
learning rate than an evaluation of the benefits of the 
interaction. . 

From all of this, SDC surprisingly draws the right 
conclusions. Considering both experiments, they apologize 
for the small sample sizes and note that the performance 
measures «were marked by a large error variation and 
wide ranging individual differences." They question the 
representativeness of the problems assigned to the two 
groups, and proceed to properly note that on-line condi­
tions resp.lt in "significantly better performance for debug 
man-hours than the off-line condition." They question 
whether reasonable comparisons can be gathered when an 
on-line system is used to simulate an off-line one. (I can C\· 
answer that for them: No. The checkout tools are differ- ,/ 
ent; the modes of analysis are different, or should be; and 
the intrinsic efficiency of the two machines is different. 
One should go about his programming processes differ-
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ently on-line or off.) 
They also conclude in a manner not quite original with 

them, "As off-line turnaround time approaches zero, the 
performance differential between the two modes with 
regard to debug man-hours tends to disappear." This 
coincides with an hypothesis stated at an earlier debate: 
"If we compare the two systems at an equal level of 
funding, the batch system might be almost as readily 
available as the time-sharing system and due to its 
increased efficiency might compete quite handily." 

Finally, SDC lays out eight areas which seem to require 
further study. These are: build a data base of statistics 
about computers, perform comparative studies on different 
modes of operation, develop some cost-effectiveness mod­
els incorporating both the man and the machine, analyze 
in detail what a programmer does for a living, collect 
some data on programmer performance, develop some 
tests to predict programmer performance, detail some case 
histories on problem solving by man and machines, and, 

, finally, digest the data gathered to increase our under­
standing of man-computer communication. 

the thesis 
The thesis was completed early this spring as a piece of 

behavioral research. The author, not a computer profes­
sional, was trying to study the way time-sharing systems 
affected the behavior of the users of the computer systems. 
After a rather incomplete literature search (he failed to 
find most of the articles listed in the bibliography at the 
end of this article), he proceeded to set up two rather 
interesting independent experiments. 

In one experiment, two homogeneous groups of gradu­
ate students are required to use a computer as part of 
their normal course work. A pair of compatible software 
packages are available which are identical except that one 
package runs interactively under time-sharing and the 
other runs under a batch operating system. Otherwise the 
two software packages were the same, with the same 
diagnostics, the same formats, same features, and same 
capabilities. In this experiment, data was gathered which 
should shed some 'light on the benefits and costs of 
interactive programming facilities under near real-world 
conditions (if that is what a university can be called) . 

The batch system provided its users with two shots a 
day, whereas the console system provided virtually im­
mediate feedback. . The thesis fails to state whether 
consoles were reserved full-time for the students taking 
part in the experiment or whether students had to queue 
up and wait for console time. If there were fewer consoles 
than there were students, then there was a queue at the 
consoles which looks suspiciously like the delay associated 
with the batch system. In both cases the delay provides 
the computer user with "think time" that he would 
otherwise not set aside were machine time truly instanta­
neously available to him at any time of the day. 

About 60 students took part in the first experiment. In 
the experimental design a rather lengthy set of hypotheses 
were enumerated, described fully, and discussed. Many of 
these stemmed from previous statements made by those 
avid proponents of time-sharing living in the Boston area. 
After the experiment had taken place, the experimental 
data was processed and the results were reported. As in 
the previous work by IBM, the reader is overwhelmed by 
the statistics involved and underwhelmed by the lack of 
solid conclusions drawn. One possible explanation: the 
political pressures within the academic arena were suffi­
cient that conclusions, even though drawn, could not be 
stated clearly. However, after two Alka Seltzers to help 
digest the 120-page tome, one concludes as follows: 

For the problem being solved (the development of a 
simulation model to assist in devising management poli-
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cies), the time-shared systems allowed the students to 
prepare and run their simulated model in 31 hours of man­
time whereas the batch operated system required 39 
hours. Similarly, the time-sharing system required 14 CPU 
minutes whereas the batch system required 2.5 CPU 
minutes. For some strange reason, total cost is not 
computed as an absolute dollar amount and only break­
even conditions are defined. To get comparative values, 
some slide rule work was necessary. 

Again using second-generation machine time at $840 an 
hour for the time-sharing system, $560 for the batch 
system, and $9.00 an hour for the men (don't the 
r:raduate students wish they were worth that?), I find that 
the total cost for a time-sharing solution was $482 whereas 
the cost for the batch system was only $390.-

U sing the third-generation rates given in the thesis, the 
time-sharing computer costs $540 an hour, and the batch 
machine costs $360 an hour. Using these two rates, the 
costs for solution under either system would be equivalent 
if the man's time were equal to $15.00 per hour. In the 
industrial ,setting many analysts and senior programmers 
cost their corporations $12 to $18 an hour (including 
burden), but the mass of people actually preparing runs 
for the computer consist of programmers and coders who 
earn less than the $15.00 per hour stated as the breakeven 
value when third-generation equipment and costs are 
considered. 

In grading the work done, the instructor found little 
difference between the two groups based on total grade 
points. However, this same instructor felt that the percep­
tiveness and understanding of the problem demonstrated 
by those who used the time-sharing system was greater. 
The experiment also verified that the solutions' came 
quicker to those using the time-sharing system, e.g., more 
time-sharing students had sufficient time to complete the 
assignment than did the batch students. ' 

Finally, based on admittedly intangible results obtained 
from questionaires, the thesis indicates a higher degree of 
satisfaction in addition to the higher degree of learning for 
the students using the time-sharing system. 

In the second experiment, a different group of students 
was split into two homogenized groups. The results of 
their labors were used to evaluate two non-interactive 
software packages which differed in the quality and 
quantity of the diagnostic messages provided in case of 
error. The system with the better. diagnostic messages 
required only 120 hours of machine time to solve the 
assigned problem, whereas the system with the standard 
diagnostic messages required 146 hours to achieve the 
same results. The system with the better diagnostics was 
interpretive in nature, whereas the standard system was 
compile and go. In both cases, they were completely 
compatible at the source language level. The data gath­
ered showed equivalent speed of problem solution for the 
two systems and superior satisfaction with the system 
which gave better diagnostic messages. 

Additional data was gathered regarding the behavior of 
the users between consecutive runs with the computer, 
and how useful. each trip to the machine was for each 
type of user. The results were rather inconclusive as the 
detail of quantitative data gathered· was not sufficient for 
analysis . 

• In conclusion, the thesis indicates that the time-sharing 
system produced a higher quality of learning experience 
and greater understanding of the problem than did the 
batch. Further, more students completed the problem 
under time-sharing than did under the batch. Reluctantly 
the thesis concludes that there seems to be some evidence 
to predict more computer dollars and less manpower 
dollars under time-sharing. 

On the second experiment, the thesis concludes that 
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perhaps better diagnostics pay for themselves and that the 
manufacturer's standard compiler is a little austere. Other 
metrics (solution time, level of learning) showed no 
significant difference. 

In the discussion section, a new hypothesis appeared 
which states that perhaps instantaneous interaction from a 
time-sharing system is not universally good. For instance, 
he indicates that perhaps turnaround time can be too fast 
since people are inclined to try another run before they 
have completely analyzed the results of the previous run. 
He proceeds to suggest that a built:.in delay might be 
programmed into a time-sharing system to force the man 
at ,the console to intellectually digest the previous output 
before allowing him to input another request. This hypoth­
esis was originally stated by. Herb Simon of Carnegie and 
there seems to be some indication that perhaps the 
hypothesis is valid outside of Pittsburgh. 

odds and ends 
It is interesting to note that neither the SDC study nor 

the thesis reference the earlier IBM work. The references 
cited in the SDC paper exhibit both objectivity and 
thoroughness. The references cited in the thesis exhibit the 
usual Eastern narrowness. In all five cases, the experi­
ments involved applications programs which were small 
by industrial standards. None of them involved programs 
which used external files or extensive I/O. 

In contrasting the three studies, it should be noted that 
their conclusions cover the full spectrum. The IBM study 
showed time-sharing saved elapsed time but used pro­
grammer talent and machine time to achieve a higher 
cost. The SDC study covered only the debugging phase 
and found the costs were about equal, but that time and 
manpower were saved under time-sharing. The thesis 
concluded that the data were inconclusive but perhaps we 
could forecast higher computer cost and lower man cost 
with time-sharing. Further, the thesis points out that there 
is some break even point involving an. expensive man and 
an inexpensive computer where time-sharing results in a 
quicker solution at less cost. Unfortunately, third-genera­
tion machines and 1967 salaries don't achieve that break­
even cost on many problems. 

superior work 
In the course of the literature search for this article, yet 

another interesting paper was uncovered (23). The recent­
ly published description of a micro-simulator prepared at 
Stanford for configudng time-sharing systems is a sample 
of an excellent piece of analysis. and implementation in a 
related area. In the recently published article, they quietly 
and consciously state the objectives of the simulator and 
indicate why it was constructed and for what purpose. In 
subsequent pages they proceed to indicate how well the 
simulator they constructed matched those goals and 
objectives. They finally indicate a series of results obtained 
with the simulator and how this series of results aided 
them in understanding and configuring a hypothetical 
System/360 Mod 67. 

If the goals and objectives of the time-sharing systems 
had been stated back in 1962 with the clarity and lucidity 
demonstrated by the boys at Stanford, perhaps we would 
have different time-sharing systems available for selection 
today. A system designed in a cost-conscious environment 
is a fundamentally different system than one which is 
designed to function, and then evaluated. Never is this 
more true than in the time-sharing systems. I contrast the 
cost-conscious design rationales used for the direct-couple 
systems and the cost-free rationales used during the same 
period by those building time-sharing systems. 

Most of our time-sharing systems were designed without 
a thorough analysis of the problems to be solved, the 
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services to be offered, or the costs to be encountered. Since 
these are the only systems that we have available to us, 
the, remaining choice is to exercise a modei'ate degree of 
cautipn and select from those ,available systems the ones 
which solve problems you actually have. 

As indicated in the Stanford study, it is imperative to 
know your workoad. Further, if the Stanford work were 
expanded to encompass all of the resources associated 
with the computer facility '(men, machine, time, supplies, 
etc. ), it will thEm be necessary also to know your present 
costs. Most of us don't know either our workloads, costs, 
or have an accurate measure of our current level of 
performance. This has been lamented several times ( 4) 
( 13) ( 18), the most recent time being in the SDC 
report, which appeals for us to build such a data base. 

As the computer field continues to progress, it will be 
more and more important for us to have this data base 
which contains measures of how. our resources are being 
applied and what we achieve with each application. New 
developments are continlially appearing on the horizon 
and we must evaluate every new proposal based on its 
benefits in solution time, resources used and total cost. Any 
such evaluation requires present values as a basis for 
comparison. 

In the future, we will hear more and more about data 
base-oriented systems, teaching machines, and terminals 
which have graphical capabilities. One wonders whether 
the developments now taking place in these new areas are 
preceded by as clear a statement of goals and objectives 
as the Stanford effort or whether they are merely con­
cerned with the development of function without defining 
the environment, assuming a workload, and paying atten­
tion to cost and performance. • 
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ECONOMICS fi rst of two po rts 

OF TIME-SHARED 
COMPUTING SYSTEMS 
by WALTER F. BAUER and RICHARD H. HILL 

O
· The economic impact of time-shared computer 

systems is yet to be felt, despite the very great 
deal of attention recently .devoted to such sys­
tems. For this reason, perhaps, little writing has 

been done on the subject of system economics and cost­
effectiveness. Some thinking about system economics must 
have been done, if only by the entrepreneurs of the 
burgeoning commercial time-sharing systems, but this 
thinking has yet to find its way into the literature. 

This two-part series of articles focuses attention on the 
economic aspect of time-sharing systems primarily for the 
benefit of the manager who is faced with decisions 
involving use of a time-sharing system. The purpose of the 
series is to help establish criteria for system evaluations, 
by setting a frame of reference, discussing the funda­
mental choice (batch vs. time-sharing), and examining 
cost and pricing factors. 

This initial article concentrates on the batch vs. time­
sharing choice, technical design and operating experience 
factors. Part II looks at system design, hardware and 
software cost considerations, accounting problems and, 
finally, at the question of pricing. 

batch vs. time-sharing 
For a given environment and a given set of application 

parameters one can provide a set of powerful arguments 
which build a strong case for or against the time-shared 
system, even if it is not possible to prove the general case 
pro or con. The principles involved can be examined 
carefully; The parameters and factors can be isolated and 
their implic~tions understood. In many cases, all factors 
can be reduced to dollars arid comparisons made in terms 
of two or three quantities representing two or three basic 
approaches. 

In many cases, the user objectives and requirements of 
the system are such that the time-shared character of the 
system is, for all practical purposes, mandatory. There is 
no other way of meeting the requirements. Examples are 
travel reservation systems, command control systems, and 
stock quotation systems. These have the common require­
ment that the user have ready access to the data in the 

The authors are indebted to Messrs. William B. Moore, Rome Air 
Development Center; Jules Schwartz, System Development Corpora­
tion; and Robert l. Patrick, private consultant, for giving freely of 
their time to discuss the subject. The facts and opinions they provided 
were useful and stimulatin·g. 
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machine; the answers would· be of little use if he had to 
wait the minutes or hours required for batch processing. 

However, there are many cases in which a choice does 
exist. If waiting time is not a factor, or if the allowable 

Fig. 1 
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waiting time is sufficient to permit use of batch process­
ing, then either system can provide the answers. 

Let us review the principal characteristics of the time­
shared systems to be compared with conventional or even 
multi-programmed batch processors. The time-shared sys­
tems we are concerned with are ones in which the user 
accesses the computer through a console, or otherwise 
claims access to the computing .facility on a "demand" 
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basis. Time-shared systems include the so-called "conver­
sational computing" systems1 and, in a broad interpreta­
tion of the words "time-shared," also message switching 
applications, process control, real-time missile applications 
and similar systems. Mainly, however, we are concerned 
with man/machine interactive systems involving two basic 
economic factors: 

1. Many users share the same hardware, and use it 
simultaneously. 

2. The major factor in the payoff function is the 
economic utility of response time. 

User demand fluctuates rapidly, for it is essentially 
random. The system adapts to the use but may, some­
times, be idle for short, periods, placing on the. owner the 
need to absorb idle time costs. 

With respect to the second point, Patrick2 cites two 
types of payoff functions as shown in Fig. 1. In the first 
case, a short response time produces a very great payoff. 
If the stockbroker can answer a question about stock 
prices quickly, he has impressed his customer and his 
chances of making a sale are enhanced. If the payoff 
function looks like the second diagram of Fig. 1, there is 

Fig. 2 
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no advantage in a quick response, and one might just as 
well batch the data requests: If the stockbroker's customer 
requests a sheaf of Standard and Poor's reports, for 
example, they might as well be mailed at the end of the 
day with all the other responses to similar requests. 

Inevitably, the choice between time-sharing and batch 
processing reduces to consideration of specific factors 
related to user needs. Fig. 2 symbolically displays several 
factors on opposite sides of a fulcrum, showing that the 
weights given to each will determine how the scales are 
tipped. To decide in favor of time-sharing vs. batch 
implies that efficiency and flexibility factors on the part of 
the user outweigh the increased costs for computer 
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1 The "remote batch processing" concept deserves special attention, 
which it receives later in this article. 
2 Robert L. Patrick, "Sa You Want to Go On-Line," Datamation, July, 
1964, p: 25. 
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software, for extra equipment and for communications 
systems. 

The factor of "user effiCiency" is most frequently cited 
as an argument in favor of putting the user directly on­
line. There are few documented studies, but what evi­
dence there is tends to support the argument. One 
practitioner claimed increases in .efficiency of 3: 1 to 5: l. 
Of probable significance, W. B. Moore of Rome Air 

Fig. 3 
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Development Center and Erwin' Book of System Develop­
ment Corp. have independently reported increases in 
programmer efficiency on the order of 7: 1 in coding and 
debugging program modules. The arguments are plausible 
when one considers a busy executive's reduction in 
efficiency if he were forced to use the telephone only 
certain limited, spaced periods of the day, as opposed to 
full time access to the instrument. 

large computer efficiency 
A second factor favoring time-sharing systems is that of 

large computer efficiency. It is a fact that the cost per 
computer and receiving results. Many people and many 
processes are involved. Forms must be completed, cards 
must be punched and verified, and the information must 
be dispatched correctly, and logged and recorded. 

In a time-sharing system, the computer does nearly all 
of these tasks. In other words, the man at the console. can 
effectively be the "consumer" and he need be the only 
person in the chain. The input can be in an application­
addition on a large machine is lower than the cost per 
addition on a small computer. The fact that many use the 
computer simultaneously allows large, centralized com­
puters to be used and, in turn, this "large computer 
efficiency" advantage accrues. Also, the large computer 
usually has a more powerful· software system supplied 
with it .. 

The time-sharing system has the additional' advantage 
of being able to reconfigure itself to appear as an 
individual small machine to many users,or as a large 
dedicated system when required. In fact, one user may be 
using it as a desk calculator, another as a powerful system 
simulator. Thus, the important advantage of application 
flexibility is gained by the user-an advantage clearly not 
available in any given batch processing system. 

One of the advantages which is so often overlooked in 
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carpparing time-sharing and batch systems is in the 
pracess af preparing input to. the camputer. Whether it is 
to. be prepared far the files af the camputer ar canstitutes 
a' cammand ar request to. the camputer system, there are 
significant advantages in inputting the infarmatian di­
rectly as campared with aff-line data preparatian. Fig. 3 
(p. 49) shaws the canventianal procedure in inputting data to. 
a camputer and receiving results. Many peapl~ and many 
processes are invalved. Farms must be campleted, cards 
must be punched and verified, and the infannatian must 
be dispatched carrectly, and lagged and recarded. 

In a time-sharing system, the camputer daes nearly all 
af these tasks. In ather wards, the man at the cansale can 
effectively be the "cansumer" and he rieed be the anly 
person in the chain. The. input can be in an applicatian­
ariented language and the camputer can autput the results 
far u~er cansumptian. Keypunching by a third party is by­
passed.3 Verificatian is dane by allawing the user to. 
examine his input befare it is cammitted to. the camputer. 
The camputer, af caurse, can perfarm all af the lagging 
and recarding aperatians. The cammunications system and 
the rem ate cansale take care af rauting the infarmatian to. 
the user. Furthennare, a praperly designed system will 
result in fewer input errors than a canventianal system 
since, for ane thing, there are fewer steps necessary. 

Althaugh it is nat a quantitative discussian, the authars 
believe that the analysis af the process as presented in the 
preceding paragraph canstitutes a mast pawerful and 
persuasive argument fal' an-'line systems. Furthermare, the 
input pracess is ane which is camman to. ~any applica­
tians, and the advantages af an-line systems far these 
processes are frequently averlaaked ar nat understaad. Of 
caurse, a similar argument can be made far the autput ar 
interrogatian process. 

operating and implementing experience 

Camparing quantitative values s~ch as casts and effi­
ciency factars far batch systems and time-shared systems 
under comparable canditians is a difficult, almast impas­
sible matter. One simply daes nat design and fully 
implement a time-shared system far a given set af 
requirements and then design and implement a batch 
system far the same set af requirements. Such cantralled 
experiments and camparative systems are almast aut af 
the questian 'since they are so. prahibitive in cast, and are 
nat likely to. prove anything far a wjde spectrum af 
camputer applicatians in any event. The best that anecan 
hape far in camparing a batch system with a time-shared 
system is detailed studies and analyses enhariced by' 
simulatian to. insure practical handling af all factars. 

Experience with current systems in tenns af "efficiency" 
can anly be described as incanclusive., A basic problem is 
cancerned with the criteria af efficiency; the laad factar an 
the central processing unit is a cammonly used measure, 
but this may be insufficient in terms af the aver-all system 
abjectives. Far example, if the abjective af the system is to. ' 
improve programmer praductivity by providing on-line 
debugging, and if the system achieves this objective, then 
the CPU 10. ad fact at: is immaterial. Present-day time-sharing 
systems, also., are samewhat experirrit=mtal in nature and 
either have been designed to. aptimize ather features than 
CPU laad factar or to. meet abjectives incampatible with 
hardware efficiency. , 

Twa factars that seem af majar significance in detenll'in-

30f course, input of large amounts of data will require off-line prepa­
ration as with, a keypunch. . 
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ing the aver-all efficiency af the system are: 
1. Whether ar not the system daes backgraund process­

ing in batch made simultaneously with servicing users an­
line. 

2. Whether ar nat the system farces the an-line user to. 
live within the actual hard~are limitatians af, the system. 
In the CTSS at MIT in 1965 the fallawing figures were re­
parted to. the authars verbally: 60-70% camputatian, 20-
30% swap time (exchange af pragrams in care and ather 
starage), 5% averhead, the remainder nan-averlapped in­
put-autput. ,This system uses mast af the camputation 
time far backgraund pragrams (batch process type). These 
figures are represeritative also. far SDC'S syst~m far the 
uSQ-32 camputer. The percentage af camputatian in these 
systems falls markedly, hawever, if the demand is law, ar 
if the number af "interactive users" (number af cans ales ) 
becames high. 

Experience to. date with virtual memory systems (sys­
tems in which the, programmer is nat canstrained by 
actual memory limits) has nat been encauraging. In the 
IBM 360/67 memary is divided into. pages af 4,096 8-bit 
bytes each, but the user is free to. reference ane page 
fram anather. The referenced page may ar may nat be in 
care at the time it is invaked; if it is nat available the sys­
tem finds it and brings it in aver a previausly laaded 
page. Cascaded page references can create majar prob­
lems af efficiency in terms af CPU usage. Levels belaw 
10% are commanly reparted. The designers af ,the IBM 

360/67 saftware, hawever, believe that majar improve­
ments are imminent. 

Far the mament, at least, it daes nat appear that time­
shared systems can be cast-campetitive with batch process 
systems far the same type af thraughput. Hawever, aver­
all efficiency in te,nns af human productivity may improve 
so. much that the increased costs yield ecanamically 
justifiable results in ather ways. 

Further, the cast af the camputer reflects the cast af 
saftware and hardware that, in these systems, is high, as 
will be discussed in Part II. It must be cansidered, 
hawever, that the cast af bath hardware and saftware far 
time-sharing ~ill be .reduced aver the next two to. three 
years, tending to narrow the cast gap. It may be that we 
will nat see cast reductians as dramatic as that dis­
tinguishing th~ cast af the first' FORTRAN campiler from the 
mast re,cent, it ten-fald improvement, but some gains will 
definitely occur. Hardware aids to. time-sharing will also. 
improve the CDSt picture. 

design factors and economics 
The aver-all system design problem is to.' design the 

system far maximum usage and efficiency af peaple and 
camputing equipment in view af the tatal maney spent. 

Same af thb factars invalved in this design are cast af 
labar, cast af respanse delay, machine costs, and saftware 
system casts. Hawever, the study af system design quickly 
gravitates to. cansideratians af efficiency af machine usage 
and systerri canfiguratian factars, althaugh the various 
casts mentioned earlier do., af caurse, figure heavily in 
examining machine usage and system canfiguratian. Be­
fare discussing the problem af .system design, it is 
necessary to. fix a number af definitians which will be used 
in the discussian. . 

User refers to. a persan in attendance at the cansale and 
registered "in" with the system. User stations refers to. the 
number af cansDles at which users can'sit and make use Df 
the system. The number Df statiDns, obviously, is equal to. 
Dr greater than the number af users at any given time. 
Response time refers to. the time from. actuatian Df a key at 
a cansDle to. the time that a meaningful result DCCurS as a 
result af that key actuatiDn. The type Df respDnse may 
vary from simply repeating an alphanumeric character in 
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typewriter fashion or, at the other end of the spectrum, it 
may refer to the time from program initiation during 
check-out to the time when meaningful results of that 
checkout have been obtained and have been displayed or 
otherwise prod,uced for the user as he waits without 
engaging in other productive activity. It is important to 
understand that response time does not normally refer to 
the time of completion of production runs: Computer effi­
ciency refers to that frac~ion of the computer time 
(usually processor time) that is used directly in behalf of 
producing usable results for the user at the console, and 
includes costs of that computer time. 

Computer time can be split into two general types­
"direct" and "overhead." Direct compute! time refers to the 
activities in direct support of the user or console operator. 
Overhead refers to all others. Therefore, determining the 
contents of a register is a direct usage of the system 
whereas the system processing required to allow the 
system to decide which user to turn its attention to next is 
of the "overhead" type. Other examples of "direct" are any 
computations performed in program debugging and, of 
course, any production run. 

Using the preceding definitions, a statement of time­
sharing system design objectives is as follows: to maximize 
the number of users within the constraints of' staying 
within a certain maximum response time for all users and 
maintainirig a machine efficiency greater than some mini­
mum. This definition warrants some examination. 

"Number of users" can refer either to the average 
number of active users being currently served by the 
computer, or it can refer to the number of console stations 
(users) which are being serviced with sufficient rapidity 
not to incur any loss of efficiency for the user. There is no 
great difference between the two, although there might be 
if user characteristics were markedly different from system 
to system .. 

The phrase "response time" bears some scrutiny in the 
foregoing defimnon at the problem. It could refer to time 
delays in production problems. However, in general, the 
statement of objectives refers to maximizing the number of 
llsers who are directly engaged in the system-but also 
maximizing their effectiveness. When he is on-line the 
assumption is made that the user can do no other ~ork 
and thus when he is waiti~g on-line his effectiveness i~ 
nil. 

The number of users ~erved effectively is a measure of 
the system throughput or total capacity. If one ignores for 
the moment the production problems not requiring on-line 
operation or presence at the console, then this number of 
llsers is exactly the measure of throughput and maximizing 
this number maximizes throughput. Handling of produc­
tion runs and the system design with respect to' optimizing 
waiting time is discussed below when the topic of 
schedulers and executive systems is presented. 

Optimization of a system is not a simple problem, 
because the variables involved are not independent. 
Furthermore, variables like "number of users" and "re­
sponse time" are random in nature, and what is. usually 
implied is a statement such as "80% of the response times 
do not exceed 10 seconds." 

the scheduling problem 
One of the most important design problems in a time­

sharing system is the scheduler. The scheduler is the 
important part of the executive program which decides on 
a real-time basis how the computer is to service the 
console station and how it is to carry out the production 
computation., Therefore, the particular characteristics of 
the scheduling algorithm which are utilized in time­
sharing systems has great implications on the efficiency of 
the computer and the efficiency of the user. The economic 
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consequences of the scheduler are obvious. 
One of the best treatments of the scheduling problem 

has been provided by Greenberger,4 who points out that 
there are conflicting objectives in the design of a schedul­
ing algorithm. On one hand, it is desired that the average 
response time and the number of users waiting be reduced 
as much as possible. Another objective is that the schedul­
ing algorithm must recognize customer importance and 
the urgency of tpe request. Usually in conflict with the 
first two objectives, is the desire to serve the users in a fair 
order, and to limit the length of the wait. 

The design of a scheduling algorithm to optimize cost 
and effectiveness functions is a complex operations re­
search problem. It involves the disciplines of statistics and 
queueing theory as well as a practical knowledge of the 
way time-sharing systems are operated and used. How­
ever, a point of departure in all of this is a method of 
measuring the cost of. waiting for computed results. 
Greenberger points out that there are many different ways 
of relating the rate of accrual of costs and the waiting. 
The cost rate may be constant with respect to waiting 
time. It may be a linear and increasing, or it may be a non­
linear, complex function. The problem is difficult even 
with the simplest relationship of costs vs. waiting time. 
However, with non-linear relationships, the problem rapid­
ly gets extremely difficult. Each customer or each job may 
have a different cost function. The over-all objective of the 
scheduler is to minimize the aggregate costs incurred by 
all customers. 

One of the most straightforward ways of scheduling is 
simply to provide an equal quantum of processing to each 
user in turn. This is called "round robin" scheduling or 
"time-slicing." Greenberger points out that the more 
uncertainty there is with respect to the amount of 
computation required, the greater the benefits of round 
robin scheduling compared to a "first come, first served" 
scheduling algorithm. In the event that the computation 
time is known a priori (which is seldom the case) then 
the "shortest job next" type of algorithm yields the least 
total wait. The disadvantage to the "first come, first 
served" rule is that the person with a very short amount of 
computation may have to wait as long as the person with 
a large amount of computation. In between the two 
extremes of "no knowledge" and "complete knowledge" is 
the usual situation. The degree to which the computer use 
is known is the degree to which one should depart from a 
strict round robin scheduling algorithm. 

There is an important modification to the simple round 
robin scheduling technique which can improve the total 
system service greatly. This is a scheduler with more than 
one level of priority. Under this system of scheduling, 
computing requests which are known, either a priori or by 
machine experience, to be oneS which require. relatively 
large amounts of computation are placed iri a lower level 
of priority than those which require short amounts of 
computation. The greatest improvement in system perfor~ 
mance is achieved when the distribution of jobs is 
continually examined and priority adjustments are made 
dynamically. , 

A priori information is also available that can be 
utilized in the scheduling. Certainly the programmer or 
user who approaches the console has some idea of how he 
will use the computer and,. in, fact, has an idea of how 
much computer time he will use. This information can be 
made available to the scheduler, and should be used in 
the scheduling process. In the following paragraph, a 
scheduling system is discussed which makes use of this a 
priori information. 

Consider the following approach to a scheduling al-

4Martin Greenberger, "The Priority Problem," Project MAC Technical 
Report (unpublished), MIT, October 1965. 
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gorithm. Active programs in a time-shared system can be 
considered to be one of three types: conversational, stand­
by, and deposited. There may be additj~nal administrative 
programs such as those which collect data on the time­
sh~1red system itself, programs for bookkeeping or account-

. ing and programs for diagnosing Il)achine operation. 
These administrative programs could be a fourth (lower) 
level category or simply "background" programs; that is, 
programs that are executed whenever there are no higher 
priority programs demanding service. 

Conversational jobs are those in which the programmer 
or user is giving information to the computer in a way 
similar to how a supervisor. communicates with his staff 
assistant. He· gives the computer instructions or asks the 

Fig. 4 
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computer questions which require a small amount of 
computation. A request to retrieve data from a file is an 
exaIl1ple of such a "job." What characterizes the operation 
here is that the user expects a response to him which is in 
the order of seconds; in fact, usually less than five seconds. 
This means that the time-sharing system must, with high 
frequency, turn attention to the, console, to see whether 
new information is ready for the computer. Since the 
amount of processing is small, the amount of attention 
given, in turn, will be small. In other words, the quantum 
of processing required at each turn can be small. 

Jobs of the stand-by type are those requests of the 
computer system which require significantly more compu­
tation, but where the response to the user is required 
within a short time because the user awaits the results at 
his console. A primary example of this type of operation is 
the processing of part of a computer program during 
checkout to determine whether it works correctly. How­
ever, this type of ~peration could be extended to produc­
tion runs where useful answers are provided, but which 
requ,ire small amounts of computing. Both conversational 
and stand-by jobs are typically associated with high-
priority ("foreground") processing. . 

The third type is the production run or the deposited 
type. The job is given to the computer or is deposited 
with the computer along with certain directions on how it 
is to be run; that is, the number of parameters involved in 
the computation and the entry point of the program are 
provided as inputs. The important point with deposited 
jobs is that they do not require the person to stand by the 
console and, in a sense, they are off-line or batch jobs. 
Deposited jobs may be introduced to the computer in the 
computer center or from remote terminals. 

The scheduler essentially places the conversational jobs 
in the' highest priority; the stand-by jobs in the next 
highest priority; and the deposited jobs in the lowest 
priority. Round robin scheduling is done for each of the 
jobs' however it is done within the framework of a multi­
levei priority' system. Quanta of computer: time for the 
three types of jobs are determined in advance. For 
example, the quantum for conversational jobs might be as 
low as 20 milliseconds; whereas the amount of time given 
to the stand-by jobs might be as great as 200 milliseconds. 
The quanta are determined on the basis of whether a 
meaningful amount of computation can, on the average, 
be provided with respect to the aims and objectives of 
th~t type of job, or the processes which are normally 
carried out in this type of job. 

The scheduling process then is performed as follows: all 
conversatiomil jobs are first attended to on a round robin 
basis. Following the completion of one cycle of all of the 
conversational jobs, the system turns in a, round robin 
fashion to the stand-by jobs. Each stand-by job is given 
the appropriate amount of attention as determined by the 
time quantum assigned to that priority level. Any remain­
ing time before attention must again turn to conversa­
tional jobs is devoted to processing deposited jobs. Fig .. 4 
presents a simple flow diagram which explains the pro­
cess. 

Implicit in such a scheduling scheme is the fact that the 
user is charged according to the time used at the priority 
level. The system keeps track of each channel or console 
in terms of the amount of main frame processor time 
devoted to it over a given period· of time. Charges for 
conversational jobs are at a rate higher than charges at 
stand-by or deposited priority levels. This scheme would 
also inhibit the user from ,registering in at a higher level 
than his usage would indicate. 

This processing scheme is not offered as a serious 
candidate for a scheduler, but to stimulate thinking on· 
this complex subject. It also illustrates the use of a priori 
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TAPE-SEAL® computer tape storage system 
Tape-Seal doubles the capacity of cannister libraries, makes possible more 
efficient planning of new installations, and saves costly floor space. Tape-Seal 
suspension storage puts more tapes within reach at one time thereby speeding 
retrieval and reducing personnel fatigue. The Tape-Seal belt of tough, tempered 
polyethylene wraps completely around the reel, providing a dust-proof seal and 
holding the reel flange edges to prevent tape pinching. The complete line of 
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Wright Punches are precision engineered and designed for remote or on-site 
use. The Model 2600 Card Punch can be used for such applications as: ware­
house inventory control, punched card stub transactions at cashier booths, 
preparation of program cards, header card preparation and error correction. 
Models 2610 and 2620 are designed to punch Hollerith and other coding into 
plastic badges, credit cards and data collection cards. These punches have a 
one-piece aluminum base with scratch-proof black finish. All other parts have 
a satin chrome finish. For More Information Circle Reader Service Card No. 33 or 330 

KEY PUNCH DESKS 
Key punch desks by Wright Line add beauty and function to key punch opera­
tions. They transform the key punch machine into a complete work station by 
providing work surface and drawer space for trays, blank card stock and the 
operator's personal effects. A key punch desk adds efficiency as well as a 
degree of status to the operator's job. Models are available for use with all 
key punches. For More Information Circle Reader Service Card No. 34 or 340 
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data on the job which the user can supply to the system to 
increase scheduling and system-use efficiency. Since the 
machine must be idle sometimes5 (assuming that the 

") demand is random) there should always be a supply of 
../ lowest priority utility jobs to fill in this otherwise idle 

time. Examples are auditing, recording and diagnostic 
jobs. It is appropriate that these non~revenue producing 
jobs be given the lowest priority. 

A final observation on schedulers and scheduling algo­
rithms: there is virtually no limit to the complexity which 

PROTECTING 
J COMPUTER 

PROGRAMS 
by ALLEN W. PUCKETT 

D 
In recent months articles discussing the legal 
protection of computer programs have pro­
liferated in the edp press. More particularly, 
much attention has been focused on the legal 

metaphysics that will determine program copyrightability 
or patentability, and on the "needs" of programmers and 
computer users. 

In my opinion, under current law a combination of lim­
ited copyright protection, trade secret protection, and con­
tractual agreements wilI be in the best interests of pro­
grammers, software companies, and computer-using society. 
Perhaps best -of all would be a statute specifically designed 
to advance the art of software production. In any case, 
patents are not desirable. 

A desirable combination of protections may in fact be 
obtainable. More important, whether or not it is available 
probably depends on efforts made by the edp public. 
Lawmakers and judges are reasonable men. If almost any 
decision can be accepted without impairing the theoretical 
integrity of the law, they will strive to reach a "best" 
answer in terms of its effect on "real" people. 

This demands that real people be heard. An infOlmed 
opinion expressed today can have a significant impact on 
the law you will be living with for years in the future. 
Computer software is so economically significant that law 
defining its status is inevitable. The only question is wheth-
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can be introduced. Complexity introduced in the system is 
costly and there is the lingering question of whether that 
cost is outweighed by the accrued savings in increased 
efficiency for the user and the machine. There is little 
doubt, however, that schedulers will become increasingly 
complex since, with increasing improvements in imple­
mentation techniques, that complexity will become steadily 
less costly. (NEXT MONTH: "Time-Sharing System Com­
puter Configurations and Cost Factors.") • 

5 Indeed, in the presence of random demand, no idle time- implies 
intolerably large response times; in fact (mathematically) infinitely 
long ones. 

copyrights, patents, 
trade secrets 

eror not that law will be shaped by those who are most 
affected by it. 

To buttress these conclusions, let's examine the law 
currently governing program protection-not to find "the" 

Mr. Puckett is an associate in 
the San Francisco offices of 
McKinsey & Co. Inc. He was 
recently 'awarded national 
third prize in the Nathan 
Burkan Memorial Competition 
for a paper on the copyright 
law titled, liThe Limits of 
Copyright and Patent Protec­
tion for Computer Programs. II 
He has a BS in business ad­
ministration from the Univ. of 
California, Berkeley, and an 
LL.B from Harvard Law School. 
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correct answer, but to get a better idea ~f the ambiguities 
in current statutes. ' . 

current law 
One often hears that computer programs should be 

protected by copyrights or patents so that programmers 
can earn a fair profit for their work. These considerations 
are important; but equally, thought must be given to the 
purpose of legal property rights. (This thought should not 
be reserved for lawmakers only. It can have a crucial 
effect on ,the presentations that program producers and 
program users will want to make to courts or legislatures 
to ensure that their interests are properly safeguarded' by 
forthcoming judicial, decisions or statutes.) 

The purpose of copyright and patent statutes is not 
merely to support 'authors and 'inventors. The theory 
underlying the grant of copyrights arid patents is that 
such grants will benefit the public by stimulating the 
production of further writings and inventions. Only as far 
as such stimulation can occur and thereby speed th~ 
development of science and the "useful arts" is their grant 
justified. ' 

Whether or not the grant of patents or copyrights-as 
we know them, today-stimulates the comp'titer art is a 
complex question. The source of the complexity is that 
current copyright and patent statutes, with their respec~ 
tive foci on "writings" and "inventions," were not designed 
to protect creations even remotely akin to comput~r 
programs. Given that, it would be astounding 'if the 
protectioll they offered were exactly what is needed. For 
the same reason, it is very understandable that no ofl,eis 
sure whether or not such protections as do exist can be 
ob'tained. 

Patent protection' is' quite different from copyright 
protection. It is possible, though not probable, that both 
could apply to programs. Also, most aspects of copyright 
and patent law are statutory, not constitutional. These 
aspects can therefore be changed' by congressional action 
-and at least with respect to copyright, such change is 
imminent. Finally-though it seems nonsense' to. 'those in 
the field-the treatment given source programs, obj~ct 
programs, cards, and magnetic tape may differ widely. 
For all of these reasons, the availability of patent and the 
availability of copyright for, program protection are sepa- " 
rate questions, which can have different answers!. 

are progr"ms copyrightable? 
Copyrights protect authors from unauthorized copying 

of their published writings.1 Since June, of 1964, the 
Copyright Office has agreed to accept most published 
programs as copyrightable writings. 2 This acceptance by 
the Copyright Office is merely an administrative decision 
that courts could find programs copyrightable. But the 
courts have not yet ruled on the' question, and until they 
do so the prospective "author" should carefully consider 
case precedents before deciding that copyright law will 
provide the protection he seeks. 

The most obvious objection to copyrighting programs is 
that they are not "writings" in the legal senSe. 'One 
commonly raised objection is that punched, cards and 
magnetic tape are parts of a machine that 'are not 
intended to be, read, and that hence they cannot be 
registerable writings: The grounds for this obje~tion are. a 
questionable interpretation of an early copyright case 

1 See 17 USC Sees.' 1-14 (1964). 
2 For the most recen~, statement of the Copyright Office position, see 

Copyright Office, Cir. 310 (Jan. 1965). 
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involving music rolls for player pianos.3 

But. the most weighty (though the least di~cussed) 
grounds for ~uspecting the copyrightabiiity of programs 
lies in the well-established judicial distinction between 
books or "objects of explanation" ~nd inventions or 
"objects of utility." Loosely, a patent gives an inventor the 
exclusive right to an art described; a copyright gives an 
author the exclusive property to a description of art. For 
instance, a patented engine can be manufactured only 
with the permission of the patentee, but a technical 
manual's deSCription of the engine is the exclusive prop­
erty of the manual's copyright holder. 

To quote from the leading case of Baker v. Selden., if 
the "art it teaches cannot be used without employing the 
methods and diagrams used to illustrate (a) rook, or 
such as are similar to them, such methods arid diagrams 
are to be considered as necessary incidents to the art, and 
given therewith to the public . . . for the purpose of 
practical application."4 In other words, the "methods and 
diagrams" used 'to illustrate a book can be objects of utility 
'as well as objects of explanation. If so, t4eir practica~ use 
can be prohibited only if they are patentable. 

On the basis of th~s case, courts could easily determine 
that computer programs are objects of use rather' than 
objects of explanation, and hence that they are not 
copyrightable subject matter. Perhaps more importantly, 
even though a program might! be copyrighted as a means 
of "teaching" a new algorithm, the use of that or, any other 
program in order to use the algorithm would almost 
certainly not be an infringement of the copyright. This 
argument in particular must give special pause to those 
who wish to obtain copyrights solely to enhance the 
salability of their computer programs.1I 

are programs patentable~ 
The grant of a patent on an invention which is novel, 

useful, and "un obvious" empowers the inventor to exclude 
others from qIaking, vending, or using the invention for a 
term of 17 years.6 In Comparing the powers of patent. with 
those of copyright, note first that the presence or absence 
of copying is relevant' only with respect to the infringe­
ment of a copyright. Thus, one who does not copy but 
instead recre~tes a patented invention, by his own work 
and even without knowledge of the previous invention, is 
as much an infringer of the patent as one who steals the 
ihventio~ outright from specifications supplied by the 

, ::patent office. 
'" As might be expected, in return for such extensive 
rights, courts have usually held the prospective' patentee 
to relatively high standards of contribution. Under' these 
standards, courts could decline to uphold patents on 
computer programs regardless of Possible "gUidelines" 
from the patent office describing programs eligible for 
patents. Such guidelines would, as in the case of the 
previously mentioned Copyright Office announcement, 
merely constitute an ,administrative decision that a court 
could find computer programs to be patentable inventions. 

A patent infringer's first line of defense will plost 
reasonab~y be that a program is not patentable subject 
matter. Tha't is, a program'is not a machine or' a "quasi­

. structural" combination of "means plus function", nor a 
new method. These categories exhaust the list of poten-
tially' patentable inventions.7 

. ' 

The category of machines and quasi-structure can be 

3 White-Smith Music Publishing Co. v; Apollo Co., 209 US l' (1907). 
4 Baker v. Selden, 101 US 99, 102 (1879). 
S For a much more detailed and technical treatment of these sub. 

jects, see Puckett, "The Limits of Copyright a'nd Patent Protection for 
Computer Program'S", in ASCAP Copyright Law Symposium N~. Sixteen. 

635 U.S.C. 101 (1964). ' 
7 See 35 U.S.C. Se,c. 100 (1964). 
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PROTECTING PROGRAMS 

eliminated with relative ease because the program- itself 
exhibits no physical structure. It has been suggested that a 
c?mputer plus a program (in the computer memory) is a 
smgle problem-solving device and, as such, is a patentable 
machine. But under the patent law, although a new use 
for an old machine can justify a "process" or methods 
patent, the machine itself must be structurally different to 
sustain a machine patent. Or, "a different adjustment of 
an old machine· will not impart novelty thereto as an 
apparatus."8 

If patents are to be obtained on programs, it must be 
because the programs disclose a new "process" or "meth­
od." For, instance, it has been suggested that computer 
programs disclose a "method" of manipulating electrical 
signals in a useful manner. Program patents would thus 
cover the use of the object-pro gram-plus-computer signal­
manipulating machine (i.e., the programmed computer), 
b.ut wo~ld not cover a How chart or a source program, 
smce neIther of these is a signal manipulating device. 

