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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 

Clean and comfortable 

when we ship it 

when you store it 

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

unique all-plastic ca nister.lt keeps tape 
clean because it cannot generate contam-

all, it has to be clean and free from dropouts. 
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 

o 

o 

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: 

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 IBM and IBM-compatible computers. 

airtight poly bag during shipment. From then on, it's up to you. C' '~, 
FREE! If you'd like a few suggestions on how to keep tape clean, ...../ 

write Tape·Safe, Ampex Corpora
tion,401 Broadway, Redwood City, I AM PEX I 
California 94063, for a copy of our , ' 
TREN DS Bulletin No. 12, "Care Career opportunities? Write Box D, 
and Storage of Computer Tape." Redwood City, California 94064. 
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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. 0 
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 
s i mil a r s a I e s 0 ff ice ss c a tt ere d 

. throughout the country. Thus, the. 
day's accumulation ,of data is trans
mitted to the home office automati
cally, un'attended, and at low cost. 

For any multibranch operation, espe
cially where time differences are' a' 
facfor, Telespeed 750 high-speed 
tape-to-tape data communications 
equipment offers many adv~ntages. 

Operates unattende~! 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 ~e~ding set 
shuts off automatically. 

Table model. Telespeed 750 sending set 
requires no operator during transmission; 
shuts off automatically. 

machines that make data move 

o 



o 

o 
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Reduces cost. By confining trans
mission to night hours, data can be 
sent when communication lines 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 
750 equipment to good advantage. 

Their many branch offices across the 
country average 300 transactions 
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 1'12 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 
relations for the retailers! They no 
longer worry about payment re
minders being sent to customers 
who have already 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 company 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 cbm
municaHons 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." Foryour copy contact: 
Teletype Corporation, Dept. 81 B, 
5555 Touhy Ave., Skokie, III. 60076. 



CIRCLE 6 ON READER CARD 
4 

february 
1968 

volume 14 number 2 

Publisher 
Editor 

GARDNER F. LANDON 
ROBERT B. FOREST 

Managing Editor & Art Director 
Associate Editor 

CLEVE MARIE BOUTELL 
WILLIAM J. ROLPH 

WENDY REID 
JANET EYLER 

ANGELINE PANTAGES 
PHIL HIRSCH 

EDITH GOODMAN 
CHARLES WHITE 

HOWARD BROMBERG 
ROBERT V. HEAD 

PHIL HIRSCH 

Assistant Editors 

Eastern Editors 

Midwestern Editor 
European Editor 
Contributing Editors 

Washington Reporter 
Editorial Adviser 
Technical Consultant 
Production Manager 
Director of Circulation 
Circulation Fulfillment 

Eastern Distrid Managers 

New England District Manager 
& Vice President 

Midwest District Manager 

Western District Manager 
& Senior Vice President 

ROBERT l. PATRICK 
lOWELL AMDAHL 
MARILEE PITMAN 
FRANK DeCARLO 
AlGENE TRAINA 

JAMES M. MORRIS 
WARREN A. TIBBETTS 

35 Mason Street, Greenwich, Conn. 06B30 
(203) 661-5400 

WARREN A. Tl3BETTS 
112 West Haven Rd., 

Manchester, N.H., 03104 (603) NAtional 5-9498 

JOHN BRENNAN, 
205 West Wackw Drive, Chicago, III. 60606 

(312)' Financial 6-1026 

HAMILTON S. STYRON 
94 So. Los Robles Ave., 

Pasadena, Col., 91101 (213) 795-9721 
(213) 6BI-84B6-from Los Angeles 

EDITORIAL OFFICES 

9.4 So. Los Rob ,I e s A V e . 
P a sa den a, C a I i f. ' 9 1 1 0 1 

IiII1 
Circulation audited by 
Business Publications Audit 

Member, 
American Business Press, Inc. 

DATAMATION is published monthly on or about the tenth day of every month by F. D. 
Thompson Publications, Inc., Frank D. Thompson, Chairman; Gardner F. Landon, Pres
ident; Gilbert Thayer, Senior Vice President. Executive, Circulation and Advertising 
offices, 35 Mason Street, Greenwich, Conn. 06830 (203) 661-5400. Editorial offices, 
94 So, Los Robles Ave., Pas,!dena, California 91101. Published at Chicago, III. 
DATAMATION is circulated without charge by name and title to certain qualified 
individuals who are employed by companies involved with automatic information han
dling equipment. Available to others by subscription at the rate of $15.00 annually; 
Single issues (when available) $1.50. Reduced rate for qualified students. Foreign sub
scriptions are on a paid basis only at a me of $25.00 annually. No subscription 
agency is authorized by us to solicit or take orders for subscriptions. Controlled 
circulation paid at Columbus, O. and Chicago, III. Form 3579 to be sent to F. D. 
Thompson Publications, Inc., 205 W. Wacker Dr., Chicago, III. 60006. Copyright 1968, 
F. D. Thompson Publications, Inc. Microfilm copies of DATAMATION may be obtained 
from University Microfilms, Inc., 313 No. FirstSt., Ann Arbor, Michigan. 

Printed by Beslow Associates, Inc. 

This issue 71,506 copies 

DATAMATICN 

c 

c' 



o 

o 

o 

Data Pumps™ sell outright lor $4751 
How come the big bargain? It's simple! Ultronic 
is an equipment manufacturer in a competitive 
position. With thousands of installations in 
brokerage offices, in Burrough's on-line Bank
ing Systems and in a variety of data communi
cations systems, volume production keeps costs 
down. Advanced design engineering capabili
ties help hold the cost line ... and guarantee 
the solid state reliability that permits Data 
Pumps to transmit or receive 1200 bits per 
second over unconditioned Schedule 4 voice
grade telephone lines day after day, with rio 
error or breakdown ... virtually no maintenance. 
Plus factors ... simple controls, easy operation, 
simplex or full duplex operating modes and 
remote and local test capability. If you're on-line 
now or going on line, drop us a line for all the 
details. Better yet, call us collect. 

DATA COMMUNICATION PRODUCTS DIV. 

ULTRONIC SYSTEMS CORP. 
SUBSIDIARY OF 

SYLVANIA ELECTRIC PRODUCTS INC. 

MOUNT LAUREL INDUSTRIAL PARK 

MOORESTOWN, N.J. 08057. PHONE: 609/235-7300 

r---------------------l 
I ULTRONIC SYSTEMS CORP. I 
I Mount Laurel Industrial Park, Moorestown, N.J. 08057 I 
I Tell me more about Data Pumps. I 
I I 
I m~ I 
I I 
I COMPANY I 
I I 
I ADDRESS I 
I I 
I CITY STATE/ZIP I L ________________ ~~~~~J 

MULTIPLEXING SYSTEMS • MAGNETIC TAPE TRANSMISSION TERMINALS • DATA SETS 
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APPLIED DATA RESEARCH. INC. ANNOUNCES: 

o NEW AUTOFLOW® FOR HOI\IEVWELL H-2DD 
m IMPROVED AUTO FLOW WITH 4 NEW OPTIONS 
m ADVANCED AUTO FLOW THAT ACCEPTS 7 ADDITIONAL 

ASSEMBLVLANGUAGES 
I) PDm INFORMATION RETRIEVAL SYSTEM. 

o New for '68-AUTOFLOW is now available 
for the Honeywell H-200 series. The H-200 
series AUTOFLOW directly accepts Honeywell's 
COBOL and EASYCODER languages. 

m User-tested and approved, AUTOFLOW is in 
use at 150 installations. ADR's AUTOFLOW® 
Computer Documentation System~:~ produces 
two-dimensional flowcharts automatically, accu
rately, and effortlessly, directly from COBOL, 
FORTRAN and Assembly source programs. 
AUrOFLOW's four new options, available at an 
additional cost along withthe basic AUTOFLOW 
system, are: . ' 

A. Speed-Pak option, which can be used on 
IBM/360, Systems model 40 and larger. It has 
the capability of processing source programs 
four times faster than the current version of 
AUTOFLOW. 

B. Hi-level/COBOL option, which can be used 
in conjunction with the IBM 360 or RCA Spectra 
70 COBOL AUTOFLOW system, produces high 
level as well as detailed COBOL flowcharts from 
the same COBOL source program. 

C. Hi-level/FORTRAN option, which can be 
used in conjunction with the IBM 360 or RCA 
Spectra 70 FORTRAN AUTOFLOW system, pro
duces high level as well as detailed FORTRAN 
flowcharts from the same FORTRAN source 
program. 

D. Stromberg-Carlson option, which produces 

·Patent pending 

microfilm and hardcopy flowchart output on the 
SC-4020 plotter. 

m While' AUTOFLOW is available for COBOL 
and FORTRAN languages, the original Assembly 
languages only included AUTOCODER (IBM 
1401, 1410, 7010), BAL (IBM 360, SPECTRA 
70) BAP /MAP (IBM 7090, 7094). Now ... 
ADVANCED AUTOFLOW accepts 7 additional 
Assembly languages on the IBM 360. They are: 
SLUETH (UNIVAC 1107, 1108); SYMBOL, 
META-SYMBOL (SDS 910, 920, 930); COM
PASS (CDG 3200, 3300, 3400, 3600); DAP " 
(DDP 24, 124, 224); ART (UNIVAC 418); AUTO
CODER (IBM 7070, 7074). 

I) Now available . • . PDQ (Program for De
scriptive Query) an Information Retrieval sys
tem, designed by Computer Associates (COM
PASS), an ADR subsidiary, for use with IBM 
System/360 computers, models 30 and larger. 
PDQ has been designed for information retrieval 
applications in industry, research facilities, edu
cational institutions, and governmental agencies. 

While ADR is a recognized leader in proprietary 
software, corporate activities range from soft
ware development to management sciences, 
application programming, and research. 

Contact us today . .. we can give you details 
on total software packages or a complete array 
of career opportunities. 

ADR is an equal opportunity employer 

,~. APPLI ~o~ 20~~ ~:eeto~~~;=/o~~9~8~oH. INC. 
with offices in Boston, Mass., Washington, D.C., Los Angeles, Calif., 

New York, N.Y., Chicago, ilL, and Detroit, Mich. 
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22 LARGE-SCALE INTEGRATION: A STATUS REPORT, by Donald 
E. Farina. An over-all look at the evolution, present stage, and probable future 
developments of LSI, with examples of existing products. 

30 WHAT'S NEXT IN MEMORIES? by David Mayne. Cost of manufac
turing is seen as a ma;or factor in determining the direction of future memory 
developments, with core, film, and LSI the contenders. 

33 PROJECT CONTROL FOR DATA PROCESSING, by Max Gray 
and Herbert B. Lassiter. A ma;or area resisting planning and control within 
the organization is the data. processing group; the authors suggest some ways to 
establish a pro;ect cont;ol system to overcome this. 

39 COMPUTER TECHNOLOGY IN COMMUNIST CHINA, by P. Rus-
sell Nyberg. The recent announcement of a new computer causes a historical 
review of Sino-bernetics. 

45 COMPUTERIZED LIBRARY CATALOG, by Richard D. Franke. 
The Navy library at Port Hueneme, Calif., has developed a mechanized catalog 
production system for the efficient handling of documents needed aboard ship 
and on shore. 

58 WHAT IS SYSTEMS PROGRAMMING? by Fred H. Otte. A helpful 
guide for the p~rplexed, clarifying this cloudy sub;ect by the use of a simple, 
everyday analogy. . 

65 SAM ALEXANDER, 1910-1967. 

datamation departments 

9 Calendar 99 New Products 

11 Letters to the Editor 109 New Literature 
17 Look Ahead 115 Books 
21 The Editor's Readout 133 Datamart . 

69 News Briefs 135 People 
93 World Report 139 Index to Advertisers 

97 Washington Report 143 The Forum 
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· iz·for 
BIg- puter 

experts. 
P. t 

'1 1. Open ended time-sharing PDP-10's are being 

ar e

A delivered. Other companies delivering time-
.. sharers are _______________ _ 

2. Complete time~sharing software is now being 
delivered with the PDP-10 hardware. Others 
delivering completely integrated hardware / 
software time-sharing systems are _____ _ 

3. Digital's PDP-10 can directly address up to 
262,144 36 bit words. It has al usec memory' 
cycle time, a logically complete order code, 
7 fully nested programmable interrupt levels, 
16 accumulators (15 of which can be used as 
instantaneous index registers), a high speed, full 
word multiplexer, and floating point hardware. An 
equivalent computer might be ______ ~ 

4. Basic PDP·10's go for as low as $113,000 but 
most customers usually buy everything they need 
to solve big problems. The typical PDP~10 time
sharing system actually sells for between 
$300,000 and $400,000. An equivalent problem ' 
solver from another company probably cost~-_ 

5. General purpose, multi-user PDp·10 systems 
can handle multiple jobs simultaneously
conversational time-sharing, real·time simulation 
and control, batch processing. What other 
computing system can do this ? ______ _ 

6. How much does it cost? ________ _ 

7. PRIZES: Part one' of this quiz will be followed 
by part 2 and part 3. What, beside a PDp·10 
brochure, do you consider an appropriate prize 
for answering all questions in the three parts 
correctly? And what 
would 'you consider an appropriate prize for the' 
man who suggests the most appropriate prize? 

Send Entries to Dept. A, Digital Equipment Corp., 
Maynard, Mass. 

mOmODma 
COMPUTeR~ • MOOUI.,ES 

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. 
INTERNATIONAL, Carleton Place and Toronto, Ont. • Montreal; Quebec ." 
Reading and Manchester, England. Paris. France· Munich and Cologne, 
Germany. Oslo, Norway. Stockholm, Sweden. Sydney and West Perth, 
Australia' Modules distributed also through Allied Radio 
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o calendar 

SPONSOR/ 
DATE TITLE LOCATION CONTACT 

Mar. 11-13 Life Insurance Chase Park Plaza LOMA, 757 Third 
Automation Forum Hotel, St. Louis Ave., New York, 

N.Y. 10017 

Mar. 12-15 Spring Joint Conf. Benjamin Franklin Harry Rayner, 
Univac Users Assn. & Hotel, Philadelphia Univac, P.O. Box 
Univac Sci. Exchange 8100, Philadel-

phia, Pa. 19101 

Mar. 14-16 6th Annual Symposium Shamrock Hilton Univ. of Texas, ORGANIZE on Interface of Houston, Texas Div. of Cont. 
Computer Science & Educ., P.O. Box file Statistics 20367, Houston 

77025 

with Mar. 14-16 2nd Annual Indiana Purdue Univ., ACM/D.G. Fryer, 
Com puters Users Mtg. Lafayette, Ind. G-161, Math Sci. OBLIQUE Bldg., Purdue 

Univ., West Lafay-
SUSPENDED ette, Ind. 47907 
LATERAL FILING 

Mar. 18-21 International Con- Coliseum & N.Y. IEEE/W. C. Copp, 
vention & Exhibit Hilton Hotel, 72 W. 45 St., 

0 
New York, N.Y. N.Y.C. 10036 

Mar. 29 Seminar: Computers Holiday Inn ACM/J:M. 
in Graphical DP. Hampton, Va. Adams, Jr., 211 E. 
Fee: $40-50 43 St., New York, 

N.Y. 10017 

Apr. 3-5 Numerical Control: Philadelphia Numerical Control 
Tomorrow's Tech. Society, 44 Nassau 
Today St., Princeton, 

N.J. 03540 

Apr. 8-10 Users Meeting: Small Pick Congress COMMON/Laura 
IBM Computers Chicago Austin, Adm. Div., 

General Motors 
Inst., flint, Mich. 

Apr. 16-18 2nd National Sympo- liT Research Inst. liT Research Inst., 
sium on Law Enforce- Chicago 10 W. 35 St., 
ment Sci. & Tech. Chicago 60616 

Apr. 23-25 4th Annual Conf. Sheraton-Chicago NRECA,2000 
on Data Processing Chicago Florida Ave., 

N.W., Washing-
Oblique gives you more tools for ton, D.C. 20009 
efficient filing than any other 

Apr. 26-27 Users Meeting Bellevue Stratford DECUS, Maynard, method. Write for free illustrated 
Hotel, Philadelphia Mass. 01754 brochures: A Value Analysis, A 

Apr. 30- Spring Joint Convention Cfr. AFIPS 
Solution to Forms Filing, A Solu· 
tion to EDP Printout, A Solution 

May 2 Computer Conference Atlantic City to Service Department Filing, A 

May 1-3 Annual Convention Ft. Worth, Tex. Assn. for Educa-
Solution to X·Ray Filing. 

tional Data DBLIQ\\\. 0 Systems 

May 3·4 5th Annual National Univ. of Pa. Dr. David Lefkow- Suspended Filing C,ompartments 
Colloquium on Info. Philadelphia 19104 itz, Moore School, R. P. GILLOTTE & co., INC. 

~ Retrieval Univ. of Pa., 929 Holland Ave., Cayce, S. C. 29033 

Philadelphia 
(803) 254·8452 
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DYNAMIl: 
MEMORY 

LOl:ATION YOKKAICHI, JAPAN 

Yokkaichi, where centuries-old tradition lives side by side with modern technology. Located here today is 
Mitsubishi's Yokkaichi Petrochemical Plant, with automatic closed-loop control provided by a MELCOM 
330 computer and three .Digital Development Corporation Model 10530 drum memories for on-line data 
storage. 0 As a leader of technological innovation during a period of unequalled economic growth, the 
Mitsubishi industrial family relies upon more than a dozen memory systems designed and manufactured 
by Digital Development Corporation. 0 Today DDC memories are helping to automate numerous applica
tions - chemical, petroleum, electrical, cement, paper, and glass - at other industrial centers throughout 
this progressive island nation. 0 If you're interested in high performance rotating memories, contact 
Digital Development Corporation, a subsidiary of the Xebec Corporation, 5575 Kearny Villa Road, San 
Diego, California 92123, Phone (714) 278-9920. 
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census tapes 
Sir: 
"Look Ahead" (Oct., p. 183) made 
reference to trouble with "Census Bu
reau county/city data bank summary 
tapes." Your description made it ap
pear that the tapes in question were 
those of' our County and City Data 
Book series (latest edition, 1967), 
which are in wide current use and 
which, to our knowledge, have no de
fects of the type described. The item 
was intended to refer to documenta
tion discrepancies for an entirely unre
lated computer file comprising county 
summary records of the 1960 popula
tion census. The difficulty with re
spect to this documentation has been 
corrected. 
EDWIN D. GOLDFIELD 

Chief, Statistical Reports Div. 
Bureau of the C enslls 
Washington, D.C. 

time-sharing review 
Sir: 

In "Time-Sharing Tally Sheet" 
(Nov., p. 42), R. L. Patrick attempts 
to assess the results of five different 
statistical experiments, although he IS, 
by his own admission, ". . . over
whelmed by the statistics involved. 
... " His repeated disparaging remarks 
concerning the statistical content of 
the various papers reviewed by him 
reveal a personal bias which has per
haps been nurtured by his own failure 
to understand the basic notions of 
sampling theory. Surely, Mr. Patrick 
cannot be so naive as to believe 'that 
numerical data derived from very 
small samples can be extrapolated and 
generalized to the point of supporting 
sweeping conclusions, without at least 
undergoing an objective appraisal of 
the relative magnitudes of sampling 
errors and measured effects! 

In commenting on the paper by 
Schatzoff, Tsao and Wiig, Patrick 
states, "For reasons academic or polit
ical, the authors neglected to draw 
any hard conclusions from their exper-

February 1968 

imental measures. The dissertation 
trails off into a lengthy discussion of 
mathematical statistics, primarily of 
interest to those who do not produce 
results for a living .... " This type of 
remark can serve no useful purpose in 
a forum designed to promote the in
terchange of knowledge and ideas, for 
it is as devoid of intellectual content 
as it is of factual support. The " ... 
lengthy discussion of mathematical 
statistics . . . " alluded to by Patrick 
consists of one short paragraph (bot
tom of page 262) aimed at helping 
the intelligent reader to interpret the 

large array of data presented in Tables 
II and III, and a paragraph at the 
very end of the paper describing how 
one might use the results of the study 
as a guide to the statistical design of 
future experiments of this type. The 
criticism on lack of conclusions is 
equally unfounded, since much of sec
tions 3 and 4 of the paper is in fact 
devoted to. an assessment of what con
clusions might be reasonably drawn 
from the data, in light of the very 
small sample size. Perhaps Mr. Patrick 
should re-assess the "hard conclu
sions" drawn by him from the data of 
all five studies, and answer up honest
ly to the question of whether he is 
" ... producing results for a living." 
MARTIN SCHATZOFF 

Visiting Associate Professor of Statis
tics 
Yale University 
New Haven, Connecticut 

Mr. Patrick responds: My apologies to the 
good professor. Perhaps with my quill dipped in 

vinegar I pressed too hard. Upon re-reading 
the Schatzoff Communication I find that it 
parses into 32.7 column inches devoted to title, 
abstract, intro, arid design; 17 ci of analysis; 
16.6 ci for tables of experimental results; 16.6 
ci of "implications"; and 1.2 ci of references for 
a total of 84.0 column inches. I objected to the 
16.6 ci of implications on how to design a better 
statistical experiment and 0.0 ci on what time
sharing had to offer that batch did not or con
versely. This, of course, causes one to wonder: 
Why was the experiment performed? 

Sir: 
R. L. Patrick's "Time-Sharing Tally 
Sheet" was accurate and readable. 

Several more points are relevant to 
any time-sharing/batch comparison, 
however: . 

1. No time-sharing system is yet 
very powerful or convenient from 
the user's point of view-there is no 
good communications terminal, few 
facilities for incremental assembly 
and compilation, and little in the 
way of display and edit features for 
typical TS users. Until TS can ex
ploit its medium as well as batch 

does, any comparison is really be
tween two particular systems. 
2. In complexity and operational 
overhead, a good large-scale multi
programming system is nearly as 
"bad" as a TS system, since the 
latter requires only time-slicing over' 
the former, in which sophisticated 
memory allocation, interrupt han
dling, data management,etc., are 
already inherent. One reason prog
ress has been so slow is that TS 
depends on good multiprogram-
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ming, which is also being developed 
for the first time. 
Since manpower costs are climbing 

while computational costs are decreas
ing, the TS economic position im
proves even as the state of the art 
stands still. One hopes that TS will 
have more to recommend itself in the 
future than that! 
TAD PINKERTON 

Ann Arbor, Michigan 

on program protection 
Sir: 

Mr. Puckett's article (Nov., p. 55) 
presents an excellent summary and ex
tension of frequently expressed views 
on the legal protection of computer 
programs. 

However, copyrights are conceptu
ally unsuited for "utilitarian" objects, 
since a copyright on a description of 
an art gives no protection against the 
use of the art disclosed. The definition 
of "copy" is also unsettled. A hardware 
computer is not a copy of an equiva
lent program; a program' made from 
a How chart is probably not a copy 
of the How chart; a program on mag
netic tape may not even be a copy 
of an identical printed program. Also, 
paradoxically enough, copyrights may 
give too much protection to programs. 
Their standard of "originality" is ex
tremely low, well within the ordinary 
skill in the art; almost any routine 
program would be copyrightable in 
this regard. 

Patentability of programs has been 
largely premised on the characteriza
tion of a program as either an entity in 
itself or as a new use for an old ma
chine. It is suggested, however, that a 
program may be patentable as either: 
(a) a product in itself, if it has a 
physical structure; (b) a process of 
constructing a computer, whether or 
not the computer configuration con
structed by the program is new; or ( c) 
as the computer so constructed, if the 
configuration is also new. This "Tinker 
Toy" view sees a computer as a high
entropy collection of idle pieces which, 
are brought to a particular state of 
operative order by a template fur
nished by the program; it may be anal
ogized somewhat to von Neumann's 
approach to the theory of self-repro
ducing machines. Patents are more 
suited theoretically to the protection 
of programs than are copyrights. Fur
thermore, the writing and examination 
of software patents might easily turn 
out to be far less costly and time-con
suming than that for any other type of 
patent. 

12 

In my opmlOn, both patents and 
copyrights are desirable for programs, 
in addition to trade secrets. Patents 
would protect the more inventive pro
grams, while limited copyrights would 
cover the routine but very laborious 
programs. . An alternative scheme 
would be to slant protection of the 
program toward the type of protection 
which would be afforded the product 
of the program: e.g., patents for CAD 
programs (since the circuits thus de
signed may be patentable), copyrights 
for data-compilation programs (the 
data produced being copyrightable), 
etc. 

Three final points. First, it has been 
stated that statutory protection would 
impair standardization. Quite the op
posite is the case; secrecy impedes 
standardization and leads to wasteful 
duplication of effort. Secondly, the 
low capital investment required by 
programming, coupled with defined 
and enforceable rights, may rejuve
nate in this area the small or independ
ent inventor whose decline has occa
sioned much grumbling against the 
patent system in recent years. Finally, 
the concept of the "program" remains 
undifferentiated in legal circles. The 
more mathematical aspects of program 
concepts and classifications by those 
versed in machine theory and pro
gramming theory would be most help
ful in this area. Lawyers, businessmen 
and legislators have already spoken. 
Perhaps the mathematicians should 
now be invited to express their 
thoughts. 
J. MICHAEL ANGLIN 

Indianapolis, Indiana 

software In europe 
Sir: 
Mr. Yasaki's article (Dec., p. 27) was 
a cogent summary of the European 
software market. We noted with inter
est, however, that Mr. Yasaki was not 
acquainted with the European opera
tion of our firm, Data Systems Ana
lysts, Inc. 

DSA has maintained a self-support-

ing operation with a staff of more than 
a dozen people in the 'common market 
for over two years. This does not in
clude that portion of our European 
business which is serviced in the U.S. 
Our European operation has' been re
turning a small profit, which (we infer 
from Mr. Yasaki's article) seems to be 
unusual for American software firms 
in Europe. Unlike other firms, DSA's 
European effort has steadily grown 
and is expeded to double within less 
than a year. 

The omission, however, is under
standable as we have been far too 
busy serving our clients to publicize 
our operation. Our work has been with 
European firms, rather than with the 
U.S. government or with European 
branches of American firms. As such, 
the publicity we have had has been 
largely in the European press. 
CHARLES H. MARGOLIN 

Data Systems Analysts, Inc. 
Pennsauken, New Jersey 

who knows? 
Sir: 
Perhaps the answer to the question 
you pose at the bottom of p. 21 of the 
December issue ("Given the marve
lous benefits of the machine, what will 
[man ] do with it?") can be found on 
p. 78 of the same issue. 
D. W. DRAWBAUGH 

Pittsburgh, Pennsylvania 

Ed. note: Mr. Drawbaugh may be referring to 
a story concerning computer-produced horo
scopes, the charge of illegal use of edp gear at 
the Chicago Board of Education, the forthcom
ing order for $150 million worth of command/ 
control equipment ... or all three. 

t-s economics 
Sir: 
In Part II of their article "Economics 
of Time-Shared Computing Systems" 
(Dec., p. 41), Messrs. Bauer and Hill 
published a table of commercial time
sharing systems (p. 49) which they 
claim is «adapted" from data pub
lished by Computer Research Corp. 
The information they published in this 
table is over a year-and-a-half old, and 
they have omitted mentioning many 
fine organizations which provide time
shared computer service today, and 
included one organization which has 
since closed its doors. 

The data which Bauer and" Hill 
"adapted" is published periodically by 
Computer Research Corp. in its copy
righted publication "The Time-Shar
ing System Scorecard." 

I would also like to make one tech
nical comment about the Bauer-Hill 
piece. The economics of using a time
shared system, or comparing one time
sharing system with another cannot be 
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Conventional Tran.ml .. lon 
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ClfIlTIID CffiIBi]t::I 

Tel.mux IV System 
1 . Volc. Grad. Line 

c=lm Cffi1ifc=l 

TIMED-SHIRED COMPUTER USERS 
save the cost 01 multiPle communications 
lines to Jour central computer-
a remote TELEM UX IV concentrates data 
from many different types of low speed 
input terminals over one voice-grade line 
for example, as many as 26 indlvld~al ASR·33 teleprinters 
as . Input devices can be concentrated over a single 2400 baud line 

For details, 
contact LouisE. Swinand 
Sales Manager (609) 424'-2400 

DACOM DIVISION. COMPUTER TEST CORPORATION 
THREE COMPUTER DRIVE, CHERRY HILL, N.J. 08034 • (6091 424-2400 
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One company 
designs and 
builds IF 
shielded 
enclosures 
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appeal 
as well as 
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attenuation. 
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Blectronic m 
Bnclosures·lnc 
225 South Aviation Boulevard 
EI Segundo, California 90245 
(213) 679-0181, 

7825 Airport Highway 
Pennsauken, New Jersey 
(609) 665-,6810 

WRITE FOR COMPLETE INFORMATION 
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analyzed by simply dividing the cost 
of operating the system by the number 
of users. For example, it is misleading 
to wonder about "a factor of six 
spread ($5-$30) in the per terminal 
hour charge" of various systems. What 
really counts is the problem-solving 
effectiveness that is gained from 
spending an hour on a particular sys
tem. 

A point missed by the authors is 
that the cost per terminal hour of 

a time-shared computer is roughly 
equivalent to the cost of.a man hour. 
It follows that a system which costs 
twice as much as' another but which 

. allows a user to solve a problem five 
times faster would be a real bargain. 
One must therefore consider the eco
nomics of a time-sharing system, not 
only when it is executing debugged 
programs, but in all the steps from 
problem conception to solution. The 
cost effectiveness of a ti~ ~-sharing 
system will of course depend upon the 
types of problems that are presented 
to it as well as the skill of the user. 
Unfortunately, due to lack of space, I 
cannot go into all the ramifications of 
these concepts. The point is that a 
great body of literature exists on the 
subject, and while we still can learn a 
great deal more, I must disagree with 
the authors who say" . : . more expe
rience is required before cost factors in 
time-s~ared systems are well under
stood. 
LEWIS C. CLAPP 
Computer Research Corporation 
Newton, Massachusetts 

Sir: 
"Economics of Time-Shared Comput
ing Systems-Part II" was well done 
and fairly accurate. 

The authors focus on some relative
ly important - system design areas 
which bear heavily on the quality of 
service one makes available to users. 
The quality of service is best gauged 
by the (1) response time of the com
puter to queries during the debugging 
stages of program development and 
(2) the execution speed when run
ning the program. Response time for 

searches of files and retrieval of infor
mation is also given substantial import 
by those who evaluate and select TSS 
capabilities. 

Table 1 in this article, however, 
omits any mention of Dial-Data, Inc., 
which offers a commercial time-shar
ing system in the Boston area. DDI 
services users with an SDS 940 com
puter. 
THOMAS A. WELCH 
Dial-Data, Inc. 
Newton, Massachusetts 

MISery 

Sir: 
Hooray for correspondent David M. 
Jones (Letters, Dec., p. 12). It takes 
courage to take on the sacred cow of 
MIS, and·Bob Head as well. However, 
Mr. Jones is quite accurate in his ap
praisal of Mr. Head's appraisal. 

I have always felt that MIS Systems 
( MISS?) were designed by people in a 
MIST (Management Information Sys
tems Team), headed by a Mismanag
er. I am sure, however, that until we 
define management in the structured 
manner required by a "system," we 
face an impossible task. Perhaps the 
answer is a new verb in COBOL: MAN
AGE. Followed, of course, by MOVE 
(WITH RESUME).' Let us try to get the 
payroll working first. 
DICK H. BRANDON 
New York, N.Y. 

E.d. Note: Mr. Head declined an invitation to 
reply to Messrs. Jones and Brandon. 

wanted: paper tigers 
Sir: 
The TSS Project of SHARE has formed 
the Advanced Time-Sharing Study 
Group whose charter is to prepare a 
position paper outlining functional 
specs for both an operating system 
and appropriate hardware for the 
large-scale, general-purpose time-shar
ing system five years hence. The 
group meets about every two to three 
months, and has held discussions on 
the virtual machine approach, seg
mentation, and computer architecture 
and devices of the next five years. At 
the last meeting, the primary topic 
was an examination of auxiliary stor
age requirements for a large-scale t-s 
system. 

The group includes Ted Dolotta of 
Princeton, Oliver Selfridge of Lincoln' 
Labs, Pete Markstein and Norm Ras
mussen of IBM, Bob Woodruff of 
Yale, Al Irvine of Jacobi Systems 
Corp., and myself (chairman). 

Although the membership of the 
group represents considerable experi
ence with various aspects of the de
sign, implementation and use of t-s 
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systems, we carinot do an effective job 
without the support of the technical 
community. We therefore encourage 
anyone who would like to. express his 
opinions on any aspect of the large
scale t-s system of the future (hard
ware, operating systems, user require
ments, etc.) , to write down· his 
thoughts and forward them to me. 

'ANDY KINSLOW 

John Morrissey Associates 
18 East 41st Street 
New York, New York 1001'7 

new terminology? . 
Sir: 
I think it's time to introduce a new 
word into the edp vocabulary: "man
ageware." With this word we can 
classify the development of informa
tion systems into the following three 
generations: 
lst-hardware-the computer 

.2nd-software-the computer's work 
3rd-manageware-manageinent with 
computers. 
LUIS ARROYO 

Madrid, Spain 

binary history 
Sir: 
As I was browsing through an old 
arithmetic book, I stumbled across a 
mutilated IBM card which had writ
ten ~n the ,back (in part) : 

"100 score and III years ago, our 
100-fathers landed upon this conti
nent and brought 100th a new na
tion ... " 

Do you think this might have histor-
ical significance? . . '. 
JACK ALLEN 

Virginia B~ach, Virginia 

on-line solution 
Sir: 
Re the time-sharing scheduling prob
lem: It is well-known that a. human 

,·l:5eing's respiration rate is directly pro
portional to his level of frustration. 
Hence, there is no need for scheduling 
algorithms. All we have to do is attach 
an electrode to each user and vary' 
their priority levels directly in propor
tion to their jitter-level. 

;' 

ANTHONY AMORT 

Beloit, Wisconsin 

l 

DA T AMA nON welcomes corre
spondenceabout the computer in
dustry and its effects on society, as 
well as comments on the contents 
of this publication. letters should 
be ,typed, .double-spaced, and 
brief. Only those reaching the edi
tors by the' 5th can be considered 
for the next month's issue. We re
serve the right to edit or select ex
cETrpts from letters submitted to us. 
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6000 qUiet 

. lines· 
" . ' 

a minute. 

The Me 4600 PATAL~®printer. 
Using, a cathode ray tube 

with fiber optics, the MC 4600 
. silently prints 6000 liries a 
minute, 32 columns per line. 
No moving parts used in the 
printing process. A non-im
pact, low cost 'serial printer, 
the MC 4600 operates from 
any digital data source. 

puter compatible, provides 
asynchronous operation and 
presents no interface prob
lems. For further information, 
specifications or a demonstra
tion, phone DA T ALOG Divi
sion of Litton Industries, 
343 Sansome Street, San Fran
cisco 94104. Area Code (415) 
397:-2813 .. The DATALOG MC 4600 

·isreliable, its MTBF is in ex
cess of 4000 hours. It is com- [8 DATALOG, 

DIVISION OF LITTON INDUSTRIES 

DATALOG is a registered trademark of Litton Industries 
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An evolutionary answer 
to data processing expansion. 

Now there is a family of ele.ctronic data processing systems 
which cern't be outgrown. The Burroughs 500 Systems family

the broadest line of EDP equipment you can find. 
There's a basic computer, the B 2500. And a powerful medium-scale 

machine, the B 3500. Higher capacity large-scale systems like the 
B 5500, B 6500 and B 7500. And the B 8500 supercomputer. 

So you can start off with a system that matches your company's present 
EDP needs, yet can grow in step with your changing requirements. 

You can add components and capabilities to your Burroughs 500 com
puter at any time. Or move up to a larger 500 system. Develop a 
combination of systems. ,A network of systems. And you can do this 
without the prohibitive cost of rewriting your computer program 

libraries. That's because you communicate with all Burroughs 500 
Systems computers in the same standard scientific or business

oriented languages. 
Your Burroughs representative has more gpod reasons why 

you should meet the 500 Systems far,nily. Ask him. 
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the best ever assembled, anywhere. 
)ing and the work they expect 
ing groups know more. And ours 
\NCED WORK. Openings exist 
systems • advanced graphic systems 

r customers' application • Pre- and 
FTWARE COMES FIRST, LAST 
~ design is taking place, not as an 
)f modifying it as the entire system 
and the duty - to make sure 
RICTL Y "HANDS ON". Because our 
ssional job. Our Programming 
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systems, peripheral equipment 
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A LOUD GOOD WORD 
FOR THE MODEL 67 
Although many IBM 360/67 users have expressed 
dissatisfaction with the system's on-line capability, 
the Uriiv. of Michigan says its interim MTS (Michigan 
Time-Sharing) system is going full blast. Using a 
5l2K 67 with 2314 disc plus a drum, the system has 
gone from four TTY's to saturation, with 30 lines 
coming in without taxing the system. 

Using 67 relocation hardware full steam, the 
system offers a beautiful, dramatic improvement, 
gushes Michigan's Bernie Galler, who anticipates 
40 lines coming in soon. OS-compatible, MTS offers 
Fortran G and F-level assembler with file management, 
plus PIL, a Joss-like language out of the Univ. of 
Pittsburgh, Snobol IV, and five other languages. 
,Terminals include the 1050, 2741, 2250, Teletypes, and 
several small computers around the campus, with data 
coming through a home made concentrator to a 67 cpu 
(second 67 cpu due this summer). Background includes 
one to three streams which look like terminals to the 
supervisor. Work was restricted up to Jan. 1 to 
sponsored and faculty thesis work, but is now open 
to the entire campus, including student course and 
thesis work. 

MTS is not using full segmentation capability; 
programs are being run using two segments, but using 
full paging capability. 

BURROUGHS PLAYS 
NUMBERS RA'CKET 
Burroughs will announce this month a B 500 which is 
not part of the series 500. The upgraded 300 cpu with 
96K core, 2.4 megacharacter disc (23 msec access), 
printer, card reader and punch, three-mag tape cluster 
and typewriter will lease for around $4600/month. 
System will handle up to 64 communications lines, is 
buffered for on-line work, offers Cobol. Non-disc 
systems will also be available. 

FROM T-S ASHES, 
! SOFTWARE PHOENIX 
An L.A. firm which found its original time-sharing 
service bureau plans temporarily uneconomical has 
converted into a proprietary software house. 

Time Sharing Services, Inc., under ex-Hughes and 
North American man Jim Foust, is busy peddling a 
program checkout package which creates test data,' 
allegedly cuts checkout time in half for the 360/40 
and up. Also available: a Cobol-Cobol converter for 
second to third generation or Brand X to Brand Y 
machines. And they're working on a Mark IV~type 
generalized file management system. 

The company is also brokering time on a 360/50 
offering the checkout package, logged 100 hours the 
first month. Plans are to install on-line IBM 2250's 
for an unnamed customer, offer time nationally. Now 
11 men strong, TSSI hopes to do $500K this year, is 
eyeing $1 million within a year and a half. 
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40%of the computer 
libraries in the USA 
have fewer than 
400 tapes 

in the last two years 20% of that number bought 
this cleaner 

and there is good reason for this. The GKI Model 580 
Magnetic Tape Cleaner does everything a blade cleaner is 
supposed to do-and does it beUer. It maintains the initial 
condition of high quality tape and extends its useful life. 
It cleans both surfaces of the' tape more effectively, effi
ciently and safely than any other presently available blade 
cleaner. It is more effective because the design of its unique 
Controlled Motion Blade permits the optimum positioning 
of the working edge, and Bidirectional Cycling insures max
imum coverage. It is more efficient because the self sharp
ening, self cleaning blade never needs replacement and 
always presents a clean and precise edge to the surface 
debris. It is safer because there is no danger of scratching 
or dirt pile-up due to a dull scraping blade. 

But don't take our word for it. The proof is. in the accep
tance and that is overwhelming. Give us a call.and let us 
show you why the GKI Model 580 is the preferred tool for 
tape maintenance in the small library. Come to think of it, 
we sell a lot to the large installations, too. 

General Kinetics Inc., Isaac Newton Square, Reston, Va. 

Wash. D.C. area (703) 471-7522· Phila. (215) 945-4640 
Atlanta (404) 457-7770 • Chicago (312) 255-0240 

Los Angeles (714) 540-1148. 

GKI 
GENERAL KINETICS INC. 
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PUBLICATIONS BY AUTHOR I 

INTO A SECOND PRINT RUN, THOMF 

AFIPS 
832 pages, illus. $2 

(50% discount to all m 
AFIPS affiliated soc 

Contains all the formal papers, by some seventy authors, 
Computer Conference giving you broad and balancec 
expanding fields of computer technology and applicat 
covered are: Hybrid. Facility }lerformance Improvem 
Generated Graphics; Advances in Computer Circuits; I 
Applications; Display Systems and Equipment; Executive 
Output Techniques; Management Information Systems; C 
and Social Sciences; Memory System Technology; Digital 
Systems; Advances in Medical Data Processing; New De, 
Languages and Language Processors and many other topi 

292 pages, illus. $12.l 

OTHERTHOMP 
Data/Information Availability 
edited by Ralph I. Cole 
183 pages, 6x9 ill us. $8.50 

Faith, Hope and Parity 
edited by Jack Moshman 
In pages, 6x9 illus. $5.50 

Today's 'Information for Tomorrow's Products 
by George K. Chacko 
256 pages, 6x9, ill us. $11.00 

Proceedings of 21st National ACM Conference 
545 pages, 81/;!xll, illus. $14.40 

Proceedings of 22nd National ACM Conference 
604 pages, 8Vzxll, ill us. S15.50 

Annals of Reliability and Maintainability 
984 pages, 81/;!xll, illus. S25.00 

Proceedings of AFIPS Spring Joint Computer 
Conference, 1967, Volume 30 
795 pages, 8Vzxll, illus. 520.20 

Improving EffediveneSl in R&D 
edited by Ralph I. Cole 
260 pages, 6x9, ill us. 512.00 

Information Retrieval: A Critical View 
edited by George Schecter 
282 pages, 6x9, ill us. S11.00 

Computers: Their Impad on Society 
Part II, 1965 Fall Joint Computer Conference 
200 pages, 8Y2xl1, illus. S6.00 

Numerical Analysis 
edited by J. Walsh 
212 pages, 6x9, illus. 512.00 
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look ahead 
MARSHALL LABS JOINS 

DISC DRIVE'MAKERS 

NEW ENGLAND SOFTWARE: 
YEAR OF THE ACQUISITION 

IBM FIRST WITH PLAN FOR 
-TECH REPCOMMYSSIONS 

February 1968 

Although the disc pack busines~ is one of the current 
big winners in the marketplace, only three firms have 
be,en making the disc drives--IBM, Con~rol Data,and 
Memorex. Now comes Marshall Laboratories of Torrance, 
Calif., a subsidiary of Marshall Industries. Their 
first commercial products in the computer field will 
be the Model 2500 drive, directly compatible with the 
IBM 2311. In fact~ you can just plug it into the 
2841 qontrol unit. ' 

Due to be announced early this year, the 2500 
will beat the competition in access time: maximum 
access time is 70 msec, average random is 50 msec. 
And it's said to be less prone to errors and 
maintenance problems. Cost will be about $19K, with 
bargains for large quantities, and deliveries are 
scheduled to start in June. 

In recent months, two New England software houses have 
been swallowed--Computer Associates by Applied Data 
Research, Wolf Research by EG&G. Now industry 
pioneer Charles Adams, we hear, has been conducting' 
merger talks with Control Data, which recently 
acquired software and service bureau biggie CEIR. 
Adams Associates is some 6Qtechnical people strong, 
specializes in consulting and special applications 
design and implementation. ' Money acquired by 
acquisition would probably pe pumped into ailing 
Adams' subsidiary Keydata, one of the first commercial 
time-sharing service bureaus, and reportedly not ,part 
of the acquisition talks. Keydata ran into ea~ly 
hardware troubles, has since paid the price of 
offering special application packages to on-line 
users, as opposed to t-s bureaus which offer 'only 
assemblers and compilers. Adams declined comment. 

IBM is working on an incentive program for systems 
engineers--carrying on the sound, long-standing theme 
that "at IBM, everybody sells." The problem is to 
figure out how to measure the SE's contribution; the 
proposed solution is to relate it to the success of 
the salesman he's helping to suppo~t. 

The pilot project sets up a group of 4-6 salesmen 
and their systems engineers-about a dozen. The 
latter's performance is then checked as a team by 
the success of the salesmen. The rewards are 
arranged so that big losses or gains are most unlikely 
--the commission might represent 20% of the SE's 
total income. 

Action against the war in Viet Nam is being organized 
among programmers~ engineers, and mathematicians by 
employees at a New York software house. The Anti
Complicity Movement (ACM) , led by Robert Kirkland, is 
urging that doves in the computer, field not work on 
contracts contributing to the war effort. The group 
intends to work with other peace movements, hold 
debates, and publish a newsletter containing data on 
defe'nse proj ects . and suppliers. , Those interested in 
ACM and its newsletter may write to P.O. Box 7. 
Fleetwood Station, Mt. Vern~n"N.Y. 

Vying for a place in the sum, a proliferation of small 
service bureaus and software houses are bravely 
battling anonymity with unusual names. LDV Systems, 

(Continued on page 121) 
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Anyone can promise you time-sharing soft.ware. 

We can demonstrate it. 
Nearly every computer manufacturer has some sort of 
time-sharing hardware ready to deliver. 

Including us. ' 
But when you ask a computer salesman about 
software, he's likely to start talking about the 

future. Because what most computer manu
facturers have to' offer is an operating sys

tem, a primitive FORTRAN, and a 
tape full of promises. 

- Not us. 
When we sell you a 940 time

sharing system it comes com
plete with an operating system, 

plus BASIC (a programming 
tool for begimiers) plus a conversation'al 
algebraic language, plus a conversational 
FORTRAN IV, plus a FORTRAN II, plus 

a powerful text editor,. plus a two pass assembler, plus a ma
chine language debugging package, plus a whole library of 
programs and subroutines. All operating and ready to work. 

