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Bell System Data-Phone service clears blizzards 
of bits for Standard Oil of Ohio 

Bell System Dataspeed* data communications service 
at SOHIO'S Cleveland headquarters use regular 
telephone lines to transmit some 14,000 heating oil 
orders a day to 16 truck terminals in Ohio. 

During the peak cold weather season, nearly 
one billion bits of data a month are interchanged 
between Cleveland and the terminals. 

At the terminals, teletypewriter machines print out 
delivery tickets from the tape. The tickets 
give the drivers complete information, 
even telling them how to locate fill pipes. 

After delivery, the exact amount of oil received by the 
customer is stamped on the tickets. A punched tape 
of the day's deliveries is made and this tape is fed 
into the terminal's Dataspeed unit. The data is 

automatically sent back to Cleveland, where computers 
process the information for billing and inventory control. 

SOHIO installed its data system primarily to 
improve profit margins on heating oil sales. 
The system achieved this goal as it centralized 
operations, reduced paperwork, speeded cash flow 
and improved customer service. 

Consider the advantages of Bell System Data-Phone* 
service for your data system. One of our 
Communications Consultants will be happy to 
go over them with you in detail. Just call your 
Bell Telephone Business Office and ·ask for his services. 

* Service mark of the Bell System 

Iiff:\ ~ !?r~!n ~r.~~~~ Telegraph and Associated Compani" 

Designate No. 1 on Readers Service Card 
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Some businesses are too small 
to use electronic data processing. 

But not very many. Small busi
nesses right down to little neighbor
hood grocery or hardware stores 
can now reap the fruits of elec
tronic data processing. Because 
you don't have to buy, or even rent, 
your own computer system any 

more. You can use ours. By mail. 
Just send us the tape from your 
NCR cash register or adding ma
chine equipped with "Optical Font" 
printing. (That's so our computer 
can read the printing as easily as 
you can.) NCR does the rest. Process 

THE NATIONAL CASH REGISTER COMPANY ® 
Designate No. 4 on Readers Service Card 
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your tapes at a nearby NCR Data 
Processing Center. Mail back re
ports on every phase of your busi
ness ... accounts receivable, 
accounts payable, or whatever. At 
low cost. If you use a cash register, 
you're big enough for EDP. 

DAYTON, OHIO 45409 
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Mayday! 

Ever have days when you get this sinking feeling? Tape problems - trans
port problems- dropout problems? 

Next time maybe we can help. Before you go down for the third time, 
call your nearest Computron Regional Office and shout "Mayday". Your 
Computron customer engineer will be on his way in a trice. He is fully qualified 
in all phases of EDP. He is not a salesman. He knows tapes - he knows com
puters - and he has had a great deal of experience in getting them to talk 
to each other. 

Of course, many people have solved their data recording problems simply 
by switching to Computape. 

In any case, w~ are at your service. For advice, application assistance~ 
problem solving, or justa reel of tape, call. your nearest Computron office. 

4 
Designate No. 5 on Readers Service Card 
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The front cover, alluding to the 
special feature in this issue, shows 

some software documentation produced 
systematically - by people, not computers! 

For more information, see page 42. 
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NEW DEMANDS ON SOFTWARE 
by Thomas E. Kurtz 

What is needed is a new language for expressing software systems: com
pilers, assemblers, file maintenance programs, and supervisors. 

THE INTERACTION OF HARDWARE, SOFTWARE, AND FUTURE DEVELOPMENTS AT 
TRW SYSTEMS 
by H. D. Greif 

Combining the "best of two worlds" in a single state-of-the-art computing 
system - large batch-processing problems handled efficiently, and small 
amounts of a time-sharing environment for quick handling of a host of 
small problems 

LOGICAL DESIGN TO IMPROVE SOFTWARE DEBUGGING - A PROPOSAL 
by Ned Chapin 

Hardware for a "snap-shot dump" command, and an "auto-monitor" com
mand - to make trouble-shooting of programs easier 

THE PROJECT WORKBOOK FOR SOFTWARE DOCUMENTATION 
by Dave De Pinto 

A. continuously updated project history including everything from rough 
notes to final memos - for every project member. 

TOWARDS GREATER GENERALITY OF SOFTWARE: EXECUTIVE SYSTEMS IN THE 
SIXTIES 
by Herbert S. Bright 

The trends of development of programs used by programmers 
BASIC RESEARCH IN SOFTWARE 
by Ivan Flores 

Towards a unified theory of software design, and the responsibilities of 
computer people to work for it 

AUTOMATED WAREHOUSING AND INVENTORY CONTROL 
by Renzo Dallimonti 

Many different approaches are possible, since removing one bottleneck 
can be equivalent to an expansion in warehouse capacity. 
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BRANDON 
APPLIED SYSTEMS, INC. 

and 

CDrn~uters 
and automation 

are pleased to announce the fifth series (Spring, 

1966) of seven 

TECHNICAL COURSES 
IN DATA PROCESSING 

conducted by Brandon Applied Systems, Inc. 

sponsored by Computers and Automation 

"Management Standards for Data Processing" 

a 2-day course for managers and senior person

nel. on management control and standards. This 

course is based in part on the book of the same 

name, by Dick H. Brandon. (D. Van Nostrand 

Company, Inc., Princeton, N.J. 1963.) 

Washington, D.C. - March 23, 24 

New York, N.Y. - April 6, 7 

London, England - May 17, 18 

"Operations Control" 

a l-day course to provide operations managers 

and supervisors with a body of techniques and 

discipline for operations control. 

Washington, D.C. - March 22 

New York, N.Y. - April 5 

London, England - April 25 

"Computer Systems Analysis Techniques" 

a 2-day technical course on the techniques of 

systems analysis and computer feasibility study. 

This course is designed for experienced analysts 

and supervisory personnel. 

Washington, D.C. - April 20, 21 

London, England - April 27, 28 

New York, N.Y. - May 11, 12 

oqa 
"Management Audit of Data Processing" 

a l-day course for data processing management, 
senior management responsible for the data 
processing function, management analysts, and 
organizational specialists. 

Washington, D.C. - April 19 

London, England - April 29 

New, York, N.Y. - May 10 

"Appreciation Course in Data Processing" 

a 2-day course for top executive and depart
mental management covering the basic princi
ples of data processing. 

London, England - May 19, 20 

Washington, D.C. - June 1 r 2 

New York, N.Y. - June 15, 16 

"Introduction to Data Communication and Time 
Sharing" 

a l-day course intended for data processing 
managers, departmental managers, and others 
using data communication equipment or time
sharing techniques. 

Washington, D.C. - May 4 

New York, N.Y. - May 25 

"Computer Selection" 

a l-day course for management and technical 
personnel contemplating acquisition or replace
ment of a compl;.lter system. 

London, England - May 16 

For the Spring, 1966 course catalog write or 
phone or mail coupon: 

BRANDON APPLIED SYSTEMS, INC. 
30 East 42nd Street, New York, N.Y. 10017 

212-YUkon 6-1518 

TO: Brandon Applied Systems 
30 East 42 St., 
New York, N.Y. 10017 

Please send me the Spring, 1966 course catalog. 
My name and address are attached. 

COMPUTERS and AUTOMATION for February, 1966 



Programming, Software, 

As a special feature in this issue of "Computers and Auto
mation," we have chosen the subject of programming, soft
ware, and future developments. Why? 

A central proposition in this field nowadays, it seems to 
me, is this: 

The hardware of computers, as machines for handling 
information, has gone a long way - but, the software, the 
techniques for easily and flexibly instructing machines to 
handle information as we desire, is becoming the crit
ical area for further progress, and many advances need to 
be found and worked out. 

In "SDC Magazine" for August 1965, published by System 
Development Corporation, Santa Monica, California, appear 
some interesting remarks: 

At SDC a family of user-oriented programs and sys
tems is being developed that will make possible a valuable 
dialogue between the computer and its users. These pro
grams and systems aim at bringing the user . . . into 
communication with the computer without the need for a 
translation by a programmer. The goal is to make it 
possible for him to: 

- question the computer; 
- get responses in a language resembling English; 
- build his program as he goes along; 
- permit him to do this while other users are sharing 

the same machine; and 
- receive the responding information in any format 

that seems best. 

Clearly, it is desirable for the computer also to recognize 
natural English. Steps in this direction have also been taken. 
In his Ph.D. thesis "Natural Language Input for a Com
puter Problem-Solving System" which Dr. Daniel G. Bobrow 
submitted to Mass. Inst. of Technology in September 1964, 
a computer program called STUDENT is defined, which 
is able to accept for example a problem like the follow
ing: 

Bill is one half his father's age 4 years ago. In 20 
years he will be 2 years older than his father is now. 
How old are Bill and his father? 

The problem in this very form is accepted by the program 
STUDENT, and the answer produced by STUDENT is: 

BILL S AGE IS 14. BILL S FATHER S AGE IS 32. 

COMPUTERS and AUTOMATION for f:::bruary, 1966 

and Future 

c&a 
EDITORIAL 

Developments 

This is of course the correct answer, and expressed in satis
factory English as well. Only the grammatical apostrophes 
for the possessive case are missing, a trivial defect which 
would not have occurred if an expanded set of characters 
had been available in the computer system in which STU
DENT was run. 

Along with the development of direct personal questions 
and answers in a dialogue with a computer, is increased 
interaction of computer programming with mathematics and 
logic. 

For example, problem-oriented computer programming 
languages enlarge our conception of mathematical objects. In 
prior centuries men became accustomed to noticing as in
teresting mathematical objects: numbers; points and lines; 
the magnitudes and direc~ions of forces; sequences of num
bers, usually infinite and usually constructed with fairly 
simple rules, such as 1, 1/2, 1/4, 1/8, 1/16 ... ; and so on. 
Now with the development of problem-oriented program
ming languages, we take into mathematics a great variety of 
new structures (such as lists), and a mathematical expres
sion of processes of effectively computing· with them (such 
as recursion). For example, a, recursive definition of the 
function FACTORIAL (for whole numbers) is that the 
factorial of zero is one, and that the factorial of any number 
N is equal to N times the preceding factorial. This is not a 
circular definition because the recursion stops at the initial 
case, and so the function can be computed from this defini
tion. The expansion of the nature of mathematical objects 
because of problem-oriented computer programming lan
guages is important and exciting. 

We can safely predict that the next 20 years will show 
remarkable developments in computer programming lan
guages, to such an extent that the barriers between user 
and computer nowadays will seem like prehistoric times to 
those of us still working in the computer field. 

By then in fact it is very likely that computers will con
verse and discuss with human beings, using ordinary lan
guage and handling ideas appropriately, - as well as being 
able to draw within seconds on vast quantities of recorded 
knowledge, and perform within seconds reasoning and cal
culation far beyond human powers. 

c.~ 
EDITOR 
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THE JOURNAL OF COMPUTER 
AND SYSTEMS SCIENCES 

Academic Press 
New York, N. Y. 

We should like to inform your readers that we will soon 
be publishing the JOURNAL OF COMPUTER AND SYS
TEMS SCIENCES. A new journal, to be issued quarterly, 
it will be devoted to the newly emerging interdisciplinary 
area of Computer and Systems Sciences. It will feature 
papers on computers and computer-like information process
ing systems; on the general theory of systems whether they 
be discrete (such as automata) or continuous, whether deter
ministic or stochastic, and including biological systems; and 
on optimization theory of such systems, whether for informa
tion systems or control systems, in which the emphasis is on 
computational methods and algorithms. The papers, largely 
theoretical in character with no compromise in mathematical 
rigor, will deal with problems that may arise in diverse 
disciplines but will involve the computer or computer-based 
technology in an essential way. 

The editors of JOURNAL OF COMPUTER AND SYS
TEMS SCIENCES will be Professor A. V. Balakrishnan, 
University of California, Los Angeles; Professor E. K. Blum, 
Wesleyan University; Dr. R. W. Hamming, Bell Telephone 
Laboratories; Professor P. D. Lax, New York University; and 
Professor L. A. Zadeh, University of California, Berkeley. 
They will be assisted by an international editorial board 
representing the U.S.S.R., Israel, England, France, and Japan. 

AIAA TECHNICAL SUBCOMMITTEE 
ON COMPUTERS 

Barry Boehm 
Chairman, AIAA TSC 

Computer Sciences Department 
The Rand Corp. 

1700 Main St. 
Santa Monica, Calif. 90406 

The American Institute of Aeronautics and Astronautics -
the nation's primary aerospace professional organization, with 
about 40,000 members - has recently established a Technical 
Subcommittee on Computers. 

The purpose of the subcommittee is to facilitate technical 
advances and reduce duplication of effort by stimulating 
information transfer in the interface area between the aero
space sciences and the computer sciences. Some of the pro
posed means of doing this include compiling a catalogue of 
aerospace computer programs, sponsoring sessions of technical 
papers on computer applications at AIAA meetings, coordi
nating with relevant professional organizations in the computer 
sciences, and disseminating information on problems and 
progress in the computer sciences to aerospace scientists and 
vice versa. 

Any suggestions on these or other possible useful activities 
will be welcomed by the subcommittee. 
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DATA PROCESSING MANAGEMENT ASSOCIATION 
ANNOUNCES RESEARCH GRANTS 

The Data Pro:-essing Management Association will sponsor 
a program to 2ssist and promote Ph.D. level university re
search in data processing. Beginning in September, 1966, a 
number of individual grants of $2,000 each will be made to 
selected doctoral candidates who will perform the necessary 
research and prepare dissertations in the field of data process
ing systems and management. The research should be directed 
toward methods of management planning, control, organiza
tion, and decision-making with regard to automatic data 
processing technology. 

The grant funds will be disbursed in 1\vo parts: (a) the 
first $1,000 at the rate of $125 per month for eight months 
during which time the candidate pursues his research, and 
(b) the final payment of $1,000 upon completion of the study 
and its acceptance by the university 2S a dissertation that 
partially fulfills the requirements for a doctoral degree. A 
copy of th(' accepted manuscript" suitable for publication, 
will be provided the Association which will have first option 
to publish. 

Applicants must be doctoral candidates at accredited grad
uate schools. The doctoral committee must have already 
be('n appointed by the university and th(' proposed research, 
including content and methodology, must have been approved. 

Applications for 1966-1967 grants must be received at 
DPMA Internatiqnal Headquarters no later than March 15. 
Additional information and application forms arc available 
from DPMA International Headquarters, 505 Busse Highway, 
Park Ridge, Illinois. 

THE DIGITAL MONA LISA 
- ACKNOWLEDGEMENT 

The front cover of our December 1965 issue was a copy 
of "the digital Mona Lisa/' made by a computer and a 
plotter. Our account of it (on page 13) mentioned the maker 
of the computer, but did not mention the maker of the 
plotter - information which we did not have at that time. 

The maker of the plotter was California Computer Prod
ucts, of Anaheim, California. Certainly, the remarkable ac
complishment of the device that plotted the information 
produced by the computer should have been acknowledged 
in our December issue. We regret this omission. 

FORMATION OF THE AUSTRALIAN 
COMPUTER SOCIETY 

The five existing computer societies in Australia, namely, 
the Canberra Computer Society, the N.S.W. Computer So
ciety, the Queensland Computer Society, the South Austra
lian Computer Society, and the Victorian Computer Society, 
have agreed to join together to form a single society, to be 
called "The Australian Computer Society." This Society 
came into existence on January 1, 1966. 

(Please turn to page 18 ) 
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A 20-million-bit mass core memory 
can be economical, reliable, and fast! 

Here's how: 

Coincident-current versatility with only two wires! 
(Cross-section of Fabri-Tek's simple and reliable orthogonal mass core memory plane.) 

V-Top Selection 

Bit 1 Bit 20 Bit 21 Bit 40 Bit 41 Bit 60 
X-Selection [1216] [12.81J ~~96J [25.61J [37.76] X-Selection 

~ INPUTS 256 X 1280 (1-64) 1280 1345 560 2625 3840 OUTPUTS 
MATRIX 

1 Lines 1-256 Lines 1-256 
2 257-512 257-512 
3 513-768 513-768 
4 769-1024 769-1024 
5 1025-1280 1025-1280 
6 1281-1536 1281-1536 
7 1537-1792 1537-1792 
8 1793-2048 1793-2048 
9 2049-2304 2049-2304 

10 2305-2560 2305-2560 
11 2561-2816 2561-2816 
12 2817-3072 2817-3072 
13 3073-3328 3073-3328 
14 3329-3584 3329-3584 
15 3585-3840 3585-3840 
16 3841-4096 3841-4096 

Note: This block diagram 
Bits 1 to 20 Bits 21 to 40 Bits 41 to 60 Bits 61 to 80 presents an "edge-on" 

V-Bottom Selection view of stack. 

Here is the road-map to reliability! 
(Core-selection block diagram for Fabri-Tek's mass core memory stack.) 

In extremely large capacity core memory systems such as 
Fabri-Tek's new Series MT mass core memory, the stack and 
core selection circuit costs become the major system cost 
consideration. The illustrations above show the key factors 
which make the Series MT a truly practical mass core memory. 

If conventional 128 X 128 matrices were used, a total of 1,280 
frames would be required instead of 64. This would mean a 
total of 655,360 X and Y·line to frame connections compared to 
the 196,608 connections used in this Fabri·Tek memory. 

A simple and reliable orthogonal array uses only X and Y 
wires to reduce the stack stringing cost and to reduce X and Y 
drive line soldered connections by a ratio of more than 4:1. 

The core·selection block diagram shows how a 20·million·bit 
array is divided into 4,096 X lines and 5,120 Y lines. A total of 
327,6aO cores is wired into each frame. 

Special Fabri·Tek circuit techniques, using all·silicon semi
conductors, give reliable memory speeds of 4 to 8 microseconds. 
Interface is compatible with discrete or integrated circuitry. 