The resourceful litigant 'has at least two chances to void 
a patent on a program as a method. The first relies on an 
old doctrine in the law of patent which attempts to 
discriminate between "processes" and mere "functions of a 
machine." The essence of the doctrine is that "a man 
cannot have a patent for the function or abstract effect of 
a machine, but only for the machine which produces it."9 
For example, the man who invented an ice cutter that cut 
square blocks of ice could not patent square blocks of ice 
or all methods of cutting square blocks of ice, but could 
only patent his particular cutting machine. 10 Analogously, 
one could not patent the "method" of manipulating 
electrical signals. The patent, if any, must reside in the 
signal-manipulating computer (as a machine) . 

The second (and more sensible) defense rests on the 
broad principle of patent law that no patent may be 
obtained upon an "idea."l1 Several cases further suggest 
that if calculations, plans, or methods of doing business 
are the "heart" of a method, the method should not be 
patentable. 12 It would obviously be no trick at all for a 
court to find that the "essence" of programs is ideas and 
plans. ' 

Alternatively, the standards of novelty and "un obvious­
ness" could be involved to dispose of. a programmer's 
claim to invention. For example, if it were conceded that 
an object-program-plus-computer is a useful signal-trans­
forming method, that method might still be unpatentable 
because it follows as an "obvious" product of an (un­
patentable) source program. 

These doctrines are admittedly technical and occasion­
ally quite casuistic. But the point is that there is no simple 
right answer-only a pletho~a of gray-shaded ambiguities. 

trade se,cret protection 
Statutory copyright and patent protection are not the 

sole, and perhaps not the most significant, means available 
to programmers to protect their work products. An 
important source of protection available to service bureaus 
and in-house programming gro'ups is the law of unfair 
competition. This still developing doctrine prohibits the 
unfair appropriation of company trade secrets. Cases in 
unfair competition are not decided according to rigid rules 

8 Ex parte Hitchins, 99 U.S.P.Q. 288, 292 (P.O. Board of Appeals 
1953). See footnote 5. 

9 Corning v. Borden, 56 US (15 ,How.) 252, 267"68 (1853). 
10 Wyeth v. Stone, 30 Fed. Cas. 723, 727 (Cas. No. 18, 107) (c'c'D. 

Mass. 1840). 
11 Burr v. Duryee, 68 U.S. (1 Wall.) 531, 570 (1863). 
12 E.g., Application of Shoo Wen Yuan, 38 c'c'P.A. (Patents) 967, 

188 F. 2d 377 (1951). 
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~f la:v ~~t rather according to the tenets of a more general 
eqUIty.· There are three rough criteria for trade secrets. 

First, they must be company-developed rather than one 
man's ordinary work product. Second, they must be 
valuable to the business and expensive to develop. Finally, 
they must be truly secret, and the company will usually 0 
bear a heavy burden in demonstrating its efforts to 
maintain the secrecy. 

Each case of unfair competition' is decided on its unique 
merits. Questions considered by a court might include: 
Was the company careless? Will a man be deprived of his 
livelihood by an injunction against disclosure? Would the 
company truly be hurt by the disclosure? Given this 
search for fairness, a company desiring trade secret 
protection for a program should decide to maintain the 
program as a trade secret quite early in its development. 
The fact that the program is a secret must be carefully 
communicated to all personnel engaged in the program­
ming project or using the program. 

contract protection 
The final and perhaps the most obvious means whereby 

companies or individuals can safeguard the salability of 
their programs is through the law of contract. Although a 
contract between vendor and vendee or licensor and 
licensee cannot be binding on third parties who gain 
access to the program through the vendee or licensee and 
without notice of the contractual agreement, a contract 
can surely provide for appropriately heavy damages to be 
obtained from the vendee of licensee in the case of such 
disclosure. This contractual protection should undoubtedly 
prove the most useful device in meeting the needs of most 
companies and computer programmers. Contracts can be 
frame9. to meet the needs of specific cases. Arrangements 
for protection can be made without the need for public 
disclosure of a program. 0 

Why does the limited protection of copyright, used 
judiciously in combination with trade secret and contrac­
tual agreements, provide the best set of protections from 
the standpoint of the programmer, of the company 
concerned with protecting software, and of computer-using 
society? The appeal of trade secret protection is obvious: 
litigation is decided by the presence or absence of an 
"unfair" act. There is little opportunity for a company or 
an individual to institute spurious litigation, or for an 
apprehended miscreant to plead innocence or surprise". 

Similarly,. the dawning professionalism of programmers 
and the rapid obsolescence of programs combine to make 
contractual agreements an effective means of protecting 
an economic product. Agreements can be carefully tai~ 
lored to protect a vendor's security, can be enforced in the 
courts as readily as a statute, and do not involve needless 
public disclosure of programs. 

The desirability of copyright protection-and the unde­
sirability of patents-are less evident, and must be 
discussed at further length. 

Copyright proteCtion is desirable. That the potential 
protection offered by copyright is weak, is a major 
supporting point in favor of allowing program copyrights. 
In contrast to patent protection, the reproduction of a 
copyrighted program by a second author (who does not 
copy the copyrighted program) is permissible. Thus, many 
potential squabbles and litigious situations are removed. 
Perhaps more important, under the doctrine of Baker v. 
Selden the use of ideas set forth in copyrighted programs 
is not restricted to the author of the prograIYl. Thus, the 
author of an analytical technique or of mathematical 0 
formulae cannot forbid others to use that formula merely 
by incorporating it into a computer program. . 

The importance of these limits on program "p~otection" 
emphasizes the attention the comp_uter industry should be 
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paying to the copyright bill recently passed by the House 
of Representatives. 13 Should that bill be construed to 
overturn the Baker doctrine, copyright too could become a 
dangerous weapon-in some ways perhaps more danger­
ous than patent. Not only would computer programs be 
c?pyrightable subject matter, but the owner of the copy­
nght would apparently have complete authority over the 
reproduction of the program in virtually any manner­
even to the point of controlling programs which are in 
some way identifiably "derivative" from the copyrighted 
program.14 For example, it is conceivable that a source 
language could itself be copyrighted (for instance, as a set 
of symbols for the expression of logic problems). Many 
benefits of today's uniform compiler source languages 
would then be lost. For instance, programming informa­
tion techniques and personnel can be exchanged between 
different computer facilities; libraries of old programs and 
available markets for new routines are relatively large; and 
perhaps most important, competition among hardware 
manufacturers is economically feasible. With respect to 
the latter point, consider the problems of abandoning IBM 

machinery ( to pick a less than random example) if 
FORTRAN and COBOL could be used only on IBM equip­
ment. 

benefits of copyright 
But copyright also offers positive benefits to pro­

grammers and to the public. The most basic benefit is that 
anticipated by the authors of the copyright law: It may 
well serve as a stimulus to greater program production. 
This is not .due to the monopoly rights bestowed by the 
copyright. Rather, it is due to the status which will be 
bestowed on programmers by obtaining the copyright. 
This cannot help but advance the professionalism that 
programmers are striving to attain. It cannot help but 
encourage them to exchange ideas and publish their 
programs in order to receive certified credit for their 
advances. Ideas could be utilized without direct remuner­
ation to' the author, but it is probable that the copyright 
notice will at least impose an ethical restraint on potential 
pilferers. And even where an idea is taken the author will 
be more likely to receive credit for it. ' 

From the copyright notice and registration at least three 
furth~r benefits may flow. First, the presence of the 
central registry should facilitate the production of program 
indices which disclose programs and programmers needed 
to solve difficult problems. Second, the presence of a 
programmer's name on a distributed program may tend to 
encourage centralized updating of those programs. This 
encouragement again is a function of the ethical influence 
of the copyright notice, and would have to be encouraged 
by programming personnel. Third, the presence of regis­
tered programs provides a certified resume for the experi­
enced programmer, and thus underpins his technical 
position and job security. 

On the other hand, patents are undesirable. Program 
patent protection would be so good that it would stifle. 
Preliminary algorithms which had not been reduced to 
hard programs and exchanges of general information and 
techniques would have to be much restricted. The initial 
innovator would not want to risk later exclusion from the 
fruits of his thoughts by a later patentee. Research would 
be discouraged in areas where powerful concerns were 
known to have developed many computer tools. Wealthier 

13 S. 597, H.R. 2512, 90th Congress 1st Sess. Secs 101, 106 (1967). 
This bill will become law if it is passed by the Senate during the 
current session of Congress. 

14/bid., Secs 101, 106 

15 Thes~ arguments can be applied to all patent grants, but they 
are particularly forceful when applied to grants covering computer 
prcgrams because of the relatively low capital investment required to 
pursue good programming ideas. . 
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concerns would have a powerful tool for the exclusion of 
the indigent: the defense of even an unjustified patent suit 
is quite expensive. In short, the constant refinement of 
past ideas and the development of new would be greatly 
impeded.15 

There would be little stimulus causing the production of 
new programs to compensate for these indisputable draw­
backs. The problem facing most computer users is not 
stimulating the new and creative use of their machines 
but acquiring the necessary programmers to tackle tli~ 
pedestrian tasks they have already identified. Programmer 
demand continues to outpace supply to such an extent 
that the cost of programmers already unbalances organiza­
tions' compensation schedules. It is highly unlikely that 
additional demand pressure could significantly increase 
the present pace of programmer training. Nor would 
patent protection foster increased production and sales 
from independent software groups. Patents are not needed 
to protect program salability. A programmer's income from 
his product can be ensured by utilizing trade secret or 
contract protection. In any case, the problem of program 
vendors has to date not been protection against unauthor­
ized exposure of their work, but. rather finding interested 
customers. 

Some feel that program patents would at least prevent 
the spread of industry secrecy regarding programs, so that 
patented programs would be programs that without the 
patent would never be disclosed to the public in any case. 
If so, the restrictive effect of the patent is not really a 
public detriment· but instead makes possible a gift to the 
public which would otherwise not exist. But the thesis 
that patents prevent the spread of secrecy is today 
generally disputed. Insofar as a discovered process is not 
to be generally released, its creator is almost always more 
likely to use or vend it on a confidential basis than to 
secure. a patent and undertake the burden of policing 
possible users. In addition, there is already a strong 
tradition against program secrecy throughout computer­
using industry. 
special-purpose computers 

Finally, ,it has been suggested. that the manufacturers 
and designers of special purpose computers need pro­
tection from equivalently programmed general purpose 
computers. If patents would protect special purpose com­
puters from infringing programs, then presumably pro­
grams could as well be protected against infringement by 
special purpose computers. If this were so, an even 
stronger case could be made for protecting programs 
against infringement by other programs. By this circuitous 
argument the manufacturers of special purpose computers 
are claimed to desire patent protection for computer 
programs. But the only rational reason for building a 
special purpose computer (rather than programming a 
general purpose computer in the first place) is to fulfill a 
specialized need where for reasons of size, initial expense, 
or operating. economy, the general purpose 'computer 
would be unusable, uneconomical, or inefficient. In such 
cases, the inventor of the. special purpose computer should 
be able to obtain a patent for either a machine or for 
"quasi-structure." And to say that the special purpose 
computer should be patentable even without unique 
structure is merely to beg the question of whether or not 
"theories" should be patentable generally. 

Perhaps paradoxically, patents will probably not be 
used by programmers in any case. The apparent paradox: 
How can patents be harmful if they are not used? The 
answer to the paradox is simple: The fear of possible 
patents can be as restrictive and can have the same 
consequences as the actual patents themselves. But why 
will patents not be used? The answer is fourfold. First, 
patents are expensive. To obtain a patent requires not 
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Teleprinter 100 
for Internal Data Networks 

Lower Price 

Higher Speed 

Faster Delivery 

The Teleprinter 100 is used by railroads, utility and 
pipeline companies, plants, department stores, many 
other organizations, to transmit and receive data on 
internal communications networks. It is compatible with 
all systems-over 100,000 are now in use 
in over 100 countries. 

Up to 13 characters per second. 5 level code. 
Transmits to one unit, several or all units in system. 
Low noise level. Makes up to 12 carbons. Sends in red, 
receives in black, or vice versa. Receive·only units 
available. Tape reader and tape punch attachments. 
Many special features. 
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PROTECTING PROGRAMS . . . 

only significant attorney fees but significant lost pro­
grammer time-and this when programmer time is the 
critical commodity we are seeking to make use of. 

Second, obtaining patents is time consuming. On the 
average, from the time an applic~tion is submitted to the 
time a patent is granted requires three years and then the 
patentee has merely a "license to litigate." Should the 
patent then be litigated, it is of course possible that 
effective protection would be even further away. It goes 
almost without saying that a program is likely to be at' 
least one generation obsolete by then. Third, a program, 
patent is risky. An obvious risk is that large expenditures 
will have to be made defending the patent. Should the 
patent be struck down by the courts, the. opportunity for 
other types of protection could well have vanished. For 
instance, the program would no longer be a "secret" 
protectable against unfair competition. . 

Finally, as a practical matter, patents would probably 
be unenforceable for all but major concerns bec:mse of 
prohibitive litigation expenses and the extreme difficulty of 
detecting patent infringements. To obtain a patent, an 
inventor must file a description of the invention with the 
patent office. A complete copy of that description can be 
obtained from the patent office in return for a trifling sum. 
Since creating the program from a detailed description' 
would be inexpensive and since (most importantly) 
programs would be duplicated for use rather than for 
resale, it would be virtually impossible for· a patent holder 
to track down the clandestine users of a patented pro­
gram. 

what next? 
Today's patent and copyright statutes, as interpreted by 

the courts, are so ambiguous that computer programs do 
not conveniently fit either within or without their bounds. 
Decided cases, with a fortifying dose of legal metaphysics, 
could support new decisions either for or against program 
protection by copyrights or patents. 

Alternatively, program protection could be explicitly 
provided by a new act of Congress. Such protection could 
be via an express clause in a new copyright or patent 
statute-both of which are now being studied-or it could 
be via a separate enactment with unique provisions. 

The opinion of the informed edp public can have a 
great impact on the resolution of these issues. On the 
other hand, without this opinion, legal technicians will 
have no choice but to construct laws by extrapolating from 
past rules. Decisions not to speak out now can be quite 
significant. The laws which may thus evolve by default 
will be relatively hard to change, and can pose serious 
problems for programmers and for computer-using society. 

These problems appear to me to be serious enough to 
merit the immediate attention of high-level management 
in program-producing and program-using -organizations. 
Especially, serious thought should be given to the long­
term effects on organization performance-benefits and 
detriments of program' patentability and copyrightability. 
Computer systems personnel, while they can supply useful 
background, cannot be expected to make the broad­
gauged evaluation called for here. 

The primary' responsibility for' decisions on program 
protection rests with the Patent Office and the Senate and 
House' subcommittees on copyright and patent. The chair­
men of these committees are Sen. John McClellan (Ark.) 
and Congressman Robert Kastenmeier (Wisc.). Conclu­
sions will be useful only if they are cogently presented to 
these decision makers with management's strong endorse­
ment. • 
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THE 
MISSI L SYSTEM 
by EVERETT B. TURNER 

r--~-'·l During the past decade, many of the advance-

l 
ments in computer hardware and software de-

J signs have been directed toward increasing the 
......... -.- .. ~~ efficiency of data handling in the giant corpora­

tions. While tremendous technological strides have been 
made, much of this progress is practically meaningless to 
those companies that fall short of being classified with the 
giants. These are the companies with the same data 
processing problems as the giants, but because they are 

. smaller, they have less data to process and the economic 
environment in which they operate is less complex. 

Even so, they need to know-on a daily basis-the 
physical conditions which describe their operations. They 
need to process data on availability of raw materials, 
products made and inventoried, products shipped, and 
the pattern of distribution. They need to be able to 
compare actual operations with the requirements set by 
their corporate plans and they need to determine profita­
bility. 

Until recently, the only data-handling tools available for 
these purposes were those designed with the giants firmly 
in mind. Smaller companies, with their limited needs, 
couldn't justify the price. It was too much like having an 
Olympic-sized pool in your own back yard: so very nice 
... except for initial investment, operating expenses and 
maintenance costs. In short, as far as the smaller com­
panies were concerned, all the tools for efficient data 
handling were over-designed. 

Hardware manufacturers have long recognized this 
problem. Recently, they also have recognized the market­
ing opportunities which accompany the problem and they 
have moved to build new capabilities into the,ir small 
computers. 

The "compact" computer lin~ is here. And now, with 
the development of MISSIL (Management Information 
System Symbolic Interpretive Language), so is the lan­
guage which can make use of the broadest capabilities built 
into them. MISSIL, designed by Bonner & Moore Associ­
ates, Inc., Houston, is tailored specifically to meet the data­
handling needs of small computer users. By taking ad­
vantage of new capabilities which have been built into 
small computers-specifically, machines like the IBM 
1130/1800 and the GE/PAC 4000 series-MIsSIL brings 
the benefits of a comprehensive management information 
system within reach of many business and production 
managements. 

The basic design of MISSIL overcomes two major barriers 
which have severely limited the small computer's useful-
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for file management 

ness for filing and manipulation of data in preparation and 
display of information. 

First, MISSIL'S two-phase, interpretive operation, (illu­
strated in Fig. 1), overcomes limitations imposed by the 

Fig. 1. The MISSll programming system. 

Pre-processing phase 

Input Device 

Instruction Statements 
written in-.MISSll 

Execution Phase 

Computer 

Repeated until all 
instructions are 
pre-processed 

Computer 

MISSll 
Executor 

Phase 

Instruction Statements 
condensed to intemal 
code and stored 

Disk" contains condensed statements and file data. Stc:itements are read and executed one at a 
time from the disk until completion; during execution, disk is available for filing and retrieving 
of data arrays. 

Mr. Turner ;s manager, market­
ing division, Bonner & Moore 
Assoc., Inc. Previously em­
ployed by General Electric, 
where he worked with opti­
mizing techniques common to 
computer applications, he has 
a BS in electrical engineering 
from Texas A&M, and an MS 
in applied math from Univ. of 

Houston. 
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MISSIL SYSTEM . . . 

small cote storage of the compact computer. In the pre­
processing phase, the user writes statements of the source 
program in. MISSIL and feeds them into the computer (via 
punched cards) while the MISSIL pre-processor is, in core. 
The pre-processor translates the instruction statements to 
condensed internal code and files the condensed code on 
disc. At this point, the condensed code is the equivalent of 
an object program, but requires no core storage. Thus, 
MISSIL can accommodate a program of essentially any size. 
When all instruction statements have been translated and 
filed on disc, the program execution can begin. The 
executor phase' scans. the translated program statements 
and executes them one at a time, in sequence, until all 
instructions of the program are completed. The use of core ' 
storage for arrays and MISSIL, subroutines is controlled 
dynamically during execution. Until changes in the pro­
gram are necessary, the pre-processing phase 'need not be 
re-run and programs may be stored on disc if desired. 

Second, MISSIL'S design recognizes that those who use 
small, computers are not necessarily familiar with stored 
logic of their machines and may not be highly skilled in 
programming techniques. The characteristics of the lan­
guage are designed to match the thinking of management 
and the terminology of accountants, production men, and 
engineers. (A listing of available MISSIi.. statements ap­
pears in Fig. 2. ) . Thus, MISSIL allows the user to 
communicate with the computer on his own terms to 

Fig. 2. Type,S of statements. 

ARITHMETIC FORMAT READ, DATA 
ARRAY FUNCTION READ, TABULAR 
ASSIGN c;m RETURN 
CALL GO TO SET 
-CALL (F) GO BACK TO SIGNON 
DELETE IF SUBROUTINE 
ENDSUB PACK _ SWITCH 

ERASE PAGE WRITE, DATA 
FilE POSITION 

describe the flow of data, the computations, and the 
control he wishes to take place. 

From the conceptual point of view, MISSIL has been 
some five years in the making. Its ancestral counterpart is 
Data Reduction Interpreter (DRI), developed by Bonner 
& Moore in 1962. DRI is a language designed to expand 
the data-handli:ng capabilities of small machines which do 
not have auxiliary ~emory, and has been successfully 
implemented as a plant management information system 
on the IBM 1620. ' 

The design of MISSIL was. undertaken after hardware 
vendors started adding new capabilities to their small 
machines. Bonner & Moore's first approach to the develop­
ment of MISSIL was to examine the user environment in 
which the language would operate as a basic tool in a 
management information system; This study determined 
that MISSIL would need to be: 

1. Workable on compact computers 
2. Developed and made available at minimum cost 
3. Designed for extensive file handling, storage retrieval 

capabilities 
4. Flexible in its report generating capabilities 
5. Kept simple and efficient to use, requiring minimal 

skills on the part of the programmer 
6. Written in a' manner which would be understandable 

(vernacularly) to those who employ it. 

. After examination of the problem from the user's point 
of view, it was possible to establish the following design 
criteria for the language: 

1. The language processor resides in core with auto-
matic overlay at all times -

2. The program is interpreted statement-by-statement, 
requiring no core storage for the object program 

3. Each statement must be capable of performing as 
much as possible (inqexing control is incorporated in the 
statement) 

4. Recursive use of statements is possible through sub­
routines 

5. Use of core for arrays is controlled dynamically at 
execution time 

6. All data referencing' in core is done by searching row 
and column labels for index. . 

Obviously, because it is written for use on compact 
computers, limitations had to be met somewhere. This is 
the basis for the use of automatic overlays and statement­
by-statement interpretation and execution. 

Although these design requirements add considerable 
flexibility and generality of application, they do require 
some sacrifice in speed. As a comparison, a special­
purpose program written in assembly language would run 
somewhat faster than the same program written, inter­
preted and executed in MISSIL. This loss in speed, 
however, is more than acceptable when gains in program­
ming time are considered. MISSIL makes possible the 
solution of problems which would otherwise be exceeding­
ly time-consuming and difficult from the programming 
viewpoint. 

Another factor which helps override these design re­
quirements is the fact that MISSIL is upward compatible in 
a language sense with the management information lan­
guage developed for the IBM 360. This broadens the 
usefulness for MISSIL for satellite operations of larger 
corporations where a 360 is used as a central computer. 

Comprehensive error detection is another feature built 
into the MISSIL design. The two-phase operation of the 
language allows all syntactic errors and 'many semantic 
errors to be detected and corrected before execution. At 
execution time, all execution errors are logged and a 
,maximum error count, determined by the user, will 
terminate execution. 

Additionally, several other functional features make this 
system simple for the moderately trained operator to 
use: 

. Tabular storage of data. The MISSIL user may think of 
stored arrays as being exactly in the same form and order 
as in the physical report to be produced, complete with 
column and row names. 

Symbolic addressing. All references to data are sym­
bolic. A specific datum is referenced by giving the array 
name in which it is stored with row and column call-out 
identifiers. 

Symbolic indexing. Indexing for data arrays can be 
done simply through the use of special symbols, thus 
eliminating the need for indexing through "do" loops. 

No data ordering required. If data is to be manipulated 
from two arrays, it need not be either in congruent sets or 
even in the same sequence in both arrays. 

Symbolic name manipulation. Data can be extracted 
selectively through character manipulation of the symbolic 
name. 

Filing and retrieving by name. Files are stored and 
retrieved by symbolic name. The MISSIL programmer need 
not concern himself about sector size, location of data on 
discs, or the packing of discs for efficient use. 

With these operating characteristics, and others, it 
becomes a simple affair to build a data base, and 
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Bunker-Ramo is developing command and control sys­

tems. Th~ object is to achieve the maximum "command 

visibility"; that is, to give the commander the clearest 

picture, in real time, of the diverse information flow 

involved in the command situation. 

For use at high command echelons, the BR-90 (ANIFYQ-

37 and -45) Visual Analysis Console, with its easily 

changed, stored program control; combined with super­

imposed photographic an~ electronic displays, presents 

source data for real-time analysis. BR-90s are opera-
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tional at SAC and are being implemented in the world­

wide Air Force Integrated Command and Control System. 

For use at lower echelons, low-cost, light weight display 

systems specifically designed for mobile, tactical envi­

ronments are soon to be available. 

Hardware at all levels is backed up by an integrated sup­

port program that ranges from the analysis of systems 

objectives to complete field support of the installed 

operational system. 

If you want more information: 
Call H. A. Kirsch (213) 346-6000. Or contact your local Bunker-Ramo field representative. 
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moreover, to maintain and update it. Very powerful but 
simple commands permit modifications to the stored data. 
Thus, through use of MISSIL the reduction of raw data, the 
development of data files, cross checking and verification, 
and display of timely information is accomplished within a 
few hours of the moment of request. The MISSIL design 

Fig. 3. 

THIS IS AN EXAMPLE REPORT 

CALCULATED 
METER READING VOLUME PERCENT 

FR 001 1000 1010.00 .08 
FR 101 100 110.00 .01 
FRC 012 10 12.10 .00 
FRC 132 1 1.02 .00 
FR 102 10 9.50 .00 
FR, 204 100 110.00 .01 
FR 103 1000 1000.00 .08 
FR 104 10000 , 10100.00 .82 

TOTAL 12352.62 100.00 

also assumes that procedures and How of information may 
change on a daily or weekly basis. 

Management wants a variety of reports made available. 
However, only required information is desired-normally 
summaries, exception reports and certain on-demand spe­
cial reports-in time to act upon the information. The 
data handling facilities of MISSIL provide the tool rieces-' 
sary to generate the needed report writers'. Through its 
simplicity and interpretive ability, the system can be used 
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to develop special report writing capabilities of a continu­
ingnature, and when the period of interest is over, the 
reports can be terminated. (Sample reports are shown in 
Fig. 3.) 

Again, this report writing capability is traced to charac­
ter manipulation and to symbolic referencing, and the 
resultant simplicity in programming. This permits a vari­
ety of format so that tabular reports may be prepared with 
a single statement and complex reports wih a minimum 
number of statements. The reports present the information 
accumulated from multiple sources. Thus, reports can 
draw from data .and information banks, putting data 
together in a concise form for evaluation and/or control of 
the environment. 

The new line of compact computers will permit MISSIL 

communications with linear programming systems made 
available by vendors. Used together, LP and MISSIL will 
constitute a software package for matrix assembly, file 
maintenance, linear programming communication, optimi-
zation operations and accounting and analysis. ' 

With these added capabilities, it will be possible for the 
user to produce management information reports from 
such sources as operations accounting, analysis and dis­
play, inventory projection, decision models, and process­
oriented functions such as evaluation and optimization. 

A basic version of MISSIL is now operational on the IBM 
1130 (8K word core) machine, and an expanded MISSIL, 

which includes a capability for calling of FORTRAN sub­
routines, is operating on the IBM 1800. MISSIL for use on 
the GE/P AC 4000 series machines is dependent on 
hardware and software availability but should be opera­
tional by January, 1968. Expanded MISSIL for use on the 
1130 (16K word core) machine also will be available in 
January, 1968, after the additional core storage is opera­
tional. .• 

A little B T 
of LOGIC 
for COMPUTERS 

'Maintenance Service by RCA For 
Computer Peripheral Equipment 

Reduce downtime and service headaches-with a 
planned service program from RCA's specialists 
on communications, control, and data processing 
equipment maintenance. Select the leading serv­
ice; it even can help you close the sale! 

• Nationwide facilities 
• Skilled technical manpower 
• Complete parts inventory 
• Lower over-all costs 

Contractual plans for the account of the manu­
facturer and large user. Emergency and per-call 
service, too. Write or phone for details. 

RCA SERVICE COMPANY 
A Division of Radio Corporation of America 
Tecttnical Products Service 
Bldg. CHIC-225, Camden, N. J. 08101 
Phone: (609) 963-8000, ext. PH-311 (8® The Most Trusted Name I.n Electronics 
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THE 
NRMA EDP 
CONFERENCE 
D 

The 9th Annual EDP Con-

.

... ference of the National Re­
tail Merchan~ Assn. held 
in Washington, D.C., Sept. 

26-29, told why, in a period of unprec­
edented prosperity, the retail store is~ 
not raking in its proportionate share of 
the profits; and where data processing 
fits into the solution. 

The president of NCR, Stanley 
Laing, keynoted the meeting which 
was attended by 300 retailers, mer­
chandise vendors, and edp equipment, 
forms and tag makers. 

"Many stores are currently facing 
what amounts to a crisis in several 
important areas. Disturbing trends 
are developing . . ." said Laing. The 
after-tax return on investment in all 
department stores for the last five 
years has averaged 7.6%-"consider­
ably short of realistic requirements for 
underwriting future growth." After­
tax profits as a percentage of net sales 
have remained relatively· stagnant, 

'and the capital turnover in this field, 
unlike other industries, has not been 
increased enough to offset the lower 
profit margins. 

Why is this happening? Though 
the great increase in credit, particu­
larly installment credit, forestalls in­
come and is expensive to operate, it is 
not a cause of the problem; edp has 
made a significant contribution in this 
area. 

The real problem is in· inventory 
control and, almost as significant, in­
efficient use of selling space. In a 
survey of 27 stores, it was found 
that efficiency of inventory manage­
ment has eroded by 9% in the· past 
decade, with the gross margin per 
dollar of inventory dropping 16%, the 
inventory turnover dipping 15%. And 
sales per square foot of selling area 
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dropped 12%. The stores have, he said, 
failed to apply a "sophisticated return­
on-investment approach" to these 
areas. Much attention has been given 
to automatic replenishment of staple 
stock items, fashion merchandise, and 
"big-ticket" items. But what is 
needed, he said, is investment control 
information which breaks down large 
departments into a number of fine­
line classifications or categories-and 
this must be accurate and timely. 

'u se of such tools as the NRMA Mer­
chandise Classification Standard and, 
of course, data processing, has al­
ready helped many stores correct in­
ventory imbalances. While there is 
much discussion and work on on-line 
real-time systems, Laing noted that the 
"types of management information 
systems· needed today ... can be 
effectively operated on an off-line 
basis." At the moment there is too 
much groundwork to be done-such as 
definition of . planning and control 
concepts-before OLRT and its advan­
tages can be realized, he said. 

Many edp people in retail tend to 
agree with Laing. NCR, however, 
noted Laing is working hard on de­
veloping devices arid software for 
OLRT, because it will provide more 
accurate data input by monitor trans­
actions, determining taxes, and com­
puting discounts; it will also help 
enforce store policies and provipe im­
mediate data on merchandise ~ avail­
ability and customer account status. 

System requirements, he said, are 
two-way communications .with central 
files, system flexibility, complete al­
phanumeric printing. capability for 
the point-of-sale terminal, new data 
display techniques, and flexible cen­
tral control for monitoring remote 
points. 

retailers and profits 

Laing then went on to show that 
NCR does indeed have a prototype of 
the on-line point-of-sale terminal-a 
modular, all electronic (integrated 
circuit) system with 10-key and full­
keyboard modules, display, thermal 
printer, and credit card reader. 

As of the end of 1966, there were 
1,900 computers in 1,300 of the 
1,260,000 retail stores and, said Mil­
dred Pass of City Stores, the retail 
industry is just not ready for OLRT 

systems. "I believe that we must go 
through this period with interim sys­
tems, getting the automated reports, 
developing exception reporting, and 
teaching our merchants and manage­
ment people how to use them. We 
must develop the level of accuracy 
required for OLRT . . . in receiving 
and marking, in the buyer's office, on 
the selling floor." 

Mrs. Pass noted that accounts re­
ceivable must be numbered with 
straight numeric, checkable. digits; 
checkable classification, SKU (stock­
keeping unit), and sales clerk num­
bers must be established; accounts 
payable must use the DUNS numbers 
(Dun and Bradstreet numbers estab­
lished in cooperation with NRMA for 
manufacturers) in accounts payable. 

The point-of-sale device needed 
now, she said, is what is available­
one which records in paper tape, 
magnetic tape, or in NOF (optical 
registers). In 1965, the latest NCR 
register was the class 53 and 55 
optical font unit; stores have found 
them useable where they had a com­
puter and enough registers. were ac­
quired to justify the cost of renting 
the NOF scanner. NCR now has a new 
unit, the model 5, which offers more 
advantages ·than the 53 and 55, said 
Mrs. Pass. It has: 11 rows of keys, 
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WIN A 
1970 CAR 

FROM 
FAIRCHILD: 

,,.-----------, --, --, -~ , --, " 
, --_-----J " ",.---- , 

_",."" -- - Please enter my name in your New Product sweepstakes. " 

~ ",. -- NAME . " 
~ TITLE , 

~ COMPANY '1W" 
I CITY STATE ___ . __ ZIP___ I 

t J Void wherever prohibited. licensed. taxed. or in any other way restricted by law. " 
, Employees of Fairchild Camera and Instrument Corporation. its advertiSing and 
, sweepstakes agencies and their families are not eligible. " 

\ FAIRCHILD SEMICONDUCTOR SWEEPSTAKES _,"" 
"" _ P. O. Box 68 Los Angeles. California 90051 __ - -----., . 

\ ,,.------.---------------------"'\, " , , , ~, , , ,----'---' 

Now that we have your attention, we have a short announcement to 
make: 

We're introducing our 1970 product line. All monolithic integrated 
circuits - MSls, LSls and new linears. There will be a new one every 
week for the next 52 weeks. In stock. At Fairchild distributors. Com­
plete with data sheets and reliability information. And, they will be 
available in volume. (The first four are on the opposite page.) 

Any week we fail to announce a new product, we'll hold a drawing. 
The winner gets a 1970 car. To keep. Any model he chooses (up to 
$4,000) or the equivalent in cash. Fill in the coupon and return it to us. 
We'll enter your name in the sweepstakes. Enter now. By 1970 you'll 
need a new car, anyway. 

FAIRCHILD SEMICONDUCTOR I A DrvlS.on 01 Farrchrld Camera and In,lrumenl Corporal ron fE1iii'iCONDUC-ToFf 313 Farrchold Drrve. Mounlarn Vrew. Calolorn.a 94040. (415) 962 5011 • TWX: 910379.6435 

68 DRTRMRTION 

o 

o 

c 

( 

r 
I 
"-

.~ 



9300 
Th.F."Ch,ld03O(l •• th.' ... lol.n.w .. n.olh,ghlyY .... I'I. 

d''iI,talelaments.lt.,.nMSI!Med,umSca'etnlegrahon)dev,ca 

c~~~!~::~::~~:::~~:";.~I;~!~:~~:~·r:f.:~~;t~~~~'I::I:~~'~ 

. FOUR-BIT 
:) o· UNIVERSAL. 

l,me,the9300,."XI'emelyll.,:bleln(lClnbeu,ed,na 
number 01 apphcahon, For ••• mp1e.,lcl"lunCl.on ••• oIhe, 

,t"g"Ipeedlh,U"'iI,sta,ah,ghlp •• dcoun,.rorah,ghspeed 
storag •• lementltl •• ,ur.,20MHllh,U!.equency,lype 

OmpUI(obllllonldbyty,nOloge'h8rlhl.JandKlnpUIII.gllld 
,ynchronoulpa.,Uelmput.OandOoulpul.andcomp1e'e 

compat,b,hlyw'thCCSlelemenll.Tha9300come"n.hermahc, 
ce.am'CduII"HonIPICkl'1ew,lhaI6·le.dcon.hgu.I"OI'l 

" ::,:~~~~~}~:~fff~~\:iij?i~:~~~;~~f~i~il~~~~l~ 

• 
) 0 

JO 

REGISTER· 

CIRCLE 24 ON READER CARD 

9020 _ 
DUALJKK . 
FLIP-FLOP 

2 

'''''''''·''''"''·'","·3 a new rntegra1ed ClfCU" 
eaclrlweeklor:>2weeks 

ThiS 'S numbe, • 

The 9020 '5 , CCSl dev.ce on a dual .n-II ne pac~ age It con~"'5ts 
_ oltwoJKllip-Uopsw.'hacommonclock sepa.ateJ.Kand 
K ,nputs and a common JK Inpul The,OlnlJKlnpulelomlnales 

Iheneed 10' gal'ng clock wave10''T'sandcan result In 
Slmph'iedloQ'c deSigns and m,nlm'led ClOCk skew problems 

TheK Inputalsoallowsthe9020tope,to,masa dual type 0 
l"p-lIopbY'YlnglheJandKonpu'slogetherClockloadl'lgIS 

'educed bya Single clock bulter The9020,stas1(50MHz) 

and IJe~'~t:"~I~a~%eISn'~:'~~~:~a~:~~~':~~~~t~~a~t~ed':paeC,~~~~ 
,anges(-55Cto.'25CandQCto.70C) II cal"l be 

h::::i:?'1§~;,~rgg[~gg~~~i~~~g~f~ij 

6 

7 

10 

9 . 

15 

CIRCLE 26 ON READER CARD 

November 1967 

9304 . 
DUAL FULL 
ADDER 

C B 

s s 

"",",,,·,,,,,,,·'",,·2 a new mll!'g.all'dc:orC:UII 
•• chWl!'t'" lor ~2we.lc. 

Th",.number • 

fillfch,ldl9304'5ah,ghlvllex'ble "AS! (Med,umScale 

'";;,:~:~f~i;~gf~f::~g;:~~~~t~;gg~~gt;,l~ 
Fa"Chll~~~':~~~v~e~O~t!tI~~oT~:r~!~~~~ ~~~ fa°:.rva~",b!~,7~: 

bUl1d,ngbioCki r01he'sa",sh,II'eg,sler, counter. decoder. 
',nlertaceoev'ces elcllllsappllcablelnanyo1,O,ja11ogu;:sys!em 

liS yer'I:II~:~:~:~: :~::~:~;::~~~.UI~~O;3~~S~~::I~: '~: ~;~~ c::~ 
parotYChl!'Cker .• mexclu5'YIORc llcUlI.o,'oranumberotolher 

!Jsetullo9,e1unCjrons II cOlT'es Ina 16-plI'lhermehc dual 
In-hnepackage If.ava,lable,nbalh m'hlaryand mdusl"al 
lempl!'liliure ,anges (-55 Clo+125 CandO Cto.70 CI 

The 930. IS al:p~~IF:~~~~:,~~I:~~~:~a~,~:.a;~:'e~~;~:~::~~ 

CIRCLE 25 ON READER CARD 

9301 
ONE-OF-TEN 
DECODER ... 

"","1"""'""·'","4 a newon'egraledCtrCUII 
each week 10' 52 weeks 

This tS numbe, • 

The 9301 IsaCCSlmulh-lunct,ondecode' '1"1" 16-plnhermehc 
dualln·llnepackage Ifspa'lolou,newlamdyolsyslem 

bu,ld,ngblocks I01hersareshl11'eglsters counters.adders.e1e) 
t1lsappltcableonanydlgllal logiC sys'em. The930l,s 

des'gned 10 !:I,we added lte~Ibl101y 10 Fam;h,ld·s Med,um 
5<:aletntegra1'onfMSlldevlces fMSI already oflersgrealer 

comple~11y In less space. lewer ex'ernal connection 
reQll"emenlS "nd Improved 'eloab,lo,y) As an e~ample 01 liS 

manyappltcallons Ihe9301 canserveasan,nputloulpul 

be;ue;~U~,u~~d:;~~~4'1~?;~I:~ ~~~:~~ :=;;do~~ ~~lIe~~;~~:~~ 
d'll'lal demuiliplexer. mlnle.m generBtor. and as a decode. 10' 

any BCD code IIcomes.nbolhm,t.ta'yandondus1f1al 
temperature ranges I-55 CIO .125 CandO Cto .10 C} 

The 9301 and olher MSt devices mentioned "bove are 

a~:I:::~~~s%~:~;od:~~:!',~d~::~~::~~~::!~~:5~e~~:~i~~a~:. 
IntegfahonW"te.".you,heecopyloday 

ABC 0 

a 1 2·3 ·4 5 6 7 8 9 

'.'.':)M',-O Sl'''CO""OUCTO.,' ............ r .... ~.,G e ............ ,~ ... " .... ~. e ....... t ... ~· == l'I ..... <~ ... 0 .......... "' ••• ~._ e.", .. ~,. ,.". .. "'~' ";1~" • rw_ .... l" .. l~ 
, 

CIRCLE 27 ON READER CARD 

69 



Bargain price memories 
for people 

suspicious. of bargains 

Data Disc can deliver this 
6,400,000-bit disc memory for 
$6,400 when you buy ten, $7,400 
when you buy two, and $9,400 
for one alone. 

We can offer this low price per 
bit without 'sacrificing quality be­
cause our "in-contact" recorders 
store twice as many bits per inch 
as older "floating head" record­
ers. We don't try to cut the cost of 
discs, drives, heads or electronics. 
All components are built for maxi­
mum reliability-and cost accord­
ingly. But simply because it takes 
fewer components to store any 
given number of bits, you get the 
storage capacity you need' at a 
lower cost. 

The F -series head-pet-track 
system pictured above comes with 
storage capacities of 6.4, 3.2 and 
~ .6 million bits. It has an average 
access time df 16.7 ms, and stores 
100,000 bits on' each track-

enough to fill the core memory of 
a small computer. Data can be 
entered and retrieved very rapidly 
-at three mega­
bits per second. 
And the whole 
system fits in 8~" 
of rack space. 

When a large 
data library is 
needed, we supply an interchange­
able-disc memory system with an 
average access time of ;1 second. 
Each disc, which holds 13,000,000 
bit~, is permanently encased in a 
protective cartridge so you can 
store as many discs as you need. 

For complete information con­
tact Data Disc, Incorporated, 
1275 California Ave., Palo Alto, 
California 94304. Phone (415) 
326-7602. 

DATA DISC 
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three being motorized (vs. two on the 
other units) providing more ability 
for selectivity in combining operations 
and in programming; NOR and paper. 
tape input; faster cycling speed; and 
greater capability for sequence con­
trol. The NOF register produces nearly 
perfect print, eliminating reject prob­
lems when the tape is not scannable. 

Mrs. Pass also described the new 
point-of-sale recorder that Singer Co. 
will begin testing in its stores in 1968. 
Produced by Friden (a Singer subsid­
iary), the lO-key register is all elec­
tronic with built-in check-digit verifi­
cation, and is about the size and price 
of present registers. Transactions are 
recorded on a qitarter-inch magnetic 
tape in a cartridge; the tape must be 
converted into standard half-inch 
tape (Digitroriics is working on a 

. converter). The unit will issue a re­
ceipt or mark the sales check, and 
can be programmed for sequence con­
trol and control errors. 

She also noted that the Unitote 
system, Which records into a back 
office data collector onto mag tape, 
has two advantages - its prepro­
grammed feature for ease of training, 
and the ability to' verify checkable 
numbers as they are entered. 

GE seems to be developing systems 
for the retail field. (In addition to the 
healthy numbers from IBM, NCR, and' 
Honeywell, there were several people 
from GE's retail group, recently relo­
cated to Paramus, N.J.) Mrs. Pass 
noted that GE is working on an OLRT 

point-of-sale device with a lO-key 
register and is fairly near announce­
ment. IBM, of course, has been work­
ing on an on-line unit for six or seven 
years. While its 1287 optical scanning 
unit (for handwritten symbols) has 
been ordered by several retail stores, 
such as Woodward and Lothrup, Mrs. 
Pass felt this is not the kind of input 
device IBM will be able to use for a 
total system. The "pencil" as input is 
only good for large ticket, low trans­
action departments, she thought: Tests 
with the 1287 have already shown 
that input accuracy is not great 
enough. 