Now. 
The reason we have more is that we've been at it longer. We 

started working on time-sharing in prehistoric times, almost 
two years ago. Since then we've sold our 940;s to companies, 
to research institutes, and to time-sharing utility service cen
ters. And they have used them for everything from character 
recognition to locating a 4-door sedan with red upholstery in 
a car dealer's inventory. 'r---.... 

~o when you ask an SDS salesman 5 C . 5--" 
about time-sharing software he won't 
start talking about the future. He'll 
plug in his teletype unit and put you in 
direct contact with our 940 computer. Scientific Data Syste~s, 

It can speak for itself.' Santa Monica, California 
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editor's read3rut 

A NEW SEASON 
The long, long football season is over and, miffed by the fact that we didn't 
receive Art Buchwald's TV football watching award, we turn our attention to 
baseball. It's spring training time, after all, and as the pitchers start the long 
warmup, as chewing tobacco sales rise, as the sports-page cliche level once more 
rises sharply, it's time for a quick peek at how Computing's '68 major league 
season shapes up. 

IBM. Still hustling despite the fact that they've purloined the pennant ump
teen years running, the Giants have everything it takes to cop it all in '68 and '69 
and '70 ... and so on. As with the Yankees of old, the cry continues, "Break 'em 
up." Even should the Feds step in, a big and varied arsenal, strong bench, a 
stronger front office make the pinstripes' lead almost insurmountable. 

Univac. A well organized, profit-oriented front office has halted the slide of this 
famous old team. Changing emphasis from walk-and-steal-sacrifice 1004 thinking 
to the long-ball 1108, the Blue Bells have even forced the Giants to look for more 
power in their lineup. Strong in some positions; solid upper division team. 

RCA. Trying to emulate the Giants, the Cherry Hill Choppers are pleased with 
box office biz which hasn't yet been translated into steady profits. Lack the long 
ball; attempts to meet the enemy across the board hurting short-term chances for 
number two spot. Wait'll next decade. 

Honeywell. Anticipating the '64 Giant pennant drive, the Honeydos unleashed 
their plan to liberate the fans, have since been slow to react to the reaction of the 
league leader. Have been trying to appeal to the minor league fan with more than 
moderate success. It's a long haul, but first division finish assured. 

Control Data. The Conmen from the land of many lakes don't have water on 
their brains, have recovered from a disastrous '65, are once more surging back 
into contention with primary emphasis on the long-ball 6000 series and farm
system peripherals. Strong head man, weak coaching staff, lousy bench. 

General Electric. The management reorganization cycle has stepped up, fol
lowing some near-fatal lineup decisions which wrecked '66 and '67 for the 
Lightbulbs. Slow to translate minor-league time-sharing successes into big-league 
results. Lack the long ball, majority of lineup over the hill. Look for new blood 
soon. 

Burroughs. The Mules are still sticking with lineup rushed to majors too soon, 
but now beginning to prove selves. The power-hitting 8500 strikes out too often, 
not yet a proven big-timer. Peripheral farm systems strong; beginning to make 
move in time-sharing league. Solid, dull. Lacks finances and imagination to move 
swiftly. 

NCR. The best of the bush leaguers, the Cash Registers somehow survive with 
good field, no hit. New lineup with same old coaching staff may mean second 
division for some time to come. 

Scientific Data Systems. Pennant ardor has cooled for the Sigmas, seemingly 
content to make money in the second division. Hit lots of singles and doubles, get 
runs in bunches, with long dry spells in between. Rumors of management 
changes; lots of veterans riding out their options. 

That's about it. The first person to make any sense of our projections gets a free 
season pass to the biggest show on earth. 
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LARGE-SCALE 
INTEGRATION: 

coming on big 

A STATUS REPORT 
by DONALD E. FARINA 

D The term "large-scale integration" (LSI) gen
erally refers to the technology of making very 
complex integrated monolithic circuits. This 
article will attempt to substantiate that LSI is 

now an existing technology and will desc~ibe the various 
techniques used. Examples of exi~ting LSI products and 
some of the problems encountered in their design and 
manufacture will be discussed. The influence LSI is 
having on computer architecture will also be discussed. 

One might define large-scale integration as that technol
ogy which enables the functional complexity of a monolithic 
integrated circuit to be increased to the point where the 
integrated circuit is in itself a subsystem function rather than 
an arbitrary increase in the number of identical gates or flip
flops. To be classified as practical LSI, it must also offer a 
significant economic advantage over that attainable with 
conventional integrated circuits. 

In the early 1960' s-as technology progressed-semi
conductor transistor geometries became smaller and smaller. 
It became obvious that many transistors could be contained 
in a reasonable sized chip of silicon with reasonable yield. 
Methods were devised to isolate active· areas of transistors 
to build what was known as monolithic circuits'! Monolithic 
circuits contained 20 to 30 transistors and resistors and were 
the elemental building blocks necessary to build digital 
equipment such as gates and flip-flops. Many classes of 
monolithic circuits evolved, covering the speed and power 
spectrum. . 
. As the technology progressed further, it became evident 
that reasonable yields could be obtained if more transistors 
or functions were contained in a single chip of silicon of 

. similar area. The challenge was to identify subsystems func-

. The author wishes to acknowledge the work of the R&D and Engineering 
'activities of Philco-Ford Microelectronics Division. 

1. William H. Richmond, "Integrated Circuits for Commercial Computers," 
DATAMATION, November, 1965. 
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tions that could employ a multiplicity of gates and flip-flops 
and yet be useful in many types of equipment. 

Important assumptions were made about the. semicon
ductor technology that influenced the approach to LSI. Two 
of these assumptions were as follows: 

The cost of making an LSI silicon chip is primarily a func
tion of the silicon chip area and only somewhat a function 
of the complexity of the circuitry within that silicon area. 
This statement was reasonable if the technology was con
stant. In other words, device geometries were the same and 
the masking and alignment tolerance requirements were the 

. same. 
Although the packaging and testing costs would be 

higher for LSI, the cost per function attainable would be 
considerably lower if the functional density were increased 
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ten times over the conventional quad two-input gate or J
K flip-flop. 

technologies used in lsi 
Two technologies are employed: bipolar and MaS, or 

metal-oxide silicon. Each has advantages and disadvan
tages, such as differences in achievable complexity level, 
cost per function, and speed vs. power. 

Elaborating on these, the bipolar approach to LSI is 
characterized by more process steps than MaS, including· 
the requirement for epitaxial growth and for isolation 
regions to electrically separate active devices. The MaS 
device is self-isolating and the number of active elements 
required to perform a typical computer function is consid
erably less. Since there are fewer active components for 
the MaS function, there are an order of magnitude fewer 
contacts to silicon required for the aluminum metalliza
tion. Fig. 1 shows a typical MaS logic gate layout 
illustrating the small size. 

It is important to realize that the yield or cost is not 
necessarily related to the number of process steps. More 
important is the control required for the critical process 
steps for each technology and the yield of each step. As 
an example, the number of aluminum to silicon contacts is 
not an important yield contributor since this part of the 
technology is well under control for both bipolar and 
MOS. The number of contacts, however, does affect the 
number of devices or functions that can be placed in a 
given area of silicon. 

One might compare the control of bipolar emitter 
diffusion with the control of MaS mobile and immobile 
charge in the oxide. (This determines MaS gate threshold 
voltage and device stability.) The latter is actually at this 
time even more critical. Photo-resist uniformity, mask align
ment, oxide etching and metallization opens and bridging 
are next in difficulty and are common to both technologies. 

The cost per function is primarily related to the size of 
the silicon chip ~or N functions since this determines the 
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AND-OR-NOT Gate and Logic Symbol 

1t-----O.004" _I 

Fig. 1 Representative Layout of AND-OR-NOT Gate 
This entire AND-OR-NOT circuit occupies only 4 x 4 mils2 

- ap
proximately the size of a transistor base. There are only three 
ohmic contacts as opposed to 18 or 20 in a comparable double
diffused integrated circuit. 
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number of chips per wafer and the effect of defect 
density. The percentage yield for any given 'size chip can 
be similar for bipolar and MOS. Practical chip areas for 
both are presently under 8,000 mils2 or an 80 X 100 mil 
die. The MOS presently can accommodate two to five 
times the number of functions within this area, compared 
to bipolar complex arrays. The big difference rests in the 
speed advantage of bipolar over MOS. Also, the MOS 'is 
speed limited-particularly at the interface of the chip. 
Large geometry output devices are required to drive 
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N-Bit Delay Using Temporary MOS Storage and Two-Phose 
Clock: logic and Timing Diagrams 

One-Bit Delay 

Fig. 2a Basic 2 Phase Shift Register. 
Demonstrates how the important shift register function is im
plemented through use of the unique properties of the MOS 
transistor. The unique features used are: 

• The use of an active MOS transistor as a loaded resistor 
. (01) which is controlled by a clock pulse (Phase 1) 
• The use of the inherent gate capacitance (C1) for tem

porary storage charge. 
• The use of the bilateral properties of the MOS transistor' 

(03) 

printed board capacities. . Significant progress is being 
made, however, in devising circuit forms to economically 
solve this interface problem. Through the use of a single 
NPN transistor and a diode clamp interface circuit, it is 
now possible to approach the inherent higher speed of the 
internal MOS circuits and not have the output capacity 
severely limit speed performance. 

MOS integrated circuits are assisted through the use of 
diffused crossunder regions to form the second layer of 
interconnection. In the case of bipolar circuitry, it is 
necessary to incorporate two levels of aluminum metalliza
tion to achieve two layers of interconnect. Most MOS 
integrated circuits made to date get by without requiring a 
second dielectric insulator and a second aluminum layer of 
metallization. Even though these crossunders are on the 
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order of a few thousand ohms, this is small compared to 
the equivalent resistance of the active MOS load resistors 
on the order of 100,000 ohms. ' 

The MOS is also characterized by the ease with which 
one can fabricate the shift register or memory function, as 
illustrated in Fig. 2a. Fig. 2b shows a layout of such a stage 
of register and Fig. 7 shows a higher speed, lower power 
technique. Although the MOS is narrowing the gap rapidly, 
at the present time the bipolar technology offers consider
ably higher speed capability than MOS. The cost-per-func
tion advantages of MOS, however, make the use of this 
technology for LSI very attractive indeed. (This is illus
trated in the trends graphs, Figs. 9 and 10.) 

~D~~~----------~~r-------~ 

Gnd 
t---t-'It---~...., 

Fig. 2b 2 Phase Ratio Type Shift Register 

Q 
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In the shift register layout shown, the diffused MOS source 
and drain and diffused crossunders are shown as crosshatched 
"P" regions. The aluminum to silicon contacts are the solid 
squares and rectangles. The gate regions are indicated by the 
dotted lines. 

special lsi technologies 
Each approach to LSI is enhanced by relatively new 

technologies necessary to effectively accomplish higher 
complexities. These are: 

Multilayered interconnects with deposited dielectrics 
Computer-aided array layout and design 
Computer-aided mask fabrication 
Computer-aided testing 
Face';down or Hip-chip bonding techniques 

Multilayered Interconnects. Both the MOS and 
bipolar technologies can take advantage of the use of an 
additional dielectric insulator on top. of which is deposited 
a second level of metal interconnect~ Fig. 3 illustrates a 
bipolar integrated circuit containing two levels of alumi
num interconnect. Multilayer interconnects are achieved 
in various ways, the popular ones being vapor deposition 
and sputtering of silicon dioxide in the range of 400°C to 
achieve a dielectric insulator approximately one micron 
thick. 

Computer Aids to LSI Design. As mentioned previous
ly, in order to economically fabricate custom arrays of 
subsystem functions, it is necessary to reduce the tooling 
costs and design turn-around time. In order to do this, the 
need for rework or correction of errors has to be reduced 
to zero. Errors occur in logic implementation, adherence 
to mask dimensional design rules, adherence to circuit 
performance design criteria, and attention to chip layout 
or partitioning of the logic to minimize chip area. Computer 
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aids have been devised over the past two years to accommo-
date these design considerations. ' 

Automatic Computer-Aided Mask Making. Techniques 
are being developed to generate photolithographic tooling 
plates directly from the output of the computer-aided LSI 
chip design. The main objective is the reduction of human 
errors ih cutting LSI masters. Quicker turnaround time is 
also achievable but is of secondary importance. As an 
example, a typical LSI device containing 100 logic 
functions requires the accurate location of 8,000 coordi
nates on a cutting table. Generally, the cutting tool cuts ~ , 
rubylith master at 500X size and requires accuracies of 
.001 inches or 1 mil. 

It is possible to store on magnetic tape information 

Fig. 3 Typical LSI Complex Circuit'in a 60-Lead Package 
Shown is a complex bipolar LSI array contained with a 60-lead 
package. The array contained in a 1/27 diameter package con
sists of a 27-bit parity checker and contains within a single chip 
520 NPN transistors and 234 diffused resistors. The compo
nents are interconnected with three levels of meta Ilization sep
arated by vapor deposited silicon dioxide insulators. The chip 
size is 90 x 85 mils square. 

pertaining to the design of computer functions. These 
computer functions can then be reordered on tape to 
minimize the interconnection complexity. The computer 
tape can be used to control a cutting table for purposes of 
cutting a master. The tape can also control or scan a 
cathode ray tube from which a picture is taken of the 
mask. These techniques can be very fast and, most 
important, very accurate, hence reducing the error rate. 

Automatic Computer-Aided Test Program Generation. 
Testing a complex LSI device is analogous to testing a 
printed circuit card containing 100 conventional bipolar 
integrated circuits all in separate flat packs or TO-5 
packages. One could test a subsystem function for all 
possible input conditions. This would be a lengthy proce
dure and generally only those inputs actually occurring in 
the specific application are used. Usually even this is 
reduced to only the difficult test conditions and probabili
ties are used. The problem is not quite the same for LSI in 
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that the type of failure is not necessarily the same, 
although there is a great similarity. the dominant failure 
in the case of the complex array would be open metalliza
tion; and, in the case of the printed circuit card, it might 
be an open solc\er connection. It is possible to devise, a 
test routine that does not necessarily simulate the actual 
operation of the LSI device in the machine but, instead,' is 
designed to exercise all inputs of all gates and Hip-flops to 
make sure tha~ opens and shorts are not p'resent. This 
reduces the test time considerably but requires a computer 
to generate such a test program effectively. 

Flip-Chip Modules of Subsystems. Fig. 4 shows a 
package containing 10 large scale array chips attached to 
a metallized interconnect pattern which ha~ been evapo-: 
rated onto an oxidized silicon wafer. This' technique, when 
fully developed, will significantly affect the cost and 
performance of systems employing LSI. The package 
shown contains 2,000 bits of shift register storage w4ercin 
each LSI individual chip contains 200 bits. Using such an 
assembly procedure, one might combine bipolar large 
scale arrays with MOS on the same interconnect substrate. 
As an example, a scratchpad memory might contain arrays 
of MOS random access memory elements and' bipolar 
sense amplifiers. When intercOnnected in close proximity, 
as shown in the figure, considerable speed and power 
performance a9.vantages can be realized. This' is due to 
the order of magnitude reduction in wiring capacitance 
ea~h chip must drive. Just as important, 'one can achieve 
maximuin economy in cost per function by not overextend
ing the individual chip complexities. 

design and fabrication approaches 
There are four fundame~tally diffe~ent ways to design 

and fabricate custom' LSI devices. These four techniques, 
all co~patible with the technologies d~scussed so far, 
are: 

Hand-crafted 
Discretionary wiring 
Building block 
Micro-matrix 

Even' though . these, techniques-to be described-are 
considerably different, each has merits and they supple
ment one another. 

Hand-Crafted. The hand-crafted technique involves 
taking the equipment designer's logic diagram and con
verting it by hand to a detailed composite mask drawing 
of the array. In this approach, one tries to minimize the 
chip area by using only those transistors or components 
that are absolutely necessary to perform the actual func
tions. The array is partitioned in an optimum manner to 
reduce chip area. Although a small chip can be achieved 
using this technique, it IS crude, time-consuming, and 
requires draftsmen or designers knowledgeable in MOS 
circpit technology. They must understand circuit design 
trade-offs and process design rules, and this technique is 
prone to human error. However, until recently, 'practically 
all complex arrays have been fabricated with this tech
nique. Conventional IC's have always been developed in 
this manner. 

Discretionary Wiring. Discretionary wiring is a tech
nique of yield enhancement through 100% testing and 
mapping of all functions on a wafer to select good from 
bad functions. A function may be a gate or a flip-flop. 
Each function is tested to see that the devices are actually 
interconnected within the function, do not contain opens 
or shorts, or possess abnormally high leakage currents. 
These tests then define good from bad functions. Wafers 
containing these identical functions are tested at the wafer 
stage by means of micro-probing techniques, and a plot is 
made of the wafer to' distinguish the good ones from the 

25 



LARGE-SCALE INTEGRA nON . . .' 

bad ones. This mapping information is then fed into a 
computer along with, for example, a logic expression of a 
desired complex array. The computer then tries to deter
mine if the mapping data of a particular wafer can 
accommodate the particular logic function submitted to 
the computer. The Computer performs iterative trials of 
multilayer interconnections to devise a suitable two-layer 
metallization interconnect pattern to accommodate the 
good and the bad devices. 

This technique, although having the potential of quick 
turnaround time, offers the drawbacks of having to micro-

Fig. 4 Multiple Chip Face Down Bonding 
Complex Subsystem 

An oxidized silicon wafer contains an aluminum deposited in
terconnection. Onto this interconnection pattern, ten 200-bit 
shift, register chips are connected using ,face down bonding 
techniques. The wafer is then scribed apart and mounted in a 
3A x ~B inch package using conventional lead bonding 

-techniques. ' 

probe devices on the wafer and making a working plate or 
tooling plate for each and every wafer. In addition~ one 
depends on the high yield of multilayer interconnects 
which involves the deposition of an insulating dielectric 
and the deposition and delineation of two layers of 
interconnection. In general, it is difficult to combine logic 
with memory and shift register functions in the same chip 
of silicon. One of the important drawbacks of the ap
proach is that the resulting array is inefficient in use of 
silicon and the masks are not well suited to production 
volume. 
. Building Block Approach. The building block approach 
is a technique by which the equipment manufacturer can, 
participate in the actual design of the LSI chip. In this I 
approach, the customer is provided a set of decals which' 
are scaled replicas of typical digital functions varying 
from the complexity of a single logic inverter to perhaps a 
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full add-subtract unit. The customer is then shown how to 
design a complex chip using these decals; he pastes them 
down on scaled paper and draws in the interconnection of 
the building blocks. The advantage of this technique is 
that the customer gains full control of the logic partition
ing of an LSI device and hence can retain this proprietary 
system design in form a tion. The customer can also make 
changes as time goes on or machine requirements change, 
and obtain more engineering efficiency than would' be 
otherwise achievable. In addition, this technique mini
mizes silicon area in that only the proper building blocks 
necessary to perform the particular function are used and 
hence memory, logic and shift register functions can 
conveniently be combined along with special input and 
output buffers. 

The equipment manufacturer then hands the LSI 
design to the semiconductor manufacturer, who in tum 
makes the tooling plates. The library of building block 
designs could be composed of hundreds of types, as 
opposed to the 10-15 conventional Ie's. This approach 
depends on the usual yield vs. chip area considerations. It 
depends on packaging' the specific functions as tightly as 
poss'ible through chip partitioning to minimize intercon
nect length and using only those functions that are 

Fig.5 Philco-Ford Complex Bipolar LSI Chip Using The 
Micro Matrix Approach 

This Philco-Ford microcircuit is a dual function bipolar complex 
array designed to operate either as a four-stage binary counter 
(divide by 16) or as a BCD counter (divide by 10) by changing 
the logic level of a control input. Internal memory elements-are 
provided for the temporary storage of any count. This device is 
part of an LSI development which utilizes a unit cell array and 

, custom made double-layer metallization approach. 
Over 50 gates are contained in the chip which measu~es 110 
mils by 88 mils. The power dissipation is 200 mW. Typically 
the input frequency is 10 MHz for the BCD mode and 25 MHz 
for the binary counter mode. The device can be made to dissi
pate only about one half as much power for applications with 
lower operating frequency. 
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required. At this time 50 to IOn logic functions can be 
placed in a 100 X 100 mil die and there are approximately 
150 stich die per wafer. Therefore, 30-50 good LSI chips 
can be expected from each wafer. 

a compromise method 

Micro-Matrix Approach. The micro-matrix approach is 
similar to the discretionary wiring approach in that a fixed 
array of very elemental gates is used. However, this fixed 
array is small compared to a whole wafer. Typically a 100 
by 100 mil die, of which there are perhaps 100 identical 
arrays on a silicon wafer, is used. Wafers are stockpiled 
containing the standard diffusions and a two-layered 
metal interconnect mask is fabricated for a particular 
subsystem function. This technique is a compromise 
between the discretionary approach and building block or 
hand-crafted technique in terms of silicon area efficiency 
per device. The technique has potential for quick turn
around bipolar integrated circuits, especially where the 
processing is quite complex and takes weeks. The method 
does suffer, however, from the inRexibility of combining 
various computer functions and also is a compromise in 
the area required to perform certain funCtions. 4 Examples 
of this approach have already been demonstrated. Fig. 5 
illustrates a bipolar micromatrix which is interconnected . 
with two layers of metal to perform a specific custom prod
uct complex function. Each of the above approaches offers 
certain improvement advantages; however, it is most im
portant that the user be able to play an active role in the 
design of large scale integration. This encourages, if nothing 
else, the equipment manufacturer to learn some of the capa
bilities and limitations of the device technology so that 
he can best take advantage of it and keep abreast of the 
advancements. 

lsi and new systems 

It is generally felt that the low-cost-per-function capa
bilities of LSI will lead to new system architecture. Little 
new work, however, has been reported in this area. Many 
of the ideas that have been suggested depend on the 
following concepts: 

Read-Only Memories. The use of read-only memories, 
with a single chip of silicon to store one to two thousand 
bits of information, has been discussed. This suggests the 
use of hardwired subroutines and code converters in lieu 
of programs to accomplish the same functions. Some work 
has been suggested along the lines of using read-only 
memories to perform algorithms or complex sequential 
logic. However, little of this has been put into practice. At 
the present time MOS arrays containing 1,024 bits of fixed 
storage are being fabricated. Such arrays are ideal for 
small machine prewired subroutines and table lookup type 
multipliers, dividers, square root and sine-cosine genera
tors. They also make excellent code converters. 

Distributed Memory and Control. Fig. 6 shows how one 
might combine logic with memory and control in the same 
chip to result in a more efficient computer arithmetic 
section. One might consider, for instance, the use of a very 
small read-only memory for the storage of basic constants 
continually used in arithmetic operations. In the example 
shown, an arithmetic unit LSI chip performs parallel logic 
arithmetic within th~ chip and the data inputs are serial 
with a dual-rank, time-shared output data register. The 
chip also contains an operation code register and decoder 

4. "Current Status of Large Scale Integration Technology," Richard L. 
Petritz, Texas Instruments, Inc. AFIPS Conference Proceedings, Vol. 
31, 1967 FJCC. 
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wherein the decoder looks for operation codes for only 
those functions that are applicable to th~ arithmetic unit. 

FROM CENT. 
CONTROL --J------l 
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ARITHMETIC 

UNIT 

PARALLEL OPERATION 

Do REGISTER (2 RANK) 

CONSTANT 
FIXED 
MEMORY 

DATA 
OUT. 

Fig. 6 New Computer Architecture Example - Arithmetic 
Unit LSI Chip / 

This arithmetic unit, lSI chip, takes full advantage of the abil
ity to combine logic memory and shift register together with 
the same process technology. The result is a microprogram
mabie arithmetic section containing only 11 terminals. 

Digital Differential Analyzers. DDA computers have 
been built in the past. However, these have primarily used 
drum or delay-line memories. With the ability to combine 
shift registers and logic in the same chip, it is reasonable 
to consider an entire integrator on a single chip of silicon 
which contains two storage registers and two full adders~ 
It then would become possible to build an incremental 
computer employing perhaps one to two . hundred of these 
identical chips. DDA computers are particularly well 
suited to navigation and airborne computer problems 
involving solutions of differential equations. 

Matrices of Arithmetic Units. The ILLIAC-IV computer is 
a research program to utilize arrays of identical arithmetic 
units to achieve extremely high computation rates by 
means of a combination of serial! parallel arithmetic. Such 
a technique would begin to take full advantage of the low 
cost of logic and the ability to distribute memory and 
control and shift register within each of these arithmetic 
units. 

Random Access Read-Write Scratchpad Memories. LSI 
is particularly well suited to complex functions that are 
repetitive in nature-such as memory arrays. Again, it has 
been demonstrated that memory as a selection matrix can 
be incorporated in the same chip of silicon. This makes it 
very convenient to distribute memories in close proximity 
to the arithmetic operations and the input-output opera
tions of a computer. It is interesting to envision a small 
computer consisting almost exclusively of read-only memo
ries for the instruction, storage and conversion of input
output data, a small scratchpad random access memory 
for temporary storage of results, and the combination of 
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both memories for performing sequential logic or arith
metic type algorithms. 

Associative Memories-Time-Shared Computers. The 
MaS is ideally suited to combining memory storage along 
with logic. These are the requirements for an associative 
memory. An associative memory can be used to supple
ment a core memory. As an example, consider a time-
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fig. 7 4 Phase Ratioless Type Shift Register 
The MOS circuit technique shows the topological layout for an 
MOS shift register using a ratioless principle. This circuit tech
nique is capable of 10 megacycle operation and dissipates only 
1 microwatt per bit at that. 

shared computer wherein 500 subscribers are tied into the 
computer via remote terminals. As· many as 50-100 of 
these subscribers may be interrogating the memory simul
taneously or almost simultaneously. The brute force ap
proach would be to. make the main mass c9re store faster 
and faster to accommodate this situation. This runs up the 
cost per bit of storage and is self-defeating. 

An alternate approach is to augment this mass program 
store with small LSI associative inemories and small LSI 
random access read-write memories. For example the 
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control unit transfers the subscriber's program from main 
store to the associative store and a scratchpad memory is 
then also assigned to him for storage of the results of calcula
tions. In actual implementation only the next 10-100 
program instructions are placed in the associative store at 
a time. 

The scratchpad, being small, can have 0.5 microsecond 
cycle time thus .permitting the core memory to be low cost 
2.0 microseconds. The effective access then, as far as each 
subscriber is concerned, is somewhat greater than 0.5 
microseconds. . 

examples of available lsi 
It is fair to say that. all of the production-available LSI 

rests with the Mas technology. This is primarily because 
high densities can be achieved without the need for 
multilayer interconnects or for isolation diffusion. A lot 
also has to do with the fact that Mas is particulady well 
suited for the important shift register, function and the 
memory function. These functions are best distributed 
throughout the LSI chips. 

Although there has been a great deal of custom Mas 
activity to perform various complex functions, most of the 
off-the-shelf standard functions that have been made to 
date fall in the area of the following: 

Shift registers 
Read-only memories and random access memories 
DDA integrators 
Binary scalers and counters 
Data multiplexers and commutators 
Code converters 

Fig.8 The Victor Calculator logic card consisting of 29 com
plex MOS devices. Contains all the machine logic 
and memory. 

It is interesting to note that in the short span of 
two years considerable increase in functional density has 
been achieved with Mas technology. This ·has been 
achieved primarily through cIrcuit innovation rather than 
the shrinking of. geometries and design tolerances or the 
introduction of new processes such as multilayer intercon
nects. The shift r~gisteris a priine example of this. Iri 
1965 a 20-bit shift register was introduced; in 1967 a 200-
bit shift register was available. This order-of-magnitude 
density improvement requires only a factor of three 
increase in silicon area-from 2,500 square mils to approx
imately 8,000. This can be seen more graphically by 
referring to the shift register topological inask layout of 
Fig. 7. This is referred to as a "ratioless" circuit technique 
in that one does not depend upon the "on" resistance of the 
inverter being small compared to the equivalent "on" 
resistance of the active MaS load resistor. Instead, four 
clocks are used and further use is made of charge storage 
and transfer of charge. This circuit is only 20 square mils 
compared to the 59 square mils of Fig. 2. The mask design 
rules or tolerances are the same in each case. For more 
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details of the MOS circuit evolution refer to Footnotes 2, 
3 and 5. . 

The economics of LSI are vividly demonstrated in what 
was probably the very first commercial application of LSI. 
Fig. 8 illustrates the logic card used in the Victor 3900 
Desk Top Caculator. This card incorporates all the logic 
and memory required to operate the machine. There are 
24 different types of complex LSI devices and each of 
them contains about 50 functions or 300 MOS transistors. 
The logic card is equivalent to approximately 1,500 singly 
packaged conventional gates and flip-flop integrated cir
cuits and represents two orders of magnitude reduction in 
solder joints and interconnection complexity. The logic 
card includes a chip to convert BCD to character informa
tion displayed on the cathode ray tube. It includes 
circuitry to perform the conventional calculator functions 
of add, subtract, multiply, divide; round off, zero suppres
sion, and complete floating point decimal operation. The 
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Fig. 9 Comparison of Power Dissipation Per Function and 
Propagation Delay Per Function From 1963 Through 
1970 for MOS and Bipolar General Logic. 

logic card also contains the 20-digit keyboard register, as 
well as two accumulator registers and two additional 
registers to represent multiplicands, divisors, partial prod
ucts, etc. 

conclusions and the future 
Over the past two years, LSI has already demonstrated 

significant cost savings over conventional Ie's. The graphs 
(Figs. 9 and 10) illustrate some of the performance and 
cost trends of the integrated circuit technology through 
1970. These graphs are based on the following conditions 
and assumptions: 
1.. The bipolar curves assume conventional IC's through 

2. "MOS Monolithic Subsystems: A Revolution in Microelectronics," Mi
croelectronics Division, Philco-Ford, Santa Clara, Calif. 

3. J. Leland Seely, "Designing with MOS Field Effect Transistors," Sem;
conductor Products and Solid State Technology, November, 1966. 

5. Joel Karp, "Use Four-Phase MOS IC Logic," Philco-Ford, Microelec
tronics Division, Electronic Design, April 1, 1967. 
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1968, with LSI being in production in 1969 and 1970. 
2. The MOS curves are for single polarity "P" type devices 

only and don't assume the production of complementary 
MOS or MOS/bipolar devices in significant quantities 
until 1970. 

3. The graphs assume that in 1969 and 1970 both bipolar 
and MOS will be fabricated with smaller. geometries 
(0.1 to 0.2 mil) and will employ at least two levels of 
metal interconnection. 

4. What is meant by a "function" is stated in each graph. 
5. The power dissipation per function is at 1 MHz. 

It has already been demonstrated that the basic princi
ples of lower cost per function achievable with complexi
ties of 10 to 100 times that of conventional IC's are sound. 
In the same silicon area previously required to make a 
single transistor in 1958, it is now possible to manufacture 
30 computer functions or 200 transistors. By 1970 this 
same area will contain 100 functions or 600 transistors 
and it will cost about the same to process it. 
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Fig. 10 Comparison of Functions Per Die and Cost Per 
Function From 1964 Through 1970 for MOS Shift 
Registers and Logic Functions. 

The challenge remaining is simply this: How can digital 
systems be better partitioned to take advantage of these 
complexities to reduce the types of LSI required? In 
addition, can computer aids and automation make it 
reasonably economical to custom-design every LSI array 
for maximum flexibility? The next few years will shed 
light on these questions. Most likely, progress will be 
made in both areas and there will be a place for both 
standard complex LSI and custom LSI. 

In addition there will be applications where the unique 
advantages of both bipolar and MOS will be utilized. In 
some cases these LSI technologies will be used in 
combination; the performance/ cost trade-offs constantly 
are being re-evaluated. 

Computer aids to facilitate custom LSI will continue to 
reduce the cost and turnaround time: But the most interest
ing LSI contribution of all will probably be the development 
of small systems that heretofore were economically or 
physically impractical to consider. The impact that n~w 

, systems architecture will have on the market capabilities 
will be interesting to watch.. • 
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WHAT'S 
NEXTIN 
MEMORIES? 
by DAVID MAYNE 

0
' The computer industry, which presently has a 

new generation of core memories in produ, ction, 
is now faced with the question : What's next in 
memories? This attempt to answer the question 

examines existing technologies and extrapolates future 
development trends. ' 

This discussion is confined to mainframe memories for 
commercial computers in sizes up to about one million 
bits. It should also be mentioned that aerospace and 
military computers have their own particular problems to 
which the ideas expressed here are not necessarily appli
cable. 

Cost is of major importance to the manufacturer of any 
commercial product, and the computer manufacturer is 
certainly no exception. Cost will be a primary influence on 
the direction of future memory developments and, there
fore, is the main subject of this discussion. 

At the birth of a new technology there is usually an 
initial period of intensive technical development yielding 
big improvements in performance, followed by the evolu
tion of mass production techniques resulting in large cost 
reductions. Subsequent generations of equipment are 
further improved and produced at lower' cost, but the 
changes are less significant. Finally, the time and effort 
spent are affected by the law of diminishing returns. The 
technology is then developed to exhaustion, and a cost 
plateau is reached. 

At this point, a radically new idea is needed if further 
significant changes are to appear. With this concept in 
mind, the future of computer memories is considered. 

core memories - current state-of-the-art 
For the past decade, core memories have been the 

backbone of the computer industry. Large sums of money 
applied to intensive development over this period' of time 
have resulted in the excellent core memory system's we 
have today. However, this technology is now exhausted, 
and core memories have reached the point of diminishing 
returns. Although further development effort can and will 
still be applied to bring about improvements, these 
improvements will be less and less significant. 

Cost is the prime consideration, however, and core 
memory costs are discussed here so that they can be 
related to the costs of other types of memory to be 
considered later. 
, The basic core memory breaks down into two parts: the 
core planes, and the electronics. With core planes the prime 
constituents are the cost of the core itself and the cost of 
labor for stringing and testing. When all technical prob
lems are solved and yields are good, the main contributors 
to core cost are the pressing and the testing operations. 

*The arguments presented and the conclusions drawn in this article are 
the views of the author and do not necessarily represent the views of 
Scientific Data· Systems. 
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for how much? 

Because ferrite is abrasive, press tools are good only for a 
limited number of cores before they wear out, and 
amortized pressing cost is approximately in the region of 
~4¢ per core. The test equipment used to grade cores is 
expensive and can only test a dozen or so cores per 
second. The capital, outlay and maintenance of these 
machines adds another ~4¢ to each core. 

The stringing costs, even in Hong Kong or Mexico, are 
probably in the region of about %¢ for the present 3-wire 
2~~D memories. Testing and rework of the finished 
planes add at least another 34¢; hence, a tested plane will 
cost about B~¢ per bit. 

o 

In the electronics portion of the core memory, the main 
limitation of the drive systems is the number of cores 
driven on one line. The trade-offs available relate transis
tor quantity and cost with stack drive voltage and rise 
time. It is not necessary here to derive the costs, but the' 
designer has done a good job if the drive electronics cost 
around ~~¢ per bit in a large 2~~D memory. 

In the sensing circuitry, the maximum number of cores C 
that can be sensed on one sense line is usually considered _./ 
to be about 4,000. The cost of sensing these cores is 
around $10, adding another 34¢ per bit. 

Peripheral electronics and hardware add a little more to 
the costs, placing the figure for the complete memory at 
about 3¢ per bit. This figure represents a cost plateau 
below which it will be difficult to push core memories. 

Speed is also a consideration in core memories. A good 
20-mil core (which is current "state-of-the-art"), will 
switch in about 200 nsec. A memory cycle takes two 
switching times plus the tolerancing allowance of th~ 
drive circuits. This latter item is approximately 100 to 200 

Mr. Mayne Is a memory engi
neer on the technical staff at 
Scientific Data Systems. Before 
joining SDS in 1964, he was 
with the Ampex Corp., working C' 
on advanced development of 
high speed memories. He holds 
a Bse in physics' from London 
Univ. 
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nsec for the low-cost drive circuits we have considered. 
Hence, the cycle time of large commercial core memories is 
likely to stay in the 500 to 600 nsec region for the next 
few years. 

film memories 
First, a note of clarification. The term "film" can include 

deposited planar-magnetic films and plated wire. The wire 
is often made of beryllium-copper plated with a nickel
iron magnetic alloy. Both types of element, when formed 
into arrays, can be referred to as' "planes" -the planar film 
on some form of supporting substrate, the plated wire 
sometimes woven into a mat. 

Core memories and film memories are similar in that 
they both have a plane or stack of magnetic eiements with 
drive lines and sense lines and with drive electronics and 
sense electronics. 

However, films have two prime advantages over cores. 
First, they switch about ten times faster, and second, they 
have a magnetic peculiarity (anisotropy) that enables 
them to be non-destructively read, which means that a 
read cycle need only allow one switching time of the 
magnetic element instead of two. (In a core memory, a 
second sWitching time is needed to restore the information 
that is destructively read out in the first switching 
period.) At first sight it would appear that a film memory 
could operate 20 times faster than a core memory, perhaps 
with a 30 nsec cycle time. However, a quick survey of the 
market shows that there are few megabit film memories 
with cycle times of less than 200 nsec, and those that are 
faster are extremely expensive. 

The reason for the relatively slow cycle time is that, 
although the element itself will switch in 20 nsec, the film 
memory' is still plagued with the same problems that core 
memories encounter: those of decoding a large drive-line 
array and of raising currents of a few hundred milliam
peres in the inductance of the magnetic array and 
interconnect wiring. These processes take time; time that is 
inversely proportional to the cost of reducing it. 

In short, a low-cost large film memory is unlikely to be 
more than two to three times faster than a core memory. 
Certain costs are also inherent in film memories. The stack 
or plane is the most likely area in which a cost reduction 
can be effected. The plated wire approach possibly has the 
greater potential since plated wire can be produced in a 
continuous process. Furthermore, the end product can be 
electrically tested as it emerges from the plating tanks, 
enabling correction and control of the plating processes to 
be handled in a closed-loop fashion (acceptance of good 
wire and rejection of bad wire being part of the automatic 
process). Cursory calculations on the capital cost of the 
setup, maintenance, and operation costs show that the 
potential cost of plated wire is about 0.05¢ per bit; an 
order of magnitude less than cores (but of course only 
when all technical problems are solved). 

Considering assembly of the wire into planes, several 
methods have been used: weaving on a loom, insertion 
into a grooved or holed frame containing the drive wires, 
etc. Undoubtedly, much ingenuity can be brought to bear 
on this problem, and to put a figure on the ultimate cost 
plateau is somewhat presumptuous. However, it could con
ceivably drop to an order of magnitude below core 
stringing costs-about 0.15¢ per bit. At this point, although 
a low-cost array has been achieved, the problem (as 
with core memories) of driving and sensing remains. 

Depending on the organization employed (linear or 
word select, coincident current, or hybrid), there are 
trade-offs between drive circuitry, decode circuitry and 
sense circuits; but the basic problems, costs, and similar
ities to core memories are still there. Thus the prospects of 
cost reductions over current practice are poor. In the drive 
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circuits, there is little likelihood that a significant degree 
of integration will appear because of inherent power 
dissipation problems. In the sense area, the signals to be 
sensed contain one order of magnitude less energy than 
those from cores. Inevitably, it is even more expensive to 
sense film memories than core memories. 

In summary, film memories should be two to three 
times faster than core memories, with an ultimate cost 
plateau approximately half that of core memories-perhaps 
around l.5¢ per bit. 

The higher speed and reduced cost would appear to 
present an almost unassailable argument for a switch to 
film memories. However, another approach-integrated 
circuit memories employing large-scale integration tech-
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Fig. 1 Comparative Memory Costs 

niques-may not only have greater potential for develop
ment but may offer an ultimately lower cost plateau (Fig. 1). 

large-scale integration 
Large scale integration (LSI) is a recent phenomenon, 

more discussed than practiced. There are two basic 
approaches, one using conventional bipolar integrated 
circuit techniques and the other using metal oxide semi
conductor (MOS) field effect techniques. In recent years 
integrated circuit development has bypassed the MOS 
techniques in favor of bipolar techniques for two reasons: 
(1) speed (the MOS device is high impedance and hence 
more likely to be slowed by stray capacities) and (2) a 
fundamental problem that existed with the long-term 
stability of the parameters of the MOS devices. This 
problem, one of ion migration in silicon oxide, has now 
been solved by recent advances in technology. 

Another problem that is impeding the progress of LSI is 
that of yield. There are two schools of thought as to how 
this problem should be solved; One group favors "discre
tionary wiring." Discretionary wiring tests all circuit 
groups on a chip after fabrication, selects the working 
ones, computes the optimum interconnection pattern, 
makes the interconnections, and tests the final unit. The 
other group proposes to solve the yield problem by 
intensive process development to improve yields to near 
the 100% point. 

The MOS integrated circuit is probably of more interest 
for potential memory applications because of the greater 
bit density that can be achieved. Bipolar integrated 
circuits require an isolation region around each transistor, 
whereas the "isolation" space could be used for anything 
up to ten more transistors if the MOS technique were, 
employed. Thus the MOS technique offers the potential of 
one order of magnitude more complexity in the same chip 
area. 

The speed of MOS circuits is largely dependent on the 
resistance capacitance (R-C) time constant of the circuit 
element. The resistor is a function of the power that one is 
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prepared to dissipate per element, and the capacity de
pends on the physical size of the element. 

Possibly a good compromise, with present techniques, 
would be a dissipation of less than a milliwatt per bit, 
which would yield an element speed of perhaps 50 
nanoseconds or so, giving a memory cycle speed in the 
region of a few hundred nanosecond~ (allowing a few 
stages for decoding, etc:). 

An interesting observation at this point is that, as it 
. becomes possible to get larger numbers of bits on the same 
size chip, the capacities are reduced, enabling the dissipa
tion per element to be reduced wi~h no loss of speed, and 
allowing the total chip dissipation to remain unchanged. 

Integrated circuit memories have numerous advantages, 
one of the more obvious being that they use only digital 
logic level signals and do not rely, as do core and film 
memories, on the interpretation of millivolt analog signals, 
often buried in extraneous noise. The usual element 
reliability of digital circuits and insensitivity to environ
mental changes can be expected. 

In contrast to magnetic memories, the cost per bit of an 
integrated circuit memory will be almost independent of 
memory size, making a range of memory sizes available 
without the cost penalties now incurred on smaller sizes. 

'Objections currently raised to the application of LSI in 
computers are: (1) if successful, the computer would be 
comprised of a number of chips, each different, limiting 
the production volume build-up on each, and negating 
some of the advantages of mass production of the chips; 
and (2) the number of leads needed to connect into and 
out of the chip would be very great, ,increasing the 
manufacturing problems and costs prohibitively. 

A few moments' consideration will show that LSI is a 
"natural" for memories, regardless of its future in the 
computer. The first point is that all chips could be 
identical and that, with a density of some thousand or so 
bits per chip, there would be some hundreds of chips per 
memory. The second point is that, if the chips were 
organized with internal decoding ( as a unit of many 
addresses of one-bit word length), the pin count could be 
reduced to a reasonable figure. For example, a chip could 
contain 4,096 (212) addresses that can be decoded from 
information on 12 wires; and, with one wire for data in, 
one wire for data out, and a few more wires for power 
supplies, 16 to 20 leads should be quite sufficient. 

Another objection raised concerning integrated circuit 
memories is "volatility," the loss of information in the 
event of power failure. Volatility is a serious problem in 
military or aerospace applications, but in commercial 
computers there are several approaches to its solution that 
could be considered. One approach is the provision of 
some form of 'sustaining power for the memory, indepen
dent of the line supply. Another approach is the dumping 
of key locations into disc memory during the few millisec
onds between detection of power loss and the time the 
regulated supplies become unusable. Unquestionably there 
is a problem here, presently unsolved, and demanding 
solution before practical commercial utilization of LSI 
memories is achieved. The performance and cost benefits 
available to the manufacturer who achieves that solution, 
however, insure that a major development effort will be 
expended. 

Lastly and most important, what will be the cost of LSI 
memories? To answer this question, the cost history in the 
semiconductor industry over the past· decade should be 
reviewed. The first transistors were expensive (perhaps 
ten dollars or so), and the price. fell rapidly (as tech
nology and yields improved) to a plateau. That plateau, 
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in the region of 50¢ per can, has existed for several "years 
now. 

Small-scale integrated circuits began to appear a few 
years back at tens of dollars per' can, but the price fell 
rapidly. Today it is possible to buy simple ICs (containing 
a dozen or so components) for less than a dollar a can, 0 
and costs appear to be approaching a plateau in the '-. 
general area of 50¢ to a dollar. 

Why the cost plateau? As yields improve to close to the 
100% point, the prime costs are incurred in the basic 
masking and diffusion processes, testing and encapsula
tion. These costs tend to be somewhat fixed, regardless of 
the complexity of the circuit, provided again that there is 
nothing in the circuit design or test specification to impair 
the yield. 

Thus, if circuits are designed with generous tolerances 
and testing is kept simple, the cost of LSI memory circuits 
could fall into the region of a few dollars per can in the 
next few years.' 

A review of present cost will help clarify this projection. 
It is possible' today to buy a 100-bit MOS register 
(composed of around 500 active elements) for $50.00 or 
50¢ per bit. All indications are that the 100 bits will be 
increased tenfold (to 1,000 bits) in about two years-a bit 
increase that will reduce cost to 5¢ per bit and make LSI 
costs competitive with core and film memories. Allowing 
for another two years of development, technology and 
yields will have improved so that the can may be bought 
for $5.00, bringing the cost down to 3~¢ per bit (under
cutting cores and films) . 

Can LSI memory costs be still further reduced by 
continued development? To obtain the answer another 
question is posed: What are the fundamental limits that 
will eventually give rise to a plateau in LSI memory costs? 
In all probability, the practical limits will not be known 
for some time, possibly only when they actually begin to 
limit progress. Still, it is interesting to speculate on the C' 
more obvious theoretical limits. 