If you'd like more interesting facts about the Fabri-Tek mass 
core memory, write, call, or wire Fabri-Tek Incorporated, Amery, 
Wisconsin. Phone: 715·268·7155. TWX: 510·376·1710. 

FABRI-TEK 
INCORPORATED 

Designate No. 1 on Readers Service Card 
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MORE COMPUTERS = MORE PROFITS, 
NEW RESEARCH STUDY INDICA TES 

The profitability of major sectors of busi
ness enterprise shows a close relationship to the 
size of their investment in computer use. This is 
one of the key findings of an extensive market 
research study of computer use in the United 
States, recently conducted by the International 
Data Corporation (IDC). 

The table below summarizes the results of 
the study. 

Finance. insurance, and real estate firms, 
which as a group rank first in business profit
ability (their profit equaled over 18% of gross 
receipts). also rank first in computer investment 
per firm. They show an overall investment of $27 
in computer hardware per thousand dollars of 
business receipts. Transportation, communications 
and public utilities come next in industry profit
ability with profit at 14.1% of gross receipts and 
they were also second in computer investment with 
$9 in computers for every thousand dollars of 
business receipts. 

MARKET 
REPORT 

Following these economic sectors were manu
facturing firms with profit equal to 6.4% of gross 
receipts and an investment in computers of $6.38 
per thousand dollars of business receipts. Trail
ing were the construction and mining firms, whole
sale and retail trades, and agricultural, forestry 
and fishery firms with profits less than 4% of 
gross receipts and investments in computers of less 
than $3 per thousand dollars of business receipts. 

The IDC research project included a study of 
computer use in firms with annual sales in excess 
of $100,000, whether sole proprietorships, partner
ships or corporations. 

"The density of computers in the industries 
studied is still very light," a spokesman for !DC 
commented. "It ranges from one computer per 18 
organizations for financial firms to one computer 
per 975 organizations for agricultural, forestry 
and fishery firms." He pointed to these high 
ratios as indications of the massive potential 
market still available in the computer industry 
in the United States. He also said that at the 
current time, the benefits of direct computer use 
are being received by less than 1% of the business 
enterprises in the United States with annual sales 
of over $100,000. 

COMPUTER USE BY SOLE PROPRIETORSHIPS, PARTNERSHIPS, AND CORPORATIONS 
IN THE UNITED STATES WITH ANNUAL SALES OVER $100,000 

Number of Total Percent Value of Computers 
Organizations/ Business Net Net Profit/ Installed/ 

Number of Installed Receipts Profit Business Business Receipts 
Industry GrouQ Organizations ComQuters (millions) (millions) ReceiI!ts x 1000 

Agriculture, Forestry, 39,000 975 $ 12,534 $ 478 3.8 .87 
and Fisheries 

Mining and Contract 105,000 233 64,430 2,362 3.7 2.73 
Construction 

Durable and Non-Durable 153,000 20 407,061 26,150 6.4 6.38 
Products Manufacturing 

Transportation, Communi- 29,000 16 71,872 8,125 14.1 9.25 
cation, and Other 
Public Utilities 

Wholesale and Retail 545,000 361 365,012 8,814 2.4 1.11 
Trades 

Finance, Insurance, and 64,000 18 46,715 8,535 18.3 27.22 
Real Estate 

Prepared by: International Data Corporation, Newton, Massachusetts 02160, December 1, 1965. 

Source: Business Statistics from "Statistical Abstract of the United States, 1965." Table 670, p. 489, 
published by the U.S. Department of Commerce, Bureau of the Census. Computer use statistics 
from analysis of IDC Computer Installation Data File. 
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WHERE CAN MAN GO ... IN P 

. . . 

GRAMMING? 
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NEW DEMANDS ON 
SOFTWARE 

Dr. Thomas E. Kurtz, Director 
Computation Center 
Dartmouth College 
Hanover, N.H. 

Computers are getting bigger and better, and at a faster 
rate. In the short space of 15 years computation has pro
gressed from the c2rd programmed calculator (CPC) stage, 
with its two or three operations per second, to the place 
where submicrosecond mach:nes (lfe no longer status symbols. 
While it would be heresy within the computing world to 
suggest that this is a bad thing, I would contend that the 
tremendous advance in hardware has been a mixed bless
ing. So much re-programming effort has been needed for 
these frequent, easily justified, equipment changes that little 
energy was left to improve the software situation on existing 
(now obsolete) computers. As computers get bigger and 
faster and ap~roach the speed of light, it is becoming clear 
that the development of software to match has not proceeded 
as well as it should. 

The appearance of several time-sharing computer systems 
has caused us to take a closer look at software. This closer 
look, besides leading us to conclude that the software situa
tion is not as good as it ought to be, has suggested some 
remedies. We can obtain some perspective by reviewing 
the present controversy about the value of time-sharing. The 
perspective becomes clearer if we look at the past history of 
software development. 

A Brief Historical Trace 

The first computers following the CPC were relatively fast 
compared with their input-output. In those days most com
puter programming was done directly in machine language. 
A person labeled as a computer programmer was indeed a 
highly skilled expert in conversing with the computer in 
this mysterious and exotic tongue. 

As more efficient means of input and output were de
veloped, we noted the increased use of special languages, 
though it is not being claimed that there is any correlation 
between these two trends. In any case, symbolic assemblers.. 
made it more convenient for programmers to program. Then 
came the revolutionary development of algebraic, user-ori
ented languages of which FORTRAN was one of the pio
neers. ~he job of programming now suddenly became some-
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what simpler; it is obviously simpler to teach an algebraic 
language than it is to teach a machine language if your 
purpose is to perform numerical calculations. 

About this time there entered on the scene a new type of 
software, the so-called monitor. It permitted the user to 
specify what was to be done with his problems in a special 
code language punched on "control cards." Thus ~as born 
the batch pro~essing system now in extremely heavy use the 
country over. In a batch processing system each submitted 
problem is run to completion. Usually each such run will 
require several different components in the software system 
to be retrieved and used consecutively. (Actually, the term 
batch processing is now a misnomer. Originally, when input 
and output were slow, it was convenient to batch together 
all jobs requiring, say, an assembler. After the batched as
semblies, 'each of these jobs would then be continued at a 
later time. A more appropriate term for the present mode 
of operation might be sequential processing.) 

The conventional batch-processing monitor initiates and 
performs such tasks as reading and writing tapes, searching 
for and reading in compilers, and printing or punching ac
counting information. Human operators still perform the 
tasks of scheduling the work load, handling the accounting 
information, overseeing the running of the problem including 
adherence to time limits, and carrying boxes of cards and 
magnetic tapes from point to point within the computing 
center. 

Time-Sharing vs. Batch Processing 

The once common and often vociferous controversy between 
batch-processors and time-sharers has by now subsided to 
a whisper. What is left of the controversy is largely abstract 
and not related to the current directions of computer de
velopment. One suspects that there was a liberal sprinkling 
of good-old-day-ism mixed with the usual throughput-per
dollar reasons presented in favor of the status quo. I would 
like to draw one point from the controversy, however. The 
most common pro-batch processing argument is that the 
hardware and software overhead for a time-sharing system 
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is costly. This is of course true. The standard counter
argument, with which I agree, is that time-sharing provides a 
completely different, much more valuable service, well worth 
the additional cost. But a crucial point is often overlooked: 
namely, that batch processing software systems also require a 
considerable amount of overhead. Some might require up to 
twenty per cent of the central processor operating time for 
tape operations, including a search for the proper software 
systems, and in some cases for manual operations such as 
tape mounting or operator intervention for debugging pur
poses. The conclusion we can draw is that conventional 
batch processing software must still be considered primi
tive. While present time-sharing systems represent only the 
beginning, experience with them has served to identify areas 
for considerable software improvement in batch-processing 
systems as well. 

There are, of course, good batch-processing monitors. Many 
installations are making improvements to better utilize exist
ing hardware without dropping the basic concepts of batch 
processing. But in the fast-moving computer world today it 
is usually easier for an organization to convince its man
agement that it needs a more powerful set of hardware. 
(Indeed, it may even be true that a newer, faster computer 
can often do the same job at a lower cost.) The net result 
is that not nearly enough thought and effort is being put 
into the improvement of software systems. If the improve
ment in hardware were to suddenly cease (perish the 
thought), we would undoubtedly find the computer world 
working harder to improve present software, reduce over
head, and improve service. 

It should be pointed out that the emphasis on improved 
hardware over improved software is probably economically 
justified. When you can get it, good software is expensive. 
More often than not, you can't get it. Then> just aren't 
enough systems programmers to go around, especially ones 
that can be assigned the job of going after that additional 
10 or 20 per cent of saving. 

The Time-Sharing Legacy 

The principal side effect of the introduction of time-shar
ing systems has been the necessity to re-examine the whole 
question of software: its design, construction, growth, and 
maintenance. Since poor service in a time-sharing system is 
something that every customer is immediately aware of, there 
is much more direct pressure to come up with better super
visory systems and compilers. The computer center staff 
can no longer hide behind the jargon of unfamiliar words 
that has kept the computer-using public docile. 

To be truly effective, a time-sharing system must be de
signed for the load and job mix that it actually receives. In 
an educational or engineering environment, for instance, the 
multitude of small, quick jobs dictates the availability of 
small, quick compiler systems. Where file maintenance and 
interrog:1tion are importC'nt, special attention must be given 
to the software that performs the file functions. Poor service 
is easily recognized by the user and complaints just as easily 
initiated. But all too often, in conventional batch process
ing systems serving predominantly a load of small problems 
the clumsy, memory-filling compiler is unlimbered and 
dragged in for every such problem. (What user knows 
enough to complain?) All too few installations now an' 
using small resident compilers for their many short problems. 

Another side effect, traceable to considerations of multi
programming as well as time-sharing, suggests quite strongly 
that most of the bookkeeping and manual operations pre-
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viously performed by human beings ought to be managed 
by the computer itself. The most obvious example is that 
the computer should schedule its own work. Even if we 
retain the fundamental batch-processing concept of a single 
input-output channel, it is still common sense that the com
puter should be able to interrupt its own work when a very 
short, quick job is submitted to it. In a commercial situation, 
if a customer is willing to pay more for a quicker turn
around, the software ought to be able to serve his request, 
whether it be oriented more towards batch-processing or 
towards time-sharing. 

Like the term batch-processing, the term time-sharing is 
also a slight misnomer. All but the smallest computers are 
time-shared, that is, their users share their time. But what 
is usually meant by the term "time-sharing" today is a sys
tem whereby many small input-output consoles operate si
multaneously. Perhaps a better term would be a multiple
console system. In any case, the fundamental characteris
tics of what we usually call a time-sharing system are these: 

1. Multiple input-output consoles. 
2. A software system that lets the consoles operate si

multaneously, schedules the use of the computer so that 
all console users receive equally good service, and main
tains the user files. 

\V'e argue that a batch-processing software system ought to 
supply the functions under item 2, with the exception that 
there may be only one input-output channel, or that multiple 
channels if they exist receive only delayed service. We admit 
that many applications are better servrd by a system that 
employs the philosophy of a batch-processing run to com
pletion, but we insist that this is no reason not to have 
sophisticated software. 

The Problem of the Evolution of Software 

The main problem therefore is that the development of 
computer hardware has outstripped the evolution of soft
ware. If our utilization of computers is to keep pace with 
the development of hardware, then new efforts must be in
vested in software. Software must be engineered with the 
applications in mind. The relatively infrequent application 
requiring special treatment need not receive the same ser
vice as the frequent applications. 

As an example, in an educational trnvironment, the many 
small problems from students should receive super-fast ser
vice from a software system especially designed for them. 
The relatively less frequent problem requiring a longer run 
or more sophisticated use of memories would require a dif
ferent software system. This more elabor2te system would 
be brought into play only when needed. As a result, the 
overhead associated with the more elaborate software sys
tem would be generated much less frequently. It does not 
make sense to have the more elaborate software system on 
hand at all times. 

Another reason why more effort must be put into the 
development of software is that software must assume more 
of the bookkeeping and data-transfer functions now per
formed by human beings. Whether in a time-sharing or 
batch-processing environment, we can no longer permit a 
computer system used by many, many persons to be slowed 
down to the speed of human operators in changing prob
lems. 

In a time-sharing or a multi-programming system the more 
widely used software components must be reentrant: that is, 
they must be able to be used in common by several differ
ent users, and be interruptible. 

(Please turn to page 54 ) 
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THE IN'TERACTION OF HARDWARE, SOFTWARE, 
AND FUTURE DEVELOPMENTS 
AT TRW SYSTEMS 

H. D. Greif, Manager 
Data Systems Department 
TRW Systems 
Redondo Beach, Calif· 

In the summer of 1965 TRW Systems decided to replace 
their existing computers with GE 600's. This replacement 
is scheduled to take place in the latter half of 1966. Why 
did we decide to take this step? 

Basically, there are two prime reasons. One is economic: 
the computers to be replaced lease for about $3.5 million 
per year, compared to the equivalent capability on the new 
configuration renting for approximately $1.1 million an
nually. The other reason for replacement is technical capa
bility: the new computers will permit rendering new or im
proved services in many areas. It is the purpose of this paper 
to outline the ·new and improved capabilities of the new 
configuration compared to our existing computer complex and 
how we expect to take advantage of them. 

Present Computing Facilities 

Since the spring of 1963 our computer complex has con
sisted primarily of two integrated1 (or shared file) IBM 
7094/1301/1410 systems configured as shown in Fig. 1. In 
contrast to most other large computer installations of that 
time period, our "integrated system" has permitted input/ 
output functions to be performed on-line to the main com
puter (7094) by direct tie-in of a peripheral processor (1410) 
via a large, shared disk file (1301). In addition, we have 
also employed small RCA and Honeywell computers for ac
counting, etc.; furthermore, a third IBM 7094 computer was 
added in 1965 to cope with the increased computing load. 

What Is Faulty With the Existing System 

Other than its relatively high cost compared to newer 
computer offerings, what is wrong with TRW's existing com
puter complex? It is certainly a relatively efficient installa
tion and gives excellent turn-around time (as long as the 
load does not exceed system capacity); set-up time is very 
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low compared to industry standards because of the sophisti
cated scheduling that is handled by the computer itself; 
furthermore, many of the tape and file-service problems of 
other batch-processing installations have been eliminated. 

In discussing the shortcomings of our existing computer 
complex, we may talk about two areas: those that are pri
marily of concern to the professional computer programmer 
or analyst; and those that primarily concern the man with 
a problem to be solved, e.g., the engineer, physicist, or ac
countant. Some of the shortcomings of concern to the former 
include 

• limited core space (32K* words on the 7094) 

• no common data base between the various computers 

• lack of memory protection 

• competition between 7094 and 1410 for disk accesses 

*K = 210 = 1024 

The shortcomings of concern to the latter are primarily the 
poor accessibility of the computer and the lack of immediate 
man/machine communication. TRW Systems currently has 
seven large buildings at its main 100-acre facility, and people 
being inherently lazy, there are loud and frequent objections 
to the lO-minute walk to the computing center. Also, TR\V 
Systems has several outlying buildings and facilities in the 
Los Angeles area, some 1-5 miles distant, others up to 75 
miles from the main plant, and Southern California's free
way system notwithstanding, computer input-output has been 
a real bottleneck for those not in close physical proximity of 
the computing center. Furthermore, the lack of immediate 
man-machine communication causes certain delays; regardless 
of how small the problem, the services of a professional pro
grammer are required to initially translate the problem into 
computer language, and since the programmer is only human, 
generally several runs on the computer are required before 
useful answers are obtained. 
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Hence, in summary, what is wrong with the present system 
is that on the one hand there are certain limitations in terms 
of core space, etc., that primarily handicap the solution of 
the ever-more-complex large problems, e.g. space mission 
analysis; on the other hand there are different limitations in 
terms of access that prevent the optimum employment of a 
computer for the myriad of small problems that crop up 
daily. It is our goal to alleviat~ these shortcomings with the 
new computing complex which will be described next. 

What Will the New Hardware Offer? 

The new hardware equipment2 selected to meet our re
quirements is shown in Fig. 2. Note first of all that it is 
a memory-centered system, with initially 128K words (36-bit) 
of 1 microsecond core storage and provisions for expansion 
up to 256K words. This large memory will allow the efficient 
solution of complex problems, and yet provide for multi
programming, i.e., the ability to accommodate several pro
grams, both large and small, in core simultaneously. Multi
programming permits switching a processor from one program 
to another whenever a processor encounters a condition where 
it would become idle due to having to wait on some input
output, and hence multiprogramming is an important feature 
from the point-of-view of keeping the computer resources 
usefully occupied a large percentage of the time. Further
more, multiprogramming as well as a powerful interrupt sys
tem are essential if large programs requiring minutes of 
computer time are to be frequently interrupted by small 
programs requiring of the order of a second of computing 
with essentially instantaneous response. To make multipro
gramming practical, the new memory includes the following 
features: 

• Memory Protection - Hardware provisions to prevent 
any program from accessing memory outside of its 
assigned boundaries. This is achieved by a register 
holding the upper program limit and a comparator 
checking every memory access to see that the address 
is less than this upper limit, and if greater, to cause 
a fault trap. 

• Relative Addressing - Hardware provisions to allow 
all programs to be written as though they would be 
loaded into core starting at location zero. This is 
achieved by a register holding the address of the first 
memory location assigned to the program, and adding 
the contents of this register to the address specified in 
the program to obtain the absolute address to be 
accessed. 