The necessity of standardizing input 
data format was discussed in several 
sessions. The NRMA Classification Stan­
dard was issued earlier this year, 
providing coding . for all classes of 
items sold (i.e. shoes: broken down 
into baby's, men's, women's, tennis, 
golf, etc.). But this is only the begin­
ning. Stores have or are developing 
codes for such categories as color and 
style. Another standards program is 
the coding of manufacturers; as men­
tioned, Dun and Bradstreet, in coop-
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NRMA ... 

eration with NRMA, has been develop-
ir'Ig such a system. , 

Using the DUNS numbers, 101 mer­
chandise manufacturers are now pro­
viding stores with pre-ticketed items. 
Source marking is becoming a vehicle 
for automatic reordering and, it is 
claimed, is saving the retailer the 
expense of ticketing some merchan­
dise himself. In a session on this topic, 
G. Paul of Catalina described their 
pre-marking tests with The Broadway 
stores. 

A magnetic tape of each week's 
sales, 'tallied from the machine-read­
able tags, was sent to the Catalina 
computer system, which automati­
cally issued reorders of' items at a 
predetermined number. The result was 
that Catalina's business with the stores 
doubled, and the stores did not expe­
rience the usual 50% out-of-stock situa­
tion with the firm's goods. 
: There is somewhat of a controversy 
over this kind of system since some 
retailers think pre-marking is a dupli­
cation of effort (the vendors cannot 
premark price and the store must 
therefore take time to add this and 
other data) and do not feel automatic 
reordering is always applicable. 
, (Automatic reordering, however, need 
not be involved.) , 

If credit is considered a money­
maker for retailers, :it is certainly not 

. without its problems. Each store faces 
competition from other merchants, 
from discounters, finance companies, 
and community and. bank credit card 
operations. And each local credit bu­
reau managed by one or more stores 
faces competition from the larger 
more sophisticated computer opera­
tions of such national firms as Credit 
Data Corp. and Hooper Holmes. 

In a luncheon speech, American 
Bankers Assn. automation director 
Dale Reistad dazzled his audience 
with a description of the development 
of ways to pay. There's the check, the 
guaranteed check, the check permit­
ting the customer to overdraw, the 
store credit card, the bank credit 
card, and the coming automatic trans­
fer of funds from the consumer's bank 
account right at point of sale (this is 
the promise or threat of the "check­
less" society). More immediately ex­
citing is the Money-Back Card, as of 
September being offered by Dividend 
Club Inc. This system rewards the 
consumer for paying cash at certain 
member hotels, stores, restaurants. 

Today many stores will not accept 
bank cards, but will accept any of the 
checks listed above, which means 
they do not gain the formal relation­
ship with the customer which nets 
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them a service charge, the chance to 
send advertising to him, and the 
ability to do some analysis of cus­
tomer buying habits. The Money-Back 
Card further compounds the problem. 
If the merchant decides to offer the 
discount, he still loses the customer­
store relationship and gets no service 
profits. 

The, solution, in short, according to 
Reistad, is that the banker and the 
retailer should be friends. And indeed, 
a committee of the two groups has 
been formed to discuss the problems. 
If the retail store adopted the bank 
card, he said, the banker, for a fee, 
could supply fund transfer and' a 
sophisticated customer name and ad­
dress record-keeping system. As for 
the cash-payment discount, the con'­
sumer could receive it through the 
,bank card; the bank would auto­
matically transfer the "computer 
money" into the merchant's account, 
or, if the bank paid the discount, it 
would keep the payment itself for a 
period, then transfer it. It would seem, 
that the retailer has little choice but 
to cooperate, since the bankers are 
bent on the "checkless society" and 
the two entities will ultimately be 
bound together by OLRT automation. 

There are other forces at play which 
will change credit granting-namely, 
the law-noted Joseph Garcia of Fed­
erated Depart1l1ent Stores. Much of 
the "truth-:in-Iending" legislation will 
place a.cap on service charge rates. In 
Pennsylvania, a maximum 1.25% ser­
vice charge is now permitted on re­
volving accounts that previously had 
a 1.5% rate. Current legislation in the 
U.S. House would regulate the manner 
credit is advertised in the public 
media, causing a shift in promotional 
methods and procedures and perhaps 
an upset in the balance between 
profits and losses. Medicare raises the 
question of whether a store should 
implement exception reporting to 
help customers account for their pur­
chases of drug items. Ahd there is the 
issue of invasjon of privacy facing 
credit grantors and bureaus as more 
centnil and detailed computer files 
are developed. 

In all their operations, the retail 
store chain is coming more and more 
to rely on communications lines to 
transmit reports and data for proces­
sing. NRMA has been exceptionally 
active in voicing the opinions of its 
members to the Federal Communica­
tions Commission on matters ranging 
from Telpak, Telpak-sharing, and 
shared microwave to the coming in­
quiry on computer/communications 
and the attendant question of regula­
tion. 

Conference attendees, except those 
from Ma Bell, particularly heralded 
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Your printout can look educated 
and cost less. 

Publishers who use our computer 
directed, high-speed 

phototypesetting service get high 
quality printout in traditional 

type styles for their directory, index, 
catalog, abstract, price list. 

We can educate your printout. 
Call us at (212) 838-5304. 

Sedgwick Printout Systems 
410 East 62 Street, NY 10021 
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HoW your computer can win . when others are lqsing C 

You're concerned about electrical power failure to 
your computer. Failure causes data loss, produc­
tion stoppage, downtime. Our no break power gen­
erating unit prevents power failure. 

Ourunit assures continuous electrical power for 
your computer system. Not a millisecond pause in 
generated power when commercial power falters. 

The unit isolates the critical part of your com­
puter from electrical power surges. And commer­
cial power sources are full of surges. 

The no break unit also provides highly regu­
lated power which sensitive computers demand. 

with an electric power failure. 

Our people originated the rotating no break 
system about 4,175 units ago. For 15 years, 
we've watched others try to match our unit's per­
formance, and, for the most part, fail. It is still 
the simplest set-up in the field which means it's 
the most reliable. 

Call us and we'll make all our experience avail­
able ·to you. After a few sessions, you'll know 
almost as much about winning with no break as 
we do. United States Motors, Area Code 414/ 
231-4560 or write to 339 West 20th Avenue, 
Oshkosh, Wisconsin. 
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the luncheon comments of Bernard 
Strassburg, FCC Common Carrier 
Bureau chief, on the pending Micro­
wave Communications Inc. and Car­
terphone cases. Strassburg indicated 
that the FCC will probably concur with 
at least the general recommendations 
of the bureau on both issues. The 
Carterphone case put to the test the 
carrier taboo against foreign attach­
ments on dial-up lines. The bureau 
recommended that any foreign equip­
ment be allowed, as long as it adhered 
to technical standards. "Appropriate 
relaxation of the traditional require­
ments of the use of foreign attachments 
would expand the communications 
equipment market . . _ and the growth 
of . the computer services available to 
the public." . 

The MCI request was that it be 
permitted to offer inexpensive micro­
wave services between Chicago and 
St. Louis, making it a small common 
carrier. The bureau did not accede to 
AT&T's protest of cream-skimming, 
but instead noted that the MCI sys­
tem would benefit the small business, 
which cannot afford private or shared­
private microwave. In essence, th~ 
FCC is smashing any concept that it 

Now 
your 
computer 
can 
exchange 
data 
with almost 
any type of I/O 
peripheral 
equipment 

on the 
telephone! 

is an "AT&T subsidiary" and is aiming 
at decisions to solve the problems 
posed by digital communications. 

NRMA finds the Carterphone recom­
mendations particularly heartening 
because of the trend in retail industry 
to install private telephone systems, 
said the NRMA communications coun-' 
sel, William Borghesani; Jr. Intercon­
nection betwe~n private and dial-up 
system has been prohibited until this 
case, and the economic savings to be 
realized could be great. Shared Telpak 
is pending before FCC but several 
attendees said AT&T may itself move 
to grant it if MCI is permitted to 
operate. 

NRMA does not want regulation of 
any of the ~ervice bureaus-as posed 
under the computer/communications 
inquiry, one reason being its potential 
effect on pricing structures, said Borg­
.hesani. 

The retailers are also disgruntled 
with the current Bell System effort to 
amend state tariffs to do away with 
manual switchboards in heavy use by 
the retail industry, in favor of auto­
mated switchboards costing three to 
five times as much. "We have to 
organize NRMA representatives in each 
state to voice objections." As in all 
industries, NRMA is finding that deal­
ing with communications problems on 

the state level is extremely cumber­
some. One attendee noted that for a 
national ,system he had to obtain 
prices on one data set from several 
hundred phone companies-the range 
of quotes was $10-50. 

In addition to these discussions at 
the conference, there were many 
computer manufacturer seminars, ses­
sions on forecasting, auditing require­
ments, computer evaluation tech­
niques, SMART and MICR. And Western 
Union got into this meeting too to talk 
up the computer utility. ' 

The meeting wound up with a trip 
to Woodward & Lothrup, one of the 
pioneers in retail edp. They have a 
few 360/40's, some 1285 optical 
scanners, disc drives, a 1410-doing 
accounts payable, accounts receiv­
able, direct mail advertising, expense 
reports, Retail IMPACT, furniture in­
ventory, sales audit, staple merchan­
dise automatic reorder, unit control. 
They plan to add 12 IBM 2260 display 
devices, a voice answer back system, 
16 typewriter terminals, two remote 
printers, and a 1287. Much of the on­
line equipment will be in accounts 
receivable. They also plan to do cus­
tomer analysis to help· in directing 
advertising to the proper buyer. 

So the retail industry is not stand-
ing still. - ANGELINE PANTAGES 

COMPAT:"'F 

The OPI·1 
data phone interface 
provides versatile. 
low·cost linkage 
between an I/O 
computer site and 
remote locations­
from a printer 
to a typewriter. 
Compatible with 
all popular modems. 
it integrates 
operations without 
the need for 
expensive equipment. 

Call or write 
for literature. 

A miniature magnetic tape input/output system that provides 

IBM 360 FORTRAN users with the full I/O capability inherent in 

the system hardware, and normally available only by assembly 
language programming. 

For 05, oo5/T05 and BP5FORTRAN users, 
the capacity is' provided to: ' 

• Fully overlap I/O with processing 

• Reformat data from tapes written by other program languages 

• Read backwards, and forward space blocks and files 

• Process multi·file reel~, as well as multi-reel files 

• Program corrections to errors that normally abort a 
FORTRAN routine 

Additionally, oo5/T05 and BP5 FORTRAN users 
are provided the 05 capacity to: 

• Read tapes written by other program languages 

• Write tapes acceptable to utility programs, such as Sort/Merge 

• Read or write blocked or unblocked records 
J 

For full information, write to: 

~~[?@lrrn© 
CAYWOOD 
SCHIUER 

ASSOCIATES 

DEPARTMENT RF 

REMOTE TERMINAL DEVICES 

Infatec, Inc., Dept. 0, 80 Urban Ave., Westbury, N; Y. 516/334-1624 
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Your memory need ilDprovelDent! 
AlDpex lDakes cores, planes, stacks, 

transports and cOlDplete lDentory systelDs . . o c Check this list for your needs. 

a A data system or computer is only as good as its memory, 
so it pays to get the most reliable memory components and 

systems. Here are some examples-from a company which is a 
leader in the development of core and tape memories and has 
the technology and experience to improve your system's 
memory-Ampex. '. 

Core Memories 
b 'START WITH FERRITE CORES ..• We offer a full line of 

ferrite cores rangin8 in size from 18 to 80 mils (outside 
diameter). If your applIcation involves a wide temperature 
range, we can supply you with lithium ferrite cores in 18- to 
30-mil sizes. Chart uB" shows typical switching times. 

For more information on Ampex cores, circle number 15 
on Reader Card. 

C OR WITH ARRAYS OR STACKS ..• We have a full line of 
commercial and military arrays for memory designers, 

and we're glad to take on design assignments for special stacks 
and arrays. 

Our 2%Dstack family has expanded and now includes 18-, 
22-, and 30-mil cores. Ruggedized stacks for military applica­
tions are designed to satisfy such requirements as MIL-E-5400 
and MIL-E-16400 in both 3-wire 3D and 4-wire 3D configura­
tions. 

More stack or array info? CIrcle 16 on Reader Card. 

d OR BUY THE COMPLETE MEMORY! We design and build 
all kinds of core memory systems for commercial and 

military use. They be~in with our widely known and used RF. 
series, and range in SIZe up to 20 million bits. Here is a brief 
view of our core memory Ime. 

RF series 'is a modular family of reliable memories which 
offer large ranges of "store" sizes and options. Integrated 
circuits and "Master Board" construction cut their size and 
cost, increase reliability. All feature high MTBF, easy main­
tenance, non-destructive power shutdown. 

RF-1, RF-2, RF-3 give you 1.5 microsecond cycle time. 
Capacities from 512 to 16,384 words, in word lengths from 4 to 
72 bits. Each includes power supply. Over 4000 hours MTBF 
for 4K x 12 RF-l; proportional for RF-2 and RF-3. 

New RF -4 memory has faster cycle time of 1 micro­
second. Capacity: up to 4K x 20. Available with or with­
out power supply. 

RS memory system is a large capacity (up to 32K x 80) 
I-microsecond system with a variety of options that let you 
tailor it to your exact needs. . 

For more .core memory details, circle 17 on Reader Card. 

e MASS MEMORY consists of 4 modular stacks of 5 megabits 
each. Cycle time is 2.7 microseconds, but unique 4-way 

interleafed operation with two-port entry, into the four stacks 
results in effective cycle lime of 675 nanoseconds. 

For more :core memory details, circle 170n Reader Card. 

NEW! RG MEMORY 
Our brand-newest system, theRG memory packs big 
capacity into very small size by using integrated circuits 
throughout; Some features: 
• 900 nanosecond frill cycle 
• modular(16K x 40 max. per 5*" panel unit), can 

expand to 32K x 80 
• operating temperature 0 to 50°C 
• standard TTL positive true logic interface levels 
• uses advanced IC's throughout 
.• low cost 'yet reliable and simple to maintain 
• options: data parity generation and check, built-in 

tester, indicator panel, zone transfer; many other 
options 

For more core memory details, circle 17 on Reader Card .. 

Single Capstan Tape Transports 
Our tape transports meet all your requirements with data 
transfer rates up to 120 kHz. All offer at least 2,000 hours MTBF, 
at least ONE BILLION start/stop operations before replace­
ment parts may be needed in the drive mechanism. All units 
are interface interchangeable. Write and read IBM compatible 
7- or 9-track formats. All contain the Ampex patented single 
capstan electronic servo control. 

f NEW! TM·16 TRANSPORT is the newest member of 
the Ampex single capstan family. It is a direct plug­

compatible replacement for any IBM 729 or 2400 series 
transport. BeSIdes offering higher data reliability at high 
speeds (60-150 ips), the TM-16 features a number of 
human design improvements: push-button power win­
dow for faster access and easier loading; straight-line 
threading for operator convenience and faster loading; 
optional automatic threading; and a modular design 
that makes maintenance simple. 

For additional data circle 18 on Reader Card. 

TM-7, -9, -11, -12 transports are the original single capstan 
transports specifically designed for digital data transfer. Over 
1,000 of these Ampex tape drives are now in use around the 
world. 

For complete and up-to-date information on transports, 
circle 18 on Reader Card. . 

g BUFFERED TAPE MEMORIES '(BTM SERIES) incorporate r 
an Ampex single capstan tape memory, an RF core mem-~ C 

ory and integrated circuit control logic to achieve a highly\ 
flexible digital data recording system. A functionally integrated, \... ' ..../ 
easy-to-use unit, the BTM buffered tape memory, can accept 
asynchronous digital data over a wide range of character 
rates, format the incoming information and record the data in 
blocked and gapped form on computer-compatible magnetic 
tape. 

For more core memory details, circle 19 on Reader Card. 

h SHARED TAPE MEMORY SYSTEMS let you save both 
money and. floor space. They time-share the 7- or 9-track 

data (read/write) electronics between up to four TM-series 
single capstan tape transports. 

TAPE CONTROL UNITS FOR COMPUTERS 
The convenience and low cost of digital magnetic tape 

recording can 'now be inexpensively obtained for various 
medium and small size digital computers. By combining an 
Ampex TM-series single capstan digital tape memory with our 
Ampex-designed tape control unit (TCU) you have a versatile, 
compact, low price magnetic tape system. The TCU plugs 
directly into a computer's input/output interface and decodes 
standard magnetic tape unit program instructions for tape 
transport selection and data transfer control. 

Sound interesting? Circle 19 on Reader Card for tape 
memory info. ' 

I- HOSTILE ENVIRONMENT DIGITAL TAPE MEMORY 
SYSTEMS Our ATM-13 and GTM-14 memories are designed 

and constructed to take the extremes of pressure, humidity, 
temperature, shock and vibration found in airborne, ship­
borne, geophysical and ground mobile applications. 

The ATM-13 high performance memory system is IBM­
compatible to 75 ips (60 kHz character transfer rate at 800 
cpi). Continuous (gapless) to 112.5 ips. Fast start/stop times 
of 6 milliseconds maximum at 75 ips. Can operate continu­
ously at maximum program rates up to 160 start/stop cycles 
per second. Environmental Class: MIL-E-5400-G, Class lA; 
RFI: MIL-1-6181D; Source Power: MIL-STD-704. Weight: C' ~ 
less than 150 Ibs.. \",. J 

NEW! GTM-14 memory is IBM-compatible to 45 ips. Con- ' 
tinuous (gaJ?less) to 105 ips. Weighs less than 150 potinds~ Low 
power reqUIrements. Will operate on battery power. Capable 
of operation within the enVIronment of MIL-E-5400, Class lA. 

If you're especially interested in this tough breed of 
memory, circle 20 on Reader Card. 
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Typical switching times for 
Ampex Ferrite Cores 

Core # 

184-06* 175 nanoseconds 
204-06 * 230 nanoseconds 
303-03 360 nanoseconds 
304-07* 380 nanoseconds 
304-06 * 440 nanoseconds 
501-10 850 nanoseconds 
504-10 1300 nanoseconds 
506-15 1500 nanoseconds 
802-40 3000 nanoseconds 
*\Vide temperature range 
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·We figured out how 
to let you get this much more 
out of your 360. 
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Through EXODUS II, a low-cost, proven 
system for converting your 1401 Auto­
coder or SPS sourc~ decks to 360 
Assembly Language programs. With 
EXODUS, the full power of DOS or OS is 
available and the original program logic 
is retained. And it works without resorting 
to compatibility, even. during the 
translation phase. This avoids tpe 
high cost of compatibility hardware, 
for one thing, and its limitation on 
system expansion for another. 
You ~on't even need COS. Plus, if you 
are thinking of multiprogramming or 
teleprqcessing, EXODUS is a tool that 
can solve your conversion problems. 

Also, EXODUS translated programs 
conserve valuable core. And because of 
the modular design, the system can be easily 
modified to take care of unique requirements. 

Sooner or later you will want to forget Auto­
coder and start writing 360 programs. W~y not 
now? EXODUS II is ready for immediate delivery. 

Write for our brochure. Read the complete 
details. Then contact Charles Sullivan, 
Manager, EXODUS Systems to arrange for 
a thorough demonstration. (Don't send a 
deck until afte.r you read the brochure.) 

Computer Sciences Corporation, 650North 
Sepulveda Blvd., El Segundo, California 90245. 

Cotnputer Sciences 
Corporation 

CIRCLE 41 ON READER CARD 
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GE's generation 3Y2? 

NEW MONITOR 
General Comprehensive Operating Super­
visor III (GECOS III) is a new operating system for 
General Electric's GE-600 series of large-scale 
computers. It integrates requirements for on-:line 

batch, remote batch, and time-sharing into one system, 
using a common data base. .The problems of employing 
multiple systems, with incompatible programs and files, 
no longer need exist for large-scale computer users. 

The major design objectives of the new system were: 
• The system must be immune to user program errors, 

whether intentional or unintentional. 
• The system must be fully user program compatible 

wIth GECOS II. 

• The internal system structure must be simplified for 
ease of extension and modification. 

• The system must maximize peripheral utilization. 
• The file system must provide file protection and access 

~ontrol in a multiprocessor mode of operation. 
• Batch, remote batch, and time-sharing must be ipte­

. grated for effective concurrent operation. 
• The system must operate efficiently under an effectiye 

memory discipline. 
• Self-measurement and feed-back techniques must be 

incorporated to provide data for continued develop­
ment. 

The "heart" of GECOS III is a aentralized file system of 
hierarchical, tree-structured design which provides multi­
processor access to a common data base, full file protec­
tion, and access control. Full user program compatibility 
with GECOS II has been retained, but the internal organiza­
tion and logic flow of the system is completely new. The 
ease with which the system may be extended and 
modified has been enhanced greatly. 

The processor operates in a dual mode, with the 
operating executive ( GECOS) executing In both "master" 
and "slave" modes, as required, 'while user ,programs 
execute in "slave" mode only. In master mode operation, 
the full instruction repertoire may be executed; all mem­
ory references are absolute; and full range of memory may 
be referenced directly. In slave mode operation, memory 
references are relative to a base adqress register (BAR) 
which defines the physical address limits of the executing 
program; the program cannot access memory locations 
outside of the BAR setting. 

In GECOS III, the memory space required for overlays is 
minimized and strictly disciplined. A fixed amount of 
space, called the Slave Service Area (SSA), is dynamically 
alloaated by program for this purpose. Each program in 
the system has an SSA, and when a program is brought into 
memory, all system data pertinent to that program is held 
in the SSA. . . 

I/O requests by the program are queued in tables in the 
SSA. The SSA also maintains a push-down stack for defining 
the state of the program, and as system service function 
overlays are needed, they are loaded into the SSA for 
execution. 

The SSA is adjacent to and below the zero address of 
each program. The SSA addresses are -1 through -1024 of 
the program. The BAR setting protects the SSA from user 
program access. System overlays brought into the SSA 
reference data within both the user program and the SSA 
by addresses relative to the BAR setting, mak~ng it 
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unnecessary to relocate any code read into the sSA for 
execution. 

Approximately one-half of the SSA is used for overlay 
execution. In addition, an automatic push-down and pop­
up capability for overlays was developed in the SSA. If one 
overlay executing in the SSA should call another, the first is 
written on a push-down file associated with the program. 
When the corresponding exit is made, the SSA is popped up 
again. Experience has shown that most system service 
functions can be accomplished within the SSA without 
incurring the push-down, pop-up overhead. 

In addition to solving the space dIscipline problem, the 
SSA has proved to be the single most important concept in 
GECOS III. Since the system data for a program is codified 
by and adjacent to the program, it is much easier to 
determine the status of a program or to suspend program 
execution in order to move it in memory or to swap it out 
to secondary storage. This assodation of system data and 
service function overlays with their programs also results 
in increaseq. multiprocessor effectiveness by avoiding the 
memory interface problems which are incurred when slich 
data and subroutines are pooled and under a common 
memory controller. 

file system 
. Basic to the organization of GECOS III is a file system 

comprised of a . permanent on-line data base, with security 
. protection, and access control. The design 6f the file 

system was strongly influenced by considerations of sys­
tem safety and maintainability. The list-structured physical 
space definition was discarded, for example, because of 
the complexity and time required to reconstruct such a 
base if the list pointers were accidentally destroyed. 

Logically, the file system consists of a master catalog 
which identifies each user known to GECOS. Within the 
master catalog are pointers to catalogs for every user. The 
user's catalog may define files, or may in turn name and 
point to' still iower level catalogs. Accounting information 
for the time-sharing system also is kept in the master 
catalog. 

To identify a file in the system, a string of names is 
given, begimiing with the user name in the master 
catalog. Each successive name, in turn followed by the file, 
name, defines the file. At any point in this string of 
catalogs, except for the. master oatalog, passwords or 
permissions may be invoked. 

Any file or catalog in the file system may· be read, 
written, appended to, or executed. The owner of the file or 
catalog may specify who may have each of these four 
types of, permissions. In traversing a catalog string, the 
permissions are checked at each level" and if the interro~ 
gator has been denied the permission he seeks, he is not 
allowed to complete the reference. 

When a user asks for a file, he must state what activity 
he has, in mind. Safeguards in the system prohibit a user 
from asking for one type of permission and then using the 
file in another manner. The file system allows any number 
of users to read or execute a file at one time, but will not 
allow anyone to write or append a file if someone else is 
referenCirig it. . . . 

For each user in the master catalog, there are entries 
defining how much space he may use in the file ,system. 
The file system will prohibit an attempt to create files 
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MONITOR . .. 

exceeding that space limit. 
GECOS III provides true device independence. The I/O 

structure is defined so that user programs reference logical 
files and need not be concerned with physical device 
peculiarities. The most important property of these I/O 
queues is that they allow the adoption of selection 
strategies which increase the system's I/O throughout. For 
instance, the drum commonly used as, secondary storage 
informs the processor of its angular position at I/O termi­
nate. The I/O system selects the particular I/O request 
in the drum queue which will minimize rotational delay. 
Te~ts show that throughput may be more than doubled 
using this technique. 

An interesting feature of the I/O design is the "courtesy 
call,"'an addition to an I/O request which asks, "As soon as 
I/ 0 is finished, I'd like the processor again for a brief 
period, to initiate another I/O request." Any user program 
I/O request may specify that a courtesy call is to be paid 
to a given address when the I/ 0 terminates. The operat­
ing system interrupts the execution of the program to 
pay the courtesy call as soon as it has processed the 
termination of the I/O command. In this way, I/O-bound 
.programs are guaranteed processor time to reinitiate I/O 
requests as soon as a previous request is finished. Even in 
a heavily loaded system, I/O is kept running at high speed. 
The system input and output programs use courtesy calls 
extensively. 

By selecting a new program for execution at each 
interrupt, I/O-limited programs are kept active and maxi­
mum throughput is achieved. When there is a heavy I/O 
load, the system commutes rather rapidly between the 
programs that are performing I/O and gets to the "proces­
sor burners" (processor-limited programs) only when all 
the other programs have been serviced. On the other hand, 
when there is little I/O loading, the system stays for a 
longer period in each program, with proportionately less 
overhead. 

time-sharing routines 
GECOS performs all interrupt processing and dispatching 

in less than 15% of the processor cycles when the system is 
heavily loaded, and in about 5% of the cycles when 
only "processor burners" are in memory. 

The GECOS time-sharing system is designed for installa­
tions that have a batch commitment and also need time­
sharing. The portion of the hardware dedicated to time­
sharing is dynamically variable, providing an operating 
spectrum from full time-sharing through full batch process-
ing, according to the requirements of the installatiolJ. . 

The time-sharing executive performs the functions of 
selecting, allocating, dispatching, and swapping time­
sharing user programs. Since the time-sharing executive is 
treated as a single system program by GECOS, it sub­
allocates memory and sub-dispatches the processor to 
individual time-sharing user programs. In the process of 
sub-dispatching, the time-sharing executive establishes a 
new BAR setting around the user program to be executed, 
insuring the integrity of other user programs in memory. 

One of the major integrating factors in the design of the 
time-sharing system is the use of the GECOS file system. It 
is through this common file system that user programs in 
the batch system and in the time-sharing system commu­
nicate with each other. 

A straight-forward application of this capability allows a 
large batch job to generate or update a file (perhaps 
based on· inputs from another file entered from time­
sharing terminals) and have the updated file available for \ 
inquiry by time-sharing users. 

78 

An even more interesting capability allows the time­
sharing system to generate a job for the batch system. The 
user program in the batch system may be too large to 
process conveniently in the time-sharing mode, or may be 
an existing program for which modification for direct 
execution in the time-sharing mode is not desirable. An 
option exists to allow a time-sharing program to wait for 
the completion of a batch job. In addition, there can be a 
direct "conversation" between· a batch program and a 
remote terminal. 

DONALD J. CAMPBELL 
WALTER F. COOK 

WILLIAM J. HEFFNER 
General Electric Computer Equipment Dept., 

Phoenix; Ariz. 

two more siblings 

HONEYWELL ADDS 
TO 200 SERI ES 

Honeywell brightened the month of October 
with announcement of two new computers, a 
bunch of peripherals, additional software, and 
a field modification that will allow use of the 

. new DuPont Crolyn high··density mag tape. 
The computers an~ the Models 125 and 1250, to be 

slipped into the product line' just above the 120 and the 
1200-which leaves plenty of numbers to spare. This 
brings the total of Series 200 processors to eight. Reflect­
ing the happy new manufacturer attitude of building first 
and announcing later, the 125 is being demonstrated at 
the BEMA show in New York City Oct. 23-27. 

The Model 125 has 2.5 usec cycle time, four I/O 
channels, 4K- to 32K-character main memory capacity, and 
is said to be 50% faster than the 120 at about a 10% 
increase in system cost. 

The Model 1250 can handle multiprogramming, has a 
1.5 usec cycle time, 32K- to 262K-character storage, eight 
I/O channels, and can handle six simultaneous peripheral 
operations. Using an expanded version of the Mod 2 
operating system-also just. announced-the 1250 will 
take data communications terminals. 

Other software announcements include a new assem­
bler, a conversion program to go from the Mod 1 to Mod 2 
operating system, and a monitor that permits foregroundl 
background processing with Mod lOS. 

The peripheral equipment includes two card readers, a 
low-cost 400 lpm printer, a disc drive, two tape drives, 
and a control unit for optical character reading. 

The Model 223-2 card reader is a 1,050 cpm unit that 
can be used with all eight processors; the 123-2, fitting 
the small end of the product line, runs at 600 cpm. 

Tape drives added to the line are designed for the 120 
and 125 processors and have a 26.7KC transfer rate. 
Models 204B-11 and -12 now installed can be upgraded 
in the field to the new -15 and -16, doubling their transfer 
rates. 

Crolyn magnetic tape can be used with the 204B-9 
drive if the customer specifies hardware option 054. The 
standard drive, using conventional tape, has a maximum 
transfer rate of 96,000 cps at 800 bpi. Adding the option, 
and using the new high density tape at 1,200 bpi, gives a 
rate of 140,400 cps. 

As for the new processors, prices for the 125 will range 
from $1,l50 to $2,925/month and, for the 1250, from 
$3,545 to $9,725/month. Deliveries begin this December 
for th~ 125 and 'in July '68 for the 1250. • 
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Before you buy 
a terminal to talk 

to a computer . 
make sure you can talk 

to the terminal. 

Buy the wrong terminal and yo 
may end up talking to yourself, instead 
a computer. 

The most widely used terminal on the market, for 
example, was orginally built to send telegrams. So 
it has a limited number of keys. An awkward key­
board. No lower case letters. And a tiny, telegram­
sized carriage. 

Maybe that's all you need for "HAVING A WONDER­
FUL TIME STOP." But it limits you to half the number 
of characters a sophisticated computer understands 
(a little like trying to carry onan intelligent conver­
sation with a 4-year old). 

Only one terminal now available can begin to match 
the input-output potential of a modern computer: the 
new 7100 Conversational Mode Terminal by Friden. 
The 7100 has the same, easy-to-use keyboard as an 
electric typewriter. But with one important addi,tion: 

The USASCII code! 
USASCII puts 128 characters at your command. 

can use themto write your own 
puter programs. And when you're 

e, the 7100 neatly prints out your pro­
r use-saving costly computer storage. 

Nice? Just the beginning. 
The 7100 is the only USASCII terminal with upper 

and lower case. The only terminal with a 13'1 writing 
line. And the only terminal' that will reproduce a 
facsimile of all USASCII codes (except space and 
carriage return). 

It even has a color shift. When you talk to the com­
puter, it prints in red. When the computer talks to 
you, it prints in black. 

The 7100 brings new ease and efficiency to time­
sharing, on-line programming, information retrieval, 
and documentation. 

To learn how easily it can ,let any corner of your 
company use a central computer, call your nearest 
Friden office. Or write Friden, Inc." San Leandro, 
Calif. 94577. Sales and service throughout the world. 

Friden 
DIVISION OF 5 I NG E R 

DIY .... I ... I.O. WOIILOWIDI 

CIRCLE 42 ON READER CARD 

November 1967 79 



-because The Kelly-Springfield Tire 
Company gets the right tire to the 
right place at the right time, with a 
modern communications and data 
processing system, that's why not. 
And they sell over 2600 different 
sizes and types of tires in the U.S., 
Canada and 66 other countries. 

Here's how the system works: at 
each warehouse Bell System Tele­
type® machines use master tapes 
to enter standard information on 
customers and their purchases, 
while the variable sale information 
is typed in manually. The machines 
make printed orders and by-product 

Why not? 

tapes containing this information. 
The Cumberland, Maryland, Con­

trol Center uses Wide Area Tel~phone 
Service to make scheduled calls to 
the warehouse Dataspeed senders. 
The punched paper tapes are then 
transmitted over Datasp.eed at 1050 
words a minute. Full daily informa­
tion from the company's giant 
warehouses, strategically located 
throughout the country, is trans­
mitted in 16 minutes. 

Weekly reports at Cumberland 
give a complete picture of inventory, 
sales and orders for every ware­
house in the country. A summary of 

lUI l!:SJ Dataspeed" 

data from each of the 26 warehouses 
is prepared for factory production 
scheduling. 

The result: I nformation flow is 
faster, more accurate. Customers 
get the best possible service, 'every­
where in the Kelly-Springfield mar­
keting world. 

For more information, call your 
Bell Telephone Business Office and 
ask for a talk with one of our Com­
munications Consultants. And don't 
hesitate to call us early-because 
that way we can serve you best. 

When you wprk with data commu­
nications, work' with the Bell System. 

~ Teletypewriter 

~ Bell System 

KELLY·SPRINGFIELD DISTRIBUTION SYSTEM 

IJ.:.J Central Office 

~computer 

Cumberland 
Control Center 

c 
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Saves you $6,000 to $24,000 
(Doesn't cost a cent for conversion) 

'The new MAl Magnetic Tape Unit is directly inter­
changeable with your 729/240 I units-plug for plug, 
reel for reel. We hook up an MAl unit and it's ready 
to go to work. 

Initial equipment costs for each MAl unit are at 
least $6,000, and in some cases, as much as $24,000 
l,ess than the comparable 729/2401 unit. 

So an MAl unit pays for itself in 2-3 years i!l direct 
savings over your current rental costs. And then saves 
you another $5,000 to $10,000 a year. Every year. 

A new kind of tape unit. No tape wear and tear from 
pinch-feed mechanisms on this tape unit. Its single 
capstan drive mechanism handles tape the way it 
should be handled. Gently. 

During operation, the recording surface of the tape 

touches nothing but the read-write head. And that 
retracts to eliminate tape wear during loading and 
rewinding. 

A new kind of systems reliability. Because the unit's 
design is so simple, you improve systems reliability. 
Read-write reliability equals or exceeds that of your 
present tape units. Downtime has to go down because 
the MAl unit is so eQ.sy to maintain. (It requires no 
mechanical adjustments, and a minimum number 
of electrical adjustments.) 

So you'll 'save on an MAl maintenance agreement 
too. And without worrying about quick service. MAl 
has branch offices in 45 principal cities from coast 
to coast. 

If you'd like more information, call your local MAl 
branch office, or write us. 

~fi0lle 
~ EQUIPMENT CORPORATION, 300 East 44th Street, New York, N. Y. 10017 
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What does the CO-65 have 
that all other 2Y20 
memory systems don't? 
MORE STRINGENT DESIGN CRITERIA + HIGHER RELIABILITY '+ GREATER USER VERSATILITY. 
The CD-65 is designed with the demanding user ~n mind. Operating margins in this unit are signif­
icantly greater than accepted industry standards. Mechanical packaging of key circuits and magnetics 

, in the CD-65 provides a system organization easily adapted to custom application. All circuits are 
worst case designed and are verified by customer examination. D Featuring a newer 2Y2 D 
packaging concept, the CD-65, with a 650 nanosecond cycle time, 

permits faster speeds and definite economies for larger word 
systems. The CD-65 is available in sizes from 8K to 65K words­
each containing from 16 to 144 bits. D Speaking of words, may 
we have some with you? We'd I ike to tell you more about the 
CD-65. For more information, write: Lockheed Electronics 

Company, Memory Products, 6201 East Randolph Street, Los' 

C,' 

Angeles, Calit 90022. Or phone (213) 722-6810. a, 

LOCKHEED 
ELECTRONICS 
COMPANY 
A Division of Lockheed Aircraft Corporation 
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news 
CARTERPHONE CASE NEAR 
REVIEW, THEN ,FCC DECISION 

Dp 'equipmeIlt manufacturers eager to 
lift Ma Bell's ban-on foreign attach­
ments received encouragement last 
month when FCC's Common Carrier 
Bureau 'said the initial decision in the 
Carterphone case construed the issues 
too narrowly. Public message system 
customers should be able to use ~ny 
interconnection device, not jllSt the 
Carterphone, so long as it' doesn't 
degrade service, the bureau argued. 

"Interconnection standards 'could 
be established which, if m'aintained 
by private systems, would insure 
proper maintenance of equipment 
and reliability of performance," the 
bureau added. Trade associations and 
equipment firms within the dp· indus­
try reportedly are thinking along simi­
lar lines, as DATAMATION reported last 
month; they're developing proposed 
standards, plus an organization to put 
them into effect. . 

The initial decjsion, which said the 
foreign attachment ban should be 
lifted only for the Carterphone,' was 
rendered by hearing examiner Ches­
ter Naumowicz Aug. 31. The case is 
now pending before a review board, 
which 'will go over the record, issue 
its verdict, and then refer the whole 
matter to the FCC commissioners for a 
final decision. The Common Carrier 
Bureau suggested, \n its statement, 
that the review board refer the' case 
i~mediately. 

The bureau statement,' issued la~t 
month, tried to destroy examiner 
Naumowicz's contention that the Car­
terphone case involved only the Car­
terphone attachment. The bureau 
cited a 1957 proceeding, involving 
the Hushaphone attachment, which 
had required interpretation of the 
same tariff sections~ In that earlier 
case, the commissioners had con­
cluded that the tariff language 
affected use of foreign attachments in 
general, not just a single device. 

Furthermore, "the record ... clearly 
demonstrates that ... a case-by-case 
policy to determine whether . . '. a 
particular attachment . . . should be 
authorized merely permits' the Com­
pany to perpetuate unreasonable and 
discriminatory practices," the bureau 
said. . , 

Naumowicz had alluded to the "in­
herent unfairness" of a system which 
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briefs 
gives .aell cOf}trol over the use of 
equipment which competes with 
products made by its subsidiary. The 
bureau went further: " ... the tele­
phone company considers it reason­
able for police and fire . . . radio 
systems to be interconnected . . . 
( even though) there i~ no ( tariff) 
provision that permits such intercon­
nection." Although some interconnec­
tions are allowed' in the tariff, the 
equipment must be provided by the 
phone company, which, "in its sole 
discretion . . . could use ariy kind of 
device it chose . . . But the customer 
would not 'be permitted to do the 
same 'thing. By such tariff require­
ments, the supply of such connecting 
devices is pre-empted by the tele­
phone companies." 

SEC CALLS FOR 
MORE AUTQM~TION 

The Securities and Exchange Commis­
sion is urging more automation in the 
securities industry. SEC chairman 
Manuel F. Cohen, in a speech before a 
Har~ford chapter of investment brok­
ers, noted that "much work remains 
to be done before the securities indus­
try and its customers-the investors­
obtain the full benefits of' the well­
planned edp equipment. While I d'o 
not wish to introduce any note of 
impatience tonight, it is important to 
emphasize that this work must pro­
ceed at a much faster pace . ~ . if the 
securities industry is to maintain the 
rate of growth that it has achieved in 
the past two decades." 

The markets have already reached 
volumes of trading not long ago pro­
jected for the. 70's, he said. The havoc 
this has wreaked on back office ac­
counting necessitated the early ~los­
ing of the NYSE several days in Au­
gust. The exchange has initiated a 
sharing arrangement through its sub­
sidiary Central' Computer ~ccounting 
Corp. which will provide back office 
services to brokers at less cost than 
manual methods. (The M~dwest' Stock 
Exchang~ pioneered in this kind of op­
eration.) Cohen called 'for all seg­
ments of the industry to cooperate in 
development of these programs. "We 
cannot afford to le,t pride interfere ... " 

The ability of the 'gOO cpm ticker at 
the NYSE (adapted only ·three years 
ago) to provide price and volume data 
"has already passed t~e straining 

point" and may "already be obsolete." 
What can replace the ticker that the 
human eye can follow? 
(Ed. note: The NYSE also faces the problem 
of delivery of its new System 360 equipment. 
Government priority orders have 'threahaned 
delays that could put the exchange in the 
expensive position of ordering interim equip­
me~t to handle the volume of trading expected 
by 1970.) , 

Another market that is growing and 
needs help' is the Over the Counter 
market. The National Association of 
Securities Dealers has long considered 
the automation of this market and 
now has Arthur D. Little studying it. 
This should be completed within two 
to three months and may result in a 
computer center to disseminate OTC 
quotes to brokers via on-line termi­
nals. Later it will facilitate transac­
tions by listing the names of the 
market-makers in a particular stock. 
The dealers in this market now obtain 
quotes and conduct business over the 
phone. Cohen said the new system, 
"in addition to providing up-to-the­
minute bid and asked prices, could be 
llsed to provide high-low, last sale 
and volume statistics as well as cer­
t'ain facts about the issuer of . the 
security." The actual transaction 
would probably still be executed over 
the phone. 

Automation of the OTC market 
bring~ up several legal and regulatory 
questions: how to define a market­
maker allowed to enter quotes into 
the system; who will own the OTC 
system-NASD or outside commer­
cial firm (several companies such as 
Data Network and Bunker-Ramo bid 
on such a system in 1965); and 
further, who will regulate the com­
Pl1ter activity itself if the FCC decides 
that the computer/ communications 
services should be regulated. 

.The availability of OTC data from a 
separate facility underlines a growing 
problem for brokers-the need for sev­
eral terminals and display devices to 
obtain all services. The commission, 
said Cohen, is responsible for seeing 
that automation is conducted in an 
orderly manner and in the public 
interest. "Needless duplication of 
equipment and a proliferation of non­
corppatible systems can only operate 
to the ultimate determent of the in­
dustry and the public by J:mrde~ing 
the brokerage community with un­
needed costs." 

Compatibility of equipment is not 
the only factor. Cohen also pointed to 
the need for uniform formats in such 
areas as security identification, a task 
now peing undertaken by the Ameri-:­
can Bankers Assn. Comrnitteeon Uni­
form Security Identification Proce­
dures. NYSE and AMEX are also de­
veloping a uniform order format so 
th~t an order placed at any branch 
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Although computers aren't new to the industry, 
only now has it beep. demonstrated how completely 
computer technology can serve every phase of an 
airline's organizatIon. 

This happened when United Air Lines 
commissioned UNIVAQ to design and build an on-line· 
computerized information system. 

It represents the largest such investment the 
business world has seen thus far. The first to utilize 
cathode ray tube sets (input/output devices. 
resembling TV monitors) on a nationwide basis. 

Over 2800 of these UNISCOPE™ visual 
communication terminals will link 116 United cities 

to a centralized complex using three UNIVAC@ 1108-II 
computers. 

To the United customer this will mean better 
service. 

When a United agent queries his set on seat 
availability he'll get a response in one second. 

And in that time he'll also get a complete 
readout on his screen with availabilities for five 
flights in addition to the one he requested. 

Agents at ticket counters and in air freight . 
terminals will have the unique advantage of automatic 
ticket or air bill printing provided by anyone of 
700 printer units that are integral to this 

Univac 
When you grow as fast as the airline industry, you get growing 

I 
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UNIVAC real-time system. 
The information this system processes will 

cover seventeen basic categories ranging from 
passenger reservations, meal planning, crew and 
aircraft scheduling to flight planning and cargo 
loading. 