One of these limits is that of physical size and the 
extent to which the art of photolithography can be 
developed. The number of elements that can be placed on 
a chip is roughly proportional to the square of the number 
of lines per inch that can be resolved in the photolitho
graphic process. Today that number is in the region of 
2,000 lines per inch. The limits of optical resolution, 
determined by the wavelength of light, are in the region 
of 20,000 lines per inch. Thus, densities of components up 
to perhaps 100 times those achievable today are possible. 

Another consideration is posed in the area of circuit 
power dissipation. What is the minimum theoretical 
energy needed to switch a circuit? Several writers have 
speculated on this point: Keyes offering the rel2.tionship 
between qircuit power, delay and capacitance 

p,...., (CIT) X 10-2 watt; 
Fubini and . Smith suggest a minimum integrated circuit 
element capacitance based on optical limitations of around 
10-14 farad, giving a power-delay product of 10-16 

watt seconds. 
Present MOS integrated circuit elements might con

sume 1m Wand switch in 50 nsec yielding a product of 
50x 10-12 wattseconds, almost six orders of magnitude 
greater than the theoretical limit. 

conclusion 
An article of this type, by its very nature, is based. on 

broad generalizations to which, inevitably, there must be 

C" .. · many exceptions. Still, it is clear that the potential for _ 
development in the field of semiconductor integrated 
circuits is' enormous. The trend is unmistakable; LSI 
memories will supplant core and film memories. The only 
question remaining is: when? • 
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PROJECT clamp down 

CONTROL FOR 
DATA· PROCESSING 
by MAX GRAY and HERBERT B. LASSITER 

0
" One of the great hopes for automated informa

tion handling systems is that they will enable 
" management. to apply principles of control and 

rules of judgment without being overwhelmed 
by the volume of data to which management is exposed. 
rhese systems are intended to provide an improved data 
base for' management decision-making and to create more 
precise control 'over the operating activities of the com
pany. 

Many of the purposes to which automated information 
systems are applied deal with planning and control func
tioris such as inventory management and control, financial 
planning and forecasting, profit and loss analysis, and 
production control and forecasting. Ironically, data pro-

. cessing professionals, entrusted with the mission of design
ing systems based on these principles of planning and 
control, have made little headway in applying coniparable 
techniques to the planning and control of data processing 
resources and projects. 

Systems analysts and other data processing personnel are 
often frustrated when operating organizations within the 
company resist change because "we have always done it 
this way." However, it is interesting to raise some similar 
qnestions with the same data processing personnel, name
ly: 

a. Why don't we estimate personnel resource require
ments for a systems design or programming effort? 

b. Why don't we have a project implementation sched
ule? 

c. Why don't we have a more comprehensive project 
reporting and project evaluation effort? 

The answers may differ in wording, but, in essence, 
they say, "data processing is a very dynamic business that 
doesn't lend itself to such control" or "we have always done 
it that way because we are creative people." It may be 
person~llly satisfying for data processing personnel to be 
creative and, over a period of time, through their familiar
ity with certain files or systems; to become indispensable. 

It is totally unacceptable from a management control 
point of view to have these valuable aQ.d expensive re
sources operating behind a self-created veil of mystery' 
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built on the premise that data processing personnel; proj
ects and activities are different from all other activities in 
the business. The corollary to this premise is that proper 
management control and management disciplines are not 
readily applicable to data processing. The idea, "we may 
be sloppy, but we're creative," is intolerable in light of 
current salaries paid to systems analysts and programmers 
and the cost of the computers currently installed or on the 
market. 

If many data processing organizations are immature in 
their approach to management and disorderly in their ap
proach to development of information systems, responsibil
ity for such conditions must be shared by the non-data 

'processing management of the company. Manufacturing 
companies apply their best management to plan~ing capi
tal expenditures for equipment, to analyzing product effec
tiveness and diversification and to selecting factory sites. 
Financial organizations spend extensive management re
sources in the analysis and selection of financial investment 
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opportunities. Yet, these same companies have virtually 
abdicated management responsibility in the acquisition of 
data processing machinery and in planning how that ma
chinery and the supporting personnel can be used to max
imize their contribution to the company's profit or general 
well-being. In the absence of corporate direction, it is not 
surprising that data processing personnel, whose experi
ence rests primarily in technical rather than in business 
areas; are stumbling in trying to determine the direction 
their efforts should bike to best support corporate policy 
and corporate planning. 

The effect of this lack of direction can result in either or 
both of the following conditions: 

~~ Data processing, as an organization, can make dec'i
sions for company management relating to priorities 
applications for development and implementation; 

b. it can operate by reaction rather than by response, 
living in an environment of continual "crash" proj
ects. 

There are, therefore, two primary prerequisites to 
establishing and operating successfully a project control 
system for data processing-management commitment and 
a long:..term data processing program. 

management commitment 
Data processing management and the executive office to 

which it reports must formally define as policy the require
ments for precise control over data processing projects and 
the resources applied to such projects. 

This commitment must include the necessary personnel 
(on an uninterrupted assignment for the time required). to 
develop a control system and to enforce and monitor the 
system in operation. Implicit in this commitment is that 
non-data processing management, as well as data process
ing management, will review the reports generated by the 
project control system, will take timely corrective actions as 
required and will disseminate to the appropriate manage
ment such Items as project status, resource allocations, and 
schedule revisions. 

An effective project control system needs an attentive 
management, particularly when all subordinate personnel 
are required to follow specified rules and practices. 

Also implied in this commitment is that management at 
all levels: 
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a. Will accept the disciplines embodied in a project 
control system, 
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b. Will accept the requirement for their participa
tion, particularly in reviewing and approvirig bud-
get estimates, . 

c. Will a~cept their responsibility for participating in 
the assignment of priorities to projects, and 

d. Will not violate the procedures for establishing 
such priorities. 

long-term data processing .program 

An over-all data processing plan for design and imple
mentation of information handling systems must be pre
pared. Data processing management is responsible for con
structing the initial version of this plan, and for resolVIng 
competitive requirements for resources in joint user discus
sions. It must include: 

a. A listing of anticipated new systems. 
b. A tentative schedule for their implementation. 
c. A listing of operational systems which will require 

maintenance and other sustaining efforts. 
d. A catalog of systems to be converted from one 

processing form or mode of operation to another. 
e. A listing of systems requiring corrective action to 

eliminate or reduce the impact of operational defi
ciencies and the estimated resources required to 
execute such actions .. 

f. Maintenance requirements. 
The long-range plan should identify the projects to 

which resource commitments must, be made and the pro
jected allocation of equipment use to such development and 
operational requirements. It will also indicate the chronol
ogy in which these events will take place and will establish 
priorities. 

In addition to these two prerequisites, methods stan
dards must exist to specify the policies, procedures and 
practices which govern all of the tasks dealing with sys
tems development and implementation. Such standards 
would encompass the following tasks: 

The systems survey 
Data gathering for systems analysis 
Data analysis 
Database organization and design 
Process design 
Systems documentation 
Logic design 
Coding 
Test planning 
Program testing 
Program documentation 
Systems testing 
Conversion planning and installation of the system 
Post-installation evaluation 
Systems and program maintenance 

, User training 
These methods standards provide a common frame of 

reference for the performance of the above tasks and th~re
by provide a comn:t0ri base for estimating resource require
ments, reviewirig the expenditure of such resources by task 
and determining the causative factors of performance defi
ciency. 

A major factor, which bears on the type of cbntrol 
system to be employed, is the project mix of the organiza
tion. Projects within an organization may be classified by 
purpose and by development time. The three primary con
trol elements of quality, time and cost may be emphasized 
in varying degrees depending on the proje,ct type. 

Fig. 1 illustrates how these three control elements may 
be given varying importance depending. on which element 
is to be the constraining influence; which, a flexible factor; 
and which, the crucial control coordinate. Although some 

. organizatIons may not have the full range of projects 
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Now proven in extended use: 
the error-free rei iability of 

"Scotch"Brand No.777 ComputerTape 

Utilized at large, small, all types of computer installations, "Scotch" Brand 
No. 777 is rapidly proving to be the finest computer tape ever developed. 
Since its introduction, this remarkable computer tape has been subjected 
to countless passes under every conceivable condition at data processing 
installations throughout the country. Dependable, error-free performance 
has been the result. 

Comparisons prove No. 777 is unsurpassed for error-free reliability at all 
bit densities, including 1600 bpi (3200 fci), and unmatched for long-term 
error-free dependability regardless of varying shipping, storage and envi
ronmental conditions. 

"Scotch" Brand No. 777 Computer Tape will save you money by preventing 
costly errors, computer downtime, and loss of val uable information, what
ever the workload or data processing task. Find out how you can profit from 
the long-range error-free reliability of "Scotch" Brand No. 777 Computer 
Tape. Write: Market Services Department, Magnetic Products Division, 3M 
Company, 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 multi disciplined 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 Aven ue, Los Angeles, California 90024 

Over 1000 employees in 22 cities throughout the world. 
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PROJECT CONTROL ... 

shown or, in some instances, may have project types in 
addition tOI those indicated on the horizontal axis, this 
exhibit illustrates the manner in which the proper relation
ship can be established. At the inception of a project in 
data processing, the initi~l judgment must be the determi-

Control Developmental 
Element long Term 

Quality Canstraint 1 

Completeness 
Correctness X 

Turnover-
Documentation X 

Development 
Doc. (historical) X 

Efficiency of 
Syste ml Prog ra m X 

Time CaOnstraint 3 

Resources Co~straint 2 

D. P. Staff X 

Equip~ent X 

User X 

Fig. L Analysis of Control Elements by Project Type 

long-Term 
Control Points Development 

Project Initiation 

1. Project Selection X 

2. Project Authorization X 

3. Planning X 

4. Personnel Assignment X 

5. Estimating X 

6. Scheduling X 

7. Budgeting X 

Project Fulfillment 

8. System Study-First Stage X 

9. System Study-Completion X 

10. System Analysis Completion X 

11. System Design-Data Base X 

12. System Design-Completion X 

13. Programming-Coding Completion X 

14. Program Testing-First Stage X 

15. program Testing-Final Stage X 

16. System Test Plan Completion X 

17. System Te"st-Interim Stage X 

18. System Test-Completion X 

19. Volume Test Plan Completion X 

Project Conclusion 

20. Pre-Conversion Prep. Comple!ion X 

21. Post-Implementation Audit X 

Fig. 2. Analysis of Typical Control Points by Projec! Type 

February 1968 

nation of project type and the emphasis of these major 
control element~. 

Fig. 2 illustrates typical control points for a project 
control system and represents those which must have for
mal recognition in any long-term development project. An 
indicator is presented to show which control points would 
be applicable to other project types. 

Development and implementation of a project control 

Short-Term 

Developmental 
Short Term 

Constraint 2 

X 

X 

Constraint 1 

Constraint 3 

Development 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Maintenance 
Modification 

X 

X 

X 

X 

X 

X 

X 

Sustaining 
Projects and 
Maintenance 
Modification 

Constraint 1 

X 

X 

X 

Constraint 3 

Constraint 2 

X 

X 

Maintenance 
Rescue 

X 

X 

X 

X 
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PROJECT CONTROL . .. 

system should involve representation of the systems, pro
gramming and operating functions. In effect, a project 
team comprised of specialists in each function should be 
formed to ensure that all special interests· and problems are 
considered. 

The project team should: 
1. Review and define installation project mix to formal

ize that portion of the environment. 
2. Study project performance for a representative peri

od, selecting typical projects. This step should identify 
strengths ancl weaknesses in present controls and focus 
project effort on critical deficiencies. Included in the anal
ysis would be: 

a~ An examination of the amount and type of mainte
nance being performed. 

b. Comparison of budget to actual resource expendi
tures. 

c. Review of operations and user problems in operat
ing the system and using the results. 

3. Design a preliminary control system for use in a 
series of pilot tests. The system must be fully documented 
and. must include instructions for executing and reviewing 
project control forms. Fig. 3 presents a, sample· table of 

1. Project Organization 

Definition of Project Phases 
pocumentation Requirements by Phase 
Designation of Managerial and Review Responsibilities 

2. Definition of Project Types 

Project Types 
Standards for Specifying Project Type 
Minimum Controls for Each Type 

3. Project Initiation Procedures 

Selection Criteria 
Authorization Procedure 
Planning Procedures 
Standard Estimating and Scheduling Procedures 
Guides to Establish Review Points 

4. Project Monitoring Procedures 

Responsibility for Review 
What to Review at Checkpoints 
What to Review at Periodic Reporting Points 
How to Conduct Review 
G·uides to Taking Corrective Action 

5. Post-Project Review Procedures 

Fig. ~. Project Control Manual-Table of Contents 

contents which illustrates the type and level of content to 
be prep~)'ed for a project control manual. 

4. Test the control system in two steps: 
a. Apply the forms and estimating techniques to a 

project that has been completed and then validate esti
mates and control points against actual past perfor
mance. This test should pn;wide some insight into the 
workability of the system and should show the effects 
that could have been expected if the proper controls had 
been exercised. . . 

b. Apply the system to a new project of reasonable 
size and complexity, using all forms, procedures and 
checkpoints. To ensure the validity of the test, project 
st~ndards for documentation and other project tasks 
must be enforced throughout the selected project. If the 
project mix is highly varied, several projects may be 
required for an adequate sampling. 
5. Revise the preliminary control system based on test 

38 

experience. Adjustments to forms, procedures and estimat
ing factors may be required and must be reflected in the 
project control manual. 

6. Train all data processing staff on the use of the 
manual and their relative roles of responsibility for exe
cuting the control system. It also may be desirable to 
prepare a brief orientation for major users of data process
ing services to inform them of their roles in supporting the 
control system. 

7. Install the project control system. Installation of the 
system requires extra management attention during its in
ception. Adequate project time should be allotted to allow 
for personnel adjustment to the new approach. In addition, 
management should be given sufficient time to supervise 
and coordinate the installation. 

8. Audit the system after four to six months of use~ The 
post-installation review should determine whether or not: 

a. The forms and procedures are workable and are 
being used properly and consistently. 

b. The estimating techniques are realistic and the sta
tistical base developed during the period is reliable 
for future estimating. 

c. Th~ project control system requires excessive time 
to perform and administer. 

The project control system is dynamic and, thus, 
requires periodic review and validation. Environmental 
changes, diversified project mix and improved professional 
staff skills may necessitate adjustments to the control sys
tem. Permanent monitoring and administrative responsibil
ities for the system should be assigned for at least the first 
18 months. By that time, responsibility for. the execution of 
the systems should become a normal data processing man
agement function. • 

"But for god's sake, man, 
what's the point of a steam

driven one?" 
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COMPUTER 
TECHNOLOGY IN 
COMMUNIST CHINA 

a historical view 

by P. RUSSELL NYBERG 

D The recent announcement by the New China 
News Agency of a new large transistorized com
puter developed by the Chinese Academy of 
Science's Institute of Computer Technology has 

renewed interest in the development of that country's 
computer technology. The purpose of this article is to 
review the high points of the development of China's 
computer technology since 1956. 

organizational framework 
The basic direction of research and development' in 

computer technology in Communist China was set down 
in 1956 in the formulation of the Twelve-Year Plan for the 
Development of Science and Technology which estab
lished 57 priority fields including electronics, computer 
technology and automation and remote control. This was 
further supported by the creation of the Academy of 
Military Sciences (1958) and a number of new institutes 
within the Chinese Academy of Sciences' Department of 
Technical Sciences. These included the institutes of elec
tronics (1958), automation and remote control (1959), 
computer technology (1957), semiconductors (1956), as 
well as two branch institutes of computer technology, and 
a semiconductor laboratory (1957). In 1958, two universi
ties of science and technology, one in Peking and the 
other in Shanghai, were established with departments of 
automation, applied mathematics and computers, and 
radio electronics. 

The accompanying chartO (Fig. 1, p. 41) depicts an over
view of governmental organizations responsible for the de
velopment of computer technology and automation in Com-

. munist China, and the relationships that exist among the 
government, the academic community, research organs of 
the Academy of Sciences, and the military. Although not 
shown on the chart, it is significant to note that industrial 
enterprises associated with computer technology and the 
electronics industry actually function as an integral part of 
the research and development process, and they are 
attached to a· university or one or more research institutes 
as a production element. The success of the Chinese 
nuclear program has been attributed in large measure to 
the close coordination between study, research and pro
duction, and it is probably correct to assume that the same 
success has accrued to developments in the computer 
field. 

February 1968 

An example of the three-way coordination is the case of 
the development and production of a medium general
purpose analog computer capable of solving 20th-order 
differential equations produced by the Peking Radio Plant 
No. 1. This computer was designed and built with the 
cooperation of the Institute of Electric Power Construction 
Science and Technology of the Ministry of Water Con
servancy and Electric Power and the Peking Electric 
Power Company. The Northeast Bureau of Electric Power 
Management participated in the initial drafting of specif
ications. Furthermore, project members were joined by 
representatives of the Institute of Electrical Engineering, 
of the Academy of Sciences, and the Research Institute of 
Electric Power of the Ministry of Water Conservancy and 
Electric Power. Upon completion of the production phase, 
the Peking Aeronautical College supplied the plant with a 
difficult differential equation to test the machine against 
announced capabilities. This analog computer, now in 
production, was designed to implement more economical 
distribution in electric power systems. l 

period of soviet aid 
Any discussion of the development of computer tech

nology in Communist China must inevitably touch upon 
the first decade in Sino-Soviet relations, 1950-60. It is 
impossible to overemphasize the importance of Soviet aid 
and assistance during this ten-year period. According to a 
recent statement in the Soviet press, by Professor M. 
Kapitsa, " ... [The] Soviet Union sent 8,500 specialists to 
China ... [and] 10,000 Chinese engineers, technicians 

Mr. Nyberg is a control sytems specialist with the systems de
velopment div. of IBM in Endicott, N.Y. He was formerly a 
technical editor and researcher for the aerospace technology 
div. of the Library of Congress. He has a 8A in international 
relations from San Francisco State College. 

* Adapted in part from Leo. A. Orleans, "Research and Development 
'in Communist China," Science, July 28, 1967, pp. 392-400. 

1 Ta Kung Pao (Hong Kong), December 15, 1965, p. 1; Jen~m;n Jih·pao 
(People's Daily), December 16, 1965, p. 2; Pei·ching Jih·pao (Peking Daily), 
March 1, 1966, p. 2. 
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Fig. 1 Chart of organizations responsible for development 
of computer technology 

and skilled workers, and about 1,000 scientists were 
trained and gained th~ir practical experience in the Soviet 
Union. Over 11,000 Chinese students and post-graduate 
students graduated from Soviet institutes and universi
ties."2 Kapitsa also states that the Soviet Union, under the 
terms of the Agreement on Scientific and Technical Co
operation of October 12, 1954, " ... between 1954 and 
1964, handed over to the Chinese People's Republic 
21,000 . sets of scientific and technical specifications."3 
Undoubtedly, a critical part of this technical aid and 
assistance must have been earmarked for the electronics 
industry and the field of computer technology. 

Certainly, earliest attempts to produce both analog and 
digital computing machines were based on Soviet equip
ment. and designs. Such was the case, for instance, with 
the "August I" transistorized digital computer at the 
Computation Center of the Academy of Sciences in 

2 M. Kapitsa, Moscow News, October 1, 1966, p. 6. 
3 Ibid. 
4 Nelson M. Blachman, "Central.European Computers," Communications 

of the ACM, Vol. 2, No.9, September 1959, p. 16. Based on the author's 
conversation with Dr. Antonin Svoboda, member and former, director of 
the Research Institute of Mathematical Machines, who spent two weeks in 
China. 

5 John Yamaguchi, "Electronics in Communist China," Electronics, 
December 23,1960, p. 33;also DATAMATION, May/June 1959, pp. 36·37. 

6 Willis H. Ware, et al., "Soviet Computer Technology-1959," IRE Trans 
Electronic Computers, EC·9, March 1960, pp. 72·120; also RAND Report, 
RM·2541, March 1, 1960. "The Chinese are also supposed to have devel-
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Peking, in 1958; the three computer groups in Peking 
building a BESM, an M-3 and a MARK III (a parallel drum 
machine), in 1958-594 ; and the first small and large 
analog computers, in 1958-59.5 

Although the Chinese reportedly were building their 
own computers as early as 19596, it is convenient to take 
1960 as the real beginning of a computer technology base 
in China. In that year, the world witnessed an exodus of 
Russian specialists from China which set them back at 
least two years. Dismal failure of the Great Leap Forward, 
together with the withdrawal of Soviet aid and assistance, 
meant a general regrouping of all sectors of the economy. 
Very little information concerning computers appeared in 
the Chinese press until early 1964. Then, a few photo
graphs and some articles appeared describing in general 
terms one or two new machines. One of these machines, 
the FM-8 medium analog computer, a product of the 
Tientsin Electronic Instruments Plant, had been "the 
winner of a State prize."7 An article by Wang Hung
sheng8 described the FM-8 as "a fifth-generation, minia-

oped a machine which is completely their own design." 
Laurence Clarke, "Notes on the State of Digital Computing in the 

U.S.S.R.," The Computer Journal, Vol. 3, Oc~ober 1960, pp. 164·167. 
" ... [The] Chinese have made a copy in one year from scratch." 

Yao Lin, et 01., in the Introduction to Tien·tzu Chi·suan·chi Yuan·1i 
(Principles of Electronic Digital Computers), July 1961, pp. i·iii. "In 1959, 
China built and placed into operation its first high.speed large digital 
computer." 

7 K'o.hsueh Ta.chung (Popular Science), No.8, August 1964; also 
Wu-hsien·tien (Radio), No. 10, October 1964. 

8 Wang Hung.sheng, "FM·8 Analog Computer Produced in Tientsin," 
K'o·hsueh To-chung, No.2, February 196·5, p. 19. 
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COMMUNIST CHINA 

turized computer." The FM-8 was the result of four years 
of developmental effort. Thus, we know, that the years 
1960-64 had not been completely devoid ,of activity. In 
another article on the FM-8 analog computer, Tu Tien9 

refers to this machine as "the fifth model of computing 
machine developed by the Tientsin Electronic Instruments 
Plant . . . [the] first machine to be built at that plant of 
medium size." Yu goes on to explain that the FM-8 is 
composed of 14 modules and it is capable of solving 24th
order linear and non-linear differential equations. Appar
ently, this machine was designed to perform calculations 
involving wind tunnels, missile flight trajectories and 
aerodynamics. 

Another photograph showed "a Chinese-built high
speed digital computer ... [with] magnetic drum and 
main frame containing 8,000 electron tubes and 
diodes."l0 By all appearances, this is probably the ma
chine referred to by Ware, et al.,6 or it may be a later 
modification of that machine. If this is the case the 
machine referred to is probably the Model 103 or Model 
104. Principal specifications of the Model 104 are: 

• Medium-size, high-speed digital computer 
• 8,000-10,000 operations per second 
• Three-address, floating-point, binary system 
• Internal Storage: Ferrite core memory, 2,048 39-bit 

words 
• External Storage: Magnetic drums (2) 

Speed: 800 characters/second 
Magnetic type units (4) 

Speed: 2 meters/second 
No direct transfer of data between 
internal storage 

• Input Devices: Two high-speed photoelectric paper 
ta pe devices 

Speed: 2 meters/second, 15 characters 
• Output Devices: High-speed printer 

Speed: 900 lines per minute, 12 symbols, 
per line 

In 1966, before the disruptive Cultural Revolution got 
up a full head of steam, several new computers were 
announced. Among these were the DMJ-3 medium analog 
computer and the DMJ-2 small analog computer, both 
products of the Lien-hu Radio Plant, in Peking; the SJ-l 
medium analog computer, made through the cooperation 
of the Analog Computer Division of the Third Office, 
Shanghai Municipal Mechanical and Electrical Products 
Design Institute, and the Shanghai Relay Plant, featuring 
a main patch panel of 102 operational amplifiers and 
capable of solving equations to the 24th order; the M24 
medium analog computer, built by the Tientsin Electronic 
Instruments Plant. Also, in February 1966, the results of 
research done at the Tsinghua University were turned 
over to the Peking Radio Plant No.3, in preparation for 
the task of manufacturing a transistorized digital com
puter capable of performing 6,000 operations per sec
ond.11 

October 7 of this year, People's Daily published the 
announcement of a "new transistorized, large, general
purpose digital computer," successfully trial-produced at 
the Institute of Computer Technology of the Chinese 
Academy of Sciences. No specific details were given in the 
article other than to state that this machine represented 
one of several pre-production models that had been 
studied and built, " ... mostly during the period of the 
Cultural Revolution." In view of the lack of information 
concerning the new computer, the most significant conclu
sion to be drawn from the announcement is that there is 
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every reason to believe that the social, political and 
economic upheaval caused by the Cultural Revolution left 
unscathed workers engaged in activities associated with 
computer technology. Supportive evidence may be found 
in two edicts of the central government which spared 
scientists in China's nuclear and military establishments. 
The first, point 12 of the Decision of the Central 
Committee of tr,e C~inese Communist Party of August 8, 
1966, stated: SpecIal care should be taken of those 
scientists and scientific and technical personnel who have 
made contributions. . . ." This decision was further 
reinforced when, in October 1966, a political meeting "of 
Defense Department [sic] scientists and technicians" 
heaped praise on military technicians for their contribu
tions to the national defense effort.12 

conclusions 
Several conclusions can be drawn concerning the devel

opment of computer technology in Communist China: 
( 1) China still lags behind the West in every aspect of 

the development of computer technology, but the gap has 
narrowed over the past decade. According to statements 
made by T. C. Tsao, Columbia University, in 1960 and 
1967, China was "behind the Western World by at least 
fifteen years,"13 and is now "technically about five years 
behind the U.S. in the field."14 

(2) It is unlikely that the Chinese will deviate from the 
current pattern of assigning top priority to the develop
ment of defense-oriented projects. This means that com
puter technology, so vital a part of the modern defense 
establishment, will continue for some time in the future to 
be subordinated to a role of supporting the military 
sciences in China. 

(3) Assuming that the development of computer tech
nology is to a large measure determined by military 
requirements, and given the present "publish and 
perish"15 attitude in China, it is safe to say that little 
information will be forthcoming from that country in the' 
foreseeable future. 

( 4) It is doubtful whether the latest development, the 
"large transistorized digital computer," represents any 
kind of a technical breakthrough. 

In summary, the Chinese benefitted greatly from Soviet 
aid and assistance during the first decade after the 
founding of the People's Republic. During the second 
decade of Mao Tse-tung's ascension to power, Soviet aid 
was withdrawn from China and the Chinese began a 
policy of "self-reliance" in order to accomplish the goals 
set forth earlier in the Twelve-Year Plan. Developments of 
the last eight years indicate that China has the skilled, 
competent manpower required to further these goals,and 
they possess the organizational machinery to allocate 
resources when and where they are needed. The develop
ment of China's computer technology has borne the fruits 
of these conditions as reflected in the ability' of the 
computer industry to flourish and grow even du~ing 
periods of adversity. • 

9 Yu Tien, "The Application of Analog Computers to Aeronautics," 
Hang-k'ung Chih-shih (Aviation Knowledge), No.9, 1965, pp. 6-8. 

10 K'o-hsueh Ta-chung, No.2, February 1964. 
11 Ta Kung Pao (Hong Kong), February 10, 1966, p. 3. 
12 Stanley Karnow, "Red Chinese Purges," The Washington Post, Octo

ber 9, 1966, p. Ml. 
13 Don Kirk, China's Three-Way Stretch," Electronics, August 21,'1967, 

p. 131. , 
14 Sidney H. Gould (Ed.), Sciences in Communist China, Publication No. 

68, American Association for the Advancement of Science, Washington, 
D. C. (1961), "Electrical Engineering," pp. 747-770. 

15 C. T. Hu, "The Chinese University: Target of the Cultural Revolution," 
Saturday Review, August 19, 1967, p. 69. 
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Modem 4400!... the narrow band data set. Now you can transmit 
2400 bps data over the lowest cost unconditioned telephone 
lines and, simultaneously, transmit voice conversation or 
up to 8 teletype channels over the same line. 

Let us show you the new, low cost way to transmit data. ' 
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COMPUTERIZED 
LIBRARY CATALOG 

cross-i ndexing 
for the navy 

by RICHARD D. FRANKE 

D
' " How to avoid reinventing is a, problem ever 

present in th.e modern complexities of national 
defense, perhaps to an extent greater than in 
commerce and non-defense industry. Whether 

the reinvention is an electronic device,a computer pro-
gram, or an instruction in how to use a piece of equipment 
makes no difference in principle. Weapons systems and 
anti-weapons systems are becoming so extensive, with 
thousands of people and hundreds of thousands of parts, 
that even the highly educated right hand does not always 
know what the highly educated left hand is doing. A 
research engineer specializing in missile launches may. be 
almost totally uninformed about the guidance system that 
takes over the control of his bird following the launch. This 
situation has recurred often enough in engineering circles 
to become well known under the category of interface 
problems. Perhaps as frequent, and probably more costly, 
are. the instances of lack of contemporary knowledge 
within a single category of skilled specialization. An 
expert in the fire control system of any surface-to-air 
missile may not know what specialists in the fire control 
system of another surface-to-air missile are doing. 
, In the Naval Ship Missile Systems Engineering Station 
at Port Hueneme, California, we deal with Talos, Tartar, 
Terrier and Standard missiles for more than 70 surface 
ships of the U. S. Fleet, and for 20 foreign ships from 
Australia, France, Germany, Italy, and Japan. A signifi
cant part of our task has been to cross-feed data, not only 
to reduce the number of interface problems, but also to 
keep people who are involved with one missile system 
informed of significant progress made in another missile 
system. It is much more economical to cross-feed the 
information than to reinvent wherever a similar problem 
may arise. The cost premium on useful knowledge means 
that investment in mechanizing our information today is 
mandatory, because traditional methods have proved in-
adequate. <, 

The problem, of course, is not unique with us. Our 
computerized catalog has been a modest pioneering effort, 
to help us fulfill our mission economically. We are reaping 
benefits that make possible the funding of continuing 
experimentation in mechanization that hopefully will lead 
to further economy. Perhaps the cross-feeding of expe
rience so far, with people who are faced with a similar 
urgent need, may help all of us to keep reinvention to a 
minimum. 

obiectives and development 

The technical library catalog iproject at the Missile 
'Engineering Station began in 1963 with decisions that: 
1) all hard;.copy information materials, regardless of 
format, would be maintained and indexed at a single 
location; 2) the most extensive cross-indexing practicable 
with available data processing equipment would be pro
vided, and 3) programming would maintain a statistical 
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inventory automatically, from updated inputs for items 
added, changed, or deleted. 

Achievement of an adequate mechanized process for 
the catalog listing of all books, periodicals, technical 
reports, report-type publications, charts, drawings,' trans
parencies, training films, and both full-size and microfilm 
specifications required a development time period of 
nearly two years. Programming was initially available, but 
solutions had to be worked out for problems that were 
encountered. 

The original design concept of maintaining a single 
basic index and sorting four ways to produce cross-index 
catalogs was found to involve excessive amounts of 
computer' time. The problem was alleviated by dividing 
the basic file into four separate files in proper sequences. 

Each book, drawing, film, or other item requires a 
control number for several uses. By abandoning traditional 
library shelf numbering systems, desirable simplification 
was attained, in the programming. Starting with the 
number 1, accession numbers were assigned individually 
to inputs, and the accession number itself was used as a 
shelf number, for physical retrieval of the item upon 
request. Deletion of items releases the accession numbers 
for reassignment to new inputs, conserving file space, and 
maintaining numerical order. An updating change instruc
tion to the program deletes all records of an obsolete item 
or maintains the latest revision and date for a needed 
item, operating by means of the accession number. 
Accession number printout serves as locator for an item, as 
it also lists title, date, and report number. The accession 
number listing is printed out quarterly, but a cumulative 
supplement is produced each week so that a complete' 
statement of current library holdings is available. 

The other three catalogs that have served to meet the, 

Commander Franke is director 
of technical data at the Missile 
Engineering Station, Port Hue
neme, Calif. He is an Annapolis 
graduate and also has an MS 
degree in mathematics from 
Stanford Univ. 
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/ your plug in mass· 

storage system. 
Out new universal controller system is completely modular. 
As many as eight data storage devices (or as few as one) can be operated from 
a single controller. You can actually expand your system's memory capacity 
from 8 million to 5 billion characters. Economically. Quickly. With one simple 
plug that links it to just about any computer made. 
And there are lots of other features calculated to turn you on. For example, the 
system operates in several different modes-both serial and parallel-with word 

transfer rates from' 50 microseconds to 900 nanoseconds ' 
per word. To and ftom two computer central processors. 
You Cc:in .even add a comprehensive software package that 
includes generalized flow diagrams and detailed machine 
language programs. 
Drop us a line. Ex-Cell-O Corporation, BRYANT 
Bryant Computer Products, 850 Ladd COMPUTER PRODUCTS C 
Rd., Walled Lake, M.ichigan 48088. r; ~ ,-

plug-in Positioning W~ bet our \\~ryant Believer" ~XLOA 
He.ad Drum System phIlosophy WIll grow on you. EX-CELL-O CORPORATIO: 
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needs of the technical library are a title printout in 
alphabetical order, a keyword printout, and an alpha
numeric printout by report number. The title printout is a 
necessity for any library, because an item may be known 
to the requestor only by its title. The other two listings are 
of a specific nature to handle volume requests at Port 
Hueneme, because of the tendency to deal with certain 
topics identifiable by keyword, and because of a natural 
flow of information from other government agencies and 
vendors identifiable readily by their numbering methods 
for technical reports. What is of general interest about the 
mechanized system developed for the library at the 
Missile Engineering Station is the fact that considerable 
descriptive material can be made available with the 
program, in the form of cross-index catalogs in book form. 
The actual keywords and report numbers are specific for 
the needs of people engaged in ship missile systems 
technical support. Capabilities for cross-indexing in gen
eral are described in the portion of this article dealing 
with programming. . 

summary of results 
The mechanized catalog production system, in less than 

four years, has grown' to a content of over 100, 000 
accession numbers. The average physical retrieval time for 
a single catalog item is t)Vo minutes, as the accession 
numbers are immediately available. About 600 items per 
week are checked out on loan. Reference use of docu
ments that do not leave the library numbers about 1,000 
items per week, and requested copies of various kinds go 
out at about the same rate. Items are requested by 
telephone, Teletype, letter or memorandum, and in person 
by military and civilian employees alike. Requests from 

ships, other naval facilities and contractors account for 
60% of the traffic, while nearly all of the remainder· is 
attributable to use at the Missile Engineering Station 
itself. 

Configurations of missile systems installed aboard more 
than 90 ships· are maintained, with two or more types 6f 
missiles being used on some ships. The fact that hull 
numbers of each ship are listed in cross-indexes on hand 
has made possible accomplishments that are spectacular 
when compared with former methods of literature, search. 
In answer to questions as to how many and what 
documents pertain to a ship under discussion, full tabula
tion sheets have been supplied to conferences on ten 
minutes' notice, a -task that previously required 150 to 200 
man-hours of work. The current configuration is comp
letely documented, and in addition most research and 
development reports from both in-service engineering and 
vendors can be supplied immediately. This permits a 
quick look at existing installations, and at possible changes 
under consideration. 

mechanized processing 
Each incoming item is recorded by a member of the 

library staff on a loading form, illustrated in Fig. 1 (p. 48). 
The following details are recorded: 1) accession number, 
usually, but not necessarily, in ascending sequence of 
receipt; 2) department three-digit code number, indi
cating probable user, on station, shipboard, off-station at 
other facilities, or for use under security restrictions; 3) 
unclassified, or classification; 4) weapon system appli
cable, or "none"; 5) Julian date on which indexed; 6 ) 
type of change, as A, new accession, B, revision, etc.; 7) 
publication date of item; 8) report number. Two or more 
numbers for the same document, such as one familiar for 
Navy use, and another assigned by the Government 
Printing Office, 'are entered in card column 9 (shaded 

RCA's 70/752 Video Data Terminal is a CRT display with separable keyboard that provides direct, 
communication with a computer for data entry and retrieval. This third-generation unit has a 
transmission speed of 120 cps and will display up to 1080 characters at once (20 lines of ·54 char
acters each). Off-line editing permits data to be changed or inserted anywhere in the message. 
Up to 26 terminals can sequentially communicate with the computer over a single'leased 
telephone line. 

If you qualify for OEM purchases and want further information on RCA Video Data and Mass 
Storage Units, write us on your company letterhead. Include your title, function 
and a description of the proposed application. OEM Sales, RCA, Camden, N. J. nell 
08101, Building 202-2, Dept. B or phone 609-963-8000, extension PY 6938. 
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lines); 9) author's last name and initials; 10) title, or 
"title classified." For identification ease, the first word of a 
title is never abbreviated; 11) keywords, up to four in 
number. 

'0'.00 

-"",~ 
2 O-"'Zc 27 q 4 

'ILi:£,GL-9 CL,A,rS, TERRIE,R,,c;M A.la~/A/RC,f.AJ" 
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'IO,L':G,~,9, ,~S,SI ,C,Q,Qu,T.z' us's' COOMT2 DLo- '1 I 
, D"L'~~ 9 oM. .a,A, ,~<", ~,k:7,6, I"C,S, I 
Fig. 1 

A keyword may consist of several words, with or 
without abbreviations. Keywords are use-oriented and 
contained in a thesaurus derived from systems experience 
and from MIL-STD-12B. For example, one keyword for 
Guided Missile Launching System, Mark 7, Modification 
1, is GMLS MK7MODl. Additional entries of keywords are 
LAUNCHER MK7MODl, TRAIN AND ELEVATION SYSTEMS, and 
ELEVATION SYSTEMS MK7MODl. Many of the keywords are 
permutations of the terms within the original keyword. 
Keywonls in the library system now total 105,560. 

Other entries on the loading form are made when the 
computer program has added a suffix to the accession 
number of an item in the library. Such suffixes are, for 
example, A or B. A indicates a listing on the first line 9 of 
the original loading form, and B indicates a different 
report number for another copy of the same item. 

Other entries worthy of mention are made with regard 
to type of change. A type C entry indicates that a revision 
affects an accession number with a suffix. A type Dentry 
instructs the program to delete all records of that acces
sion number. A type E change indicates a deletion of an 
accession number with a suffix. A type F change will add 
a new suffix to an entry already in the record. 

When the loading form is complete, it is sent to data 
. processing to be keypunched, and the input is transferred 

after verification to a computer input tape. The item itself 
is prepared by the library staff for use, according to its 
format, and is filed by accession number. 

The four output cross-indexes previously mentioned are 
printed and bound in catalog form, primarily listing 
accession number, title, keyword, and report number. Two 
copies are kept in the library for reference use, and single 
copies are distributed to reference focal points in particu
larly active departments. Normally, six copies of each of 
the four listings are available from the line printer. 

computer programming 

Available computer center for the current programs is a 
three-shift, shared-time install~tion operated by the Naval 
Construction Battalion Center, at Port Hueneme, and 
including an IBM 705 computer, 40K memory, with ten 
727 tape drives and a 711 card reader-, and an IBM 1401 

THIS PHONE COUPLER CAN DO MORE FOR YOU 

The DAC 337 Acoustical Couplel' has been designed to give you many powerful features. 
In addition to all the standard features, special circuits can be added. The modular cir
cuit card rack has space for 7 additional modules that could incorporate such features 
as a serial-to-parallel converter, or character recognition circuits. Circle the reader card 
to find how DCS engineering can help you. 

DATA COMMUNICATIONS SYSTEMS, INC. 4230 CENTRAL AVE. N.E. \'eo MINNEAPOLIS, MINNESOTA 55421 (612) 788-9295 
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In 60 minutes 

you can add 131,072 words 

to your small computer's memory 

Order a VRC 1~04S Drum Memory System now for your 
PDP-8, 8/S or 8/1 computer. (Yes, the 1104S is compati
ble with the new 8/1.) When the system arrives in 90 days, 
follow the simple installation procedures in the accom
panying manual. In one hour you will have connected the 
1104S to the computer, run the drum diagnostic tape (in
cluded with the manual) to test every bit of the 131,072-
word capacity, and have the system on-line. 

Interfacing the 1104S is that easy. And it's available in 
three versions: PCT for program-controlled transfers; 
DCT for 3-cycle data break; and DMAT for direct mem-

ory access transfers. You get programs for transfer of single 
pages or entire fields, and non-destructive drum diagnostic 
routines. Single-word addressing simplifies programming. 
And don't overlook the benefits of proven VRC reliability: 
design life, 100,000 hours of operation; MTBF, 15,000 
hours; error rate, 1 in 1013 bits. 

Cost? Modest .. A PCT version-with 131,072-word ca
pacity, 8.7msec average access, and three transfer pro
grams plus diagnostic program-is yours for $9,950. So 
place your order today . . . and start dreaming up new 
uses for a small computer that can think big. 

Computers are known by their MEMORIES 

. 
... so ~s 
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Box 20-d 
Precision Park, No. Springfield, Vt. 05150 
Tel. 802/886·2256 TWX 710-363-6533 
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When it comes to engi· 
neering opportunities (and 
the good life, North Coun
try style), the place to 
come is Vermont Research 
Corporation. For specific 
information contact: 

RiCHARD A. STOVER 
Vice President-Engineering 
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with 4K memory, two 729 tape drives, a 1402 card 
read/punch, and a 1403 printer. 

Major files are: 1) Teclib master file containing biblio
graphic and descriptive data for all items in the library, 
including all data listed on the loading form, arranged in 
sequence by accession number; 2) report master file, 
identical in content with the Teclib master file in format 
and content. Its sequence is by report number and 
accession ,number; 3) keyword master file, an inverted file 
containing classification, keyword, title, source, data, sys
tem application, and accession number. It is arranged in 
sequence by keyword; 4) title master file, containing the 
title and report number of all items in the library. It is 
arranged in sequence by title. 

Flow chart for the programs is shown in Fig. 2. File 
changes in sequence by accession number are posted to 

ACCESS 

UPDATE 
REPORT 

NO. 

REPORT 
NO. 

DATA 

Fig. 2 

TECHNICAL 
LIBRARY 
CHANGES 

EDIT CTT 

UPDATE 
ACCESS 

MASTERS 

UPDATE 

TITLE 

TITLE 
DATA 

ACCESS 

UPDATE 

KEYWORD 

KEYWORD 
DATA 

the Teclib master file. Error messages are taped for 
printing. Updated records are written on three separate 
tapes-report number changes, keyword changes, and 
title changes-for input to the three other master files. 
The program runs about 0.6 hours weekly. 

The accession number listing is printed from the Teclib 
master file. Accession changes generated by the Teclib 
maintenance program are printed weekly as a proof list for 
verification. Report number changes are sorted by report 
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number and accession number, and are posted to the 
report master file. Error messages are taped for printing. 
The report number listing is printed weekly from the 
report master file. The program runs about 0.6 hours 
weekly. 

Keyword changes are sorted by keyword, and are 
posted to the keyword master file. Error messages are 
taped for printing. The program runs about 0.2 hours a 
week. The title listing, or bibliography, is printed from the 
title master file monthly. 

Programs are now being developed to use an IBM 
System/360 Model 40 computer recently installed at Port 
Hueneme. The system consists of a 132K memory, with 
six 9-track tape drives and two 7 -track tape drives, two 
2311 disc drives, one card reader, one card reader-punch 
and two high-speed printers. Increased capabilities of the 
360 make possible expansion of the loading form, as 
illustrated in Fig. 3. Note that card controls are expanded 
for growth potential. Hull numbers are called out with 

g. 

mmlmum manual effort. Keywords are expanded for 
internal program compatibility. Provision is made for 
separate indications of missile systems from weapons 
systems of traditional naval armament. 

Flow chart for the 360 programs is shown in Fig. 4 (p. 
52). The 360 makes possible the introduction and retrieval 
of additional data, most obvious of which is the author and 
date printout on a regular basis. Other, advantages are 
increased editing and file-maintaining. mechanization, 
availability of new reports expected to bridge existing' 
gaps with other Navy records, retention of data not 
previously accessible, shorter hours of shared-computer 
time, and minimum ~onversion effort, because existing 
data is compatible with expanded operation. 

related facilities 

Three Missile Engineering Station facilities related to 
the technical library, but dependent on separate mechani
zation, are the federal specifications file, the engineering 
drawings file and the charge-out/circulation file. 

The federal specifications are kept on 16mm microfilm, 
indexed alphanumerically by an independent contractor. 
Some 80,000 documents are stored with a standard 
reader-printer in about ten cubic feet of library 
space. Fast mechanical operation facilitates reading or 
printing a hard copy of any desired specification. 

The engineering drawings are maintained as microfilm 
records at the station, using Dep~rtment of Defense 
aperture cards with keypunched address. With more than 
1,650,000 drawings, the file has its own computer system 
and environmental controls to prolong film life. This 
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Computer Auxiliary Equipment 
Magnetic Tape: 

- Unit Spacefinder Storage -------, 

This is page 60 of our new catalog of EDP 
auxiliary equipment. (Over 700 products.) 
Mail the coupon. We'll send you page 60 

... and 121 more. 

February 1968 

r-----------------------1 

I'd like to take a look at the widest line of 
EDP Auxiliary Equipment in the industry. 

Name _____ ~---

Title ________ _ 

Company----..,;. ______ _ 

Street~, _______ _ 

City' ____ --:-____ _ 

State _____ Zip __ _ 

TAB D 

PRODUCTS CO. 
Box 2630, San Francisco, California 94126 

L _______________________ _ 

CIRCLE 27 ON READER CARD 

51 



The Kennedy· 
. model 1400/360 
in~ __ emel1tal 

magnetic recorder- , 
IBM/360 compatible.· 

Stock deli'very 

$5000. 