Any part of the core memory is accessible from either one 
of the two independent processor units, as well as from any 
of the devices connected to the input-output-controller (IOC). 
Secondary memory connected to the system via the IOC will 
initially consist of a hierarchy of 6 million characters of 
drum memory, 200 million characters of disk memory, and 
16 magnetic tape drives; plans call for considerable expan
sion of the disk capacity in the future. The accessibility of 
all memory from either processor results in the highly de
sirable common data base which we currently lack. 

All the traditional unit record devices, e.g. card readers, 
card punch, and printers, are on-line as in our present con
figuration to give fast turn-around. Furthermore, we plan 
to add plotting capability on-line in the future. 

A data~communication processor rounds out the new com
puting complex; this is a small-scale computer with 16K 
word (18-bit) core memory, primarily designed to facilitate 
servicing a large number of remote terminals via communi
cation lines. It is capable of accommodating a variety of 
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can you 
prevent your 

computer from 
multiprocessing? 

Burroughs B 5500 
users can't. 

Most computers can't multiprocess anyway
but the B 5500 is always multiprocessing, 
even with only one production run on the 
system. The reason: the Burroughs B 5500's 
Master Control Program is always active, always 
multiprocessed with the job or jobs it controls, 
often multiprocessed upon itself. For example, 
the MCP routine that processes operator con
sole messages can run simultaneously not only 
with the job, but also with the MCP routine 
that interrogates peripheral units, or the por
tion of the MCP that selects and brings a user 
program into the system. 
For more information about the Master Control 

Progrrun for the Burroughs B 5500, write us 
at Detroit, Michigan 48232. 

BurrOUghS~ 
THE MARK OF EXCELLENCE IN EDP 
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terminals via either direct lines or telephone switching cir
cuits. The number and types of terminals to be installed at 
our various facilities is still unsettled; however, it appears 
likely that by 1967 there will be a total of about 30 Teletype 
or equivalent devices, plus about 15 CRT/Keyboard stations, 
plus a small number of satellite computers, test data collection 
and display terminals, etc. 

Now that we have outlined the most pertinent features of 
the hardware TRW expects to install, and indicated how 
both large "batch-processing" programs and small, real-time 
on-line programs can live side-by-side, let us next look at 
the required software. 

What About Software? 

Hardware without software is rather like a man without 
a woman, of little use. To employ today's complex hardware 
at all efficiently requires equally complex software. 

The following discussion on software is confined to the 
basic operating system, and the extensions to give the remote 
user the tools to solve his small problems; compilers, as
semblers, applications programs, etc. will not be described. 

The manufacturer has developed a comprehensive Oper
ating Supervisor called GECOS II for the GE 600.3 This 
software package is primarily intended for efficiently han
dling the traditional batch processing of jobs, with no pro
visions for real-time, conversational on-line facilities. We are! 
developing fairly extensive additions to GECOS II to provide\ 
the required real-time, conversational on-line facilities. 

Let us first give a brief description of the functions GECOS 
II performs: 

• Input Media Conversion - Entering jobs into a job 
stack from the card reader or other input device; 
intercepting and interpreting certain control cards, and 
generating input control tables; and recording the in
put data on the drum or disk memory. 

• Allocation - As jobs are completed, looking at the 
input control tables and selecting the job to be pro
cessed next on the basis of available resources, pri
orities, etc.; compacting the programs in core, if neces
sary, to allow the new program to be fitted into the 
memory; issuing instructions to the operator, if re
quired, for tape mounting, etc.; updating the input 
control tables and initiating the new program. 

• Execution - Overseeing the execution of each activ
ity; interpreting fault conditions; supervising all input/ 
output requests; collecting accounting data; etc. 

• Termination - Generating the accounting record; 
closing systems output file; producing a post mortem 
dump if the termination was not normal; communi
cating with the operator, if required; reallocating 
memory and peripherals; etc. 

• Output Media Conversion - Initiating and control
ling the movement of data to output devices, e.g., 
card punch, printers, etc. 

Thus, it can be seen that GECOS II completely performs 
the control functions required to process the traditional batch 
processing jobs. We shall next describe how we intend to 
extend by additional software the capability so that remote
terminal, real-time users can also be accommodated on the 
new computer complex. 

Remote Operations Supervisor 

First, we are currently developing a Remote Operations 
Supervisor (ROS) which, for simplicity, can be considered 
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do you 
get maximum 

machine efficiency 
from your 

compiled programs? 

Burroughs B 5500 
users do. 

With most computers, you face this choice: 
use compiled programs without modification 
despite slower-than-optimum run times, or try 
to improve the object programs through hand 
coding. The Burroughs B 5500 is different. 
The excellence of its advanced compilers, plus 
the B 5500's unusual internal organization, 
results in machine compilations that are every 
bit as efficient as the very best hand coded 
programs. Programing is less costly, takes less 
time. The B 5500 is always used optimally. 
Documentation is always complete, standard, 
and current. 
For more information about advanced com

pilers for the Burroughs B 5500, write us at 
Detroit, Michigan 48232. 
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the highest priority applications program which may obtain 
up to 25% of the processor time. Parts of ROS, like 
GECOS II, are always resident in the core memory. ROS is 
essentially a second-level control program that performs many 
of the functions of GECOS, i.e., scheduling, accounting, re
locations, etc., but only for the numerous remote terminal 
jobs. ROS is being structured "open-ended," so as to be 
able to accommodate a variety of specialized software pack
ages as required to provide different services for the remote 
llsers. 

Other Software 

Initially, two specialized software packages are being de
veloped to run under ROS, one a "small problem service" for 
solving fairly simple mathematical equations, the other for 
an on-line information update-and-retrieval system. A num
ber of other software packages are in various planning stages. 
The following is a brief description of these remote-terminal, 
real-time packages. 

• Small Problem Service - This package is essentially 
a copy of Dartmouth's BASIC,4 but structured for 
operation under ROS. It will give the user at his 
terminal a powerful tool for finding numerical solu
tions to fairly sophisticated mathematical equations. 
Included are facilities for most of the common mathe
matical functions, capability for looping and branch
ing, storage of the program for future recall, etc. 
This facility is expected to be heavily used, primarily 
by engineers, physicists, etc., for solving a host of 
day-to-day problems in the various scientific dis
ciplines. 

• Information Update-and-Retrieval System - This 
package is intended to give the administrative and 
management personnel ready access to the latest pos
sible information, without having to search through 
voluminous reports. The initial system will be pri
marily used for purchasing, receiving, inventory con
trol, quality assurance, etc.; however, plans call for 
other data bases to similarly allow on-line information 
update-and-retrieval in other fields. 

In addition to the above packages currently under devel
opment, other packages currently under consideration for 
future implementation include: 
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• Text Editing - This package would permit the sub
mission of textual material for storage on disk or tape. 
Once stored, additions, deletions, or corrections could 
readily be accomplished and clean copy prepared at 
any time. As such it is of prime value in the prepara
tion of proposals, technical manuals, etc. 

• Program Debugging - This package would allow a 
computer programmer to correct errors on-line to 
help speed up the development and checkout of 
software. 

• Culler-Fried System - This package would make the 
Culler-Fried capability5 available on the GE 600. This 
would be a powerful tool for solving problems which 
do not have a known or well-formulated solution, 
primarily as found in the field of classical mathe
matics. 

• Computer-Aided Design - This package would per
mit the on-line, computer-aided design of mechanical 
parts, electrical circuits, structures, etc. 

• Other - Computer-aided training, computer-aided 
testing of spacecraft and other devices, etc., are among 
many possible future extensions. 

Thus, by extensions to the software supplied with the equip
ment, we expect to bring a host of new services to the users 
at remote terminals. 

Conclusion 

Our plans, in other words, are to combine the "best of 
two worlds" on a single state-of-the-art computing system. 
On the one hand, we expect to service large batch-processing 
problems, i.e., trajectory, matrix, APT, etc., in a very efficient 
and economical way. At the same time, we expect tq "steal" 
small amounts of time in a multiprogrammed or time-sharing 
environment for solving a host of problems that are most 
effectively handled using remote terminals and man-machine 
interaction. 

vVe fully expect that as time goes on, further improvements 
in computer hardware and software will bring about systems 
that together will approach a true computer utility, and 
which will once again make obsolete the computing system 
described here. 
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READERS' AND EDITOR'S FORUM 
(Continued from page 8 ) 

The Society will have objects similar to those of the state 
computer societies, these being described in the constitu-
tion as: 
1. To extend among members the knowledge and appreciation 

of digital and analog computers, automatic data processing 
systems, and computer-based automatic control systems, 
and of theory related thereto; 

2. To establish and maintain the professional standing of 
members by developing a code of ethics and defining stan
dards of knowledge in the fields referred to above; and 

3. To foster an informed public opinion regarding computa
tion and computing machinery and techniques related 
thereto. 
Its initial membership will be approximately 1,300. 

SOCIAL RESPONSIBILITIES OF 
COMPUTER PEOPLE - MORE COMMENTS 

I. From Stanley W. Mechlin 
Data Systems Consultant 

Pet Milk Co. 
St. Louis, Mo. 

I read your October editorial on social responsibilities of 
computer people, and I enjoyed it very much. I agree with 
the responsibilities and areas you have set forth. 

Nevertheless, I believe you omitted several non-economic 
areas of responsibility. Perhaps the difference in our thinking 
results from the fact that I equate "Computer People" with 
"Systems Designers" ... and this equating may not be ac
ceptable to you. 
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Nevertheless, I believe you omitted several non-economic 
areas of responsibility. Perhaps the difference in our thinking 
results from the fact that I equate "Computer People" with 
"Systems Designers" ... and this equating may not be ac
ceptable to you. 

Perhaps my forecasts are biased because of my business 
position, but I see computer-related systems design as being 
used primarily for optimization of economic systems. This 
optimizing is coming at a fantastic, accelerating pace. 

But economic needs are only one part of human needs, and 
the economic sub-system is only a part of the total social 
system. As all systems designers have painfully discovered, 
optimizing a sub-system out of context can play the devil 
with the overall system. In fact, the new sub-system thus 
designed can easily make a smaller contribution to overall 
system performance than the "old" sub-system being replaced. 

We already have seen examples of the danger of optimizing 
economic sub-systems. Partial optimizing of Production pro
duced non-economic stresses that resulted in communism, 
trade-unionism, and strikes. Our economically abundant so
ciety has produced pollution of air and water, urban and 
highway blight, the television wasteland, etc., etc. 

And the degree of optimization that has been achieved 
so far is just a tiny part of what is possible, through the 
use of computer-based systems, in the very near future. 

Although it is difficult to predict the specific, non-economic 
results of this economic optimization, I think it is likely that 
dire consequences will follow. One possibility is a form of 
non-material communism, where the government is forced 
to take over the economic sub-system in order to relegate 
it to its place within Man's total needs. 

None of this is meant to imply that using computers for 
economic optimization is bad. Nor could we slow down this 
progress even if we wanted to. Therefore, there seem to me 
to be two general areas of social responsibility for the sys
tems designer. 

First is the general area covered by the six items in your 
editorial, which I would sum up by saying, "Promote the use 
of computers for optimizing non-economic systems" . . . 
health, education, public welfare, law enforcement, etc. 

The second area of responsibility covers providing for non
economic needs in the design of economic systems. In addi
tion to the needs mentioned above (health, education, etc.), 
some of these non-economic needs might be described as fol
lows: the need for freedom, the need for human companion
ship, the need for challenge and sense of accomplishment, 
and the need to feel needed. 

I see quite a challenge to systems designers in both of these 
areas of responsibility. In general, the areas covered in your 
editorial imply public, avocational activities on the part of 
computer people. 

The second set of responsibilities often produce on-the-job 
conflicts for the systems designer. How is he to meet the 
basic economic requirements for which he receives a salary, 
and still take into consideration in systems design the human 
need for freedom, sociability, etc.? It is much easier to turn 
one's back on such responsibilities. 

Thanks for a provoking..editorial and a good publication. 
- '; • - ~j;' 

II. From William Eastman 
Mass. Inst.of Technology 
Instrumentat.ion Laboratory 
Cambrjdge( Mass. 02139 

It would be as preposterous,to oppose your "position paper" 
(C&A, October 1965) as to oppose motherhood or Christmas. 
No doubt . 

All men should be responsible citizens. 
(Please turn to page 54 ) 
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can you mix 
on-line and 

batch processing 
simultaneously with 

your computer? 

Burroughs B 5500 
users can. 

Compilations and batch throughput are not 
affected during the handling of inquiries and 
transactions from the data communications 
networks. Yet on-line demands are met 
promptly-given the high priority they require. 
The Burroughs B 5500 has the multiprocessing 
capabilities others strive for to meet the 
requirements of on-line processing and time 
sharing. 
For more information about multiprocessing 

with the Burroughs' B 5500, write us at Detroit, 
Michigan 48232. 

BurrOUghSm 
THE MARK OF EXCELLENCE IN EDP 

Designate No. 9 on Readers Service Card 
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HOWTO 
MAKE 
PROCESSED 
DATA AVAILABLE 

Few question the value of effective data processing for 
improving administration, production, and other busi
ness procedures. However, unless the processed data is 
available when and where it's needed-its effectiveness 
is lost. That's why data communications is so much a 
part of any system for collecting, processing, and dis
tributing business information. 

Speeds Information as Needed Teletype machines are 
the most widely used for transmitting data. They are the 
most efficient and least costly equipment to speed infor
mation from where it originates to where it must go to 
be most useful. 

An added advantage-Teletype Models 33 and 35 page 
printers and automatic send-receive sets operate on' the 
same permutation code as approved by the American 
Standards Association for information interchange. There
fore, they speak the same language as most computers 
and other business machines. 

Provides Versatility as Needed Teletype equipment is 
being used in data processing systems as input/output 
devices for computers as well as for on-line commu
nications. Messages and data can be punched on paper 

machines that make data move 

tape off-line for later transmission on-line at full capac
ity to distant points or directly to computers. 

A new 4-row keyboard makes operation easy for any 
typist. There's no longer any need to "shift" between 
letters and numbers. And, Teletype machines can print 
on business forms providing multiple copies both locally 
and at remote stations. This speeds clerical procedures, 
as well as improves order processing, and production 
and inventory control. 

Cuts Order Processing 75 Percent Getting informa
tion where it's needed as quickly as possible has helped 
a metal products manufacturer cut order processing time 
75 percent. By using Teletype ASR (automatic send
receive) sets, minutes after an order comes in the data 
is sent to shipping and production departments-each 
one receiving the accurate information it needs. The re
sults have been same-day shipment of in-stock items, 
orders scheduled into production 3 to 7 days faster, 
overtime reduced, errors nearly eliminated, and up-to
date sales reports and analyses provided to management. 

Learn More About Moving Data These Teletype 
machines are made for the Bell System and others who 
require dependable and low cost communications. To 
learn more about how this equipment is used in other 
effective data communications systems, write for our 
"HERE'S HOW" brochure. Teletype Corporation, Dept. 
88B, 5555 Touhy Avenue, Skokie, Illinois 60078. 

TELETYPE 

Designate No. lOon Readers Service Ca 
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LOGICAL DESIGN TO 
IMPROVE SOFTWARE DEBUGGING - A PROPOSAL 

Dr. Ned Chapin 
Menlo Park, Calif. 

Logical designers of computers have given much attention 
to making computers efficient for data manipulation and 
computation operations. But they have g:ven little attention 
to making computers efficient for program debugging. 

Computers keep getting faster and more complex. Appli
cations keep becoming more extensive, more intricate, and 
more time-critical. As a result, the programer faces an 
increasingly harder job in debugging. In point of fact, all 
of the programer's job has been growing in complexity. He 
must work now with machines that are inherently more 
complicated to program. He must prepare more lengthy 
and more logically complex programs. He must sometimes 
prepare programs for use in real time environments. He 
must sometimes prepare programs for use in environments 
where small undetected errors in programs may jeopardize 
large investments in equipment, or jeopardize life. All of 
these factors contribute to the cost of finding and correcting 
program bugs. 

Proposals have been made for software to allow debug
ging work to be done in the same language in which the 
programer wrote the program. With few exceptions these 
proponents have never seen their ideas carried to the point 
of implementation; none have been carried to the degree 
they envisioned. The result is disappointing. No major com
puter today, and no major programing language today, 
has a comprehensive symbolic debugging software package 
with it. The best known debugging packages today are 
probably DDT and AUTOTEST. 

Software packages such as these are far better than noth
ing, but they leave much still be be desired. In trying to 
strike a reasonable balance between convenience of use, 
amount of storage used, cost of programing, and speed of 
execution, the programers who prepare these symbolic de
bugging packages have found themselves at a consider
able loss. Most hardware does not provide convenient fea
tures for debugging. 
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This is not to say that nothing has ever been done by the 
logical designer to help debugging. On the contrary, to cite 
two examples from history, the IBM-650 provided an ad
dress stop, and the IBM-1401 provided a line at a time dump. 
Features such as these however are of little use to the pro
gramer who attempts to prepare a symbolic debug package. 
Other features, as for example, interrupt traps and easy 
relocatability such as are available on some computers, 
actually contribute more. Consider the task of writing a 
trace routine for an IBM-1400 series machine. This is a 
difficult task but it can be done. However, the amounts of 
storage used by routines thus far devised are so large as to 
render the routines essentially useless. If a computer in
corporated as part of the hardware some features conve
nient for debugging, then comprehensive and useful symbolic 
debugging software could be prepared. 

A Proposal 

To remedy this situation to some extent, I would like to 
propose a hardware feature that would facilitate debugging. 
The proposal is given in two forms. The "bare-bones" form 
is proposed as a minimum; the "full" form, as a possibly 
desirable trade of hardware for software. 

The "bare-bones" proposal is to add two additional com
mands to the command repertoire of a computer. For 
their association value, one of these can be termed an Auto
MonitoR command (AMR), and the other can be termed a 
Snap Shot Dump command (SSD). How each of these 
commands might operate is discussed below. 