_.. It will provide United management with the l \'asic data vital to operating a jet fleet of 400 aircraft 
and a passenger volume which is expected to double 
in the next five years. 

For s'uch potential to become operational by 
1968 requires years of work. Three years of United 
planning. Three hundred man years of systems 

Airlines. 

analysis and programming. 
, ' But United isn't the only airline taking 

advantage of UNIVAC real-time capability. Others are 
Air France; Allegheny, British European Airways, 
Eastern, Lake Central, Mohawk, North Central, 
Northwest, Ozark, Scandinavian Airlines System 
and Trans World Airlines. 

And UNIVAC systems are performing important 
tasks for many other industries. For science, 
education, and government-in all .Qarts of the world. 

" LJN'IVAC 
UNIVAC is saving 'a lot of people a lot of time. 

~_§I=E~Y RAI\D 

CIRCLE 45 ON READER CARD 

pains. When you apply computer technology growing is a little easier. 



ADVERTISEMENT 

No EDP manager 
in his righ't mind 
would s'pend $150,000 
to develop an 
application package 
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office of a member can be transmitted 
directly to the floor without physical 
handling. (Another effort, not noted 
by Cohen, is standardizing the size and 
format of the stock certificate itself, 
hopefully to be used by all markets.) 

Personnel trained in the intricacies 
of both the computer/communica­
tions and securities fields is another 
problem, noted Cohen, who called on 
the industry to take the necessary 

. steps to meet this shortage. The' SEC, 
itself somewhat of a neophyte in 
computer use, has been sending key 
professional and clerical people in its 
divisions and departments to com­
pu~er courses. 

FINANCIAL ASSOCIATIONS 
RELEASE TERMINAL SPECS 

A joint committee of two large finan­
cial associations has released. to five 
computer manufacturers specifications 
for an on-line teller terminal which 
they hope will result. in bette'r termi­
nals which will cost' perhaps 33% 
less. 

The joint committee combined rep­
resentatives of the U.S. Savings and 
Loan League and the National Associ­
ation of Mutual Savings Banks which 
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together represent a total possible 
market of 33,000 teller and adminis­
trative stations by 1974. The goal of 
the committee: teller terminals in the 
$5-7K range. 

The committee specified as standard 
performance «a four-second respopse 
time under peak-load conditions' to at 
least 50 tellers operating on 3$ termi­
nals ... on one 1200 baud communi­
cation. line, 90% of the time,' with a 

.. 98% confidence level." Peak load is 
defined as a continuing average of 51 
transactions per minute o~er a one­
hour period. Maximum response time 
required is 15 seconds. . 

In addition to a list of traditional 
,items required of the new terminals, 
the committee suggested the desira­
bility of the development of control 
units to service one and two branch 
locations, with the ability to control a 
minimum of eight terminals. 

Also requested: buffers, and com-
. munications which 'would allow a 
minimum of 50 teller terminals to be 
accommodated on one 900-1200 baud 
cominunication line, :with the ability 
to drive "at least a 900 baud uncondi­
tional line at optimum utilization, and 
in representative transactions data 
(exclusive of polling characters) must 
represent 60% or more of the charac­
ters transmitted." 

The specifications, which were re-

not when 
leased in September to Bunker-Ramo, 
Burroughs, IBM, NCR and RCA, are 
available from the National Society of 
Controllers & Financial Officers, 221 N. 
La Salle St., Chicago 60601. Heading 
up the joint committee was Bryant W. 
Cannon of Great Western Financial 
Corp. 

IBM, GENERAL LEARNING 
WIN BIG T-5 STUDY PAC,T 

The race for the educational dp mar­
ket passed an important milestone 
recently when IBM and General 
Learning Corp. won feasibility study 
contracts from the U. S. Office of Ed­
ucation; the contracts cover a time­
shared computer network capable of 
serving at least 50 schools and 100,-
000 students. It will be the world's 
.largest, strictly educational t-s system. 
IBM and GLC were selected from 
among a total of 39 bidders. 

A final system de'sign, probably in­
corporating the best features of both 
proposals, is expected to be com­
pleted early next year. The value of 
the project is indicated by one OOE 
official's statement that «by gaining 
access to a computer, We believe 
almost any high school or junior 
college can improve its educational 
program and administrative efficiericy 
significantly. The, system we're now 
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planning should reveal the kind of 
hardware and software needed." 

The system will serve schools within 
a 100-mile radius of the cpu. No site 
has been chosen yet, although several 
school boards are reportedly eager to 
become guinea pigs. 

. Three major applications are 
planned: compilation, debugging, and 
running of programs written by high 
school and junior college students 

. enrolled in dp courses; solution of 
math and statistics problems, input 
by students taking stich courses. as 
physics and economics; and school 
administrative chores-e.g., class sched­
uling, grade reporting, inventory con­
trol, and payroll. 

IBM's proposal included a 360/50 
cpu, linked to 110 units serving 1-4 
students each. Data would feed in 
and out through typewriters. Each 
administrative terminal would also 
have a card reader and printer. Each 
instruction terminal would service 
about 500 students per week. This 
system would cost about $16 per 
student per year, or approximately 
P~% of each participating school's 
budget. 

GLC proposed a larger cpu-on the 
order of a 360/65-together with indi­
vidual teletypewriter terminals. The 
cost of this system was estimated at 
$32 per student per year. 

Both plans provide for batch as 
well as real-time operation. Batch­
only terminals, consisting of a reader 
and printer at each school, were also 
proposed as an alternative. OOE has 
asked IBM and GLC for more infor­
mation on this configuration. "We 
hope it will be more cost effective," 
explains an official. 

STUDY GROUP WANTS CHANGES 
IN DOD COMPUTER SELECTION 

Several key changes in DOD adp 
selection and procurement procedures 
have been recommended by an inter­
service study group under the din~c­
tion of Robert A. Raup, of the Penta­
gon's data systems policy directorate. 
Now in semi-final form, the "Raup 
report" is being studied by the partic­
ipating military departments and may 
be changed before being adopted. 

The study group turned thumbs 
down on a single, DOD-wide selection 
office, but said military departments 
should have responsibility for evalu­
ating and selecting systems competi­
tively acquired for DOD agencles-..:e.g., 
Defense Iritelligence Agency, Defense 
Supply Agency, and Defense Com­
munications Agency. The agency 
would develop specs and would par­
ticipate in evaluation selection. It 
would also have the last word regard.;. 

ing which system was selected; the 
department, basically, would supply 
expertise now lacking in the agencies 
because of their smaller-scale adpe ac-
quisition activity. . 

The study group recommended re­
writing DOD Directives 5100.40 and 
4105.55 to: 

-stimulate greater use of general 
purpose, off-the-shelf . systems for 
RDT&E applications and, hopefully, re-. 
duce costly system development . 

-increase DOD ability to review 
each service's adp development activ­
ity. There is a particular need, the 
Raup report said; for the office of the 
Secretary of Defense to review the 
requirements used to justify acquisi­
tion of adp systems. 

The task force also said Directive 
4630.1 should be changed to give OSD 
prior approval of all RFPs covering 
adpe related to telecommunications 
systems. It recommended striking data 
processing "services"-e.g., feasibility 
studies, system design· and develop­
ment, ~nd computer programming­
from DOD instruction 4100.33 (which 
implements BOB Circular A· 76), on 
the grounds that other DOD Instruc-
tions are adequate. . 

One reason for establishing the 
Raup group was a chorus of' com­
plaints from vendors regarding the 
time and expense of answering DOD 

----------------------ADVERTISEMENT----------------------

he can get it from us 
for $15,000 
fully documented, tried 
and proven, error-free. . 
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TGUN PATtERN CHART 

LIKE THE TWO GREAT SHOTGUNS, ARE NOT IDENTICAL~ 
When you buy a Purdey or a Holland, yoti buy the finest in 
guns. They cost about forty-five hundred dollars each. 
Th~y last for generations. 

-- 'Vhen you buy the two great tapes-ours or the one the 
~omputer company makes-you buy the most durable, most 
reliable computer tape around. Naturally, they cost more. 
It's not surprising, therefore, that they make pass after 
pass' after pass without a drop-out. 
The two great guns are pretty much alike in total 
performance. But although each is exquisitely crafted 

to perform unerringly, they are not identical. You'd have to 
use them both to know exactly what each can do. 
lt's the same with the two great tapes: they aren't exactly 
alike, either. In fact, some tape-users insist that our great 
tape out-performs th.e other. 
Could be. 
(Brochures? Specs? Write us at 210 M emorex Park, 
Santa Clara, California 95050.) 
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RFPs. The report provides some com­
fort, but not much. It says senior adp 
policy officials should require a ven­
dor response "proportionate to the 
estimated value of the equipment to 
be acquired," but , they should not 
overlook the need for "specifications 
. . . adequate to identify the type, na­
ture; and scope of the data processing 
workload involved." A study of in­
creasing costs being incurred by sup­
pliers in response to complex RFPs 
was recommended. 

Further standardization of data sys­
tem specs and bid evaluation proce­
dures is desirable, says the report. It 
suggests concentrating on these areas: 
selection criteria and weights, cost 
evaluation, user participation, work­
load descriptions included in' RFPs, 
qhanges in proposals. during evalua­
tion, benchmark procedures and pur­
poses, and processing time esti­
mates. 

Other recommendations called for 
wider use of the Army's Qualified 
Equipment List, and of the related 
procedure which requires vendors to 
pre-qualify their equipment; wider 
use of MITRE'S evaluation and selec­
tion counsel, now provided only to 

the Air Force; and greater reliance on 
simulator programs to verify process­
ing times of adpe offered by vendors. 
COMET, the'simulator used by the Air 
Force, and the Army's Autotimer pro­
gram, should be compared and evalu­
ated; "appropria.te actions" should 
then be taken to "provide. optimum 
simulator capabilities to all DOD com­
ponents." 

Another recommendation called for 
distributing an RFP forecast fa quali­
fied suppliers. it would cover e~­
pected procurements for one year 
ahead andbe revised quarterly .. 

Although the AF Phase II imbroglio 
wasn't mentioned, it must have been 
in the minds of study group members 
when they reported that DOD direc­
tives do not provide enough guidance 
concerning evaluation and selection 
of adpe to be procured under the 
Federal Supply Schedule. Areas nqt 
covered by the present directives in­
clude proposal solicitation, equipment 
evaluation, announcement and place­
ment of the selection award, and noti­
fication to unsuccessful vendors. "The 
chairman, ASPR committee, should 
convene a special subcommittee," the 
Raup report said, "to identify and 
recommend changes and additions 
necessary in ASPR to adequately pro­
vide for selecting and acquiring adpe 
under FSS contracts." 

GRANDFATHER LOBSTERS 
THREATENED BY COMPUTER-

A computer simulation of the birth­
death cycle of the New England lob­
ster has led to the conclusion that the 
big fellows don't contribute very 
much to the population-and laws 
protecting them do little more than 
reduce the catch. 

The model and several computer 
analyses on the crustacean have been 
developed, without research funds, by 
Dr. Saul Saila and John Flowers at the 
Graduate School of Oceanography at 
theUniv. of Rhode Island. The model 
( 100 FORTRAN statements) works 
with such parameters as lobster 
growth rate, age of maturity, average 
fertility, frequency , of shedding the 
shell (which affects growth rate), and 
"fishing mortality" rate. The reason for 
the two-year "labor of .love," said 
Saila, was to determine the validity of 
the laws affecting this population and 
ultimately the simulation will add 
more knowledge on the lobster and 
other marine life. 

Several conclusions have already 
come to light. The large lobster isn't a 
great father' because it doesn't mate 
with the smali female and drives- the 
more eligible smaller maies away. The 
simulation showed that only about 4% 
of the slow-growing females would 
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survive to be the proper size for the 
big males. On the other hand, the egg­
bearing female, which can only mate 
in one 48-hour period cvery two 
years, ought to be protected. Too, the 
female can be moved to other areas to 
start lobster colonies. The scientists 

worked extensively with a lobster 
hatchery to observe habits and track 
movements. Analyses of data obtained 
by following tagged lobsters showed 
that lobsters aren't wanderers and 
have somewhat of a homing instinct. 

While the present model, pro­
grammed in less than six months, was 

developed to answer a limited num7 
ber of questions, Sailaintends to de­
velop a program to simulate the life 
history of the lobster population 
through a number of generations-one 
purpose being to more finely deter­
mine the maximum and minimum 
~izes of lobster which the fisherman 
can harvest without seriously deplet­
ing the population. An IBM 360/40 
used. 

AVIONIC TEST SYSTEM 
BRIEFINGS HELD BY NAVY, EAI 

A series of four one-day briefings, 
sponsored by the Naval Air Systems 
Command and the Electronics Indus­
tries Association, have been held in 
Beverly Hills, Chicago, Boston, . and 
Washington D.C., to familiarize repre­
sentatives of the aircraft and electron­
ics industries with the Versatile Avion­
ic Shop Test VAST system. 

The significance of this system to 
those concerned with computers is 
that its use by the Navy will lead to 
certain changes in avionics-communi­
cations equipment, navigation and 
other computers. Some of the prob­
able changes: different test point and 
modularity requirements; test pro­
grams will be the manufacturer's re­
sponsibility; the Navy may need soft­
ware assistance from outside firms; 

test and peripheral equipment lPUDl,l· 

facturers will face changed require-
ments for their products. '. 

The purpose of VAST scheduled for 
installation aboard aircraft carriers 
starting in 1970, is to standardize and 
automate testing procedures to over­
come shortages of space and mainte­
nance technicians. 

All new Navy avionics equipment, if 
it requires intermediate or depot level 
maintemince, is to be compatible with 
the system. 

The VAST concept was developed 
after three years of study by: PRD 
Electronics, Inc. It consists of dtWi,ces 
to apply stimuli and measure re-: 
sponsesfor up to 85% of existing and 
projected, carrier-based avioniCs;::, the$c 
units are controlled by a Univac 12ls: 
Through time-sharing, three. test sta­
tions can be handled by each . com~: ' 
puter. 

The Naval Air Systems Command 
plans to set up a programming center, 
where test ,program design data sup­
plied by the manufacturers will, be 
converted to' computer language and 
their usefulness and accuracy verified,' 

The Navy believes that installation 
of the VAST systems will cut shop 
space needed by 30-5m;, reduce the 
number of tec1miciqns by 25%, lower 
the technical skills required, 'requce 
turnaround time of equipment check-' 

POTTER, for instance E&l~t:!FLI" __ ®-INSTRUMENT CO., INC. 
151 Sunnyside Blvd. ~ Plainview, N. Y. 1'1803. (516) 681~3200· 
TWX-510-221-1852· CabJe Pica . "-
In Europe: Potter Instrument Co. Ltd., McGraw-Hill,House", 
Maidenhead, Be'rkshire, England. Maidenhead 20361 ' 

Compact new single-capstan 
tape transport system for 
military requirements 
The PotterSC-1131 and SC-1141 tape 
transports are advanced single-capstan digital 
magnetic tape systems capable of bidirectional . 
tape speeds to 37.5 ips or 75 ips at standard bit 
packing 'densities of 200/556 and 800 bpi with 
no prOgram restrictions. Designed to comply 
with all applicable sections of MIL-E-i 6400, 
MIL-E-4158C, and MIL-E-5400. Will operate at 
altitudes to 50,000 feet. Transport assembly 
Includes all servo. drive electronics with optional 
read/write amplifier mounted in a single 
package. . 

Write for full deta.ils on these Potter tape 
trar:tsports or any of the Potter peripherals 
listed below. 

The complete line of Potter peripherals 
includes magnetic tape transports, high speed 
printers, random access memories, paper 
tape readers and punches. 
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The men of Dartmouth have an incredible 
advantage over the mathematicians of Los Alamos. 

Ask Professor John G. Kemeny. In 1945. 
he was there. 
Today Professor Kemeny and his students and 
associates at Dartmouth are among the pioneers 
in bringing to people the useful benefits of 
the computer. 
Five years ago, only knowledgeable people knew 
how to use the computer. 
Dartmouth and General Electric decided to 
reverse that trend: Take the mystery out of laymen 
using the computer. . 

Using a General Electric Time-Sharing computer. 
Dartmouth developed a new computer language 
called BASIC. BASIC permits man to speak to 
the computer via teletypewriter in a language 
everyone can understand •.. ~. and remember. The 
English language. 

yet the computer is there as a silent partner; 
multiplying the 90ntributions they are able to 
make as individuals. 
Time Sharing, the powerful combination of 
General Electric computers and the BASIC 
language, is one of the landmarks in tlie age of 
the computer. Already more than 50,000 people are 
; using GE Time-Sharing service in this country 
'and abroad. 

The pioneers at Dartmouth had a vision. That a 
man and a computer can do more useful work 
than the sum of-what each can do independently. 
General Electric shares that vision. 
Bringing to people the useful work of the 
computer is the purpose of General Electric's 
Information Systems' business. 0 

. We'd like to help you. 300-01 

USING THE SAME GENERAL ELECTRIC COMPUTER) 
For the first time, an entire information system 

. was oriented tbward the convenience of human 
beings rather than the convenience of the 
machines. And the results were spectacular. 
Today the men at Dartmouth feel at home using 
their GE computer. Eighty percent of Dartmouth's 
students are proficieht programmers using BASIC. 
Alread.y 5,000 different programs are stored 
in the GE computer for easy reference and useful 
work. The mystery is gone, but the impact 

. will remain for a long time. 

The impact is on people - creative people who 
want to do useful work. Students. Engineers. 
Scientists. Businessmen. Most of them will never 
see the computer. Only the teletypewriter. And 
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ing, and reduce training requirements 
and hardware costs. 

CHICAGO EDUCATION BOARD 
EDP OPERATION CRiTICIZED 

The Chicago Board of Education's 
data processing bureau has been crit­
icized as overequipped and under­
used by a management consultant 
firm. 

The \ firm, Booz, Allen and Hamil­
ton, Inc., said in a report to school 
superintendent james F. Redmond 
that the board's edp hardware has 
been acquired faster than needed and 
stands idle because the flow of work 
is poorly planned. 

The consultants told Redmond, 
who took over the bureau much as it 
is today from past superintendent 
Benjamin C. Willis, that the equip­
ment is "a conglomerate of systems" . 
rather than a carefully planned one. 

The bureau now uses an IBM 
7074, a 1401, a 1460, two 1311 disc 
packs, ,two 1301 disc files and hm 
Bunker-Ramo CRT terminals, as well 
as ~ Recognition Equipment optical 
scannet. 

The bureau is budgeted for $2,­
Q61,000 this year, but the output of 
th~ operation is meager in relation to 
cost because of high turnover and 
lack of available qualified employees, 
the. report stated. 
Theconsulta~t specifically recom­

mended that the board defer the 
purchase or lease of new equipment 
until the present hardware is efficient­
iy used, hire additional qualified per­
sonnel and draft a sound plan for 
taking on new work. 

The bureau has been growing and 
has just reached the first plateau in 
the implementation of its planned 
total information service, says director 
of data processing James A. Quinn. 
Initial master files have been created 
and maintained for 600,000 students, 
25,000 teachers, 14,000 Civil Service 
personnel, 6,000 supply stock inven­
tory items, the school system's multi­
million dollar. budget. and the finan-
cial accounting structure. ' 

Student data is gathered when a 
student first enters the public school 
system. This data-name, address, 
sex, school grade, etc.-is typed on a 
scanner form, then read and con­
verted to magnetic tape by the optical 
scanner for 7074 processing. A ma­
chine readable status card is then 
used for updating. 

Additions to the master record such 
as test scores, grades,· health and 

94 

psychological data will be introduced 
to create a cumulative record system, 
Quinn says. The consultants say the 
sooring of standard tests, now farmed 
out, can be scored by the bureau 
today at a saving of $100,000 a 
year. 

The consultants also criticized the 
bureau's use of a second document 
reader, recen~ly given up. The scan­
ner, rented for $15,145 a month, was 
idle so much that the cost was $303 
rather than the reasonable $45 per 
hour used, they said. 

The bureau also should handle the 
inventory for the entire school system, 
the report stated, but at present is 
only doing inventory for the lunch­
room operation. 

Booz, Allen and Hamilton also crit­
icized the bureau's handling of pay­
roll. "Systems in the complex area of 
payroll ... are not sufficiently reliable 
and still require an inordinate amount 
of supplementary clerical handling," 
the report stated. 

"Our staff of 15 programmers wrote 
the entire software package that con­
verted the second generation 1460 
computer into a third generation real­
time system," says Quinn. "We also 
built security checks into the system 
to insure that only authorized persons 
have access to any particular informa-
tion record" . 

The consultants'· report called the 
edp system "the child of expediency." 

A new job handled for the first 
time this year on the 7074, in con­
junction with a 1231-1401, is the 
scheduling of classes for 150,000 
students in 91 Chicago public high 
schools. 

The Chicago board is also introduc-
'irig data processing curriculum in the 
high schools. The bureau's education 
division works with the Department 
of Curriculum in the development of 
data processing courses. Quiktran is 
available from IBM 1050 terminals 
installed in nine high schools in Sep­
tember. 

The Bureau of Data Processing has 
a staff authorization of 109, half of 
them in operations (computer, tabu­
hiting, keypunch, data control) and 
the other half in administration, sys­
tems, programming and clerical posi­
tions. 

The consultants reported, however, 
that turnover is high and the staff so 
new that management personnel have 
to oversee the immediate work and 
are not free for "effective planning 
and control." 

IBM OFFERS NEW VERSION 
OF 05/360, OTH,ER SOFTWARE 

IBM has announced a new multi­
programming configuration of OS/360, 

a 20-47% improved FORTRAN H, and five 
improvements for its Attached Sup­
port Processor System. 

Release 12 of OS/360 includes 
Multiprogramming with a Variable 
number of Tasks, MVT, which per­
mits multiprogramming of 15 separate 
jobs. Among capabilities MVT pro­
vides· are faster job turnaround with 
integrated syste~ I/O, running of 
multiple jobs and multiple· peripherals 
concurrently" and special exits for 
abnormal subtask termination 
(through use 'of the ATTACH subtask 
facility). Also available are new oper­
ator commands, priority job sched­
uling, automatic system I/O queuing 
on direct access storage devices, and 
multiple classes of output. 

The new 360 FORTRAN H version II 
ran test programs 30-47% faster than 
the original H. Percentages are bas~d 
on compile step time less scheduler 
time. In the tests, 15 programs were 
run on a mod 65 under OS/360 
releases 11 and 12 PCP ( Pdmary 
Control Program) using the 2301 
drum for system residence. 

Other improvements are: the ver­
sion II user can also read and write 
fixed length records randomly from, or 
to direct 'access devices; less table 
space is required for every 100 souroe 
cards (18K bytes instead of 35K); 
additional debugging facility; a stor­
age map providing more information 
about each symbol in the source pro­
gram; call-by-name arguments are no 
longer limited to 25 but governed by 
the total number of arguments in the 
program .. 

The improvements to the 360 ASP 
system include support of the IBM 
2314 for ASP work queue, support of 
OS/360 control program MFT( Mul­
tiprogramming with Fixed number of 
Tasks) on the support processor, and 
support to permit use of Synchronous 
Transmitter Receiver (STR) terin­
inals for remote job processing. These 
are scheduled for release this month. 
In May, 1968, IBM will begin sup­
port for dual main processors, and 
release a new job segment scheduler. 

DOD PUSHES, CONFORMITY TO 
"TRUTH IN NEGOTIATION" ACT 

Prodded by· the General Accounting 
Office, Congress, in 1962, passed the 
"Truth in Negotiation" act; it says 
that a contractor, or subcontractor, 
before being awarded a negotiated, 
fixed-price contract of over $100K, 
must certify that his bid is based' on 
accurate, complete, current cost-price 
data. In 1966, GAO completed a spot 
check of 242 such contracts; it found 
"a serious and comprehensive viola­
tion of the law" in at least 165 of 
them, and possible violation in 57 
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THIS IS THE ONLY 
, . 

SYSTEM/360-COMPATIBLE 
DIGITAL INCREMENTAL 

MAGNETIC TAPE RECORDER 
YOU CAN BUY. 

(THE REASON ISCBD.) 
Why is CALMA's Model 800 the only 

9-channel, 800bpi, SYSTEM/360-compatible 
digital incremental magnetic tape r~corder 
currently available? Because no other recorder 
manufacturer can meet the maximum character 
spaci~g variation specifications of the major 
compu~er makers. 

CALMA's unique CBD (Constant Bit Density) 
controller guarantees character spacing 
variations of less than 2%. 

The Model 80Q will collect your ~poradic 
(0-500 characters per second) digital data on 
SYSTEM/ 360-compatible magneti~ tape. 

Those of you without SYSTEM/360 can have 
all the advantages of CBD in our Model 600 
(7 -channel, 556bpi, 0-500cps) and 
Model 200 (7 -channel, 200bpi, 0-500cps) 
digital incrementalrecor~ers. 

Detailed technical inf~rmation is available. 
Write, phone, or circle our ~umber on the 
reader service card for your copy of CALMA 
Bulletin DR. 

COMPANY 

346.Mathew Street 
Santa Clara, Calif. 95050 
Phone: (408) 244·0960 
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others. Last -Sept. 29, Deputy De­
fense Secretary Paul H. Nitze, after, 
flak from the Hill, issued a memo 
aimed at reducing these violations. 

The key phrase in the Nitze memo 
reads: "action shall be taken (by 
DOD agency heads) to include in all 
non-competitive firm fixed price con­
tracts involving certified costs or pric­
ing data, a contractual right to ha~e 
access to the contractor's actual per.;. 
formance records." 

The memo's effect on dp suppliers 
is . unclear because no one in the 
Pentagon . apparently has a break­
down of negotiated contracts by type 
of product. Significantly, however, 
one of the illustrative examples in the 
GAO's 1966 report involved an un­
named manufacturer of mag tape re­
corder-reproducers who, in 1965, sold 
sIx' units, for $115,758, to an Air 
Force prime contractor' without sup­
plying adequate c9st or pricing data. 

·The main pressure on Nitze has 
been mounted by Sen. William Prox­
mire of Wisconsin, chairman of The 
Joint Economic' Committee. Last 
spring, he headecl . a subcommittee 
which 'looked into compliance with 
the Truth in Negotiation Act; subse­
quel1tly, the group issued a report 
chiding DOD for not giving its audi­
tors power to check contractors' rec­
ords. GSA, the subcommittee pointed 
out, had already done as much. 

Although DOD has now done like­
wise, some' cynics are suggesting t4at 
the effect will be far less than antici­
pated. 

Near the end of his memo, Nitze 
said "access to a contractor's records 
shall not be for the purpose of evalu­
ating profit-cost relationships, nor 
shall any repricing of such contracts 
be made because the realized profit 
was gr'eater than was forecast, or 
because some contingency cited by 
the contractor in his submission failed 
to materialize-unless the audit re­
veals that th~ cost and pricing data 
certified by the contractor were, in 
fact, 'defec~ive." 

PENNS:YLVANIA LEGISLATORS 
WILL GO ON-LINE NEXT YEAR 

The Pennsylvania legislature has be­
gun using on-line CRT's to obtain data 
on all pending bills. Starting with the 
new session in' January, the IBM 
360/40-based system, which took 2~f 
months to program, will be available 
to all legislators via 25 to 50 model 
2260 displays. (Eight displays are 
now in.), . , 
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U sing special COBOL programs to 
obtain high c!e~sity packing, full texts 
of more than 3000 bills have been 
stored on two 2311 disc packs. The 
bill data is stored in eight different 
files, such as history and sponsorship, 
and each full record can be accessed 
in an average of 14 seconds. A legis­
l~tor or reporter will be able to get 
hardcopy printouts from IBM 1053 
teleprinters, or will be able to request 
through the CRT. that the records be 
dumped onto mag tape for later out­
put by a 1403 printer. 

The data processing center of the 
General Assembly is a completely 
OS/360 shop with a library of 40 
COBOL programs. A model 40 is being 
used to do payroll and other business 
applications for both the legislative 
and executive branches. Payroll, using 
emulated 301 programs, is being run 
in background along with remote in­
quiry and updating. 

The center's director, 'Regis Steigh" 
ner, while not commenting on emula­
tiop performance comparison, did 
note that the 8,000-m~m payroll job' 

STANDARD FREIGHT CAR 
DATA SYSTEM ADOPTED 

A real real-time freight car location 
system is now possible throughout the 
railroad industry. And this Signifies a 
potential 10% increase in utilization 
and efficiency of the 1.8 million car 
fleet-or the equivalent of 180,000 
f!.ew cars which would cost $2.7 bil­
lion. 

After years of testing, the Associa­
tion of American Railroads has settled 
on one standard automatic car identi­
fication system (ACI) which will be 
placed at track points and in. yards to 
read and transmit the code number of 
the cars going by. To Sylvania Elec­
tric Products go honors and a poten­
tial $20-100 million market. The Syl~ 
vania CarTrak Systein consists of an 
optical scanning device which can 
read multi-color coded stripes on cars 
passing at ~p to 10d mph. A data 

takes 14 minutes on the 40; if nm 
simultaneously with inquiry and up­
date tasks, it takes 16 minutes. 

The center is also working on a 
communications package \ which will 
handle both local (1,000 feet) and 
remote teleprocessing using only the 
IBM 2848 communications unit, tasks 
which normally require two separate 
.switching devices. 

NEW GROUP FORMED TO 
PROMOTE DP COOPERATION 

In an attempt' to achieve cooperation 
and· assistance among the many data 
processing centers in government 
agencies, a group called The Federal 
Automatic Data Processing Council of 
Northern California and Nevada has 
been organized. Their impetus was 
the recommendation for such mutual 
~ction as given in the summary to HR 
4845, which mentions the advantages 
of banding together to stimulate the 
e'xchange of information and exper ... 
ience, and the possible sharing of 

conversion/transmission portion of 
the system will transmit over land 
lines to a railroad's central computer. 

Since a majority of the roads are 
expected to adopt the' system, the 
market is from 2,000 to 10,000 units. 
CarTrak has already been used by the 
Duluth, Mesabi & Iron Range RR, and 
Pennsylvania RR, which tested this 
and systems developed by W ABCO 

and ABEX, losing contenders. 
ACI is expected to eliminate inac­

curate input from waybills and report­
ing delays, and to help pinpoint the 
location of one road's car anywhere in 
the nation. This will not only be done 
by the data kept in each railroad's 
computer. AAR has its own central 
computer system, TRAIN, which is just 
now beginning to provide car reports 
and will ultimately serve as a clear­
inghouse for inter-road information, 
perhaps on an on-line basis. 
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AMSTERDAM 

SIT A (Societe Internationale de Telecommunications Aeronautiques) has selected Collins 
TE-216 high-speed digital data modems for its new high-level European and transconti­
nental data communication system, SIN AC (SIT A Integrated Network for Airlines Com­
munications). SINAC will link major cities in Europe and the United States and provide 
data communication services to more than 120 SITA member airlines. Collins' TE-216 
modems offer a faster data transmission rate (expandable to 4,800 bits per second) than 
any now used in airline reservation systems. Approximately 60 per cent of SIN AC's traffic 
will be for reservations and the remainder for operational and administrative data. Initial 
implementation, beginning this year~ will link London, Amsterdam, Brussels, Paris, Ma­
drid, Frankfurt, Rome, and New York. Collins has set industry standards in data communi.­
cations for two decades. Collins modems are in service in major data communication sys­
tems throughout the world. 

For information on coil ins TE-216A-2D (2)400 bps), 
TE-216A-3D (3,600 bps) or TE-216A-4D (£+,800 bps) 
Data Modems, write or call Collins Radio Company, 
Marketing Division, Newport Beach, California 
92663. Phone: (714) 833-0600. 

COMMU N ICATION /COMPUTATION /CONTROL 

COLLINS RADIO COMPANY / DALLAS, TEXAS • CEDAR RAPIDS, IOWA • NEWPORT BEACH, CALIFORNIA • TORONTO, ONTARIO 
Bangkok. Frankfurt· Hong Kong· Kuala Lumpur. Los Angeles· London· Melbourne· MexIco City· New York· Paris· Rome· Washington. Wellington 
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hardware andlor software. 
T~e new organization, which plans 

,to investigate training requirements 
and conduct an educational program 
to inform 'the dp personnel in the 
'member agencies about government 
policy and future plans, has represen~ 
tatives from all aspects of computer 
sophistication, ranging from the 
punched card installation at San 
Francisco's U.S. Mint, to the large 
complex at Lawrence Radiation Lab­
'oratories. 'Other members include de­
fense • organizations: Fore~t, Service, 
'AE:C'agencies, immigration offices, 
, Naval' Laboratories and Supply De-
pots, Veterans' Hospitals,' Bureau of 
Public Roads; etc. 

Although this is the first group of 
, its, kind in the country, interest is , ' 

strong among government agencies in 
the Albuquerque, N.M.-Fort Worth, 

- Texas, area." , 

PREPROCESSOR FOR PATTERN 
RECOGNITION COMPUTERS 

An electro-optical preprocessing sys­
tem, described at the first annual 

, ,IEEE Computer Confel:ence, is being 
used to prepare information in real 
time for pattern recognition computers 
,at Cornell Aeronautical Laboratory. 
, The experimental system, subject 
of a paper by Robert M. Stock and 

Jerold J. -Deerier ,r detects' and lo'cates 
real or photographed objects in white 
light using' standar~ hardware and 
optical techniques. Polarized aperture, 
masks; a polarized grating, and a 
vidicon detector are used and the 
output'of the vidicon is monitored by 
tt;levision and oscilloscope. 
. 'Cray scale photographs have also 
been handled by the preprocessor, 

'with-the degree of success depending 
on', the ~ontrast of object edges. The 

'," experImental unit is the outcome of 
, research sponsored by the Air Force 

Avionics Laboratory and may become 
the k~y, 'link in a computer pattern 
input system that could be used for' 
recognition or analysis' of, pictorial 
information. 

ROBOTS NOW AT WORK IN 
INDUSTRIAL INSTALLATIONS 

Industrial robots are invading the 
west. At least, their intention to do so 
was demonstra'ted at a recent press 
conference in Los Angeles. Unima-. 
tion, Inc., a manufacturing company 
jointly owned by Pullman Co. and 
Condec Corp., showed off their 4000-
lb. giant and announced the opening 
of west coast sales offices in connec­
tion with an affiliate, Consolidated 
Controls Corp. of EI Segundo, Calif. 

The robot, disappointingly unan­
thropoid and designed specifically for 

industrial applications, is a one-armed 
boxy m~chine' with five degrees of 
movement. It' can be programmed to 
perform tas~s requiring up to 200 
sequential steps. The 7-foot hydrau­
lically operateq arm (with several 

,styles of two-fingered "hands") can 
pick up an article' that weighs up to 
75 pounds within an area of 250 
cubic feet, and place it down in 
another location with an accuracy of 
. 050 inch in ea,ch dimension. The 
hydrauli~ 'operati'on permits the un­
loading of materials into special fluids 
without short-circuiting the system. 

Programming the machine's BO-bit 
parallel word magnetic tape memory 
is a process of electronically moving 
the robot through each of the' motions 
necessary to accomplish a particular 
job.' A remote control unit positions 
the ~rm a~d fingers; as each step is 
achieved, a "record" button pushed 
by, the programmer places the action 
in the memory. The memory has four 
different' zones for alternate actions 
an'd hand changes on a single job. 
(For example, while a robot is waiting 
for material on a conveyor belt, it can 
be performing another, possibly unre­
lated, function.) 

At present, 65 robots have logged 
over 200,000 hours in factories; all 
the major automotive manufacturers 
have trial installations. Jobs thus 
mechanized include unloading die 
casting, operating punch presses, 
welding operations, unloading lathes, 
grinders and drill presses. 

Asked if any problems with labor 
unions are expected, Joseph Engel-

berger, president of Unimation, re­
plied that the only difficulty encpun­
tered in the initial installations was: 
Who will operate the machine? In the 
first such case, management lost, and 
the factory workers themselves are 
"training" the robot. Since the ma­
chine was, plUnned for hazardous en­
vironments where heat, cold, radia­
tion, odors, noxious gases or heavy 
loads prevail, any personnel replaced 
by the robot in the installations now 
operating have heen retrained and 
placed in better jobs. 

Available as an off-the-shelf item 
(only option i~ a iO-foot arm instead 
of the 7 -foot arm on the basic unit), 
the $20,400 machine can be pur­
chased or rented. According to En­
gelberger, Unimation, in' connection 
with its British sales and production 
licensee, Guest, Keen & N ettlefolds, 
will be producing over 40 robots a 
month by the end of 196B. 

• A call for papers has been issued 
by the SHARE-ACM-IEEE fifth annual 
Design Automation Workshop to be 
held in Washington, D.C., July B-ll, 
196B. Papers relating tb design auto­
mation in electronic design, computer 
aids, process automation, manage­
ment information and control, and 
man-machine techniques, should be 
submitted i~ summary form to H. 
Freitag, IBM Watson Research Cen­
ter, P.O. 21B, Yorktown Heights, 
New York 1059B, by December 15, 
1967 . 

• The ACM Special Interest Group 
on Computer Personnel Research will 
hold its sixth annual conference in 
Boston, June, 1968. Papers concern­
ing personnel research, training and 
development, appraisal, and selection 
and placement, are being sought. Pro­
spective authors should submit a 300-
word summary to A. J. Biamonte, 
West Virginia Pulp & Paper Co., 299 
Park Avenue, New York, N.Y. 10017, 
by February 1, 1968. ' 

• An opportunity to win a quick 
10,000 guilders (about $2750) is of­
fered by the -editors of the Maandblad 
voor Accountancy en Bedryfshuis­
houdkunde:-M.A.B., the Journal of 
Accountancy and Business EcoilOmics 
published monthly in the Nether­
lands. The contest, open to anyone or 
any group, is for design of a manage­
ment game based on the economic 
problems of a business firm and suita­
ble for both university and other 
management training programs. If the 
game submitted requires the use of 
a computer, the programming required 
should be outlined in enough detail 
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Can scientists 
and businessmen 

be happy with 
the same· computer? 

Ask about a GE-400 

Cid~ Information 
'\f!.1!iJ Systems 

Many instaUations have proved the GE·400 can handle engineering and scientific 
problems as easily as business problems. This growing list of features shows you why: 

• FORTRAN IV - the GE·400's· come complete with one of the industry;s best FORTRAN IV 
GE-400 Systems compilers for a medium scale machine. It has optimum compilation and execution speed . 

• Floating point hardware - the GE·400's exceptionally fast floating point hardware has a 
price/performance ratio that invites comparison. 

• Extended memory - memory has been expanded on the GE·400's in multiples of 16k to a peak of 131,072 
words. You can now handle more complex problems and run them concurrently. 

• 48 bit floating point number ,- gives you II·plus digits of precision - the four additional you really need. 

• Engineering·software - basic math routines plus a wide range of application systems are available now. 

So you see the GE·400's don't just mean business. They now offer you the broadest capabilities available 
today on a medium scale information system - all the way fro"m everyday business runs to complex 
scientific problems. 

To learn more about how you can grow with a GE·400, contact your General Electric Information Systems 
Sales Representative. Or write General Electric, Room 912, 2721 North Central, Phoenix, Arizona 85004. 
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to make it clear how the processing is 
to be done. The address for entries 
and information is Secretariaat M.A.n., 
c/o Drs. D. G. van Til, Anna van 
Burenlaan 14, Santpoort-Zuid, Nether­
lands. Entries must arrive by Sept. 1, 
1968. 

• A joint study leading towards 
eventual use of computers throughout 
the Air Force for improving medical 
care has been announced by the Elec­
tronic Systems Division. Other partic­
ipants are the Aerospace Medical 
Division and the MITRE Corp. The 
procedures being considered include 
hospital admissions and dispositions, 
medical records, patient monitoring, 
ordering of medication, lab tests, and 
management/financial reporting. Pro­
posed center of the huge system 
would be the computer center at the 
Air Force School of Aerospace Med­
icine at Brooks Air Force Base, Texas. 
The center would be linked to satel­
lite computers at USAF hospitals around 
the world. 

• A call for 'papers is out for the 
18th Annual National Telemetering 
Conference, to be held at the Sham­
rock Hilton, Houston, Texas, April 9-
11, 1968. Subjects can be in the 
broad areas of aerospace, communica­
tions, industry, biomedical engineer­
ing, and ocean engineering. Deadline 
is Dec. 7, 1967. Further information 
on subject matter and format require­
ments can be had from Lewis Win­
ner, 152 W. 42nd St., New York, 
N.Y. 10036. 

•. Acquisition-minded Automatic 
Data Processing, Inc., "the country's 
largest independent· payroll proces­
sor," will enter the scientifio and 
engineering dp service field by buy­
ing Research Calculations, Inc., of 
Newton, Mass. RCI, a 100-man firm, 
does both commercial and scientific 
programming and service bureau jobs, 
using its Honeywell 120 and 200.. (A 
1200 will replace the 200.) ADP 
recently also bought service bureau 
Computer Services of Florida, Inc., 
and accounts receivable specialist 
Computing Services, Inc., of New 
York. The latter two totaled $500K 
for fiscal '67. These moves could 
bring ADP, which reported $9 million 
in '67, well over the 10-megabuck 
mark next year. 

• Europe's first electronic' public 
-telephone exchange with stored pro­
gram control went into the Belgian 
Telephone Administration in Septem­
ber. The system, 10C, developed by 

100 

ITT's Bell Telephone Mfg. Co., re­
places an electro-mechanical ex­
change. Among features not available 
before are automatic transfer of calls, 
abbreviated dialing, calling-subscriber 
identification, and availability of 
touch-tone sets. 

• The idea of establishing a center 
of information on automated hospital 
communications systems is being 
studied by the Public Health Service. 
"If public funds are to be prudently 
expended in this area, a comprehensive 
source of information on these sys­
tems and the current state of the art 
is essential," said Surgeon General 
William H. Stewart. Herner and Co. 
is studying technical and manage­
ment requirements for the center un­
der a six-month contract supported by 
the Division of Hospital and Medical 
Facilities. 

• The Air Force Space and Missile 
Systems Organization is sponsoring a 
study to define and evaluate space­
borne computer software. The prin­
cipal study objective is to develop 
means for quantitatively measuring 
the merit of software produced. The 
AF expects the study to point to 
improved methods for 'specifying 
end-item software quality require­
ments to contractors, and to use the 
quality metrics developed during the 
study to evaluate contractor proposals 
and measure software performance 
during acceptance testing. The results 
of this study, due in June '68, are 
expected to be readily extendable to' 
other software applications areas. The 
study is being conducted by the com­
putation and software department 
of Logicon, Inc., Los Angeles divi­
sion, under a $50K contract. 

• The Association of .Qata Process­
ing Service Organizations (ADAPSO ) 
has· recommended to the Federal 
Communications Commission that tel­
ephone mileage charges be eliminated 
in order to facilitate computerized 
data transmission. The organization 
suggested that line charges be based 
on time alone, with no regard to 
distance. 

• At the first Latin American Sym­
posium of Scientific and Academic 
Computation Centers, held at the 
University of Concepcion, Chile, in 
September, 27 data processing cen-

eters from universities, and private and 
government agencies, formed the La­
tin American Instittite for Information 
and Computer Sciences. Sergio F. 
.Beltnin of Mexico City was appointed 
director. This institute will be respon­
sible for coordination, planning, pro­
motion and support of the data pro-

cessing activities of the organizations 
represented. LAIICS has also established 
contacts with similar international 
bodies such as IFIP, ICC in Rome, and 
UNESCO. The symposium, sponsored 
by UNESCO and the Univ. of Concepci­
on, attracted over 100 computer spe­
cialists from 15 Latin American coun­
tries. 

shortlines ... 