540 IN .. WOOOBURY ROAD. ALTADENA, CAL1F,91~)ol'{213)~81.9314 
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voluminous file supplements the printed illustrations in
duped in library documentation. rhe charge-out/circulation file for the library has been 
pu,nched-card oriented since 1965, although it has not 
been 'computerized. With. a keypunch and card sorter, it 
was fq.und useful to obtain printouts of delinquent items .. 
In 1966, the security task of accounting for classified 
documents was added to the charge-out operation, using a 
color-coded system of data cards, and it was found 
practicable to eliminate more than half of the manual 
tasks of document security with which every military 
fa~ility and almost all defense contractors are charged. 

s~mmary 
The Missile Engineering Station ,developed a mecha

nized catalog production system fot all information items, 
regardless of format, at a single location, indexed by IBM 
705 computer processing into four c;ross-reference catalogs 
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CHANGE 
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in book form. A statistical inventory is maintained auto
matically. Physical refrieval time for masses of related 
data has been cut fo a small fraction of that required by 
traditional libn~ry methods. Economies effected have led 
to more ambitious programming, using an IBM 
System/360 computer, with improved results. The facili
ties are available, by prearrangement, to interested organ
izations that may wish to obtain detailed information by 
observation. • 
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FOR THIRD GENERATION COMPUTERS 

360-20 ACCESSORIES 
To take full advantage of the speed and capability of· third 
generation computers, you have to get the work to and from 
the processors quickly and efficiently, Wright Line experi
mented for over a year with its own 360-20 installation, then 
designed this new, complete line of. computer styled acces
sories to provide maximum work. handling efficiency, For 
a copy of our new color brochure giving complete informa
tion, circle the reader service number below or contact 
Wright Line, A Division of Barry Wright Corporation, 160 
Gold Star Boulevard, Worcester, Massachusetts 01606; 

~
=.-."-~,,-: ...• --••.. , c. 

- - ----- ~-I 
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For More Information Circle Reader Service Card No. 101 
DATA PROCESSING ACCESSDRIE~ 
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DISK PACK STORAGE 
Full suspension drawer cabinets and 
library units for maximum safety and 
protection for both 4" and 6" disks. 
Counter height cabinets have plastic 
laminate tops. 
For More Information, Circle Reader Service Card No_ 102 

360-20 
ACCESSORIES 
Custom designed accessories for third 
generation computers. Line includes 
Data Stations and Control Centers with 
efficiency tops plus card handling and 
storage equipment. 
For More Information, Circle Reader Service Card No_ 101 

MATHATRON 
Much more than just a calculator, Math
atron has the capability to solve com
plex problems that are written directly 
with the keys. Mathatron can also be 
programmed and can make logical 
decisions. 
For More Information, Circle Reader Service Card No_ 107 

.. . and other products: 

GOLD STAR FILES 
The most beautiful and most versatile 
card files available today. Line includes 
counter top model with plastic laminate 
surface, truck and transfer files. 

For More Information, Circle Reader Service Card No_ 103 

PORTABLE 
CARD PUNCHES 
Models for punching only or for punch
ing and simultaneously printing. Print
ing punch has tab stops. Plastic card 
punch for Hollerith and other coding 
in plastic badges and cards, 
For More Information, Circle Reader Service Card No. 105 

DATA STATIONS 
Specifically designed for data process
ing applications, Data Stations combine. 
the best features of a desk and a tub 
file with custom storage for cards and 
supplies. 

For More Information, Circle Reader Service Card No. 108 

• TUB FILES • GUIDES • CONTROL PANELS • PANEL STORAGE • 
BINDERS • DATA-CELL STORAGE • SORTING RACKS • Wright Line 
serves the data processing field exclusively with full-time Wright Line field 
specialists in all areas of the United States, Canada and throughout the world. 

KEY PUNCH DESK 
Provide complete work stations by add
ing work surface and drawer space at 
the key punch machines. Attractively 
styled units for use with all key punches. 

For More Information, Circle Reader Service Card No. 104 

TAI.OE-S EAL@ SYSTEM 
The safest, easiest handling, most eco
nomical method of storing tape. Com
plete line of Tape-Seal cabinets, trucks 
and accessories is beautifully styled to 
compliment computer equipment. 

For More Information, Circle Reader Service Card No. 106 

TRUCKS 
Custom trucks for transporting cards, 
tape, disk packs and all other data 
processing supplies. Trucks combine 
straight tracking with easy turning and 
ramping. 

For More Information, Circle Reader Service Card No. 109 

160 GOLD STAR BOULEVARD, WORCESTER, MASSACHUSETTS 01606 
A DIVISION OF BARRY WRIGHT CORPORATION DATA PROCESSING ACCESSORIES 
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More display area, a larger data base, 
a more versatile software system, plus 
the most, advanced tonal display capa
bility: all are available in Control Data 

", ' "o""ll "@'ll' 0 corpora, tion's Digigraphics Systems. , ',' , ' " ,"", ' ' Digigraphics Systems provide a full @JTJI@J8 @J 0 . & 0 20-inch diam~ter display area: Of this, 
, 196 square Inches are available for 

CONTROL DATA 
Digigraphics® 
270 and 274 

graphics - more than offered by any 
competitive system. ' The remainder of 
the CRT face is available for the dis
play of light buttons and registers. 
These light buttons and registers are 
software defined and therefore consti:
tute a' complete control capability more 
flexible than any defined keyboard. The 
display area represents a data base of 
800 x 800 inches, definable to 0.0001 
of an inch. Zoom capability can provide 
18 ,orders of magnification or reduction 
of a displayed image. In' a tonal mod~, 
the display area, can be defined in 32 
intermediate levels of intensity to pro
duce images of photographic quality. 

FCP (Function Control Package) is the 
fully developed software which inte": 
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grates the Digigrap~ics~dis~laywithJt1_e_ 
centra:l processor and user programs. 
This system, which is now in operation, 
has a complete' set of FORTRAN calls 
which interface with the user programs 
to meet user display requirements. 
. The Digigraphics 270 System operates 

with Control Data 3000-series compu
ters to provide a complete, flexible, 
time - shared graphics capability. The 
Digigraphics 274 System can be oper
ated as a complete system' with the 
highly ~conomical CONTROL DATA® 
1700, or can be used asa satellite to 
provide mUlti-console access to the 
fastest, most powerful computers avail
able: Control Data's 6000 series. 

For full details about today's most 
advanced' computer graphics systems, 
contact your Control Data sales office 
or write ~irectly to: 

CONTROL DATA 
CORPORATION 

8100 34th AV~. SO., MINNEAPOLIS. MIN~. 55440 
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LIKE THE TWO GREAT WINES, ARE NOT IDENTICAL. 
Savor a Chateau Lafite-Rothschild, at least ten years old, 
and you experience a great Bordeaux. 

Sip a Chambertin-Clos de Beze of the same vintage and you 
understand why this Burgundy is like a liquid jewel. 

Careful control maintains their quality, from the cultivation 
of the vines to the making of the wine. Both come from sites 
+~at are prcmier Cl'1I or tete de CUI'fe. Both are pressed from 

e noblest grapes, and only \vine worthy of the label is ever 
bottled. Yet they are not identical. 

\Ve could be describing the two great disc packs, the one 
we make and the one made by a computer manufacturer. 
Both come from companies with outstanding magnetic 

media technology-the same companies, in fact, that make 
the two great computer tapes. Both disc packs are the results 
of rigid quality control and fastidious manufacturing. 
Both are the most durable, reliable, and error-free around. 

But, like the two great wines, the two great disc packs are 
not identical. In fact, some users tell us that our disc pack, 
like our computer tape, is the greater of the two. 

\Ve'll drink to that. 

(For facts O)l disc packs and con/putcr tape, write us at 
250 M enwrex Park, Santa Clara, California 95050.) 
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WHAT IS a home study course 

SYSTEMS 
PROGRAMMING? 
by FRED H. OTTE 

D
' The apparent difficulties of understanding sys

tems programming can be cleared up quickly if 
an analogy is considered using a more familiar 

-'--------~ environment, such as food preparation. Instead 
of computers and programs we'll use stoves and recipes. 

terminology 
To begin with, we must define our terms. 

Kitchen is renamed SPOON for Systematic Processing 
Operation Of Nutrition. The stove becomes the ccu for 
Central Culinary Unit. Since there are gas stoves and 
electric stoves, we must differentiate between gas driven 
( GDCCU) and electrically driven (EDCCU ). Since there 
might be at leas~ one potential customer using a wood 
stove, we will also provide f1)ll support for a wood driven 
WDCCU. It is conceivable, of course, that some ecu's have 
the al;>ility to be powered selectively or simultaneously by 
o"ne or more fuel sources, or a combination of two or more 
ccu~s may be installed, which mayor may not be powered 
uniformly. 

To properly handle such configurations we will have a 
eeUVAR (Central Culinary Unit, Variable Powered). 

In addition to the eeu, the SPOON will have a number of 
optional peripheral devices which we conveniently name 
POTS for Pans On Top of Stove, PANS for Pots for All 
Needs and Soups, OVEN for On-line Variable Energy 
Nucleus, etc. The input will mainly come from Containers 
for All Nec~ssary Somethings (CANS) and the output will 
more often than not be self-defined as GARBAGE. 

language design . . . 
Our software must be flexible enough to encompass all 

kinds of hardware configurations, from a large hotel 
installation to the bachelor's hotplate. An automatic pro
cessing system will only do what it is told to do, so to 
make our system work we need recipes. We differentiate 
between user recipes and systems recipes which are 
written by user recipe writers and systems recipe writers. 
Adequate software enables us to produce any kind and 
any volume of food by saying EAT and DRINK and by 
providing a few parameters. The formula for the number 
of parameters needed is approximated as: 

16256 -n 

where n ranges from 0 to 256. For example: 
n = 1 for a 12 course dinner for 6000 persons, 
n = 256 for one· slice of toast, medium brown. 

symbolic language logic 
All cook code is written in Basic WITCH, which is then 

processed by the WITCH assembler producing one or more 
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relocatable object WITCH recipes, which are processed by 
the Linkage Switcher to produce one or more absolute 
subject WITCHES, which finally are loaded by SWITCH
FETCH to in turn produce absolute and executable dual
switched WITCHBREW. It resides in protected DIS~. It is 
imperative for the recipe writer to know at all times which 
SWITCH switches which WITCH. 

organization 'and management 
Appropriate Cook Libraries ( CLIB ) are provided for 

dynamic recall. This, of course, necessitates the creation of 
a Cook Library Catalogue (CLIBCAT), which is kept in 
removable frying pans under the raised floor. To retrieve 
the CLIBCAT we need a directory called Catalogue Syn
chronized Information Table (CATSIT), which provides 
real-time access at all times, because a pointer to the 
active CATSIT is always provided at the entry point to 
SPOON. The unique system of integrated libraries provides 
us with a random addressability to an infinite variety in 
diet. 

. Components are stored with the macro CRAM (Calcu
lated Risk Access Method) and when an item can no 
longer be located it can be deleted with the macro GUFD 
(Give Up For Dead). 

generalized, flexible recipes 
A typical recipe, as used before automation, is inflex

ible, inaccurate and confusing.· It may loo~ like this 
example: 

2 large Bermuda onions 
1 cup whipping cream 
~~ cup shortening 
1 teaspoon salt 
2 cups vinegar 
1 egg, separated 
2 tablespoons sugar 
Bake at 325 0 F for 1 hour 15 minutes 
Makes 25 servings .. 

The SPOON· system, in contrast, features an easy, logi~al 
and flexible notation for the problem recipe writer. It 
provides a generalized model recipe which applies to all 
the world's recipes. 

the model recipe 
Ingredient Division 

UNIT = L (large) 
1. N ~UNIT = M (medium), (geographical origin, coded) 

UNIT = S (small) 
(C ontinued on p. 63) 
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The nlakers of the "two great tapes" 
had snlooth until ... 

TOOK THE WIND OUT OF THEIR SAILS 
• Now a new computer tape is setting the performance pace in the EDP field. 
TVP 2, by Computron, starts where the other leading magnetic tapes leave off. 
• Test after test has proved TVP 2 superior in the characteristics most 
important to you. Fewer dropouts; cleaner, straighter edges; reduced headwear; 
better long-term accuracy ... these are the advantages that make TVP 2 
the finest tape value on the market today. 
• For you this superior performance means more efficient, economical and 
trouble-free computer operation. It's worth checking on today. Write for all the 
facts on this great new tape. {ffi"\ COM PUTR 0 N INC 

r::I CROSBY DRIVE, BEDFORD, MASSACHUSETTS 01730 
\ii;iiiiI GENl:~AL ELECTRIC/SASF GROUP 



$1800.00 

$3500•00 

$7000.00 

These lUonthly savings 
can be the difference 

betW"een being a 
"have" and a "have not" 
in data cOlUlUunications 
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The barrier to the establishment of a long distance, 
multi-point data communication system for many 
computer users is the high monthly charge for leas
ed lines. Typically, you have several sites to link to 
a central computer. Traffic density is such that the 
cost of individual full period lines cannot be justified. 
But on the other hand, the traffic volume is too high 
to be handled economically over dial-up circuits. 

Multiplexing can change this economic picture. It 
lets you link terminal devices on a full period basis 
without incurring the high costs of multiple point-to
point lines. Common carriers have been multiplexing 
circuits for years for efficient channel utilization. Now 
common carrier telephone tariffs permit you to also 
use multiplexing to economically transmit data on a 

Full-duplex Eight Channel 
FDM Multiplexer 

full period basis. The savings can add up to several thousand dollars every month-making it 
easy to justify the costs of leased lines and the mutiplexing equipment. 

Rixon offers a line of multiplexers designed especially for EDP applications. These multi
plexers include both Time Division and Frequency Division models. The TDM model will trans
mit the most channels over a single line (thirty-one 150 bps channels is typicaI). The FDM 
handles up to 8 channels. Both models are flexible so you can buy only the number of channels 
you need. You can always add more later. Data rates are variable too. 

Application information, technical specifications and system layouts with cost savings for 
both FDM and TDM models are in our new multiplexing bulletin. It's yours for the asking. 

RIXDN ELJECTRDIVICS, INC. 
2120 INDUSTRIAL PARKWAY. SILVER SPRING. MD. 20904 • 301·622·2121 
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SYSTEMS PROGRAMMING? , , , 

1 
fruit {sliced 

whole 
object chopped 

boiled 
subject ( separated 

) other # # 

C (cups) ~ 
TS (teaspoon) 
P (pound) 

2 N SS (soup spoon) I I I CD d" ### 

, (TBS (t,ableSPOOn) ,1, 2, 3' ' = con ltIon 
QT (quart) 
PT (pint) 
OZ (ounce) , 

Environment Division 
B (bake) 
F (fry) 

DO, BR (broil) ,T = (time in ,HT = (temperature in 
CK (cook) decimal 3-digit hexadecimal 
S (steam) milliseconds) centigrees) 
R (raw) 

Procedure Division 
USE PI' P2 • ••••• P n' Pn # P n (in this order) 

Output Division 

PORT = N (portions), SERV = {~} 
Legend: 

plate 
cup 
saucer 
bowl 

) N quantity, expr~ssed in binary numbers 
I ingredient, coded 
CD condition, coded 
P procedure, catalogued (may be added, subtracted, 

multiplied, and divided) 
Below is our example as coded in Basic WITCH: 

INGRED 
10, UNIT = L, LOC 348 (FOREIGN), WHOLE 
01, C, 19684WC", (CD = FRESH) 
.1, C, 11489SH, 
01, TS, (SCB = SCBl) 
10, C, I003IVG", (CD = SOUR) 
1, UNIT = M", (CD = SEP) 
10, TBS, (CHB = SUG2) 
ENVIRON 
B,75, (T = 45000QO), (HT = OA3) 
PROC 
USE = P642, P391 # P005+PI619, P8, , P846/2 
OUTPT 
(POR = 11001), SERV = P 

This example illustrates that inherent in this system is 
not only clarity but also a considerable amount of time
saving. 

multitasting 
To more efficiently utilize our system we must abandon 

the idea that only one meal is prepared at a time in fa~or 
of multitasting. Under this system, which is optional, but 
strongly recommended, many meals are being' prepared 
concurrently. The same facilities are utilized, by many 
operators harmoniously an~ asynchronously. Ope"rators or' 

** live seafood subset available in extended system 
*** excluding dead fish, except in systems exceeding 32K. 
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meals not immediately dispatched can be sto~ed tempor~r
ily or permanently in the Library Of Stored Tastes 
(LOST). ' 

The Taste Supervisor will control the system by allot
ting time slices to each recipe under proc~ss and by 
sharing resources, so that one POT might be allocated to 
cook a layer cake and shrimp sauce simultaneously. 
Increased throughput results. ' 

operation 
Various 'dials on the ccu control console allow the 

operator to communicate' with the automatic operation. 
This feature has been included to give the system an 
opportunity to interpret its possible malfunctioning as an 
operat()r error. 

Black output will indicate that the system is in a loop 
and that the product has been overcooked. As an added 
service the system will, in such a case, type out names and 
addresses of nearby restaurants. 

As a special feature, a manually operated device with 
4096' sequential~y numbered pushbuttons can he attached. 
It is called PANIC for Pick A Number If Confused and is 
used only in emergency. 

summary 
The system provides us with aids that enable food 

preparation to be expressed in a language and terms that 
can be easily understood. It includes: ' 

Facilities for easily storing, retrieving and tasting ingre-
dients and recipes. ' 

A system of control that relieves us of all concern. 
An open-ended design that ensures compatibility as 

food consumption grows or another spouse causes design 
changes. • 

©DATAMATION 
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The digital part of a hybrid computing system can easily 
be a hangup for the design engineer. It must respond to 
his needs of usability, or it wastes untold dollars, creates 
hours of frustration and produces unreliable results. 
Sure, there are other digital machines that can be married 
to an EAI analog computer. But the honeymoon is short 
unless EAI is involved in the design. For the interfacing 
and the software can take up to two years to start function
ing properly. 
That's why EAI found it necessary to design and build both 
32 and 16 bit digital computers that exactly mate with their 
world-famed analogs. It was the only way we could be sure 
you'd get the most out of the dynamic problem solving 

EAI has shipped 
40% of the 
digitals for large 
hybrid systems. 

When the word 
gets around, we'll 
ship a lot more. 

capabilities of a hybrid system, in the shortest time, at 
minimum cost. 
When you order an all EAI hybrid system you will be ready 
to start solving in six months. With software that's smooth, 
efficient and debugged. 
No wonder the biggest percentage of hybrid users have 
ordered their digital from EAI. And why we expect to sell 
a great many more. 

EAr Electronic Associates, Inc., West Long Branch, New Jersey 
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Model 110, Paper Tape Punch ... punches standard 5 to 8 
channel paper tape asynchronously at speeds up to 30 CPS. 
Powered by continuously running induction motor. Error 
detection achieved by parity checking switches. Tape can 
be back-spaced. 7"x 19" panel, 24 or 48 VDC. Price: $599.00 

Model 131, Edge-punched Card Reader ••. bi-directional 
capability to read single, hand-fed edge-punched cards that 
have standard 8 channel paper tape codes punched along 
edges. Same mechanism as Model 119R. Price: $457.00 

Model 121, Paper Tape Reader ... 60 CPS with inclusive 
solid-state Drive-Pak at lowest cost! Advanced reader head 
features full 1800 tape surface. 750' reel supply or take-up. 
Tape Lever indicates non-reading or broken tape. Panel is 
83/4" X 19" with 24, 48 or 90 VDC. Price: $605.00 

Model 153-60, Flatbed Reader .•. new, speedier reader, at 
60 CPS. Unidirectional starwheel sensing device permits 
mounting on horizontal surface. Panel 41/2" x 53/4". Same 
mechanism as Model 121. Price: $413.00 

Model 117, Encoding Keyboard ... 18 key ••• converts key 
depressions into coded (8 level) arrays of switch closures 
designed to interface with tape punches, printers, plotters, 
computers or other automatic machinery. Any code config
uration can be supplied. Keys can be mechanically or elec
trically interlocked. Price: $435.00 

• 
In 

Numerical Control, 
Communications, 
Data Processing ... 

consider 
Ohr-tronics 
Engi neeri ng/ Ma n ufactu ri ng 
305 W. Grand Ave., Montvale, N.J. 07645 
Tel: (201) 391-7000 

One year warranty on parts and labor 
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We'll, deliver 
a PDP·9 computer 

in90days.
Seriously. 

Ninety day delivery for a computer with the power of the 
PDP-9 may be another industry first. Ninety'days for hard
ware and software. Complete. Ready to use. 

And not just any computer. PDP-9 is the hottest on-line com
puter in its class, by far. Since its introduction a year ago, it 
has outsold and outperformed all other computers in its 
price range, all others with similar word lengths, all others 
with comparable memory. Backlog is higher than ever, but 
now, so are the production schedules. 

8K core memory, 1 usec, expandable to 32K. 18 bit word. 200 
nanosec adder. High speed control memory. Real time clock. 
Optional parity bit and power failure protection. Its standard 

configuration offers 3 types of I~O facilities, high speed paper 
tape reader and punch- and teletype. 

With the PDP-9 ADVANCED System Software package, you 
can program real-time data collection and complex analysis 
in FORTRAN IV or macro assembly language. Both lan
guages produce compatible and relocatable object codes. 
You can caIiMACRO-9 subroutines from the FORTRAN pro
grams and vice versa. There are two monitors, an 1-0 pro
gramming system, a peripheral interchange program, a 
debugging system, an editor, and a relocating link loader. 

In 90 days from receipt of order. Maybe sooner . 

. mamaDmD 
COMPUTERG • MOOUI..ES 

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· Hl,Jntsville • Pittsburgh· Chicago, Denver· Ann Arbor· Houston· 
Albuquerque, Los Angeles· Palo Alto· Seattle· Carleton Place and Toronto, Ont. • Montreal, Quebec· Reading and Manchester, England· Paris, France 
• M~nich and Cologne, Germany· Oslo, Norway • Stockholm, Sweden • Sydney and West Perth, Australia • Modules distributed also through Allied Radio 
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SAM ALEXAN,DER, 1910-1967 

"Sam Alexander was the most acces
sible b6ss I ever worked for," recalls 
one of his associates. "You could go 
into his office at any time and talk to 
him; he'd drop whatever he was do
ing, no matter how important it was. 
Back in the early days, Sam's office 
had windows made of one-way glass. 
Characteristically, the glass was trans
parent from the outside, rather than 
the inside. He wanted people· to know 
when he was in." 

Another associate remembers a 
technical meeting in Paris when she 
counted the number of times Sam met 
someone he knew. "When I stopped 
counting, early in the afternoon, he 
had shaken hands 500 times." . 

But Sam Alexander's most memo
rable characteristic was his mental 
agility, his talent for "jumping to con
clusions while most of us were still try
ing to sort out the facts," says Russell 
Kirsch, a National Bureau of Stan
dards mathematician who worked 
with Alexander for several years. 
"Many people jump to conclusions, of 
course, but Sam's conclusions were 
usually correct." 

Sam Alexander died of cancer Dec. 
19, 1967, at the age of 57. He "prob
ably inRuenced~ more than any other 
individual, the introduction and de-
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velopment of automatic data process
ing techniques and systems into the 
federal government," according to his 
official biography. Alexander did much 
more than that, however. 

He was one of the first, back in the 
natal days, to see the potential uses of 
computers outside the scientific com
munity, as a planning· and accounting 
tool. Throughout the '50's he pio
neered dozens of applications which 
helped create major markets for soft
ware and hardware later on. He also 
guided many of the marketers-for 
example, IBM's Manny Piore, SDC's 
Wes Melahn, and Fred De Hoffmann 
of General Dynamics. They· were 
among the bright young engineers and 
mathematicians who worked under 
Alexander in the NBS Electronic 
Computer Laboratory and its succes
sor, the Data Processing Systems Divi
sion. Today, these operations are more 
familiarly, and perhaps more accurate
ly, referred to as "The Sam Alexander 
Post-Graduate School." 

Despite his accessibility and 
warm th, Alexander was not universal
ly loved and admired. Like many men 
of conviction, he made some enemies. 
At a hearing on the Hill once, for 
instance, Alexander indicated to one 
questioning Congressman that he 

doubted if the Representative had the 
background to understand the answer 
to his question. And he· was strongly 
criticized for his attempts to maintain 
an NBS project to build its own com
puter in recent years. His insistence 
on this pilot project was completely 
contrary to the thinking of Jack 
Brooks, leading Congressional edp 
watchdog, and Norm Ream, the man 
Brooks picked to run the NBS Center 
for Computer Sciences & Technology, 
bypassing Alexander in the process. 

Alexander was born in Wharton, 
Texas, and earned degrees at the Uni
versity of Oklahoma and MIT. He 
joined NBS in 1946 after spending the 
previous five years with the Navy and 
with Bendix Aviation Corp. develop
ing electronic instrumentation. His 
first major assignment at the Bureau 
was to write the specs and supervise 
the procurement of Univac I, the ma
chine Eckert and Mauchley had been 
commissioned to build for the Census 
Bureau .. 

"At that time," says an official his
tory, "it did not appear unreasonable 
to expect such a system to be in opera
tion by late 1948." 

But by 1948 Eckert and Mauchley 
were in serious trouble. The bureau 
decided to help them out by building, 
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The computer with a future is still expanding. 
IBM introduces the new System/360 
Model 25. . 

It's a system to grow with. IBM engineers say Model 25 is 
bigger than it looks. It sets a new price-performance stand
ard for. a system of its size. 

The reasons are simple. To reduce Model 25's size, price 
anq power requirements, we built control units for many 
peripheral devices right into the central processing unit. 

To boost performance, we introduced a new high-speed 
working storage area. 

This growth system has the same instruction set and flex
ibility as the larger models. For example, Model 25 can use 
most System/360 input-output devices with whatever com
binations of tape, disk and card systems you need. 

Flexibility means Model 25 will even run existing IBM 

1401, 1440 and 1460 programs without reprogramming. 
It means Model 25 can use high-level operating systems 
as well as PL/I, FORTRAN and COBOL-the same pro
gram languages used in larger systems. It means utility 
programs are ready and waiting in IBM's program library 
-as are System/360 application programs tailored for 
such industries as finance, manufacturing, process and 
distribution. 

It all adds up to this: as your business grows, your 
System/360will be able to growwith it. Programmers will be 
more productive. Your installation investment I 
will be lower. And you'll see results faster. 1M 

That's Model 25 ... a system to grow with. . ® 
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SAM 

ALEXANDER-

1910-1967 ... 

in-house, an "interim" computer on 
which new approaches could be tried. 
The result was the Standards Eastern 
Automatic Computer. SEAC, despite its 
"interim'~ label, remained in operation 
14 years, and despite its limited origi
nal mission became the most versatile 
of the first-generation computers. It 
may also have been the most signif
icant one. 

SEAC was the first to utilize a stored 
program, the first to make extensive 
use of diode logic, the first to employ 
semiconductors as logic elements. 
Even more important, perhaps,. SEAC 

performed reliably from the day it 
was' complete9- in 1950. It demon
strated to potential computer users in
side and outside the government that 
dependable computers could be built 
despite the troubles that other devel
opers were having. 

Alexander and his team at NBS 
used SEAC to explore, and advance, 
every major field of data processing 
art. They developed new components 
as well as new applications, and SEAC 

mothered many children, each of 
which made additional contributions. 

Shortly after SEAC was built, it pro
duced a cost-effectiveness study of Air 
Force operations; this was at least a 
decade before the term or the basic 
concept was popularized. In 1954, 
NBS connected SEAG to a remote ter
minal and provided the Army Quarter
master Corps with an on-line real-time 
system for selecting .low bidders on 
military contracts. In 1956, SEAC tested 
one of the first computerized informa
tion retrieval systems when it made a 
topological survey of Patent Office files. 

Besides directing the bureau's com
puter development effort, Alexander 
consulted with most of the other de
velopers, both in this country and 
abroad. In 1956, Sweden awarded 
him a distinguIshed service medal for 
his labor on their behalf. He also re
ceived two gold medals from the U.S. 
Department of Commerce. 

Alexander's last honor, bestowed a 
few months before his death, was the 
Harry Goode Memorial Award. Only 
five others have received it, and all 
but one of these shared the honor with 
Someone else. It was a fitting tribute 
to a man who, in the words of the 
citation, had made "outstanding con
tributions to computer technology and 
government applications over the past 
21 years." • 
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announces 

• The installation of the first GE-420 
third generation time sharing computer 
servil=e in the New York Metropolitan 
Area. 

• A multi-access computer system that will 
respond to your demands faster than 

. any system of its type now available. 

• An extended BASIC programming language. 

• A new Fortran IV compiler consistent 
with ASA specifications. 

• More full-time time sharing for your dollar. 

o . For more information 

o For a demonstration call: 

William E. McHugh, Manager-Marketing 

rapidata 
350 FIFTH AVENUE, NEW YORK, NEW YORK 10001 • Telephone 212 594-0120 

CIRCLE 62 ON READER CARD 

Arrangements have been made through the undersigned for the private placement of these securities 
with certain institutional investors. These securities have not been and are not being offered 

for sale to the public. This announcement appears as a matter of record on!;-. 

NEW ISSUE 

90,000 Shares* 

University Computing Company 

December 27, 1967. 

Common Stock 

*Based on shares outstanding prior to the 
recently announced three-far-one stock split. 

Kidder, Peabody & Co. 
Incorporated 

CIRCLE 39 ON READER CARD 
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OMNITEC 
A SUBSIDIARY OF NYTRONICS. INC. 

Available for Immediate Delivery 

THE NEW STANDARD 
of the Time Sharing Industry 

To 'discuss the wide range of applications that ieading com
panies have found for this versatile telephone coupler, or to arrange 
for your personal demonstration, phone Don Oglesby, Manager of 
Marketing, (602) 258~8246; or write Omnitec Corporation, 903 
North Second Street, Phoenix, Arizona 85004. 

Omnitec Telephone Coupler is compact (12" x 6" x 4"). It 
weighs only 6 pounds; is neat and modern in appearance. 
Sophisticated, advanced solid·state circuitry guarantees 
higher reliability. Easy to install. Foolproof. 
Dial the computer and you're on line 
Converts Teletype, IBM, or equivalent signals to selective 
audio tones for data transmission via any standard telephone. 
Or, conversely, converts tones. into signals for teleprinting. 
Data rate 500 baud. Either half or full duplex. External noise 
effects are minimal. 60 CPS, 115 volt A.C.; or 50 CPS, 220 
volt A.C. . 
Prices start under $500 . 
Four models - with electromagnetic or acoustic receive -
with Teletype or EIA RS·232 interface. Substantial savings 
for quantity orders. Available for immediate delivery. 
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news 
ADAPSO LOSES GROUND 
IN ITS WAR WITH THE BANKS 
The Association of Data Processing 
Service Organizations (ADAPSO) lost a 
battle last month in its effort to pre
vent bankers from operating data pro
cessing service bureaus" but a spokes
man says the war is far from over. 
The association plans to appeal, "as 
soon as possible," a Jan. 9 decision by 
a federal court judge in St.. Paul, 
Minn., who ruled that ADAPSO and a 
local service bureau, Data Systems, 
Inc., have no "legal standing" to block 
American National Bank and Trust 
Co. of Minneapolis from providing 
contract data processing services. The 
ADAPSO spokesman thought the appeal 
could go to trial "as early as next 
May." 

The case is significant because 
banks throughout the country are pro
viding such services and more are 
planning to do so. 

A closely related suit is now being 
tried in Providence, R.I. The plaintiff 
there is the Wingate Corp., a local dp 
service bureau. The defendants are 
the Industrial National Bank of Rhode 
Island, which does work for the city of 
Providence, and the Comptroller of 
Currency, who regulates the national 
banking system. He is also a defen
dant in St. Paul. The American Bank
ers Assn. has entered both cases as a 
friend of the court. 

Each bank set up its data process
ing service bureau under authority 
first granted by the Comptroller of the 
Currency in 1959. For many years the 
courts held that private parties were 
not legally entitled to protest such 
federal government actions through 
lawsuits. But recently, individuals and 
groups have been granted legal stand
ing to oppose banks which operate 
travel agencies, sell insurance, and 
deal in revenue bonds.' These opera
tions, like the service bureaus, stem 
from authority granted by the comp
troller. 

If last month's decision in St. Paul 
is overturned, service bureau operators 
will then have to prove that, selling 
contract dp services is not auth()rized 

, by the National Bank Act. 
Last month, ABA submitted a brief 

in the Providence case which con
tended that Congress believes that 
bank service bureaus are authorized 
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briefs 
under the act. The brief explained 
that last year, when a bill prohibiting 
the banks from selling lottery tickets 
and performing related services was 
enacted, Congress specifically re- ' 
moved data processing from the list of 
such prohibited services. If banks 
didn't have the authority to provide 
these services, asked ABA, why would 
Congress go through this ex~rcise? To 
support its conclusion, the ABA 
<{uoted extensively from the Congres
sional debate on the lottery bill. The 
most relevant statement came from 

Rep. Tom Ashley, Ohio Democrat: 
"The deletion ... of the prohibition 

... against the performance by ballks 
of data processing services in connec
tion with lotteries is not ... in itself a 
grant of authority to perform such' ~er
vices," said Ashley. "Such authority 
must be found elsewhere in the stat
utes, primarily in the National Bank 
Act ... and in the state banking codes 
. . . It is appropriate, however, to 
point out that the prohibition would 
have been unnecessary and meaning
less unless there was authority else
where." 

The National Bank Service Corpor
ation Act, passed in 1962, is also in
volved.~ It permits banks to form dp 
subsidiaries but prohibits them from 
engaging "in. any activity other than 
the performance of bank services for
banks." ABA insists that this language' 
applies only to the subsidiaries, not to 
the individual banks per se. Wingate 

3-D SIMULATED GRAPHICS .OFFERED BY SERVICE BUREAU 

Mathematical Applications Group, 
Inc. (MAGI), White Plains, N.Y., 
has developed a graphics system 
that uses a computerized program 
to simulate a camera, light sources, 
and an object, to produce a three
dimensional representation on a 
CRT display. 

In the FORTRAN program, the ob
ject to be projected is converted 
into mathematical representations 
on a punched card with additional 
data on the simulated light sources, 
camera position and focus. The 
cards are then fed to the computer 
-the company is currently using a 
Philco Transac with 120K 8-bit
byte memory. The computer traces 
the simulated light rays from the 
illumination sources to the simu
lated object, and to and through 
the simulated camera lens to a 
point on the CRT. When the calcu-

lation is complete, the intensity of 
the light at a number of points on 
the tube is determined. 

A real camera then photographs 
th~ image on the CRT and pro
duces a picture of the object. As 
illustrated in the photograph, an 
action sequence of two objects can 
be produced by changing the data. 
The third photograph shows no 
"hidden lines" (of the "box" behind 
the "egg") because of the tech
nique of simulating the paths of the 
light rays. (Other attempts at three
dimensional graphics have often 
had a "hidden lines" problem be
cause the program calculated an 
equation of lines.) 

MAGI plans to offer this system to 
the public this spring on .a service 
bureau basis, running it on either a 
System/360 or a Control Data 
6600. For information: 
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NOI 
A COMPUTER 
AT YOUR 
FINGERTIPS I 

If you're having trouble getting com
puter time, COM-SHARE INC. can 
put a computer as close to you as 
your telephone. You don't house it, 
wait to use it, or hire an expert to 
run it. Time-sharing gives you direct 
access to a computer with specially 
configured software for conversa
tional usage from a remote portable 
terminal. Versatile software.includes 
Fortran II & IV, BASIC, CAL (Con
versational Algebraic Language), 
QED (Text Editor), and 'SNOBOL. 
Extensive applications for engineer
ing, scientific, manufacturing, 
acco.unting, research and educa
tion. Only actual time on computer is 
billed. Connect time as low as $10 
per hour. 

Send for free Time-Sharing kit. 

••••••••••••••• 
• I • NAME • 

• COMPANY • 

• ADDRESS • • • • CITY & STATE • 

= CDMISHAREinC. = 
• 4001 W. Devon Ave .• Chicago. Illinois 60646 • 
• 312 282-9444 • 
• Centers serving most of the nation • 

••••••••••••••• 
Excellent Employment 

Opportunities 
CIRCLE 41 ON READER CARD 
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claims that the legislative history of 
the National Bank Service Corpora
tion Act constitutes "a clear recogni
tion by Congress that national banks 
are not authorized to (provide) data 
proce~,sing services for the public at 
large. 

ADAPSO has vowed to carry its argu
ment to the U.S. Supreme Court if 
necessary. ABA has done likewise. 

IBM ADDS DUAL 65 
TO SYSTEM/360 LINE 
The 360/65 multiprocessing system is 
a direct swat at Univac's 1108 II, an- . 
nounced in 1965. The two-cpu sys
tem, to be delivered first quarter 1969, 
is an answer, says one user, to IBM's 
"increasingly . nervous scientific cus
tomers." It also aims at commercial 
buyers who need a larger data base, 
more reliability, and more efficient 
management of multiple-computer in
stallations. 

The 65's used are essentially the 
same internally as the stand-alone 
counterpart, but through a combina
tion of hardware and software modifi
cations the multiprocessing system 
will share all resources. Job processing 
is not dependent on anyone cpu; it 
can be started on one cpu and contin
ued on the other. A conflict (failure or 
busy signal) on one processor's chan
nel is automatically bypassed and an 
alternate channel is taken through the 
other cpu to reach a peripheral device. 

Specifically, hardware changes in
clude: 

The memory boxes (up to four of 
256K bytes each) will have second 
bc1.ds to permit connection with both 
cpu's, and, of course, the cpu's will be 
connected to each other. A configura
tion panel. will permit allocation of 
I/O devices and memory and permit 
change of addressing scheme in as
signing memory. Through this panel, 
the systems can be made to run as 
independent 65's as well. Floating ad
dress switches are added to permit 
assigning the memory boxes in any 
order. And the mechanism for instruc
tion set systems math (SSM) has been 
changed to a multiprocessing mode to 
control simultaneous or sequential 
ex,ecution by the cpu's in the supervis
er. 

Software features include the fol
lowing: 

The entire system, which requires a 
minimum 512K bytes, uses one control 
program. Programming support is 
OS/360 Multiprogramming with a 
Variable Number of Tasks; the version 

containing multiprocessing features 
(requiring 100-200K for MVT, about 
32K for multiprocessing) will be 
ready in Feburary, 1969. The VARY 

command in the multiprocessor has 
been extended to permit the operator 
to tell the system not to use any com
ponent that is down; thus the syste!ll 
can continue operation without key 
elements, from the cpu to an I/O de
vice. (At program load time, however, 
a hardware feature senses what is 
available for operation.) A new pro
gram addition to both the 65 and the 
65 multiprocessor is recovery manage
ment for as, which recognizes and in 
some cases corrects intermittent fail
ures in the cpu and channels. This 
program, extended VARY, and the on
line test capability in the executive 
( standard in 360' s ) are intended to 
enhance reliability of the system. 

Other major capabilities of the sys
tem include insuring that the tasks 
being executed are highest priority, 
inter-cpu communications on abnor
mally terminated tasks, and communi
cation to the operating cpu when the 
other goes down. 

Several features of the new configu
ration are now being tested. Reported
ly, 65 users can convert to the multi
processing configuration, with field 
modifications. A typical system rents 
for $1~5K/month; purchase price is 
$5.6 million. For information: 

TO BURROUGHS GO 
PHASE II SPOILS 
The extra eight months between the 
first, rescinded award of the Air Force 
Phase II contract to IBM worked most 
to the advantage of Burroughs, which 
walked away with the award on the 
second go-round. The result is a $54 
million difference between the equip
ment cost (based on 135 units) of the 
IBM systems-$114-plus million
and Burroughs-$60 million. The Air 
Force figures that the net savings is 
$36 million because the delay cost the 
government over $2 million a month 
in the operational savings to be ac
crued by Phase II implementation. 

It was basically a Burroughs 3500 
computer and Friden 7311 terminal 
configuration which beat out RCA's 
7025 and 35, IBM's 360/30 and 40 
and Honeywell's 200 series ( rumored 
to have been rated in that order)., 
As opposed to the first time, when 
IBM was the only bidder that success
fully passed all requirements, all four 
manufacturers were responsive this 
time. And the Air Force, though not 
providing details, n.oted that all sys
tems and bids were significantly better 
this time. Some vendors increased 
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memory by 100%. 
Honeywell, said to be first runner

up last time, was the firm whose pro
test to the Go'vernment Accounting 
Office and Congress led to the rescind
ing of the IBM award last July. Under 
the stipulations of GAO procurement 
procedures, the Air Force was. per
suaded that the $65 million price dis
crepancy between IBM' and its com
petitors was sufficient to warrant fur
ther investigation, even though the 
losers did not meet all requirements. 
Indeed, the controversy' has helped 
spur investigations of government 
procurement practices· by all brariches 
of the government. Although the orig
inal IBM award still leaves observers 
perplexed, if only about the obvious
ness of the price difference, the Air 
Force evaluation group still stands as 
one of the most revered in the govern
ment. 

Specifically, Honeywell argued that 
it had erred in its timing calculations, 
thinking its equipment operated under 
the .200-hour requirement, when in 
fact the benchmarks showed it didn't. 
The Air Force found that-based on 
additional hours needed for the 200 
series to do functions required-the 
system cost was not significantly less 
than IBM's. Honeywell argued the AF 
should have figured on cost of addi
tional equipment to meet require
ments, which it said would only be 
$1.25 million. The AF also did not 
favor the 6-bit 200 series in an 8-
bit environment, although Honeywell 
claimed the time lost in translation 
was not significant. 

There was also some argument by 
vendors over the benchmarks, tests 
during which a malfunction can dis
qualify a bidder who has spent up
wards of a million for his bid. The Air 
Force, hQwever, with the blessing of . 
such Congressional leaders as Jack 
Brooks, contends the benchmark is the 
best way available, but is making 
efforts to improve all procedures i~

volved to reduce the cost of bidding. 
For example, it uses the COMET simu
lator' to provide systems descriptions 
in . condensed form and tries to pro
vide programs in higher-level lan
guages where possible to alleviate the 
programming costs for the bench
marks. 

The AF made only one major 
change to the bidding procedures on 
the second go-round: providing the 
manufacturer with life cycle cost in
formation so that he could estimate 
total cost, rather than equipment and 
maintenance alone. This included 
transportation, personnel, and utilities 
costs, which normally the AF would 
compute. 

The award to Burroughs means new 
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income to replace the loss of the B-
263' s now used in Phase 1. The Air 
Force must decide whether to pur
chase or lease the .B3500 systems, and 
determine the total number of installa~ 
tions, which can range from 100-160. 
Use of 160 systems will mean an addi
tional $12-15 million in equipment to 
Burroughs; maintenance is estimated 
at $15-20 million, so, the potential of 
the contract is nearly $100 million. 

The AF and Burroughs have beguri 
preparation for installation. Five will 
go in this year: two to AF Systems 
Design Center in Washington and the 
Military Personnel Center at Ran
dolph AFB, Texas, in March; two to 
Sheppard Technical -Training Center 
in April and May; and one for opera
tional testing at Langley AFB, Vir
ginia. No more will go in until the AF 
has evaluated the implementation sta
tus and the capability of the vendor to 
meet 'software commitments. By July, 
1970, an undetermined number will 
be installed at AF commands around 
the world for. accounting and finance, 
civil engineering, transportation) main
tenance engineering, and milita~y and 
civilian personnel. 

Four sizes of installation will go in: 
A,B,C,D. Beginning with A as the 
smallest, the configurations will in
clude: B3500's with 80K bytes (A 
and B), lOOK, and 150K; 40,60,80, 
and 90 million bytes of random access 
storage; 3, 5, 9, and 10 Friden 7311 
remote keyboard printers (called Bur
roughs 9350's); six tape drives, print
ers, card reader and card punch and 
remote card readers at each level. 

L.A. SHERIFF MAY FINALLY 
GET SYSTEM-OR PART OF ONE 
The Sheriff's Dept. of Los Angeles 
County, which had grandiose plans 
for a multi-megabuck on-line system 
of its own, will have to settle for only 
part of a $1-2 million system-at least 
for now. The county late last Decem
ber went to IBM for its Courts and 
Law Enforcement computer system, a 
256K 360/40 that will be used by the 
municipal and superior courts, the 
probation department, and the offices 
of the sheriff, marshall, county clerk, 
district attorney, and public defender. 

This comes to quite a savings for 
the county, right? Wrong, says RCA, 
which lost out to IBM in the final run
off. By selecting Spectra 70 over Sys
tem/360, said RCA, the county could 
have saved from $350K to $500K. Not 
so, said the county, which did admit 
to "an approximate '$320K price ad
vantage to RCA." But the price differ
ence was reportedly outweighed by 
IBM's experience, its operating soft-

ware, and a 360/40 in City Hall that 
could serve as backup for the county 
system. 

RCA's insistence, however, forced a 
final decision on the top governmental 
body, the county's Board of Supervi
sors. This five-man group then, paid 
the' consulting firm of Ernst & Ernst 
$9K to evaluate "the soft goods and 
the hard goods and all of the stuff that 
we don't understand at all in the first 
place" and come up with a recom-

, mendation. E&E opted for IBM. 
For both RCA and the sheriff's 

office, it was a good fight. From the 
start, the sheriff reportedly favored 
RCA. This dates back to 1961, when 
studies were begun for a rcal-time law 
enforcement system, and invitations 
went out for proposals (see Sept. '63, 
p. 19, and Nov. '63, pp. 13, 19). The 
bidders-IBM, ITT, and the consult
ing firm of Daniel, Mann, Johnson and 
Mendenhall-came in with systems 
that would have cost from $14-20 mil
lion over 10 years. But the county 
decided it wasn't economical to put 
such a system in. 