The AMR Command 

The AMR command (see Figure I) would have two ef
fective operands, the first naming an address in storage, the 
second a tape, disk, or other equivalent unit. In execution, 
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ARITHMETIC 
AND L(x;IC CONTROL 

DISK 

> GREATER THAN CURRENT INSTRUCTION 
ADDRESS 

"".--- .......... ~~~~~--~--~~ 

. . 

. . 
0 •• SECOND OPERAND 

o D-~~~- - - - - - - - RECORD AREA (Auto-MonitoR 
command) 

STORAGE AMR 
-- SSD 

(Snap Shot Dump command) 

Fjgure 1 SKETCH OF FUNCTIONS 

the AMR command would place into successive storage 
locatipns starting at the first operand address, data ("the 
record") indicating for each subsequent instruction that the 
computer executed: 1 - the effective instruction address, 
2 - the effective instruction, 3 - part (say eight or ten char
acters) of the contents of the receiving operand after execu
tion, 4 - a count of the number of words, bytes, characters, 
or digits of data altered by the operation, and 5 - the new 
status of any altered testable indicators. Periodically and 
automatically as needed the area in storage receiving these 
data ("the record") would be copied on the device named 
as the second operand of the AMR, and the area in storage 
then reused. In multiprogram environments, an additional 
operand might indicate ~hether one or all programs are to 
be included in the record. 

The actual current instruction address is more useful than 
the anticipated next instruction address for debugging work. 
Since both are handled by the circuitry of the computer 
but at different times, the one can be recorded about as well 
as the other. The effective instruction in full is more difficult 
if higher level addressing or indexing are being used. The 
address data to be recorded are the addresses that result 
from the application of any indexing or multi-level address
ing. The circuitry of the computer must go through the 
calculation of the effective addresses. These can be recorded 
at the time they are calculated. The count of the data al
tered is also always known to the computer circuitry because 
it is either fixed, or is calculated in each case. In those 
computers that increment or decrement an address successive
ly, the amounts could be accumulated (summed) by cir
cuitry to yield a count. 

The operand data (contents of a word, field, or register) 
to be recorded are those data which the circuitry of the 
computer uses to replace existing data, such as the contents 
of a receiving area in a move operation, or of a sum in an 
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addition operation. The essence of the proposal here is that 
the part of the data that are going to be set down some
where in the computer anyway also be set down (copied) 
in the special storage area. In order to be economical 
about it, the amount of data to be copied should be about 
the equivalent of one or two words at the most. The 
record of any change in the status of a testable indicator 
could be given in a very condensed form, as one character 
to the combinations of the indicator identification and the 
status. 

The SSD Command 

The SSD command would have three effective operands. 
The first two would function in the same manner as the 
operands of the AMR. The third operand would list one 
or several addresses from which the dump would be made. 
Only the equivalent of one or two words (8 or 10 char
acters) of data would be dumped. While the dump was 
being made all other data movement operations in the cen
tral processing unit should be halted. In either case, ideal
ly the execution time for SSD should be made as short as 
possible. 

The SSD command is needed for two main reasons. One 
is that the AMR command would result in slowing com
puter operation. This would subvert the time relationship 
in the sequence of the computer's operations, rendering 
the recording unrealistic. This would be most noticeable in 
the slower, serial computer, and for programs designed for 
use in real-time environments. Second, a major problem that 
programers face is correcting timing difficulties arising from 
data arriving later or earlier than expected. A realistic diag
nosis requires "on-the-fty" knowledge of data availability 
without slowing computer operations or altering time reI a-
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tionships in the action taken by the computer. The SSD 
command must operate within the normal timing "stop" or 
tolerance in a program. Also, the SSD command obviously 
would not be necessary if it were possible to implement the 
AMR command at no increase in effective execution time 
f(l)r all of the other commands in the repertoire. 

The IIFull1l Proposal 

A "full" or more luxurious proposal would refine the 
computer action and reduce the amount of programing 
needed to prepare a symbolic debug package. This full 
proposal alters the AMR command but leaves unchanged 
the SSD command. 

The AMR command would include an additional or sub
stitute operand naming a control field or word. This 
would indicate the circumstances needed to trigger the AMR 
function. That is, the AMR command, once it has been 
sensed by the computer, would produce no record in storage 
and seemingly remain a latent capability until the computer 
circuitry sensed a particular combination of circumstances. 
At that time and only at that time would a record be 
provided in storage, and that record would be a selective 
one produced only as needed rather than always for every 
instruction executed. 

The circumstances that would be most helpful would be 
these: 1 - the effective instruction address, either in specific 
form or within inclusive limits; 2 - any effective operand 
address, either in specific form or within inclusive limits; 
3 - any resulting effective operand content, in length up 
to the equivalent of about one or two words (8 or 10 
characters), with the content specified either in specific form 
or within inclusive limits; 4 - the effective command; 5-
the activation of any specific peripheral device; 6 - the ref
erence to set or test any specified indicator or condition that 

REPORT 
DESIRED 

can be used for a conditional transfer of control; and 7-, 
the sensing of any illegal operation. 

The record would be produced only when the circum-
stances were met, and then either be produced in full there
after or produced only when the circumstances re-occur. The 
contents of the receiving operand before alteration could be 
included in the record. For completeness in the selective 
record, the breaks in the control sequence should be re
corded. The net effect of this selective operation would be 
to reduce the amount of data recorded and hence to reduce 
the frequency of peripheral copying of the record. 

Use of the Recorded Data 

The availability of the recorded data noted above could 
make more easily possible an effective and efficient symbolic 
debug package. The input would come from three sources 
(see Figure 2). One of these would be a selective listing by 
the programer of some symbolic names and data contents 
expected for the test case being run. Second would be the 
symbol table produced by the compiler program. The third 
would be the record produced by the SSD and AMR oper
ations. As to output, one tradition-clinging form would be a 
list of the steps showing how the areas the programer 
named got to have the contents they do. All symbols used 
by the programer in the original program would be retained 
and used in the output. The fact that programers do not 
have such information available today is evidence of the dif
ficulty of producing it with present hardware. 

This proposal has been brief and from a software writer's 
point of view. Perhaps it may stimulate thought about what 
can be done in logical design to cut down the growing bur
den of debugging. 

AMR 
(A uto-Moni toR conunand) 

SSD 
5nap Shot Dump command) 

RECORD 

COMPUTER DEBUG. 

Figure 2 SYSTEM DIAGRAM 
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Computing and Data Processing NewsleHer 
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$4 MILLION COMPUTER NETWORK 
AIDS TRUCKING INDUSTRY 

Stanley J. Auwers, vice pres
ident and controller of Interstate 
Motor Freight System (Grand Rapids, 
Mich.) has revealed details of a 
computer-based management informa
tion system which "promises to 
revolutionize the truck transport 
industry". The $4 million com
puter network, completing its final 
stages of implementation, will give 
Interstate management the ability 
to: (a) instantly trace the loca
tion and status of any shipment; 
(b) give up-to-the-minute reports 
to destination and intermediate 
terminals on the composition of 
all loads dispatched to them; (c) 
centrally rate and automatically 
bill each shipment; and (d) simu
late certain operating conditions 
on the computer to increase utiliz
ation, service and profits. 

The center of the network, an 
IBM 1410 computer located in Grand 
Rapids, is linked by telephone 
lines to tele-processing units in 
each of Interstate's 64 terminals. 
When a request for a shipment of 
goods is received at a terminal, 
it is sent by an IBM 1050 data 
transmission device to Grand Rapids. 
There, it is picked up by a 7740 
communications control unit which 
logs incoming messages and then 
feeds them to the central computer 
for processing. The 1410 automat
ically rates the shipment, prints 
a customer invoice, stores the up
dated data in a central disk file, 
and prepare) a copy of each bill 
for transmission to the tele-pro
cessing unit at the destination 
terminal. 
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APPLICATIONS 

When the shipment leaves the 
originating terminal, a dispatch 
message is prepared showing the 
tractor, trailer, driver, destin
ation of the load and individual 
freight bills aboard. This mani
fest is sent to headquarters and 
stored in the master file. Inter
mediate transfer terminals along 
the trailer's route and the des
tination terminal continue to up
date the master manifest as goods 
are loaded or unloaded. 

"We will be able to track the 
movement of more than 8,000 daily 
customer shipments in more than 
3,500 vehicles criss-crossing the 
United States on 4,000 separate 
traffic routes," Mr. Auwers said. 

COMPUTER-BASED 
CREDIT AUTHORIZATION SYSTEM 

Carson Pirie Scott & Co., a 
Chicago, Ill., department store, 
has announced the operation of a 
computer-based credit authoriza
tion system in which an IBM audio 
response device gives sales per
sonnel credit information in the 
form of spoken words. The comput
erized communications system per
mits sales clerks to get authoriz
ation on credit purchases by tele
phone -- in less than 30 seconds. 

The new credit authorization 
operation is built around an IBM 
7770 audio response device and an 
IBM 1440 computer, both installed 
in early November 1965. The sales 
clerk simply "taps in" on the 
Touch-Tone phone the computer's 
extension number along with the 
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customer's account number and amount 
of purchase. Within a few seconds, 
the audio response unit gives a 
verbal answer authorizing the sale 
-- or if for any reason the sale is 
not approved, the computer will give 
the clerk instructions on what pro
cedure to follow. 

Key to the voice answer back 
service is the audio response de
vice which is linked to the com
puter. When a query is introduced 
into the computer via Touch-Tone 
telephone, the computer searches 
its memory for the answer and then 
directs the audio response device 
to assemble a verbal answer from 
its stored English-language 
vocabulary. 

At present, 60 telephones in 
the main store are hooked to the 
central computer, and are requiring 
only four per cent of the computer's 
time. In the near future, all tele
phones on the sales floor and in 
the 11 branch stores (totaling 
nearly 1000) will have direct ac
cess to the system. 

CARBON LESS PAPER USED IN 
CONTROL DATA CORPORATION'S 
PROCESSING CONTROL FORM 

Use of a carbonless paper in 
their processing control form at 
the Operations Department of the 
Twin Cities Data.Center, not only 
eliminates numerous problems asso
ciated with carbon-interleaved sets 
in the handling operation but also 
saves Control Data Corporation's 
in-plant print shop some 50 per 
cent in form preparation time. 
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Newsletter 

The process control form is 
used to control all processing per
formed by the Data Center. The 
forms are printed in the company's 
Graphic Arts Department on pre
collated "Action" Brand Carbonless 
Paper. 

The carbonless stock, produced 
by the 3M Company (St. Paul,- Minn J, 
is unique in its field because it 
has the ink built right into the 
paper. The simple strike of a 
typewriter or business machine key 
or pressure of a stylus triggers a 
chemical reaction wi thin the paper, 
producing an instant image. Images 
on the "Action" paper copies are 
uniformly sharp, clear and com
pletely smudge-resistant. The 
color-coded carbonless copies are 
as easy to read as the original. 

The paper comes already col
lated in three-part sets consist
ing of a white bond top sheet and 
canary and pink "Action" paper. 
It is run through the press in 
order (see photo, upper left). 

The finished stack is then taken 
to a padding station (photo, upper 
right) where a special penetrating 
adhesive is applied and the forms 
are allowed to dry. Then the pad
ded sta~k is fanned apart (bottom) 
into unit sets with the simple 
flick of a thumb down the side of 
the padded stack. Forms are pro
duced with the pre-collated paper 
in half the time it takes to make 
carbon-interleaved forms for 
approximately the same cost. 
(For more information, designate 
#41 on the Readers Service Card.) 
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COMPUTERS TALK CENTS 

Talking computers have ~egun 
giving long-distance telephone op
erators split-second information 
on the cost of calling any of the 
more than 30,000 possible toll 
centers in the United States and 
Canada. The new computerized toll 
rating system uses two computers, 
a matched pair of Honeywell 200's 
installed at the Northwestern Bell 
Telephone Co., Omaha, Neb., to in
sure 24-hour-a-day, seven-day-a
week operation. (The electrical 
power supply also is duplexed to 
insure against a failure of the 
normal power supply.) 

The new system -- to be used 
by long-distance operators in Iowa, 
Minnesota, Nebraska, North Dakota 
and South Dakota -- is designed 
primarily to calCulate rates on 
the thousands of long-distance 
calls made each day from public 
telephones, motels and hotels. It 
is expected to handle as many as 
5000 requests an hour from oper
ators throughout the five-state 
region. 

Each computer has a 24,576-
character main memory, a random 
access "dru~' memory capable of 
storing 2.6 million characters of 
information, a communications con
trol unit and a time-of-day clock 
which enables the computer to de
termine the correct rates, taking 
into consideration the appropriate 
time zone and day-of-week. 

The geographical coordinates 
of the more than 30,000 central 
office locations in the U.S. and 
Canada are stored in the system's 
memory. The computer uses the co
ordinates to calculate the dis
tances. and the resulting charge, 
referring to rate tables which 
also are kept in memory. 

When intercity charges are 
needed by an operator -- who may 
be situated anywhere within North
western Bell Telephone Company's 
terri tory -- she queries the c·om
puters by using a keyset that is 
part of her standard operating 
station. The computer receiving 
the toll rate request consults the 
"drum" memory (under instruction 
of the main memory) for the basic 
information, performs the neces
sary calculations, and activates 
its audio res~onse unit to give 
the correct reply. The computer 
automatically selects the phrases 
it needs from the appropriate 
audio response tracks and then, 
effectively, "speaks" to the 
operator. 

CIRCUIT TESTING IN TELEPHONE 
SWITCHING EQUIPMENT AIDED 
BY COMPUTER 

Testing and repairing circuit 
deviations in electronic telephone 
switching equipment being manufac
tured at Automatic Electric Company 
has become faster and easier through 
use of a computer and special equip
ment designed and built at the com
pany. The time required to test 
circuits -- in the maze of wiring 
that makes up the electronic con
trol circuits in the matrix ·cabi
nets of the electronic switching 
centers -- has been reduced from 
an average of seven hours to about 
15 minutes. Formerly, these tests 
were made manually. 

An IBM 1710 computer provides 
three kinds of information that 
help reduce necessary repair time 
for each wiring error to approxi
mately two minutes: instructional 
messages are given that guide the 
operator in his functions; proced
ural messages are printed out to 
indicate what stage of testing is 
taking place, and diagnostic mes
ages are issued that pinpoint the 
exact locations of the detected 
error. 

D. E. Schuster, supervisor of 
test facilities, sketched the op
eration of the new computer program. 
"The computer has stored in its 
'memory' the wiring arrangement of 
each unit. Working in conjunction 
with the special Automatic Electric 
equipment, the computer checks the 
accuracy of the circuitry against 
the pattern in its memory. If a 
deviation exists, the computer 
prints out on a typewriter the 
nature of the error and its exact 
location. A shop operator then 
can make the necessary correction 
in a matter of minutes." 

COMPUTER CONTROL SYSTEM 
FOR PETROLEUM REFINING 

Working in conjunction with 
the Foxboro Company, Foxboro, Mass., 
Esso Research and Engineering Co. 
and Esso Petroleum Co. Ltd. of the 
United Kingdom have designed the 
world's largest computer control 
system for petroleum refining. 
Spokesmen at Esso Research's engi
neering center, Florham Park, N.J., 
described the system, known as di
rect digitaL control or DOC, as the 
most advanced in the petroleum and 
petrochemical process industries. 
The system, which will be installed 
next summer at Esso Petroleum's re
finery in Fawley, England, repre-
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sents an initial investment of $1.2 
million. It is expected to be op
erational by October. 

Highlight of the system is 
what engineers call multilevel com
puter control, meaning that one 
computer will supervise a number 
of subordinate computers. The su
pervisory computer will make some 
of the decisions refinery operators 
make in less advanced systems, in
cluding the setting of such impor
tant manufacturing factors as tem
peratures, flow rates, and pres
sures. The subordinate computers 
in turn will maintain these condi
tions at desired levels, sending 
instructions directly to more than 
400 control valves throughout the 
refinery. 

The computers will control 
more refinery manufacturing condi
tions than any other known system. 
They will direct more than a dozen 
complex petroleum refining pro
cesses spread over an area larger 
than 50 football fields. The units 
to be controlled by the system turn 
crude oil into such finished prod
ucts as gasoline, home heating oil, 
diesel fuels, industrial fuel oil, 
and jet fuels. 

EDICT - ENGINEERING 
DOCUMENT INFORMATION 
COLLECTION TECHNIQUE 

Engineers at the Space Divi
sion of North American Aviation, 
Inc., Downey, Calif., soon will 
have immediate telephone access to 
an IBM computer system which will 
contain up-to-the-second reports 
on the engineering design status 
of NASA's Apollo spacecraft and 
the second stage of the Saturn V 
moon rocket. The reports will be 
available by dialing the computer 
directly from any of North Ameri
can's 42,000 telephones, informa
tion coming from the computer in 
the form of spoken words. Similar 
audio response systems currently 
in use, use touch-tone or push
button telephones to reach the 
computer. The Space Division uses 
regular dial telephones which make 
verbal replies readily available 
at almost any desk. 

The new approach, called En
gineering Qocument lnformation
follection !echnique, or EDICT, 
was developed by the Space Divi
sion with the assistance of IBM 
Corporation and the General Tele
phone Company. EDICT will provide 
engineers, manufacturing personnel, 
scientists, inspectors and managers 
at the Space Divisionts widely-

dispersed locations with immediate 
information on changes or revi
sions to engineering documents 
which may affect work underway in 
their areas. The computer system, 
containing 35,000 Saturn II and 
40,000 Apollo drawings and speci
fications, will permit North Amer
ican to keep track of all segments 
of both space programs. 