The Air Force has adopted JOVIAL 
(J3) as the standard programming 
language for command and control 
operations, and is now sponsoring a 
study to firm up specifications for the 
development of compilers and the 
incorporation of future language im­
provements . . . Philip R. Bagley, 
formerly with MIT's Lincoln Labs 
and the MITRE Corp., has formed In­
formation Engineering, a consulting 
firm in computer applications, lan­
guages and information retrieval, in 
Philadelphia . . . A $246K contract 
from ARP A has encouraged System 
Development Corp. to study human 
behavior in negotiation and bargain­
ing situations such as occur in inter­
national relations. Researching di­
plomacy, SDC thinkers will use an on­
line computer and simulation tech­
niques . . . As the smog comes in' on 
little cat feet, scientists at Hazleton 
Laboratories in Reston, Virginia, have 
begun a long-range study of the ef­
fects of air pollution, using an IBM 
1800 to measure the reactions of 
monkeys and guinea pigs a~ they are 
exposed to contaminants produced by 
cmil-burning power plants. The 
$2.25 million study, financed by the 
Electric Research Council, Edison 
Electric Institute, Bituminous Coal 
Research, Inc., TVA, and the Los 
Angeles Dept. of Water and Power, 
will be concluded in 1971 ... New 
York State, California and Michigan 
have all signed separate lease agree­
ments for the continued use OfSCERT 
(System and Computer Evaluation 
and Review Technique), the simula­
·tion service designed to "pre-select" 
computer systems, a proprietary. pro­
gram of COMRESS, Inc. . . . The 
National Science Foundation is spon­
soring a third year of the RAND 
Corp.'s tutelage of linguistic students 
in computer techniques. Some of the 
projects being conducted by the pu­
pils on a computer: the formal analy­
sis of the narrative structure of folk 
tales, a computer program to improve 
a transformational grammar by ran­
dom sentence generation, and the 
investigation of hierarchical ordering 
of the features of phonological' sys­
tems. 
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Are you losing 
your memory? 

A GE-400 can quadruple it. 

Now you can add memoi'Y modules on GE-425 and GE-435 
informati'on systems which will store up to 131,072 words 
(524,288 characters). 

That's four times the former maximum capacity of 32,768 words. 
Think of what you can do with all that memory: 

You can handle larger and more complex programs such as multiple 
file updating, engineering problems, and communications. The system 
will take programs up to 32,256 words each. 

You ,can simplify the programming job. The larger segments of memory 
give your programmers plenty of breathing room. 

You can run several programs at once. 

You can speed turnaround time and reduce shifts qy adding peripherals: 

t:lJ:j Information 
\.f!J!?} Systems 

dual printers, card readers, punches 0 •• tapes and discs. 

With the enlarged storage capacity, you can keep growing your 
system and extending its economic life. Starting with an 
initial memory of·8,192 words, you can add an 8k module, then 
additional 16k modules as your needs grow. 

GE-400 Systems To learn more how you can grow·with the GE-400's, contact your nearest 
General Electric Information Systems Sales Representative. Or write General 
Electric, Room 912, 2721 North Central Avenue, Phoenix, Arizona 85004. 

290·09 
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Are we speaking your language?c . 

Hewlett-Packard computers are 
multi-lingual. They speak lan­
guages like extended ASA Basic 
FORTRAN, ALGOL, and BASIC. 
You can perform scientific 
computations-or talk to instru­
mentation systems-in the 
language you're comfortable with. 

06721 
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Powerful software available for 
HP's computers includes 
FORTRAN, ALGOL and BASIC 
Compilers, Assembler, and Basic 
Control System (BCS) with modular 
1/ Odrivers for device-independent 
programming. Compilers and 
Assembler generate relocatable 
code-linked by BCS loader 
at execution time. 

Two computers available-2116A 
and 2115A-fully software 
compatible. Start speaking to an 
HP computer now-with a call to 
your local HP field engineer or 
by writing Hewlett-Packard, 
Palo Alto, California 94304. 
Europe: 54 Route des 
Acacias, Geneva. 

. CIRCLE 54 ON READER CARD 

The 2115A has 16-bit words, 2 JLsec cycle time, 
4K memory (expandable to 8K) and a $16,500 
price including Teleprinter. 

HEWLETT~PACKARD 

DIGITAL COMPUTERS 

J:JRTAMAT.ICN 
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Are you keeping an eagle-eye on computer costs? 

Then cast your eagle-eye on our revolutionary cost-cutting 
MEC 10/40 Plan ... the fourth generation concept for the 
leasing of third generation computers. 

THE MEC10/40 PLAN PROVIDES: 

• 40% ownership in the computer 
• 10% discount from the monthly rental 
• Exclusive and unlimited use (720 hours) at no additional 

cost 
• Payment of the manufacturer's prime shift maintenance and 

casualty insurance 
• The right to sublease the computer and to add components 

25% SAVINGS ON THE INITIAL LEASE: 
. During the lease term, .the 10% monthly rental discount and 
the 40% equity produces a 25% monthly savings for your 
company. 

46% SAVINGS THEREAFTER: 
After the initial lease term you may continue leasing the com- . 
puter on a month to month bpsis at an additional 40% discount 
from MEC's monthly rental. Thus, your total monthly savings 
increase to 46%. 

If, after the initial lease, you return the computer to MEC, you 
will receive 40% of all income derived from the subsequent 
rental or sale of the computer. 

It is significant to note that although the average user retains 
a computer for only five years, the average life expectancy of 
a computer is estimated to be at least ten years. MEC, through 
the national market research and sales force of its parent or­
ganization Computer Power International, is able to protect, 
maintain and maximize the financial return to your company 
on its equity position. . 

FEASIBILITY: 

We believe that the MEC 10/40 is the most feasible leasing 
plan available today because, unlike any other leasing plan, 
it combines the short-term flexibility of leasing with the long­
term financial advantages of ownership. 

Cut Costs Now with the Most Talked About Leasing Plan in 
the Computer Industry! 

Fora specific proposal (without any obligation) on how the 
MEC 10/40 Plan can cut your company's computer costs 
call collect (212) 355-1000 or fill in and mail the coupon 
below: 

r-----------------~-----~ 

,. , , 

NAME ______________________________________ _ 

TITLE ________________ _ TEL. NO: ____________ _ 

COMPANY __________________________________ ___ 

ADDRESS ____________________ ~---------------

CITY _____ ---,--;--____ _ 

575 LEXINGTON AVE./NEW YORK, N.Y. 10022 

a wholly owned subsidiary of 

I COMPU.TER POWER INTERNATIONAL CORP. . 

. L _________ --------------...J 
CIRCLE '55 ON READER CARD 
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At last! 
The computer tape 

that's not 
. ~~too good to be true':· 

Some tapes are. That is, certain of 
their properties are made "too 
good." Often at the expense of other, 
equally important characteristics. 

Outstanding tape durability can 
be gained at the expense of 
increased head wear;remarkable 
coating adhesion could mask 
inherent internal weakness (and 
result in premature breakdown); 
"high-powered" magnetic properties 
may cause the tape to be electrically 
incompatible with your computer 
system. 

Because magnetic tape properties 
are frequently interdependent, often 
conflicting, we make no boasts of 
specific superiorities for our new 
Audev K-68 computer tape. 

Instead, we deliver a premium 
tape in which all the critical 
characteristics have been balanced. 
to provide a high initial quality that 
wi II not det~riorate with storage or 
hard use. 
. What dowe mean by balance? 

Read on. 

It's a dirty shame 
what some "clean" tapes 
do to your heads. . 

To begin with, we know what 
happens when balance is lacking. 
There is, for example, one computer 
tape on the market that is excellent 
in its freedom from dropouts. It 
makes a remarkable "first-pass" 
impressiori. Yet, an imbalance in key 
properties makes this tape more 

one of those key properties is 
friction, both static and dynamic. 
And one way to reduce friction is by 
lubricating the surface of the tape. 
But this "trick" solution is 
short-lived and tends to distort 
start! stop performance. 

In Audev K-68, we attacked the 
problem differently. Carefully 
combining binder ingredients, 
processing and surface treatment 
for proper static and dynamic 
frictional balance, we've produced a 
wear-resistant surface that will 
not break down on high-speed 
transports .. 

But, you might ask, couldn't a 
really hard binder accomplish 
pretty much the same result? 
We say ... 

Don't get stuck by 
the "sticky tape" test. 

Take one of those tough tapes and 
torture it. No amount of pulling, 
scratching or stripping off with 
pressure-sensitive tape wi II cause 
the surface to flake or shed oxide. 

But this, too, may be an 
imbalance. What you may not see is 
a stiffness and brittleness which 
CQuid make the edges particularly 
vulnerable to damage. 

Audev K-68's 
properties prevent coatingfailu 
The binder is hard enough to prevent 
self-generated dirt caused by 
abrasion, yet tough enough to keep 
the edges from deteriorating. (" 

At the same time, K-68's smooth, 1 •••. _ ••• 

non-stickycoating provides few 
anchoring possibilities for ambient 
dirt or oxide redeposit. And its low 
resistivity virtually eliminates 
electrostatic pull on floating dust. 

. Balance also affects a tape's 
electrical characteristics. 

We do our bit for 
today~s high densities. 

The higher bit densities oftoday's 
computer systems make demands 
that previously acceptable tapes can 
no longer rTleet. Use of a marginal 
tape in such circumstances often 
results in a gradual deterioration of 
quality. Dropouts increase; costly 
computer time is lost. 

Audev k-68 takes these new, 
stringent conditions into 
consideration. Its magnetic 
properties, coating thickness and 
surface smoothness are balanced 
for totat compatibility with all (" ( 
computer systems and for equal \'~.J '. 

performance at densities from 556 
bpi to 3200 fci and beyond. 

How? A ba lanced interplay 
between low loss magnetics, precise 
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SEE IT AT THE FALL 
JOINT COMPUTER CONFERENCE, 

BOOTH #209 

c n and dropout 

Osensitivity without changing output 
, or write current requirements. 

K-68's balance also contributes 
to its environmental stability. 

Keep cool. 
K-68 can take the heat. 

Some tapes are as perishable as 
ripe tomatoes. They react poorly to 
temperature extremes in storage or 
transit; they "bruise" easily when 
moved from transport td transport. 

Not Audev K-68. Base and 
coating properties have been 
balanced to provide uniform 
dimensional behavior. Cupping, 
curling and edge-ripples caused by 
differential expansion or contraction 
of coating and base have been 
virtually eliminated. 

Nor is Audev K-68 prone to 
skew-produced, time-displacement 
errors. Precision slitting, together 
with the scientifically designed 
Audev reel-and the low moment-of-"""\ c\ inertia of the tape/ reel combination 

J / -provide smooth tape motion on 
any transport. 

Test a sample reel on your 
transport. For a change, try a 
balance, not a compromise. 

Audio Devices, I 
235 E.42 St., N 

I 
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When it comes to bringing computer installations together, 
nothing does the job like our 26C Duobinary DATA TEL ® 

modem. 
Matter of fact, if you have heavy data transmission require­

ments, you can save hundreds of dollars by buying the 26C. 
Recent changes in communications regulations have made 

it possible for you to buy your own data equipment. The 
advantage~ to you are many, especially when the data set 
you buy is the Lenkurt 26C. 

The 26C is fast. Accurate. Transmits data over a telephone 

channel at speeds from 150 to 2400 bl s. Transmission at 
2400 b/s-double the maximum binary rate, is obtained by 
using the remarkable Duobinary process invented at Lenkurt 
Electric. Equally remarkable is the extremely low error rate. 
This, and automatic error detection, are bonuses with the 26C. 

The 26C uses circuits no more complicated than those 
found in conventional binary systems. That means high relia­
bility, low cost, and easy maintenance. 

Maybe our Matchmaker can make your computers a per­
fect match. 

,--------------------------------------------------------, 
I Lenkurt Electric Co., Inc., Old County Rd., San Carios, California lr IL Ifill! fl/ /I /l /CJ) Ii IL 1/ IL fiiJ if 0 II liD :1 

I I'd like to find out more about the Matchmaker. Please send tc: ff t:f ff7} (fJI n U' g;--!£. g;; (f; fI ff7J 1/ (f:p 

I me your 26C Brochure. G~sN'E~%L TELEPHONE & ELECTRONICS G1&E : 
I . 
~--------------------------------------------------------~ 
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washingt~'n report 
COPYRIGHT REVISION 

ASKS ROYALTIES ON IIO 

CAN CARRIERS SELL 
- DP SERVI'CES? 

CAPITOL BRIEFS 

November 1967 

The Senate has passed and sent to the House a bill 
(S2216) establishing a commission to study 
computerized uses of copyrighted works. Final action 
is likely this year. The commission would have 25 
members, including seven owners and seven users; 
it would issue a preliminary report in one year, and 
a final one in three years. 

S2216 is aimed at promoting passage of a revised 
copyright statute. A proposed revision, allowing 
copyright owners royalties for some computerized 
uses of their works, is mired in the Senate Judiciary 
committee. Users oppose this language. 

Final Congressional action on copyright revision 
is likely next year. The big question is whether the 
disputed language will be excised., The judiciary 
committee seems amenable, but copyright owners want 
the present version passed ris is, and amended later as 
necessary. If the owners lose, computer users who 
input or output copyrighted material without paying 
royalties will run greater risks of lawsuits. By going 
to court, owners would impress the study commission. 

At press time, the FCC was preparing to tell Western 
Union whether it could begin SICOM, a new, 
computerized store-and-forward market quotation 
service involving shared use of broadband channels'. 
ADAPSO, plus two suppliers of market information -­
Bunker Ramo and Scantlin Electronics -- have objected 
to SICOM. 

FCC's decision will be significant because the 
case involves a key issue in the computer utility 
inquiry: whether the carriers should sell dp services. 
SICOM, as now proposed, doesn't encompass dp per se, 
but it could easily be modified to do so. . 

WU's eagerness to have SICOM customers share 
private broadband channels is strange in view of the 
company's pOSition in the Telpak sharing case. The 
SICOM broadband corresponds to a Telpak C or D 
package. But WU, in comments filed last month, 
opposed wider sharing of C and D. AT&T agreed. Both 
carriers said the sharing would have to be unlimited, 
and in that case would "disrupt" the private line 
mar~et, lead to higher rates for existing Telpak 
users, etc. The validity of these contentions will 
be tested this month, when carrier witnesses are 
cross-examined by attorneys for user groups. 

Ma Bell was slapped twice last month when: a) the 
Justice Dept. advised FCC to permit use of any 
technically-adequate foreign telephone attachment, 
not just the Carterphone; and b) hearing examiner 
Herbert Sharfman, seconding an earlier recommendation 
by the Common Carrier Bureau, advised the 
commissioners to grant Microwave Communications, 
Inc •. , a license to operate a low-cost common carrier 
voic~~record communications system between Chicago 
and St~ Louis. The Justice Dept. statement added 
that present terminal attachment restrictions "raise 
sUbstantial questions under the antitrust laws." " •• 
Congressional review of 1970 census questions to weed 
out those that invade privacy will be proposed by 
Cong. Cornelius Gallagher in a bill he promises to 
introduce. A House subcommittee hearing was held 
on a related bill, introduced by Ohio Cong. J. E. 
Betts, which would make answers to most census 
questions voluntary ••• 
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BOAC wants 
confirmation in print 
of every passenger 
reservation made anywhere 
in the world. Right now. 

Easy, when you 
ask Kleinschmidt. 
Kleinschmidt is the language 
of modern telecommunications. 

Home offices talk to division 
headquarters. Computers talk to 
production control. And in the case 
of BOAC, Kleinschmidt data 
printers in ticket offices provide 
passengers with fast, convenient 
flight reservations and confirmation. 

\Vorking in communications systems 
like BOAC's, the Kleinschmidt 311 ™ 
Data Printer "talks" with 
unbelievable speed and simplicity. 
It prints-out up to four times as. fast 
as IllOSt other teleprinters. Operates 
with far fewer moving parts and far 
more reliability. Outperforms all 
competition. 

And like other Kleinschmidt data 
printers, the 311 is compatible with 
telecommunications equipment of 
all makes. It can fit directly into the 
system you now have, or the one you 
are having designed for you. 

Of course, Kleinschmidt is a language 
most original systems manufacturers 
already understand. 

But we're always glad to repeat 
the message. 
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world~report 
UK UNIVERSITIES UNRAVEL 
-- SYSTEMS SNARL 

FUSING CONFUSING 
AS COMPANIES MARRY 

November 1967 

A "new deal" for UK university computing labs has been 
worked out after a 10-month mediation period by the 
Computer Board, the policy-making body set up at the 
beginning of the year to unravel the hotoh-potch of 
the academic, research and educational fields. 
Suggestions made by the Flowers Committee nearly two 
years ago have been turned into fiscal budgets and 
dated plans for curing the bottleneck in universities. 
Point one is for the idea of regional computing 
centres to be established in 1971. Although a crash 
project was carried out for a regional centre at 
Edinburgh University to relieve a particularly acute 
problem in Scotland, the two main centres at London 
and Manchester will wait for their $12 million centres 
-- preferably until a British machine system of 
worthwhile size is available. As an interim measure, 
the big concentration of college and research groups 
around London University have been meted out a CDC 
6600 for delivery at the end of '68. It will have 
satellites at Imperial College, Kings College and 
London School of Economics. Its basic job will be 
batch processing. . 

As an independent measure, units such as Imperial 
College are making provisional arrangements for 
development work in conversational time-sharing. 
Imperial's present appetite is barely whetted with 
its own 7094; the big nuclear calculations from the 
physics department, for example, have been flown to 
Brookhaven and Cern, Geneva (a three time CDC user) 
for p~ ' .... cessing. 

Proposals have beeri made for the computing 
science men at Imperial College to iakethe third 
shift on Shell International's twin 1108s in London, 
for t-s development. Another suggested option being 
negotiated was to use time on a CDC 6606 at Freeman, 
Fox, Wilbur Smith and Assoc., one. of Europe's big 
consulting engineering groups. ' 

The latest battle in mergers, shaping for a prolonged 
fight, is a proposed marriage of Associated Electrical 
Industries (AEI) and General Electric Co. (GEC) --
no relation to Phoenix. This will form the greatest 
electrical and communication complex in Europe if it 
goes through. Though backed by the government's 
Industrial Reorganisation Corp., the GEC bid (they 
sell SDS machines under license) is being fiercely 
resisted. For the computermen, it adds just one more 
factor to an already murky scene. 'Earlier 
this year, GEC negotiations with Elliott Automation 
broke down when GEC would not promise to stay out of 
process engineering, stored-programme telephone 
exchanges and message switching. AEI has about 10% 
of the process market with a GE (US) license. 

Still an unresolved question is the reported urge 
to merge English Electric and ICT. The Industrial 
Reorganisation Corp. is prepared to put up $75 million 
to oil the wheels of a marriage; finding common ground 

(Continued on page 113) 
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You get more work 
out of a Burroughs 
500 system because 
more of the computer gets 
into the work. 
That, in a nutshell, is how Burroughs 500 Systems solve two 
major problems of computer operation: throughput and 
system utilization. Their solution means a much higher ratio 
of performance to price-and a better return on your 
computer investment. 
1. Throughput. In the past, the only way to increase' 
throughput (the amount of work a computer system delivers 
in a given period of time) was to get a bigger, faster computer 
~at a sizeable incr.ease in cost. " , 
The Burroughs way is to provide a better organized computer 
that can do more than one job at a time. This pacesetting 
computer capability, called multiprocessing, has been 
enjoyed by Burroughs customers for nearly three years. 
Thousctnd-job-a-day installations are not unusual. 
2. System utilization. You pay for the whole computer 
system; but chances are you use only a portion of it most of 
the time. Your computer has to be big eriough to handle 
your biggest job. Whenever a smaller job is running, much 
of the system is idle becaus~ the typical computer can do 
only one job at a time. 

The Burroughs method of multiprocessing 
combines these smaller jobs automatically, and runs as 
many of them together as the full size of your Burroughs 
computer will allow. No special programing or tricky 
operating procedures are required. It's all done by the 
computer itself, through its Master Control Program. 
There are now six Burroughs 500 Systems, ranging from the 
small B 2500 to the superscale B 8500. Perhaps one of them can 
improve your firm's computer operations and profitability. 
See your Burroughs representative, or write us at 
Detroit, Michigan 48232. 

Burroughs ~ 
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world report 

BRITAIN MOVES TO 
COMMER~T-S 

ICT UNVEILS 
NEW GIANT 

FOR BURROUGHS: 
THE SWEET SWELL 
- OF SUCCESS 

BITS AND PIECES 

November 1967 
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between the two companies is no easy job since they 
are basically equipment and management incompatible. 

In Britain, the change to commercial time~sharing 
moves apace. First in the field, the Scan 
stock-broking system of Intinco Ltd., is now part of 
the monolithic International Data Highways, backed 
with the seemingly unlimited (nearly $50 million) 
funds of the International Publishing Corp. The other 
firm bidding for a system for the stockbroking market 
is Centre-File. Now owned by Guest, Keen and 
Nettlefold, the Centre-File operation coughs up $3 
million a year in rental to IBM: but so far no income 
is being received from clients. It switches its first 
customers on-line this fall, but the viability of 
the scheme is being reappraised. 

The opening of GE's London t-s bureau this summer 
was quickly followed by the opening of Telcomp, by 
Time Sharing Ltd., with backing from Bolt, Beranek 
and Newman in their first serious play for the 
European field. Telcomp is running on a PDP-1 with an 
upgrade to PDP-7 on the way. 

With the increasing demand for big machines, ICT 
unveiled its latest hardware in the 1900 series in 
October with the 1906A, a 48-bit word system with a 
main store of 64K-512K and a 750 nsec cycle time. 
It is ICT's first i.c. design built on emitted-coupled 
logic. Priced at $1.5-4.5 million, the 1906A is 
intended to handle batch and time-shared mixes. New 
peripherals include a 2 million character drum. 
Paging techniques first developed for Atlas I have 
been reinstated, after dropping them for Atlas III. 
The system is built around three main units: central 
processor, floating point processor and peripheral 
processor. Floating point add and subtract. times are 
0.9 usec; multiply, 2.8 usec; and divide, 7.0 usec. 
The peripheral processor takes five slow channels, 50K 
characters-sec; and four fast, 450K characters~sec. 
There is an option on 30 slow and 16 fast extra 
channels and two special channels at 1,500K 
characters. ' 

After its success in the UK banking market (Barclays), 
Burroughs, transformed overnight from its accountancy­
based image to a first-line computer main frame 
supplier in Europe, is expected to move 8500's to the 
National Provincial Bank of Westminster. There is 
also the prospect of the big Burroughs system to be 
used to rescue an ailing'air traffic control system, 
Linesman-Mediator. .The rush to Burroughs is further 
reflected in about $10 million worth of new business 
from commercial users for middle-range hardware. 

Univac has a $1.6 million order from Selenia 
Electronic Assoc., Rome, for two shipboard CP-642B 
processors. They will be part of an Italian version 
of Sadoc, automatic systems for direction and combat 
operation.· •• English Electric has introduced a new 
4K-64K process controller, M21-40. Selling from $40K, 
it has a word length of 16 bits, and a full system 
addresses 256 I/O devices. Store cycle time is 1 
usec; transistor-transistor logic i.c.'s are Used for 
fabrication •••• Two orders totalling $4.5 million 
have been placed by the Central Electricity Generating 
Board for computer control in new generating stations. 
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Precision. 
An important consideration at Moore­

particularly in forms used in scanners. Ink density, 
paper dimension, 'read' areas, form design, 
carbons and other specifications must be exact ... 
precise ... for optimum reading results. , 

Every Moore form for scanner or MICR processing 
must deliver accuracy, economy, speed­
withiprecision a manufacturing 'must'! 

What does such precision require? 
Specialized scanning knowledge backed by Moore's 

constant research. Then specially designed 
manufacturing equipment-operated by precisionists 
trained in scanning techniques. 

Plus ... working with OCR equipment manufacturers 
to meet machine specifications on format and 
tolerances, inks, and other factors. 

Our scanning forms come with Moore's Total Value: 
Quality materials. Excellent manufacture. 
Service before and after you buy. Make-good guarantee. 
Prompt delivery from over 35 plants. 
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Data Entry-Moore MARK READ forms permit accurate, 
automatic entry of data into processing cycles-
with precise reading and minimal rejects. 
Moore MARK READ forms are made to optimum 
reflectan~e response specifications. Ask the Moore Man 
about MARK READ forms - designed specifically for your 
system and equipment capabilities. 

• 

Data Reentry-Moore precision-made OCR forms 
permit automatic input in scanning operations. 
Read areas are 'true' -ink density and 
color response are exact-design meets 
scanner form specifications. Also-
scannable carbons for use in Tab Card sets-
with many other Moore forms available 
to expand your OCR utilization. 
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• 
Verification-Moore forms with Self-Check Digits verify 
correctness of sequential numbering - provide positive safeguard 
against misreads during automatic reconciliation processing. 
Ideal for banking operations, freight bills, airline tickets, 
invoices and similar forms. Ask the Moore Man! 

Accuracy - Rigid· adherence to specifications of 
scanning characters and marks is insured 
with these two Moore-developed testers. 
The OCR test device. and the Mark Read test device 
are your assurance that all Moore forms 
for scanning will give you precision results. 

Magnetic :Ink. Check ~ ........ 
0013315 

MOD •• • US".S5 'OR .... I.e. MOD •• 

PAY TO THE ORDER OF" 

THE PRQIlRESSIVE BANK ..... "1 
snr.cIWIIliT 

C •• SlClTIYI ..... ! lUIIl' .... 

/w ,~ou;1 @/ 

OEMONSTRATION FORM 

11'01:1:1.5511' ':0522'.0055': 0002"'001,7"''111' 

Check Encoding-MICR encoded Moore continuous checks and 
vouchers offer many features: Consecutiye numbering in MICR; 
Self-Check Digits; Pantographs; phantoms; safety paper, etc. 
A wide range of continuous checks and vouchers, 
induding tab card checks, etc. Ask the Moore Man! 

IWOORE@BU5INE55 FORIW5 INC 

Over 500 offices· and plants, 2300 salesmen in North America 
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If you~rre looking for some straight talk 

about how management science 
can .improve profits, 
C .. E .. ~ .. R talks you:r languageo 
It's easy to get hung up on the terminology and j~rgon of management science. 
Even C-E-I-R leans occasionally on such terms as econometrics, linear 
programming, simulation, business gaming, operations research, reliability 
analysis and the like to explain what our professional staff does best for industry 
and government. 

Yet, because C-E-I-R professionals developed'and nurtured many of the 
basic concepts which underlie today's technology, they are able to talk the 
language of the practical businessman as well ... explain how today's most 
advanced techniques can be used to save time, cut costs, optimize profits. 

No matter where yo~ encounter a complex business problem in your 
organization-in production, finance, inventory control, transportation, data 
processing, marketing-if it can be expressed mathematically, C-E-I'R's 
Scientific and Professional Group can solve it. There are hundreds of case 

r 

histories that prove the point. Let us tell you about some of them. © e me L1 = OOlle 

CORPORATE HEADQUARTERS: 5272 RIVER ROAD, WASHINGTON, D.C. 20016. (301) 652-2268 
C,E,I,R Centers: Washington • New York • Boston • Los Angeles • San Francisco 
• Mexico City. The Hague. London D C,E,I,R Subsidiaries: American Research Bureau 
• Automation Institute of America • Associated Aero Science Laboratories 
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Should you buy 

the new VR·3400? Or the newVR·3700? 

Both recorders deliver superb labora­
tory response. ~oth are unsurpassed for 
reliability. Both are sold at a budget 
price. 

Then what's the difference? 

The VR-3700 includes state-of-the-art 
magnetic heads which extend its fre­
quency range to 2.0 MHz. Also avail­

able is 500 KHz FM and all have the 
highest available SNR. 

However-should you purchase the 
VR-3400, and later data handling 
requirements call for a 2.0 MHz re- . 
sponse, you -may COli vert . it to a 

YR-3700 by a simple exchange of 
heads and electronics. 

So whichever you choose today, you 
need have no regrets tomorrow. 

Now consider the other advantages 
offered by both recorders: 

~ Magnetic recording heads guaranteed 
to exceed 1000 hours. CEC's unique, solid 
metal pole-tip design has eliminated the 
inherent deficiencies of lamination and 
rotary head design. 

[!] Failsafe DC Capstan Drive assures 
dramatically-improved flutter and TDE 
performance. 

[!] All-Electric Tension Control. Solid­
state amplifiers for improved linear 
tension control and greater reliability. 

[!) Photo End-of-Tape sensing included in 
all systems, complete with automatic 
transfer. 
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[!] Automatic 8-speed transport electri~ 
cally selectable. 

[!] Phase-lock capstan control electronics 
included for improved spe'ed accuracy. 

[!] Direct electronics phase equalized for 
best pulse response. 

For complete information, call or -write 
Consolidated Electrodynamics, Pasa­
dena, C~lifornia 91109. A subsidiary 

of Bell & Howell. Bulletin 3400-X8and 
Bulletin 3700-X2. 

CEC/DATATAPE PRODUCTS 

BELL EJ HOWELL· 
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million in assets, and provides appli­
cation programs for proof and' transit, 
demand deposit accounting, savings 
and installment loan accounting. The 
computer includes a 4,800 character 
cpu; MICR reader/sorter with speeds 
up to 1,000 items a minute; a 200 
cpm card reader; buffered 400 lpm 
printer; and a three-station tape clus­
ter with transfer rates of 25K cps and 
a 556 bpi density. BURROUGHS 
CORP., Detroit, Mich. For informa­
tion: 

classroom computer 

The Math-Master ECP-18A classroom 
computer has a 1,024 18-bit memory, 
directly addressable in 16 basic in­
structions. A full set of logical opera­
tions complementing "new math" are 
included. I/O can be accommodated 
on punched paper tape, typed from 
the Teletype keyboard, or illustrated 

on an elevated display panel. A 20-
hour teacher training program is pro­
vided with the computer. Software 
package includes a symbolic assembly 
language, "Easy-Code Programming," 
course outlines, teacher-student man­
uals, programming and operating 
manuals, and demonstration pro­
grams. GAMCO INDUSTRIES, INC., 
Big Spring, Tex. For information: 
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reader / sorter 

The IBM 1259 reader/sorter for MICR 

banking applications operates on-line 
with the IBM 360/20, 30, and 40. 
The ] 2.59, being built by OEM-sup­
plier Lundy' Electronic and Systems 
Inc., reads and sorts checks into 11 
pockets at a rate of up to 600/min­
ute. It can also handle deposit slips 
and other documents that conform to 
ABA MICR s'tandards. Deliveries begin 
third quarter 1968 for mod 20 cus­
tomers, first quarter 1969 for mod 30 
and 40 customers. IBM DP DIV. 
White Plains, N.Y. For information: 
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programming courses 

A 24-lesson programming course 
offers computer runs on a 360 for 
assignments. The home study course is 
structured to teach several phases of 
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computer usage: history, time-sharing 
and systems analysis, as well as 360 
BAL, FORTRAN and COBOL program­
ming. COMPUTER USAGE EDU~ 

CATION, INC., New York, N.Y. For 
information: 
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banking computer 

The B340 computer system is de­
signed for banks with less than $100 
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memory testing system 

The PMA-8, utilizing the PDP-8 as a 
central control element, is a system 
for production testing and design of 
computer memory stacks. Tests are 
input to the computer by paper tape 
or through a Teletypewriter/tele-

PRODUCT OF THE MONTH----------------, 

The General Retrieval System for 
Managers is a generalized file sys­
tem similar to the KWIC Query sys­
tem, Informatics' Mar.k IV, and Ap­
plied Data Research's PDQ. Basi­
cally an information retrieval sys­
tern' (additional programs and op­
tions are nec,essary for file genera­
tion and updating). GRS is de­
signed to allow non-programmers to 
interrogate a master data base with 
a series of English statements. 

GRS comes with a dictionary of 
request terms which give the search 
name. and description for each data 
element in the file. (For example, 
for Zip Code, the search name is 
ZIP, and the description is 5 digits 
- referring to the amount of space 
available in the record field.) When 
a manager is preparing a search re­
quest form (which will then be key­
punched), he can ask for informa­
tion using these English terms in 
the dictionary. 

The GRS system will also se­
quence items in a printout, provide 
some editing capabilities (floating 
dollar sign, zero suppression, punc­
tuation), and permit accumulations 
(e.g., net pay, total salaries). Al­
though Mark IV and KWIC provide 
editing and sequencing, the ac­
cumulation feature is unusual, and, 
may be unique with GRS. 

The system searches the whole 
file, pulls out selected records, sorts 
them, and produces a report. The 
record formats accommodated by 
GRS are of fixed length; all items 
must carefully be accounted for 
when the data base is established. 
U sing COBOL as a source language, 
the system is accessed sequentially. 

Minimum required configuration 

is an IBM 32K 360/30 Disc Operat­
ing System with reader / punch, 
printer, disc drive, two disc tape 
drives (for the data base and select 
file), sort files on discs. 

For $10K, the company, Infor­
mation Science, Inc., will install 
and establish one data base (275 
fields) ,including complete docu­
mentation and user education. For 
additional data bases, two options 
are offered: the user may pay $3K 
for each additional data base to be 
established by lSI; for $20K, a gen­
erator is available that allows the 
user company to produce an un­
limited amount of files. 

Other options include a redefini­
tion of the original base (a major 
editing job, rather than an update­
$250), and' another management 
seminar ($300) besides the one in­
cluded in the basic cost. 

Now available, GRS is supplied 
with the following services: system 
flowcharts, program listings, block 
diagrams, operations instructions, 
and written instructions on use of 
all control cards. It can be installed 
and operating within 30 days of the 
contract date. 

In addition to the basic cost of 
$10K, lSI offers a lease agreement 
with option to buy, and a regular 
lease arrangement of $450/month. 

The system is suited for many 
applications: sales orders, inven­
tory, demand deposits, payroll and 
personnel. It is now being used in 
a blood bank with files containing 
information on rare blood types. 
INFORMATION SCIENCE, INC., 
New 'City, Rockland County, N.Y. 
For information: 
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0111 Sangamo's New c 
Variable· Equalizer conditions lines 
faster. .. .. keeps every bit of· data 
perfectly in .Iine 0001 0010 0011 0101 ~ 

0110 0101 1011 0011 1001 

With the i~creased use of 2400 bits 
per second and higher data rates, 
the· necessity for equalizing both 
amplitude and phase becomes para­
mount. The new Sangamo LC-1 line 
conditioner does both with virtually 
i n d e pen den tad jus t me n t ... 
permitting faster adjustment with in­
creased accuracy. 

How fast? With the LC-1, you can 
equalize both amplitude and phase 
of a circuit in less time than phase 
alone previously required. 

Amplitude' equalization requires 
taking five level measurements, 
setting the two shape controls and 
the two attenuation compensators. 
A typical monotonic curve requiring 
up to 8 db attenuation at 1900 Hz 
can be amplitude conditioned in less' 
than 5 minutes. 
Phase equalization is· accomplished 
with 13 individual time delay 

sections on 200 Hz spacings 
(option 600 to 3000 Hz or 800 to 
3200 Hz). Each section has a 3-
position ranging switch to set the 
vernier time delay control to: 1.28 
to 2.28 milliseconds, 0.4 to 1.4 milli­
seconds, or section bypass. This 
unique configuration provides fast 
initial ranging of the equalizer and 
permits 1 millisecond resolution con­
trol for fine tuning. The 13 sections 
can insert up to 3.5 milliseconds 
delay at 1900 Hz as related to the 
delay at the band edges. Minimum 
time is required to compensate an 
average line to ±80 microseconds 
time delay 'variation· through the 
pass band. 

The resonant frequency of each of 
the 13 sections can be field changed 

. by +67 Hz, +1 00 Hz~ or -67 Hz. 
When two or three LC-1's are 

. operated in tandem, this subspacing 
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permits placing 26 sections on 100 
Hz spacing or 39 sections on 67 Hz 
spacing, reducing the overall ripple 
to a minimum while inserting up to 

. 10.5 milliseconds of delay. 

The LC-1 is self-contained with op­
tional24/48 VDC or 117 VAC power 
supply and occupies only 5%" of . 
mounting space on a 19" equipment 
rack. • 

Write or phone today for' Bulletin 
5004 and a demonstration at your 
facility. . 

Phone 217-544-6411 
TRANSITEL I;>IVISION 

Sangamo Electric Co. 
Springfield~ Illinois 62705 
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printer. Testing parameters are stored 
in the form of reference tables, and 
the PMA-S uses data extracted from 
these tables to analyze the memory 
data. When 'system is not in use, com­
puter and teleprinter are available 
for general computing. Evaluations 
performed by test programs include 
go no-go mode, maximum/minimum 
parameter search mode, automatic 
distribution plot analysis mode and 
shmoo plotting mode. DIGIT AL 
EQUIPMENT CORP., Maynard" 
Mass. For information: 
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card reader 

The series-300 card reader has a rate 
flexibility of from 50-300 cards a 
minute and an optional re-read fea­
ture which allows the computer to 
command immediate "re-read" for 
any' card being read. There are five 
models in the series besides the basic 
300 unit. The 305 includes a 1000 

, card hopper; the 310 has "recirculah~" 
and "reject" off-set functions; 315 is 
the 310 with the 1,000 card hopper. 
The model 320 is the basic unit with 
a "step-column read" capability. Ei­
ther 51- or SO-column cards can be 
read. Hopper capacity is 500 cards 
with a 1000-card modification avail­
able. Stacker hold 1,000 cards. OM­
NITEC CORP., Phoenix, Ariz. For 
information: 
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mobile teleprinter 

The TP-120 teleprinter, using piezo­
electric crystals, produces hard copy 
readout on pressure sensitive pape~. 
The unit takes up % cu. ft. of space 
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and consumes, 5 watts power. MO­
TOROLA GOVERNMENT ELEC­
TRONICS DIV., Chicago, Ill. For in­
formation: 
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digital control system 

The LN5000 DDC computer system 
is for real-time control. The main­
frame has a 4,096 (expandable to 
65K) word memory with a cycle time 
of 1 usec. The system also includes 
I/O assembly package and unspeci­
fied peripheral equipment. A manual 
input console enables an operator to 
monitor an entire plant; process and 
control information is displayed on 
demand, and changes are made 
through keyboard entries. Available 
software allows multiprogramming ca­
pability. LEEDS & NORTHRUP CO., 
Philadelphia, Pa. For information: 
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credit card program 

A Credit Card Accounting System for 
the 360 with 32K byte memory and 
three disc .drives or' four tapes, pro­
vides optional on-line inquiry file that 
can be used for immediate account 
status inqui~y. This file is recreated 
each day for all active accounts. Cus­
tomer statements may be printed or 
printed-and-punched on 51-column re­
entry cards. The daily journal can 
optionally reflect accumulated week­
to-date activity, statement-to-date ac­
tivity, or a full trial balance of the 
complete file. SOFTWARE RE­
SOURCES CORP., Los Angeles, 
Calif. For information: 
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communications buffer 

The 60SE-I000 series of keyboard 
communications buffers are adaptable 
to fill any buffer memory requirement 
for asynchronous input or output 
character rates of up to 500 KHz; 
synchronous rates up to 4 MHz. Basic 
system provides storage of 4,096 S-bit 
characters expandable to over 12SK. 
Timing and control functions are in­
cluded. DIGITAL DEVICES, INC., 
Syosset, N.Y. For information: 
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logic modules 

The J series of general purpose, i.c. 
digital logic modules are for use iI). 
systems operating at clock rates up to 
5 MHz. Over 20 module configura­
tians are available, including such 
functions as NANDS, BANDS, inverters, 
transfer gates, exclusive ORs, 4 x 4 

buffers, adders, JK flip-flops, RS flip­
flops and a bidirectional counter. 
SCIENTIFIC DATA SYSTEMS, 
Santa Monica, Calif. For information: 
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gp computer 

The 2115A digital computer has a 4K 
(l6-bit) memory, 2 usec cycle time, 
and S I/O channels (expandable to 
40 channels) with automatic priority 
interrupt. Available software includes 
an extended USASI Basic FORTRAN 

compiler, and a new ALGOL compiler 
which requires SK core (alternately 
available on the 2115A). Basic unit 
includes a Teleprinter. HEWLETT 
PACKARD, Palo Alto, Calif. For in­
formation: 
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time-sharing system 

A transmission controller permits from 
one to 15' teleprinters or IBM 
1050/2741 terminals to be connected 
to an 1130 computer's memory system 
over telephone lines. Supporting soft­
ware provides interface with telecom­
munications equipment. Incoming 
lines operate concurrently with pro­
gram execution and all normal 1130 
capabilities are maintained. WEST­
ERN TELEMATIC INC., El Monte, 
Calif. and MORRISSEY ASSOC. 
INC., New York, N.Y. For informa­
tion: 
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translation program 

A machine language conversion sys­
tem is designed to accept 1400-series 
object decks and produce 360/20 and 
/30 assembler source programs. 360 
assemblers must have IOCS. System 
will handle card and tape I/O, index­
ing, store address-register and exter­
nal subsense switch. Compatibility of 
1400 and 360 storage size and peri­
pheral equipment is required; qard 
operation may be optionally con­
verted to tape system. DATA CEN­
TER, Baltimore, Md. For informa­
tion: 
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information retrieval system 
The PDQ (Program for Descriptor 
Query) information retrieval system is 
for use with 360/30 and larger com­
puter systems; the program requires a 
minimum configuration of one disc 
pack and 32K !Uemory. It can operate 
in an on-line inquiry mode or in a 

'batch !J1ode. Using a few natural 
English commands, PDQ is for per-

121 



,/ 

/ 



) 

) o 

) 

Meet the nelM IOlM-cost 
Stand Alone Display. 
that doesnJt have everything 

It's the new Sanders 620 Stand Alone Data Display - a 
completely self-contained system with all the features 
you need for remote data retrieval and update but with 
no costly extras. 
It's priced at only $5400 and rents for a low $180 a 
month, maintenance included. 
The 620 System is the first low-cost display terminal to 
offer these unique advances: 

Compact, desk-top design. All I/O, editing, memory, 
character generation, power supply, and other circuitry 
contained in a single portable unit. No separate control 
unit required. 

Memory Save feature. A Sanders exclusive that. lets 
you spread 768 characters anywhere in the 2048 
spaces on the screen. Blank characters 
on the screen don't take up spaces in 
memory. 

Fatigue-free operation. Bright, flicker­
free, solid stroke characters with size, 

. shape and spacing designed for opti­
mum readability and eye comfort. 

Major systems compatibility. Sanders 
can provide the interface to System/ 
360 via selector or multip'lexor channels 

and to all other major computer systems. 
Broad range of options. Lets you tailor the system to 

exact needs. Hard copy output, format mode, horizontal 
and vertical tab, conversational mode, cycle left and 
right (high speed cursor positioning aid), and 2400 bit! 
second I/O capability. 
Sanders 620 Stand Alone and a DATA-PHONEt are all 
you need in even the remotest location for direct visual 
access to your central computer. 
And for t.he. Data Display that does have everything ... 
full editing capability, up to ·1024 character memory, 
single or clustered environment, and more ... see the 

Sanders 720 System. ' 
You can build a complete data communications 

, complex using 720 and 620 Systems in 

Creating 
New Directions 

In Electronics 

any combination your situation re­
quires. 
We'll be glad to demonstrate either 
system at your convenience. Call 
the office nearest you to arrange a 
date. Or write for literature ... 
Sanders Associates, Inc., Data Sys­
tems Division, Nashua, New Hamp­
s/:lire 03060. Phone: (603) 883-3321. 