According to Inspector Victor Rie
sau of . the sheriff's office, all was 
not lost. Not only did this study effort 
spawn interest in such systems nation
wide, but the office was determined to 
try again on a narrower approach. A 
$35K contract was awarded to DMJM 
to design a jail records-keeping sys
tem, which will be the first application 
they'll place on the 360. Following 
that will be a wants and warrants file, 
a record of all the wa~rants out in the 
county. Currently being placed on the 
city's computer by the L.A. Police 
Dept., this will be transferred to the 
county system, and its coverage 
broadened. 

Studies for the county's integrated 
approach were undertaken a couple of 
years ago. Since the using depart
ments work together and often have 
need for information from others' files 
(indeed, some files are duplicated 
within the county), a central system 
makes sense. But if everyone gets as 
many remote terminals as they say 
they need, there will be quite a load 
on the computer's I/O channels. 

The sheriff, who handles an average 
jail population of 10,000, is proposing 
some 100 terminals, including more 
than 50 badge readers, 33 CRT 1 key
board units, and Teletypes and print
ers.' Everyday, 2,000 of the inmates 
must be scheduled for and moved to 
200 courts in southern California. The 
courts, it seems, will I).eed a dozen or 
more for a "traffic prior" system, 
which keeps track of previous traffic 
citations; repeat violators are then 
subject to a higher fine. 

The $1.3-million computer system 
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was originally slated for an October 
'68 delivery date. This, no doubt, will 
be delayed; selection of the vendor 
was set back by six months because 
RCA hung in there. Yet to be decided 
is who will supply the communica
tions gear and terminals. 

Even more serious, no decision has 
been made as to who will run the new 
center. Odds favor the county admin
istrative office, which at least would 
be a disinterested party. But norie of 
the using agencies, much less the 
CAO; has even the nucleus of 'a staff. 

Thus, any delivery of hardware be
fore the end of the year would be a 
crime. -EKY 

BRANDON, PANEL DISCUSS 
DFt MANAGEMENT PROBLEMS 
It becomes "our challenge to convert 
second generation managers with 
third generation equipment, first gen
eration software, and prehistoric busi
ness practices into third generation 
managers." With this, Richard Bran
don, president of Brandon Applied 

. Systems, kicked off the firm's first con
, ference on dp management problems, 
"Data Processing '68: A Useful Look 
Ahead," last month. 

Speaking to an audience of 100 
computer users, Brandon noted that 
most of the current crop of 25,000 dp 
managers are ex-tab shop heads and 
promoted programmers anci analysts 
who have never been trained in apply-

ing complex management skills. Arid 
they are responsible for equipment, 
software, arid personnel representing 
an annual expenditure of more than 
$16 billion. 

Resource management, personnel, 
and communications are the most 
difficult problems facing this group, 
he said. Re personnel, the shortage of 
analysts, managers, and programmers 
may reach 250,000 within three years. 
Salafies have doubled in the past five 
years, and the turnover averages 30-
40% in these prime categories. 

The general public doesn't under
stand the role or import of computa
tion and dp people have failed to 
communicate with top management 
completely; they talk about manage
ment information systems without un
derstanding management processes. 

Thinking wishfully, Brandon of
fered the ultimate solution: We 
should appoint a data processing czar 
with full power to (1) combine DPMA, 

ACM, and SPA; (2) tax each computer 
user $50 a year, and ( 3 ) tax each 
vendor .1% of equipment value. With 
the $20 million thus raised we could 
then develop, he said, a better system
oriented language, set up a universal 
standards manual, establish a resource 
management system, build executive 
training programs, educate the press 
and general public, develop a good 
systems analysis training course, set 
up better selection and performance 
standards for technical staff, and en:-

"And what makes you think you're cut out to be a computer operator?" 
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courage more entrants in the field. 
Last year did see· the first full 

course in systems analysis offered~by 
IBM for $5800; third generation soft:. 
ware began working; COBOL, remote 
testing,. and AUT()FLOW were accepted 
as management tools; and leasing 
companies' came into maturity. The 
few developments for management in 
1968, he said, will probably be the 
acceptance (and definition?) of the 
difference between systems anaiysts 
and programmers, the' first usable doc
umentation standard to come out of 
us AS I, a test for systems analysts; and 
some new "management 'crutches pa
rading in the form of software. " 

The task of expounding further on 
economic, personnel, software, and 
hardware considerations for manage
ment fell to the panel of speakers: Dr. 
Morris Rubinoff, Pennsylvania Re
search Assoc.; John Postley, Informat
ics; Robert Reinstedt, The RAND Corp.; 
and Roland Eppley, ]f., Commercial 
Credit Computer Corp. 

Roland Eppley detailed the reasons 
for the increasing complexity of 
equipment financing. Rental from the 
manufacturer used to be the most 
common method because the technol
ogy changed so fast and the user had 
little faith i..T1 the longevity of the 
equipment. But obsolescence of any 
kind in third generation systems will 
not be a significant factor for the next 
five to ten years, said Eppley, and the 
alternatives of purchase-or lease 
from a third party-are becoming at
tractive. 

The manufacturers are not likely to 
come out with a fourth generation for 
some time because of the massive in
vestment; IBM, alone, it is estimated, 
will invest a total $5 billion in System 
360. And it will be another three to 

. five years before even the mo'st sophis
ticated users are fully exploiting sys
tern capability; about 80% of new
computer time today is used in emu
l~ting second generation programs. 

What are the economics of pur
chase vs. lease vs. rental? Some gen
eral rules of thumb: a one-year lease 
can be obtained at about a 10% dis
count; a short-term (five-year) lease 
can be had for about 20% off manu
facturer's rental; an eight-year lease 
can result in about a 40% reduction; 
and a purchase, depending on life ex
pectancy and method of write-off, 

. couid result in more than a 50%' re
duction. 

Another consideration is computer
or time-sharing. It is estiinated, said 
Eppley, that by 1980 up to 50% of the 
dp activity will be in computer-shar
ing (including remote batch, t-s, and 
service bureau batch processing) . 

The man-machine interface was 
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We figured out how 
to let you get this much more 
out of your 360. 

Through EXODUS II, a low-cost, proven 
system for converting your 1401 Auto
coder or SPS source 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 the 
high cost of compatibility hardware, 
for one thing, and its limitation on 
system expansion for another. 
You don't even need cos. Plus, if you 
are thinking of multiprogramming or 
teleprocessing, 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. Why 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 aft~r you read the brochure.) 

Computer Sciences Corporation, 6 So North 
Sepulveda Blvd., EI Segundo, California 90245. 

Computer Sciences 
Corporation 
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Already field-proven by thousands of hours 

on all types of disk drives . .. every pack 

final tested on our own IBM 360-30! 
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S ready for you now! 
• MAC PACK is guoronteed to meet or 
exceed specificotions ond performonce 
stondords of the IBM 1316 Pock. 

• Worronty identicol to IBM. . 

• MAC PACK operotes interchongeobly 
with 011 IBM 1311, 2311, Honeywell, ond 
CDC disk drives. 

• Leose or purchose pions ovoiloble. 

• Delivery: 2 to 6 weeks. 

• Order your MAC PACKS through your 
locol MAC representotive or write us ot 

MAC Ponel Compo"ny, 
Box 5027, 
High Point, 
North Corolino 
27262. 



Do-it-yourself compiler ki 
$14,000 apie 

It's easy and inexpensive. But it's no toy. It's a real live 
FORTRAN compiler. Here are the basic elements of Digitek 
compilers produced for almost all the major computer 
manufacturers. For $14,000, Digitek provides,you with a 
complete FORTRAN programming system ... compiler, link
ing loader, objecttime package, etc .... and a simple "Place 
A in slot B, tighten screw C on bolt D ... " You provide th 
time and the sweat. We will provide the expert to mop you 
brow. The result will be a compilation system that would 
cost you a minimum of $80,000 by any other method. 
Maybe $200,000. 
System The kit contains a complete FORTRAN programming 
system consisting of a compiler, linking loader, object 
time package, function library and utility routines. All I 
interfaces are isolated and simple so that the system ca 
operate either standalone or under an operating system. 

The compiler accepts and interprets the entire IB 

FORTRAN IV (G level) language. Compilation is single 
batch, producing locally optimized object code. T 
optional source listing contains complete diagnostics a 
the object program memory map. The entire compiler 
core resident occupying between 3200 and 7000 
depending primarily upon word size. For example, 3 
wo~ds are required in a 36 bit machine and 5500 in 
16 bit machine. About 1000 words additional are re
quired for table space to give a capacity of 500 
source cards. Capacity increases rapidly with table 
areas greater than 1000 words. No backup storage of 
any kind is required. Compile speed exceeds 1000 cards 
per minute on most computers. 

The linking loader places object programs in core, per
forms'data initialization, and loads and links required 
sub-programs from the system library. It is overlaid by the 
I/O editor prior to program execution. 

The object time package 
contains the I/O editor and 

associated conversions, rou
tines for double precision and 

complex ~rithmetic, and miscel
laneous FORTRAN routines such as 

subprogram argument transfer. 
Thefunction library contains all of 

the internal and external functions 
recognized by FORTRAN. 

Implementation I mplementation of 
the compiler requires little knowledge 

of the compiling process. Most of the com
piler (all the hard part) is already pro

grammed in a special machine independent 
language (operator-operand) designed for this 

purpose. All that needs to be programmed is a 
si mple old-fash ioned interpreter ofthis lan

guage, consisting of 90 small routines totalling 
about 1500 lines of code. Detailed flowcharts, data 

layouts, and checked out coded examples are pro
vided for each routine. Proven test cases are provided. 
The linking loader and the object time package are 

produced from detailed flowcharts, data descriptions, 
and coded examples. The loader requires approximately 
1800 instructions and the object time package, 3000 .. 

The function library is supplied coded and checked out 
in FORTRAN IV. 

In all cases, the programming required is easily seg
mented intotasksand isrelativelyunsophisticated,garden 
variety system work. 

Your next step is equally simple. Send your name, ad
dress and vital statistics to Digitek for complete informa
tion. Or just send your $14,000. 

I.IGITEI~RPORATION 
5410 West Imperial Highway, Los Angeles, California 90045, 213-644-4421 
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singled out as the most important de
velopment in third-generation equip
ment and software by Dr. Rubinoff 
and John Postley. Terminal, user-ori
ented general-purpose languages,. file 
maintenance and updating software 
systems, operating systems, multipro
gramming, and other features are' giv
ing the user hands-on capability and 
changing the function and profession
al requirements of the programmer. 
Postley particularly noted that "no 
longer can we expect to draw pro
grammers from less exacting disci
plines and then find them operating as 
expert programmers within six months 
or a year." 

Robert Reinstedt, however, in dis
cussing personnel problems, felt that 
the industry is robbing itself of good 
apprentices by becoming "too selec
tive." While higher levels of program
ming are developing, there is still op
portunity for the high school and non
math college graduate. "We should 
give more a chance to succeed," he 
argued. Reinstedt, who has developed 
a vocational interest profile at RAND, 

also argued against tests-certifica
tions, personality, interest-as a selec
tion tool. 

During the luncheon, Congo Cor
nelius Gallagher worked over the na
tional data bank concept again. "I will 
recommend," he said, "in the upcom
ing session of the 90th Congress, the' 
formation of a Citizen's Advisory 
Group made up of representatives of 
all the various fields of expertise to 
inform and advise the Congress ... " 

PERFORMANCE MONITOR 
DESCRIBED FOR L.A. ACM 
A project that sounds like a big step 
forward in accurate measurement of 
computer system performance was de
scribed by Vinton Cerf of UCLA at 
the Los Angeles ACM chapter meet
ing. 

The present methods of measure
ment-benchmark programs, function
al simulation, on-line diagnostics-are 
generally considered rough approxi
mations while Cerf's GASP ( General 
Analysis of System Performance) is 
designed to "find out what's really 
going on in there." In addition, it's 
hoped that the finding out can be 
done with minimum delay and distor
tion, during the normal running of 
production programs. The work is part 
of Dr. G. Estrin's computer instru
mentation project at UCLA's school of 
engineering (Oct. News Briefs, 

, p.112). 
GASP will use special-purpose hard-
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ware, now being designed arid built, 
hooked to a Sigma 7. It will be capa
ble of recording, for example, how 
many times a program went through a 
particular branch. Sampling rates, 
with a maximum of 25 megabytes/ sec
ond, can be adjusted to minimize pro
gram delay but accumulate data to 

. build up a statistical picture of activity. 
Cerf made a plea that all future 

computers include at least one instruc
tion that can put out information di
ectly, showing that processing has 
reached a specific point. Such instruc
tions are already included in the Sig
ma 7 and IBM 360 line. 

The project group is now workIng 
on instrumenting a 7094. If the custom 
hardware works as well as they ex
pect, they would like to make a mobile 
version that could be wheeled into an 
installation and produce output for 
use in analyzing a whole range of sys
tem performance-input/ output chan
nel activity and memory use as well 
as cpu performance. 

A long-range goal of the project is 
to influence manufacturers in the de
sign of future machines-a purpose 
that was greeted with some scepticism 
from the audience, with one listener 
pointing. out that he had been' telling 
IBM what was wrong with their 
equipment for years. In a spirited de
fense of his position, however, Cerf 
explained that there is a difference 
between giving a design group your 
opinion and showing them overwhelm
ing evidence that certain changes will 
be beneficial in specific ways. . 

HONEYWELL HOPS ON tHE 
DISC PACK BANDWAGON' 
A new plant in Newton, Mass., for the 
production of disc packs has been 
dedicated by Honeywell. Production 
has already begun and is scheduled to 
reach a rate of 1400 units a month by 
the. middle of the summer. 

The first unit introduced is the 
model M4005 and is said by the com-:
pany to be "completely compatible 
with all drives currently marketed." 

Although there are a few indepen
dents who have recently begun mar
keting disc. packs, IBM has been the 
only computer maker supplying its 
own. Reasons for the growing activity 
are easy to see-considering that 

. Honeywell estimates the 1967 market. 
at $60-70 million and expects this to 
leap to $200 million a year by the end 
of 1969. They also think that the dol
lar volume of disc packs will exceed 
that of magnetic tape by about 1970. 

Disc packs are the first "consum
able" product to emerge from Honey
well's special products division, set up 
last May to tum out such supply items 

as mag tape, cards, and printer rib
bons. 

The Model M4005 pack, with six 
14-inch-diameter discs, will sell for 
$490 or lease for $15/month. Current 
delivery schedule is 30 days. 

NEW YORK POLICE TO CUT 
EMERGENCY RESPONSE TIME 
The first moments of a fire, an acci
dent, a robbery or other emergency 
situations are "life-death" critical and 
New York City is going to spend $4.7 
million on a computer-based system 
(IBM) to trim the time it takes to 
dispatch police help from 100 seconds 
to 50. To be fully installed by 1970, 
the Special Police Radio Inquiry Net
work, SPRINT, will handle all emer
gency calls through a central police 
communications bureau, rather than 
through bureaus in each of the five 
boroughs under the present system. 

'''hen calls are received at the bu
reau, officers manning 3G keyboard 
displays (IBM 2915's) will key in the 
borough, location, and type of inci
dent. A 360/40, containing 300,000 
locations and data on the city's 1400 
patrol cars, will search the file and 
transmit b 10 c k number, precinct, 
nearest intersection, nearest hospital, 
and the numbers of three available 
patrol cars to the appropriate radio 
dispatcher. (There will be 18 key
board display terminals for the dis
patchers, each of whom covers a spe
cific area of the city.) The dispatcher 
then will order a car to the scene and 
tell the computer of his action. 

SPRINT will also notify bureau per
sonnel via the CRT when the number 
of available cars falls below a certain 
point. The system will also contain a 
file of stolen vehicles so that officers 
throughout the city will be able to 
radio in license numbers for checking. 
The 360/40 used will be a 256K-byte 
system with a 2314 disc drive (9 disc 
packs). I 

RCA PHOTOTYPESETTER 
COMES WEST 
The first installation west of the Mis
sissippi of an RCA Videocomp photo
typesetter is at Auto-Graphics Inc., 
Monterey Park, Calif. It is the seventh 
Videocomp. installation. According to 
Auto-Graphic's Hobert S. Cope, it 
makes possible the (printing) produc
tion of a book iri six weeks that would 
require four months using hot metal 
typesetting. And instead of takirig 60 
hours on a Photon 713, the book 
would be set in only four hours on the 
Videocomp. 

One of the leaders in the use of 
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computers among typesetting houses, 
A-G already has two Photon 713's and 
a B-R 230-B computer. Among the 
jobs being run on the latter configura
tion is computerized drafting-elec
tronic schematics, block diagrams, etc. 
(see June '67, p. 19). 

A Sigma 2 mentioned as a possible 
acquisition in the earlier story on A-G 
never materialized; instead, they got a 
64K Spectra 70/35 with six tapes, 
disc pack, and a 1200-lpm printer. 
Unlike the recently-announced IBM 
2680 phototypesetter, of course, the 
Videocomp operates off-line. Thus, 
two of the tape drives are connected 
to the typesetter, four to the main
frame. Underway is an attempt to get 
the two banks of drives to talk to each 
other. 

One of the jobs being typeset is the 
catalog for a local college. The school 
inputs its catalog data (course name, 
credits given, prerequisites, etc.) and 
schedule data (course number, room 
number, prof's name) into the IBM 
Datatext system. When completed, 
both files are delivered to Auto-Graph
ics for merging and formatting prior to 
photocomposition. Software for edit
ing, conversion, pagination and for
matting are part of A-G's services. 

Does the speed of the Videocomp 
mean lower typesetting costs? In time, 
says Cope, prices may be reduced by 
from 25-50%. The new equipment, 
however, increases A-G's capability to 
cover four major needs-that of the 
book production industry, the direc
tory and list industry, and engineering 
and educational documents .. 

CDC, PRC EXECUTIVES QUIT 
TO SET UP TRAINING FIRM 
Another company proposing to do its 
bit to overcome the programmer 
shortage has been organized, headed 
by three ex-executives from Control 
Data Corp. and one from Planning 
Research Corp. ' 

Computer Learning Corp. will have 
former CDC vp Thomas E. Stone as 
president. Swen' A. Larsen, who estab
lished and was president of Control 
Data Institutes and also headed Auto
mation Institutes of America, will be 

,vice president of Computer Learning 
education centers. Robert F. McIn
tosh, from Planning Re~earch, will be 
vp for education development and con
sulting services. William C. Thomp
son, another CDC alumnus, will be vp 
for management education and special 
services. 

The Falls Church, Va., organization 

plans to open 12 education centers in 
metropolitan areas during the next 
three years. They will be going after 
three levels of prospects: new stu
dents, computer people wanting ad
vanced instruction, and management 
interested in practical applications. 
Courses will be offered for progra'm
mers, operators, and technicians-as 
well as advanced work in such sub
jects as time-sharing, communications, 
and graphic applications. -

DECADE COMPUTER CORP. 
ENTERS MAINFRAME FIELD 
From the start of the computer indus
try, profit-seeking firms have come 
and gone. An early period that saw 
the entrance of several firms was fol
lowed by one that resulted in their 
merger or, dropout. Even today, ru
mors persist that one or more of the 
survivors in' the industry is trying to 
buyout another. 

In the midst of this consolidation 
period, which may never end, we are 
seeing the entrance of new firms 
again, this time on a smaller scale. 
Among these are Business Information 
Technology of Natick, Mass., makers 
of the BIT 480, and Interdata, the 
B~-year-old Eatontown, N.J., firm 
with its Interdata 3 computers. 

TYMSHARE, INC.' 
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We have arranged a private sale of securities 
for this Los Altos, California, operator of time 
sharing computers. Funds from this placement' 
will finance the company's expansion irito 
certain major market areas across the country. 

Burnham ,and Company 
The investment firm that goes beyond Wall Street. 

New York, New Haven, San Francisco, Dallas, 
Brussels, Paris, London 
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PROGRAMMABLE 
CLOCK/CALENDAR 

Automate the operation, of any monitor-pro
, grammed IBM computer, including the System/360, 
... and CDC Series 3000 computer, by plugging in a 
Chrono-Log Programmable Clock/Calendar System. 

• Identify each job by date as well as time. 
• Record computing time automatically for' 

each job. 
• Summarize computing time, down-time, and 

non-productive. time. 
• Bill each job automatically. 

Sequence jobs on or off the computer without 
operator intervention. 

Chrono-Log Clock Systems use existing commands 
... their accuracies are independent of the com
puter ... they are not affected by computer down
time or programming errors. 
Write for Bulletins No. 729/360 and CDC-2 or phone 
(215) EL-6·6771. ' 
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Joining this latter group is another 
new finn, Decade Computer Corp., 
Huntington Beach, Calif., formation 
of which was announced late last 
year. They will "manufacture and 
market a line of small computers" 
whose use would require a minimum 
of programming effort. Currently in 
the midst of their product develop
ment program, they reportedly will 
begin marketing in the spring or sum
mer of this year. By that time, they 
plan to have about 75 people, up from 
20 at year end. 

Three of the officers were formerly 
with Pacific Data Systems, a subsidi
ary of Electronic Associates Inc. They 
are president Paul J. Linebarger, ex
vp and general manager at PDS, Jon 
L. Nickerson, new vp and director of 
marketing, and Dale H. Swett, vp
treasurer at Decade. The vp and di
rector of engineering is Walter C. 
Edwards, formerly with the Nortron
ics division of Northrop Corp. 

McDONNELL AUTOMATION GOES 
INTO TIME-SHARING BUSINESS 
McDonnell Automation Co. is joining 
the commercial time-sharers, offering 
a service they call Direct Access Com
puting. The big service bureau firm 
has been selling remote access batch 
processing for some time. 

McDonnell will use a CE 420, 
based on the 415 and a Datanet-30, 
with access by dial lines from Tele
type ASR 33 or 35 terminals on the 
subscribers' premises. 

The company now has computing 
facilities worth about $43 million, em
ploys 1400, and has offices in five 
cities besides the St. Louis,headquar
ters. 

OHIO HIGHWAY PATROL 
STARTS COMPUTER NETWORK 
A system appropriately called LEADS 
(Law Enforcement Automated Data 
System) is now in operation by the 
Ohio State Highway Patrol. Some 155 
IBM 1050 terminals (with the possi
bility of later changing to ASR mod 
33 and 35) in communication centers 
throughout the state will be tied into 
the three-computer center at the State 
Dept. of Finance in Columbus. Al
ready installed are an IBM 360/30 
and 40; a second mod 40 is due early 
this year. 

Three separate files of information 
will be included in the system: regis
tration numbers on over five million 
vehicles; operator's license information 
on more than six million drivers, in
cluding current records of arrests, 
con~ictions or traffic violation points 
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compiled; and a file of information on 
stolen vehicles and parts, missing li
cense plates, and vehicles driven by 
persons with suspended or revoked 
operator's licenses. 

The files are contained on four IBM 
2321 data cells, each with a capacity 
of 400 million characters, and two 
IBM 2311 disc drives. 

Through LEADS, Ohio is able to tie 
in with the FBI's National Crime In
formation Center in Washington, 
D.C., and with the Law Enforcement 
Telecommunications System, a coop
erative information exchange. between 
police units in the continental states. 

Via a switching system, the termi
nals also provide intra-state police 
communications. 

EXPERIMENTAL TOUCH-TONE 
CAN' GENERATE CHARACTERS 
Among the host of Touch-Tone appli
cations now being con:')idered is an 
experimental program at Bell Labs 
grafting a small display screen onto 
the pushbutton unit. The device 
would be useful for telephone com
munication between deaf people. 

The buttons generate a sequence of 
letters, digits, end-of-word, and end-of-

sentence signals. The 2 button, for ex
ample, is used to produce A, B, or 
C-depending on whether it is de
pressed one, two, or three times. The 
signals are stored until a character is 
fully coded, then released by pressing 
the zero. Practical limits of output are 
8 to 16 words per minute. Further 
experimentation, including the use of 
simple printing attachments, is under 
way. 

FARRINGTON WILL MARKET 
NEW CREDIT CARD SYSTEM 
Farrington Manufacturing Company 
plans to mark~t a new credit card 
reader-imprinter before next summer 

which will report the card holder's 
credit status. Reportedly, the device 
will also use a new technique to verify 
the cardholder's identity, one that "is 
simpler and more foolproof than a 
personal code number," says a Far
rington spokesman. 

Retail stores are expected to be 
among the major users. Now, many of 
them access a credit file whenever a 
card holder wishes to buy more than a 
certain amount. The Farrington sys
tem, says the company, will reduce 
such queries substantially. 

The new credit card equipment is 
described as an "off-line, solid state 
countertop unit which can be used at 
any bank, store, gas station, or other 
consumer outlet." It was developed by 
Telecredit, Inc., Los Angeles, but Far
rington has acquired all rights to the 
device. Norville E. White, Farring
ton's president and chairman, ,said 
Telecredit has been developing the 
device for two years. 

REDSTONE CENTER SHOWS 
ON-LINE LIBRARY SUBSYSTEMS 
From December, 1966, to October, 
1967, the Redstone Scientific Informa
tion Center in Alabama (ROsIe) in
stalled and demonstrated on-line pa
tron registration and book circulation 
subsystems as forerunners to the over
all ALPHA-2 System (Automated Lit
erature Processing, Handling and An
alysis). The center is an element of 
the Research and Development Direc
torate, U.S. Army Missile Command, 
and is jointly financed by the com
mand and the Marshall Space Flight 
Center, NASA. Director of the center is 
Fred E. Croxton. 

The demonstration was conducted 
using one, and later two, IBM-I0S0 
remote terminals (typewriter, card 
reader, and punch) which communi
cated with an IBM-7740 switching 
computer and an IBM-7010 as the 
central processing unit ( CPU). The 
library-related data files attached to 
the CPU were on a dedicated 2301 
disc unit; a 1311 disc pack unit at
tached to the 7740 contained the pro
grams and message cues. Computers 
and files were about half a mile from 
the terminals. 

The computer system was in con
stant teleprocessing use by others dur
ing this period and also handled back
ground batch work. 

The patron registration module con
tained registration data for about 
7,000 patrons; the records for each 
contained 27 separate data elements. 
The programs pOrovided for the addi
tion or deletion of patrons, modifica
tion of any data elements, and look-up 

79 



What has 
sixteen legs, eight 
waggly tongues 
and costs you at least 
$40,000 a year 1 
Eight keypunch operators that one Digitek 70 will replace 
-and then some. This optical scanning system costs only 
$30,000 and is a better, faster and more accurate way to 
feed your computer. It simply eliminates keypunching.· 

This versatile system reads pencil marked (original) docu
ments at the rate of 2500 per hour and transfers informa
tion directly to magnetic tape-ready for the computer. 
The Digitek 70 not only saves labor, time and space, it 
also reduces errors, speeds the movement of data and 
adds to the efficiency of your whole computer operation. 

Keypunching can account for as much as 35% of the total 
cost of your computer operation and up to 90% of time 
delays. We'll be happy to tell you how the Digitek 70 
is solving this important problem for others. 

Write today for information on this and other Optical 
Scanning systems that read a variety of hand- or 
machine-printed source documents. 

OPTICAL SCANNING CORPORATION 
Newtown, Pennsylvania 18940 Phone (215) 968-4611 
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with controlled output either by name 
or by social security number, the ele
ment used by RSIC as a registration 
number. The book circulation module 
contained circulation, overdue and re
call data on about 33,000 books. Only 
call number, short title, and ceitain 
house-keeping data about the books 
were on the file. (Full bibliographic 
data will be included in ALPHA-2.) 
The functions which could be per
formed were loan, return, recall,' re
serve, list, and locate. Only entry by 
call number and borrower were· pro
vided in the demonstration. 

The demonstration modules were 
designed to determine what difficul
ties in systems design, programming, 
and use would be likely to be encoun
tered in operating on-line in a library 
environment and to show if full-scale 
implementation of ALPHA-2 as an on
line library system would be feasible. 

The demonstration showed that 
there was every reason to believe that 
a full-scale on-line library system such 
as ALPHA-2 could be designed, pro
grammed and operated successfully 
provided multiprocessing hardware 
was used. It also showed that the use 
of sequential processing of inquiries 
without priority interrupts and with
out very short time limits would not 
be satisfactory. 

A number of problem areas were 
uncovered and will get attention in 
the full-scale ALPHA-2 design. Exam
ples are work sequence, display, de-. 
lay, and function. Some of the more 
significant of these are mentioned be-
low. . 

Delay in response was a major prob
lem. When first operated, there was 
no limit on the CPU time which could 
be used for a transaction; in some 
cases, inquiries waited 20 minutes in 
the transaction cue because of the 
processing of other actions. Later a 
one-minute time limit was used which 
greatly improved this situation. It was 
noted that the patron gets impatient 
in a very few seconds unless activity is 
apparent. Apparently, 6 to 10 'seconds 
is the maximum allowable turnaround 
time for a transaction for a waiting 
patron. 

Exact matching of file (or index) 
entries was entirely successful; how
ever, the technique of "near match" 
on names using the selection of a 
name from a list derived from short 
truncations showed that more sophis
tication in "near match" is required. It 
also led to the same conclusion re
ported by Dr. Rubinoff's group at the 
University of Pennsylvania: There 
must be a way to stop a long printout 
and to restate the problem. 
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The format of the output produced 
by the IBM-1050 remote typewriter is 
almost as important for rapid use of 
this device as is its length. . 

Storage costs for the files are more 
important than' computing costs. 

Keying is to be avoided in as many 
transactions as possible if a patron is 
waiting. It was concluded that the use 
of function keys and badge .or card 
readers would be preferable to keying 
wherever possible, although this was 
not tested directly by equipment com
parisons. 

When the second remote terminal 
was added to the system, certain tran
sactions in the registration module 
were enabled on the second terminal 
and prohibited on the first; similarly, 
certain transactions in the circulation 
module were enabled on the first ter
minal and prohibited on the second. 
Numerous transactions were possible 
on both. This technique, which was 
coupled with an "override code" 
known only to the analyst, was wholly 
successful as a file security method to 
limit what each terminal could do to a 
data file and what each terminal could 
receive from the file. 

The follow-on effort, design and 
programming on the first phase of 
ALPHA-2, is under the design leader
ship of L. J. Cooney, RSIC systems 
analyst, and is now approximately 
80% and 50% complete, respectively. 
Phase 1 of the ALPHA-2 effort covers a 
full-scale book control system consist
ing of ordering, receiving, cataloging, 
circulation and subject heading con
trol subsystems as well as patron regis
tration. Phase 2, which is in the early 
design stage, covers the serials subsys
tems. Phases 3 and 4 cover subsystems 
for documents and for current and ret
rospective retrieval. This ALPHA-2 sys
tem will operate on the Univac 1108 
now being installed for the Marshall 
Space Flight Center (MSFC), NASA. 
Programming is in COBOL. 

The programming and computer as
sistance required for this work was 
furnished by the Computation Lab
oratory of MSFC with most of the work 
being performed by personnel em
ployed by its contractor, Computer 
Sciences Corp. (csc). R. Clayton Mc
Gee (MSFC) was responsible for man
aging this support and W. G. Aldrich 
(later D. L. Power) ( csc) led the 
programming team under the design 
guidance of Mr. Cooney and Mr. 
Croxton. 

PITTSBURGH GETS FIRST 
TIME-SHARING SERVICE 
On-Line Systems, Inc., a new t-s ser
vice bureau, recently opened in Pitts
burgh. The company is' headed by 

John Godfrey, former manager of t-s 
devel~pment at GE/Phoenix. Senior 
vP. is Raff Ellis, another GE alumnus. 

On-Line is the first and only suppli
er of t-s dp service in the Pittsburgh 
area, says the company. Its hardware 
consists of a GE 255 with 15K main 
frame and 18 niillion char. disc file. 
Programs and written in BASIC, FOR
TRAN and ALGOL. Customers include 
R&D, educational, and industrial or
ganizations in the greater Pittsburgh 
area. On-Line's 255 system can handle 
40 customers simultaneously, and up 
to 60 concurrently. E~l.Ch pays $15 per 
on-line hour. 

A PDP 10/50, which On-Line hopes 
to have operational by mid-'68, will 
treble the company's dp capacity, re
ports Ellis. The company is planning 
to open two more dp centers-one in 
the Eastern U.S., the other out West 
-within the next two years. 

Among the company's present cus
tomers is the North Allegheny School 
District, in north suburban Pittsburgh. 
The district is now using the 255 for 
analysis and computation of student 
test scores, using programs developed 
by On-Line. Next fall, Allegheny dis
trict officials plan to integrate On
Line's system into a new data process
ing course for senior high school stu
dents. 

FUND AMERICAN INVADES 
COMPUTER LEASING FIELD 
Third-party leasing of computers, un
til recently the province of new and 
bold entrepreneurs, is now attracting 
the big-money boys. 

Latest entry is Fund American, a 
holding company based in San Fran
cisco and formed in January, 1966, to 
take over the reorganized Fireman's 
Fund Insurance Co. It then acquired 
North American Securities Co., oper
ating four rimtual funds. Now it's 
starting a new subsidiary for computer 
leasing, to be called SSI Computer 
Corp. . 

Fund American is putting up $10 
million and other financing will bring 
initial capital to $80 million. They 
plan to spend that amount on 
System/360's during the next 18 
months, which will put them among 
the biggest companies in the business. 

SSI president is Peter S. Redfield 
and executive vice president is Gary 
B. Friedman. Redfield was director of 
administrative services at Transameri
ca Corp., which recently decided not 
to go through with the proposed ac
quisition of pioneer leasing company 
MAL 'Friedman is a veteran IBM 
marketing man, most recently branch 
manager of the. San Francisco metro-
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First: 
45 day delivery. 

Now: 
10 to 20% price 
reductions. 
SEL 8IOA 4K-$I8,OOO 
SEL 840A 8K-$60,OOO 

When we put over 100 of these computers in the field 
last year, we learned two things: What excellent ma
chines they are. How to produce them more efficiently. 

So we doubled our production capability. Result: in 
August we were able to announce 45-day delivery. 
Now we can announce across-the~board price reduc
tions of 10-20% on typical computer and peripheral 
configurations. 

Same great features. Nothing changed. 

For example, the 16-bi~ SEL 810A has aU integrated 
circuits. Three priority interrupt levels. 4K memory. 
Inputloutput typewriter. High-speed multiply and 
divide. Real time 110 structure. . 

The 24-bit SEL 840A features include: all integrated 
circuits. 8K memory. Three hardware index registers. 
Hardware multiply and divide. Power fail safe. Inputl 
output typewriter. MUlti-level indirect addressing. 
Real time 110 structure. And a real time monitor. 

Call, don't write, Joe Popolo in our Marketing Depart
ment. Give him your specs. He'll give you a quote. 
Probably within two hours. The number: Area Code 
305/587-2900. 

If you do write: P.O. Box 9148, Ft. Lauderdale, Florida. 

Systems Engineering Laboratories 
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politan office. 
In addition to insurance companies 

and mutual funds, Fund American 
owns a real estate' and office equip
ment leasing organization-for a grand: 
total of $1.3 billion in net assets. 

JOINT MEDICAL GROUP 
STARTS PILOT STUDY 
In the biomedical field, there appears 
to be a frantic effort to get more pa
tients on-line to a computer, especially 
for the diagnosis and treatment of car-
diovascular diseases. . . 

At the Latter-Day Saints Hospital 
in Salt Lake City, Utah, there's a pilot 
study underway to study the feasibil
ity of using a central computer to pro
cess a variety' of physiological signals 
from patients in remote hospital lo'ca
tions. Also involved are the National 
Institutes of Health and the Univ. of 
Utah. 

They're using a CDC 3300 which 
joins a 3200 that has been installed at 
the hospital for several years. On-line 
~erminals, including the CRT variety, 
are _ to be used. They'll be performing 
the on-line classification of EKG pat
terns, computation of pulmonary phys-

iological parameters, processing of on
line data from patients in intensive 
care wards, and the analysis of on-line 
pressure and oxygen saturation. data 
during heart catheterization. 

OREGON ADVISED TO FORM 
COLLEGE COMPUTER NETWORK 
All of Oregon's colleges and universi
ties will be linked by a computer net
work if the Oregon State System of 
Higher Education follows recommen
dations of the Interinstitutional Com
mittee on Computer Activities (ICCA). 

Recommendations from a two-year 
study by ICCA are to set up an experi
mental system linking the institutions 
to existing computer centers at the 
Univ. of Oregon (Eugene) and Ore
gon State ·Univ. (Corvallis). UO has 
an IBM 360/50, PDP-7, IBM 1620 
and 1410; OSU operates a CDC 3300 
and an IBM 1620. 

The other schools, many of which 
already have smaller co~puters under 
research grants, should have a satellite 
for most on-campus uses with access 
via one console per 500 students to 
the larger machines for backup, over
flow, research, CAl, and administra
tive reporting. Such a statewide sys
tem would give even small institutions 
access to large computers without 

duplication of equipment. Among 
other possible benefits, ICCA notes 
those of better programs for institu
tional management, CAl curricular 
development, improved college library 
operation, and standardization of ad,. 
ministrative reports. 

SURPLUS SAGE CRT'S 
FOR BIOMEDICAL- StUDY 
A biomedical computin'g complex with 
an octopus-like array of processors 
built around the EMR 6130 computer 
is under development at Lorna Linda 
Univ., San Bernardino, Calif. They 
have the first 6130 to be delivered, an 
8K system, plus a dozen surplus SAGE 

display CRT's~ The latter were ac
quired gratis when the' SAGE system 
was dismantled at nearby Norton 
AFB. 

Under Dr. Ivan R. Neilsen, Lorna 
Linda has developed a math model of 
a heart, which enables them to simu
late heart problems and display the 
results on a scope. Driving the display 
till now has been the UCLA 360/75. 

MICHIGAN BLUE SHIELD 
REPORTS ON DATA-RECORDERS 
Michigan Blue Shield, Detroit, in
creased input data conversion in the 
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EDP PERSONNEL SPECIALISTS 
FOR ELEVEN YEARS 

DATA PROCESSING PERSONNEL 
We have a wide choice of EDP positions available in degree 
and non-degree skills in salary ranges from $7,000 to 
$25,000 including: 

Communication Analysis 
EDP Systems Analysis 
Programmers, Jr. & Sr. 
Systems Planning & Research 
Mgrs. EDP Systems 
Operations Research 

System Designers 
Analyst! Programmers 
Programming Services 
Software Specialists 
Computer Operators 
Data Processing Sales 
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• Keep your computer running-not id e. 
1111 
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1111 , 

In all cases, Interview, relocation, and our search fees 
are all paid by client firms. You will have several choices 
of companies or industries to select for your specific job 
interest. Because we operate a network of offices. positions 
are located in many areas of the country. 
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• Schedule in 6, 10, 15 & 30 min. cycles, 
for daily, weekly or monthly periods. 

• Know in advance when slack periods or 
heavy work loads are coming. 

• Make changes & additions immediately. 

• Every hour saved saves you $20-$40-$60. 

Write for FREE 28 Pg.lllustrated Catalog- DA2 

METHODS RESEARCH CORP. 
70 Willow Ave., Staten Island, N. Y. 10305 
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Our Automatic Data Processing Personnel Man· 
ager, Mr. Joseph T. Wood welcomes your inquiry 
and/or resume. Or you may call him collect. 

For full information- Write; Phone or Wire Today 

SCHNEIDER, HILL & SPANGLER, INC. 
"The People Placers" 

Suite 312-121 S. Broad St., Phila., Pa. 19107 
Telephone: 215·KI·6·2804 
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first 11 months of 1967 from 31,860 to 
120,000 items per day, and saved 34% 
of cost, by going from key punches to 
Data-Recorders (86 Mohawk 1101s, 
10 NCR 735s) ~ 
D~ta conversion takes 142 people 

( of 232 at the facility) in three 
groups: Medicare, Medicaid, and reg
ular subscriber accounts. Working 
from 102 forms, each claim is broken 
down into single services ( Medicare 
claims average five services, Medicaid 
two, regular subscribers 1.4) keyed 
onto 200 bpi D. R. mag tapes, veri
fied, and later converted into 800 bpi 
computer tapes. 

At the advent of Medicare, MBS set 
up a dp center for handling its Part B 
program using one Honeywell 200 
and keypunching data conversions. In 
the past Bf years an H2200. and 
another H200 were added. 

Input data is checked for possi
ble duplication, regular subscribers 
through BS-Blue Cross Unifile at Blue 
Cross. Medicare tapes go daily to the 
Social Security Administration in Bal
timore for verification of deductible 
payments and there is a daily flow of 
verified tapes back to MBS~ Medicaid 
eligibility is furnished on monthly 
tapes by the state of Michigan. 
Checks are written weekly for the two 
government programs. 

The utilization file, a six-mill ion
case history, is undergoing long term 
review by MBS to determine what 
and how services are used. The case 
history, when properly authorized for 
use, could also furnish emergency in
formation on ailments, medication, 
and doctor should a client be hospital
ized in a coma. 

By 1975 MBS will need the ability 
to handle 383,000 Inputs a day includ
ing prescription drugs and dental ser
vices which are seen as inevitable ad
ditions to present services. Thus MBS 
is casting about for ways to capture 
data at its source. 

NEW FIRM WILL SPECIALIZE 
IN LSI/MOS TECHNIQUES 
A company called Electronic Arrays 
has been formed in Mountain View, 
Calif., to produce microelectronics, 
concentrating on large scale integra
tion using MOS techniques. 

The company's president is Dr. 
James J. McMullen and he, as well as 

"the other founders, was with General 
Micro-electronics-leaving when the 
company was bought out by Philco
Ford. In the meantime the group has 
been in business as McMullen Asso
ciates. 

Besides McMullen, who was direc
tor of the semiconductor division at 
GMe, the principals are Earl Gregory, 
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who was director of marketing; Dave 
Stiefbold, formerly manager of tech
nology development; and Gene Steph
enson, who was manager of commer
cial equipment development and 
responsible for design of the first 
commercially available MOS inte
grated circuit, a 20-bit serial shift reg
ister. 

The first microelectronic array prod
ucts are expected to be announced 
this fall. 

NEW MODEL OF PICTUREPHONE 
WILL GO TO WESTINGHOUSE 
AT&T has developed a Picturephone 
Model II at Bell Labs for possible in
troduction in the early 1970's and 
Westinghouse will give 40 sets a trial 
starting this September. 

The earlier model had several such 

tests, including use at the 1964 New 
York World's Fair. The Model II has a 
new camera tube that can handle a 
wider range of lighting conditions and 
allows either close-up or wide-angle 
viewing. A two-mil-thick silicon wafer 
is used in the tube, containing over a 
half-million silicon photodiodes and 
produced with the same techniques as 
those used for integrated circuits. 

• A Council on Computer Centers 
and Computer Science Education and 
Jlesearch has been established by the 
Southern Regional Education Board 
(SREB) under a grant from the Esso 
Education Foundation and IBM Corp. 
The purpose of the council is to pro
mote better use of computer facilities 
at colleges and universities in the 
South. Of 640 institutions of higher 
education in the South, about 200 
have computers; only a few now offer, 
or are preparing to offer, degree pro
grams in computer sciences. The new 

-'council will initially consist of four ten
member committees for computer cen
ters, computer science degree pro
grams, administrative information sys
tems and CAL 

• An annual forecast by the Colum
bus Laboratories of Battelle Memorial 
Institute predict total 1968 R&D ex
penditures to reach $26.5 billion, an 
increase of $700 million (3.3%) over 
estimated 1967 spending. For the first 
time since reliable figures became 
available, it is expected that the in
crease in federal spending on research 
in the social sciences will exceed the 
increase in physical sciences. 

• Responding to a $450K contract, 
Systems Engineering Labs will deliver 
a dual computer multi-experiment 
data acquisition system for use in nu
clear research to the Oak Ridge N a
tional Laboratory (Tenn.) operated 
by Union Carbide for the AEC. The 
system will incorporate two SEL 810B 
16-bit computers. 

• Modesto Junior College (Calif.), 
with a student body of over 4,200, is 
testing a computer registration system 
during the spring semester on a re
cently purchased 1401. Students will 
write on special worksheets the class.: . 
es, instructors, alternate choices, and 
hours available for class time. These 
worksheets will be fed to the comput
er, and the number of students wish
ing to enroll in each cour~e will be 
tallied. This tally will be used to de
termine if enough course sections are 
offered. Program sh'eets will then be 
input to the system to obtain class 
schedules for each student. The school 
is using a program written by De 
Anza College of Cupertino, Calif. In 
addition to De Anza, similar programs 
are in effect at Bakersfield (Calif.) 
College and Washington State Uni
versity. 

• Grumman Aircraft has accepted 
the first of a series of microelectronic 
digital computers developed by Con
trol Data for use in the Mohawk OV-1 
aircraft. Designed to MIL-E-5400 
specs, the computer measures 4~f" x 
m4" x 8~f" and weighs under 13 
pounds. With a 4 usec cycle time, the 
computer's memory has a capacity of 
1,280 12-bit NDRO words, expandable 
to 7,680 words; and a scratchpad 
memory of 128 24-bit NDRO words, 
expandable to 256 words~ The entire 
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news briefs 

system-CPU, memory, I/O unit, dis
play, keyboarq. and power supply-fits 
as a complete package into the air
craft's avionics system. 

• By order of the FCC, ITT World 
Communications, Inc., has filed a tar
iff allowing users of overseas voice
grade communications channels to 
subdivide them to produce additional 
cjrcuits of not more than 22 telegraph 
circuits on a cable channel or 24 tele
graph circuits on a satellite channel. 
Service will be offered to any point to 
which the charges for an individual 
full-speed telegraph circuit do not ex
ceed 40% of those for an individual 
voice-grade quality channel. 