To make use of EDICT, a Space 
Division foreman, for example, 
dials a special code number and is 
connected with the General Tele
phone trunk circuit leading to the 
computer. He dials the appropriate 
drawing number and the IBM 1460 
computer-checks for current inform
ation in its disk storage devices. 
The computer selects elements from 
the vocabulary stored in a magnetic 
drum of the IBM 7770 audio response 
unit, forms the proper response 
message and directs the reply to 
the correct telephone. 

EDICT can handle eight tele
phone calls simultaneously while 
still processing incoming data. 
An engineer who dials EDICT just 
as new information on the drawing 
is being added to the computer's 
memory will receive that data be
fore his call is completed. 

AD DATA COMPUTERIZED 
BY SCHENLEY 

Any of 13 key Schenley Indus
tries' sales executives, at the 
punch of a few buttons, now are 
able to have projected instantly 
on a video screen on his desk, 
Schenley advertising expenditures 
-- monthly or annually -- for any 
brand in any region of the country 
on any medium. On the same pro
jections, the selected data will 
be compared with the correspond
ing figures for that month a year 
earlier, or for the previous year. 
The Schenley innovation, a "first" 
for the advertising as well as the 
distilling industry, was described 
by Bernard Goldberg, president of 
Affiliated Distillers Brands Corp., 
Schenley's marketing subsidiary. 

This past fall, Schenley in
stalled a two-way, instant-access 
computerized data reporting system 
-- with equipment made by The 
Bunker-Ramo Corp., and with the 
data stored on a computer's mem
ory drum at Bunker-Ramo's down
town Telecenter. The stored and 
available information until re
cently was limited to sales and 
inventory. Price data and order 
information have been added. 
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The computerized system has a 
small transmitter-receiver desk 
console similar to the devices used 
by airlines for ticket information 
and by brokers for stock market in
formation. Each console contains 
a keyboard and small video screen. 
By means of a keyed code, the user 
punches his query onto the keyboard 
and in less than a second the re
quested information begins to ap
pear in easily read digits and 
letters on his screen. 

"We will be measuring millions 
of dollars by pennies," Mr. Gold
berg said. "For each of Schenley's 
many brands, we will be able to 
learn in a matter of seconds how 
much we spend for advertising and 
promotion in each market down to 
the last penny." 

HIGH PRICES PAID 
FOR 

USED 1.8.M. 
DATA PROCESSING MACHINES 

Machines Model No. 
SORTERS •••••• 082, 083, 084. 
VERIFIERS •••••• 056. 
COLLATORS ...• 077, 085, 087, 088. 
COMPUTERS •.•• 1401, 1410, 1620,7070. 
TAPE DRIVES ••• 727, 729,7330. 
KEY PUNCHES •• 024,026, ALPHA. 
REPRODUCERS •• 514,519. 
INTERPRETERS •• 552, 548,557. 
ACCTG. MACH •• 403,407, 602A. 

Advise exact model num
ber and serial numbers and 
we will quote prices by re
turn mail. If our prices are 
acceptable, we would send 
payment in advance, and 
arrange pick up of ma
chines, as is, uncrated, by 
our freight carrier. 

L. A. PEARL CO. 
801 SECOND AVE. 

NEW YORK, N.Y. 10017 

PHONE 212 OREGON 9-6535 
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United Air Lines, New York, 
N.Y. 

Japan National Railway 

The Dow Chemical Company, 
Midland, Mich. 

National Aeronautics and 
Space Administration, George 
C. Marshall Space Flight Cen
ter, Huntsville, Ala. 
Boeing Company 

Douglas Aircraft Co" Air
craft Group, Long Beach, Calif. 
Aeronautical Chart Intelli
gence Center, St. Louis. Mo. 
NASA, Computation Laboratory, 
Marshall Space Flight Center, 
Huntsvi lle. Ala. 
Southwire Company, Carroll
ton, Ga. 

Navy Oceanographic Office 

Range Systems Division, LTV 
Aerospace Corporation, a 
subsidiary of Ling-Temco
Vought, Inc. 
Headquarters of the 3l2lst 
U.S. Air Force Logistical 
Control Group (ATLANTIC), 
Brooklyn, N.Y. 

NEW CONTRACTS 

UNIVAC Division of Sperry 
Rand Corp., New York, N.Y. 

Honeywell Electronic Data 
Processing 

Control Data Corporation 

Systems Engineering Labora
tories, Inc., Fort Lauder
dale, Fla, 

Computer Control Co., Inc., 
Framingham, Mass. 

Planning Research Corp" Los 
Angeles, Calif. 
Planning Research Corp" Los 
Angeles. Calif. 
Computer Control Company, 
Inc., Framingham, Mass, 

General Electric Co. 

Discon Corporation, Fort 
Lauderdale, Fla. 

The Bunker-Ramo Corporation, 
Canoga Park, Calif. 

Itek Corporation, Special 
Equipments Division, Burl
ington, Mass. 

The design and building of an on-line $56 million 
computerized information system to pro-
vide United with a nationwide totally 
integrated reservations, operations 
and management data processing system. 
Contraet calls for delivery of equip-
ment during 1967 and for the system to 
"60 on the air" early in 1968 
Seven H-200 data processing systemsj $50,000/month 
four have been installed at branch 
offices in Niigata, Seibu, Kansai and 
Chubuj the additional three will be at 
the railway's Shikoku, Hokkaido and 
Tohoku offices. The systems are worth 
$2.5 mi llion 
The design and building of a multi
computer integrated data processing 
communications system, which will 
include a Control Data 3600 computer 
supported by two Control Data 3200's 
A SEL Model 810 digital computer and $109,648 
peripheral equipment to be used in a 
high pressure pneumatic test facility 

One DDP-24 and three DDP-24 Van Mounted over $500,000 
computers to be designed for use in a 
trainer system for launch control officer 
procedures on Air Force Minuteman weapons 
systems 
A study of worldwide air passenger 
capacity in 1965 
A system design study $400,000 

An input/output system that will collect $295,000 
data from four analog computers 

A total information system which includes 
a G-E 415 computer, a printer, card reader, 
card punch and four magnetic tape units, 
scheduled for spring deliverYj addition of 
the direct access package, random disc 
storage device, and communication control 
assemblage will complete system in the fall 
A Semi-Automatic Tracing Digital Coordin- about $200,000 
ate Reader to be used in connection with 
scientific studies of contour maps and 
charts 
A digital computer system and associated $339,443 
services. The computer equipment is part 
of a system being supplied by Ling-Temco-
Vought to the U.S. Navy's Bureau of Ships 
Five special film viewers to be used by $125,000 
the Air Force photointerpreters to examine 
projected enlargements of aerial 
photography 

NEW INSTALLATIONS 

Sun Oil Company, Phil
delphi a, Pa. 

GE-635 computer system Use as heart of Sun Oil's central 
computing system located at Center 
City, Pa., and consolidation of 
company's business operations 

General Electric Co., 
Phoenix, Ari z. 

over 

Sisters of Saint 
Casimir, Chicago, Ill. 

Broken Hill Proprie
tary Co. Ltd., New
castle, Australia 
Wisconsin Telephone 
Co., Oshkosh, Wisc. 
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IBM 1440 

Honeywell 200 system 

System/360 Model 30 

Patient accounting and billing at 
two Chicago hospitals owned and 
operated by the Orderj later, stu
dent accounting/reporting at Maria 
High School, and primary accounting 
for Antelope Memorial Hospital, Ne
ligh. Nebr. and for the Mother House 
Payroll processing, inventory con
trol, scientific and engineering 
calculation and statistical reports 
Processing customer accounts 

IBM Corporation, New 
York, N.Y. 

Honeywell EDP, New
house, Scotland 

IBM Corproation, New 
York, N.Y. 

$2.5 million 

$300,000 
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United Air Lines, 
Chicago, Ill. 

M.D. Anderson Hospital 
and Tumor Institute, 
Houston, Texas 

Lockheed Missiles and 
Space Co., Sunnyvale, 
Calif • 
U.S. Navy, Oakland, 
Calif. 

National Blank Book 
Co., Holyoke, Mass. 

Multi-computer flight 
planning system includes 
two Control Data 3100 
computers, 30 Control 
Data 211 Display units 
SDS 930 computer 

UNIVAC 1108 data pro
cessing system 

Honeywell 200 system 

IBM System/360 Model 30 

Cox Broadcasting Corp., Honeywell 120 computer 
Atlanta, Ga. 
County Audi tor's Office, IBM 1401 computer 
Franklin County, Ohio 

NASA-Goddard Space 
Flight Center, Green
belt, Md. 

New York Shipping As
sociation and 13 
Waterfront Commission 
Hiring Centers, N.Y. 

Ludwigsburg Bank, 
Baden-Wurttemberg, 
West Germany 

Roosevelt Savings Bank, 
Brooklyn, N.Y. 

E. I. du Pont de 
Nemours & Co. 

Mayne Nickless, Ltd., 
South Melbourne, 
Australia 

New Era Data Systems, 
Inc., New York, N.Y. 

Mayo Foundation, 
Rochester, Minn. 
Halliburton Co., 
Duncan. Okla. 

Bambergers-New Jerse~ 
a division of R. H. 
Macy and Company. Inc., 
Newark, N.J. 
Chevron Oil Company, 
Geophysical Division, 
Houston, Texas 
Computer Sciences Corp., 
Los Angeles. Calif. 
Philippine Air Lines 
(PAL), Mani la 

School Department, 
Dayton, Ohio 

SDS 930 computer system 

A central computer con
sisting of dual IBM Sys
tem/360 Model 40's and 
56 IBM 1031-1053 
terminals 

H-200 system 

NCR 315-100 computer 
system 

PACE (Precision Analyt
ical Computing Equipment) 
Computing System 
H-200 computer system 

Card-Tape System 

Control Data 3200 com
puter system 
IBM System/360 Model 30 

NCR 315-100 system 

SDS 930 computer 

IBM System/360 Model 40 

NCR 315 computer system 

NCR 315 computer 
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Automatic flight planning and 
monitoring system (AFPAM) 

Research aimed at safer surgical 
cures of cancer; in many cases 
working on-line, monitoring 
surgical operations 
Use primarily in data reduction 
and FORTRAN 

Maintenance of fleet inventories 
of repair supplies -- supply op
erations assistance program (SOAP) 
Streamlining telecommunications 
network between 6 branch offices 
and developing integrated system 
of management controls 
Data management and information 
control for the home office 
Processing of real estate taxes 
and assessments due; payroll 
vouchers and warrants for entire 
county payroll 
Check out oJ NASA Orbiting Astro
nomical Observatory (OAO) experi
ments prior to launch from Cape 
Kennedy 
Ensuring longshoremen prompt, 
accurate payments of annual in
come guarantee negotiated last 
year; first time a computer has 
been used to facilitate hiring of 
longshoremen and ensure adequate 
labor supply in Port of New York; 
becomes operational in April 
Processing and maintaining 22,700 
accounts and handling bookkeeping 
for main office, 8 branch offices 
and 62 smaller offices throughout 
the region 
On-line data processing of savings 
accounts and a variety of other 
bank business off-line 
Automatic processing of analytical 
data from gas Chromatographs 

Preparing over 22,000 monthly bills 
initially; other accounting and ad
ministrative tasks being phased 
into the trucking firm's system 
Further expansion of data-convert
ing operations without tying up 
New Era's computers 
Analyzing large amounts of data 
from bio-medical experiments 
Development of a toal management 
information system. The company 
provides oil field services in 
34 countries on six continents 
Converting optical-font tape pro
duced by 450 NCR sales registers 
into magnetic tape for input into 
larger computer 
Use in searching for oil 

Solving both commercial and 
scientific problems 
Eventually integrating all aspects 
of line's operations; initially 
for inventory control, aircraft 
maintenance scheduling and 
passenger-load analysis 
Classroom scheduling of 11 high 
schools (elementary schools to 
be added later); also other stu
dent recordkeeping and adminis
trative and accounting tasks 

Newsletter 

Control Data Corp., 
Minneapolis, Minn. 

Scientific Data Sys
tems, Santa Monica, 
Calif. 

Sperry Rand Corp., 
UNIVAC Di vision, 
New York, N.Y. 
Honeywell EDP, Welles
ley Hills, Mass. 

IBM Corporation, New 
York, N.Y. 

Honeywell EDP, Welles
ley Hills, Mass. 
IBM Corporation, New 
York, N.Y. 

Scientific Data Sys
tems, Santa Monica, 
,Calif • 

IBM Corporation, New 
York, N.Y. 

Honeywell EDP, 
Newhouse, Scotland 

National Cash Register 
Company, Dayton, Ohio 

Electronic Associates, 
Inc., West Long Branch, 
N.J. 
Honeywell EDP, New
house, Scotland 

Ampex Corp., Redwood 
City, Calif. 

Co n t ro 1 Da t a Co rp . , 
Minneapolis, Minn. 
IBM Corporation, New 
York. N.Y. 

National Cash Register 
Company, Dayton, Ohio 

Scientific Data Sys
tems, Santa Monica, 
Calif. 
IBM Corporation, New 
York, N.Y. 
National Cash Register 
Co., Dayton. Ohio 

National Cash Register 
Company, Dayton. Ohio 

30-month 
lease, about 
$1.5 million, 
option to buy 

abo.ut 
$6000/month 

over 
$500,000 

$400,000 

about $1.3 
million in 
first year 
of operation 
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ORGANIZATION NEWS 

IBM & BSC ISSUE 
JOINT STATEMENT 

In a joint statement, IBM Cor
poration and Business Supplies Cor
pgration of America announced that 
an action previously instituted by 
Business Supplies Corporation of 
America against IBM Corporation 
and a counterclaim asserted by IBM 
against BSC, both for alleged vio
lations of the antitrust laws, have 
been settled by a mutual withdrawal 
of claims, provision for cross-li
censing under certain patents re
lating to the record media field 
and reimbursement by IBM of a por-
tion of BSC's counsel fees. 

HONEYWELL WILL BORROW 
$20 MILLION IN EUROPE 

Honeywell Inc. announced plans 
(December 28, 1965) to offer a $20 
millfon debenture bond issue in 
Europe in late January to raise 
money for the financing of its in
ternational operations. 

Honeywell International Fi
nance Company S.A., a wholly-owned 
subsidiary recently formed in Lux
embourg, planned to make the offer 
through an international syndicate 
of underwriters headed by White, 
Weld & Co. and Eastman Dillon, 
Union Securities & r.o. 

The company described the 
bonds as guaranteed sinking fund 
debentures due in 1981. Other 
terms of the offering, including 
interest rate and offering price, 
were not available. The debentures 
will not be offered in the United 
States and will not be available 
for purchase by U.S. citizens or 
persons normally resident in the 
U.S. 

Honeywell said this plan of 
borrowing outside of the U.S. will 
enable it to meet the capital re
quirements of its foreign affiliat
ed companies and, at the same time, 
make a contribution toward improv
ing the balance of payment position 
of the U.S. This will be the first 
time the company has raised a sub
stantial sum outside of the U.S. 
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NCR TO ESTABLISH INSTITUTE 
OF TECHNOLOGY IN JAPAN 

An NCR Institute of Technol
ogy will be established in Sagami
hara, Japan, it has been announced 
by the National Cash Register Com
pany. Sagamihara is located ap
proximately 30 mi l:s east of Tokyo. 

The new institute, scheduled 
for completion next fall, wi 11 con
solidate six of the company's pres
ent technical training schools lo
cated in the cities of Kamata, 
Tameike and Shinjuku. In addition 
to technical -training for sales and 
service personnel, the institute 
also will provide seminars for NCR 
customers on modern merchandising 
methods and electronic data pro
cessing. It may also serve as a 
data processing center at a future 
date, the company said. 

EDUCATION NEWS 

AFRICAN STUDENTS COMPLETE 
IBM TRAINING IN NIGERIA 

An education program, designed 
to help bring the teChniques of 
data processing to Africa, was com
pleted last December at the Uni
versity of Ibadan, in Nigeria. At 
graduation ceremonies, 28 students 
from four African nations (Nigeria, 
Kenya, Ethiopia and Zambia) re
ceived their diplomas from the IBM 
World Trade African Education Cen
ter. (A first class of 23 from 
Nigeria, Ghana and Liberia -took 
their diplomas last August.) 

All graduates, originally se
lected from over 5000 applicants, 
were on a full scholarship financed 
by IBM; it included tuition, room 
and board, living and travelling 
expenses. The l8-month education
al program was comparable to a 
normal three-year degree course. 
In addition to 2000 hours of com
puter training, the course in
cluded 500 hours of business ad
ministration and liberal arts. 
Graduates of both classes have re
turned to their own countries to 
work in government and commercial 
data processing installations. 

The major objective of the 
program was to stimulate the train
ing of Africans in managerial and 
technical skills needed to utilize 
modern data processing methods. 
The University of Ibadan, in coop-

eration with IBM World Trade Cor
poration, will continue certain 
courses in data processing and also 
will utilize the Center's facili
ties to develop a computing center 
for academic research. 

NEW PRODUCTS 

-Digital -
SCS ANNOUNCES NEW, 
LOW-COST COMPUTER 

Scientific Control Systems, 
Inc., Dallas, Texas, has announced 
the Model SCS 650-2 Computer -
"the newest, most powerful, 12-bi t 
word length computer in the indus
try at a sales price of $14,800". 
The extensive instruction reper
toire, comparable to larger ma
chines, permits a wide variety of 
applications which include process 
controls, on-line data collection 
and reduction, and scientific com
putation. 

The basic SCS 650-2 includes 
a full size, coincident-current, 
ferrite-core, random-access, 4096 
word memory with a 2-microsecond 
cycle time. The internal storage 
capacity is expandable to 32,768 
l2-bit, directly addressable words. 
The modular design of the system 
permits the use of a wide variety 
of peripheral equipment and/or 
special control devices. A com
plete software package is supplied 
with each hardware system. 