P!!I~SANDERS 
~~ ASSOCIATES, INC. 
DATA SYSTEMS DIVISION 

SALES OFFICES: New York, New York, 400 Madison Avenue. (212) 421-5664 Washington, D.C., 1750 Pennsylvania Avenue N.W;, (202) 298-6842 

Chicago, illinois, O'Hare Pla~a, 8501 West Higgins Rd .. (312) 693-2087 Houston, Texas, 7815.West T.C. Jester Blvd .. (713) 681-3663 Los Angeles, California, 5959 West Century Blvd., (213) 776-5480 

*T.M., SANDERS ASSOCIATES, INC. tT.M., AT&T co. INC. 
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The key word 
about PDP·tO 

General Purpose 
Time.Sharing is 

Simultaneous 

PDP-10 General purpose Time-Sharing (GPTS) is an advanced soHware 

system which can handle multiple unrelated: 

• Real-time simulation and control lobs 

• Conversational lobs 
• Batch-processing iobs 

AU at once! 
For example, a system that's been operating nearly two years interfaces 
a Digital Equipment Corp. computer with three analog computers lorming 
a hybrid system. The GPTS system is configured to handle the 

three real-time simulations simultaneously. 
At the same time the real-time programs are running, individual 
programmers have dired access to the central processor and its 
associated peripheral equipment from teletype consoles. From these 
teletype stations, programmers may write, debug, edit and run their own 
programs. This leature makes it possible lor a user to debug application 
programs lor real-time systems without costly and inconvenient shutdown 

of the real-time systems.' . 
Using the PDP-10 time-shared batch-processing system, individual users 
can initiate their own batch stacks or submit jobs to a system background 
stack which is available to all us.ers. Jobs are placed in the system batch 
stack through a simple Teletype command. Batch control prog'rams run 
as ordinary time-shared lobs at the same time as real-time and 

conversational lobs. 
DEC'S time-sharing software has been field-proven at numerous 
installations throughout the world. True GPTS is available today with the 
surprisingly low-priced PDP-10. Why settle lor less in your installation? 

mla!aDma 
MODULES' COMPUTERS 

DIGIT Al EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 
897-8821 • Cambridge, Mass .• New Haven. Washington. D. C .• Parsippany, N. J .• Princeton, 
N. J .• Rochester. N. Y .• long Island, N. Y .• Philadelphia. Huntsville· Pittsburgh. Chicago· 
Denver. Ann Arbor. Houston. Albuquerque· los Angeles' Palo Alto· Seattle· Carleton 
Place and Toronto, Ont. • Montreal, Quebec· Reading, England. Walkden Manchester, England 
• Paris, France. Munich and Cologne, Germany· Noordwkerhoot, Holland· Sydney and West 

Perth, Australia' Modules distributed also through Allied Radio 
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sons with no computer background. 
\Vhile entering. data, the user assigns 

. a descriptor to classify or categorize 
the data. The data may be later 
retrieved by specifying the descrip­
tors. The data'may be in any format 
and need not, be inserted in any 
sequence. Descriptors \are invented by 
the user; each user may create a 
private data base with its. own de­
scriptor set. APPLIED DATA RE­
SEARCH, Princeton, N.J. For infor­
mation: 
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military tape recorder 

Model DT03E-R military digital tape' 
recorder operates at speeds up to 75/1 
a second, and has a maximum pack­
ing density of 800 bpi. Computer­
compafible, the unit can use standard 
IBM reels, an~ can be supplied with 
7-, 8-, or 9-track tape formats. The 
recorder weighs under 125 pounds, 
and uses an average of 150 watts 
of power. TECHNICAL MEASURE­
MENT CORP., North· Haven, Conn. 
For information: 
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retail terminal 

The 1907 batch recording system is a 
terminal that records business trans­
actions during the day and relays 
them to a computer by telephone in 
the evening. The terminal; contains a 
reusable mag tape cartridge which 
stores retail information; after a day's 
close of business, the central com­
puter, a 360, collects and processes 
the information t.o generate sales, in­
ventory, merchandise, accounting and 
management reports. IBM DP DIV' j 

White Plains, N.Y. For information: 
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linear programming software 

OPTIMA is a mathematical program­
ming system for CDC 6400, 6500 and 
6600 computer systems which enables 
users to mix, compare' and combine a 
number of solutions. Matrix sizes are 
limited only by the :;lbility to index 
250,000 unique variables. 

OPTIMA contains a matrix generator 
language for facilitating manual col­
lection and keypunching of matrix 
numbers, and a report generator lan­
guage to specify collection and for­
matting of reports. Developed by Or­
chard-Hays & Co., the program will 
be completed in three versions. Basic 

PROGRAMMERS ENGINEERS 

1.0 will be available this winter; 2.0 
will be ready first quarter '68; and an 
advanced system, 3.0, second quarter 
'68. OPTIMA is not free. CONTROL 
DATA CORP., Minneapolis, Minn. 
For information: 
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compact computer 

The PDP-81 is a cheaper, faster, more 
compact, software-compatible, inte­
grated-circuit version of the PDP-8. 
In fact, it's almost price competitive 
with the baby of the line, 'the $10K 
PDP-8S. Starting at $12,800, the 81 is 
a . parallel, 12-bit, 4K-32K-word fixed 
length machine with a 1.5 usec cycle 
time. Add time is 3.0 usec; subtract 
6 usec. And with an extended arith­
metic option, multiply speed can be 
6 usec; divide, 6.5 usec. 

81 features not available on its 
predecessors are prewired interfaces 
for an extra 4K-word memory, and for 
peripherals such as high-speed paper 
tape reader and punch, 100 card/min-:­
ute punch, incremental plotter, and 
scope display. A DECdisc and DEC­
tape system software package has also 
been developed to add to the library 

, handed down from the 8, which in­
cludes FORTRAN II (an 8K FORTRAN IV 

subset to be added), MACRO 8 a~sem-

ANALYSTS 
Wa.shingto~, D.C ... New Y~rk • New Jersey • New England • 
Philadelphia • Chicago • Minnesota • Texas • Ohio • Florida • 
Arizona • California • Southeast Asia 

!f you hav~ a B.S., M.S. or Ph:D. and you are experienced or 
Interested In any of the follOWing, contact us immediately for 
free career counseling and an objective analysis of your 
position in today's market. 

& 
PROGRAMMERS. 

PROGRAMMERS SYSTEMS ENGINEERS 
• Management Info Systems • Reliability Analysis 
• Information Retrieval • Digital Computer Systems 
• Command & Control • Digital Logic Design: 
• Aerospace Applications • Digital Circuit Design 
• Real Time! On Line • Digital Communications 
• Systems Simulation • Systems Integration 
• Software Development • Soft Ware Analysis 
• Communications • Oceanography 

Salaries range from $8,200 to $25,000. 
Our client companies assume all fees. 

Forward resume in confidence, or call (collect): 

Mr. Martin E. Sheridan 
Area Code 703) 524-7660 

SHERIDAN ASSOCIATES INC. 
1901 North Fort Myer Drive 

Suite 614 
Arlington, Virginla 22209 

(Just over the Potomac from Washington, D.C.) 

Personnel Consultants to the Computer Industry 
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Arcoa Inc., an accounting, research and consulting 

firm is relocating in Phoenix, Arizona and is seeking 

experienced analysts and programmers. 

Applicants should have a minimum of two years 
experience'and at least one year using an IBM 360. 
Experience using the Operating System and PL/1 
is desired. Heor she must be able to analyze data 
processing problems, to determine functional re­
quirements, to prepare' documented specifications 
for computer programming. 

The successful" applicants will have ample oppor­
tunity for advancement within data processing as 
well as the company. 

Resumes will be held in confidence. Please apply 
to: 

ARCOA INC. 
Mr. J. L. Bell 

P.O. Box 21502 

Phoenix, Arizona 85036 
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bIer, PAL III assembly language, tape 
editor and debugging program, and 
other routines and programs. Other 
peripherals available are Teletype 
(with the basic system), mag drum 
systems, line printer, a-d and d-a con­
verters. Other features include auto­
indexing, microprogrammable instruc­
tions, buffered I/O registers, 64 I/O 
registers, 64 I/O transfer channels, 
and one II a bus. 

DEC is aiming at both 8 and 8S 
markets, particularly OEM's (an "at­
tractive quantity discount"), resem'ch, 
process, control, and data communica­
tions. It is expected that the 81, 
which will be mass-produced and 
may ultimately become an off-shelf 
item, will sell more than the present 
number of installations of the 8 and 
8S-2,000. DIGITAL EQUIPMENT 
CORP., Maynard, Mass. For informa­
tion: 
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card scales 

A tab card' counter scale for 80- and 
90-column cards measures a key­
punch operator's production after the 
cards have been punched. Approxi­
mately 99% accurate at its capacity of 
1000 cards,' sorter time to obtain 
accurate production counts is elimin­
ated. PELOUZE MANUF ACTUR­
ING CO., Evanston, Ill. For informa­
tion: 
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data recording system 

A digital data recorder translates out­
put from atomic absorption, ultravio­
let and infrared spectrophotometers 
into digital form; up to three encoders 
can be used simultaneously. Output 
can be displayed, visually or recorded 
on paper tape, mag tape or punched 
cards. Identification data may be in­
troduced and recorded by the setting 
of 10 parameter switches. BECKMAN 
INSTRUMENTS, INC., Fullerton, 
Calif. For information: 
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data modems 

Modular, microminiature, digital data 
modems are available in five models. 
MC-12/24-1 can transmit and receive 
data up to 2400 bps in a 3 KHz voice 
band; it is designed for duplex opera­
tion over radio circuits. It can p~ocess 
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PROGRAMMERS 
That's the truth. Software is not only fundamental to com­
puter design, it's indispensable to the'full utilization of a 
computer's logical capability. That's why, at Digital, pro­
grammers enjoy much deserved recognition for their all­
important contributions. And why they find challenges ... 
in helping to conceive advanced computing systems. And 
satisfactions . .. from interacting directly with system l:Isers. 

That's what to expect at Digital, so if your present work 
offers something less, check out the list below and send a 
detailed background letter or resume to Graydon Thayer, 
Manager of Professional Personnel, Digital Equipment Cor­
poration, 146 Main St., Maynard, Mass. 01754. Or call collect 
(617) 646-8600, Extension 621. 

Systems Programmers - To design and implement moni~ 
tors, advanced comp!lers and assemblers, utility packages, 
editors, debugging programs, libraries. One or more years of 
experience with large general purpose, real-time or on-line 
systems. 

Diagnostic Programmers - To write diagnostics for three 
of the newest, most wanted computer systems in the indus­
try. Two years of diagnostic programming plus 2 years of 
hardware maintenance and/or logic design experience. 

Applications Programmers - To assist scientific users in 
determining system requirements. To help marketing mana­
gers cultivate existing and new markets for software systems. 
Many application areas to choose from. 

Automatic Drafting System Programmer - To develop 
and implement sophisticated computer-aided design pro­
grams. Must know machine language and have 1-4 years 
application programming. 

Process Control Programmer -..;, To guide development of 
process control software systems for small and medium size 
computers. Three to five years of experience in the develop­
ment of process control systems or applications. 

Programming Instructor - To teach programming to 
owners of Digital computers: use of assembler, debugging 
systems, tape editor, floating point systems, input/output 
routines, numbering systems, conversion routines. 

Junior Programmers - Several openings.for bright col­
lege graduates with a science degree and some computer 
knowledge. Unlimited potential in an unlimited field, leading 
to systems, diagnostic or applications programming. 

~D~DDm I
E QUI P MEN T 

• .' _ CORPORATION 
MAYNARD. MASSACHUSETTS 

An Equal Opportunity Employer (M/F) 
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new products 

data from up to eight sources simul­
taneously and is compatible with ve­
hicular modems. MC-12/24-2B trans­
mits data over 3 KHz wire line facili­
ties, or cable, carrier, microwave and 
UHF stations. It can process four 
data sources at one time, and may be 
used as an unattended duplex digital 
relay station. SC-70 is an indepen­
dent ft)ll-duplex test set for back-to­
back testing of modems. Error output 
may be monitored externally or re­
corded. DVC-QM-37 and DVC-QD-
37 transmit and receive binary data 
over wideband communications sys­
tems at rate up to 40 million bps. 
PHILCO-FORD CORP., Philadel­
phia, Pa. For information: 
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de~ollator 

The model 283-A decollator has been 
improved to provide easier operator 
loading. The unit includes a two-posi­
tion refold shelf; an additional drop 
of the web allows the decollator to 
hold 'more forms. Also included is a 
positive storage position for the refold 
shelf to eliminate damage while open; 

the open front design has been re­
styled· to permit easier threading of 
form webs. Magnetic backstop plates 
allow location of form depths. Tines 
of carbon rewind' forks have been 
connected into "u" sections to pre­
vent operator injury. Speed of the 
decollator is variable, from 50-350 
feet per minute; handling paper of 10-
110 lb. substance. MOORE BUSI­
NESS FORMS, Niagara Falls, New 
York. For information: 
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memory system 

The ICM-500 memory system can be 
used as a main memory, or an auxili­
ary memory, with either standard or 
custom digital computer systems. It 
has a 600 nsec cycle time and an 
access time under 3.00. nsec. Special 
units can be ordered with cycle times 
of 500 nsec~ The unit offers capacities 
from 4,096 to 32,768 words. MTBF for 
an 8K (28-bit) word unit is over 
25,000 hours at 35° C. HONEY­
WELL COMPUTER CONTROL 
DIV., Framingham, Mass .. For infor­
mation: 
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electoral strategy game 

CONSENSUS is a decision-making, stra­
tegic game based on. the electoral 
college system of electing the Presi­
dent of the United States. Each play­
er (candidate) attempts to use his 
limited supply of campaigning re­
sources to garner the greatest number 
of votes. Game includes a 14-color 
playing board illustrating the amount 
of electoral votes from each state, and 
economic, regional factors (Voter In­
terest Groups) that are important in 
presidential elections. Designed for 2-
.5 players. Cost: $7.95. SCIENTIFIC 
GAMES DEVELOPMENT CORP., 
Box 427, Ann Arbor, Mich. 48107. 

control computer 

Announcement of the Series 1600 
reveals only that the integrated cir­
cuit computer is t a 16-bit parallel 
binary system with a 1.8 usec cycle 
time. The 1600 will be available, but 
not supported, as a free-standing 
computer. Instead, it is primarily in­
tended for use as a programmable 
controller in systems for computer­
assisted instruction, large data gather­
ing functions, .and manufacturing test 
and checkout. RCA will use the unit 
in its graphics and CAl divisions, and 
as a free-standing automated-test con­
troller for such areas as i.c. and color 
TV tube prod\lction. The 1600 may 
also be applied as a buffer for com­
munications systems and for back-up 
to an on-line system when it is in test 
or repair. And, employing micropro:" 
gramming techniques, it will be able 
to serve as a line concentrator, tape 
converter, disc controller and other 
"specialty product . roles." True. to 
form, it is IBM 360-compatible. Pro­
duction is scheduled to begin the 
second half of '68. No delivery or 
price was announced. RCA EDP, 
Cherry Hill, N.J. For information: 
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What are 
RCA computers 
doing in 
banking? 

Call 
any of these RCA 
EDP offices for 
full information. 

Amarillo .............. 806 373-2631 
Atlanta ................ 404 634-6131 
Baltimore ............ 301 752-7230 
Boston .............. , 617 536-0880 
Chicago ............. 312 782-0700 
Cincinnati ............ 513 241-1690 
Cleveland .... _ ....... 216 579-0880 

. Dallas 
Dayton ............ . 
Denver 
Detroit 
Greenville .. 
Harrisburg .' " .... . 
Hartford ........... . 
Houston 
Indianapolis ......... . 
Kansas City ......... . 
Los Angeles ......... . 
Miami ............ . 
Nashville ........... . 
Newark 

214 351-5361 
513 224-1406 
303 399-1460 
313 356-6150 
803 235-1535 
717 236-9367 
203 527-4143 
713 227-0723 
317 635-9000 
816 421-7890 
213 461-9171 
305 445-5487 
615 255-7035 
201 621-7035 

New Orleans ........ ' .. 504 891-3761 
New York. . . . . . . . . . 212 689-7200 
Oklahoma City : . . . .. .405 427-650G 
Olympia .......... 206 357-4448 
Philadelphia 215 568-815~ 

Phoenix .............. 602 277-8267 
Pittsburgh ........... 412 261-1080 
San Juan, P. R. . . . . . . . . 765-1455 
Raleigh 919 833-2621 
Sacramento ......... 916 444-3480 
Salt Lake City ..... : ... 801 364-7045 
San Francisco ........ 415 981-5600 
St. Louis ............. 314 726-5322 
Syracuse ............. 315 474-5337 
Tallahassee .......... 904 224-0034 
Toledo. . ......... 419 246-4021 
Washington, D. C ...... 202 337-8500 
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What are RCA computers 
doing in banking? 
The Fidelity Bank in Philadelphia is the nation's 43rd 
largest. Since 1959 it has been using RCA computers to 
handle internal banking tasks and provide profitable 
~omputer services to customers. Because of this suc­
cess, Fidelity has chosen RCA Spectra 70 computers to 
build a central information file that wi" store a complete 
profile on every customer. Information from this file­
accessible in seconds through RCA video data remotes 
-wi" permit Fidelity to offer new, better and faster serv­
ices. This central file wi" eventually become the data 

base for a total management information system. 
Why did The Fidelity Bank choose Spectra 70? Impres-; 

sive cost-performance, ratios, broad compatibility with 
other systems, and unique experience in real-time data 
communications are three basic reasons. For the full 
story of why The Fidelity Bank, Marine Midland Corpora­
tion, Mercantile Trust Co., N. A. and other banks selected 
Spectra 70, call your nearest RCA EDP office or tele­
phone us at (609) 424-2385. RCA Electronic Data 
Processing, Camden, N. J. 08101. RCA SPECTRA."70 

Helping The Fidelity Bank 
imp.lement a 
total management 
information system. 

e The Most Trusted Name in Electronics • 

CIRCLE 70 ON READER CARD 
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SCM announces: the 'one girr' 
Typetronic . data processing system 
for small business b~dgets ... 
JS now two to three times faster 
than any other system I 

Now! 300 words per minute with the new 
PrintFloTM printer. With Typetronic@,SCM 

introduced a whole new concept in data 
processing. \\Big capability" systems 
for small business budgets. 

250 Per Cent Greater 
Throughput. Our latest 
SCM development is 
the PrintFlo 300 printer. 
With addition of this 
new printer, Typetronic 
systems step up working 
speed to a lightning 

. 30 characters per second. Three' hundred words 
per minute. Two to three times the speed 
(and capacity) of any competitive system. 

The neW Typetronic configurations, with a 250% 
greater throughput, afford a performance/ cost ratio 
equalled by no other system in the field. 

With More to Come. From the beginning, SCM has 
been committed to technological leadership 
in data processing. In the compact systems area, . 
we pioneered the use of magnetic tape in conjunction 
with tab card input arid output. 
And more developments are on the way. 
Increased versatility. Greater storage capadty. 
A different form of information retrieval. Because 
Typetronic systems are modular, they can grow 
with the companies that use them. And.expand 
to include important new innovations. 
All new ideas you'll be seeing soon. 

In the meantime, you can see our PrintFlo 300 today_ 

CIRCLE 71 ON READER CARD 
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DATA PROCESSING SYSTEMS 
SCM CORPORATION, 410 Park Avenue, New York, N. Y. 10022 

Offices in Canada and major cities throughout the world 
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Does it make real sense to lease Datasets when you can 
buy them for only $475? Check this price! You'll find that 
it's less than one year's leaSing cost. 

That's one reason why UL TRONIC DATA PUMPSTM 
are being used with Burrough's on-line Banking Systems 
... and why close to 2000 units are in operation for stock 
brokers all over the country. 

What's more important is the solid-state reliability that 
permits DATA PUMPS to transmit or receive up to 1200 
bits per second over voice-grade phone lines day after 
day, with virtually no error or breakdown. If maintenance 
is required, rapid service is available through the Ultronic 
nationwide field service group. 

Plus factors are the simple controls and ease of opera­
tion, carrier control for keying on and- off, simplex or full 
duplex operating modes and remote and ,local test cap­
ability. Light and compact, DATA PUMP weighs only 
twelve pounds and measures 10%" x 7" x 5X". 

Sound like a good buy? You won't find a better one. If 
you're on-line now or going on-line, write to us for all 
th~ details. Better yet, call us collect. 

DATA COMMUNICATION PRODUCTS DIV. 

ULTRONIC SYSTEMS CORP. 
SUBSIDIARY OF 

SYLVANIA ELECTRIC PRODUCTS INC. 

MOUNT LAUREL INDUSTRIAL PARK 

MOORESTOW'N, N.J. 08057. PHONE: 609/235-7300 

MULTIPLEXING SYSTEMS • MAGNETIC TAPE TRANSMISSION TERMINALS • DATA SETS 
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llYNAMI[ 
MEMORY' 

LO[ATION INTERLAKEN, SWITZERLAND 

The highest computer system in the world is located in the Swiss Alps at an altitude of 11,700'. '0 The 
computer selected for this demanding environrrient-a Honeywell DDP-224. For on-line mass storage at 
high altitude and temperature extremes, a Digital Development Corporation Series 7302 disc memory 
system. 0 Installed in August 1966 at the famed international station of the Jungfraujoch, this on-line sys­
tem collects and processes input data received from high resolution photo-metric observations of selected 
regions of the sky. 0 The Universite de Liege, Iilstitut d'Astrophysique, Belgium, utilizes the information 
for scientific research to extend man's knowledge of the universe. n If high performance rotating memories 
are your concern,contact Digital Development Corporation, a subsidiary of the Xebec Corporation, 5575 

_Kearny Villa Road, San Diego, California 92123, Phone (714) 278-9920. 

[Q) D ® DuffiCb []Jrnvrn CbCQ) [}D~ rn[~U . @CQ)[Rl[}DCQ)[RlffiuD ([) ~ 
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new literature 
DP MANAGERS' KIT: Planning kit to 
aid in planning or reorganization of 
data processing departments in­
cludes: a ruled grid scaled }4" to the 
foot upon which the user's floor plan 
is drawn; pressure sensitive tem­
plates, scaled,. representing all of the 
company's edp storage and filing 
equipment; and scaled templates for 
all of the major data processing ma­
chines, identified with the manufac­
turer's nomenclatures. Kit comes with 
instructions for use and suggestions 
for departmental planning, noting 
such considerations as lighting, venti­
lation, and grouping for simultaneous 
machine operation. TAB PRODUCTS 
CO., San Francisco, Calif. For copy: 

CIRCLE 150 ON READER CARD 

MEASURE AIR & WATER QUALITY: Data 
gathering systems for monitoring both 
air and water pollutant concentrations 
concurrently are described in 16-page 
bulletin. Included are graphic de­
scriptions of "on-site" recording and 
analog' and digital telemetering sys­
tems. The advantages and most suit­
able applications for each system are 
outlined. The· installation of complete 
data management systems without 
loss-of-use or obsolescence of existing 
equipment is also' included. THE 
BRISTOL CO., Waterbury, Conn. 
For copy: 
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MULTIPROCESSOR DIGITAL COMPUTER 
'SYSTEMS: An analysis has recently 
been completed of those factors that 
determine the optimum hardware mix 
for a given workload and that influ~ 
ence the choice of operating system 
strategies for a given combination of 
hardware and worklo~d. Two types of 
multiprogrammed systems were ana­
lyzed: those that terminate jobs in 
case of memory conflict and those 
that suspend jobs under these .circum~ 
stances if there is any possibility that 
memory can be allocated later. The 
suspension strategy was found to be 
superior. 136 pages. Cost: $3; micro­
fiche, $.65. AD-654 384. CLEAR­
INGHOUSE, U.S. DEPT. OF COM­
MERCE, Springfield, Va. 221.51. 
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DIGITAL DATA RECORDING: Four-page 
bulletin describes system for automat­
ically converting instrumental output 
data into computer language. Bulletin 
covers basic. system operation, data 
outputs, acceptable ouJput-initiating 
commands, general functions per­
formed, and includes photographs and 
ordering' information. SCIENTIFIC 
INSTRUMENTS DIV., BECKMAN 
INSTRUMENTS, Fullerton, Calif. 
For copy: 

CIRCLE 152 ON READER CARD 

COMPUTER EDUCATION: Eight-page re­
port to educators describes. the need 
for computer education at the seco.ll­
dary level and discusses the responsi­
bility of the' educator in providing 
basic computer' education and how 
such a program can be developed. 

GAMCO INDUSTRIES, INC., Big 
Spring, Texas. For copy: 

CIRCLE 153 ON READER CARD 

RANDOM DATA GENERATOR: Techni­
cal bulletin describes Model 213 ran~ 
dom data generator for data error 
analysis and' pattern sensitivity detec~ 
tion in transmission-medium systems 
and storage elements. DATAPULSE, 
INC., Culver City, Calif. For copy: 

CIRCLE 154 ON READER CARD 

TARIFF INFORMATION STORAGE & RE. 
TRIEVAL: A study to determine the fea­
sibility of applying computer tech­
nology to the storage and retrieval of 
tariff information has been completed 
for the Dept. of Tra,nsportation by 
Battelle Memorial Institute. Phase 1 
of the study develops the general 

. logic and formulates algorithms for 
storing and retrieving tariff data on 
origin and destination, commodity de­
scription, mode, carrier, and related 
data needed to determine applicable 
rates. Phase II of the study involves 
the development of algorithms for 
accessorial charges, for footnotes, 
rules and regulations, and for the 
storage and retrieval of routing data. 
Cost: $3; microfiche, $.65 for each of 
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THE ONLY 
CONCENTRATED 
COVERADE OF 
THE WESTERN 
ELECTRONICS 
MARKET · i'19N~~ 

MARKET: Electronics companies in 
the Western U.S. will report more than 
$6 billion in factory sales in 1967-
more than 26% of the national mar· 
ket. Purchases by these firms of 
materials, components and subasse.m· 
blies will total $2.5 billion, according 
to a study made by WESCON (We~tern 
Electronic Show and Convention). 
Breakdown by product category avail· 
able on request. 
CIRCULATION: Western Electron.ic 
News provides the largest western CIr· . 
culation of any electronics publication 
(21 000 BPA audited) and the broad· 
est' coverage (4,600 units). Cost per 
thousand ($30.84) is the lowest of any 
audited electronics publication. 
EDITORIAL: Engineering and busi· 
ness news and articles are directed 
exclusively to the informational needs 
of electronics companies in the West· 
ern U.S. Special departments keep 
5,000 management readers and 14,000 
engineering readers abreast of tr~n.d.s 
affecting their respective resPo~slb~lI· 
ties as leaders in the electrOnics In· 

dustry of the west. 

SPECIAL REPORTS IN 

-=::>'68 
jan • Outloo~ for Electronics in the West 

March· Products Preview IEEE show, New York 

Aug • Preview of WESCON 

Nov • Preview: Fall Joint Computer Conf. 

Market and readership studies on reo 
quest: WRITE: Western Electronic News 

WESTERN ELECTRONIC NEWS 
1830 W. Olympic Blvd., L. A Calif. 90006 
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new literature 

three parts. Phase I is in two separate 
volumes: PB-170 590 and PB-170 
591· Phase II PB-175 706. CLEAR­
INGHOUSE 'U.S. DEPT. OF COM­
MERCE, Sp;ingfield, Va. 22151. 

COMPILER-COMPILER: 17 -page booklet 
describes the Genesis system, a for­
malized method for the semi-automat­
ic production of compilers and other 
syst~ms software. The three sections 
trace development history, detail 
technical concepts and summarize th~ 
system, giving benefits, performance 
figures and describing some install a- . 
tions. COMPUTER SCIENCES 
CORP., El Segundo, Calif. For copy: 
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COMPUTER CONTROL 'FOR ~RC FUR­
NACE: Four-page bulletin outlines 
how a computer load factor and de­
mand control for arc furnaces cuts 
electrical costs by taking advantage of 
utility demand rates. Schematic s~gnal 
diagram, performance curves, and hy­
pothetical example are incl~ded. Bro­
chure also tells how Prodac 50 can 
monitor and direct other arc furnace 
functions. COMPUTER SYSTEMS 
DIV., WESTINGHOUSE ELEC­
TRIC, Pittsburgh, Pa. For copy: 
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MAG TAPE BASICS: 44-page applica­
tion note presents the fundamentals 
of magnetic tape recording with spe­
cial emphasis on analog instrumen­
tation applications. HEWLETT­
PACKARD, Palo Alto, Calif. For 
copy: 

CIRCLE 157 ON READER CA~D 

TIME-SHARING SYSTEM: 20-page bro­
chure describes SDS 940 general pur­
pose time-sharing system with soft­
ware package designed to simultane­
ously serve multiple users stationed at 
remote terminals. The system's time­
sharing capability is interactive and 
conversational; users "converse" with 
the computer via Teletype equipment. 
The seven specialized programming 
services' (subsystems) are also de­
scribed, and existing and potential 

, 'lPplications are summarized. SCIEN­
TIFIC DATA SYSTEMS, Santa Mon­
ica, Calif. For copy: 

CIRCLE 158 ON READER CARD, 

HOSPITAL DP SYSTEMS: Unusual data 
processing systems installed by three 
major hospitals are described in 32-
page booklet to show how automation 
speeds hospital procedures. Flow 
charts are detailed by departments 
showing input data, processing, 
equipment used, output data, ~nd 
interrelationship of each operation. 
Patient records and specialized in­
ternal reports used by hospital em­
ployees are shown. MOORE BUSI­
NESS FORMS, INC., Niagara Falls, 
N.Y. For copy: 

CiRCLE 159 ON READER CARD 

DIGITAL SEISMIC DATA: Article reprint 
is a current review of how and why 
digital recording of seismic data is 
progressing and summarizes the grow­
ing use .of digital techniques. Basic 
considerations when selecting a sys­
tem are discussed, and typical IBM­
compatible seismic tape formats are 
illustrated. Major characteristics of a 
dozen "field tape" recorders presently 
available are also listed. POTTER 
INSTRUMENT COMPANY, INC., 
Plainview, N.Y. ~or copy:· 
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PROCESS COMPUTERS: 52-page booklet 
on basic concepts of process comput­
ers from a programming viewp~int is 
designed for students and others 
wishing to acquire an introduction to 
process computers and programming 
requirements. GENERAL ELEC­
TRIC PROCESS COMPUTER BUS­
INESS SECTION, Phoenix, Ariz. For 
copy: 

CIRCLE 161 ON READER CARD 

PROGRAMMER APTITUDE TEST: Test 
measures an applicant's capacity for 
sustained concentration and accuracy 
and his logical aptitude. Developed 
by Dr. Jack M. Wolfe to fill the gap 
left by most current tests of this type 
(which measure the speed and basi.c . 
intelligence of the programmer applI­
cant but tend to underestimate the 
applicant who is slower than average 
but more accurate in his work). Cost: 
$6.50, including full test and score 
evaluation and instructions on admin­
istration of the test. BRANDON/SYS­
TEMS PRESS, DIV. OF BRANDON 
APPLIED SYSTEMS, INC., 30 E. 
42nd St., N.Y., N.Y. 10017. 

ASSOCIATIVE PROCESSING SYSTEM: Re­
port presents a user-oriented s~st~m 
having both algebraic and aSSOCIative 
processing capabilities for c?nven­
tional digital computers. ConSIsts of 
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How to improve your memory: Part I 

Brand X 

Thin Films 
'. Planar 
• Plated Wire 

250ns Cycle 
• Read/Restor~ 
• Destructive . 

November 1967 

. 1.-1 _-----'-B_U-"F._F-E-R----' , 
Micro CELC·M

• 

Reliable IC 
Storage 

20, 647"1024W 
32bits 

100ns Cycle 
• Read or Write 
• Non-Destructive 

See Part II 
Next Mont~ 

L--___ :_nv_I~_i_~~_·~_~_'e_: __ .....J~ t~!:~R~~~~ ... ~~ · ~~~~:c~;~~;i~:~~i ~~::o::: 
• 
• Fairchild Memory Products 
: 2525 Charleston Road 

Mountain View, Calif. 94040 

Name ______________ _ 

Title-:... ___________ _ 

Company _______ _ 
Address ________ _ 

_ '---________ Zip __ 

•••••••••••••••••••••• 
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PROGRAMMERS 
State University of New York at 

STONY BROOK 
Openings at all levels: 

Rapid expansion has created permanent positions for Junior, 
Intermediate and Senior Programmers. Assignments are open 
in the. following areas: 

ADMINISTRATIVE DATA PROCESSING 
SYSTEMS PROGRAMMING 

Jobs Offer an opportunity to: 

• Apply your professional skills in designing & implementing 
advanced software 

• Work with large scale third generation eqUipment 
• Become part of a stimulating academic community 
• Participate in an excellent benefits program 

Salaries commensurate with experience 

and educational background. 

To arrange a convenient interview, forward your resume 

with salary information to MANAGER, Computing Center, 

SUNY at Stony Brook, Long Island, N.Y. JJ790. 

CIRCLE 304 ON READER CARD 

SCIENTIFIC 
PROGRAMMERS 

Exceptional opportunities have opened up at Stanford Linear Acceler­
ator Center, 30 miles south of San Francisco. Here you'll share in the 
development of programs for analyzing experimental data. You'll enjoy 
the challenge of developing, maintaining and optimizing programs and 
systems dealing with graphic output and real time data processing. 

Located just off-campus and operated by Stanford University, the in­
ternational center offers the same progressive benefits enjoyed by all 
professional employees of the University. Send resume to G. F. Renn~r, 
P. O. Box 4349, Stanford, Calif. 94305. ~n equal opportunity employer. 

CIRCLE 303 ON READER CARD 

STANFORD LINEAR ACCELERATOR CENTER 

new literature 

three sections: 1) describing the high­
level programming language for the 
overall system; 2) outlining the 
scheme for representing an associative 
information base; and 3) summariz­
ing the processing routines for associ­
ative retrieval requests. 67 pages. 
Cost: $3; microfiche, $.65. AD-655 
810. CLEARINGHOUSE, U.S. DEPT. 
OF COMMERCE, Springfield, Va. 
22151. 

FINANCIAL PLANNING SYSTEM: 13-
page report describes consolidated 
financial planning (CPF) system de­
signed to reduce the cost of preparing 
long-range operating plans and the 
length of time required to produce a 
plan after information becomes avail­
able. BONNER & MOORE ASSOC., 
INC., Houston, Tex. For copy: 
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HYBRID ABILITY: Four-color, six-page 
brochure includes sections on types 
of components, package configura­
ti~ns, test procedures and manufac­
turing· steps of the companis hy­
brid circuits. SEMICONDUCTOR 
DIV SPERRY RAND CORP., Nor­
\~alk': Conn. For copy: 
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SPEECH GENERATION: Four-page bro­
cluue describes automatic speech 
generation equipment featuring a 
vocabulary of 10 spoken numbers for 
communications and other applica­
tions. Contains complete technical 
specifications and application data on 
model 630 Speechmaker. COGNI­
TRONICS CORP., Mt. Kisco, N.Y. 
For copy: 

CIRCLE 164 ON READER CARD 

INTEGRATED CIRCUIT PACKAGING: 
Methods for packaging and connect­
ing integrated circuits at the chip 
level have been developed by utilizing 
diffusion bonding of . aluminum-to­
aluminum conductors deposited on 
"H" RIm. Honeywell scientists have 
evaluated the use of diffusion bonding 
to determine if it is a solution to 
failures being encountered by the brit­
tle intermetallics at the interface. The 
technique, however,. cannot compete 
in cost with an ultrasonic flip-chip 
bonding techniq~e without develop­
ment of a specialized machine. Cost: 
$3; microfiche, $.65. AD-6.S1 545. 
CLEARINGHOUSE, U.S. DEPT. 
OF COMMERCE, Springfield, Va. 
22151. 
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KEYED TO 
MOVE DATA 
FAST ... AND 
AUTOMATICALLY 

It's 5:00 p.m. in Los Angeles! In the 
branch sales office of a nationwide 

. company, the day's work is done. 
All sales orders and other vital data 
have been recorded on punched 
tape by an operator using a Teletype ;' 
automatic send-receive set. \. 

As she leaves for home, the operator 
inserts the tape into a Telespeed 750 
high-speed tape-to-tape sending set, 
flicks the "on" switch, then forgets 
about it! 

Later that evening, the home office 
a continent away, in sequence polls 
this and other Telespeed 750's in 
similar sales offices scattered 

. throughout the country. Thus, the 
day's accumulation of data is trans­
mitted to the home office automati­
cally, unattended, and at low cost. 

For any multibranch operation, espe­
cially where time differences are a 
fador, Telespeed 750 high-speed 
tape-to-tape data communications 

equipment offers many advantages. 

Operates unattended! Once the 
Telespeed sending set is loaded and 
turned on, it requires no further at­
tention. It is polled automatically by 
the company's data processing cen-, 
ter. After polling, the sending set 
shuts off automatically. 

Table model Telespeed 750 sending set 
requires no operator during transmission; 
shuts off automatically. 

machines that make data move 

o 

C: 
-' 

,/ 



o 

o 

) o 

Reduces cost. By confining trans­
mission to night hours, data can be 
sent when communication Jines are 
less busy, more economical. 

Even if transmission is done during 
the, day, the speed and efficiency of 
Telespeed data communications 
equipment lets you take advantage 
of every minute of line time. 

Because transmission is automatic, 
the operator can devote her entire 
working day to logging of data. 
Thus, she can process all orders and 
other data received at the' branch 
for later transmission; no need to 
carryover to the next day, no delay 
in handling important information. 

Teletype equipment is fast. The, 
Telespeed 750 machines operate at 
75 characters per second; 750 words 
per minute. The time required to 
transmit a full day's sales orders, or 
other data, can be reduced to a 
matter of minutes. 

Increases accuracy; improves cus­
tomer relations. A major accept­
ance corporation, providing install­
ment loan service for thousands of 
their retail outlets, uses Telespeed 
7~0 equipment to goo~ advantage. 

Their many branch offices across the 
co u n t ry a v era g e 300 t ran sac t ion s 
daily. Every afternoon, the process­
ing center contacts the branches 
allowing each branch three minutes 
time, including the time required to 
make the connection. Thanks to the 
speed of Telespeed 750's, the trans­
mission of the punched-tape data, 
almost 60 feet daily from each office, 
can be handled in 1112 to 2 minutes. 

The company's computer is. now 
able to update each account, de­
termine collection action, and pre­
pare notices daily. 

Results: streamlined office proce­
dures; increased accuracy in 'han­
dling accounts; improved customer 
rela'tions for the retailers! They no 
longer worry about payment re­
minders being sent to customers 
who have al ready paid. 

TELETYPE 

The Telespeed 750 receiving set collects 
all branch office data recorded on the 
punched tape; all automatically, all .unat­
tended. 
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Gives you the jump on competition. 
With competition ever-increasing, 
the comp<;lny that "services" best is 
the one that gets the most business. 
Telespeed 750's, working with data 
processing equipment in auditing, 
production, inventory control, and 
shipping, give any company a com­
petitive edge. 

High-speed tape-to-tape transmis­
sion is but one example of the many 
capabilities of Teletype data com­
munications equipment. Discover 
why Teletype equipment's versatility 
is the low-cost answer to your data 
communications needs. Read our 
new brochure, "HOW TELETYPE EQUIP­
MENT MOVES DATA FOR YOUR BUSINESS 
OR INDUSTRY." Foryourcopy contact: 
Teletype Corporation, Dept. 81 L, 
5555 Touhy Ave., Skokie, III. 60076. 
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ELECTRONIC HANQLING 
OF INFORMATION: 

Testing and Evaluation 
Edited by Allen Kent, Orrin E. Taulbee, Jack Belzer, 
University of Pittsburgh and Gordon D. Goldstein, 
Office of Naval Research. 

The work focuses attention on new ideas, research 
and development in the techniques of testing and evaluating 
electronic information handling systems. 

It also features' a review of the "state-of-the-art" 
,covering the development of criteria and measures for evalu­
ation. Such a review is expected to benefit organizations 
which are investing heavily in the development of operation­
al systems. 

Authors were drawn from many fields of govern­
ment, industry, and education. 

Based on the papers of the Second Conference on 
Electronic Information Handling, this book represents 
"must" reading for information processing scientists and 
librarians. . 

Contents include: 
INTRODUCTION 
Experimenting and Evaluation: The Challenge. Needs in 
the Health Sciences • Centralization, Decentralization and 
Specialization: A Problem in Resource Allocation. A Stat­
istician's Comment 

MAN·MACHINE·INFORMATION INTERACTION 

Identification of Performance Criteria of an Electronic In­
formation System • The Facts of Life About the Man­
Information Interaction 

INFORMATION HANDLING-REVIEW 
Testing and Evaluation: Review. Machine Aided Transla­
tion and Information Retrieval. Intelligence Systems Eval­
uation • Biological Principles of. Information Storage and 
Retrieval 

DOCUMENT HANDLING-RESEARCH IN PROGRESS 
Indexing Depth, Retrieval Effectiveness and Time-Sharing. 
Modeling in Document Handling. Relevance Predictability: 
I. Investigation Background and Procedures • Relevance 
Predictability: II. Data Reduction. Evaluating the Perform­
ance of a Large Operating Retrieval System. An Approach 
to Comprehensive Evaluation. Measures and Criteria for 
Evaluation. A System Performance Function. Come Be-
havioral Aspects of Tests and Evaluation ., 

HINDSIGHT, FORESIGHT, OVERSIGHT ON INFORMATION SYSTEMS 

An Interuniversity Information Network: I. EDUCOM .An 
Interuniversity Information Network: II. Evaluation. Gen­
~ralized Information Systems • Analyzing Time-Sharing 
Systems • Conclusions on Evaluation and Evaluation of 
Conclusions . 

THE TRANSITION TO 
ON-LINE 

COMPUTING: 
Problems and Soluti(!ns 

Edited by Fred Gruenberger 
There is hardly any question that the development of 

on-line systems con,stitutes a quantum jump in the evolving 
technology, if only from a standpoint of the interest which 
the data processing community has shown in it. For, tQ a 
~reat extent, it is people an~ what they think, which greatly 
mfluences the course of these events. Another unimpeach­
able view is that on-line systems technology will be . the 
vehicle, or at least the catalyst, to catapult the data processing 
industry to a level of $20 billion annual sales in the next ten' 
years. j 

On-line systems bring to the picture new problems 
and new factors in the design and implementation of com­
puter systems. Because of the many new technical factors 
~nd because there is an immediacy to the need for develop~ 
mg knowledge about these systems, there is in turn, a need for . 
a book-of this type. The book provides a much needed, useful 
tool to assist in disseminating knowledge about these new 
systems. The chapt~rs cover many areas and represent a kind 
of snapshot of the state of this modern technology. 

Contents include: 
• What Is On-Line 
• Time:Sharing and Multiprocessing Terminology 
• On-Lme Software-The Problems 
• Display Software Technology • Hardware for On-Line 
• Software-.Some Answers • Conversational Computing 
• Cost Effectiveness of Time-Shared Computing Systems . 
• A Survey of CET Display Consoles 
• To Be or Not to Be On-Line: Some Problem Situations 
• Terminal-Oriented Software: Promise and Problems 
• How the Computing World Went On-Line (A History of 

1967 Through 1978) . . 
• Experiences in Offering On-Line Computing Power 
• Summing It Up. . . 

i---------------------~ 
I 
I 
I 
I 

ORDER 
TODAY. 