• Inflation in France has forced Bull
GE to raise the sales price, though not 
the monthly rental, of the Gamma-55 
computer. No infOlmation was avail
able on the amount of the increase 
because of the configuration varia
tions, except that the price will corres
pond to 48 months' rental. A typical 
configuration of the 55 will sell for 
approximately $50,000, but there was 
no information available on what a 
typical configuration is and its previ
ous price. The increased price also re
flects the increased performance and 
capacity added to the 55 since its mid-
1966 introduction. ' 

.' EG&G, Inc., Bedford, Mass., an 
electronics and engineering corpora
tion, has announced plans to acquire 
Wolf Research and Development 
Corp., a 350-man consulting firm with 
current annual sales of over $5 mil
lion. The acquisition will involve an 
undisclosed amount of EG&G com
mon stock in exchange for all the out
standing stock of Wolf, which will be 
operated as a wholly owned subsidi
ary . 

• The ACM has chartered a new 
Special Interest Committee on Digital 
Simulation (SICSIM) under the chair
manship of David Brandin of IIT Re
search Institute.' The committee will 
attempt to provide distinctions be
tween techniques useful in simulation 
of continuous and discrete' models 
guidelines 'for development of simula~ 
tion languages, dissemination of pro
gramming techniques, related compu
tational mathematics, information on 
new applications, and other topics in 
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digital simulation. Membership re
quests and suggestions for activities 
should be sent to Mr. Brandin, IlTRI, 

10 W. 35th St., Chicago 60616. 

• The 1968 IEEE Microelectronics 
Symposium scheduled for June 17-19 
in St. Louis, Mo., is soliciting papers 
on the theme "Microelectronics and 
Electronic Systems." Requested topics 
include developmental and experi
mental approaches in design, materi
als, processing, packaging, applica
tions and production in microelectron
ics. Prospective authors need not be 
members of IEEE. Three copies of 350-
word summaries should be submitted 
before March 15 to Dr. Remo Pellin 
(Program Chairman), Director, Semi
conductor Materials Dept., Monsanto 
Co., 800 N. Lindbergh, St. Louis, Mo. 

• A call for sessions has been issued 
by the technical program committee 
for the 1968 Western Electronic Show 
and Convention (WESCON) to be held 
in Los Angeles, August 20-23. A dead
line of March 15 has been given for 
submission of letters of intent-out
lines describing a proposed session 
topic and listing individual partici
pants (authors or panelists) and their 
subjects. Letters of intent should be 
s,ent to Dr. Robert M. Ashby, WESCON 

Technical Program Committee, 3600 
Wilshire Blvd., Los Angeles, Calif. 
90005. 

• A new peripheral manufacturer
Paragon Systems, Inc.-has been 
formed in Houston under the presi
dency of William W. Witt. Mr. Witt, 
former vice president and general 
manager of Geo Space Computer 
Div.'s Computer Products Dept., is as
sisted by chief engineer Robert E. 

'- Williams, former manager of analog 
engineering at Geo Space's Instru
ment Div. Paragon has already been 
contracted to supply peripheral I/O 
equipment 'to Digital Seismic Corp. 
for the PASS/l geophysical dp sys
tem. 

• Stockholm County, Sweden,. pla~s 
to build an advanced medical dp sys
tem around a Univac 494 (with two 
Fastrand II mass memory drums, an 
FH-880 high-speed drum, three Uni
serv08-c mag tape units, a 1004 and 
eight Uniscope 300 visual display ter
minals) _ A pilot system is slated for 
Danderyd Hospital ( 1500 beds) 
early this year. When finished, the 
system will cover ail medical man
agement, control, treatment, opera
tions of the pharmacy, clinical labs 
and inventory controL Later the sys
tem will be extended tp all 15 hpspi
tals (13,000 beds) in the county, in
cluding their two million outpatients 
annually. 

• IIT Research Institute, Chicago, 
and electronic firm sponsors are con
cluding the first year of CADEP (Com
puter-Aided Design of Electronic 
Products) with a program developed 
for, analog circuit design. The second
year project expansion will seek a pro
gram as a design aid for digital or 
logic circuits. Data commu'nications 
between IlTRI Computational Services 
Center and participating plants allow 
fast turnaround of data analysis of cir
cuit specs. ECAP (Electronic Circuit 
Analysis Program), used primarily for 
DC and small signal AC analysis, will 
be modified to produce automatic 
plots by Teletype printer. SCEPTRE 

(System for' Circuit Evaluation and 
Prediction of Transient Radiation 
Effects) provides transient analysis 
and can handle non-linear devices. 
IlTRI has a measuring iab to gather 
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news briefs 

transistor performance data and is as':' 
sembling a library of electronic device 
models for design use. 

• The Univ. of Southern California's 
demonstration project on the drinking 
driver and traffic ~afety is a three-year 
study under contract with California's 
Transportation Agency. This unique 
program will attempt to ferret out the 
repeat offender so that rehabilitation 
may be undertaken before' driving li
censes are issued or renewed. A profile 
is being prepared, with data collection 
techniques and computer use, to dis
cover 'what characteristics are peculiar 
to repeat offender drunken drivers. A 
probability model will be developed to 
judge an individual's chances of be
coming such an offender. Where' a 
person is identified as a probable fu
ture re-offender; the project hopes. to 
be' able to influence such a person 
toward rehabilitation. The project is 
an interdisciplinary effort adding to 
the staff of the Youth Studies Center a 
psychologist, computer programmer 
and field research assistants, plus a 
number of. consultants from various 
disciplines. ' 

• The proposed COBOL standard is 
expected to be approved by X.3 after 
the second letter ballot is completed 
Feb. 22. Last month, the first' ballot 
rietted yeses primarily on the condition 
t,hat the random processing module be 
removed and revised. Once this and 
other minor changes are done, another 
revised COBOL standard will go out for 

. approval. . 

• A selected group of students, en
rolled in' Russian I at Stanford Univ., 
are being taught the fundamentals 

. of the language on teletypewriter 
terminals connected to a central PDP-
8 computer. The computer, prepro
grammed by the course instructor, 
prints' out the instructions to the stu~ 
ents; questions are asked in Russian 
by a tape-recorded voice. If the stud
dent gives a wrong answer, the com
puter prints out, "No, try again." If 
the answer is still incorrect, the right 
answer is printed out in the Cyrillic 
(Russian) alphabet. The computer is 
also programmed to keep track of the 
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student's progress and to give him 
new material as his competence in
creases. The project, sponsored by a 
$lOOK grant from the U.S. Office of 
Education, has been devised by Pro
fessor Joseph Van-Campen, associate 
professor 'of Slavic languages at Stan
ford. 

• Price reductions from 10% to 20% 
on typical .configurations 'of the SEL 
8l0A, 840A, and 840MP computer 
systems have bee'n announced by Sys
tems Engineering Laboratories. A 4K 
810A will sell for $18,000 and an 8K 
840A for $60,000 .. Delivery schedule 
is 45 days. 

• Control Data. Corp. has consoli
dated its educational busiriess into an 
Education Services Organization to 
handle both the CDI and the recent 

, acquisition. (along with CEIR) of Au
tomation Institutes of America (AlA). 
General manager of CDI, L. G. Kin
ney, and president of AlA J. E. 
Wright will both report to N. R. Berg, 
vp, administration and personnel, 
CDC. 

shortlines ... 
The Wright Line Div~ of Barry Wright 
Corp. has acquired ElectroMechanics 
Corp. of High Point, N.C., whose por-

table punches Wright Line has been 
marketing. Albert Raulston will be 
manager of the department and James 
y. Simone will be development engi
neer ... Ohio State Univ. will grant 
its first degrees in compu,ter and infor
mation science at the end of the win
ter quarter ... Control Data has given 
$296,056 to the Courant Institute of 
Mathematical Sciences at New York 
Univ. for work on time-sharirig; the 
group. has developed SHARER for the 
6600 ... In the U.K., Pergamon Press 
Ltd. has taken over the publishing ac
tivities of Computer Consultants Ltd. 
. . . Getting ready for the coming 
decimalization of Britain's currency, 
Woolco Department Stores (a division 
of F. W. Woolworth and Co. Ltd.) 
has ordered an optical character rec-

. ognition' system from NCR . . . The 
Third National Convention of the As
sociation for Educational Data Sys
tems will be held in Fort Worth, Tex., 
April 30 through May 3 ... NCR has 
given $150,000 to the National Retail 
Merchants Association for deveIop
'ment of a new computer-based system 
for reporting operating statistics to the 
NRMA membership .... We hear that 
IBM has over 1002250 graphic termi
nals in the field . . . An ad hoc 1/ 0 
interface committee under USASI 
X.3.2, studying the feasibility of a 
standard peripheral adapter for the 
last nine months, still can't determine 
whether such a system would ease the 
problem of interfacing different equip
ment makes or create more costly prob
lems . . . • 

"Sad case there . . . brilliant computer man-took a six weeks 
vacation and fell too far behind in his field.'1 
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The UNIVAC® 9400. High performance 
complement to the family of successful 
UNIVAC 9200 and 9300 computer systems. 
A powerful medium-sized real-time system 
with capabilities previously found only in 
larger, more expensive systems. 

Newest addition to the UNIVAC 9000 
Series, the UNIVAC 9400 offers a wide 
choice of applications whether they be 
direct access, sequential batch processing, 
or communications-oriented processing. 

Communications configurations 
provide for up to 64 duplex line terminals, 
with the number of possible remote devices 
almost unlimited. Utilizing an intermix 
of codes and speeds, the UNIVAC 9400 
can communicate with a full range of 
peripheral terminals, the UNISCOPE® 300 
visual display unit and the DCT-2000 
as well as many other processors such as 

the UNIVAC 1108 and 494 Systems. 
Designed with a supervisor control 

program for multiprogramming, the 
UNIVAC 9400 will run up to five main-chain 
programs at the same time. For example: 
1) responding to inquiries from remote 
terminals, 2) updating accounts 
receivables, 3) updating "in process" 
inventory,4) sorting disc or tape files, 
5) solving complex mathematical equations 

, -all can be processed concurrently. 
Peripherals include industry 

standard discs and tapes. Tape systems 
can be expanded from 4 to 16 drives, 
from 34 to 192 KB. Disc configurations 
provide from 2 to 8 UNIVAC 8411 Disc 
Drives. Each has a 7,250,000 byte capacity 
and 75 millisecond average access time. 

The complement of software includes 
~ull COBOL and FORTRAN, RPG and BAL, 

among others, in tape and dis,c-oriented 
systems plus other proven programming 
and testing packages. 

A basic UNIVAC 9400 tape or disc 
system is available at monthly costs 
beginning at about $6,.000. Extend it, 
expand it, make it grow with you. Yet-no 
matter how big you make it-it can still 
be part of one large computer family
the UNIVAC 9000 Series. 

If you're ready to move up, please 
call UNIVAC. 

The voice that answers will be human. 

UNIVAC 
Univac is saving a lot of people a lot of time. 

~~ Sr->C~Y RAI\D 
CIRCLE S2 ON READER CARD 

The voice at the other end 
of this telephone isrit human. 

If never talked to a COlnputf~r 



a leading memory system manufacturer and 
some pleasant memories of an expansion 

Ferroxcube Corporation of America is the country. Our history to date has verified this." 
nation's leading independent manufacturer Robert C. Derschang,Marketing MiIn
of ferrite recording devices and memory sys- ager: "Communications and transportation 
terns for data processing equipment. that are fast, convenient and economical are 

On Jan. 3, 1966, less than three weeks sales essentials. Denver transportation is 
after the decision to make its first expansion quick to every part of the country, and we're 
outside New York State, Ferroxcube was in central and a~cessible to customers in any 
operation in a 26,000 square foot plant in direction." 
Denver Technological Center. Hugh De Vries, Project Engineer: "Denver 

Because its overall experience was so fa- has first-rank universities and a great deal of 
'vorable, Ferroxcube made ~he Denver plant science-based industry. Consequently, there 
a full division on Oct. I, 1966, with autono- is a broad scientific community which results 
mous operations for production, product in excellent vendor service. It also means a 
development,applications engineering,sales, good pipe line for ideas, and a considerable 
and customer service. reservoir to draw on for either trained man-

Payroll stood at 260 at the end of 1966 power or consulting talent." 
and is expected to reach 600 in 1968. Lowell H~ Mau, Personnel Director: "Our 

Here's what Ferroxcube found in Denver: success in transferring 20 key personnel was 
C. J. Kunz, Jr., Vice President and General 100%. We provided a pre-transfer trip for the 

Manager: "People are the most important families,andthecommunitywonthemover." 
thing in our business. We didn't want loca-' This is Ferroxcube's experience in Denver. 

. tion to be a detriment to finding them, so we It's part of the experience of other indus-
looked for an ideal place to live. Denver im-: . try leaders who have moved here, too: IBM, 

. pressed us as one of the better places in the Honeywell, Ampex, Amphenol,Litton, 
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Dahlstrom, Martin, .Beech Aircraft, Ball 
Brothers Research, Bendix. 

It's the reason why firms that began here 
have become industry leaders: Gates Rub
ber, Samsonite, Coors, C. A. Norgren, Ideal 
Cement. 

SEND TODAY-If you're interested in a 
new plant site, research facility, adminis
trative headquarters, or distribution center, 
ask for this new 60-page brochure which 
gives you a broad review of Metro Denver 
and Colorado's Front Range of Science and 
Technology. All inquiries confidentiaI.For
ward Metro Denver, Department 206, 1301 
Welton Street, Denver Colorado 80204. 
Telephone (303) 
534-3211. 

P. S. For spe
cial packet on 
employment op
portunities, write 
Room 406. 
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PRICE/PERFORMANCE NOD 
GOES TO ICT OVER IBM 

INTEREST RISING IN 
OPTICAL MASS STORAGE 

February 1968 

ICT picked January to unveil its next phase of 
evolution-in the 1900 series. The suffix A has been 
added to the models 1901, 02, 03, 04 to indicate the 
latest machines with improved cost-performance. This 
25-bit-word, six-bit char~cter range has b~en 
transformed into an integrated circuit series. 
Because of devaluation, most foreigners importing into 
the U.K. have hiked their prices around 10%. With 
the. lifted performance of the 1900 series, ICT has 
raised throughput rates. 

Coupled with the new price structure of the 
market, ICT has widened the gap in its own favor by 
as much as 15% when compared with IBM systems. _ThiS is 
on the 1902A which competes with the new model 25. But 
the real advantage has come at the bottom end of the 
market. The 1901A sells at $75K for the basic card or 
paper tape system. But twin exchangeabl~ disc pack 
stores are available on a configuration costing $120K. 
This gives ICT its big inroad into the carefully 
nurtured "direct access" pitch of IBM to the small to 
medium dp user. 

These areas are already under attack. But the big 
success for January came in the clinching of an order 
from one of the companies belonging to the giant 
Imperial Chemical Industries. This number one 
chemicals and plastics group in Europe went standard 
on 360 shortly after its announcement. Like many 
other powerful managements, its dealings with IBM were 
straight into New York. Breaking through the curtain 
into ICI was,a major achievement for ICT. 

Intense interest in optical methods for cheap mass 
storage has begun to emerge in the U.K. ICT has a 
photographic system under wraps. It depends on fairly 
conventional photographic techniques for holding 
millions of characters of information in a backing 
store. The equipment is expected to surface in 
applications with massive library-type files. 

At a much earlier research stage is a storage 
device made from crystals of common salt (sodium 
chloride). This has been produced at the Physics 
Department, University of Warwick, by Dr. M.R. Tubbs. 
On a crystal of salt two centimeters square Dr. Tubbs 
can store up to 20 million bits. Tubbs says that 
retrieval times in the microsecond range are feasible 
for such a device. The difficulty is finding a fast 
optical scanning method needed for a read-out mechanism. 

The sodium chloride memory element came from 
research into solid state materials at Warwick. 
Electron microscope analyses of substances in earlier 
work has shown that colour changes could be brought 
about in quite common compounds in the alkali halides 
(e.g., sodium chloride and potassium chloride). 
Further study of the reasons for the colouring showed 
that various materials could be first coloured and 
then bleached by electrons, laser beams, and intense 

(Continued on page 95) 
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SINGLE SOURCE RESPONSIBILITY FOR A 
COMPLETE MAGNETIC MEMORY SYSTEM! 
Component integration can be costly and time consuming if a memory 

system is purchased piecemeal. Magne-Head engineers and technicians 

. form a team with the proven capability to interface with any digital data 

source at the source input-output ter

minals .• Write today for free DRUM 

MEMORY SYSTEMS B,ULLETIN. 

GENERAL 

151 
INSTRUMENT 

MAGNE-HEAD DIVISION 
13040 South Cerise Avenue / Hawthorne, California 90250 / 213 679-3377 / 772-2351 / TWX 910-325-6203 
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world report 

NEW CODING SYSTEM FOR 
INFORMATION RETRIEVAL 

JAPANESE GOVERNMENT· 
HELPS HOME 

COMPUTE~USTRY 

NEW U.K. FIRM 
WILL DELIVERIN MAY 

ANOTHER SMALL ONE-
AND AT UNDER $lOK 

February 1968 

light. Tubbs describes a practical memory made from a 
crystal of salt as being about postage stamp size. 
It would be divided into a grid of millions of storage 
locations, each about two microns square. 

Serious consideration is being given in the U.K. to a 
new coding system designed to crack problems inherent 
in information systems built on a very broad data base. 
Author of this latest piece of software is Gordon Hyde, 
scientific director of Datatrac Ltd.--one of Europe's 
youngest consultancies. He has ,come up with a package 
which can be applied to administrative dp and 
technical information retrieval. 

Hyde has an algorithm and a thesaurus that covers 
the medical and chemical fields. The thesaurus is 
coded in non-commutative manner (allowing for fine 
discrimination~ such as the difference between black 
shoe and shoe black). The mathematics of the system 
are hexadecimal and so OK for eight-bit-byte machines. 
Hyde's claims are being heeded by national institutions 
in medicine and chemistry that would like to unravel 

·the incompatibilities and restrictions which have 
built up in information retrieval. . 

All signs seem to point to a strengthening of Japan's 
indigenous computer technology and to indicate that 
national policy is bent on further improvement. After 
a long hassle the Ministry of International Trade and 
Industry and the Post Office have agreed on terms of 
expenditure and management of the new Japanese Data 
Processing Development Centre. The Ministry has also 
slapped some heavy terms on the leasing contracts made 
through the Japan Electronic Computer Co. Financed by 
the Japan Development Bank and the Government, the 
leasing company acts as money lender for the majority 
of rental deals. Government edict has gone out that 
the terms of rental should ensure that a large 
percentage of any system has been made locally. Little 
help will be forthcoming for any machine with more 
than a token volume of imported components on board. 

In spite of governments intervening right, left and 
centre, there is still some free enterprise left 
abroad. After some teething troubles, a new U.K. firm, 
Computer Technology, is getting on its feet. Its 
product, Modular One, was mentioned briefly at 
conception a year ago. And it pitches directly at 
Digital Equipment Corp., which has been scooping up the 
European market in the under $25K class with little 
opposition. Modular One is a 16-bit system aimed at a 
slightly wider market with the first machine at $24K. 
Deliveries start in May and 30 systems are scheduled 
for this year. CT's design-king is Ian Barron, 
ex-Elliott Automation, who designed the logic for the 
Elliott 803--five years ago the most successful 
European machine of that generation. 

A more modest effort .to meet the demand at the small 
machine end has come with Micro 16: again a 16-bit-word 
machine. But this one is priced at $9,600. The basic 
system includes a 4K core, I/O typewriter, and 
10 characters/second paper tape I/O. The basic model 
goes on a desk top. ExpanSion upwards is in 4K core 
blocks, a hardware multiply-divide, 16K drum and faster 
I/O including mag tapes. The company, 'Digico Ltd., 'is 
headed by Keith Trickett and Abo Hiiemae. It's their 
second machine off the drawing board since the company 
was registered in '66. 
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Are we speaking your language? 

Hewlett-Packard computers are 
multi-lingua/. 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 

96 

Powerful software available for 
HP's computers includes 
FORTRAN, ALGOL and BASIC 
Compilers, Assembler, and Basic 
Control System (BCS) with modular 
I/O drivers for device-independent 
programming. Compilers and 
Assembler generate relocatable 
code-linked by BCS loader 
at execution ti me. 

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 55 ON READER CARD 

The 2115A has 16-bit words, 2 J,tsec cycle time, 
4K memory (expandable to 8K) and a $16,500 
price including Teleprinter. 

HEWLETTf~PACKARD 

DIGITAL COMPUTERS 
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washin'gt*n report 
GSA TAPE CONTRACT 

AWARDED; ONLY ONE MAKER 
GETS TOP RANK 

REVOLVING 'FUND 
sTARTS--oPERATION 

FCC EXTENDS 
UTILIYY-INQUIRY, 
OK',§ WU SERVICES 

CAPITOL BRIEFS 

February 1968 

Ampex and 3M will supply the federal government with 
$10-13 million worth of 7- and 9-channel mag tape 
under contracts awarded by GSA. 

Ampex won about 85% of the total procurement. 
Prices accepted by GSA ranged from $12.25 to $15.10 a 
reel and up to, a million reels will be purchased. 
All QPL suppliers bid on the contract. 

Nine tape manufacturing plants are now on the 
quality products list. U. S. Magnetic Tape has the 
only Type I certification (maximum of one permanent 
error per 30 reels). Suppliers for Type II (permits 
up to 20 permanent errors per 30 reels) are Audio 
Devices, Ampex, RCA, 3M, IBM and Memorex. 

A conference will be held in Washington this month 
to hear industry gripes about QPL test procedures. 
Revisions will then be proposed by GSA and submitted 
to manufacturers before adoption. A new tape testing 
lab at NBS, which will take over the work now being 
done at NSA, should be ready in about six months. 

The first expenditures from the Brooks Bill's dp 
revolving fund include the purchase and lease of a 7074 
to the Labor Dept., and a Honeywell 1200 for the Patent 
Office. Further investments will include a small test 
of a keypunch pool in NYC; a programmer pool in GSA's 
sharing exchange program on a pilot test basis; and 
possibly a service bureau (GSA calls it a "joint-use 
facility") in Denver, under tabs of the Interior Dept. 

Computing & Software, Inc. advocated a new toll-free 
data transmission service in response to FCC's 
computer utility inquiry last month. C&S also 
maintained that commercial service bureaus are 
custodians, not controllers, of data, and shouldn't 
be held legally liable for invasion of privacy. 

Responding to a request from BEMA, FCC allowed 
another 30 days for participants in the inquiry to 
file statements. The new deadline is March 5th. 

Meanwhile, the commission allowed WU to begin its 
SICOM and INFO-COM services. Obj ections of Bunker-Ramo 
and Scantlin Electronics were denied mainly because 
WU's new services encompass nfunctions ••• (which) can ••• 
find (their) counterpart(s) in other common carrier 
communication services'." This determination, however, 
is "withorit prejudice to our further exa~ination of 
this question in the ••• computer inquiry." 

The commission added that, "as we see it, SICOM ••• 
will make available ••• a package communications service 
without the variety of data processing services 
available ,for example, in the Bunker-Ramo TOPS service. 
The choice of either SICOM ••• or TOPS ••• would appear to 
be a reasonable choice fora (stock) broker to make." 

The FCC, says one source, "seems primarily 
concerned with maintaining a competitive balance between 
carriers and data processors, rather than excluding 
carriers completely from the commercial dp market." 

Despite reservations about the new ASCII 800BPI 
standard inside and outside the federal government, 
BOB intends to make it binding on all federal dp users 
within the executive branch. An 'order, publicly 
signed by LBJ, is expected soon ••• PILOT was recently 
junked and sold, to Frank's Used Auto Parts, 
Marlboro, Md., for $226.75. Sic transit gloria. 
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Fly Now - Play Later 

In a surprisingly compact package, Sanders gives you an 
Airborne Magnetic Tape Recorder with the ease and conve
nience of cartridge loading, designed so you can reload the 
recorder even with flight gloves on and without removing the 
recorder from the aircraft. ' 

We designed it to take a lot ... and give out even more. Built 
to fly in the most rugged environment, it wi" record up to 24 
hours of continuous data and reproduoe it on the spot or play 
it back later on your favorite laboratory instrumentation re
corders. 

Analog versions with complete record/playback electronics 
are fully compatible with IRIG standards. Digital versions with 
complete write/read electronics are computer-compatible and 
available for synchronous or asynchronous operqtion. 

Our brochure SA-202 covers the complete story on Sanders 
DS-4100 Series Airborne Recorder. Call Sanders AssOCiates, 
Inc., Data Storage Department, Nashua, New Hampshire 03060. 
Phone: (603) 883-3321. 

Sanders also has the logical choice for air
borne core memories that are MIL-E-S400 
qualified. Write for bulletin SA-196. 

*r.M. SANDERS ASSOCIATES. INC. CIRCLE S6 ON READER CARD 

Meets full MIL-E-5400 
requirements 

Operates at 50 watts input 
power from -54°C. to +71 °C. 
at altitudes up to 70,000 feet 

Two, four,seven or nine tracks 

Tape speeds up to 371/2 ips. 

Total package weight: 16 pounds 

Package dimensions: 6x6x11 

Creating 
New Directions 

In Electronics 

EmI~~I~~~lg~~N~ 
DATA STORAGE DEPARTMENT 
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date a standard control unit handling 
16 I/O devices. ~ 

ne~ products 
A combination of four control units 

and four Data Communications Sub
systems (each DCS handling 32 sim
plex or 16 duplex lines) can also be 
used. Two selector channels for high
speed devices are optional. Among re
mote devices available with this sys
tem are the Uniscope 300 CRT ter-· 
minal and the DCT 2000 tenninal. 
For remote print stations, Univac 
1004; 1005, 9200 or 9300 systems 
may be connected on-line to the 9400 
by means of one of the eight subchan
nels of the multiplexer channeL 

crt/panel terminal 
The Data-Screen Display Tenninal is 
made to customer specs, featuring 
both a CRT for dynamic data and a 
panel for fixed information. The latter 
section, which can be on either side or 
in the middle, accommodates up to 
144 fixed alphanumeric messages and 
symbols, visible only when illumi
na ted. The 8" rectangular CRT dis
plays 128 stroke-written characters 
~s" high in eight rows of 16 charac-

ters each; displays of 200 and 512 
characters are also available as stan
dard models. The character repertoire 
includes 26 alpha, 10 digits and six 
punctuation marks, plus a flashing 
cursor for character and line indica
tion; data can be added, changed or 
deleted by the operator. The system 
uses an 8-bit code. TRANSISTOR 
ELECTRONICS CORP., Minneapo
lis, Minn. For information: 
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9pcomputer 
The third and largest system in the 
Univac 9000 series is a 9400, compat
ible with the 9200/9300 announced 
mid-1966, and intended to add multi
programming and real-time capabili
ties to the line. The monolithic system 
uses a plated-wire memory with ca
pacity ranging from 24,576-131,072 
( 8-bit) bytes. Cycle time for two 
bytes is 600 nsec, or an effective 300 
nsec one-byte time; add time for two 
32-bit words is 6 usee. 

The tape and/or disc 9400 has a 67-
instruction set and 32 full-word gen
eral purpose registers. Seven levels of 
interrupt are featured: supervisor call, 
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program execution, interval timer, se
lector channels 1 and 2, and shared 
and non-shared multiplexer channel. 
The tape system which comes with a 
Basic Tape Operating System and 
Tape Operating System, uses 4-16 
tape drives for 34K-192K byte 
read/write speeds. Simultaneous read 
fread, read/write, write/write is op
tional. A disc system, also with two 
operating systems offered, can have 
2-8 8411 drives for 14.5-58 megabytes 
cap~,city. The 8411 has a transfer rate 
of 156K bytes per second. 

For communications, the 9400 has a 
multiplexer channel with eight shared 
sub-channels each able to accommo-

Multiprogramming capabilities in
corporated in the four operating sys
tems provide for processing up to five 
concurrent .programs, such as sequen
tial batch and random processing, 
disc or tape sorting, communications. 
Other software included is data man
agement system, job control stream 
operating, basic assembly language, 
COBOL 65, ASA FORTRAN, and service 

PRODUCT OF THE MONTH--------------., 

The 101 information retrieval soft
ware system is intended for main
tenance of large files and interroga
tion in ways the user has not pre
dicted. Response to a query is re
portedly orders of magnitude faster 
than any system that· uses a se
quential search of the total file; the 
reason is that developer Computer 
Corp. of America has employed 
proprietary software techniques 
(making heavy use of the hash cod
ing principle) which pennit direct 
retrieval, without search, of the da
ta required. 

CCA has run benchmarks of sys
tem speed using a 128K 360/40 
with a 24,000-record U.S. Census 
file. One example is this request: 

1) Find all items for which sex 
= female, race = white; 2) Count 
items in 1; 3) Print count in 2. The 
count was 10,770 and took 2.68 
seconds to read the request card, 
print them out, perform the re
quest, and print out the count. A 
sequential search would probably 
take upwards of 10 minutes, says 
CCA. An increase in file size has 
almost no effect on 101 speed. 

The 101, which has a query lan
guage learned in a few minutes, 
pennits a non-programmer to query 
update, store and edit files. Up to 
1.5 million fields can be stored by 
the 101. The files do not have to be 
in fixed fonnat, so each record can 

have any amount of information in 
it. Data is stored by attribute: val
ue pairs (name = Jones), and each 
of these pairs can have up to 255 
characters. (Consistency in file is 
up to the user, who can call for a 
printout of all attributes when up
dating) . 

The 101 also pennits interroga
tion of several files and cross-refer
encing among them. The system al
so has a formatting capability 
which lets the user specify how the 
data will be laid out on the print
out. 

Required minimum configuration 
is a 65K-byte IBM 360/30 with 
DOS, 2311 disc drives (one to 
four), three mag tape drives, line 
printer and card reader. 

For $25K, CCA will install the 
system, help set up the file if 
needed, provide one-week consult
ing and user education and an in
struction manual. A six-month war
ranty is given against programming 
bugs. The 101 can be installed and 
operating within 60 days of con
tract. The firm is also making plans 
to lease the system. 

Future CCA systems planned in
clude the 102 IR system for OS 
360 and a 103 version for on-line 
retrieval. COMPUTER CORP. OF 
AMERICA, Cambridge, Mass. For 
inform a tion: 
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Important Wiley books to order 
COMPUTER MODELING AND SIMULATION 

By FRANCIS F. MARTIN . 
Here are some of the oustanding features that make this book a valuable introduction and 
reference: 

• step-by-step procedures in model construction 
• illustrations and examples of these procedures 
• a broad overview of tools and techniques used in 

model construction 
• a comprehensive bibliography ort modeling and sim

ulation 
• presentation of the modularization technique in mod-

FORTRAN with Engineering Applications 
By DANIEL D. McCRACKEN McCracken Associates, 
Inc. 1967. 237 pages $6.95 

MATHEMATICS AND COMPUTING: 
with FORTRAN Programming 

By WILLIAM S. DORN, International Business Ma
chines (author of the recent article, "Computers in the 
High School" in Datamation); and HERBERT J. 
GREENBERG, University of Denver. . 

1967 595 pages $8.95 

BASIC PROGRAMMING 
By JOHN G. KEMENY and THOMAS E.. KURTZ, 
both of Dartmouth College. 1967 122 pages $4.95 

SYSTEM/360 ASSEMBLER LANGUAGE 
For B 0 SIT 0 SID· 0 SIO S 
By DON H. STABLEY, Eastman Kodak Company .. 

. 1967 129 pages $5.25 

MACHINE TRANSLATION 
Edited by A.D. BOOTH, University of Saskatchewan. 
A North-Holland (Interscience) Book. 

1967 529 pages $29.00 

INTRODUCTION TO AUTOMATA 
By R. J. NELSON, Case Western Reserve University. 

1968 400 pages $12.95 

INTRODUCTION 1'0 NUMERICAL METHODS 
AND FORTRAN PROGRAMMING 
By THOMAS RICHARD McCALLA, Naval Research 
Laboratory, Washington, D. C. 

1967 359 pages $7.95 

COMPUTERS: 
Introduction to Computers and Applied Computing Concepts 
By CHARLES H. DAVIDSON and ELDO C. KOE
NIG, both of the University of Wisconsin. 

1967 596 pages $10.95 

ANNUAL REVIEW 'OF INFORMATioN 
SCIENCE AND TECHNOLOGY 
American Society for Information Science (formerly 
American Documentation Institute) Volume II, edited 
by CARLOS A. CUADRA, System Development Cor
poration. An Interscience Series. 

1967 484 pages $15.00 

DEVELOPING A COMPUTER-BASED 
INFORMATION SYSTEM 
By PERRY E. ROSOVE, System Development . Cor
poration. 1967 384 pages $14.95 

el construction . . 
• a clear, .concise and well organized presentation that 

enables the professional to refer to the materials 
easily 

• illustrations 6f graphs and graph paper 
• treatment of the relevant features of probability dis-

tributions 1968. 331 pages. $12.95. 

THE MANAGEMENT OF DATA PROCESSING 
By RICHARD G. CANNING, President, Canning Pub
lications; and ROGER L. SISSON, University of Penn
sylvallia. 1967 124 pages $6.95 

A MANAGER'S GUIDE TO 
COMPUTER PROCESSING 
By ROGER L. SISSON and RICHARD G. CANNING. 

1967 124 pages $6.95 

DIFFERENCE METHODS FOR 
INITIAL-VALUE PROBLEMS 

Second Edition 
By ROBERT D. RICHTMYER, University of Colo
rado, Boulder; and K. W. Morton, United Kingdom 
Atomic Energy Authority, Culham Laboratory. Num
ber 4 in the Interscience Tracts in Pure and Applied 
Mathematics. 1967 405 pages $14.95 

THE COMPUTER IN AMERICAN EDUCA nON 
Edited by DON D. BUSHNELL, Brooks Foundation; 
and DWIGHT W. ALLEN, Stanford University .. 

1967 . 300 pages Cloth: $6.95 Paper: $3.95 

THRESHOLD LOGIC 
By P. M. LEWIS II, General Electric Research and 
Development Center and Rensselaer Polytechnic Insti
tute; and C. L. COATES, University of Texas. 

1967 483 pages $15.00. 

MANAGEMENT ·SYSTEMS 
A Book of Readings 

Edited by PETER P. SCHODERBEK, Management 
Associates and University of Iowa. 

1967 483 pages $10.95 

COMPUTERS, SYSTEM SCIENCE, AND 
EVOLVING· SOCIETY: 

The Challenge of Man-Machine Digital Systems 
By HAROLD SACKMAN, System Development Cor-
poration. 1967 638 pages $14.50· 

SYSTEMS ENGINEERING METHODS 
By HAROLD CHESTNUT, General Electric Com
pany. 1967 392 pages $11.95 

NONLINEAR PROGRAMMING 
Edited by J; ABADIE, Electricite de France and 
l'Universite de Paris; A North-Holland (Interscience) 
Book. 1967 316 pages $13.00 

COMPUTER APPROxiMATIONS 
By J. F. HART, University of Western Ontario; E. W. 
CHENEY, University of Texas; C. L. LAWSON, Jet 
Propulsion Laboratories; the late H. J. MAEHLY; C. 
K. MESZTENYI, University of Maryland;.J. R. RICE, 
Purdue University; H. C. THACHER, Jr., Argonne 
National Laboratory; and C. WITZGALL, Boeing 
Scientific Research Laboratories. 

1968 343 pages $17.50 

Order from your bookseller or use this handy coupon· for direct service ' 
JOHN WILEY & SONS, Inc., 605 Third Avenue, New York, N. Y. 10016 
Please send me the following books on ten-day approval. I agree tOlay for the books within ten days or return 
them in good condition. (Wiley pays postage on orders accompanie . by remittance.) . 
NAME~ __________________________________________________________________________ ~_ 

ADDRESS ____________________________________________________________________________ _ 

CITY __________________________________ ---------STATIo-E _______ _ ZIP ________ _ 
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new products 

and utility programs. 
Peripherals avaIlable include two 

printers (900-1100 lpm, 1200-1600 
lpm), 600-cpm card reader,· 250~cpm 
punch. 

Monthly rental for a basic configu
ration with 24K byte memory, four 
tapes, 1100 lpm printer, card reader 
and pun~h is $5880, or $5175 with a 
five-year lease. Purchase price is 
$204,940. Delivery begins second 
quarter 1969. No plans for the 9500, 
originally to have been announced fall 
'66, were mentioned. UNIVAC pIV., 
SPERRY RAND, Philadelphia; Pa. 
For information: 
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bank credit software 

The Comarecs master revolving credit 
system includes planning, program
ming, technical assistance, forms, etc., 
provided by the firm. Written in co
BOL, it reportedly "combines all types 
of loans in a bank's installment credit 
department used by each customer m
to a single account, incltJ.ding check 
credit, overdrafts, guaranteed bank 
checks, personal and home imp~ove
ment loans ... as well as 30-, 60-, and 
90-day charge accounts for bank 
loans." Applicable' to any size bank, it 
calls for at least $100 million in depos
its and a trading area of 100,000 peo
ple. COMARECSINC., Washington, 
D.C. For information: . 
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data acquisition . 
Data acquisition system configur~tion 
includes a 4K Raytheon 703 computer 
(expandable to 32K) with up' to . four 
mag tape units, buffering amplifiers 
and a Multiverter data system. The 
Multiverter performs signal multiplex
ing and A/D conversion"; throughput 
rates from 15 KC to 55 KC for up to 
96 channels of multiplexing in incre
ments of eight' channeis are available. 
Channel sampling, under 'program 
control, is either sequential'or random; 
resolution of the Multiverter is 10-15 
bits including sign. Maximum system 
error, excluding analog playback 
equipment, is 0.02%. RAYTHEON 
COMPUTER, Santa Ana, Calif. For 
information: 
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direct access storage 
The 8410 disc file is a direct access 
storage system for the Univac 9000 
series; the file provides removable 
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storage of 3.2-12.8 million bytes, or 
6.4-25.6 million digits in packed 
decimal format. The basic 8410 sys
tem includes a master dual disc drive 
expandable in increments of one to a 
total of eight drives. Each drive holds 
a reversible disc' cartridge with two 
storage surfaces, one of which is on
line. By interchanging disc cartridges, 
"unlimited" storage is provided for aP
plications which require serial prQcess
ing. Each drive can' access 10,000 
160-byte records plus an 8000-byte 
fast-access track. All drives contain a 
fixed head for reading and writing on 
the Fastband and a movable arm with 
two heads for the remainder of the 
disc surface. Average time to locate 
and read a record is 135 msec. 

The file' also has a buffer that 
permits all disc reading, writing, 
checking or searching to be performed 
simultaneously with' processing and 
peripheral operations. Programming 
support for the system includes RPG, 
supervisor, system file and disc loader, 
assembler, IOCS, utility programs, con
trol stream operations' and library 
services. UNIVAC DIV., SPERRY 
RAND CORP., Philadelphia, Pa. For 
informa tion: 
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program simulator 
Unite I allows simulation of SDS 900 
series computers on a Sigma' 5 or 7. 
Object decks for the former can be run 
on the latter without re-assemblies, re
coding, systems tape conversion~, or 
tape file conversions. It simulates all 
of the CPU and I/O features of the 
900, assuming corresponding I/O 
gear, and also includes built-in selec
tive trace, core snapshots, console in
terrupts, and the ability . to use direct 
Sigma code. Thus, the user could save 
mainframe time by recodingonly the 
inner program loops. UNITED COM
PUTING CORP., Redondo Beach, 
Calif. For information: 
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payroll package 
The payroll accounting system, writ
ten in basic assembly language, han
dles five categories of standard taxes, 
including state and local tax withhold
ing and reporting requirements, pro
ducing also a variety of management 
reports. The system allows checks' to 
be written or deposited to bank ac
counts as desired. It is operational on 
360' s under DOS, apd requires 32K 
bytes and three discs. The package 
also' provides for multiple payrolls 
within the same company, and each 
employee record can contain multiple 

categories of rates, hours and earnings. 
SOFTWARE RESOURCES CORP., 
Los Angeles, Calif. For information: 
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incremental recorder 
Model I is a large reel incremental 
recorder capable of handling all sizes, 
including the standard lOW' 2400-
foot tape reel. The unit has stepping 
rates to 400 steps a second, and is 
available in both 200 and 55q bpi 
density. Standard features offer lat
eral parity, LCC and IRG gelieration, 
and rewind by switch control. Priced 
at $2500, delivery is approximately 
three months after receipt or Ql:der. 
DELTA-CORDERS, INC., Burbank,. 
Calif. For information: . 
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microfilm printer 
The Series F Electron Beam Record
ing system is an off-line mi~rofilm 
printer that uses the new dry-silver 
16mm microfilm,. which is developed 
by heat, instead of liquids. The unit 
has a speed of 60~000 cps, which is. 
translated into a maximum 20 frames/ 
second. The ~tandard system has 60 
printable characters, all upper caSe. 
Optional are 26 lower-case characters, 
plus 10 Greek characters. Also option
al is the ability to merge the computer
generated data with graphics recorded 
on 35mm microfilm. The tape drive in 
this system is a 7- and/ or 9-track unit 
reading 200, 556 or 800-bpi densities 
at 75 ips. 3M CO., St. Paul, Minn: 
For information: 
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shop data acquisition system 
The Shoptrol. Monitor and Data Col
lection system establishes a central 
control area which provides the means 
for efficient job scheduling, machine 
loading, and employee job assign
ments; individual time cards and pro
duction reports from the floor are elim
inated. The end product is a complete 
departmental performance report with 
employee efficiency printed 15 min
utes after the end of each shift. D.ur
ing report printing, every transaction 
is stored on mag tape for payroll,' in
ventory and accounting processing. 
Throughout "the work day, summaries 
by employee, by machine, or by job 
are available on request.' 

The basic system consists of three 
units: a data collector, a transmitter, 
and a badge reader. Input to the 
badge station is from 15-column 
alphanumeric Hollerith-code plastic 
cards; information thereon is trans-
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Actual photo of DATA·SCREEN Display Terminal characters - shown actual size. 

but TEC's DATA-SCREEN Display Terminal 
also gives you .... 

Interface flexibility-compatible 
with most EDP and communication 
systems, transmits and accepts any 
a·level code including ASCII, IBM, and 
EBCDIC. Electrical interface signal 
level options include 5-volt current 
sink I·C logic and EIA Standard 
RS·232B. 

Keyboard flexibility - optional input 
keyboards offered in standard or 
special key arrangements. Special 
keys for control functions, indicators 
and switches can be located any
where on the keyboard. A variety of 
key styles are offered with legends 
to order. 

Display flexibility - iii addition to the 
CRT data display, up to 144 fixed 
messages can be displayed behind 
the black screen using TEC's DATA· 
PANEL@ Display System. Invisible 
when off, messages such as FAULT, 
OVERFlOW, ON LINE, STOP, etc., 
become instantly visible when 
illuminated. 

_ Without a doubt (our competitors admit it) this 
- display terminal has the largest ... %" minimum 
••. most readable, rock steady characters available in 
its field. Stroke·written messages appear in brilliant 
contrast to the black screen of TEC's DATA·SCREEN 
Display Terminal. 

128, 200 and 512 character display. Everything else 
you'd expect in a completely flexible CRT display is 
offered: full character repertoire; flashing cursor with 
positioning controls; editing features; character size 
and slant adjustments; modern cabinet or rack panel 
mounting option. 

Three completely self·contained models with key
board, character generator, refresher core memory, 
solid state logic and power supply are offered with 

Send for 6 page brochure that tells all about TEC's 
DATA·SCREEN Display Terminal- the flexible, read
able CRT. 

INFORMATION DISPLAY 
AND CONTROL DEVICES 

TRANSISTOR ELECTRONICS CORPORATION 

Box 6191 • Minneapolis, Minnesota 55424 • Phone (612) 941·1100 
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mitted to the collector at speeds up to 
120 cps. The transmitter can accept 
either the plastic cards or 80-column 
punched cards and also transmits this 
to the collector at up to 120 cps. 

The Shoptrol collector can accept 
information from up to 10 data trans
mitters and as many as 26 badge or 
attendance stations. This information 
is output in the form of paper tape, 
cards or magnetic tape, or (in the 
more sophisticated on-line system) 
output directly to a computer. 

In the on-line system a 32K Inter
data 3 computer with 500K drum 
memory is currently being used, but 
the system is "basically" compatible 
with any computer system. 

In the system, all productive and 
nonproductive times are entered as 
they occur; the computer makes effi
ciency computations as often as de
sired and prints out exception reports 
whenever efficiency falls below any 
preset percent of standard for a 15 
minute period. Requests for further 
information may be obtained from the 
computer by use of up to 16 remote 
Teletypes transmitting through stan
dard interfaces in USASCII code. Shop
trol also provides an alarm system, 
and a management communication 
system with paging and plug-in tele
phones. ELECTRON OHIO, INC., 
Cleveland, Ohio. For information: 
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tape transport 
The SC-I030 tape transport has bidi
rectional tape speeds to 37.5 ips at 
800 bpi, NRZI, as well as 1600 bpi 
phase modulated recording. The unit 
is 7- or 9-channel compatible; semi
automatic tape loading is accom
plished in less than 15 seconds. Re
wind speed is .less than 4 minutes on a 
2400-foot reel; speed tolerance is 
±5%; dynamic skew is 5 usec. POT
TER INSTRUMENT CO., Plainview, 
N.Y. For information: 
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system/360 addition 
The 360/25 is identical to the 360/30 
in instruction set, offers the same pro
gramming support and peripheral op
tions, and also provides emulation for 
1401, 1440 and 1460 programs. Butit 
costs less than the 30, has an internal 
speed only .67 times as fast, a smaller 
memory capacity, and a slower data 
rate for peripherals. 

The price range is from about 
$3900-$10K a month, or '$192K-480K 
for purchase. A typical disc system 
goes for about $5330/month and in
cludes a 16K-byte, two-disc drive with 

February 1968 

a 1403 mod 2 printer, 2540 card read
er/punch, and a 1052 mod 7 console 
typewriter. The same configuration in 
a model 30 would rent for about 
$1200 a month more. 