Special emphasis has been 
placed on developing a computer 
which can be adapted in the field 
to meet the customer's changing 
requi rements • 
(For more information, designate 
#42 on the Readers Service Card.) 
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One of a series on topics of importance to data processing management HoneYlll!el1 
rep'orton 

COBOL 
COBOL, the collaborative effort by the computer user and manufacturer to develop a standard programming 
medium for business data processing, has come of age. It has evolved as a precise, well defined and fully mature 
data processing language. This report discusses the major factors behind the growing importance of COBOL, 
indicates the cost and performance areas management must take into account when evaluating COBOL, and 



HONEYWELL REPORT ON COBOL 

briefly describes Honeywell's efforts to provide the best possible COBOL systems 
for its users. 

Composed essentially of familiar business terms, COBOL can be learned more 
easily by new programmers and help them become more productive sooner. As a 
standard language, it aids communication between projects and between pro
grammers and management. 

When properly implemented, COBOL simplifies the problem of exchanging pro
grams among various makes of computers and eases the transition to newer, more 
powerful models. 

COBOL as a system minimizes program checkout and debugging, provides dis
ciplined documentation, and simplifies program maintenance. 

COBOL-A TOOL FOR MANAGEMENT 
Many of the nation's largest users have adopted COBOL as their standard pro
gramming language. More and more prospective users are making COBOL a 
pivotal issue in their computer selection process. As a result, COBOL has been, or is 
being, implemented for virtually every major computer model or family of models. 

More than a common business-oriented language, COBOL is a powerful manage
ment tool that can provide definite and precise answers to problems in the six major 
decision areas shown below. In each of these areas, COBOL's contribution to 
effective computer utilization can be measured directly in terms of time and 
money saved. 

DECISION AREA 

~ 
INTERSYSTEM COMPATIBILITY 
... the effect of computer hard
ware differences on program and 
systems conversion requirements. 

~ 
INTRAPROJECT COMMUNICA
TION ... the organization and 
cooperation of project personnel. 

~ 
STANDARDIZATION . .. the uni
versality of a precisely defined 
programming language. 

;2l PROGRAM TESTING . .. the cost 
~ of nonproductive debugging time. 

® 
PROGRAMMER TRAINING ... 
the time it takes a programmer to 
become productive. 

® 
PROGRAM DOCUMENTATION ... 

o the basis for program mainte
nance and modification. 

HOW COBOL HELPS 

Machine independence of COBOL 
language offers a substantial 
reduction in programming costs. 

Provides a communication 
medium that offers a common 
base for data nomenclature, flow 
charting and programming 
conventions. 

Standards within the language 
lead to standards within the 
application area. 

COBOL compilers always produce 
mechanically correct code. Cleri
cal mistakes and logical errors 
are quickly pinpointed and 
eliminated, usually with only 
one recompilation. 

Programmers need be concerned 
with only a finite number of 
familiar terms, not the inner work
ings of the computer. 

Close relationship between state
ment of problem and COBOL 
solution to problem. Compiler 
automatically provides compre
hensive program documentation. 

Consider the benefit of being able to move 
from one computer to another without 
a major reprogramming effort. As COBOL 
language is not dependent on the logic of 
any particular computer, any reprogram
ming effort is mainly a clerical one. More
over, one of the design features of Honey
well's Series 200 COBOL compilers makes 
it possible for the compiler itself to perform 
much of this clerical function. 

The following example, based on an actual 
benchmark situation, demonstrates how 
COBOL can minimize program conver
sion time. The program in the example 
was, by comparison to the average COBOL 
program, very large: 2,100 statements. It 
was originally written to be run on a com
puter with 192,000 characters of memory. 
The program was converted to run on 
a much smaller computer, a Honeywell 
Model 200 with 32,000 characters of 
memory. The following timetable gives a 
breakdown of the total conversion time to 
create an executable object program from 
the original source program: 

1. Preprocessing of 2100-
statement COBOL program 
(A special feature to assist 
the conversion process) ..... . 

2. Programmer time to make 
all manual changes indi-
cated by preprocessing ..... . 

3. First compilation (pro
duced object code greater 
than 32K char.) .............. .. 

4. Programmer time to 
change program file block-
ing descriptions ................ .. 

5. Second compilation (pro
duced object program ex
ecutable in available mem-
ory) ................................ .. 

Total conversion time to 
create executable object pro-

to min. 

60 min. 

6 min. 

10 min. 

6 min. 

gram .................................. 1 hr. 32 min. 

It is estimated that had the program been 
written in the assembly language of the 
original computer, reprogramming time 
would have been measured not in hours, 
or even days, but months. 



COBOL EFFICIENCY IS A FUNCTION 
OF MANUFACTURER KNOW-HOW 

A major feature of COBOL is that it shifts much of the re
sponsibility for the production of a program from the user's 
programming staff to the computer manufacturer's COBOL 
programming staff. In effect, the experience and capabilities of 
the manufacturer's staff are placed at the disposal of the user 
via the COBOL compiler. The quality of the translation from 
source COBOL statements to machine codes depends very 
heavily on the quality of the manufacturer's implementation 
of COBOL. 

HONEYWELL'S COBOL CREDENTIALS 
Honeywell's record of achievement in the implementation of 
COBOL indicates the extensive background necessary to cre
ate a high-performance product. 

For example: 

Honeywell has been an active member of the CODASYL 
committee since the committee's inception. 

Honeywell COBOL has been acclaimed as offering the fast
est compilation speeds at the lowest costs. 

Honeywell produced one of the first operational Syntax
directed COBOL compilers. 

Honeywell COBOL offers the most comprehensive set of 
implementations of DOD-COBOL language clements. 

Honeywell Series 200 COBOL D offers the greatest number 
of DOl) COBOL language elements in a compiler requiring 
only I (),OOO characters of memory. 

Honeywell Series 200 COBOL B offers a compact compiler 
capahle of operating in as few as 8,000 characters of memory, 
yet lIsing a fully compatible language subset. 

Am/lloneywell is continually reinvesting its COBOL experi
ence in the design of new compilers as well as in the upgrading 
of existillg Honeywell COBOL systems. 

COBOL IS MORE THAN A LANGUAGE 
AND A COMPILER 
Many computer users tend to associate the term COBOL with 
just two clements - a manufacturer's selection of COBOL 
language clements and the compiler provided for translating a 

COBOL program into its machine-language equiva
lent. Actually these two elements are only a small part 
of what might be called a total COBOL system. The 
major portion of the total COBOL system cannot be 
appreciated by evaluating just the language and the 
compiler. In effect, the language and compiler can be 
all but useless if an extensive array of features is not 
provided to assist in the production, maintenance and 
usage of COBOL programs. Conversely the value of 
the total system can be diminished by a limited lan
guage or poorly designed compiler. 

Granted that the compiler is a key element in the 
overall system, a logical question would be, "What 
makes a good compiler?" or "Are there differences in 
compilers?" 

The answer comes from evaluating how well the com
piler stacks up in the following areas: 

1. Language Implemented - This includes not only 
the number of language elements but the overall 
power or richness of the language. Does it include 
time-saving coding tools, such as the copy verb or 
automatic segmentation of the object program? 

2. Compile Time - An important consideration, 
since compilation is a parasitic operation using 
valuable machine time for nonproduction work. 
A compiler must offer optimum balance between 
a high compilation rate and efficient object code. A 
high-speed compiler makes it economically feas
ible to operate completely in source language for 
even the most trivial changes in the program. No 
machine-language patches are required. 

3. Object Code Efficiency - How does the code pro
duced by the compiler compare with the code pro
duced by the computer's assembly system? 

4. Reliability - How reliable is the compiler? Does 
it work when you want it to? Does the compiler 
introduce undetected errors into the object code? 

The summary table on the last page shows the capabil
ities of the Honeywell Series 200 COBOL D compiler 
in these important areas. 

Now take a look beyond the compiler, at the total 
COBOL system. The depth of coverage in this area 
is a measure of the manufacturer's commitment to 
COBOL. This is where the impact of COBOL really 
lies. This is where the manufacturer provides the tools 
for the preparation, maintenance and execution of 
COBOL programs. 
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More specifically, the following is a list of system features 
that are all-important in the efficient application of 
COBOL, yet have had all too little recognition in its over
all evaluation. 

Program Preparation 

• Source-language file maintenance 
• Library copy facilities 
• Batch compilation 
• Load-and-go facility 
• Fast diagnostic scan 
• Composite program listing with imbedded diagnostics 
• Monitor control 
• Environmental adaptability 

Program Execution and Maintenance 

• Object program file maintenance 
• Job-oriented testing 
• Monitor control 
• Debugging facilities 
• Object-time file relocation 
• Dynamic control of I/O channels 

In short, any attempt to evaluate COBOL on the basis of 
compiler speed and language implementation alone is 
like judging a cake solely by its frosting. 

HONEYWELL SERIES 200 COBOL 

Honeywell in implementing COBOL for Series 200 has 
taken a modular approach consistent with its operating 
system design concept. Series 200 COBOL consists of five 
levels, each identified by its minimum memory require
ments. The five levels are: 8,000, 16,000,32,000,65,000, 
and 131,000 characters of memory, including operating 
system memory requirements. 

TO: Honeywell EDP 
60 Walnut Street 
Wellesley Hills, Mass. 02181 
Attention: I nformation Services 

ABCDEFG 

Please send me your publication entitled "COBOL Orienta
tion for Management." 

Name ______________________________________ __ 

Title _______________________________ _ 

Company _________________________________ _ 

Address ________________________ _ 

City ___________ State ______ Zip Code __ _ 

Each level affords a rich and powerful implementation of 
the COBOL language and a fast and efficient compiler. 
Moreover, all levels incorporate the program preparation, 
execution and maintenance capabilities that distinguish a 
total system from just a compiler. 

Make Your Own Comparison 

The following table lists the characteristics of Honeywell 
Series 200 COBOL D (16K level). You can compare the 
superior capabilities of Honeywell COBOL D with those 
of any competitive system of similar design level simply 
by filling in the blank column in the table. 

CHECK LIST OF COBOL SYSTEM FEATURES 

Core Memory Required 

Memory Required for Compiler 

Operating System Overhead 

Language Elements 

Minimum Peripheral 
Configuration 

Compile Time for Typical 
COBOL Programs: 

500 statements 
1000 statements 

Compilation Cost Per 100 
Statements 

Object Code Efficiency 

System Features: 

Honeywell 
COBOL D Other 

16K 
" . 

,14K 
. " 

,2K 

270 

~tapes 
,card reader __ _ 

. card punch __ _ 

:printer 

',1.7 min. 
'2.9 min. 

:19 cents 

85-90% 

Stacked-job Operation? :Yes 

Composite Program Listing? Yes 

Fast Diagnostic Scan? :Yes 

Library Copy Facilities? 'Yes 

Job-Oriented Testing? 'Yes 

Operating System Controlled? jiyes 

Environmental Adaptability? ;Yes 

Load-and-go? Yes 

Extensive Debugging Facilities?';Yes 

WRITE FOR MORE ON HONEYWELL COBOL 

For in-depth coverage of the points discussed in this report, 
send for the Honeywell publication entitled "COBOL 
Orientation for Management." This booklet includes a 
description of all levels of Honeywell Series 200 COBOL. 

Honeywell 
ELECTRONIC DATA PROCESSING 



Memories 

TWO-MICROSECOND INTEGRATED 
CIRCUIT MEMORY SYSTEM 

An integrated circuit, core 
memory system with full-cycle time 
of two microseconds is the most re
cent addition to the Fabri-Tek 
product line. 

The system, designated the 
Series MUA, employs Fabri-Tek's 
"stand~rdized" design concept, thus 
permitting a broad choice of con
figurations without sacrificing 
overall reliability and economy. 
The MUA is supplied in any of four 
access modes: Random; Sequential; 
Random/Sequential; and Sequential
interlaced. In addition, the user 
can select from a variety of inter
face circuits and optional features 
such as address register, power 
supply and self-test. 

Half-cycle time is 1.25 micro
seconds and access time is 950 nano
seconds. Word capacities range 
from 64 to 4,096, with two to 30 
bits per word. 
(For more information, designate 
#43 on the Readers Service Card.) 

Data TransmiHers 
and AID Converters 

TYPE 680 
DATA COMMUNICATION SYSTEM 

An economical new switching 
system controlled by a small, fast 
computer has been introduced by 
Digital Equipment Corporation, 
Maynard, Mass., for use in com
munication systems and computation 
centers. Digital's Type 680 Data 

-- Serial communication 
systems with as few as 
seven lines can be serv
iced economically by the 
new 680 Data Communica
t.ion System. 

Communication System can function 
independently as a complete line 
scanning control or it can serve 
as a peripheral device to bunch 
inputs and outputs for most effi
cient use of large central pro
cessors. 

The new 680 is built around 
Digital's PDP-8 computer, a 1.5-
microsecond, general-purpose ma
chine. In the message switching 
function, the computer scans up to 
128 lines -- sequentially or in a 
commanded order -- accepting in
coming messages one bit at a time, 
assembling the bits into charact
ers, sorting the characters, and 
routing them -- again one bit at 
a time -- to their destinations. 

The basic difference between 
the 680 and other systems is in 
their methods of buffering char
acters. Other systems have used 
active registers -- flip flops -
for this function, while the 680 
System uses the magnetic core reg
isters in the memory of the PDP-8 
computer. 
(For more information, designate 
#44 on the Readers Service Card.) 

Information Retrieval 

TELECREDIT -100 

A new low-cost, high-speed 
electronic information retrieval 
system that enables bank tellers 
or supermarket cashiers to verify 
a customer's check cashing credit 
status in 1/10 of a second has 
been introduced by Telecredi t, Inc., 
Los Angeles, Calif., designers of 
the system. The new system, built 
for Telecredit by General Preci
sion Inc.'s Librascope Group, can 
be completely contained within the 
user store or bank. 

The compact system, called 
the Telecredit-lOO, can instantly 
report the credit on up to 100,000 
check-cashers. It consists of a 
small, high-speed, magnetic memory 
disc device, up to 32 key-board
operated inquiry stations, and a 
master programming panel for up
dating data in the memory system. 
An optional unit includes a 
punched-card reader for automatic 
input of information. There are 
two models of the new system, the 
Model T-IOO designed for use in 
supermarkets and the T-200 de
signed for banks. 

Robert Foldman, Telecredit 
chairman and designer of the Tele
credit-lOO explained that the sys
tem is operated by a teller or 
cashier who merely "keys-in" the 
account number of a check-casher 
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-- Nance Angel holds an 
inquiry station which 
would be used by a cash
ier to obtain reports 
from the compact elec
tronic memory disc de
vice in the background. 

on the push-button inquiry device 
on which she receives a status re
port by way of color-coded lights 
in less than a second. Also the 
system allows a telephone operator 
at one bank branch to completely 
handle a check verification by tel
ephone from another branch and 
place a hold on the account auto
matically all in less than 15 
seconds. 

In supermarket use, the cash
ier enters the customer's identi
fication card number. The signal 
travels over communication lines 
from the terminal to the memory 
disc storage device which has been 
pre-programmed to maintain and up
date its files on store customers. 
(Each check cashing transaction is 
recorded in the memory unit which 
continually updates customer sta
tus.) The unit searches its.mem
ory for the particular customer 
account, checks the status and 
sends the report back to the re
questing station in 1/10 of a 
second. 

Systems will rent for as little 
as $75 a month and sell for $3600 
and up. Telecredit, patent holder 
of the new system, plans to ini
tiate national distribution of the 
system this year. The firm reports 
that production of all units through 
March, 1966, have already been 
leased or sold. 
(For more information, designate 
#45 on' the Readers Service Card.) 
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Input-Output 

DESK-TOP 
ELECTRONIC CALCULATOR 
SAID TO BE WORLD'S FASTEST 

A new solid-state electronic 
device, believed to be the world's 
smallest and fastest desk-top cal
culator, has been introduced by the 
manufacturer, Wang Laboratories, 
Inc., Tewksbury, Mass. Able to 
perform all normal arithmetic com
putations in a fraction of a sec
ond, the Model 300 has a keyboard/ 
display console scarcely larger 
than a telephone. 

The device is noiseless. Ans
wers are displayed instantaneously 
on the console~ in clear~ lighted 
characters 5/8" high, against a 
dark background. The automatic 
floating decimal point instantly 
finds its correct place every time, 
without presetting. An exclusive 
"Phantom Touch" keyboard design (in 
which the keys are depressed only 
2/1000 of an inch to enter a number 
or perform an operation) permits 
considerably more rapid keying, and 
operators report virtually no fa
tigue, even after hours of steady 
use. 

Because it functions on a 
unique logarithmic principle, the 
Model 300 is able to provide un
usual computational flexibility. 
Many complex operations, such as 
duplex product and entry accumula
tion, are performed easily and 
quickly. Two independent, but in
terconnected, addition/subtraction 
sections are available and serve as 
storage registers for the accumula
tion of sums and products. A thi rd 
section handles multiplication and 
division. Entry and recall from 
any of the registers is performed 
by a single keystroke. 

Two models are available: the 
Model 300 which provides for all 
normal arithmetic functions; and 
the Model 310 which includes two 
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additional keys providing instan
taneous display of Squares and 
Square Roots, respectively. 
(For more information, designate 
#46 on the Readers Service Card.) 

SOLID-STATE TAPE TRANSPORT 
IS DEVELOPED FOR 
PDP COMPUTERS 

A simple, solid-state magnetic 
tape drive for use with the PDP-7 
and PDP-8 computers has been de
veloped by Digi tal Equipment Corp., 
Maynard, Mass. The DECtape Type 
TU55 Transport has a reliability 
figure of less than one transient 
error per 1010 characters. The 
TU55 differs from earlier DECtape 
transports in two major respects: 
replacement of relay control com
ponents by solid-state devices, 
and elimination of one of the us
ual two transports. 