" USE THIS 
HANDY COUPON 

THOMPSON BOOK COMPANY 
National Press BUilding 
Washington, D.C. 20004 

I - copies ELECTRONIC HANDLING OF INFORMATION 
@$10.00$, ___ _ 

I _ copies THE TRANSITION TO ON·LlNE COMPUTING 
I @ $9.00 $ . .' 
I Encloseq is 0 ch~ck cash 0 0 money order 

I 
I 

Name _____________________________________ ___ 

I Address _____ ~-----___:_-------

! City __________ State _____ Zip __ _ 
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Instant visual data. That's what 
NCR's new 795 Data Display System 
gives you when it goes to work with 
your NCR 315 computer system. 
Faster input, too. Besides instant 
visual access to your computer-stored 
business records, you can also enter 
and up-date your computer records 
through a 795 from practica Ily any 
location. From your office. Your 
branch and sales offices. Warehouses. 
and outlying plants. Now your entire 
business can have an instantaneous 
and efficient communications network. 
And tl)ink how that will improve your 
business operation. Because it improves 
your cost controls. Improves customer 
service. Improves operating efficiency. 
And improves record-keeping accuracy. 
What kinds of records? Practically any 
kind you want. Or need. Like invoicing 
and billing. Retail credit checks. 

142 

And order processing. You can even 
perform automatic testing! checkout. 
The major components of a 795 
system include a Controller for up 
to 12 display screens (and many 
controllers can be on-line); a Memory 
Module for each controller of 1024, 
2048 or 3072-character capacity; 
a 2000-position Display Screen that 
forms clear, high definition characters 
from continuous strokes, and a 
51-character alphanumeric Keyboard 
with each key providing parallel 
ASCII coded output and control signal. 
Important optional featLires include 
an exclusive split screen capability 
which allows two separate keyboards 
to operate one-half of a display 
screen independently and' a hard-copy 
printer that produces a permanent 
record bf any display. 
Isn't our new "show off" just the addition 

CIRCLE 80 ON READER CARD 

you need to make your communicG.i.ions 
system make your business better? 
See our local NCR specialist for details 
or write The National Cash Register 
Company, Dayton, Ohio 45409. 

THE NATIONAL CASH REGISTER COMPANY, DAYTON, 45409 ® 
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• aSIDess 
and into tbe computing profession 

Keeping pace with the technical end of computing 
is hard enough. You make it harder when you try to 
do it all alone. 

Twenty years ago, other computer professionals 
came to the same conclusion. So they formed 
a professional society, the Association for Computing 
Machinery. Its purpose was, and is, to band together 
the professionals in the computing community in 
order to serve their common interests. As a practical 
matter, ACM spends a lot of its energy on helping its 
22,000 members keep up with the technical develop­
ments that make a difference to all of us. 

To qo this, ACM publishes three technical publica­
tions. It has more than 15 Special Interest Committees 
or Groups for those concerned with specific comput­
ing areas. ACM sponsors technical seminars and 
meetings at local, regional and national levels. It 

You may wish to accelerate matters by phoning in your 
request for information. The number is 212-986-3055. 
Just ask for membership information. 

~ ,II" COIIIU!''''t> 

{ACM~~ 

provides nationally known lecturers to the 150 ACM 
chapters distributed across the country. It offers 
quick answers to technical inqtJiries from its mem­
bers. A professional development program helps 
widen members' educations. 

It doesn't cost very much to join the ACM. But it 
does cost a lot for a real computer professional to stay' 
out. If you intend to become a professional, this is a 
good time for you to find out more about your Associ­
ation. Circling the Readers Service Card number, or 
using the coupon, will bring you the necessary infor­
mation without obligation. 

r-----------------~ 
T . . f Co . M h-' Dept. 1 00 he AssocIatIon or mputtng ac tnery 
Membership Department 
211 East 43rd Street, New York, New York 10017 

. Gentlemen: 
Please send me information on the services the 
ACM provides for its members and profession. 

(Please. print or type) 

Name .: ....................................................... , ............... . 

Company ................................................................... . 

Address ..................................................................... , O 
THE ASSOCIATION FOR ~"OqND!D \~",~ 
COMPUTING MACHINERY, INC. 
211 East 43rd Street, New York, New York 10017 

City .......................... State ....... Zip ........................... , 

~-------------------~ 
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Redemption of almost a million soap coupons per day has to be fast and 
accurate or grocers stop honoring them. And redemption reports to 
marketing management must be, too, or plans fail. 

When IBM sold Procter & Gamble a ·SYSTEM/360, Model 30, 
they included Uptime high-speed card readers in their 'proposal to 
handle punched card coupons that would arrive in many unusual post­
kitchen conditions. Despite the unbelievable condition of these 20-
column cards, the Uptime Speedreaders are reading 70,000 of them 
per hour under complete computer:-programmed control. 

Our busines~ is built on solving reading problems for OEM's. 
Occasionally we work directly with system owners. At all times we 
strive to merit a continued reputation for superior performance and 
economical service. May we help you help your customer today? 

uptime corporation 
A' SUaSIDIARY OF 

data products corporation 
.. 

8455 EAST PRENTICE AVENUE. ENGLEWOOD, COLORADO 80110 • PHONE (303) 771-1230'. 
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November 1967 

OK, so itJs a MOHA\NK! 

If you can't lick 'em, join 'em ... we say. We called it 
a DATA-RECORDER. You call jt a MOHAWK. So be 
it, it's a MOHAWK. 

MDS is engaged solely in the manufacture and inter­
national marketing of MOHAWKS for computer input 
preparation. Our entire organization is "input 
minded." 

In a variety of multi-function models, MOHAWKS 
basically provide an exclusive, fast, economical 
medium fo.r transcribing data from source documents 
direct to computer-compatible magnetic tape ... and 
verifying on the same machine. 

We don't care whether you call for Data-Recorders or 
for MOHAWKS. Just call us, we'll know what you need. 

·~~N~S-!~~T~~. 
P.. O. BOX 630, PALISADE ST., HERKIMER, NEW YORK 13350 

Exclusive Manufacturers of MOHAWKS 

CIRCLE 83 ON READER CARD 
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It takes the 

world's largest 

system to apply advanced development and 

simulation techniques to the C-sA, the 

world's largest airplane. Lockheed-Georgia, 

builder of the C-sA and other airlifters 

of the future,has just created a new hybrid 

computer department to serve the needs 

of tomorrow. This is tangible proof 

of Lockheed's commitment to the new age 

of airfreight. An age in which ton-mile figures 

will jump from 5.4 billion in 1965 

to 55.4 billion by 1980. . 

Lockheed-Georgia's 

new system will consist of a CDC-6400 

digital and four CI-sOOO analog computers 

... and will be able to work on several 

problems simultaneously. Scientific 

programmers are neede~ now for the new 

system, which, in 1968, will help in the 

evaluation and simulation of plcines in 

the largest long-range airlift project 

ever undertaken. 

In addition, positions for scientific 

programmer,s exist in Lockheed-Georgia's 

digital computer facilities which 

include: CDC 3300, 6400i IBM 7094, 360i 

Univac 1108, 418~ 

CIRCLE 313 ON READER CARD 

So, if you are interested in being a part 

of this rapidly growing team, come to 

Lockheed-Georgia. For more information, 

mail your resume to: Charles E. Storm, 

Professional Placement Manager, 

Lockheed-Georgia Company, 834 West 

Peachtree St., Atlanta, Georgia 30308. 

Department 0-11. Lockheed is an 

equal opportunity employer. 

. Airlift Center of the World 
LOCKHEED-GEORGIA 
A Division of Lockheed Aircraft Corporation 
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The Copyright Law as it Relates to Na­
tional Information Systems and Nation­
al Programs: A Study by the Ad Hoc 
Task Group on Legal Aspects Involved 
in National Information Systems, by 
the Committee on Scientific and Tech­
nical Information, Federal Council for 
Science and Technology, Washington, 
D.C. Distributed by the Clearinghouse 
for Scientific and Technical Informa­
tion, Springfield, Va. $3.00 copy; $ .65, 
microfiche. 58 pp. 

Until recently, the typical reader of 
this publication probably equated the 
word copyright with patent and said 
"Can I use one of these methods to 
protect the software I've just 
written?" Or else he thought about 
the problem of patenting hardware 
and the battles which manufacturers 
have undertaken to determine patent 
validity. But probably the hottest 
issue in the copyright field right now 
is between the right of the author to 
protection and the right of the re­
searcher to information, with a com­
puter used as the interface mecha-
nism. 

·For a dozen years, Congress has 
been trying to revise the Copyright 
Act of 1909; last spring, the House 
managed to pass a bill and send it on 

. to the Senate. The original discus­
sions of copyright reform gave only 
passing thought to possible copyright 
infringements arising from putting 
copyrighted materials into machine 
readable form, manipulating them 
with electronic equipment and out­
putting them in whole or :in part, 
perhaps hundreds of miles away. 

From a few voices crying in the 
wilderness three years ago (such as 
Ree.d Lawlor's article "Copyright 
Aspects of Computer Usage," in the 
October, 1964 issue of Communica­
tions of the ACM), the published in­
terest is now reaching tidal wave 
proportions. 

The document being reviewed, a 
58-page basic study and 15:-page 
summary, does a good job of report­
ing on the current problems in this 
area. The concern of the authors is, of 
course, the Federal Government's de­
sire for the establishment of useful 
data in machine readable form. But 
the presentation is surprisingly well­
balanced, particularly in regard to the 
factual" b~ckground. The task group 
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pinpoints its position and the prob­
lems: 

. the scientific, technical and 
economic progress and the inter­
national competitive position of 
the United States depends on the 
ready access to information. as 
well as its effective use. As the 
means of disseminating informa­
tion develops through technolog­
ical progress, we must be as­
sured that legal procedures, 
which may be necessary today in 
balancing the interests of the 
copyright owners in compensa­
tion [competition?] with those 
of the users, continue to keep 
pace with' the technological ad­
vance in the use' of published 
information. 

The report outlines three particular 
problem areas: (1) ready access to 
copyrighted material, (2) whether 
the conversion of copyrighted mate­
rial into machine readable form is an 
infringement of copyright, and ( 3 ) 
the proper scope of exemptions for 
non-profit users. The efficient use of 
the computer's information retrieval 
ability clearly contemplates that vast 
masses of data will be needed, and 
some of it will probably be copy­
righted. If the user has to worry 
about copyright problems, the data 
base will either not {nclude copyrighted 
material, or the user will be forced to 
devote research time to the adminis­
trative problem of obtaining per­
mission to use the material. 

The task group states that 
"potential users of the information 
systems' are not adverse to paying, 
but wish to be guaranteed the right 
to use the material that they are will­
ing to pay for." This statement sug­
gests the possible solution of manda­
tory . licensing by statute, or the 
establishment of a voluntary clearing 
house. The former provides a means 
of reasonable compensation even when 
the copyright proprietor cannot be im­
mediately located (and the new 
statute proposes a copyright period of 
50 years), but involves' the difficulty 
of defining what writing must be 
licensed, who can use the material 
and how much the royalty should be. 
The . voluntary clearing house may 
have some anti-trust problems and 
there may be som'e authors who do 
not wish to join. Both require adminis­
trative machinery. 

The second problem-whether put­
ting copyrighted material into ma­
chine readable form is an infringe-

. ment of the copyright-is really, as 
noted by the task group, a subdivision 
of "at what point in the process of 
putting information into the system, 
manipulating it, and recovering it 
should compensation be charged?" 
Section 106 of the House Bill made it 
clear that such input was an infringe-

EXCLUSIVE! 
The unique personal and confidential relation­
ship we establish with you and our clients 
permits us to offer you outstanding job oppor­
tunities, many not found anywhere else. If your 
potential or abilities are above average and you 
are looking.for a challenge, our unique service 
will enable you to 

CHOOSE THE AREA 
you prefer to live and wor~ in 

FROM COAST TO COAST 
Investigate not just a job, but a career in any 
aspect of computer based systems or manage­
ment science. 

A SAMPLE OF CATEGORIES, 
SALAR IES FROM $10,000 -$30,000 

• Software development 
• Real time/Communications systems 
• Scientific computation/Analysis 
• Management or computer consulting 
• Operations Research 
• Applications programming 
• Management Information Systems 
• Marketing/Sales/Systems engineering 
• Hardware engineering 
• D. P. Management/Systems analysis 
• Time Sharing/Process Control, etc. 

(Managers, Seniors, Intermediates) 

Our clients assume all expenses 
Write in full confidence to 

Joseph Albert or phone 212/679·7314. 
Indicate salary and geographic requirements. 

MemberACM 

Career Consultants in the Data ProceSSing Field 

210 Fifth Avenue, New York, N.Y. 10010 
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When 
General Electric 

asks people to join 
its computer business 

90%accept* 
(*BASED ON STAFFING RECORDS FOR 1966) 

t.:l]:), Information 
'W Systems , , 

Computer Equipment 
Department 

That 90% acceptance rate sounds 
unusual but the reason is simple. The 
offers are selective. They are made 
only when we both can foresee your 
successful future at General Electric. 

Just what can we see? 
A GROWING PRODUCER. In less than 3 years General Electric 
put together a world-wide computer manufacturing and market­
ing organization. Shipments of this world-wide organization 
jumped 600% in three' years; jumped to the point of making 
General Electric the second largest computer manufacturer­
world-wide. 

A TECHNICAL LEADER. General Electric provides the nation's 
largest and most widely used time sharing computer service 
operation. * User oriented advances whether time sharing, multi 
programming, or integrated data systems are a logical product 
of the leading industrial user of computers - in all, more than 
240. (*Via GE's Information Service Department. For more infor­
mation write S. G. Vangsness, 7735 Old Georgetown Road, 
Bethesda, Md. 20014.) 

A COMPLETE WORLD-WIDE SYSTEMS EXPERIENCE. General 
Electric systems are installed or on order in Argentina, Belgium, 
Denmark, Finland, Germany, Greece, Holland, Mexico, Norway, 
Portugal, Sweden, Switzerland. GE systems have been counting 
the house, processing the revenues, checking the parking lots, 
tracking city wide room reservations at Montreal's Expo '67; 
they are checking the viewing habits of Japanese TV audiences; 
provide for centralized a'ccounting for a 2400 grocery 160 super­
market chain in France. Domestically, GE systems are operating 

in universities .and R&D centers as well as in the aerospace, 
banking, communications, distribution, manufacturing, trans­
portation, and utility industries. And systems design respon­
sibility for the foregoing resides at Phoenix. 

A VARIETY OF DEMANDING ASSIGNMENTS 
PROGRAMMING ANALYSTS. Analysis' and design of automatic 
programming aids such as compilers, assemblers, sort-merge 
generators. Flow chart, code, test and document systems soft­
ware. Should have experience in two or more of the following: 
Development of compilers, utility routines, machine or assembly 
language programming, on medium to large scale computer 
systems. Degree or equivalent. 

SYSTEMS PROGRAMMERS/PROGRAMMING ANALYSTS. Con­
ceive, analyze, develop operating systems or programs for sys­
tems software verification. Requires 3 or more years applicable 
experience; e.g. application programming, utility routines, input! 
output techn iques, compiler development, mach ine or assembly 
language programming. Degree or equivalent. 

SENIOR SYSTEMS ENGINEERS/DIAGNOSTICS. Evaluate exist­
ing diagnostic methods, hardware designs and software pro­
grams so as to develop new diagnostic techniques for systems 
acceptance tests or to reduce mean-time to repair. Should have 
combination of systems programming and hardware design or 
systems test experience. Degree required. 

WARNING: If you send your resume, 
it's 9 to 1 you may be hooked. 

Please send an inform.al resume to Mr. George Callender, Com­
puter Equipment Department, Room 40-L, General Electric Com­
pany, 13430 N. Black Canyon Highway, Phoenix, Arizona 85029. 

GENERAL _ ELECTRIC 
An equal, opportunity employer (m/f) 
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ment and that this was the Con­
gressional intent. The House Com­
mittee report stated that, unless the 
fair use doctrine were applicable, 

... The following computer uses 
could be infringements of copy­
right ,under Section 106: repro­
duction of the work . . . in any 
tangible form . .. for input into 
an information storage· and re- ' 
trieval system; reproduction of 
the work or substantial parts of 
it, in copies as the "printout" or 
output of the computer; prepara­
tion for input of an index and 
abstract of the work so complete 
and detailed that it would be 
considered a "derivative work," 
computer transmission or display 
of a visual image of a work to 
one or more members of the 
public. 

This position, favored by the pub­
lishers, is based on the arguments (1) 
it is difficult to determine what use 

will be made of the material once it is 
in the computer, (2) whether pay­
ment at the time of output will be 
due may depend on the status of the 
user, and ( 3 ) the accounting re­
quired for payment on each use will 
be a substantial cost in addition to 
the copyright payment. The argu­
ments against making input an in­
fringement are (1) currently much of 
copyright material fed into the system 
will emerge in the forin of reproduc­
tion, (2) using computers to operate 
directly on the copyrighted material 
in the data base does not necessarily 
replace a . sale of the material, and 
(3) certain people, particularly' in the 
educational process, are entitled to 
use copyrighted material without 
payment of a royalty, so why should 
they have to pay initially. 

Both sides agree that the doctrine 
of fair use should stilll continue. This 
doctrine, developed by the courts' 
through decisions of copyright cases, 
is well summarized in the basic report 
and has been codified in the proposed 
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statute as follows: dent on the type of output and the 
type of user of the output. The fair use of a copyrighted 

work . . . for purposes such as 
criticism, comment, news report­
ing, teaching, scholarship, or re­
search, is not an infringement 
of copyright. In determining 
whether the use made of a work 
in any particular case is a fair 
use, the factors to be considered 
shall include: ( 1) the purpose 
and character of the use; (2) the 
nature of the copyrighted work; 
( 3) the amount and substantial­
ity of the portion used in relation 
to the copyrighted work as a 
whole; and (4) the effect of the 
use upon the potential market 
for or value of the copyrighted 
work. ' 

This doctrine of fair use has been 
suggested by one group of lawyers as 
a possible solution to the input-output 
problem; they have suggested the law 
state: ' 

The type of user leads to the third 
problem area-that of exemptions for 
non-profit uses. It is here that the 
most noise has been raised. The pres­
ent copyright law does provide cer­
tain exemptions in that the copyright 
owner has exclusive rights in the 
performance of non-dramatic literary 
or musical works only when such 
performances are public and for prof­
it. Under Section no of the pro­
posed law, the not-for-profit exemp­
tion has been changed somewhat to 
require performance and face-to-face 
teaching in classrooms of non-profit 
education institutions, or non-profit 
teaching transmission (classroom TV) 
and the like. The COSATI task group 
finds these exemptions ·are narrower 
than the present law. The University 
Communications Council (EDUCOM) 

finds that "the relevant exemptions 
provided in S597 [the Senate Bill] 
are not adequate and· would seriously 
hamper educational development in 
this country." In testimony last 
spring,. this group termed the bill 
"pernicious" because it did not give 
computer. assisted instruction systems 
the. same privileges (DATAMATION, 

April, 1967). The publishers reply, 
"These educators in their professional 
zeal have disregarded the fact that 

To the extent the copyrighted 
material is rec6rded in' computer 
readable form, and is used to 

. generate and disseminate infor­
mation in a manner which would 
be considered fair use if an auto­
matic information processing sys­
tem were not involved, such re­
cording and use shall be deemed 
to be a fair use. 

But other lawyers, depending upon 
their economic orientation, favor 
royalties on input or royalties depen-

COMPUTER· ENGINEER 
Crawford & Russell 

... is an expanding engineering-construction company, offer­
ing an unusual position to dn experienced graduate chemical 
engineer with an advanced degree, a strong mathematical and 
chemical engineering background. The qualified professional 
should have at least 5 years' experience in the application of 
computers to engineering. 

We are growing at a solid rate of over 20% every year; we 
are proud of our international reputation for the engineering 
and construction of polymer plants and, more recently, of 
complex organic chemical plants. This position offers a career 
opportunity to lead company efforts in the development of 
mathematical models for chemical plants, process simulation 
and design optimization. 

Our premium compensation is ~upplemented by generous bene­
fits, including profit sharing and tuition refund for advanced 
study. For immediate consideration, send yo~r resume anq 
salary requirements in confidence to Mr. P. F. Scholten, 733 
Canal Street, Stamford, Connecticut, or c~1I him collect: (203) 
327-1450. 

• 

Crawford & Russell 
• INCORPORATED 

ENGINEERING. DESIGN. CONSTRUCTION 
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PROGRAMMERS/ANALYSTS 

ok, 
who 

pro~ammed 
. the ·b··· ? ananas. 

It takes a lot more than meets the 
eye to make the Eastern Test 
Range tick. And the care and 
feeding of the people at our 
down-range stations is only 
part of it. 

You'll keep track of over 
300,000' line items and 
write programs for what 
IBM experts have called 
"the bi~gest automated com­
mercial supply operation in the 
world." When you're on the business end 
of the world's busiest space and missile 
range, the breadth of your assignments calls for 
new approaches in information retrieval, the design of creative new 
formats in input-output; and sophisticated solutions to a wide range of 
computer application problems. 

You'll have a lot to help you here, including one of the best com­
puters of them all-the IBM 360/40/30. And the full support of a 
m~nagement that appreciates the programming problems in an opera­
tion of this magnitude and gives you the recognition-and promotions­
that your solutions warrant. Our fine salary / benefit package includes 
impi-essive flight discounts on domestic and international carriers. Plus 
lots m<?re. Like to talk it over? Drop us your resume. We think you'll 
like what we have to say. Write to Manager, Professional Employment, 
Dept. 21L, Aerospace Services Division, Pan American World Air­
ways, Inc., 750 S. Orlando Avenue, Cocoa Beach, Florida. An Equal 
Opportunity Employer, M&F. 
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their argument might be applied with 
equal force to other professions, such ( "' 
as medicine, public health, nursing \...._/ 
and- social work-all of which certain-
ly are of basic importance to the 
public welfare." 

In fact, the battle gets rather vitu­
perative. Spokesmen for EDUCOM have 
written: . 

The copyright industries-the 
"publishers" in the broad sense 
-seem to have gotten along 
rather well under the long-stand­
ing statutory arrangements 
granting traditional exemptions. 
Nevertheless, the publishers have 
insisted throughout the evolution 
of the Revision Bill on erasing 
these exemptions. . 
Sometimes this insistence has 
been 'so strident as to disregard 
the plain fact that the publishers 
are themselves the beneficiaries 
of like preferences, whether 
these take the form of postal 
subsidies, appear in the guise of 
public funds appropriated direct­
ly or indirectly for the purchase 
or licensing of copyrighted 
works, or take the shape of the 
copyight status. which confers 
on them the basic monopoly. 
When the revision effort began, 
the register of copyrights advised 
that the traditional exemptions C 
be continued. But, amid a great -/ 
welter of propaganda, the reg-
ister has g.radually swung 
around. The result is that the 
Revision Bill abandons the old 
line and substitutes particular-
istic exemptions of narrower 
scope. As we shall see in more 
detail, the cutting down of the 
traditional exemptions operates 
with special strictness and with 
serious effect on. schools and li­
braries desiring to use the ad­
vanced technology represented 
by the computer. 

And a publisher has replied: 
. . . for several months EDUCOM'· 

officials have declined invitations 
to meet with book industry rep- I 

resentatives for discussions of 
common-interest problems, in­
cluding uses of copyrighted ma­
terials. To the publishers' stand­
ing invitation, EDUCOM repre­
sentatives have only replied. that 
they are not· yet ready' to talk. 
Nevertheless, they have been 
ready to talk, and indeed they 
have talked a great deal, to other 
educators, to congressmen, and 
to many government officials in 
the Executive departments. How 
can one account for their unco- r----
operative attitude toward pub- (, 
lishers? 

We publishers can, of course, 
only guess at the answer to this 
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question. Those of us who have 
followed closely the development 
of. theEDucoM concept do guess 

. that EDUCOM officials must clear­
ly feel that it is much too early 
for them to be able to talk con­
fidently about their prospective 
operating policies and practices. 
To my own way of thinking, 
their reticence at this time goes 
far to prove the House commit­
tee's contention that the tech­
niques and economics of com­
puterized educational systems 
are not yet so fully developed 
and known as to provide a firm 
basis on which to apply copy­
right principles. 

The COSATI task group proposes 
interim solutions for the three prob­
lems. It would insure ready access for 
non-profit users by exempting input 
into non-profit systems from any 
copyright liability for an interim pe­
riod; it would postpone the input­
output problem by providing a mora­
torium on payment of copyright 
royalties at the input stages; and it 
would improve non-profit exemptions 
by carrying forward the current scho­
lastic exemption. This position will 
find favor with the educators and the 
scientists; it probably will not find 
favor with the publishers who are 
already upset by the demands of 
federal organizations such as the Ed­
ucational Research Information Cen­
ter (which has asked permission to 
avoid copyright in such broad terms 
that it could distribute complete cop­
ies of books without limitation to 
anybody); nor do the publishers feel 
that organizations such as the Na­
tional Geographic Society, RAND 
and SDC should be considered non­
profit. 

Another recommendation of the 
COSATI group is the establishment of a 
commission to study the problems of 
copyright laws as applied to com­
puters and to information systems. 
S2216, filed by Senator McClellan in 
August, proposes to create the "Na­
tional Commission on New Tech­
nological Uses of Copyrighted Works" 
which would consist of the Librarian 
of Congress, .two Senators, two Con­
gressmen, seven representatives of 
copyright owners, seven representa­
tives of users and four representatives 
of the public. The Commission would 
file a preliminary report in one year 
and a final report in three years on 
"the reproduction and use of copy­
righted works of authorship ( 1 ) in 
automatic systems capable of storing, 
processing, retrieving, - and transfer­
ring information, and ( 2) by various 
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COMPUTER SPECIALISTS 

You recognize' this, of course, 

.but have you ever thought 
how computers can be used to 

get there .and beyond? 

Bellcomm, the systems engineering contractor 
for the National Aeronautics and Space Adminis­
tration, has openings for imaginative computer 
specialists interested in contributing to manned 
spaceflight. 

We need people who can: 

o analyze data processing requirements of ad­
vanced missions 

o determine functional requirements for the 
next generation of spaceborne computers 

o study optimal computer organization for re­
liability (hardware and software) 

o define computer systems for supporting 
launch and flight operations of multiple missions 

o develop management procedures for control­
ling computer resources 

o define ground network for distribution of 
data transmitted from space' 

o evaluate data management systems 

o determine impact of new programming tech­
niques for all of the above 

If you believe you are such a person, Bellcomm 
will welcome your inquiry. Send your· resume to 

. Mr. N. W. Smusyn, Personnel Director, Bellcomm, 
Inc., Room 1522-E, 1100 17th St., N.W., W8:shing., 
ton, D. C. 20036. 

Bellcomm is an equal opportunity employer. 

@ Bellcomm, Inc. 
...,.- A Bell System Company 
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"A truism," you say. Certainly at URS we put 
this truIsm to work-the ideas and aspirations 
of the individual are important, the humanistic 
approach is stressed. And we accord the same 
respect to our clients. 

"But what does URS do?" you ask. Princi­
pally, we help people make effective use of 
computers, from concept to operation-anal,. 
ysis, design, programming, and itnplementation 
and operation of computing and management 
inforination systems. 

We are, for example, prime software contrac­
tor for the Army's Combat Service Support Sys­
tem which willensure more efficient use of men 
and material. (We also tackle a variety of prob-

. lems in the physical and engineering sciences.) 
As for our performance, a client recently told 

us, "Happiness is a contract with URS.I' 
In the future we will be devotiIlg an increas­

ing portion of oUr efforts to improving the 
quality of man's environment. A look at the 
world about us suggests a limitless challenge. 

Can you help? If so, send a resume to: 
Director of Recruiting, Infor~ation Scienc;es 
Division, URS Corporation, 201 Lincolnia Road, 
Alexandria, Virginia 22304. 

We have openings now for experienced pro­
grammers, analysts, and communication engi­
neers in our offices in the Washington, D. C. 
area; San Francisco; Killeen, Texas; Sierra 
Vista, Arizona; Kansas City, Missouri; Peters­
burg, Virginia; and Karlsruhe, Germany. In 
your letter let us know which of these locations 
interests you. 

URS 

• COR P 0 R A'T ION 

1700 South EI Camino Real, San Mateo, California 94402 
an equal opportunity employer- by c~olce! 

NO TWO PEOPLE ALIKE. 
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forms of machinery reproduction." 
While the bill does not include 

COSATI'S moratorium, the establish­
ment of such a commission seems a 
logical means of giving each faction 
an opportunity to be heard and to 
submit its views on these questions 
without the necessity of confining 
their remarks to the provisions of a 
bill under consideration by Congress. 
It is unfortunate that this problem did 
not receive more attention in the 
preceding dozen years when the 
Copyright Office,' was attempting to 
hammer out a general revision. But it 
may be for the best that this aspect of 
copyright reform has not yet been 
resolved. The march of technology, 
particularly in the OCR and CRT 
areas, is such that a solution of the 
copyright-computer interface should 
be a mature enactment of Congress 
and not a last minute program patch. 

- ROBERT P. BIGELOW 

book briefs 
(For further information on the books 
listed below, please write directly to 
the publishing company.) 

Time-Sharing Data Processing Systems, 
James R. Ziegler. Prentice-Hall, Engle­
wood Cliffs, N. J. 1967. 299. pages. 
$10.50. 

A general introduction, definition, and 
discussion of the applications and 
techniques of time-sharing. Discussion 
of a hypothetical installation is ,in­
cluded to show how hardware and 
software' problems could be handled. 

• 
When you give 
the United Way' 
you give to 

~tis A>t". ~ .. , 

l~~'c.· 
to.C) 
~ ~~ 

"'b,. cu~ "" 
The Arthritis 
Foundation 
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Data Careers in the 
'~CTION ATNIOSPHERE·· 

of McDonnell DATADROMES 
TM 

Computer technology is being applied to diverse 
business, government and industrial problems, on 
an around-the-clock basis, in the Datadromes of the 
McDonnell Automation Company. Here, in the 
"Action Atmosphere" of our data service organiza­
tion, new applications, new techniques and new 
services develop daily. 

On a combination of cross-discipline data service, 
advanced computer application development, and 
nationwide facility expansion, the McDonnell 
Automation Company has grown to a leading position 
in our industry. 

Our specially prepared data facilities, which we 
call Datadromes, have served more than 800 clients 
throughout the nation and overseas. Datadromes 
are currently operating in St. Louis, Houston, 
Denver, Falls Church, Va., and East Orange, N.J. 
And new ones are planned. 

Opportunities for creative people are growing at 
a leadership pace. If you are a creative, degree­
holding data specialist, come and grow with us. Send 
your resume to P. L. Papin, Professional Employment, 
McDonnell Automation 'Company, Box 516, 
St. Louis, Missouri 63166. 

Consulting. Systems Desig';' • Programming. Data Processing and Computing 

MCDONNELL AUTOMATION COMPANY 
A, DIVISION OF NlCDONNELL DOUGLAS 

An Equal Opportunity Employer in a Young Expanding Industry 

CIRCLE 314 ON READER CARD 
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If Larry Paulson is so 
o far belo-waverage, 

ho-wcome -we just gave 
him another promotion? 

(,' 

o 

Twenty-seven year old Larry Paulson is talented, 
resourceful and technically sound. Since he's been 
with Control Data, he's racked up three promotions 
and is now Supervisor of Software Development 
for one of our major divisions. Yet he'd be the first 
to tell you that, in one respect, he's far below 
average. In age. For the average age of our technical 
population here is twenty-nine. 

But then, we've never been ones to let age come 
before talent.Look at these examples: The General 
Manager of our Development Division is thirty-six; 
our Chief Engineer for Computer Development is 
thirty-four; our Assistant Treasurer is thirty-two; 
our Vice President of Administration and Personnel 
is thirty-five; our General Manager for the Control 
Data Institutes is thirty-four; one of the five Regional 
Sales Managers is thirty-four; complete responsi­
bility for development of our 6600 computer, the 
world's biggest, fastest and most powerful, went to 
one of our people when he was thirty-three. 

These may be exceptional people, but at Control 
Data they found proving it eKceptionally easy-and 
so will you-mostly for these two reasons: 
The first is our rapid corporate growth that makes 
opportunity inevitable. Growth, based these days 
on our growing diversity of interests throughout 
the computer field and on our many unique a~d 
startling technical successes. 

The se<:ond is the way our decentralized approach 
to organization puts you on the firing line; gives you 
as much responsibility as you can handle; and so 
lets you prove your readiness for one big opportunity 
after another. 

But, whatever your age, the advantages of a career 
at Control Data are far, far, above average. Don't 
you think it's time you started enjoying them? 
Send your resume or write for full information to: 
Richard J. Klune, Dept. D-11, Control Data 
Corporation, 8100 34th Avenue South, 
Minneapolis, Minnesota55440. 
An equal opportunity employer. 

COR P 0 R:'A'T ION 
~ "", .... ~" ' 

We deliver what 
others promise. 

CIRCLE 324 ON READEf1 CidW 
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Business Programmers/analysts and Systems Developers 

In programming, too, 
it isn't only what Xerox does, 
it's the way that it's done. 

Like· forecasting into the 1970's 
based on a 1,OOO%-plus growt~ since 1960 

Computers played an important role in our 
having grown from a small manufacturer of 
photographic products to a world leader in 
graphic communica.tions - with a strong sa­
lient interest in education technology. 

Since 1960, total revenues have increased 
over 1,000% - 35 % .in 1966 over 1965 alone. 

Right now, we're using computers in a 
management financial model to simulate and 
forecast company activities fully and accu­
rately 5 years ahead. 

The forecast is clear: We need program­
mers, analysts and data processing special­
ists of outstanding creativity to maintain the 
fast pace we've set for ourselves into the 
1970's. 

A measure of the degree to which these op­
portunities will stretch your imagination may 
be suggested by problems we're working on. 

For instance, stretching 3 second-gener­
ation IBM 7010's to a capacity of 21/2-billion 
characters of disc storage. For instance, 

developing third-generation computing and 
information technologies to provide timely 
access on a nationwide basis to a centralized 
data bank of 8-billion characters. For in­
stance, solving technical problems for a com­
pany that devotes approximately 10%of its 
revenue to research and development ... with 
a remote computing capability designed to 
serve some 2,000 scientists and engineers. 

If you'd enjoy the excitement these kinds 
of challenges inspire, isn't it the right time 
for you to consider Xerox? We'll arrange lo­
cal interviews, and give you just as many 
sound reasons for considering Rochester as 
a place to live as the Xerox computer envi­
ronment is the place to grow in your career. 

The openings are in Rochester, New York. 
Bachelor's degree and appropriate experience 
is preferred to qualify for these positions at 
all experience levels. Please forward resume, 
including salary history, to Mr. Robert A. 
Moore, Dept. YVA-128, Xerox Corporation, 
·P.O. Box 1995, Rochester, New York 14603. 

XEROX 
An Equal Opportunity Employer (M/F) 
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• Louis B. Horwitz has been ap­
pointed vice president of the time­
sharing division of Scientific Data 
Systems, Los Ange]es. He will man­
age the marketing, development, and 
manufacture of the SDS 940 time­
sharing computer system and the oper­
ation of the company's time-sharing 
service center. Horwitz had been with 
Beckman Instruments for ten years 
prior to joining SDS. 

o 

o· 

• G. Hobart Reinier is the new 
director of the Chicago police data 
systems division. He replaces Richard 
Golden, who is now assistant to 
George Gorgol, head of the city's 
newly formed data processing control 
section. 
• Robert D. Beals, formerly a vice 
president of American Express Co., 
has been named president of Com­
puticket Corp., a subsidiary of Com­
puter Sciences Corp. He will· direct 
the marketing and operation of the 
national computer-based system for 
the sale of sports and theater tickets. 
• John C. Vose has been named 
head of the data processing section of 
Leeds & Northrup Co., Philadelphia. 
He has been with the company since 
1957, most recently as section head of 
corporate systems design. 
• Leon Davidson will leave Union 
Carbide at the end of this month to 
become an independent consultant in 
White Plains, N.Y. 

• Michael G. Goudge is the newly 
appointed president of Computer Sci­
ences Canada, Ltd., Ottawa, where 
he will direct the firm's marketing 
and administrative activities through­
out the country, with emphasis on the 
expansion of eastern Canadian opera­
tions. 
• General Electric's Aerospace and 
Defense Group, New York, has an­
nounced the appointment of H. 
Brainard Fancher as manager of its 
advanced systems and requirements 
operation. He will have worldwide 
responsibilities for managing the ex­
panding engineering efforts associated 
with designing and planning ad­
vanced defense electronics systems 
and will direct systems engineering 
and marketing of the company's De­
fense Electronics Div. products. Wil­
liam R. Smart succeeds Fancher as 
general manager of Bull-General 
Electric in Paris. 

PROGRAMMERS 
Immediate Career Positions 

cit 
Lockheed-Georg ia 

SCIENTIFIC 
SCIENTIFIC PROGRAMMERS-for large scale computers. Degree in 
Engineering, Mathematics, or a Scientific field with two or more years 
experience in programming large scale computers for the solution of 
scientific and technical problems. 

HYBRID 
SCIENTIFIC PROGRAMMER-SPECIALIST. BS degree. in Math, Physics or 
EE. Eight years Analog experience, with some experience on hybrid 
computers in applications of light simulation, flight controls, and dy-
namics. . 

SCIENTIFIC PROGRAMMER-SENIOR .. BS degree in Math, Physics or EE, 
with Real Time experience. Time sharing experience, preferably on CDC 
3000/6000 series equipment. Hybrid and Analog experience highly de­
sirable. 
SCIENTIFIC PROGRAMMERS. BS degree in Math, Physics or EE, with 
applications programming experience on CDC 3000/6000 series equip­
ment. Knowledge of machine language and experience in random access 
devices and unit record equipment. 

Send your resume to: Professional Employment Coordinator, Lockheed­
Georgia Company, 834 West Peachtree Street, Atlanta, Georgia 30308, 
Dept. 11-D. Lockheed is an equal opportunity employer. 

AIRLIFT CENTER OF THE WORLD 
LOCKHEED;.GEORGIA 

A Division of Lockheed Aircraft' Corporation 

CIRCLE 317 ON READER CARD 
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computer 
careers 

Should you base your career on 
just one interview? Make your 
choice Trom among several career 
positions! 

EUROPEAN and 

NATIONWIDE CHOICE 
N.Y., N.J., NEW ENGLAND, WASHING­
TON, D.C., PHILA., MINNESOTA, 
TEXAS, HUNTSVILLE, FLORIDA, ARI­
ZONA, CALIFORNIA AND OTHERS 

Contact us if you have some experience 
or ihterest in any of the following: 

o Scientific Computation - Data 
Reduction or Numerical Analysis­
Unusual Outerspace/ Lunar and Ad­
vanced Programs 

o . Software Development - Lan­
guages, Compilers, Assemblers, 
Monitors or Sub-Routines 

o Real Time Systems - Message, 
On Line, Process Control 

o Systems-Planning, Design, 
Analysis of State of the Art Massive 
Data Handling of I.R. Systems 

o Technical Representatives­
Programming and Systems support 
to Sales 

o Digital or Logical Design 

o Management Sciences 
[J Sales and Marketing 
Unique opportunities exist in the 
$9000-25,000 class for Managers & 
Seniors and Men who can accept 
management responsibility and pro­
fessional growth 

LATEST COBOL 
APPLICATIONS 

SCIENTIFIC & O.R. 
TECHNIQUES 

DEVELOPMENT 

All expenses are assumecf by our client 
companies. 

Write in confidence, including pres­
ent salary, acceptable locations or 
call (Collect) Mr. Nellisseri (Area 
Code 212) PLaza 9-1720 

aLBeRT, neLLIssen, Inc. 
Leading Consultants to Management 

in the Data Processing Field 

510 MADISON AVENUE. N.Y .. N.Y. 10022 
CIRCLE 316 ON READER CARD 
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PLIY YOURCIRDS RIGHT. 
JPl:s SYSTEMS DIVISION NEEDS PROGRAMMERS· 
This Division is responsible for mission analysis design, planning 
and conducting flight operations in support of Lab projects, 
and for overall system analysis and design of the Deep Space 
Network. 

and identification, data editing and suppression, and informa-
tion retrieval. Included is investigation of special application 
compiler methods for' generation of object decommutation, 
and identification programs. Also involves program reliability 
studies in the areas of program testing, validation methods, C 
rapid recovery or reinitialization in the event of program , 
failure, and program operation in a degraded state. 

This is the "lifeline" of space missions, from mission study to 
trajectory design and analysis, orbit determination, in-flight 
control, programming and data processing. 

The Systems Division integrates the activities of JPL engi­
neers in various disciplines into a team effort. It's nice work ... 
and you can get it. '<. 

AND IF ... TRAJECTORY PROGRAMMING is a good deal for you, 
here's the score: 

IF ... COMPUTER PROGRAMMING RESEARCH is your long suit, then 
this is for you: 

Be responsible for the development of computer pro­
grams for precision trajectory computation and analysis and 
interplanetary orbit determination. Should be skilled in the 
development of high precision planetary ephemerides and 
trajectory-oriented languages. Exp~rience in celestial me­
chanics desirable. 

Be responsible for telemetry data recovery by computer 
techniques, utilizing data pattern recognition procedures which 
lead to adaptive programs for telemetry data decommutation 

POSITIONS OPEN FOR 
SS, MS & PH.D.'S. 

r-------------------------------~ 
To: Mr.Waliace Peterson, Supervisor, Employment 9 J,~ooTOO~G~~~~~!!~O~COI~,!ORATORY 
Attention: Professional Staffing Dept. 579 

I am presently employed as a programmer. I guess I could just "stand pat," but I'm interested in new ways 
of advancing my career. 

To be specific, my present position is: (title and responsibilities) __________ _ 

My educational background is: (highest degree, major, year obtained, school, etc.) _____ _ 

I am experienced or interested in the following areas: _____________ _ 

With my qualifications and experIence, a bright future with JPl is in the cards {or me. Please contact 'me 
to arrange an intervIew date. ' 
Name ____________________________________ __ 

Home Address' ___________________________________ _ 

City ___________________________ State, ______ Zip, ___ _ 

Home Phone' ___________________________________ _ 

8J·EY--'-iOPULS-fO-i-i-ABO-iATORY 
"An equal opportunity employer." Jet Propulsion Laboratory is operated by the California Institute of Technology for the National Aeronautics and Space Administration. 

CIRCLE 318 ON READER CARD 
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'NEW 1966 COMPUTER 

SALARY SURVEY 
-a summary of nation-wide computer salary ranges broken 

down by eleven professional classifications and including 
degree of experience and level of management. 

COMPUTER OPPORTUNITIES 
A LOOK AT 1967 

-a comprehensive analysis of current trends in computer 
employment including programming, business and' scientific 

systems, operations research, real-time, management 
consulting, computer manufacturers, etc. salaries 

range to $75,000. 