Main memory comes in four sizes of 
16K, 24K, 32K, or 48K bytes. Cycle 
time is 1.8 usec for two bytes or an 
effective time of 900 nsec per byte. 
This appears to be faster than the 1.5 
usec cycle time (one byte) of the 30, 
but the 30 takes only 22 usec for a one
byte add versus 35 usec for the model 
25. (~Olltrol store in the 25 takes 900 
nsec versus 750 nsec for the 30" and 
the control store access width of the 
25 is 18 bits versus the 30's 58 bits.) 

The 25 also has a free floating point 
'option to accommodate scientific ap
. plications. 

Rather than a read-only memory 
used by the 30 and larger 360' s, the 
25 has a reloadable control storage for 
the instruction sets of either the 360 or 
1400 series. The 25 also has a scratch 
pad memory of monolithic circui~s 
which can switch up to 64 bytes 1Il 

and out of storage in 180 nsec. 
Another first for the 360 line is 

mainframe-integrated control units, 
which afford a more compact system. 
These units, which perform the same 
functions as the 2821 and 2841 sys-

. terns, can handle up to four 2311's, a 
2540 card reader/punch, 1403 mod 2 
or 7 printer and a 1052 console print
er keyboard. The 25 has an optional 
multiplexer or selector channel, which 
can handle up to eight more control 
units at a 30 KB data rate. The multi
plexer channel will provide up to 32 
sub channels ( versus 224 on the 
30) . 

The 25 can use all peripherals 
available to the small- and medium-

. size 360' s, including the 2260 display, 
audio response units, and process con
trol devices. A new feature on the 
operator's console is that a variety of 
commands and inquiries may be en
tered via the keyboard, rather than 
dials or switches. Programming sup
port includes the BOS, TOS, and 
DOS systems; and COBOL, FORTRAN' 

and PL/1. One observer noted that 
the limited memory size of the system 
would attract users to the 16K PL/ I 
subset rather than the available COBOL 

compilers, the smallest of which are 
24K and 32K. 

, The 25 competes with several com
puters in price and/ or performance: 
both the RCA 70/25 'and 35 (the 30 
is not as fast as the 35 and has less 
memory than both), the Burroughs 
2500 (56 usec add time), the Honey
well 125 (which is slower but offers 
program conversion aid, rather than 
emulation of the 1400 series). The 25 
slides in between Univac's 9300 and 

l-p package 
A linear programming package, 
OMEGA, prepared by Bonner & Moore 
Assoc., Houston, Texas, is for the 
1107/1108 systems, and is available 
through Univac data centers. It re
portedly allows the user to state the 
problem in his problem-oriented ter,
minology, and generates results in user
determined format. UNIVAC DIV., 
SPERRY RAND CORP., Philadel
phia, Pa. For information: 
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plotter transport 
The Series 407 is a read-only mag 
tape drive designed to operate digital 
incremental plotters. It reportedly has 
plug-in compatibility with incremental 
plotters from· Benson-Lehner, Cal
Comp, and Houston Omnigraphic. It 
can read any' IBM-compatible 7 -track 
half-inch tapes (200, 556 or 800 bpi) 
on an 8~~-inch reel. Standard features 

include high-speed rewind, beginning 
of tape and broken tape detector,. sin
gle or continuous plot mode sWItch, 
and data read indicator. Various con
figurations allow local or remote plot
ting via phone lines. TRANS-CON
TROLS INC., Monterey, Calif. For 
informa tion: 
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communication terminals 
Model 5072, a punched paper tape 
transmitter and hard copy printer-re
ceiver, interfaces with dial telephone 
circuits' through a type 202C data set. 
For leased line service, the modem is a 
type 201B or Rixon Sebit 48 data set. 
Punched paper tapes are read at 
speeds of up to 300 characters/ second 
and incoming data is printed at 300 
lines/ minute. The standard hard copy 
format measures 120 column inches 
wide, contains six lines/ inch vertical
ly, and utilizes a 64-character alpha
numeric font. Up to six carbon copies 
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are obtainable. The unit may be oper
ated off-line to convert punched tape 
into printed copy. A paper tape han
dler, available as optional equipment, 
permits fully unattended operation. 

Model 5079, a punched paper tape 
transmitter/ receiver, interfaces with 
the type 202C and 201B data sets. 
Information is transmitted at 300 
characters/ second, received at 100 
characters/ second. Blocks of any size 
can be accommodated. This equip
ment can also be operated unattended 
when linked to a tape handler, and on 
an off-line basis, copy punched paper 
tape. 

The 5072 rents for $750/month; 
5079 for $300/month. Both units em
ploy integrated circuits and handle all 

. EIA 5-8-level punched paper tape 
codes. DIGITRONICS CORP., Al
bertson, N.Y. For information: 
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selection and reporting program 
SCORE (Selection Copy. and Rep~rt
ing) system is for use with the 360/ 
30, and requires no program logic or 
computer debugging. The user speci
fies the basic criteria for selection and 
reporting on a card; reporting options 
allow for heading information, editing' 
capabilities and control break process
ing. A copy option provides for the 
specification of output files in any 
format, and the selection option speci
fies the criteria by which input rec
ords are chosen. PROGRAMMING 
METHODS, INC., New York, N.Y. 
For' information: 

CIRCLE 146 ON READER CARD 

keyboard printer 
The TEN-I0 input/output keyboard 
printer is basically a Selectric type
writer with added magnetic read re
lays' and electronics to interface with 
a computer system. Offered as an on
line peripheral to the OEM market 
(it is not a remote terminal), the unit 
operates at a speed of 15 charact~rs a 
second, and will accommodate 15" 
paper widths. The TEN-I0 can re
ceive and output data at standard 0 
and +5 volt logic levels. DATEL 
CORP., Palo Alto, Calif. For informa
tion:-
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opt~cal font adders 
The NCR 11 series is a family of 10-
key adding machines, including mod
els that print in a machine-readable 
optical font. They have plus and mi
nus 'multiplication keys, which give 
the operator a choice of regular, short-
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cut and negative multiplication, and 
an automatic step over capability. NA
TIONAL CASH REGISTER CO., 
Dayton, Ohio. For information: 
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terminal interface 
For users of the IBM 1130 computer, 
there's now an interface system that 
requires no modification to the main
frame. It allows attachment of up to 
15 Teletypes, 1050's or 2741's; a real
time clock is also available. The inter
face attaches to the storage access 
channel. HONIG TIME SHARING 
ASSOC. INC., Hartsdale, N.Y. For in
formation: 
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test data generator 
An automatic test data generator
TDG/IMI-which can be used with any 
computer equipped with a COBOL 
compiler, creates a test data base to 
automatically check the various logic 
paths of COBOL programs. In accord
ance with DATA DIVISION specs, . it 
achieves this by creating the following 
kinds of test data: random data within 
specified ranges, data with parts clus
tered around a specified value, data 
dependent upon previously specified 
test data, and invalid data to check 
out the error detection capabilities of 
the program. TDG/IMI accepts instruc
tions in a COBOL-like language pro
vided to a systems analyst or a user 
who knows the data being processed. 
INFORMATION MANAGEMENT, 
INC., San Francisco, Calif. For infor
mation: 
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card readers 
The 0707 card reader can be inter
faced, via a teletypewriter and 
modem, to most communication ter-

minals. Line transmission is in USASC
II. The 0708 unit is designed to work 
in applications which require slow 
card reading with the ability to stop 
and hold on to each column. Both 
models, available to the OEM market, 
can read column-by-column in incre
mental mode at up to 10 cards a 
minute, or 40 cpm in a continuous 
mode. II 0 magazines have a capacity 
of 500 cards. UNIVAC DIV., 
SPERRY RAND CORP., ·Philadel
phia, Pa. For information: 
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tape transport 
Model 959 is an IBM-compatible unit 
with speeds of 60-120 ips; and 200, 
556 or 800 bpi density. Options in
clude 7- or 9-channel head, read/ 
write electronics, write inhibit, erase 

. head and address select. TEXAS IN
STRUMENTS, Houston, Tex. For in
formation: 
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systems analysis forms 
The ADS (Accurately Defined Sys
tems) forms are designed for the 
systems analyst, and replace the nar
rative: the analyst's guidelines and 
concept which outlines the problem 
for the programmer and details' the 
process for management. ADS is 
based on five forms which are filled 
out consecutively. The Report Defini
tion states the objectives of the sys
tem and details the origination of the 
data; this form is then cross-refer
enced to other pertinent fonns, either 
the Input Definition, the Computa
tion Definition or the History Defini
tion. Finally, ,the Logic Definition 
lists special rules for the handling of 
specific data. For use with any com
puter system. NATIONAL CASH 
REGISTER CO., Dayton Ohio. For 
informa tion: 
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II And how long have you had these programming problems 1," " 

You can pour out your 24-bit problems 

to the sec 655. This fully parallel, bi

nary computer has a versatile 

and complete instruction reper

toire that makes programming 

understandable. With 38 in

structions, it stands out as the 

lowest investment in a 24-bit 

machine - $15,900. Features 

include: Integrated circuits -

Direct memory access - Hard-

ware multiply/divide - Index

ing - Multi-level indirect ad

dressing. Flexible inputj 

output structure - Automatic sub
routine linkages 

If you need additional process

ing capability, sec has the 

660 with 51 instructions and 

the 670 with 71 instructions. 

The 24-bit series provide either 

single or multiple and simul

taneous access channels to 
...,..,it:! • ...,..,/"\t""I. And the memory sys-

can be expanded modu

from 4,096 to 32,786 

vyords. 

Next time you have 24-bit 

problems, you'll know where 

to come. 

The understandables ... from 

Scientific Control Corporation 
P. O. Box 34529 • 14008 Distribution Way • Dallas, Texas 75234 • 214 - 241·2111 
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GRAPHICS SYSTEM: Six-page brochure 
describes 816A computer graphics 
system, which in its basic configura
tion includes a 16-inch CRT masked 
to a 10..24 by 10..24 inch image area, 
vector generator, intensity compensa
tion logic, electromagnetic deflection 

JOSS LANGUAGE: An introduction to 
JOSS (an on-line, time-sharedcomput
ing service) for people having some 
programming experience. Presents 
summaries of actions that can be re
quested of JOss and of the language 
for requesting these actions. Sum
maries are presented in three forms: 
1) a pocket-size book for personal use; 
2) a larger and more detailed. piece 
for desk-top or console use; and 3) a 
poster-size summary for the bulletin 
board. AD-661 259. 33 pages. Cost: 
$3; microfiche, $.65. CLEARING
HOUSE; U.S. DEPT. OF COM
MERCE, Springfield, Va. 22151. 

ANALOG/HYBRID SYSTEM: 18-page bro
chure orimodel 580. desk-top analogi 
hybrid computing system describes· 
the system's analog and hybrid fea
tures, design and operation of the 
master control panel and analog read
out panels, programming, the digital 
logic system, the individual comput
ing components, system expansion 
and options, applications and com
pany . support. ELECTRONIC AS
SOCIATES, INC., West Long 
Branch, N.J. For copy: 
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OPTICAL SCANNING SYSTEM: Six-page 
applications brochure describes how 
The Equitable Life Assurance Society 
speeded up processing of Medicare 
claims with Digitek 70 optical mark 
scanning system, which reads pencil 
marked forms ~nd· transfers. the infor
mation directly to magnetic tape. 
Flow chart shows how keypunching 
and verifying are eliminated in. the 
process. OPTICAL SCANNING 
CORP., Newtown, Pa. For copy: 
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TIME-SHARING SCORECARD: Survey of 
on-line multiple user computer sys
tems features data on 15 commercial 
time-sharing organizations and 35 re
search-oriented systems and on the 
cost of time-shared services. COM
PUTER RESEARCH CORP., New
ton, Mass. For copy: 
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MEMOR~ES: Eight-page brochure in
cludes descriptions and specifications 
for the company's 5o.o.-to-6o.o.-nsec 
IeM-5o.o.; 67o.-nsec ICM-47 1-usec 
ICM-4o. 1.5-usec ICM-42 and 5-usec 
,TCM-32 integrated circuit core mem-
ories. HONEYWELL COMPUTER 
CONTROL DIV., Framingham, Mass. 
For copy: 
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MEMORY SYSTEMS: 22-page catalog and 
standard price sheet contains specifi
cations on the company's 513 stan
dard coincident-current magnetic core 
memory systems with word and bit 
capacities from 128 x 8 to 40.96 x 32. 
Operational theory, applications and 
packaging are illustrated and dis
cussed in detail. FERROXCUBE 
CORP., Englewood, Colo. For copy: 
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,network, maintenance controls and a 
digital control unit. Standard options 
include character generator, line tex
ture control unit, light peri, function 
switches and a computer graphics 
processor. SYSTEMS ENGINEER
ING LABORATORIES, Ft. Lauder
dale, Fla. For copy: 
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CDP DIRECTORY: 16o..:.page directory 
lists names and company affiliations of 
over 7,0.0.0. holders of the Certificate in 
Data Processing and includes a geo
graphically arranged cross index. 
Cost:' $6 for CDP holders and DPMA 
members; $10. for all others. DPMA, 
50.5 Busse Highway, Park Ridge, Ill. 
60.0.68. 

COMPUTER CONTROL FOR CEMENT 
PLANTS: Four-page bulletin describes 
how computer coritrol of cement mills 
with on-line digital process control 
systems can give better return on in
vestment by minimizing raw material 
costs and increasing productivity and 

Now you can buy a high resolution CR~ Display for $6200.00 

How about ·tbat 
o 
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Programmers I Systems Analysts I E-ngineers: 
Help IBM program the future at EndicoH. N. Y. 
W~ have immediate openings for experienced programmers, systems analysts, or engineers who 
want to grow with IBM. This is a professional opportunity that you should investigate. 

If you're in the scientific area you could be developing new systems and techniques in experi
ment design, process control, statistical analysis, instrument monitoring, simulation, graphic 

systems, numerical control data or product testing. 
If you're in the business area you could determine what information and con~rols are 

needed in management information systems, manufacturing control systems and financial 
control systems. 

And if you're in the systems area you could be working in quality assurance, cost 
engineering, industrial engineering or production control. 

Here at IBM we offer excellent salaries, company-paid benefits and many educa
tional opportunities. 

Endicott is a medium-sized community that's almost a rrietropolitan area, 
but not quite. It still offers many cultural activities such as opera, theater and 

the symphony, but you also get a chance to enjoy life in a comfortable 
rural setting. You can hunt, fish, ski, boat and golf at places nearby. 

Write IBM now. If you have a college degree and some experi
ence in these areas, why not contact us now? Simply send us 

your resume or a brief letter outlining your background 
and experience to Mr. J. D. Hinkley, Personnel De-

partment, IBM Corp., Dept. IBM 
UC9-0, 1701 North St., 

Endicott, N.Y. -
An Equal 

13760. Opportunity Employer 
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quality control. Brochure outlines ap
plications to kiln control, raw materi
als blending, raw and finish grinding, 
and silo storage control. WESTING
HOUSE ELECTRIC CORP., Pitts
burgh,Pa.Forcopy: 
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FEDERAL EDP: 118-page report discusses 
the edp activities in seven govern
ment agencies chosen to be surveyed 
because they represent a fair cross
section of government edp activity in 
terms of size of operation, applica
tions, machines and languages em
ployed. In addition to detailed de
scriptions of each agency's activity, 
the report presents an analysis of 
answers to the questions posed and 
offers recommendations for handling 
existing problems. PB-175 701. Cost: 
$3; microfiche, $.65. CLEARING
HOUSE, U.S. DEPT. OF COM
MERCE, Springfield, Va. 22151. 

DA TA SETS: Two technical bulletins 
describe data sets which use the nar
row band technique for data transmis
sion and are available in models trans
mitting at rates of 2400 and 4800 bps. 
MILGO ELECTRONIC CORP., Mi
ami, Fla. For copy: 
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GP COMPUTER: 50-page illustrated bro
chure describes medium-sized system, 
PDP-9, designed for problems in data 
acquisition, process or instrument con
trol, computation or man/machine 
communication. Processor and mem
ory specifications, I/O facilities, in
structions, software, options and de
tailed applications information are in
cluded. DIGITAL EQUIPMENT 
CORP., Maynard, Mass. For copy: 
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LINEAR INTEGRATED CIRCUITS: 352-
page manual includes information on 
d((sign, packaging, and application of 
linear integrated circuits. It is in
tended primarily as a guide for circuit 
and system designers in determining 
optimum . design specifications with 
regard to integrated circuit capabili
ties and system requirements. Cost: 
$2. Commercial .Engineering, RCA 
ELECTRONIC COMPONENTS 
AND DEVICES, Harrison, N.J. 07029. 

DATA ENTRY SYSTEMS: 12-page bulletin 
describes C-Dek computer data entry 
keyboard designed to enable un-
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trained operators to make entries from 
areas such as the production floor, 
warehouse, and other locations where 
data usually requires transcription, 
keypunching, etc., before it becomes 
useful. The desk-top unit is built to 
customer specification from standard 

. modules. Also included is how com
plete systems can be developed with 
the use of optional equipment. COLO
RADO INSTRUMENTS, Broomfield, 
Colo. For copy: 
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PLOTTER: Six-page brochure describes 
incremental CRT plotter with matrix 
of up to 4096 x 4096 raster elements 
and plotting speed of lOOK points/ 
second. Maximum random reposition
ing time is 20 microseconds. Equip-

ment is compatible with IBM 360 8-
or 9-track tape unit off-line and all 
360 models except /20 on-line. LINK 
GROUP, GENERAL PRECISION 
SYSTEMS, Sunnyvale, Calif. For 
copy: 
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SIMULATION CONCEPTS: Part of a con
tinuing series of reports on techniques 
of digital computer simulation, this 62-
page report discusses basic concepts 
and the design and construction of 
simulation models, provides a ration
ale for simulation, and relates simu
lation as a technique to current prob
lems in simulation technology. AD-658 
429. Cost: $3; microfiche, $.65. 
CLEARINGHOUSE, U.S. DEPT. OF 
COMMERCE, Springfield, Va. 22151. 

© DATAMATION 

ADAMS ASSOCIATES is no.1 ..... 

VARIAN DATA MACHINES is no. 30. 

I 
IN BETWEEN are twenty-eight full page I 
employer profiles describing career 
opportunities for computer engineers, 
systems and applications programmers, 
systems analysts, and mathematicians. . 

1968 INDEX OF OPPORTUNITY 
IN THE COMPUTER SCIENCES 

available free of charge from 

RESOURCE PUBLICATIONS· INC. 
194 NASSAU STREET '. PRINCETON, NEW JERSEY 08540 

CIRCLE 61 ON READER CARD 
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Because our most important product is better service 
for our customers, there are no programmers at Xerox: 
only programmer-analysts. The reason? We utilize EDP 
and systems thinking in their broadest sense to provide 
practical solutions to the multi-faceted problems of our 
dynamic marketing environment. 

At Xerox, you'll apply EDP to almost every phase of 
our business operations, ranging from market research 
and business modeling through inventory, manufactur
ing and quality control to scientific programming (not to 
mention some areas so unique we can't even talk about 
them). Since almost all these aspects are interrelated, 
you'll gain valuable experience making practical trade
offs against important time, reliability and economic 
constraints. 

Most important, you won't be exiled to a sub
specialty: Xerox programmers get involved in all the 
types of systems mentioned above. Our development 
and training program rotates you by plan among them, 
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with a number of si.multaneous projects to broaden you 
faster (average project length, 6 months). 

And you can move ahead fast: keeping EDP opera
tions apace with corporate growth on the order of a 
1600% sales increase in the last decade requires similar 
growth within. If you would like to work in scientific 
and/or business programming and have a Bachelor's 
degree (or experience with an IBM 360 or 7000 system, 
or Univac 110B,-using COBOL or AUTOCODER) we'd 
like to tell you about Xerox opportunities tailored to your 
talents and interests ... and provide you with a projection 
of your advancement. To start the dialogue, send your 
resume, including salary history and requirements, to 
Mr. Robert A. Moore, Department MZ-27-Bl, Xerox 
Corporation, P.O. Box 
1995, Rochester, New 

York l4603.We are an XJERO[)( 
Equal Opportunity Em-
ployer (m/f) 
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...JL 
-" SPE~Y RAf\D 

Wanted: 
Software people 
for our hardware 

Univac offers programmers on every level of experi
ence-from the elementary through the farthest-out theo
retical-unique opportunities for achievement. Because 
Univac is no giant, but big enough for unlimited chal
lenge, systems programmers and analysts can find the 
full life here among other professionals-solving the com
puter problems of a great variety of commercial and in
stitutional customers. Experience needed in data 
processing, management systems, financial and other 
business analysis. 

Other projects are open in the areas of higher level, 
computer language programming, processor systems, ap
plications systems, debugging programs ... these natu
rally call for some years of computer experience. 

Further projects are being manned by the most ex
pert professional people in computer R&D. The location: 
Univac world headquarters in Blue Bell, Pa., in the choice 
rural suburbs of Philadelphia. Benefits include security 
and medical plans-plus a mutual investment retirement 
program. Please write, in confidence, including resume 
and salary requirements, to: L. G. Holliday, Senior Em
ployment Representative, Univac Data Processing Divi
sion, Dept. D-113, P.O. Box 8100, Philadelphia, Pa. 19101. 

UNIVAC 
An Equal Opportunity Employer 

CIRCLE 308 ON READER CARD 

COMPUTER 
PERSONNEL 

Washington, D.C. 
$7,000 to $20,000 

• SCIENTIFIC PROGRAMMING • SYSTEMS ANALYSIS 
• SYSTEMS PROGRAMMING • BUSINESS PROGRAMMING 

ALLOW US TO ARRANGE A PERSONAL INTERVIEW 
WITH THE WASHINGTON AREA'S MOST DESIRABLE 
EMPLOYERS. 
Our service is confidential and personal. We are one of 
the oldest and most effective LD.P. placement. specialists 
in the East. 
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All lees and expenses 
paid by employer 

SYSTEMAT 
11 07 Spring St. 
Silver Spring, Md. 20910 

301-587-3650 

...JL 
-" SPE~Y RAf\D 

Wanted: 
Hardware people 
for our R&D 

Univac offers physicists, electrical and mechanical 
engineers-especially those with computer experience
unique opportunities for both individual and team 
achievement. Because Univac is no giant, but big enough 
for unlimited challenge and personal progress, R&D is 
wide open today, particularly in these areas: 

electro-mechanical devices 
rotary equipment 
computer peripherals 
circuit design 

computer memories 
solid state devices 
optics 
pattern or character 

recognition 
recording circuits 

logic design 
systems design 
thin film 

These challenging projects 'are located at Univac 
world headquarters in Blue Bell, Pa. in the choice rural 
suburbs of Philadelphia. Benefits include security and 
medical plans-plus a mutual investment retirement pro
gram. Please write, in confidence, including resume and 
salary requirements, to: R. W. Jones, Staff Employment 
Representative, Univac Data Processing Division, Dept. 
Bl16, P.O. Box 8100, Philadelphia, Pa. 19101. 

UNIVAC 
An Equal Opportunity Employer 

CIRCLE 309 ON READER CARD 

SYSTEMATION CJZ1NSULTANTS, INC. 
Houston-New York 

REAL TIME SYSTEMS 
Growing Southwestern divisions to assume new systems respon
sibilities seek professionals with experience in the design and 
implementation of multi-computer systems software, ·operating 
systems, and real-time executive and message switching systems. 
One position requires supervisory experience while all afford the 
opportunity to work in sophisticated mult.iprogramming app!ica
tions with very advanced computer equipment. San FrancIsco, 
Dallas, and Houston locations with starting salaries to $17,000 
range. 

MARKETING MANAGER 
Aggressively expanding growth-oriented company with top man
agement in their 40's seeks marketing manager of uncommon 
enterprise. To assume line responsibility for the building and 
management of complete marketing function-planning, budgeting, 
research, sales, etc.-for major neW corporate profit center with 
a leading company in their industry, Prefer meaningful marketing 

. experience in computer services, equipment, or consulting. Starting 
base salary in $18-20,000 range-Houston. 

SYSTEMS ANALYST 
Highly respected medium sized operating company owned by 
major national corporation has outstanding opportunity for ana
lyst with above average industrial accomplishments (prefer MBA) 
and at least three years experience in commercial systems includ
ing 360 disc/tape systems. To. assume key project responsibility in 
the design and implementation of management information sys
tems within the functional areas of accounting, operations, and 
marketing. To also act as internal consultant to company sub
sidiaries. Excellent advancement potential with starting salary 
open, Houston and NE. 

NO FEE 
The above openings are only a small sampling of the exceptional 
hardware and software opportunities within the activities of sys
tems design/programming, process control, scientific/commercial 
applications, marketing, Operations Research, and other asspci
ated activities of our client companies in various locations-50th 
ir. and sr. positions available. Your current employer will not be 
contacted without your permission. Send resume in confidence or 
request our resume form. A call to our Houston Director-J. L. 
Gresham, BChE, MBA-for further information is also invited. 

1616 West Loop South 
Houston, Texas 77027 (713) NA 2-1370 
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The Computer in American Education, 
edited by Don D. Bushnell and Dwight 
W. Allen, John Wiley & Sons,New York, 
N.Y., J967. Cloth, $6.95; paper, $3.95. 
In November, 1965, the Association 
for Educational Data Systems and 
Stanford University, School of Educa
tion, co-sponsored a conference on the 
present and future role of computers in 
education, and this book includes the 
papers presented at that conference. 

The subject matter of this collec
tion covers a wide range of topics of 
interest to computer specialists and 
educators, and includes the uses of 
computers in the instructional process, 
and in the administration of schools 
and colleges, the current practice and 
problems in gathering and analyzing 
data on education at local, state, and 
federal levels, secondary school and 
college courses in computer tech
nology, and the relationship between 
school architecture and the instruc
tional process. There is a fine fore
word by I. A. Richards, in which he 
raises all the right issues concerning 
society's use of technology to achieve 
its goals. The book includes a 393-
item bibliography (compiled late 
enough in the publication cycle to 
'include some 1966 items), and a list 
of selected conferences on educational 
data processing. 

The individual papers concern 
problems and future plans which are 
still important enough so that the 
book suHers minimally from the ob
solescence to be expected in a report 
of a conference held in November, 
1965. 

Some of the articles deserve special 
comments. 

Patrick Suppes describes the C~I 
work at Stanford, and categorizes CAl 
systems into three levels of interaction 
-drill-and-practice, tutorial, and dia
logue-in order of increasing complex
ity. In discussing dialogue systems, 
Suppes lists, as one of the two central 
problems, the ability of the computer 
program to interpret freely constructed 
questions from the student. "Thecen
tral intellectual problem at the moment 
is not that of writing information to 
give an answer, that is, of having in 
storage information that will give an 
answer to any question. Rather it is to 
recognize from the standpoint of the 
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program precisely what question has 
heen asked." (p. 19). The comment 
here is that this same problem arises 
in a_slightly different form in tutorial 
systems, where the central intellectual 
problem is to recognize from the 
standpoint of the program precisely 
what answer has been given. 

The paper by Robert H. Anderson 
summarizes the major changes' occur
ring in American education today
from curriculum reform through in
novation in school unit organization. 
He points out the glaring mismatch 
between our aspirations for universal 
high quality public education and the 
". . . appropriate levels of financial 
support or ... well-conceived policies 
to facilitate the achievement of truly 
excellent programs." (p. 27). He ar
,gues that ". . . one urgent need is 
greater Rexibility in both the govern
ing policies and the administrative 
and pedagogical inachinery through 
which the goal is being pursued." (p. 
27) . Taking individualized instruc
tion as an example of one such goal, 
he shows how its attainment involves 
such diverse factors as school building 
design and construction, and the 
teacher's ability to access and se
quence instructional materials. 

Judson T. Shaplin's contribution 
warns of pitfalls in the area of com
puter innovations: "The demands of 
research and development lead the 
computer innovators to neglect the 
need for relating their work to exist
ing practices in the mainstream of 
American education, particularly re
cent reform efforts, and to ignore ~e 
implications of their work for person
nel organization and training, all po
tent factors in future acceptance pat
terns." (p. 36f). He discusses the 
shortcomings of the present teacher
training apparatus, in terms of the 
funding and personnel demands of 
even modest current goals. 

Dwight W. Allen describes many 
of the available computer programs 
for class and student scheduling, and 
urges more use of computers iri simu
lation studies related to organizational 
and curricular changes. "N 6 organiza
tional change can ever replace, the 
importance of what is taught, but what 
is taught can be greatly ,enhanced, 
limited, or eliminated by organization
al demands on the people involved." 
(p. 58). 

Don D. Bushnell presents a free
wheeling summary, of some of the 
educational implications of selected 
computer applications, such as auto
mated libraries, simulation and gam
ing, and community time-sh<l;ring sys
tems. 

Karl L. Z,inn discusses the details 
of work in progress under the head
ings: author languages (including 

diagnostics and editing features), use 
of student responses (including I the 
important unanticipated ones). Zinn's 
discussion is followed by an appendix 
listing significant details connected 
with 26 different CAl projects. 

James ,K Rocks presents an articu
late statement of the challenges fac
ing the Office of Education's National 
Center for Educational Statistics. In' 
this very well-written article, the 
reader is exposed to the magnitude of 
the problems without being over
whelmed by the details, and is clearly 
shown the opportunities for improve
ment, even though the specification of 
the system to define the opportunities 
is still unclear. . 

The editors themselves contributed 
the last chapter, which lists the rec
ommendations of the AEDs-Stanford 
Conference p~rticipants. Almost all of 
these recommendations can be ap
plauded. The one exception is: "Cri
teria must be established for deter
mining the disciplines or areas within 
disciplines in which either of, the 
distinctive forms of computer media-

"tion, computer-assisted or computer
augmented instruction, is appropriate 
and feasible." (p. 230)., The danger 
here is that the too early setting of 
"criteria" can distract research from 
fruitful paths. One is reminded of the 
early days of programmed instruction, 
when many "experts" were advising 
that the new technique would never 
be useful for teaching more than rote 
learning materials. The subsequent 
slwcesses in applying the principles of 
behavioral technology to skills such as 
interpersonal communications showed 
the folly in specifying' in advance 
what any technique can and carinot 
be used for. In practice, such limits 
are generalizations from field experi
ence, and the most appropriate role of 
associations and conferences is to col
lect, summarize and disseminate the 
results of such experience. 

All-in-all, this is a good and valua
ble book. The computer specialist will 
find a wealth of information about the 
needs of education, and the challeng-. 
ing problems to be solved in meeting 
those needs. The educator will find 
incisive comments on the changes 
which must occur in current pedagogy 
and school administrative policy if 
computers are to be used eHectively. 

-JAMES L. ROGERS 

Exploring the Computer, by Paul Allen 
III, Addison-Wesley, Palo Alto, Calif., 
$3;95, paperback. 

The purpose of this book is to teach 
you what the main parts of a com
puter are, how they work, and what 
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WHAT IS YOUR TRUE WORTH? 

FREE Data Processing 
OpportunitiesBulielin 

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 placements show that the average data 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. 302. Please use home 
address only. 

LON D. BARTON, P,esident 

Cadillac Associates, Inc. * 
21 E. Madlsin Bldg. Chlcagl, III. 60602 

Financial 6-9400 

• "Where More Executli;e. Flttd Thftr Podtloru Tho. AacI
where Else In the World:' 

CIRCLE 302 ON READER CARD 

SENIOR PROGRAMMER 

Lockheed Electronics Company has available a posi

tion of senior programmer within the Design and De

velopment Group. This senior-level managerial po
sition requires extensive experience ,in the develop.. 
ment of commercial computer assemblers, compilers, 

diagnostics, and deliverable software subroutines for 

small commercial computer applications. 

For further information please send resume, in confi

dence, to Mr. A. J. Petit, Professional Placcm~nt Of

fice, 6201 E. Randolph Street, Los Angeles, California 

'90022. Or cail collect (213) 722-6810. An equal op

portunity employer. 

LOCKHEED ELECTRONICS COMPANY 
A Division of Lockheed Aircraft Corporation 
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CONSULTANTS 
TECHNICAL COMPUTER APPLICATIONS 

I nternational Travel 
MO~II's International Division believes that the. potential benefits of our third-generation com;. 
puters overseas can only be fully realized by the integration of technical/scientific and 
commercial disciplines. To increase our immediate capacity to implement this philosophy, 
we want two self-starting, technically qualified consultants to grow with our systems orga-
nization. About 30% travel, primarily abroad, is required., . 

One consultant will involve himself in the conception, The second consultant will originate, modify and 
design, and implementation of profitable manage- implement abroad technical computer applications 
ment information systems, as applied to refineries or used primarily for refinery operational guidance, such 
chemical process. operations. He will also perform a.s engineering applications, 9perat.ional LP ;applica-
feasibility studies for hardware and systems serving tlOriS and CPM/PERT. He Will tram technical· per-
technical/sciehtific and related commercial areas sonnel in the recognition of application areas for 
and will advise upon, administer; or implement sig- exploitation with the computer and will participate 
nificant projects. He will need a degree in engineer- heavily in these efforts. He must have a degree in 
ing, preferably chemical, OR, or math, with advanced engineering, preferably chemical, with advanced de-
degrees preferred .. He must have several Years' ex- grees preferred in OR, math, or engineering. He must 
perience in technical and commercial EDP systems have extensive experience in applying LP, CPM/ 
work, preferably in petroleum, with at least 2 years' PERT, and other computer applications to refinery 
management information systems work in chemical operations. He must be thoroughly familiar with refin-
process industries. ery process engineering, operations, and technology. 

For prompt and confidential consideration, send 
your resume to Mi' •. P. J. Harbaugh, Department 
3440, 150 East 42nd Sereet, New York, N.Y; 10017. 

M@bil Oil Corporation 
An equal opportunity employer 
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they do. There is a test in the baCk of 
the book to take before you read the 
book. Your score can tell you how 
much you know about computers. 

The fonn in which this book is 
written is called programmed instruc
tion. It presents material to you, and 
then asks questions about it. If you 
answer ipcorrectly, you can go back 
and read over the material again. 
When you finish the book, you take 
the same test (on different pages, of 
course), and compare your scores, to 
see how much you have learned. 
There is an appendix in the back of 
the book. If you wish to learn more 
about the computer than just the 
parts and how they work, then you 
should read it. There is also a glossa
ry. If you run into any words you 
don't understand, then you can look 
them up there. 

I would recommend this book for 
anyone who wants to learn generally 
about the computer-maybe just be
cause it is an interesting subject-like 
I did. 

SARAH ROLPH 
Sixth Grade, White Point School 

San Pedro, California 

book briefs 
(For further information on the books 
listed below, 'please write directly to 
the publishing company.) 

Digital Computer Programming, by Peter 
A. Stark. The Macmillan Co., New York, 
N.Y. 1967. 525 pp. No price given. 

A heavy book written for the begin
ning programmer with very little em
phasis on mathematical abilities, in
cludes r~al problems, pre-solved on a 
computer. Instruction in machine, 
symbolic assembly and problem
oriented languages is included. In-, 
tended as a textbook, the book has 
several teaching aids, and is illus:
trated. ' 

The Programmer's ALGOL, by Charles 
Lecht. McGraw-Hili Book Co., New York, 
N.Y. 25~ pp. Price not given. ' 

Written as a reference book for the 
programmer, this volume describes 
ALGOL and gives detailed examples of 
its statements and. declanitions. In
cluded is a long introduction by R. 
W. Berner in which he gives the 
history of the language and com
mends it to independent thinkers. 

It's free. The new 1968 Edition. 

Our·National Computer 
Salary Survey and 
Opportunities Analysis. 
This is it. The all-new 1968 edition of Source Edp's FREE 20-page Computer 
Salary Survey and Opportunities Analysis. It's a summary of computer salaries by 
24 separate"levels of professional and managerial experience ranging up , , 
to $75,000. Plus a comprehensive analysis of current trends in 
computer employment. " 

All of this information has been compiled, analyzed and put together by some 
of the most kno~ledgeable people in the business. The people at . 
Source Edp. Source Edp is the only placement firm staffed by computer 
professionals for computer professionals. It's their business to 
know the data 'processing field.' 

To get your fr~~ copy of t.he.1968. Edition of S6ur~e E~p's Computer Salary Survey 
and Opportunities AnalYSIS Just Circle the reader mqUiry card. ' 
To speed delivery write directly to: :0 

source edp 
Where computer professionals place computer professionals ' 
Chicago - David D. Grimes, 100 S. Wacker Drive (312) 782-0857 
Detroit-Charles T. Walther, 2990 West Grand Blvd. (313) 871-5210 

, Los Angeles - Robert A. Davis,3470 Wilshire Bivd. (213) 386-5500 ' 
MinneaJlolis - Fred N. Anderson, 507 Marquette (612) 332-8735 
New York - Edward T. Golden, 1414 Ave. of the Americas (212) 752-8260 
San Francisco - Richard M. Clark, 111 Pine Street (415) 434-2410 

Client compan!es assume our charges. 

February 1968 
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CAR 
EERS·· 

COAST TO COAST 
EUROPE 

TOP 
20% 

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 
provides 49 state arid international coverage. 

PARTIAL LIST COMPUTER CAREERS 
SALARIES $10,00Q ~ $35,000 ' 

• Marketing/Sales 
• Management or 

Computer Consulting 
• Operations Research/ 

Management Science 
• Time SharingiReal Time Systems 
• Computerized Process Control 
• Management Information Systems 
• Systems Planning/Development 
• Business Systems, Programming 
• Applied Mathematics 
• Scientific Computation 
• Lo,gic/Digitaland/ 

or Circuit Design 
• Software/Applications Packages 

(From Junior to V.P. 
and Director Levels) 

Our clients assume all expenses 
Write in full confidence to 

Joseph Albert or phone 212/679-7314. 
Indicate salary and geographic requirements. 

Member ACM 
Career Consultants in ttie Data Processing Field 

210 Fifth Ave., New York, N.Y. 10010 
CIRCLE 312 ON READER CARD 
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THIS MUST BE THE PLACE! 

Where else but at Foxboro could engineers and 
programmers work in a "hands on" "environment 
on such a variety of projects. 

The very nature of our business guarantees you 
the opportunity to find your place in the fastest 
growing area of computer technology-industrial 
control systems. An area where Foxboro has been 
a leader since 1908 ... innovators for more than 
a decade. 

We presently have a number of exceptional career 
positions available with emphasis on the' following: 

DESIGN ENGINEER 
BSEE majoring in electronics. Minimum of three years experi
ence in circuit or logic design for high-speed circuitry above 
two megacycles. Responsibilities will include leading the de
velopment efforts in circuit engineering. To work with packag
ing designers and expected to contribute to system logic 
discussions for analyzing optimum logic and circuit con
figu rations. 

~IGITAL PROJECT EQUIPMENT ENGINEER 
BS in electrical engineering with a minimum of one year 
experience in digital data processing system design, or digital 
computer process cont"rol, or MIL weapon system experience. 
Experience required in equipment area (logic design, circuit 
design). Will have complete equipment responsibility on a 
sales order. 

SYSTE~S PROGRAMMER 
Engineering, Scientific, or Mathematical degree with machine 
language programming experience in the command and con
trol, scientific or industrial fields. Real time and/or share time 
experience highly" desirable in the "following areas: Batch 
Control, Direct Digital Control, Multi-level Programming, Super
visory Control and Scientific Programming. 

In addition, you might be interested in discussing one of these 
outstanding opportunities with the career makers at Foxboro. 

• DEVELOPMENT SYSTEMS • SYSTEMS APPLICATION 
ENGINEER DEVELOPMENT ENGINEER 

• SUPPORT ENGINEER • ELECTRONIC PACKAGING 
ENGINEER • SYSTEMS ENGINEER 

• ANALYST AIDE 

]iOXBORO@ 
Specialists in Process and Energy Control 

Call Mr. Robert Ash Collect at (617) 543-8750 or mail your resume 
to him at Deot. D2. Neponset Avenue; Foxboro, Mass. 02035 

Look into a career with Foxboro, An Equal Opportunity Employer 

CIRCLE 315 ON READER CARD 
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IMMEDIATE SEATING 
~ if you're exceptionally knowledgeable in your lield 
• if you're willing to utilize your lull potentia! 
• il you've reached the limits 01 your present position 

We are the leading Personnel and Management Consultant Organiza. 

tion concerned with EXCLUSIVE placement of Data Processing Per· 
sonnel. Our extensive search facil ities and specific recruiting place 
us in a unique position to fulfill the requirements of employers of 
Data Processors. Your application is processed by E.D.P. Specialists 
who know the industry. its needs and WHERE THE OPPORTUNITIES 
EXIST. All fees are paid by the hiring company; there is no charge 

to the individual. Please contact us at any of our' offices. 

EMPLOYMENT FOR DATA PROCESSORS 
140 Barclay Center, Cherry Hill, New Jersey 08034 

609/428-7238 
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CAREER MEMO 
To PROGRAMMERS/ ANALYSTS/ENGINEERS 

From EVERETT KELLEY ASSOCIATES, INC. 

If your present position lacks professional 
motivation . . . NOW is the time to let us 
program your professional 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 capa-
bility in: . 

• Scientific Programming 
• Real Time Systems 

• Digital or Logic Design 
• 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, 
directly to Mr. R. L. Keilholtz or Mr. Donald Wayne 
or write for our composite resume form A. 

121 So. Broad Street (Suite 1300) 
Philadelphia, Pa. 19107 

Placement of Computer Professionals since Binac. 
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engineers • scientists • programmers 

Like what you see? 
Then put yourself in the picture. 

First off, let's talk 
about the work. 
With Lockheed 

Electronics 
Company 

in Houston, 
Texas you'll be 

involved in man's 

biggest, most exciting technological 
adventure~the exploration of space. 
Here you will be able to utilize all of 
your professional capabilities. provid
ing solutions to such problems as to 
where our Astronauts will land, 
what they can expect and the 
many tasks they wi II perform. 

And stimulating pro

fessional involvement 
is just one of the many 
benefits waiting for 
you with Lockheed 

Electronics in Houston. 
Others? There's lots of 
them. For example, 
here you'll find unhur
ried golf courses, un-

crowded waters for every type of water 
sport, the Astrodome, and you could 
be working just five minutes 
away from home. 

Homes are beautiful and 
reasonable, schools are 
excellent and if you are 
culturally-minded, there's 
the symphony, ballet, 
museums and theatres to 
choose from. 

Houston is air conditioned in 
summer, devoid of blizzards in winter, 

and pe·opled with articulate and inter
esting people the year round. 

Interested? Then we're interested! 
So, set aside commuting and write 

stating your experience and qualifica
tions to Mr. Dean Pearson, Lockheed 

Electronics Company, 16811 EI Camino 

Real, Houston, Texas. Or call him collect 
(713) HU 8-0080. You'll find out how 
you can put yourself in the picture. 

Join Lockheed Electronics Co. 
Houston Aerospace Systems 

Division, Houston 

CIRCLE 304 ON READER CARD 
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Remember the old days vvhen 
a ]problem solver was the guy who could dio 
the Sunday Times crossword ]puzzle? 

Look at the challenge avvaiti1l1Lg 
]problem solvers today at C .. E .. I .. R! 
When C-E-I-R began operations in 1954, most of today's 
powerful problem solving techniques and resources were 
either untapped or undiscovered. C-E-I-R had a bold 
vision then ... advancing concepts to improve profit, 
minimize risk, streamline business operations, forecast 
trends, simulate decision environments, improve 
communications and controls. 

Today, as the world's most experienced and best 
equipped computer services and problem solving 
organization, C-E-I-R offers business and scientific 
programmers, systems analysts, mathematicians and 
operations research specialists an unmatched environment 

for achieving the highest possible levels of capability 
... and reward. 

The challenge is here. C-E-I-R continues to move ahead 
and the professional staff will triple in the next three 
years. If you are seeking professional growth 
opportunities in the most advanced technologies and are 
prepared to apply outstanding skills to a vast array of 
modern operating problems in industry, commerce and 
government, we would welcome your resume. 
Write to: R. H. Meyer, Vice President- Personnel, 
C-E-I-R, INC., 5272 River Road, 
Washington, D. C. 20016. © ern en=oolNC 

© e ~ e il t::> rn.'le·.A subsidiary of Control Data Corporation 
New York • Boston • Los Angeles • San Francisco • Mexico City • London • The Hague 
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· look ahead 

IBM SIGNS 
FIRST MODEL-cDNTRACT --- ---

RUMORS AND 
RAW RANDOM DATA 

February 1968 

'.-"-' -_ ... _._- -------------

Inc., runs a portrait of Leonardo da V. to ease the 
obscurity; others, such as Code, Inc., are a little 
less subtle. Think, Inc., is, according to its 
president, "a closely-held corporation. Just owned 
by us and IBM. - That's a joke," he added sadly. 
Pied Piper Programming is rumored to lure'married 
mothers to cottage .programming; has a disconnected 
phone. And if you think Alpha Omega Computer System 
rings of 1984, Apex Data Processing won't leave any 
doubts: under a picture of an imposing brontosaurus, it 
announces: "Adapt or Die •. " All are L.A.-area firms. 

IBM has signed the first model contract . (July '67, 
p. 19) with California, will offer the state an almost 
verbatim standard contract, including liquidated 
damages and standards of performance including 
delivery dates for hardware and software. IBM's 
contract, which calls for software to show 
"substantial conformance to the contractor's 
specification," will undoubtedly be used in all states. 