The new transport, like ear
lier DECtape models, is designed 
for use with a control unit which 
segments computer words before re
cording them and reassembles them 
when reading back to the computer. 
Recording density is 350 ± 55 bits 
per inch, and read-record speed, 
in either direction, is 97 % 14 in 
inches per second. Total informa
tign capacity per reel is 2.7 x 
10 bits, arranged in duplexed 
three-bit characters. (The trans
port uses the same 4-inch reels 
containing 260 feet of 3/4-inch 
Mylar sandwich tape.) 

-- TU55 DECtape Transport 

A principal application for 
the new transport is serving as 
economical bulk storage of data 
and programs in small computer sys
tems lacking disc, drum, or conven
tional magnetic tape subsystems. 
(For more information, designate 
#50 on the Readers Service Card.) 

MODEL 835 ELECTRONIC 
DIGITAL PLOTTING SYSTEM 

A new cathode ray tube/micro
film plotting system, that plots 
approximately 300 times faster than 
a standard CalComp Model 565 ink
on-paper digital incremental plot
ter, has been developed by Califor
nia Computer Products, Inc., Ana
heim, Calif. A complex manloading 
chart that would require several 
hours to produce manually and four 
minutes with a CalComp Model 565, 
can be plotted and recorded on 
microfilm with a Model 835 in less 
than one second. 

Fully compatible with existing 
CalComp systems and software, the 
Model 835 is all solid-state except 
CRT. It produces,-with 15 times 
magnification, a plot llx17 inches. 
Accuracy is 1% of full scale sta
bility %.5% drift in eight hours. 

Model 835 is designed for off
line operation with CalComp's mag
netic tape unit Models 760, 770 and 
780. Plotting is accomplished with 
the tape unit in the search mode, 
at a tape speed of 60 inches per 
second. It can plot a complete 
2400-foot reel of tape in eight 
minutes. CalComp Plott~r Control
lers are used with the Model 835 in 
on-line operation. The plotting 
system may be used in a time-shared 
configuration with other on-line 
requirements, and is capable of ac
cepting input commands at rates up 
to 100,000 characters per second. 
(For more information, designate 
#47 on the Readers Service Card.) 

CONTROL DATA 602 
MAGNETIC TAPE TRANSPORT 

Control Data Corporation, Min
neapolis, Minn., is now marketing 
a new, low-cost magnetic tape trans
port. The CONTROL DATA 602 Magnetic 
Tape Transport moves tape at the 
rate of 37.5 inches per second. 
Vacuum buffer columns, photoelec
tric monitors and a newly developed 
drive mechanism insure minimum tape 
tension at all times. 

The 602, which uses half-inch 
tape, offers 7 recording channels. 
Recording densities include 200, 
556 and 800 bits of information per 
inch, providing data transfer rates 
of 7.5 KC, 20.85 KC and 30 KC, re
spectively. 

Basic features of the 602 in
clude high-speed rewind, separate 
manual control panels for operation 
and maintenance testing, and full 
computer control with no program-
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ming restrictions. An important 
feature of the new Control Data 
transport is its ability to read 
tape in either direction. Dual
gap head construction,also provides 
read-after-write capabilities. The 
602's format is completely compat
ible with existing Control Data 
transports. 
(For more information, designate 
#48 on the Readers Service Card.) 

MODEL PI·1167 
INCREMENTAL RECORDER 

A new incremental digital re
corder, which accpets randomly oc
curring digital data at rates from 
zero to 200 steps per second for 
the automatic preparation of 200-
bit per inch magnetic tapes of com
puter compatible format, is in full 
production at Precision Instrument 
Co.~ Palo Alto, Calif. With solid
state electronics, the compact re
corder also can record digit~l 
characters received synchronously 
at 500 steps per second. 

The PI-1l67 uses 10Yz-inch reels 
of standard one-half inch computer 
tape to produce a seven-channel 
NRZ format digital tape immediate
ly compatible with most computer 
transports. Internal electronics 
automatically generate inter-record 
gaps, parity check characters, end
of-file gap and tape mark. An op
tical pick-off provides end-of
tape sensing to signal external 
equipment. Another signal occurs 
°if the tape is broken or improper-
ly loaded on the drive. 

With selectable odd or even 
parity generation, the PI-1167's 
logic circuitry converts, for even 
parity, BCD-O data to BCD-IO, thus 
producing a fully compatible tape 
without further programming. 

Price of the new model PI-1167, 
as announced by William C. Bennett, 
vice president - marketing, is 
$3,650. "Previous digital record
ers with this performance cost ap
proximately $6,000 or more," 
Bennett commented. 
(For more information, designate 
#49 on the Readers Service Card.) 

NEW METHOD OF 
SPLICING AND CORRECTING 
PAPER TAPE 

Oata-link Corporation has an
nounced a new type of p~nched 
splicinu tape called "Splice & Cor
rect Tnpe". Paul Becking, President 

of Data-link Corporation, Los Al
tos, Calif., stated, "In develop
ing this new approach, we wanted a 
product that would not only splice 
punched paper tape but permit the 
correction of punched tape and 
still be thin and flexible enough 
to follow punched tape drives with
out catching in the tape guides." 

"Splice & Correct Tape" is 
self-adhering. It has a tear-off 
backing strip which can easily be 
applied to form tape loops or 
splice torn tapes. It includes 
one blank code level in four indi
vidual positions, and 2, 3, 4 and 

5 blank code levels in different 
positions. The blank code level, 
or levels, can be placed over im
proper codes, or spliced int~ 
position, and the desired codes 
punched. Many tapes that have to 
be repunched a second or third 
time can be corrected in this 
manner. 

The new tape may be used for 
splicing 7 and 8 channel tape. It 
can also be used to reinforce and 
correct edge punched cards. 
(For more information, designat~ 
#52 on the Readers Service Card.) 

DR·3000 DIGITAL 
MAGNETIC· TAPE SERIES 

Consolidated Electrodynamics 
Corp., a subsidiary of Bell & 
Howell Co., Pasadena, Calif., has 
introduced a new digital magnetic
tape system that offers versatil
ity and performance at a lower 
cost than comparable instrumenta-
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tion. The DR-3000 Digital Magnetic
Tape Series has flexibility of for
mats with a wide selection of input/ 
output logic levels which makes the 
system suited to a variety of com
mercial and laboratory data pro
cessing applications. 

The company reports that the 
new recorder is the only low-cost 
transport on the market with abso
lute straight-line loading for op
timum operator convenience. The 
whole operation takes less than 
10 seconds. 

The transport of the DR-3000 
operates at 200, 556, or 800 bits 
per inch, and a high-density, 1600-
bpi format is optionally available. 
Other features include dual cap
stans with positive drive; air 
bearings; and all-metal-surface 
heads for extra-long head life. 
(For more information, designate 
#51 on the Readers Service Card.) 

Components 

NO·FAIL POWER SYSTEM 

A unique electronically-con
trolled "No-Fail Power Sys tem" that 
instantaneously -- without the loss 
of even a thousandth of a second-
"takes oover" the moment commercial 
power begins to fail, has been de
veloped by the Fermont Division of 
Dynamics Corporation of America and 
now is in commercial production. 
Designed especially to prevent even 
momentary "blackouts" of critical 
electronic equipment -- computers, 
teletype and other data communica
tions, automated manufacturing pro
cesses, aircraft landing systems, 
radar, electronic hospital devices, 
etc. -- the new No-Fail systems 
will be produced commercially in 
varied sizes ranging from 10 kilo
watts to 250 kilowatts. 

The Fermont No-Fail Power Sys
tem essentially consists of a motor
alternator, a diesel engine and a 
stored energy source all assembled 
as a total energy package. Ordin
arily, the system uses commercial 
power to supply closely regulated 
voltage and frequency power to a 
critical load. 

When commerci al power, fai 1 s 
or becomes irregular beyond pre
set limits, the following sequence 
occurs: 1) a frequency sensor in 
an all-solid state electronic con
trol console senses the deviation 
at the alternator output and im-
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mediately activates a constant 
speed servQ.!!lechanism; 2) the servo
mechanism in turn instantaneously 
releases a stored energy charge of 
pressurized hydraulic fluid to a 
hydraulic motor at a closely con
trolled rate, which maintains the 
alternator at synchronous speed; 
3) simultaneously a diesel engine 
(which is constantly held in start
readiness) is started. When the 
diesel engine attains operating 
speed, it is automatically coupled 
to the motor-alternator shaft by 
means of an overrunning clutch. 
The diesel engine now supplies ro
tating power for the alternator as 
long as the power failure may last. 

During the period of diesel 
engine operation the condition of 
commercial power is continually 
checked by means of a monitoring 
circuit. When commercial power is 
found to be stable over an adjust
able period of time (15-60 minutes) 
a synchronization circuit adjusts 
diesel engine speed, synchronizing 
it with commercial power frequency. 
When synchronization is achieved 
the commercial power breaker is 
closed and the diesel engine shut 
down. The entire system is now in 
standby should another power in
terruption occur. 
(For more information, designate 
#53 on the Readers Service Card.) 

RCA INTEGRATED CIRCUITS 

RCA's recently announced line 
of monolithic integrated circuits 
represents the third generation of 
electronic components, following in 
the footsteps of the electron tube 
and the transistor. Each of the 
new RCA integrated circuits is 
priced to compete with solid-state 
circuits using conventional trans
istors, diodes, resistors and ca
pacitors, according to John B. Far
ese, Division Vice President, RCA 
Electronic Components and Devices. 
While other integrated circuit man
ufacturers have concentrated on the 
development of digital circuits, 
RCA offers a broad line of linear 
integrated circuits in addition to 
three families of digital circuits. 

The new RCA linear circuits, 
which cover the frequency spectrum 
from DC to 100 MC/s, utilize a bas
ic differential amplifier circuit 
configuration with a built-in con
trolled constant-current source -
a versatile approach to many appli
cations in communications, instru
mentation, industrial and military 
equipment. 
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RCA digital integrated cir
cuits are aimed specifically at 
the growing number of applications 
(primarily in the computer field) 
that require either extremely high
speed switching or extremely low 
power dissipation. All RCA digital 
integrated circuits are mounted in 
14-lead ceramic and metal flat 
packs. 
(For more information, designate 
#54 on the Readers Service Card.) 

DATA-MAILER 

A new packaging convenience 
for mailing or carrying computer 
tapes between data processing cen
ters has been placed on the market 
by Ampex Corporation, Redwood Ci ty, 
Calif. 

The Ampex Data-Mailer consists 
of a weather-proof "zip-lip" plas
tic bag, which holds a 200-foot 
reel of Ampex 839 magnetic comput
er tap~, and a reuseable self
mailer package. Data-Mailers 
are available in 12-reel lots only. 
(For more information, designate 
#55 on the Readers Service Card.) 

FIBER OPTICS TECHNOLOGY 
EMPLOYED BY IBM 

Light, which normally travels 
only in straight lines, now is be
ing curved around corners by IBM 
Corporation to read and check the 
accuracy of punched cards and to 
scan documents. Tiny beams of 
light -- curved around corners and 
projected by dev~ces such as the 
one shown in the photo -- now are 
being used in four different IBM 
machines. The machines incorpor
ate "fiber optics~ an advanced 
technology which enables light to 
be bent in any direction through 
flexible tubes of glass fibers. 

Fiber optics tubes -- called 
"bundles" -- contain hundreds of 
extremely fine glass fibers, each 
several feet long but far thinner 
than a human hair. Acting as tiny 
pipes, the fibers carry beams of 
light which activate photosensi
tive elements and register the 
data scanned. 

The two machines incorporating 
fiber optics and already at work in 
customers' offices are the IBM 1442 
card reader and the IBM 59 verifier. 
Deliveries of the other two machines 
-- the IBM 1231 and 1232 optical 
mark page readers -- were scheduled 
for the first quarter of this year. 
(For more information, designate 
#56 on the Readers Service Card.) 

PEOPLE OF NOTE 

SHE OPERATES COMPUTER 
BY BRAILLE 

Jackie Cummings operates a 
computer by Braille. Her part-time 
job at Bowling Green State Univers
ity's computer center consists of 
programming instructions for com
puters. She does it by wri iing the 
computer programs in Braille. Then 
she key punches them from it. To 
check if her work is correct, the 
young housewife, blind since she 
was 12, has a program card that 
translates the computers alphabetic 
information back into Braille. 

Jackie says she has few prob
lems with her job. One problem 
when she first went to work was 
learning her way around the center. 
Several times she got off on the 
wrong floor. Also, in order to 
know if the lights are on or off, 
she uses a hand-sized light probe 
which converts light waves into 
buzzi.ng sounds. 

Computers are not her only 
specialty. She also runs a card 
sorter, a key punch machine, and 
a variety of accounting devices. 
Before getting the job at Bowling 
Green, she had taken extensive 
training at the University of Cin
cinnati's Medical Computer center. 
Richard C. Neumann, Bowling Green 
State's center director said, 
"Jackie won the job over other ap
plicants because of her training 
and after only a few days of ori
entation she began working as ef
ficiently as other employees. 
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NEW LITERATURE 

"PROFILE OF A SYSTEMS MAN" 

"Profile of a Systems Man," an 
up-to-date survey of salary ranges, 
educational backgrounds and other 
data on per~onnel in the systems 
field, is now for sale by the Sys
tems and Procedures Association. 

The study, based on confiden
tial data supplied by SPA members, 
outlines the systems man of today 
-- his age, educational background, 
experience, salary, where and for 
whom he works, and other valuable 
data. It also compares 1965 levels 
to similar studies in 1959 and 1955 
to provide a comprehensive picture. 

While the study covers SPA 
members only, the information can 
be applied to the systems field in 
general. Companies with systems 
groups, or those planning such in
stallations, will find the booklet 
an invaluable reference piece. 
Single copies of the 32-chart book
let are available at a price of 
$3.50 for non-members of SPA and 
$2.00 for members. Orders should 
be sent to Systems and Procedures 
Association. 7890 Brookside Drive, 
Cleveland, Ohio, 44138. 

LOS ANGELES ACM GROUP 
TO PUBLISH A PL/I BULLETIN 

Working Group 4 on PL/I of the 
Special Interest Group on Program
ming Languages of the Los Angeles 
Chapter of the Association for Com
puting Machinery was organized in 
Los Angeles about a year ago to pro
mote the study and evaluation of the 
language then known as NPL. The 
Working Group, feeling that the im
portance of the new language to the 
programming community was great 
enough to warrant the step, decided 
at a recent meeting to extend its 
goals to include the general dis
semination of knowledge relating 
to PL/I. The Group plans to begin 
puhlication of a PL/I Bulletin 
this year. 

BROCHURE OFFERED 
BY DA-PEX 

VA-PEX Computer Brokers is 
offering a brochure "The New Look 
in the Used Computer Market Since 
Octoher 1, 1965". This informa
tion on the used equipment market 
for computers and punched card 

machines, valuable in the light of 
recent developments in this market, 
may be obtained by writing to 
DA-PEX Inc., 366 Francis Building, 
Louisville, Ky. 40202. 

MEETING NEWS 

ADAPSO SCHEDULES 
SAN DIEGO MEETING 

ADAPSO, the Association of D 
Data Processing Service Organiza
tions, Inc., will holds its 14th 
semi-annual management conference 
at the Stardust Motor Hotel, San 
Diego, Calif., on February 17 and 
18, 1966. The conference will 
feature discussions of eight sub
jects of current interest to data 
processing service companies, in
cluding new approaches to public 
data processing, data communica
tions and trends in service bureau 
activities. ADAPSO is the trade 
association of the computer serv
ice bureau industry. with members 
in 300 locations throughout the 
U.S., Canada and overseas. 

8TH SYMPOSIUM ON 
PROCESS AUTOMATION 

The 8th Symposium on Process 
Automation will be held from April 
18 to 20. 1966, at the Newporter 
Inn, Ne~port Beach, Calif., accord
ing to Symposium Ch'airman William 
R. Biles, Coordinator, Process Com
puting, Houston Research Laborator~ 
Shell Oil Company. The Symposium 
is sponsored by four Southern Cal
ifornia companies active in the 
manufacture of instruments, com
puters, and systems: Beckman In
struments, Inc., La Habra; Consol
idated Electrodynamics Corp., Pas
adena; Control Data Corp., La Jol
la; and SDS Data Systems (formerly 
Consolidated Systems Corp.), Pomona. 
Symposium Director is Paul L. 
McMath, Manager of Industrial Sys
tems Applications, 50S Data Systems. 

The objective of the series 
of sessions is to provide an op
portunity for representatives of 
process companies to exchange ex
perience on instrumentation and 
cont~ol problems. To assure close 
adherence to this objective, Dr. 
Biles said, all papers will be in
dividually invited. Also, attend
ance is limited to about 200 engi
neers and technical managers, not 
more than five from anyone 
company. 
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BUSINESS NEWS 

3C SALES RISE, 
PROFITS DROP 

Computer Control Co. reports 
earnings of $388,123 on sales of 
$23.7 million for the year ending 
October 30th. Earnings dropped 
26% from the $525,907 reported for 
the same period last year although 
saies rose 25% from $19 million 
last year. 

A 3C spokesman attributed the 
lower earnings to new product in
troductions during the year, high 
initial manufacturing costs, and 
limited shipping rates on new prod
ucts in the first two-thirds of the 
fiscal year. 