To receive your free copy without obligation please circle 
the reader inquiry card or, to speed delivery, 

source~dP .writedirectlyto: 

, ~ecutive computer specialists" 
In Los Angeles -R. Q. Davis, 3470 Wilshire Blvd., (213) 386-5500 
In Chicago -D. A. Grimes, 100 S. Wacker Drive, (312) 782-0857 
In Detroit -C. N. Walther, 2990 W. Grand Blvd., (313) 871-5210 
In New York -E. G. Golden, 1414 Ave. of Americas, (212) 752-8260 
In San Francisco-R. E. Clark, 111 Pine St., (415) 434-2410 

CLIENT COMPANIES ASSUME OUR CHARGES 

engineers • analysis • programmers 

IN THESE NATIONAL POSITIONS fROM 7,~~~ TO 5~~,~~~ 
• ,CIRCUIT DESIGN. DIGITAL OR LOGIC DESIGN SWITCHING. 
COMMUNICATIONS. MANUFACTURING. RELIABILITY. SOFlWARE 
DEVELOPMENT • SCIENTIFIC PROGRAMMING • REAL TIME SyS­
TEMS • BUSINESS SYSTEMS • COMMERCIAL PROGRAMMING • OPS 
RESEARCH 
FREE: CAREER OPPORTUNITIES BULLETIN 
For a complete listing of outstanding positions for degreed personnel 
with National Companies circle subscriber service card using home 
address only. No obligation. 
NATIONAL CHOICE: NEW ENGLAND-NEW YORK.PHILADELPHIA-WASHINGTON 
MIDWEST • SOUTH • CALIFORNIA • TEXAS • FLORIDA • AND OTHER AREAS 
Free custom service. Alt expenses paid by client companies (fees, 
interviewing & relocation.) Send resume in confidence with present 
salary and geographic preference. 

t La Salle Associates t 
PROFESSIONAL SEARCH DEPT." 2136 LOCUST STREET, PHI LA., PA. 19103 

CIRCLE 321 ON READER CARD CIRCLE 319 ON READER CARD op-________________________________ __ 
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SENIOR 
PROGRAMMER 
(SCIENTIFIC) 

Position is in the new Research and Engineering 

Center, located in suburban Westchester, 35 minutes 

from New York. Exceptionally liberal relocation 

arrangements and outstanding company benefit 

program. 

This national company, a leader in the nuclear industry, 

seeks an individual to plan, conduct and coordinate· 

programming assignments of a broad and complex 

scientific and technical character. 

Candidate should possess a comprehensive knowl­

edge of mathematical, technical and scientific concepts 

to be applied to the solution of programming problems. 

The work involves a considerable amount of evaluation, 

originality and ingenuity and there will be appreciable 

latitude for unreviewed action or decision. 

Strong coding experience in FORTRAN required. Su­

pervision of lower level programmers may be necessary. 

Kindly Contact 
Mr. Donald N. BonacCi 

Personnel Director 
UNITED NUCLEAR 

CORPORATION 
An Equal Opportunity Employer Grasslands Road, Elmsford, N.Y. 10523 (914) 592-9000 

November 1967 CIRCLE 322 ON READER CARD 163 



. We need progratntners 
who don't have 
to be progratntned. 
Systems Programmers who can work in un­
charted territory. Without the rule book. 

If that sounds like you, come to IBM San 
Jose. We're working at state-of-the-art levels 
(and beyond) in a lot of different areas. 

Specifically: you might break out of the third 
generation with meta processors that handle any 
machine language. Or develop new data manage-

. ment techniques like input/output facilities 
with field manipulation capabilities. Or design 
new application techniques for computer-assis­
ted instruction. Or work on System/360. 

The action here doesn't stop at five o'clock. 
You can drive to San Francisco in less than an 
hour. You can ski or surf all year long. You can 
get your Master's through our Tuition Refund 
Program. 

There's a lot more to tell, so please write. To 
qualify you should have an imaginative ap­
proach to programming, a B.S., and at least one 
year of significant programming experience~ 
Send a resume or outline of your experience to 
Engineering and Scientific Employment, IBM 
Corporation, Dept. UC9-L, Monterey and Cottle 
Roads, San Jose, California 95114. fjjI1ii)1Mr 
A~ Equal Opportunity Employer. l.!I1!.~~ 

164 CRTRMRTION 



~ 
odatamart 

Addrlss all replies to box number advertise­
ments as follows I 

Box •••••••••••••• 

DATAMATION 

F. D. Thompson Publications, Inc. 
35 Mason Street 
Greenwich, Conn. 06830 
Classified Advertising 

PROFESSIONAL SERVICES 

Consultants in Electronic 
Information Processing 

• 
INFORMATION ENGINEERING 

3401 Market St. Philadelphia, Pa. 19104, 

EQUIPMENT FOR SALE 
PURCHASE OR LEASE 

OUTSTANDING VALUES 
IN EDP EQUIPMENT 

sell ing/ purchasing/ leasing 
Computer Sales Inc., 128 Woodland Ave., 
Yonkers, N.Y. 10703 914-423-0688 

IBM 1400 and 7000 series computers for sale and 
wanted. We buy and sell punched card equipment 
in Maintenance Contract condition. For prompt 
quotations, call or write GEORGE S. MC LAUGHLIN 
ASSOCIATES, INC., 785 Springfield Avenue, Summit, 
New Jersey 07901. 201·273-1897 

U(\ ========= 
SERVICES 

o 

7090/1401 MACHINE TIME. $250/hour with reduced 
rates for contracted block time. The Dennis Com· 
puter Corporation, 1530 West First Street, Winston­
Salem, North CarOlina, 27104; PH. (919) 725-7533. 

KEYPUNCHING-VERIFYING. Accurate, dependable ser­
vice. Call or write Citizens Data Center, P. O. Box 
1410, Decatur, III. 62523 Phone 217-428:6661, X301. 

WE ARE SEEKING TO PURCHASE 

COMPUTER PROGRAMS! 
Dynamic computer marketing organization with 
national network of franchise centers, now offers 

greatest return for completed programs. 
Prefer systems to be designed for 
application to small and medium­

sized business; or professional use. 

WRITE OR CALL IMMEDIATELY, OUTLINING 
PARTICULARS. 

Full Protection Guaranteed 

NISARC 
Computers, Ltd. 

S35 Fifth Ave., N.Y., N.Y. 10017, (212) 661.4944 

SITUATIONS WANTED 

Four young men with detail experience in conversion 
of second g~neration commercial batch processing 
system to third generation; as well as experience in 
real time sY,stem development for.360/40 using PL/l, 
QTAM, OS, Interested as a team In a challenging as­
signment. Reply box #11-1. 

HELP WANTED 
NON-PROFIT INSTITUTIONS 

DIRECTOR OF DATA PROCESSING 
EDUCATIONAL PROGRAMS 

Requires independent initiative and ingenuity to de­
vise or improve educational methods and to meet 
pro,g~am objectives. Broad knowledge of educationa I 
training methods and practices, familiarity with data 
processing methods, and several years of related 
~xperience i~ required. Speaking and writing ability 
IS ?Iso desirable .. ~alary open, depending on ex­
p~~lenc~ and qual!flcatlOns. Pleasant working con­
ditions In new office near large city. Send resume 
and picture to Box #11-2. 

November 1967 

IFYOU'RE EDP PEOPLE, 
YOU'RE A HERO TO US! 

And right now, we need a lot of heroes! We are one of the nation's 
largest casualty insurance companies ... and consequently 'we oper­
ate one of the nation's largest EDP centers in our Chicago home 
offices. Since the department is growing constantly in both capacity 
and importance, we are in urgent need of experienced EDP personnel. 

First, we need a Data Processing Planning Group Leader. Report­
ing directly to the assistant manager, he will direct operations of a 
group of analysts who prepare computer programs. Starting salary 
to $15,000 depending upon background. An executive position offer­
ing really outstanding security plus a superior benefits program. 
Degree preferred but not essential. Approxiniately four years experi­
ence in EDP planning is a requirement. 

Second, we are looking for a Senior Analyst specializing. in soft­
ware. This expert must know his equipment and be able to analyze 
it, provide and service software, determine and administer new 
systems training, as well as perform special research projects in the 
DP department. Starting salary to $13,000, depending upon experi­
ence; limited only by his own capabilities. Excellent potential for 
quick advancement with complete stability, including a fine broad 
spectrum of benefits. 

Third, we have urgent demand for a Senior Data Processing 
Analyst in the DP Planning department. Prefer degree, but equiv­
alent business experience ·qualifies. Will prepare original analyses 
and instructions for a DP system involving a series of stored program 
procedures. As a project leader, will coordinate and supervise analysts 
assigned to the project. Starting salary to $12,000. Must have a mini­
mum of three years' EDP experience. From this excellent position, 
the right man will move up rapidly. 

If you are looking for maximum job security, together with a 
unique benefits package, send your resume in complete confidence to: 

POST OFFICE LOCK BOX WW 

CHICAGO, ILLINOIS 60680 
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If you are an engineer, programmer 
or scientist who wants to make 
the most of his time, here's how. 

Let's face it! Time is important and 
each lifetime there is just so much of 
it to spend doing all the things you 
want to do. If you think you 
cheated in this respect, look 
at the big dividends 
waiting for you 
when you work for 
Lockheed 
Electron.ics 
Company and 
live in a resort 
environment 
just 23 miles 
from Houston, 
Texas. Temp 
Fugit! 

In 5 minutes 
... You can get 
from your hom 
town house, or 
apartment to our 
facilities at the 
Manned Spacecraft 
Center in Houston, 
where you'll be working 
on some of the nation's 
most exciting space explora­
tion programs. 

You can be sailing and water skiing in 
the beautiful waters of Lake Nassau. 

You and the kids can catch shrimp or 
crabs from the dock virtually at your front 
door or if fishing is your cup of tea then 
why not try the bass fishing? Lunkers of 
five pounds and up are not uncommon. 

Your children can attend some of the 
finest schools in the nation. In 1966, near­
ly 10% of the high school seniors in the 
local district were semi-finalists in the Na­
tional Merit Scholarship tests, compared 
to a national average of six-tenths of one 
percent. 

In 10 minutes . .. You can be dining at 
some of the finest restaurants in the coun­
try. Try the bay oysters, shrimp creole or 
crab gumbo and you'll see what we mean. 

You and your family can be riding horse-

back beside a beautiful bay on any day of 
the week.There's lots of horses inTexas 
and lots of land to ride them on. 

You can be playing golf on an un­
crowded golf course or enjoy a set 

of tennis. Best of all you can do 

famous for. 

it 12 months of the year. 
In 30 minutes . .. You 

can be taking grad­
uate or other educa­

tional courses at 
anyone of the 11 
near-by colleges 
and universities 

under Lock­
heed's gener­

ous tuition 
refund plan. 

You can attend 
year round 

sporting events 
at the famous 

Houston Astro­
dome, the theatre, 

the ballet, the sym­
phony or 1001 other 
cultural and recrea­

tional acfivities that the 
nation's six largest city is 

In sixty minutes ... You can explore old 
forts that played a prominent part in our 
history or hunt antiques in small towns 
that haven't changed much since Texas 
was the Lone Star Republic. 

You can enjoy some of the best duck, 
geese, quail, turkey and dove shooting in 
the country. 

If it's time you moved your career ahead 
and if it's time that you and your family 
lived a lot, then consider a career today 
with Lockheed Electronics Company in 
Houston, Texas. It's a company you can 
bank on! 

Rush your resume to Mr. Dean Pearson, 
Lockheed Electronics Company, 16811 EI 
Camino Real, Houston, Texas. Or call him 
collect at (713) 488-0080. 

CIRCLE 323 ON READER ·CARD 
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look ahead 

ROUND & ROUND 
GOES UP ! UP 

RUMORS AND 
RAW RANDOM DATA 

November 1967 

say IBM will have to develop a new line of computers 
to cut this Gordian Knot. 

Haddad, in his letter to X3, advocated moving 
"immediately forward ••• to obtain (separate) magnetic 
tape standards for the storing and processing of 
data." The implications ar.e vague, but may bode 
trouble for standards folk and users alike. 

The disc business continues its heady spiral. Memorex, 
which began "aggressive" marketing of its IBM 2311-
compatible packs in mid-August, says it's got over 
1000 units out in the field with nary an operation 
complaint from perhaps 2-300 customers. They hope to 
reach $2 million/month in shipments soon, will have a 
new plant in Santa Clara, Calif., running in January. 
Delivery is usually 30 days. 

Meanwhile, Mac Panel, North Carolina tape and 
disc maker, is also making strides, has perhaps 300 
units out. Their new disc plant, which will produce 
"several thousand" units .a month, is scheduled to be 
running full blast in January also, hopefully will 
allow Mac to maintain 30-day delivery. Both companies 
will undoubtedly bring out 2314-compatible packs. 

Dragonologists--China watchers--are still trying to 
assess the announcement out of Peking last month of 
China's newest digital computer. Built by the 
Institute of Computer Technology (claimed by one 
Dragonologist in a recent interview to be dormant) and 
described as "a large~size, transistorized, general­
purpose, digital computer," it is hailed as " •• ~a new 
peak scaled by the Chinese people in their efforts to 
achieve and surpass the advanced levels of world 
science and technology." . 

Preliminary analysis of the Peking announcement 
indicates the new machine is in test stage. Primary 
applications will undoubtedly stress defense: space 
flight, rocketry and nuclear science. 

The designer, Tschien Sue-Sen, did work at MIT 
and Caltech, was a protege of Von Karman,is the 
author of a book, Engineering Cybernetics. ' 

One report says all those 360/30, /40 and /50's now 
installed are spending 80% of their time, on the 
average, in emulation mode •••• RCA is said to be 
coming out with a 120KC tape drive; meanwhile, users 
complain at lack of high-speed rewind on 30 and 60KC 
units •••• We hear CDC's extended Fortran will ~e 
delayed until Dec. or Jan. and Scope 3.1 will probably 
take until Dec •••• IBM is now offering the 360/50' 
hardware modification developed by Allen-Babcock 
Computing. Called the "T-S hardware assistance" 
feature, it rents for $1400/month ••• Little, Costello 
Co. has acquired contracts of most of the firms 
formerly rep~esented by mfr.-rep firm Costello & Co., 
Fabri-Tek subsidiary. Pres. Will Little will operate 
out of L.A. with offices in Palo Alto & Dallas •••• 
ADAPSO will not ask the FCC to eliminate toll charges 
for data comiiiWiications •••• Likeliest contenders for 
P-BAMS, forthcoming Corps of Engineers procurement 
calling'for 48 installations, are GE and IBM, which 
now split the Corps' current computer inventory. ~IBM 
will probably propose an 1130-360/50 or /65 mix; GE is 
pushing the 225-400. GE may ha~e the edge: th~ 225 
can handle tape; the 1130 can't •••• Lee Johnson, 
former top Univac gov't marketeer, is now director of 
Computer Network Corp., D.C. t-s firm which plans to 
put the first of two B5500's on line this month. 
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RCA SERVICE COMPANY has a wide variety of 
openings in both business and scientific program­
ming. Business assignments include management 
information systems, random access applications, 
and information retrieval systems among others. 
And, you'll have the opportunity to train on third 
generation computer systems. We believe that 
programmers should have frequent change of job 
assignments to keep them stimulated. 

Openings in scientific programming vary widely. 
We ask for experience in either real··time or com·· 
munications programming, or scientific applica·­
tions on medium to large scale computers. 

Openings are in locations throughout the United 
States and overseas assign men ts. 

RCA GRAPHIC SYSTEMS DIVISION is busy 
adding the speed of electronics to typesetting. 

It is all part of the information explosion. I n the 
past ten years, book sales have tripled; newspaper 
and magazine circulation is up, and publishers are 

Programmers, 
you have 

a real choice 
at RCA 

@ The Most Trusted Name in Electronics 



looking for new ways to keep information up 
to date. 
, At this division we've combined computers with 
new electronic typesetters that can set the text for 
an entire newspaper page in less than two minutes. 
Together, they do the complete job: store and recall 
manuscripts, size and layout pages, and set the type. 

These assignments require exceptional program­
mers who combine experience and competence with 
imagination. 

It isn't easy, but it's fascinating; requiring bold 
creative effort in return for personal recognition 
and reward. 

Openings are at all levels for those with a mini­
mum of two years programming experience. Loca­
tion is Princeton, New Jersey. 

ORCA ELECTRONIC DATA PROCESSING is in 
a period of unprecedented growth as a direct result 
of the success of the SPECTRA 70 product line, a 
true third generation computer system. Here EDP 

professionals can find unmatched opportunities for 
career development. 

Systems Programming projects include time shar­
ing, executive ·systems, random access, compilers, 
utility systems, information· retrieval and other 
areas. Some of the career opportunities in business 
programming include special industry applications, 
management information systems and field systems 
support. Engineers, product planners, and program 
planners are needed for developmental projects for 
advanced equipment and systems. 

These positions are in Cherry Hill, New Jersey. 
Openings also exist for equipment salesmen and 
systems representatives in sales offices throughout 
the United States. 

To find out more about· these major areas of pro-
• gramming at RCA, write to: Mr. T. Beckett, Radio 
Corporation of America, Bldg. 2-2, Camden, 
New Jersey 08102. 

An Equal Opportunity Employer 

SEE RCA AT THE FJCC 
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To the computer specialist 
who figures he'd show 'em how, 
if he ever got the chance: 

You've got the chance. 
Now I-iewlett-Packard's in the computer business ... with 
a series of versatile, small, high-speed digital computers, 
so flexible, so well packaged that they're begging to go to . 
work on the applications that only you cart find ... and 
sell. We've got the products. We invite you to apply your 
computer engineering expertise either to advancing our 
liile of computers and software or to marketing them. 
The choice is yours. 
Hewlett-Packard computers have been developed to give 
the working engineer a direct problem.:solving interface 
with the electroriic instruments manufactured by HP, 
letting him assemble his own computer-controlled 
instrumentation systems. They're designed to be equally 
effective as free-standing general-purpose problem solv­
ers. And there's a wealth of experience behind these 
computers-developed and manufactured by a dynamic 
company that's spent 25 successful years in the measure­
ment and data-handling business. ' 
As Hewlett-Packard computers open whole new avenues 
of measurement capability, so they open new opportu­
nities for the computer engineer whose education and 
experience are best rewarded by advancement in the field 
of computer technology. Choose your own course: in 
R&D, application engineering, software, marketing; 
We think our computer is going to revolutionize the 
measurement and data-handling business. Sound inter­
esting? Write Ray L. Wilbur, 1501 Page Mill Road, Palo 
Alto, California 94304. An equal opportunity employer. 

HEWLETT~PACKARD 

CIRCLE 325 ON READER CARD 
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CAREER MEMO 

To PROGRAMMERS/ANALYSTS/ENGINEERS 
From EVERETT KELLEY ASSOCIATES 
If your present position lacks professional motiva­
tion ... NOW is the time to let us program your pro­
fessional future ... 

Consult our staff of experienced specialists who are 
at your disposal. They will open doors and arrange 
favorable interviews with selected clients. Utilize 
your total professional capability in: 

• Scientific Programming • Digital or logic Design 
• Real Time Systems • Circuit Design 
• Software Development • Commercial Programming 
• Operations Research • Mathematics 
• Applied Systems • Development Engineering 
• Systems Design • Communications 
• Consulting • Sales/Marketing 

Salary range: $8,000-$30,000. All expenses paid by 
client companies (fees, interviewing and relocation). 
Submit your resume in strict confidence, including 
salary requirements and geographic preference, di­
rectly to Mr. R. L. Keilholtz or Mr. Donald Wayne, or 
write for our composite resume form A. 

i~~~ EVERETT KE.LLEY * 
\ . i ASSOCIATES ~(J; .. 

. ~ . Con,ultanl. to the A 
Computer Indu,try 

J.·2' So. Broad Street (Suite J. :\ 0 0) 
Philadelphia, Pa.1 ~ ). O? 

CIRCLE 327 ON READER CARD 
o~ ______________ ~ 
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EVERYONE IS· TALKING ABOUT 3RD 
GENERATION HARDWARE AND SOFTWARE ... 

JOIN AN ORGANIZATION DOING 3RD 
GENERATION SYSTEMS DESIGN AS WELL! 

Quaker Oats knows that a system is only as good as 
the design and programming that implements it, and 
the results are only as good as the people who create 
them. That's why we are looking for people with 
ability and creativity to work on our new computer 
system, in our Chicago Corporate Headquarters. 

Because ours is a new system, we are looking for men 
and women with the ability to work on the develop­
ment of a major communication based information 
system-in both design and implementation. We need 
System Engineers and Programmer Analysts-plus 
Systems Programmers familiar with vendor furnished 
operating systems and compilers, with an interest in 
working with software. The requirements are: 

• A college degree or equivalent 
• From 2-5 years in Tape or Ran­

dom Access Computer Systems 
• The desire for a career with 

excellent growth potential 
In addition to excellent starting salaries and opportu­
nity for advancement, Quaker Oats has a· complete 
benefit program, including profit sharing. . 

Please phone collect (Mr. Bruce Fyfe, 312-527-0600) 
or send resume in confidence to: 

QUAKER OATS CO. 
345 Merchandise Mart, Chicago, III. 60654 

An Equal Opportunity Employer 

CIRCLE 328 ON READER CARD 
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ENGINEERS 
ANALYSTS 

PROGRAMMERS 
for 

DATA PROCESSING 

SYSTEMS SYNTHESIS 

REAL TIME PROGRAMMI~G 

SYSTEMS SIMULATION 

MATHEMATICAL MODELING 

NUMERICAL ANALYSIS 

Applications on 

• Missile and satellite surveillance and 
defense . 

• Tactical radar systems 
.OHD Techniques 

• Detection - discrimination - tracking 
techniques 

• Passive/active sonar detection and 
classification 

Send resume in confidence to: 

J. L. Wool, Manager 
Professional Recruiting 

General Electric Co. 

Heavy Military Electronics Dept. 

Court Street 

Syracuse, New York 13201 

GENERAL. ELECTRIC 
An Equal Opportunity Employer 

CIRCLE 326 ON READER CARD 
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ADVANCED COMMERCIAL SYSTEMS 
From Burroughs' Business Machines Group 

We get pressure every day for more sophisticated commercial products. A new chrome 
finish won't do it. A better grade plastic button won't do it. Burroughs is out to stream­
line business information processing around the world. Commercial operations demand 
no less from us. So we give it the well known throughput, from concept to engineering, 
to systems and software development, to sales, to service, not just for this year, but for 
next year and the years beyond that. And that's the secret to our fantastic growth: noth­
ing fancy, just solid work, with lots of professional opportunities for the real pros. 
Like these: 

PLYMOUTH ENGINEERING & 
MANUFACTURING FACILITY 

This facility is Incated in a delightful 
suburban community near Detroit and 
Ann Arbor. Because of the continued 
growth of our Commercial Products 
Program, there are several outstanding 
opportunities available on varied and 
interesting assignments: 

PROGRAMMERS 

These programming positions offer a pro­
fessional challenge and an opportunity to 
upgrade your professional skills in the de­
sign and development of total software 
systems: compilersj assemblersj sortsj 
report generatorsj translatorsj and ran­
dom access techniques. 

SYSTEM DES~GNERS 

Requires experience in systems design of 
data communication and/ or tape/ disk 
systems, aswell as a BS in EE or physical 
science. 

LOGIC. DESIGNERS 

Requires a background in the analysis of 
sequential systems, with experience in 
the synthesis of input/ output systems, 
particularly tape and disk, as well as a 
BSEE. 

For immediate consideration, send your 
resume in confidence to Mr. C. J. Slater, 
Manager, Professional Personnel, Bur­
roughs .Corporation, 41100 Plymouth 
Road, Plymouth, Michigan 48170. 

CIRCLE 305 ON READER CARD 

PASADENA ENGINEERING & 
MANUFACTUI.{ING FACILITY 

In the last year, this important facility 
has increased its working· space 25% 
and added to its staff by 40%. Three mao 
jor computer systems are in production 
and another is in engineering develop· 
ment. Immediate professional positions 
are available in computer software for: 

SYSTEMS PROGRAMMERS 

; .. to develop and implement program­
ming systems for operating h(!rdware and 
next generation computers. These are 
intermediate and senior positions re­
quiring a BS in math or science and 2 or 
more years' experience. 

DESIGN AUTOMATION 
PROGRAMMERS 

... to develop and implement computer 
programs to aid the design of logic equa­
tions for computer hardware. Requires 
BSEE and 3 years' experience in' com­
puter design automation programming. 

SYSTEMS ENGINEER 

... to work in preliminary systems 
design in preparation of product speci­
fications. Prefer familiarity with data 
communications. Requires BS in engi­
neering and 3 years' experience in logic 
design. 

For immediate consideration, send your 
resume in confidence to Mr. F. P. Wilson, 
Manager, Employment Department, Bur­
roughs Corporation, 460 Sierra Madre 
Villa, Pasadena, California 91109. 

CIRCLE 306 ON READER CARD 

MANAGEMENT SCIENCES 
DEPARTMENT-DETROIT 

This commercially oriented department 
is heavily involved in medium to large 
scale systems, in the creation and de· 
velopment of new ideas for future appli· 
cations of these systems. Qualified 
professionals in this important operation 
should have programming experience at 
compiler level languages. These are·our 
current fields of operation: 

SCIENTIFIC PROGRAMMING 

Business statistics 
Mathematical programming 
Simulation techniques 

OPERATIONS RESEARCH 

Inventory management 
Production management 
Business systems 
Marketing management 

FINANCIAL MANAGEMENT 
SYSTEMS 

Hi-volume proof and transit 
On-line financial utilities 
elF 
Bank financial services 
Management services 

ADVANCED STORAGE. 
RETRIEVAL APPLICATIONS 

For immediate consideration, send your 
resume in confidence to Mr. R. F. Byers, 
Corporate Personnel, Burroughs Corpora­
tion, P.O. Box 299, Detroit, Michigan 
48232. 
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Ready to advance 
your EDPcareer? 

Things start 
happening 

when you send 
us your resume 

The minute Drew receives your resume, we start work­
ing with you to find the right career opening for your 
talents. . We 'phone you .•• 
no matter where you live in the Continental U.S., to 
give you full details about any jobs suitable for you in 
your specific field of interest.. 

We fly you ••• 
'to New York, when client companies ask us to arrange 
personal interviews with you. At no cost to you. 

We send you ..• 
a free 16-page booklet packed with information about 
living and working in New York to help you and your 
family make the right move. 
Drew works closely with over 125 national companies 
headquartered in New York. And right now, these com­
panies have 315 exciting career openings they've asked 
us to fill. 
If you're an experienced systems analyst or program­
mer, send us your resume today. We'd like to start 
things happening for you! 
, .. - -- - -- - - - -'- - - - - - -- - ---, 

O R EW Personnel Placement Center 
160 Broadway, New York, N. Y. 10038 

Employment Asonc, Inc (212) 964-8150 

o Send me your free guide to EOP careers in ~ew York. 

o Here's my resume. I'd like to get first crack at the career 
opportunities you have right now. 

Name ____________________________________ _ 

Address ________________________ ~----------

o General Electric Co., Computer Equipment Department .. 148 City __ ---,-_______________________________ _ 

General Electric Co., 
Heavy Military Electr.onics Dept ....... .' .......... 171 

State _________________________ Zip ___ _ 

General Electric Information Systems ...... 92, 93, 99, 101 ------~---------------~ All correspondence in confidence, of course. 
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At Lockheed, the young and vital field of Information 
has created the industry's broadest range of outstanding 
opportunities. Scientific computing, satellite tracking, 
real-time data processing, hospital, educational, business, 
and governmental administrative information systems 
offer a unique opportunity for a varied and fulfilling career. ' 

To accomplish its highly diversified assignments 
Lockheed maintains a centralized data processing facility 
-one of the largest computer centers in the country. 

Scientific computing at Lockheed plays many impor­
tant and varied roles in Flight Mechanics, T raj ectories, 
Thermodynamics, Electronics, Propulsion, Structures, 
Flight Technology, Hydrodynamics, Navigation Guid­
ance and Control, and other vital fields. 

In other areas of activity, Lockheed has developed a 

Lockheed 
information systems 
hold the answer to a 
challenging career 

revolutionary process for handling patients' records to 
free doctors and nurses to perform their primary duties. 
Lockheed also leads the way in state-wide information 
systems such as the one planned for the State of Alaska. 

In addition, the planning and control of all U. S. Air 
Force orbiting missions is conducted at the Satellite Test 
Center, which also maintains one of the world's largest 
and most powerful real-time computing facilities with 
assignments ranging from 'simple ballistic missile shots 
to highly complex, classified satellite missions. 

Engineers and scientists are invited to write Profes­
sional Placement Manager, Lockheed Missiles &. Space 
Company, P.O. Box 504,' Sunnyvale, California. 
Lockheed is an equal LOCKHEED 
opportunity employer. MISSILES & SPACE COMPANY 

A QJqoup DIVIS/ON OF' L.OCKHEED A/~CRAFT CORPORATION 
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WHAT IS YOUR TRUE WORTH? 

FREE Data Processing 
Opportunities Bulletin 

Every month, in the privacy of your own home, you 
can evaluate the nation's finest openings in the data 
processing field. Cadillac, the nation's largest execu­
tive and professional placement service, represents the 
majority of the nation s top companies. Their best jobs 
at salaries from $6,000 to $75,000 appear in our 
monthly Data Processing Opportunities Bulletin. 

Our pl~cements show that the average dat!l process­
ing man IS worth 10% to 20% more than his present 
income. The Bulletin helps you evaluate yourself in 
today's market. Both the Bulletin and our confidential 
placement service are free. Client companies pay all 
costs. 

For your free Bulletin, without any obligation circle 
Subscriber Service Card No. 365. Please use home 
address only. 

LON D. BARTON, Presidenl 

Cadillac Associates, Inc. * 
21 E. MadisDn Bldg. Chicago, III. 60602 

FInancIal 6-9400 

o "Where MOf'e Executives Find Their Positions Than Any­
where Else in the World:' 
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To find a better 
position .•• 
use a system. 

The A I I system. 
The only network of personnel offices specializing 
in systems occupations. 
Regional offices located in principal U.S. cities 
offer competent job seekers the widest possible 
selection of positions. 
A nearby R-H office programs itself to follow your 
particular requirements. 
All fees are paid by management.. 
PROGRAMMERS • SYSTEMS ANALYSTS. MANAGERS 
Send your resume in confidence to your nearest 
R-H office. 

ROBERT HALF PERSONNEL AGENCIES 
World's Largest Financial & EDP Personnel Specialists 

FIt •• 

Balllmore: One Charles Center ••••.. (301) 837-0313 
Boston: 140 Federal SI. ••••••..•••.. (617) 423-6440 
Chicago: 333 N. Michigan Ave ..•.... (312) 782-6930 
Cleveland: 1367 East 6th St •••..••.•• (216) 621-0670 
Dallas: 1170 Hartford Bldg .•••.•••.. (214) 742-9171 
Detroit: 1114 Guardian Bldg ......... (313) 961-5430 
Los Angeles: 3600 Wilshire Blvd .• , •• (213) Z81-7974 
New York: 330 Madison Ave .•.•••..•• (212) 986-1300 
Newark: 570 Broad SI. •.•.........••. (201) 523-3661 
Philadelphia: 2 Penn Center ..••••..• (215) 568-4580 
Plltsburgh: 429 Forbes Ave .•.•...... (412) 471-5946 
St. Louis: 1015 Locust SI. .•••..•..... (314) 231-0114 
San Francisco: 111 Pine SI. ......... (415) 434-1900 
Stamford, Conn.: One Atlantic SI. ••• (203)325-4158 
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SEN,I UR SYSTEMS AN,AL YSTS 
Do you have the experience and capability to design a 
manufacturing information system from the ground up? 

We have initiated a major systems analysis and design 
program aimed at a sophisticated manufacturing man­
agement system which will employ the latest in systems 
techniques and EDP technology. We need analysts who· 
have 3 to 5 years experience in manufacturing cost, 
material and inventory control application, utilizing 
tape and disc computer systems as well as data collec­
tion and communications equipment. 

Programming and system experience on medium to 
large scale computers required. Ability to plan, direct 
execute systems development projects required. 

We will offer you the opportunity to work in a creative 
environment with competent, professional data pro­
cessing and management personnel-and pleasant, 
easy-to-reach suburban plant location. 

For further information, please call collect or send your 
resume to Dick Huneke, 612-935-5155 Ext. 8917. 

HONEYWELL 

Hopkins, 
600 - 2nd Street North 
Minnesota 55343 

To explore professional opportunities in other Honeywell loca­
tions, coast to coast, send your application in confidence to 
Fred O. Laing, Honeywell, Minneapolis, Minnesota 55408. 

An Equal Opportunity Employer M/F 
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DATA PROCESSING PROFESSIONALS 

HAVE YOU HEARD OF 

CASES 
Let our 360 evaluate your qualifications against all 
orders in CASES (Computerized Applicant Search, 
Evaluation and Selection) for one year. Positions 
are located in all areas of the country. 

Send US' a resume along with your geographic re­
strictions and salary requirements and CASES will 
search for you. 

If you don't have a resume send us your address 
and we will forward you a simplified INPUT form. 

. No cost or obligation. All replies strictly confidential. 

J. J. MC NICHOLS 

rEI .FOX-MORRIS ASSOCIATES 
I~ 1J~~ 

1500 Chestnut Street Philadelphia, Penna. 19102 
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CAN YOU 
ASSUME A 

MORE RESPONSIBLE 
POSITION?? 

Abbott's of Boston is a nationally recog­
nized consulting service which, for over 
40 years, has provided the means by which 
over 100,000 professionals and 10,000 com­
,panies have been brought together. 
If your. interest and experience include any of 
the following areas: scientific and commercial 
programming ••• systems analysis ••• software 
development ••• compiler development ••• op-

, erations research • • • information retrieval • • .' 
systems design, you are invited to investigate op­
portunities offering up to $30,000. 

If you are looking for a new position and would 
like immediate, professional, confidential assistance, 
please direct your resume stating salary require­
ments and geographical preference in complete 
confidence to: 

Mr. Daniel Sheehan or Mr. Philip Nash 
EDP Staff Specialists Dept. D-ll 

~ 
EMPLOYMENT SPECIALISTS 

Serving the Data Processing Community 
150 Tremont Street 

Boston, Massachusetts 02111 
( 617) HAncock 6-8400 
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HELP WANTED 

TO MAKE 
THE DESERT BLOOM 

THE STREETS 
SAFE 

Autonetics needs scientific, engineering, and program­
ming people to develop programs that will, among 
other things, bring water to drought-beset farmers 
and thirsty city-dwellers, that will aid law enforce­
ment, that will help harassed teachers. Our need is 
immediate; their need is desperate. You'll do vital 
front line work on "weapons systems" -for the war 
on want, crime, ignorance and disease. You'll receive 

THE TEACHER 
MORE EFFECTIVE 

good pay, work with distinguished colleagues and 
the latest equipment. You'll .live in Southern Cali­
fornia (so while you're helping the desert bloom, your 
family will blossom). For more information, write: 
M. G. Kroger, Vice President, Information and Life 
Sciences Systems, Dept. 111-046, Autonetics Division, 
North American Rockwell, 3370 E. Miraloma Ave., 
Anaheim, California. An equal opportunity employer. 

You'll do well at Autonetics. More important, you'll do good. 

Autonetics Division of North American Rockwell 
CIRCLE 337 ON READER CARD 
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the4rforu m 
The Forum is oHered for readers who want to express their opi~ion on any asped 
of information processing. Your contributions are invited. 

THE 
REAL EFFECTS OF 
ST ANDARDIZA TION 
There is currently out for letter ballot 
a proposed American COBOL Stan­
dard. In all probability this means that 
shortly there will be a COBOL Stan­
dard. Because U. S. standardization is 
a voluntary activity, at first glance it 
may appear that the passage of any 
standard has little effect at the grass 
roots level. My purpose in this discus­
sion is to dispel such a belief as the 
heig'ht of na"ivete and belonging, at 
best, to those shallow practitioners of 
the black art of electronic punched 
'card accounting. 

Standardization is a necessary pur­
suit within the information processing 
field. It superimposes a certain disci­
pline, no matter how slight, on a nor­
mally uncontrollable activity, e.g., the 
development of a high level program­
ming Ic:inguage. It fosters greater un­
derstanding of the subject, campaigns 
for its widespread acceptance and es­
tablishes the starting point for serious 
and continuing refinement of the result. 
It suffers from two communicable dis­
eases-lethargy among its proponents 
and indifference among its audiences. 

The technical autonomy with which 
almost all computer installations oper­
ate is fantastic. Installation personnel 
are motivated to ever-increasing goals 
of technical accomplishment by their 
managements and satisfied by plaudits 
of technical achievement by their ven­
dors. Their world is finite and meaning­
ful; they are secure in the belief that 
they are on the right track. But we must 
accept change as progress and recog­
nize that second generation pursuits 
have been overtaken by third genera­
tion accomplishments. Ignorance of, or 
indifference to, technical standardiza­
tion activities is yet another manifesta­
tion of this same type of complacency. 

It is evident that my major point is 
~hat standardization does in fact affect 
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every single installation regardless of 
its size, shape and machine allegiance. 
Perhaps you may consider the critical 
path of effect to be too circuitous, too 
indirect and too dissipating because of 
its length. Let us trace a probable route 
for the COBOL standard. 

Step 1-Passed as an American Stan­
dard. 

Step 2-Accepted by the govern­
ment as a Federal Standard. 

Step 3-lmplemented by computer 
manufacturers interested in 
federal business (all). 

Step 4-Distributed as product line 
software by '111 manufactur­
ers. 

At this point each user's installation 
is forced to determine the differences 
between his current COBOL and the 
new standard in order to evaluate the 
benefits of the change. I submit that 
such an evaluation performed, in es­
sence, would have a significant after­
the-fact effect on each computer in~ 
stallation. 

If the major premise is that standard­
ization does indeed cause significant 
action to be taken, then the minor pre­
mise is that eac~ must be aware of and 
support standardization activities. Per­
haps this is a perfect example of not 
being able to afford to do so and not 
being able to afford not to do so. 
People have said to me, "We plan to 
use COBOL for an application not 
normally associated with its use. Do 
you think this attempt is ridiculous?" 
What is ridiculous is that these same 
people make no attempt to influence 
the scope of the language through par­
ticipation in some aspect of COBOL 
development or standaraization. If 
those functions required by new appli­
cations are not added to the language, 
the jobs of innovative, conscientious 
programmers and analysts will continue 

to grow with unnecessary complexity. 
And the excuse often presented by 
these same myopic interrogators that 
nothing can get accomplished by a 
committee must be disallowed-at least 
until they try and fail. , r--' 

Others have stated how difficult it '"".,_, 
is to get funding for their participation. 
But how much does it cost to read docu­
ments and to communicate by mail? 
How expensive is it to establish a review 
procedure through users' groups and 
even to have active participation by a 
user group representative underwritten 
by the computer manufacturer? For 
example, what computer manufacturer 
would really fail to sponsor a genuine 
user group activity organized for the 
specific purpose of insuring adequate 
consideration of his product line within 
a national standardization, activity? 
They send their own people, so why 
not send their users-who might even 
be more effective? And how does one 
measure the cost of a, few days' effort 
each monfh against the benefits of a 
standard precisely responsive to an 
installation's needs? 

No one knows how many people 
squeeze their sustenance from the gen­
teel art of programming. We do know, 
however, how few participate in draft-
ing new developments and formulating r. 
industry standards. Yet which of us are \. . 
able to conduct our technical lives with- .. _' 
out using a product or subject of some 
standardization activity? In a recent 
issue of Communications of the ACM a 
tally was offered of the extent of ACM 
participation in USA Standa,rds Insti­
tute's committees. Discounting the 16 
members who participate only at the 
X3 level (administrative), the total ACM 
membership participation in USASI is 
86. Considering the ACM membership 
at approximately 16,000, the .005% 
participation seems to be severely dis­
proportionate. (USASI puts no size limit 
on either talent or committees.) No 
doubt other technical organizations 
are similarly represented. Nevertheless, 
each proposal which becomes a USASI 
Standard represents every member of 
the technical community. Less than 200 
years ago we fought a war because of 
taxation without representation. Stan­
dards passed without your awareness 
present the same insufferable conse­
quence. We need another revolution-
this time against lethargy, against in­
difference and against complacency. 
Join the fight and help stamp out aca­
demic exercises .. A bas ennui! 

-HOWARD BROMBERG 
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an 
ero. 

Are you spending 140% of what you have to spend to buy premium quality, heavy duty, 
error free tape? Maybe you're about to become a 140% Hero. Read on. 

There is no finer tape on the market than MAC Tape. Yet you can pay as much as 140% 
of the MAC price-and not buy better. How come? We don't know. 

MAC Tape is neither easy nor inexpensive to make. We use only the finest raw 
materials-and they cost more. We grind our coating formulation longer than 
anybody-and that costs more. We put it on with an expensive rotogravure 
process, rather than less exact methods-and that costs more. 
We even wash the finished tape in washers of our own design, to remove the 
last, smallest surface impurities-and that costs more. Why do we do 
these things the hard way? Because it's the only way we know to turn out reel 
after reel of tape that's up to your standards-and ours. 

There are cheaper ways to make magnetic tape, but not better ones. 
We figured out how much it costs to do it our way, 
added a small profit, and that's our price. 

We're not trying to kid you with unsupported 
superlative claims, nor with contrived, 
mnemonic names. If you have been paying even 
101% of the MAC price, you can save 
money without sacrificing quality. If you've been 
paying as much as 140% of the MAC price, 
think of what you can save. Either way, 
you can be a Hero; the size of your 
Hero button won't change, the size of 
your savings will. Write MAC Panel 
Company, Box 5027, High Point, N. C. 
27262 and join the Happy Heroes 
-a club for clear thinking savers. 
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Need data storage capacity 
from lK to 131K bits? 
We've got it made 

(and so have you). 
We've got it made-literally. All the 

combinations you see here and 
hundreds of variations on our' FX-12 
and FX-14 core memory systems have 
been in mass production. They're avail­
able on dependable delivery schedules. 
We can ship tomorrow morning if you 
like. 

You've got it made because these 
are core memories with all the advan­
tages of core storage over electrome· 
chanical techniques: speed, random 
access, non-dissipative, non-volatile ... 
to name a few. And, because they're 
mass produced, reliability is higher 

FX-12 
128x8 
256x8 
512x8 

1024x 8 

than core storage systems built on a 
onesy-twosy basis. 

You've even got it made on cost. 
Remember, all the engineeri ng is done. 
You specify; we produce and ship. That 
alone narrows the cost between Ferrox­
cube core memories and less versatile 
types. Example: you can buy a Ferrox­
cube 1024 x 8 FX-12 system complete 
with stack electronics and timing for 
$1,990. 

But that's not all. With so many 
models to choose from, interfacing is' 
flexible: buy what you need to interface 

with what you have and 

FX-14 
512x8t032 

1024 x 8 to 32 
2048 x 8to 32 
4096x 8to 32 
8192x8to 16 

16,384 x 4 to 8 

save some more money. 
For details on all this performance 

and economy, write for Bulletin 
MS670, UFerroxcube Catalog-Standard 
Coincident-Current Memory Systems." 
It describes 513 ready-to-go models­
with prices. Not so incidentally, we're 
the only manufacturer to publish a 
price list on memory systems. Reason: 
production experience; we know our 
costs in advance. You will too. 

Ferroxcube ~ 
Systems Division Englewood, Colorado 

See us at the F me-Anaheim, Booth No. 104 

Albuquerque-Electronic Enterprises, (505) 256-1585; Baltimore-Eastern Components, (301) 322-1412; Dayton-(513) 253-3158; Detroit-(313) 342-7722; Encino, Cal.-(213) 
788-2060; Englewood, Col.-(303) 771-2000; Houston-Noakes Engineering, (713) 529-6213; Irving, Texas-Noakes Engineering, (214) 255-0441; Minneapolis-(612) 888-4681; North· 
lake, 111.-(312) 261-7880; Orlando-(305) 841-6380; Philadelphia-Eastern Components, (215) 927-6262; Phoenix-(602) 265-1792; San Francisco-Wm. J. Purdy Agents, (415) 
863-3300; Saugerties, N. Y.-(914) 246-2811; Union, N. J.-(201) 964-1844; Waltham, Mass.-(617) 899-3110; Taronto, Ontario-Phi lips Electron Devices, Ltd., (416) 425-5161. 
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