CSC narrowly averted another top-level .defection 
recently, talked top financial ma~ Dave Layser into 
returning after he had joined Marshall Industries ••• 
R. Paul Niquette, an early SDS-er(who is vp, plant 
operations for Standard Computer Corp., rejoins his 
old firm this month as assistant· to president Max 
Palevsky ••• Other rumors about the 360/85, not announced 
January: 7090-compatible, 120 nsec cycle time, thin
film memory, and an operating system being done by 
Computer Sciences ••• Look for 3M, Computron, other tape 
makers to leap into the disc 'pack bizness ••• Joe 
Costello, who recently resigned as executive vp of 
Fabri-Tek, has formed Computer Peripherals Corp. in 
San Diego. Firm will make OEM peripherals ••• Atlantic 
Software Inc., Philadelphia, will market proprietary 
packages. The five-man firm, headed by Walter Brown 
and Richard Thatcher (ex-RCA and IBM), is gathering 
software from developers in any industry, plans a 
technical and marketing staff of 25-50 by year-end ••• 
Transamerica Corp., after giving up acquisition of MAl, 
has set up its own leasing firm headed by Jim Ritter, 
who has been controller of IBM's edp division. They 
have $100 million to spend--on System/360's ••• In the 
next month or two, the National Association of 
Securities Dealers should be asking for bids from 
vendors on'a massive system to keep track of quotations 
for the Over-the-Counter market, plus corporate and 
municipal bonds--just about everything not now listed 
on an exchange. Some 3000 terminals will be needed 
and the whole system will be well up in the 
multimegabuckrange .... There are rumors of fading 
interest in time-sharing by the biggest 'companies. 
Apparently what they really wanted was' fast response 
time, which can be: had with remote batch. The limited 
need for conversational jobs can be handled by the 
outside commercial time-sharers ••• Honeywell's Computer 
Control Diy. announces the DDP-324 this month. The 
24-bitter features twin cpu's of up to 24K core each, 
plus 8K shared. Cost of an 8K x 8K x 8K system: 
$163K. They've sold three already to Conductron
Missouri for flight simulation. 
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Business Programmers: 

How about a programming career in 
advertising . 
aviation 
banking 
broadcasting 
chemicals 
drugs . 
electronics 
food marketi;ng 
oil 
railroading 
publishing 
shipping 
a"nd 
textiles? 

Without job-hopping" Now you can work with top companies 
in many fields without leaving your office. 
It's difficult to get bored this way. And, it's difficult not to 
become the experienced professional you envision. 
The industries we have mentioned are just some of those 
serviced by the programmers, and program and 
systems analysts of lIT Data Services. The diverse 
applications created by the requirements of such industries 
will not be your only challenge. You'" be exposed to a wide 
range of equipment, operating systems and programming 
languages in your everyday aSSignments. 

For example, at the Paramus, New Jersey, Computer 
Center, the array of "third-generation" eqUipment runs 
from the small IBM 360/30 System to two large 360/65'5. 
In between are two 360/40's and a 360/50 which, added 
to the six 360/30's installed in our Eastern Regional 
Data Center network, brings to a tot~1 of 11 the number of 
the latest hardware systems available for your use. 
You'll be working ,in TOS, DOS, OS and our own operating 
system whiCh was developed to provide efficient 
multi-programming and teleprocessing. Program analysts 
can expect exposure to many languages including 

. FORTRAN; COBOL, RPG, PL 1, and BAL (with BTAM 
and QTAM). For systems and operations researc~ 
specialists, the list reads GPSS, MPS (360 LP), PCS/PMS, 
to name a few. . 

A background that includes at least one year of 
System/360 COBOL experience in several applications 
is all that's needed to begin discussions with our staff 
that can lead toa career with lIT Data Services. 
Our Paramus headquarters, the center of our Eastern 
Regional network, is located approximately 20 minutes 
away from New York City. Expansion is con~inuing to 
create openings at all levels here and at other lIT Data 
Services locations including Los Angeles, Boston, ' 
and Washington, D.C .. 

The commercial data processing service industry is 
beginning one of the most dramatic phases of its 
development. Come along with us. Forward your resume, 
including salary history, in confidence to Mr. Charles E. 
Johnson, lIT Data Services, Box 402, Route 17 & 
Garden State Parkway, ParamLis, New Jersey 07652. 

'\ 

o 

'Imm (~ 
" A Division of international Telephone and Telegraph Corporation .L.L 

A Plans for Progress Equal Opportunity Employer (M/F) DATA SERVICES 
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For People With "Abstracts" in our Name, We've 
Chalked up Some Pretty Concrete Accomplishments -

130 

Chemical Abstracts Service, the world's largest 
processor of scientific and technical information 
relating to a single discipline, has made solid con· 
tributions to the fast-growing field of computer
assisted information handling. 

CAS had the first commercial application of 
KWIC indexing, the first scientific publication pro
duced entirely by computer (we now have five com
puter-based publication/search systems). We were 
instrumental in developing the world's first-scale 
application of computer identification of chemical 
structural diagrams and of technically feasible 
techniques for searching this file for substruCtural 
fragments. 

We are actively researching sophisticated I/O 
systems including key-boarding systems for both 
text and pictorial data, and cathode-ray-tube out
put devices capable of routine application. 

We've done creative work in computer editing 
of both text and graphics-some of our programs 
edit material so efficiently and exhaustively that 
we no longer verify the input. 

These are problems we've already solved. We've~ 
got others we need help with. If you think you can 
give us that creative help, write to: 

Mr. Frank A. Healy 

Chemical Abstracts Service 
2540 Olentangy River Road 

Columbus, Ohio 43210 
614-293-7412 

AN EQUAL OPPORTUNITY EMPLOYER 

CIRCLE 320 ON READER CARD 

SYSTEMS 
ANALYSTS 

AND 

PROGRAMMERS 
Have you investigated the challenge and financial rewards 

of association with the Computer Service Division of 

COl 
Our Computer applications organization provides both busi

ness and scientific data processing servic~s at every level. 

Opportunities are nationwide and offer extremely attractive 

compensation. 

We invite your resume 
Or Call R. N. Cherwinski 

(215) 569-2200 
for further details 

COl COMPUTER SERVICES 
Div. Of Comprehensive Designers, hie. -

Department OM 
# 4 Penn Center Plaza 

Philadelphia, Pa. 19103 ' 

An Equal Opportunity Employer 
CIRCLE 321 ON READER CARD 

YOURS •. 
The problem is programming ....... . 

to make more, not to spend less. 

The problem is programming ........ 
more creativity into your positio~. 

The problem is programming ....... . 
. your career through a reliable orga!1i~.ation. 

-The answer is .. : ..... Dunhill of Boston. 

We offer positions for Programmers, 
Systems Analysts 
and EDP Managers .... 

You'll find us efficient, effective, discreet and, like you, 
professional. We keep you informed of the best oppor
tunities in New England, the West Coast and key 
metropolitan areas throughout the U.S. Our client com
panies assume placement fees, interview expenses and 
relocation costs. 

Send your resume. You will receive immediate per
sonal acknowledgement. 

BUDhill" 
OF BOSTON, INC. 
Mr. William Levin 

-. 141 Milk Street 
Boston, Mass. 02109 
(617) 426-7829 

OF . LOS ANGELES, INC. 
Mr. John Thompson 
3670 Wilshire Blvd. 
Los Angeles, Calif. 90005 
(212) 385-5261 

CIRCLE 322 ON READER CARD 
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To Computer Users: 
Just send us your 
deck for a free sample 
chart. No obligation • 

o o 

you'll be amazed at the 
results· you get •.• with 

the Cobol, Fortran, and Assembly 
flow charting program 

for most computers! 

• provides complete program documentation! 
• reference format listing, cross-reference by paragraph 

name, cross-reference by page block, an accurate flowchart! 
• leased for as little as 2.30 per day ( to qLia IiHed users ). 

address a/l inquiries please to:' 

NATIONAL COMPUTER ANALYSTS, INC. 
INTERNATIONAL SALES OFFICE 

NATION AL COMPUTER 

AN ALYSTS, INC. 
500 Fifth Ave., New York, N.Y. 10036 

"",;;o.;;,~·.'~rnone: (212) 594-4955 



COMPUTER AND CONTROL SYSTEMS 
SCIENTISTS AND ENGINEERS 

Bendix Research Laboratories has excellent research and development career oppor
tunities for B.S., M:S. and Ph.D. graduates with 2 t015 years' experience in one or 
more of the following key areas: 

• DIGITAL AND ANALOG COMPUTERS, sys
tem analysis. real-time computer contr~1. 

• AUTOMATIC CONTROLS, information theory. 
circuit and servo analysis. correlation tech
niqu~s, electro-optical systems. 

• COMPUTER PRO"GRAMMING, mathematical 
analysis. real-time control, scientific computing. 

• ARTIFICIAL INTELLIGENCE, pattern recogni
tion. trainable systems, adaptive logic. 

• COHERENT OPTICAL PROCESSING, holo
graphy, spatial filtering, optical correlation, 
electro-optical systems. 

Located in progressive suburban Detroit. Send 
resume to Personnel Director, Bendix Research 
Laboratories, Southfield, Michigan 48075. 
AN EQUAL OPPORTUNITY EMPLOYER M/F Research 

Laboratories 
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Systems analysts ... programmers 
for business and management information systems 

Where you work and where you live are important" 
- to your career and to your family! 

Consider the advantages of joining Kennecott's Western Data Center in 
Salt Lake City, Utah. Opportunities are virtually unlimited in a non-defense 
organization as large as Kennecott Copper Corporation. And the professional 
environment of our Western Data Center will help you develop ... to 
advance just as rapidly as you are able. " 

As a place to live, few cities can match Salt Lake City. The nation's 
finest skiing, hunting, and fishing are just minutes away from your home. 
Schools are outstanding ... from kindergarten through university. Housing 
is attractive and surprisingly reasonable. 

Requirements? Two years' experience with large-scale tape or disk 
oriented systems. 

Nationally competitive salaries, generous fringe benefits. 
Send your confidential resume today to G. D. Farnsworth, Directo~, 

Western Data Center, Kennecott Copper Corporation, P.O. Box 11299, Salt 
Lake City, Utah 84111. 

" lCeDDecoII"W 
Copper Corporation 

"An Equal Opportunzty Employer" 
P.S. Similar openings also are available in our New York office. 

CIRCLE 326 ON READER CARD 

"It's good 
business to 

help colleges" 
"Business has a direct and pressing 
need for colleges of high calibre. 
Carnation recognizes that its suc
cess tomorrow depends in large part 
upon the quality of the college grad
uates it hires today. We also benefit 
from the continuing stream of ideas 
and information which college" re
searchers provide. 

"Colleges are faced by the con
tinuing pressure of higher costs 
due in large part to the demands of 
a more complex technology. T"o 
maintain their standards and" to 
fulfill their crucial role, they need 
increased support by business. 

"Carnation now provides volun
tary financial aid to more than 125 
colleges and feels that this is one 
of its best investments for the 
future." 

H. E. Olson, President 
Carnation Company 

A major problem in the education of 
students is rising costs. If companies 
wish to insure the availability of col
lege talent, they must help support 
colleges with financial aid. 

SPECIAL TO CORPORATE OF
FICERS - A new booklet of par
ticular interest if your company 
has not yet established an aid· 
to·education program. Write for: 
"How to Aid Education-and 
Yourself", Box36, Times Square 
Station, New York. N. Y. 10036 

~\lI'NG eo COUNnL FOR 
~.'f. ) fINA~CIAL 5 e V AlIlTO . ~~ 
~{fc fI1.;,.t-l:' EDUCATION COLLEGE IS 

BUSINESS' BEST FRIEND 
Published as a public service in cooperation 

with The Advertising Council and 
the Council for Financial Aid to Education 
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HONEYWELL 0-1000 Computer, COMPLETE 

For Sale by Los Angeles County 
Unit to be taken out of service 2-29-68 

Contact l. A. County Purchasing Dept., Surplus Div. 
2011 No. Soto St., Los Angeles, California 90032 

360/30 COMPUTER TIME FOR SALE. Running under 
DOS, also four tapes. Prime shift, non-prime. Excep
tionally attractive rates. ~ 

°datamart 
Refer to Bid P3300, Closing 4·10·68; 

Phone (213) 221·9796 

Mobility Systems, Inc., 1653 Rogers Ave., 
San Jose, Calif. (408) 286-8700. 

o 

o 

Addrlss III replies to box number advertise· 
ments IS follows. 

Box •••••••••••••• 

DATAMATION 

F. D. Thompson Publications, Inc. 
35 Mason Street 
GreenWich, Conn. 06830 
Classified Advertising 

EQUIPMENT FOR SALE 
PURCHASE OR LEASE 

OUTSTANDING VALUES IN EDP EQUIPMENT 

selling/purchasing/leasing 

Computer Sales Inc., 128 Woodland Ave., Yonkers, 
N.Y. 10703 914-423-0688 

TLW CORPORATION~ 
P. O. Box 29763, Atlanta 30329 

404/633-2579 
We Buy-Sell-Lease IBM 
Unit Record & Computers 

Our Equipment Is Under M/A 
And I n Excellent Condition 

WHEN PURCHASING, SELLING, OR LEASING IBM, EAM 
OR EDP EQUIPMENT, CONTACT US FOR A BEITER 
VALUE •.• CSC Leasing. 2301 5th Avenue, Seattle, 
Washington 98121. 206-623-2413. 

WANTED 

IBM 1401, 1410, 1440, 1620, and larger systems; 
1311's, 7330's, 729's, and other peripherals. We 
buy and sell all types of EDP equipment. 

ASSOCIATED COMPUTER SERVICES 
6440 Hillcroft, Houston, Texas 77036, 713-771-3561 

SERVICES 

KEYPUNCHING-VERIFYING. Accurate, dependable ser
vice. Call or write Citizens Data Center, P. O. Box 
1410, Decatur, III. 62523. Phone 217-428-6661, 
X301. 

SALES /MARKETING 

MAILING LISTS 
RETAil, WHOl, MF~S 
SCHOOLS, CHURCHES, INSTITUTIONS 

Only $14 per 1,000 addressed on your circulars, 
cards, envelopes or labels. 100% ZIP CODED in ZIP 
numerical sequence. Guaranteed current, accurate. 
5¢ refund on ALL Post, Office returns. 48-HOUR 
SERVICE. Complete Mailing facilities. Hundreds of 
other lists. Write for FREE catalog. 

EVER READY MAILERS, Inc. 
4021 Austin Blvd., Island Pk., N.Y. 11558 

ClATAMATICN, 

Classified Advertising 

The, classified section Is open for the following 
advertising categories: Used equipment; posl· 
tlons wanted; help wanted, educational Instltu· 
tions; maintenance services; professional cards; 
hobby products; business opportunities and ed· 
ucational courses. Rates are based on total 
number of insertions used within each contract 
year. 
For further Information please contact: DATA
MATION Magazine, Classified Advertising Dept., 
~~I.~tJ8.n St., GreenWich, Conn. 06830 (203) 

=f/.IIJimJDE 
••• THE lAcr 

WORD 

YOUR POSTMASTfR. 

8ngln88rS • analYSiS • prOgramm8rS We know where you can 
find a better job. . 

IN THESE NATIONll POSITIONS fROM 11~~~ TO $~~I~~~ 
• CIRCUIT DESIGN • DIGITAL OR LOGIC DESIGN SWITCHING • 
COMMUNICATIONS. MANUFACTURING. RELIABILITY. SOFlWARE 
DEVELOPMENT • SCIENTIFIC PROGRAMMING • REAL TIME SyS
TEMS • BUSINESS SYSTEMS. COMMERCIAL PROGRAMMING. OPS 
RESEARCH 

NATIONAL CHOICE: NEW ENGLAND-NEW YORK-PHILADELPHIA-WASHINGTON 
MIDWEST • SOUTH • CALIFORNIA • TEXAS • FLORIDA • AND OTHER AREAS 

FREE: CAREER OPPORTUNITIES BULLETIN 
For a complete listing of outstanding positions with National 
Companies circle subscriber service card using home address only. 

Free custom service. All expenses paid by client companies (fees, 
interviewing & relocation.) Send resume in confidence with present 
salary and geographic preference. No obligation. 

t La Salle Associates t 
PROFESSIONAL SEARCH DEPT., 2136 LOCUST STREET, PH I LA., PA. 19103 

February 1968 CIRCLE 328 ON READER CARD 

Better because it pays more. 
Better because your professional talent is so badly needed. 
Better because you'd be working in the most dynamic 

EDP community in the country-where the nation's top com
panies are looking hungrily for skilled systems analysts and 
programmers. Like you. 

Where is this? New York. 
We know, because Drew is one of New York's leading EDP 

placement specialists. We know, because we work closely 
with over 200 national companies headquartered here. And 
right now, they have 350 exciting career openings they've 
asked us to fill for them. 350 openings for professionals who 
are ready to make the big move. 

For information about th~se challenging opportunities, fill 
out the coupon and mail it today. Or, better still, call us 
collect. 

Don't wait. This could be the start of bigger and better 
things. 

DREW PERSONNEL PLACEMENT CENTER 
Attn: Paul Hutchins 

160 Broadway, N.Y., N.Y. 10038 Phone: (212) 964-8150 
Here's my resume. I'd like to get first crack at the career op
portunities you h~ve right now. 
Name ________________________________________ _ 

Address ___ --'-______ -'-________________________ _ 

City ____________________ --'-__________________ _ 

State _______________________ ~---Zip-----

CIRCLE 327 ON READER CARD 133 
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M~~m-I ~ACHINE? 
~~" 

WE DEAL WITH MEN WHO ARE 

BEATING THE MACHINE! 

R. W. Reilly & Associates is an effective 
team of experts dealing in the placelllent 
of computer oriented professionals-both 
SOFTWARE & HARDWARE. Our recruit
ing and placement capabilities extend 
throughout the nation. Your confidence 
will be strictly respected. 

SEND RESUME OR CIRCLE READER 
SERVICE CARD #341 

R. W. REILLY & ASSOCIATES 
2378 East Stadium Boulevard 
Ann Arbor, Michigan 48104 

313-761-8400 

CIRCLE 341 ON READER CARD 

PROGRAMMERS ENGINEERS 

Washington, D.C. • New York • New Jersey • New England • 
Philadelphia • Chicago • Minnesota • Texas • Ohio • Florida • 
Arizona • California • Southeast Asia 

If you have 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 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, Virginia 22209 

(Just over the Potomac from Washington, D.C.) 

Personnel Consultants to the Computer Industry 

CIRCLE 330 ON READER CARD 

BATTLING WINDMILLS? 

The amount and quality of planning before entering the 

job market is the crucial point. 

If your talent is getting nowhere fast, we will introduce you 

to a wide variety of unusual opportunities in the computer 

field through our personalized method. 

Management Scientists Inc., as. consultant to leading com

panies on the national and international scene, is ready to 

SELECTIVELY help you construct a career future in line with 

your personal goals and objectives. 

Send resume in confidence inc!. salary and geographic requirements or call us. 
Our clients assume all expenses. 

(212) 532-7710 
Management Scientists Inc. 
101 Park Avenue, 
NY 10017, N.Y. 

We have been retained by our clients to seek experienced Managers, 
Systems Analysts, Consultants, Operations Research and Management 
Information Systems Analysts, Systems Programmers, Application 
Programmers, Hardware Engineers, Marketing Specialists and Sales 
Engineers. 

CIRCLE 329 ON READER CARD 
DRTRMRTION 
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for 
programmers 

only: 

The hard 
facts 

about Software 
-and 'lou! 

As you well know, in the 
computer field,"Ha'tdware 
and Software go together
like ham & eggs, red, white. 
and blue, boys and girls, 
and other natural and essen- ' 
tied combinations. 

As you also know; a Soft
ware' program can be no 
betterthan the Hardware that" 
will handle it.Now-UNIVAC 
Hardware is acknowledged 
to be number oDe techno
logically in the computer 
business. And that~is, an im
portant reason why. our Soft
ware programming section 
is so attractive to talented " 
people looking tor the like-, 
liest place to work and grow. 

Right now, there are es
pecially desirable oppor
tunities available in real time, 
applications, command and 
control, compiler and ma-" 
chine language deve,lop
ment, and 'r~seatch and 
methods programming. 

If you'd n ke more hard-J 
facts about what Univac has j 
programmed, for talented, 
Software people, write:R . .K. 
Patterson, Per~onnel Man-

,ager, Dept. 118. 

Write today and make an 
appointment with tomorrow 

UNIVAC, 
FEDERAL SYSTEMS DIVISION. 

2750 WEST SEVENTH BLVD .• 
ST. PAUL, MINNESOTA 55116 

AN EQUAL OPPORTUNITY EMPLOYER M/F~ 

CIRCLE 333 ON ,READER CARD 
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people 
• Alexander' Grove, formerly direc
tor of standards infonnation for 
USASI, is now director of standards of ' 
the data processing group for BEM4. 
He replaces Paul Goadstat, who has 
joined Price Waterhouse as senior 
consultant~' 

• Dr. Jack Moshman, formerly man-, 
agirig director-management sciences 
for EBS Management' Consultants and 

'vp and, gm "of the applied research 
and management sciences division of 
CEIR, has joined Leasca Systems and 
Research Corp.! Great Neck, N.Y., as 
vice president. . 

• Nova L. 'Smith is~president of No~ , 
va Comp~ter Systems Co., new San ' 
Diego software fInn. Prior to forming' 
the' ,company, Smith had' been San 
Qiego resident manager for Univac. . 

• Kenneth P. ,Clancy has been ap-"', 
pointed a. vI> of Keystane Computer 
Associates, Willow Grove, Pa., subsid-

, iary of University Computing Co. He 
will also. continue to direct the com
pany's systems programming depart
ment. 

• Wemer E. Mangald, of Univ~c:s 
international division,:l1as been elected " 
chairman af the numerical control'lan
guage committee of the International 
Stan.dards Organization. , .' 

.. Beckman Instruments has ap
painted Joseph G. Neuland as manag
er af its newly formed Medical' Sys
tems Operations unit, whose products 
will be sold and serviced by the com
pany's Spinco Div., Palo Alto, Calif. 

• Edward E. Strickland has been' 
elected "board. chairman of Natianal 
Computer Systems;, Minneapolis-based. 
electronics'~ company specializing)n' 
o~tical scanning- techniques for coip.:, 

'pute'r input.. He had, been with Con~ 
trol Data, most recently as vp for. 
corporate'dev.elopment. ' 

• pro ('C. R. Licklider has rejoined 
.the faculty of Mass. Institute of Tech
nology and will be associated with re:..· 

" search at Project MAC. Since 1964 he 
had been directarof research at IBM. ; 

• "Kenneth' W. Kolence and David 
Katch;' both formerly with Control Da- J 

ta, have formed a software firm, Boole 
.& Babbage Inc.~ Palo Alto, Cailif. ' 

. ~., .. 

computer 
careers-

Should you base your car'eer 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 interest in any of the· following: 

o Scientific Computation - Data 
Reduction or Numerical Analysis
Unusual Outerspace/ Lunar and Ad·, 
vanced Programs 

o SQftware Development - Lan
guages, Compi lers, 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 

,0 Technical Representatives
Programming and System~, support 
to Sales 

o Digital or logical Design, 

o Management Sciences 
o 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 

TIME 
SHARING 
SYSTEMS 

All expenses are assumed by our client 
~ companies. ' 

Write in confidence, including p'res
ent salary, acceptable locations or 
call (Collect) ,Mr. Nellissen (Ar.ea 
Code 212) PLaza 9-1720 

a &»11 
aLBeRT. neLLIssen. Inc. 

leading Consultants to Management 
• In the Data Processing field 

510 M~D1S0N AVENUE. N.Y .. N.Y. 1002~ 
CIRCLE 332 ON READER CARD, .~ 
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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: 

D analyze. data processing requirements of ad
vanced missions 

D. determine functional requirements for the 
next generation of spaceborne computers 

D study optimal computer organization for re
liability (hardwa,re and software) . 

D define computer systems for supporting 
launch and flight operations of multiple missions 

D develop management procedures for control
ling computer resources 

D define ground network for distribution of 
data transmitted from space 

D evaluate data management systems 

D 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 1602-E, 1100 17th St., N.W., Washing
ton, D. C. 20036. 

Bellcomm is an equal opportunity employer. 

Bellcomm, Inc. 
A Beil System Company 

LET A 
·PROFESSIONAL 

HELP YOU 
MAKE 
YOUR 

PROFESSIONAL 
CAREER 

GO 

• 
• 
• 

AND 
GROWl 

And that's the reason top coinpanies get 
top executives and EDP Specialists 
through Brentwood. Where professionals 
handle professionals. Where you'll talk 
to men who talk your language ... men 
with degrees in engineering, physics, 
personnel practice. Men skilled in match
ing the right man and the right job ••. 
in the 'best interest of bothl Let us help 
you put grow-power in your career! Start 
by sending us a resume ... . , 

Where Professionali 
Place Professionals 

COMPUTER CAREERS 
o Applied Systems 

o Compilers 

o Assemblers 

o Automatic Languages 

o Utility 
o Commercial Programming 

o Scientific Computation & Analysis 
PhD in - Numerical & 
Mathematical Analysis 

o Real Time - Operational 

o Operations' Research 

o Systems Design 

o Information Ret,rieval 

o Diagnostics 

o Digital and Logical Design 

Fees are paid by the companies we serve_ 

In the Philadelphia Pa., area, contact 
Mr. J. Volz(215) Mi 8 6-8801 

Write in confidence, or call collect: Mr • 
. F. X. Jones (201) MArket 2-0915 

, .rm[11[][l]l1W®®[E) 
E!3 PERSONNEL ASSOCIATES 

786 BROAD ST. NEWARK, N. J. 
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Our Data Systems Division is continuing its expansion into areas which will present 
the greatest challenge for the forese~able future-advanced aerospace weapon de
livery, r)avigation digital and analog computers, advanced analogi digital control and 
telemetry. Openings exist in a wide variety of disciplines in Lab6ratories which are· 
responsible for advanced technology, preliminary design and applications, and dig
ital and analog circuitry. All of these require accredited degrees and a demonstrable 
capacity to do creative design or analysis. Although experience is required for most 
of the positions, several are open to recent gr~duates. Opportunities are immediately 
avai labJe for: -
Preliminary Design Engineers: 
Helpful experience would include: 
Digital, Analog and Hybrid Systems 
Applications Engineering; Logical 
Design; Memory Design"(solid 
state, ferrite or dru m); Electro
mechanical Design Engineering; 
Physical Product Design; Thermal 
Analysis or Packaging Trade-off 
Studies. 

Automatic Test Program Analysts: 
Systems Test, In-fl ight Self Test, 
Time-sharingor Maintenance Depot 
experience would be directly ap
plicable to our openings. A basic 
understanding of the mathematics 
involved with circuitry and com
puters, or weapon systems analysis 
would be of particular value. 

Microcircuitry: Development of hy
brid-integrated devices, both digital 
and linear. Experience with proc
esses and applicable techniques is 
required. 

Circuit Design Engineers: Duties 
would involve the design of logic 

Systems Integration Engineers: 
Experience is required in such 
areas as system integration, sys
tem checkout, test equipment, 
design, test specification and pro
cedure writing. 

There are also several openings 
for Mechanical Engineers and 
Physicists who have acquired spe
cial ized professional experience 
which is directly applicable to the 
design or analysis of aerospace 
digital systems. . 

Computer Program Design: 
Requires experience in the design 
of real-time command and control 
programs, or of software programs 
for execution on an IBM 7094 or 
GE 635 computer. Responsibilities 
include: specification, design, im
plementation, checkout and sup
port of computer programs for a 
wide variety of applications includ
ing: Airborne Navigation & Fire 
Control, Digital Simulation of Air
borne Computer and its environ
ment, Automatic In-Flight & Depot 
System Testing, Assemblers and 
Compilers and Automation of Elec
tronic Equipment Design. 

For immediate consideration, 
please airmail your resume to: 

Mr. Robert A.Martin 
Head of Employment 

Hughes Aerospace Divisions 
Dept. 7 

11940 W.Jefferson Blvd. 
Culver City, Calif. 90230 

u.s. citizenship is required 
An equal opportunity employer- M &F 

O and computingcircuits,manyforms 
of input/output devices, high-reli
ability low-power circuits for space-

r------------------, 
I I 

: HUGHES: 
I I L __________________ J 

HU"GHES AIRCRAFT COMPANY 

AEROSPACE DIVISIONS craft VHF and UHF telemetry. 
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There's no such animal ... yet. There 
are, however, imaginative computer 
prog~ammers. And Lockheed in Sunny
valei~ looking for these people. 

To lure programmers, Lockheed prom
ises not to cag,e them in one specific 
,area of programming. Programmers 

,may choos'e to specialize in 
one area (reentry problems, 

for example) or they can move 
from one ar.ea to another
scientific areas as varied as 

, astrodynamics, automatic 
checkout and graphic systems; 

and administrative areas as 
diverse as business appli

/J:. cations and government 

;'d~II~II)i\i~ ini~·~::;~~no~i:::~s~ 
.~ II ~':3 widest range of 
) 'r ~ ~"";> ~omputer assignments 

'.J ) .. .:\ . h d ' ~.I".J :'.~~ III te country to ay so 
p~ogrammers will always find a field to 

• 'f " • 

stilnulate their imaginations. 
:" As a furt~e,r incentive to program
mers, Lockheed's .25-million-dollar com
put~Hon center inchides the most 
llP-to-date digital computers and two of 
the\ Illlost sophisticat~d and powerful 

;+ , , 

.hYbrid computer sys~efhs in the country . 
tinaginative computer programming 

. has been, and ~ili'continue to be, instru- C.'.'""' .. 
mental in many of , . 
Lockheed's aero
space successes. 
Delivery of the 
first Polaris 
inissil~ two years 
ahead of schedule" -
was flue in a large pa~t 
to the Program Evaluation and Review 

'TechnIque (PERT) de~eloped by Lock
heed pr~gramnier5 in conjunction with 
the Navy. Now Lockheed programmers 

" are :developing configuration data man~ . 
agement systems for on-line, re.al-time 

-computer analysis of manufacturing, 
~financial, and personnel related data. 
, If you are a -computer programmer, 
whose imagination i~ trapped by the 
same programs day after day after day 
... FREE IT! Send -your resume, as soon 

.as P95sible, to Mr. R. C. Birdsall, Profes
sional Placement Manager, Post Office 
B'ox 504, Sunnyvale, California 94088. 

I Lockheed -is', an~.equal opportunity 
,: employer. 

LOCKHEEQ 
MISSILES & SPACE COMPANY 
"A GROUP DivisioN qF L.OCKHEED AIRCRAFT CORPORATION 

DATAMATIoN 
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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 occupatioris. 
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 

~ .. 
Baltimore: 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 SI. ••..•••.• (216) 621-0670 
Dallas: 1170 Hartford Bldg .••.••••.. (214) 742-9171 
Detroit: 1114 Guardian Bldg .•..•••.. (313) 961-5430 
Los Angeles: 3600 Wilshire Blvd ..••• (213) 381-7974 
New York: 330 Madison Ave •..•..•... (212) 986-1300 
Newark: 570 Broad SI. ............... (201) 623-3661 
Philadelphia: 2 Penn Center .....•... (215) 568-4580 
Pittsburgh: 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 

CIRCLE 337 ON READER CARD 

Are you one of the New Breed? 
Find out the six reasons why the Callahan Center is uniquely 

qualified to help you. 

Find out current salary ranges in EDP. 

These and many other subjects are discussed in a new 

booklet titled OPPORTUNITIES IN EDP. 

Get your free copy three weeks sooner by using the cou

pon ?elow. 

CALLAHAN CENTER FOR COMPUTER PERSONNEL 
1819JFK Blvd., Suite 414, Blvd. Bldg., Phila., Pa. 19103 

PHONE: 215 LO 7·4811 

•••••••••••••••• coupon •••••••••••••••• 

Callahan Center for Computer Personnel 

1819 JFK Blvd., Phila., Pa.19103 

Gentlemen: Please send me a free copy of OPPORTUNITIES 

IN EDP. 

NAME ______________ TITLE ____ _ 

:' ADDRESS __________________________ __ 

• : C ITY ____________________________ ST A TE, _________ _ 

• 
: PHONE ZIP _____ _ 

•••••••••••••••• coupon •••••••••••••••• 

CIRCLE 336 ON READER CARD 
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Space shots to the moon ••• I 

golf shots to the green ••• 

JOIN US IN BOTH AT THE J. F. KENNEDY 
SPACE CENTER IN SUNNY FLORIDA. 

The "textbook" launch of the Saturn. 
Apollo Mis$ion on November 9th was 
carried out through the efforts of a 
talented NASA/Industry team. ITT's 
Federal Electric Corporation is a prime 
contractor on this team with some 1500 
professionals supporting the Space 
Agency in this significant step toward 
the manned lUnar landing. 

Our fast expanding computation 
work at the Center provides real-time 
scientific test support, data reduction, 
systems analysis. computer operations 

140 

and data storage and retrieval. This 
scientific, engineering and adminis
trativesupport activity utilizes two 
GE 635 time sharing digital computer 
systems with 16 magnetic tape units, 
128K word storage, a 786K word drum 

. and real-time input/ output controllers 
on each system. Wealsousean IBM 7010 
computer system for financial manage
ment and an IBM 1050 connected to a 
separate IBM 1440-7010 computer 
system for a real-time 30K item inven
tory system. 

While the size and complexity of 
our mission provides you with talent-

extending excitement, the great climate 
here in the heart of Florida's beautiful 
East Coast offers you unmatched relax
ation. There's sun, sand and seashore 
plus water skiing, surfing, fishing, hunt
ing and superb golf. It's comfortable 
living (at well below the national aver
age cost), lots to do, and the perfect 
climate for doing it, 

Please forward your resume, in
cluding salary history, in complete 
confidence to Mr. L. A. Hamilton, 
Federal Electric Corporation, Suite 501, 
Cape Royal Building, Cocoa Beach, 
Florida 32931. 

DATAMATICN 
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SCIENTIFIC 
PROGRAMMERS 
JfJlh lOCKHEED 
in suburban Washington, O.C. 
or on the New Jersey Shore. 

You will be engaged in Operations Re
search, Systems Analysis, and develop-

. ment of Software Techniques for Commu
nications and Aerospace programs. Position 
requires a B.S. degree in Math, Physics or 
E.E. with a minimum of 2 years' experience 
and a good knowledge of computer language. 

Excellent salaries, relocation allowance and 
outstanding company benefits. Forward your 
resume to Mr. H. F. Fey, Lockheed Elec· 
tronics Company, P.O. Box 446, Metuchen, 
New Jersey. 

~ ~kgT~t\t!~~Pv 
A. Division of Lockheed Aircraft Corporation 

An Equal Opportvnitll EmploJl6r 
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PROGRAMMERS 
ENGINEERS 
New commercial development program using computers for 
local and remote real-time control of complex equipment 
and servomechanisms (robot manipulators) has created addi
tional needs for professionals in all levels. Benefit and com
pensation package designed to attract the best. A small, 
well-financed growth company, we have just completed 
phase I of our four part growth plan. You couldn't find a 
more opportune time to join us. 

SYSTEM ANALYSTS/PROGRAMMERS: Degree plus mini
mum four years experience, at least one on 360, preferably 
assembly language programming un"der DOS, plus small
control-computer work. Time-sharing and communication ex
perience also valuable. 

SYSTEMS ENGINEERS: Technical degree plus minimum three 
years experience, capable of configuring and specifying real
time systems composed of computers, RF data links, sensors, 
and readouts. Extensive practical knowledge of IBM 360 and 
other computer hardware essential. 

Write in confidence; all inquiries answered. 

MOBILITY 
MOBILITY SYSTEMS INC. 

1653 Rogers Avenue, San Jose, California 95112 

(408) 286-8700 
An Equal Opportunity Employer 

CIRCLE 338 ON READER CARD 

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~ ~~ 

1500 Chestnut Street Philadelphia, Penna. 19102 
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o 

the~ forum 
The Forum is offered for readers who want to express their opinion on any asped 
of information processing. Your contributions are invited. 

THE 
NEED ,FOR 
IMPRECISION 

The growing interest in' decision tables 
as a tool for programming business 
dp applications is a symptom of disen
chantment with the conventional tech
niques-by which I mean logic flow
charts and procedural languages. I'm 
all. on the side of the disenchanted; 
these conventional techniques are hard
ly ever the right ones to use in business 
dp; mostly they're used because no al
ternative is available, and because pro~ 
grammers are pretty conservative peo
ple anyway": But it seems to me thatwe 
are overlookil1g one of the most im
portant disadvantages of procedurctl 
programming, and that the benefits we 
could gain b}!.eliminating it are in dan
ger of being mi~sed. 

The usual indictment runs like this. 
Writing procedural programs is diffi
cult, and unreasonably so. Given a sp~c~ 
ification, the programmer is required, 
to devise, a. rogical structure which 
is related to it in a particular, non-ob
vious way; the complexity of this rela
tion accounts for most of the difficul
ties. Devising the structure is itself an 
arduous activity for all but the simplest 
specifications; it is easy to make mis
takes a,nd~)n_r~pairing them, to cause 

", 
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fresh errors. The procedure defined by 
the logical structure will usually have 
several properties which the program
mer did not intend; when conditions 
arise which he has not foreseen, these 

, ... additional properties are likely to cause 
trouble. Also, it is impossible to check 
the operation of the 'procedure on a 
particular set of input data except by 
simulating the prograJ'r:' (or actually run
ning it); there is no analytical method 
of debugging. 

So far, so good; the case for finding 
a better, nonprocedural technique is 
well-founded. But the indictment does 
not go far ~~ough: the worst crime is 
committed in our attempts to mitigate 
the difficulties above. Bec(;lUse pro
gramming i~ so difficult, we have been 
driven to adopt a' rigorous method
ology. We ,decree that specifications 

, s.hould be complete and precise; that 
they should be "frozen" while the pro
gram is being developed; they should 
be self-consistent and exhaustive, and 
without redundancies. We make these 
rules because without ~h'em we may not 
be able to write program~ at all. But 
they a~e inherently bad rules, impos
ing constraints that are "irksome and 

often unacceptable. As soon as pos
sible, we should kick over the traces and 
be free. . 

Unfortunately the prisoner doesn't al
ways notice when the door of his cell 
is opened; and too often he prefers 
the security of his prison to the more 
demanding air of freedom. In a typical 
article on decision table techniques we 

, read: "Tables force the analyst to make 
a complete and accurate statement of 
the problem logic ... tables provide 
for better optimization, since computer 
programs can check tables for com
pleteness, redundancy and contradic
tions." This seems to me to be very 
wrong-headed. We should be positively 
looking for and developing program-

'ming methods that do allow inconsis
tency, redundancy, ambiguity and ,in
completeness; we should recognize that 
these seem to be vices only because 
the error-prone techniques of proced
ural programming make them so. 

But allowing that we need no longer 
call them vices doesn't in itself make 
them virtues. It would be ludicrous to 
complicate our dp systems by wantonly 
introducing confusion and inconsistency 
into situations where none existed be~ 
fore; and we must recognize that some 
problems can only be solved by ex
treme rigor and precision. My theme is 
concerned with those situations where 
confusion and inconsistency are inher
ent elements of ,the problem and where 
we cannot hope to write successful pro
grams unless we are able to deal prop
erly with these factors. 

Consider, first, those cases where no 
specification can be agreed for the pro
gram to be written; the most obvious 
instance is machine translation of nat
ural human languages. We know what 
we are trying to achieve, but we can
not pin it down in any but the broadest 
of specifications; arguably, many of the 
most sophisticated attempts' to devise 
systems for machine translation have 
failed precisely because they havere
lied on a detailed specification (usually 
of sO'TIe lexical or' parsing algorithm). 
When the specification proves faul!y, 
the techniques used allow no substan
tial modification without complete re
~esign. Programming in this fashion is 
like playing golf with crazy rules--:-rules 
which demand that if you don't hole 
in . one you must go back and drive 
from the tee again; to play like this is 
to miss the crucial point that makes golf 
possible: you get to the hole by a con
vergent series of strokes, and it doesn't 
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All yoti data processing pros know 
what the DATADROME is, right? 

Oh. 

Well, DATADROME is what we call our data process
ing centers. We have them in 5t. Louis, Denver, Houston, 
New York, and Washington, D. C. 

We do all kinds of creative computing, data processing, 
and systems designing for all kinds of people - from ad 
agencies to architects, construction firms to chemical 
companies, educators to engineers, football teams to manned 
spacecraft teams. 

Our client list is growing (now more than 800) ; and our 
new time-sharing Direct Access Computing service is soaring. 

That's why we urgently need more busir ~onsultants, 

analysts, systems programmers, math mode]1 ogrammers, 
and other data specialists. 

Want to get your show on the road? Fill out the coupon, 
and mail it today for a quick, confidential reply. 
IIIICDONNELL AUTOMATION COMPANY 

(If the coupon's missing, write to Mr. W. B. Kellenberger, 
Dept. A, Box 516,.5t. Louis, Mo. 63166.) 

Mail to: McDonnell Automation Company, W. B. Kellenberger, 
Dept. A, Box 516, St. Louis, Mo. 63166. 

Name Age __ Phone ____ _ 

Address ____________ City, State & Zip ____ _ 

Degree(s) _________ Major ____ Yr. Grad. ___ _ 

Present employer Present salary ____ _ 

Present assignment Y rs. experience __ _ 

An equal opportunity employer 
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matter if you can't see the hole from 
the tee. 

Consider, next, the specification that 
is incomplete. In a complex payroll ap
plication, for example, the rules deter
mining what each employee is to be 
paid will be based on legal require
ments, on piecemeal agreements with 
several labor unions, on practical dif
ficulties, such as widely dispersed pay
ing points, and so on. When the sys
tems analyst tries to formulate the pro
gramming specifications he discovers 
that these rules are not easily reduced 
to an ordered scheme; in particular, his 
attempts to do so may reveal areas in 
which the rules are simply not defined 
at all. He may ask /lhow is gross pay 
calculated for an employee on code 17 
who is working on a scheduled rest-day 
when that day happens also to be a 
public holiday, and the total number 
of hours worked is less than a normal 
working day?/I And there may be no 
answer to this question because the 
case has never been considered before. 
The analyst has to put the question only 

. because he needs an artificially com
plete and tidy specification. 

Then consider the inconsistent speci
fication. It is common for the rules of 
a manual data processing system to 
develop by allowing exceptions to the 
general rules, then exceptions to the 
exceptions, and so on. The systems ana-

. Iyst cannot represent this situation cor
rectly by distilling out of it a firm and 
consistent specification; he needs to be 
able to describe the 'system naturally, 
in its own terms. 

Too often in the past computer sys
tems have been designed in defiance 
·of their users' needs and wishes. It is 
too easy to castigate the user who isn't 
sure what he wants, who can't define 
his needs precisely, who seems to be 
pursuing incompatible objectives. Of 
course he is often just being muddle
headed about a simple problem, or too 
lazy to think it out properly; of cO';Jrse 
he is often pursuing a confused policy 
that badly needs to be rationalized. But 
often he is recognizing that the com
plexity of his task needs a more subtle 
and flexible treatment than the analyst 
and programmer seem able to provide. 
One of our most important aims in mov
ing away from procedural techniques 
should be to equip ourselves to meet ( 
this need. 

-M. A. JACKSON 
John Hoskyns & Co., Ltd. 
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Take NCR 735. 
o The shortcut from data to mag tape 

that bypasses punch cards . 

o 

CIRCLE 2 ON READER CARD 

Now you can convert data directly from 
source documents onto magnetic tape 

without using punch cards. NCR offers 
its new family of magnetic tape 

encoders-NCR 735. This shortcut makes 
it unnecessary to handle or store punch 

cards in many applications, saving 
time, work and space. 

NCR 735 operators use a standard 
input keyboard for encoding data; and 

each unit both encodes and verifies. 
The NCR 735 holds data in its memory 

prior to encoding onto tape. As a 
result, the operator can easily and 

quickly correct errors before they get 
on the tape. There are four modes of 

operation-entry, verification, 
search, and error correction. 

Specific members of the 735 family 
allow other kinds of operations: 

(1) conversion of punch cards to 
magnetic tape, (2) conversion of 

punched paper tape to magnetic tape, 
(3) off-line high-speed print·out, 

(4) typewriter print-out, (5) linkage 
with an adding machine to provide total 

detail listing as data is encoded, and 
(6) use of a controller to combine 

data from two machines onto one tape. 
To add to the NCR 735's versatility 

and usefulness, any unit can be equipped 
with a telephone subset so that data 
can be transmitted from one 735 to 

another over voice·grade wires. 
For complete information on the 

NCR 735 family, contact your NCR man 
or write NCR, Dayton, Ohio 45409. 

INlclRI 
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How do you gruntle the buyer 
of memory stacks? 

(Take a powder and control it all the way ). 
The man who buys memory 

stacks (or planes or just cores) 
knows that a myriad of tiny vari
ables which affect performance 
can pass right through the tight
est spec. It's nobody's fault, but 
sti II it leaves the buyer d is
gruntled. 

How to gruntle him? Well, this 
is what we do at Ferroxcube. We 
control the entire process from 
formulation of the powder for the 
cores to the planes or stacks that 
go out the door. To the naked eye 

much of this looks like textbook 
QC procedure. But some of it goes 
deeper. It's the kind of control you 
associate with a veteran airline 
pilot whose experience amounts 
almost to intuition. As pioneers in 
ferrites and core memory compo
nents, we have people like that in 
control at every vital stage of man
ufacture. 

This is one reason why Ferrox
cube can design and build to ex
acting requirements (example: 
military stacks that exceed the en-

vironmental requirements of MIL
E-16400 and MIL-E-5400). And 
it's the main reason why every 
production unit performs like the 
prototype you approved. 

If you specify cores, planes or 
stacks, talk with the people who 
pioneered ferrite technology. As 
a conversation piece, a sheaf of 
technical literature awaits you. 
Write for it today. 

Fe-rroxcube ~ 
Saugerties, New York 

Albuquerque-Electronic Enterprises, (505) 256-1585; Baltimore-Eastern Components, (301) 322-1412; Dayton-(513) 253-3158; Encino, CaL-(213) 788-2060; Englewood, CoL
(303) 771-2000; Houston-Noakes Engineering, (713) 529-6213; Irving, Texas-Noakes Engineering, (214) 255-0441; Lansing, Mich.-(517) 482-7140; Minneapolis-(612) 888-4681; 
Northlake, IIL-(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) 899-311 0; Toronto, Ontario-Philip~ Electron Devices, Ltd., (416) 425-5161. 
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