CALCOMP SALES 
UP 200/0 IN QUARTER 

California Computer Products 
reports income of $57,739 on sales 
of $1 million for the quarter end
ing October 3rd. Earnings were 
lower than the $107,307 reported 
for the same period last year, but 
sales were up from the previous 
$830,000. 

A Calcomp spokesman said sales 
of digital plotters and plotting 
systems during the quarter increased 
50% over the same period last year. 

MAl INCREASES FINANCING 
FOR DP EQUIPMENT PURCHASES 

Management Assistance, Inc. 
has filed a statement with the Se
curity Exchange Commission seeking 
registration of $10 million worth 
of 6~% subordinated debentures, due 
1980 and 215,000 shares of common 
stock to be offered through White. 
Weld, & Co. of New York. Proceeds 
of the offerings will be added to 
general funds primarily for the 
purchase of additional EDP equip
ment, including equipment to be lo
cated in foreign countries. 

Management Assistance offers 
purchase-lease-back arrangements on 
computers and punched card equip
ment. 
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RETAIL AUTOMATION SYSTEM 

A new retail automation sys
tem, designed to give shoppers a 
fresher, wider choice of merchan
dise and at the same time provide 
substantial cost savings to stores, 
has been announced by the National 
Cash Register Company. Charles L. 
Keenoy, NCR marketing vice presi
dent, said the new sales register 
and computer-controlled system, 
called REACT (Register Enforced 
Automated Control Techni.que), is 
based on the facility to capture 
precise merchandise descriptions 
in code at the point of sale. The 
system provides merchandising re
ports that eliminate laborious in
ventory counts, uninformed buying 
decision, and various manual meth
ods of store control. 

Key to the REACT system is a 
sales register which captures the 
necessary merchandise information 
as a by-product of ringing up the 
sale in the regular way. Each item 
of merchandise is described by code 
number as well as price. The code 
numbers are processed by computer 
and end up as high-speed, timely 
and reliable reports to store man
agement on inventory levels and 
stock turnover -- with every item 
accounted for. 

Merchandise is first classi
fied by code number within .each de
partment. For further information, 
such as color and size of a sweater, 
additional code numbers are used. 
The code numbers are pri nted on the 
most simplified type of price tag 
suitable to the merchandise. The 
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-- A check-out clerk reads 
class information from a 
simple stri ng tag for entry 
into the register. 

coding system can easily be adapted 
to any merchandise and information 
requirements, NCR says. Up to 
10,000 items can be specifically 
identified within each store 
department. 
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The information can be record
ed by the sales register in either 
punched paper tape or slightly 
stylized figures on a sales journal 
which can be read by an electronic 
scanning device. A computer then 
automatically produces sales rec
ords, stock reports, open-to-buy 
reports, purchase journals, on
order reports and other retailing 
information. According to Mr. 
Keenoy, the REACT program is so 
sophisticated that the computer 
can automatically print out vendor 
orders for additional items when 
stock reaches a certain level -
without waiting for a manager or 
buyer to appraise the computer re
ports and make individual decisions 

-- New retail automation 
system -- REACT -- links 
familiar cash register 
with edp equipment. Young 
lady holds tape from reg
ister which is "read" by 
optical scanner (fore~ 
ground) for computer pro
cessing. 

The vital element of the REACT 
system is the large volume of in
formation captured by the regis
ters for automatic processing. 
"The sales register for the first 
time serves as a completely versa
tile data input device," said Mr. 
Keenoy. "It not only records the 
information needed for merchandise 
control, but also can capture all 
other data pertaining to the sale. 
This becomes computer input for 
the automatic preparation of month
ly bills and the calculation of 
sales commissions." 
(For more information, designate 
#58 on the Readers Service Card.) 

COMPUTERS "8UILT-INTOII 
COMMUNITY HEALTH PROGRAM 

An electronic computer is be
ing used for the first time to help 
an entire class of college-bound 

high school seniors choose colleges 
to which to apply. Some 450 col
lege-oriented students each have 
filled out a comprehensive ques
tionnaire, which is matched in an 
IBM computer against 18 of the most 
important characteristics of every 
accredi ted four-year college or un
iversity in the United States to 
yield a list of schools which best 
fulfills each student's prefer
ences and financial requirements. 

The experiment is being con
ducted jointly by Pittsfield High 
School (Mass.) and Computer College 
Selection Service, Inc., also of 
Pittsfield, Mass. In 1965, Pitts
field High School had 16 National 
Merit Scholarship finalists, the 
greatest number of any public high 
school in the state. "Our goal of 
preparation for college is clearly 
a first-priority one," Superintend
ent of Schools, James p. Reynolds 
said. 

Some objectives include: deter
mining how many schools not previous
ly considered by students are recom
mended by the computer as logical 
choicesj finding out how helpful the 
program can be in getting high school 
students to consider in orderly fash
ion the number of choices that face 
them in selecting a collegej deter
mining whether to introduce such a 
program in the junior year (which 
would allow students ample time to 
study relevant college catalogs and 
seriously consider all questions 
which would affect their final 
choice of a college); and, finding 
out whether the computer's recom
mendations could help students get 
maximum benefit from counseling by 
the guidance department. 

Computer College Selection 
Service, organized last year in 
Pittsfield under the direction of 
Milton A. Kolodkin, has been help
ing individual students throughout 
the country to choose. colleges to 
which they should apply. A staff 
of experts spent nearly two years 
on the necessary resea~ch. The 
program contains 230,000 pieces of 
data on nearly 1200 accredited four
year colleges and is updated as new 
information is received. Taken in
to account are such diverse factors 
as cost, subject majors, geographical 
area, academic admission requirements, 
College Entrance Examination Board 
scores, size of school and college 
community, ROTC, class rank, etc. 

Actual programming of the IBM 
computer at the Service Center of 
the Berkshire Bank and Trust Com
pany, (whose facilities are being 
used by C.C.S.S.) was under the 
directi~n of Alan M. Falk, the 
bank's manager of data processing, 
who worked closely with Computer 
College Selection Service and its 
consultants. 
(For more information, designate 
#57 on the Readers Service Card.) 
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Change in the United Kingdom 

The United Kingdom has lagged considerably in the past 
in per capita use of computer systems. While the United 
States rate grew at a rapid pace, the United Kingdom rate 
(with one quarter the United States population) has only 
recently begun to climb: 

United States United Kingdom Ratio 

1955 400 12 33 
1959 3000 150 20 
1963 12000 750 18 
1965 23000 1100 20 

Many industry leasers have expressed concern over the dis
parity, especially since West Germany and France are ahead 
today. At the same time, the United Kingdom is the only 
major country with an active independent computer indus
try: I.C.T.; English Electric-Leo-Marconi, Ltd.; Elliott 
Automation; and DeLa Rue Bull (now offering G. E. equip
ment) are all companies native to Great Britain. As a result, 
the distribution of vendors shares is different from the United 
States; the following table reflects percentages based on 1136 
installed systems and 567 on-order systems: 

IBM 
I.C.T. 
EELM 
Elliott* 
NCR* 
Honeywell 
DeLa Rue Bull 
Others 

31% 
29% 
9% 
9% 
6% 
4% 
3% 
9% (Univac, Burroughs, CDC, etc.) 

*Currcntly marketing together. 

The country now faces a dilemma. The majority party is 
Labour, which has played an active role in establishing a 
Ministry of Technology, to advance the role of technology 
in industry and government. Nonetheless, the Government 
only has 50 computers installed, representing 5% of the 
total; hy contrast the United States Government's 2400 sys
tems rcpresent 10% of the total, with at least another 5% 
performing Government-sponsored work. 

Actioll is therefore required, and it appears as if increased 
GoVt'1'I1ment support is necessary. Most business leaders, how
ever, oppose Government control and oppose the Labour 
Party. They must decide, therefore, whether or not to sup
port t ht! Labour party's active program, wait for a possible 
elcction, or allow the computer industry to continue lagging. 
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The Labour Party's program has been heavily criticized so 
far, although principally on political grounds. Major ele
ments of the program are 

- an increased policy of "Buy British" in Government 
computer acquisjtion, 

- a grant of £5,000,000 ($14,000,000) to I.C.T. for re-

search into computers matched on a 3 for 1 basis by 
I.C.T. 

-- the establishment of a National Computing' Centre, an
nounced in December. 

The National Computing Centre is the most recent target 
of .the Opposition. It has been established to provide 

- a Government-owned service center 

- a National Library of programs 

- a consulting service for "industry and Government to 
aid in use and selection of computers." 

The questions which have been raised by the Conservative 
Party, and by United Kingdom computer experts, include 

- Where will the Centre get the necessary staff, consider
ing the British shortage? 

- How can Centre personnel be objective in selection if 
the Centre is going to operate one computer system 
(presumably an ICT 1900 series system, according to 
informed sources) ? 

- How does the Government intend to compete with es
tablished consultants, and how will the Centre charge 
for its service? 

- How will the Centre compensate its personnel? On a' 
Civil Service scale it cannot compete for qualified ana
lysts and programmers; on an industry scale it will be 
criticized by other scientists and engineers currently on 
Civil Service. 

Mr. Cousins, Minister of Technology, will have to answer 
these questions before getting the active support of the in
dustry. Without this support the Centre will not live up to 
its promise. 

Dick H. Brandon 
Contributing Editor 
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The Project Workbook 

for SoFtware Documentatio,n 

Dave De Pinto 
URS Corporation 

Burlingame, Calif. 94011 

In the processing of data, the computer is 
not always the central item. For software and its 
documentation, we have used the Project Workbook 
concept with highly satisfactory results. 

This concept consists of an evolving workbook 
in many copies that progresses to final form along 
with work on the project. Advantages of this pro
cedure include the following: 

(1) Continuity of the project is maintained 
even when people working on the project 
are temporarily absent or permanently 
transferred. 

(2) A current file is continuously available 
to each member of the project, providing 
ready access to all relevant information, 
such as extracts of applicable manuals, 
addenda, standards, programming practices, 
specifications, etc. 

Figure 1 - Individual efforts relative to 
analysis, design, flow charts, coding. etc •• are 
not kept only in project members' minds and desksj 
as soon as they are written down. they are made 
available via the Project Workbook to the other 
staff members of the project. 

1t2 

(3) Information on the progress of the project 
is readily available for progress reports. 

(4) Upon completion of the project, a con
tinuously updated project history is 
available for preparing additional docu
mentation. 

The procedure for using the Project Workbook 
is essentially as follows: 

Each staff membe~ assigned to the project has 
a copy of the Workbook. and each contributes in
puts as appropriate. These inputs may be ideas, 
rough notes, questions, computer printouts. or 
detailed observations. Copies of all inputs are 
distributed to all other members of the project. 
In this way the Project Workbook is kept up to 
date with problem identification, analysis, 
design. and programming. So only a small amount 
of organizing, editing. and typing is needed to 
produce a final document at the end of the pro
ject. 

Figure 2 (below) - Each project member has 
the duty of arranging for preparing. reproducing, 
a~d distributing copies of pertinent material for 
inclusion in the Project Workbook, so that other 
staff members will know of his work as the project 
progresses. These inputs' may be based on (and in 
some cases include) results obtained directly 
from the computer. 
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Figure 4 - A finished flow-diagram photographed 
directly from a Project Workbook illustrates the 
way in which descriptions of complex procedures can 
be produced gradually. This avoids trying to write 
out elaborate, complex procedures all at once and 
under the pressure of close deadlines. 
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Figure 3 - Draft copies of progress reports 
can be made up quite directly from the Project 
Workbook by giving instructions to a typist. Th~ 
progress reports can be substantiated as necessary 
with printouts, etc., from the computer. 

Figure 5 - The computer is the tool used to 
complete a software project. But the Project 
Workbooks are the link between the raw data and 
the meaningful, current answers the customer 
desires. 
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TOWARDS GREATER GENERALITY OF SOFTWARE: 

EXECUTIVES SYSTEMS IN THE SIXTIES 

Herbert S. Bright 
Director, Systems Programming 
Informatics, Inc. 
Bethesda, Md. 20014 

As the software for general-purpose digital computers ap
proaches the end of its second decade, it is clear that the 
dominant trend is towards greater generality. This article will 
briefly report on the development of executive systems, and 
show this trend for that major class of software. 

What Software Is 

The term software has sometimes been used in a broad 
sense to denote anything that isn't hardware. I use it here in 
the narrower context common in discussions of programming, 
to mean programs used by programmers. In this sense soft
ware includes utility and service routines, procedural language 
translators and interpreters, executive control programs, com
mon-use library subroutines, debugging packages, and other 
programs used in the development, debugging, maintenance, 
and control of programs. A unit of such software could be as 
modest as a test-one-bit macro or as majestic as a time
sharing complex that accepts a dozen languages. 

For the purposes of this article executive systems and their 
supporting programs will be considered to include all kinds of 
programs mentioned in the preceding paragraph with the ex
ception of language translators and interpreters. 

Manual Operation 

IN THE BEGINNING (genesis here refers to the first 
stored-program general-purpose digital computation, by M. V. 
Wilkes and his associates at Manchester on EDSAC in 1946), 
all loading, control, operation, and debugging were manually 
performed. All addresses were absolute; all locations for pro
grams and data were pre-specified and fixed. Those early 
machines that permitted overlap of computing and input/ 
output required that it be programmed in detail for each 
instance. 
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The EDSAC group started the trend towards generalization 
by providing generally-available programmed relative address
ing. They later added "B-box" (index register) hardware for 
relative addressing. At this point a programmer could issue an 
address of the form E equals S plus I, where E is Effective 
Address, S is Starting Address, and I is Address Increment. 

Other generalizations were developed rapidly. Many of 
them followed the same pattern as had relative addressing; 
they were first developed and demonstrated in programmed 
form - for complete generality, this required interpretive 
execution of the augmented function - and then they were 
offered as special hardware in the case of functions that were 
used frequently enough to justify the extra cost. Floating
point arithmetic and elaborate input-output functions were 
among the earlier "hardware macros." 

The Closed Subroutine 

By the time the first large-scale commercial computers ap
peared in the early 'fifties, a number of programming tech
niques permitting an orderly expansion and generalization of 
applications had come into wide use. Perhaps the most basic 
of these, the closed subroutine - another legacy from the 
Manchester group - was in use everywhere, and various 
hardware conveniences had been supplied for executing sub
routine jumps and returns. 

The distinguishing feature of this technique is that, unlike 
the open subroutine or in-line macro, its connectivity with the 
calling program is entirely explicit and is specified completely 
in a Calling Sequence. 

The applicability of this idea encouraged many users to 
specify subroutine conventions and characteristics carefully, 
and this permitted subroutines written by one user to be used 
by another merely by careful adherence to the conventions. 
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Widespread sharing of standard subroutines helped to justify 
great interest in User Groups· starting in the middle 'fifties. 
Knowledge that a subroutine could have wide utility encour
aged programmers to plan them with great care and to 
provide more flexibility and generality than would be re
quired for a typical single application. 

Among the earlier packages to be so generalized were input/ 
output subroutines of great flexibility. Some of those distrib
uted through SHARE by early IBM 704 users, for example, 
permitted many kinds of number formats, elaborate conversion 
choices for number bases and' amount of checking provided, 
free-form input formats, and iimited logical capability. 

During the same era other kinds of system software also 
grew rapidly in generality. It still, however, was necessary to 
link and load programs by manual operations that were time
consuming and less predictable than desired. 

In the late 'fifties, the first Batch Monitors were developed 
at Bell Laboratories, General Motors Research, and North 
American Aviation. 

Batch Monitors 

GeQeralization of loading and control capabilities began to 
be realized late in the 704 era with the first of the monitor 
systems. These systems sequenced jobs automatically (in rigid 
sequence as determined manually); they also provided some 
guidance information for operators, and loaded utility and 
servicc routines from magnetic tape as requested, at load time, 
by control lines associated with each program. 

Mcmory allocation for program and data space was still 
rigidly fixed at load time, although the relocatable loaders 
associated with the monitors had permitted programs to be 
generalized as to actual location and compiled relative to 
register zero. 

In this period generalized I/O buffering was first planned 
and eventually gained wide use. It has been said that Mock's 
BufTering was such a great idea that its principles have been 
published as new at least once a year since it was first de
scribed t in 1959. 

One paper::! chronicled in some detail the stepwise progress 
of one user of a new-type machine from the most primitive 
software tools to a rather powerful batch monitor3 particularly 
planned for efficient loading and execution of multiple cases 
of highly-generalized application programs. 

A transition point from Batch Monitors to more general 
kinds of systems was reached with the first systems that pro
vided symbolic file access for both programs and data. 4 

Dynamic Reschedulers 

The Batch Monitors were either executed in "single-phase 
mode":' (i.e., with input, execute, and output phases of each 
job in a batch completed in sequence before the next job 
was started) or in "multi-phase mode"1 (i.e., with input for 
all johs in a batch processed first, then all executes, and, 
finally, all outputs). Yet all suffered from the same lack of 
one generality: jobs were executed in a rigid sequence that 
was detcrmined prior to load time. This caused turnaround 
time (thc time delay between request for and delivery of 
computer service) to be much longer, on the average, than 
till: optimum value;:; for the important case of a workload mix 
consisting of jobs having a variety of run times and requested 
at irregular times. 

I )ynamic Reschedulersfl ,7 attacked this problem directly. 
Till'}' provided generality in the sequence in which a job 
could be started, independent of its arrival time, through 
stacking of input data, control information, and all system 
aJl(I library programs on random-access mass-storage hard-
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ware. They provided software capability for flexible control 
of and access to all waiting jobs. Some such systems processed 
I/O and internal work on the same type of processorfl while 
others7 used special-purpose I/O processing computers. The 
result in all cases was greatly increased flexibility of operation, 
including the ability to apply priority adjustment to waiting 
jobs. This, in typical workload environments, substantially 
improved turnaround time for (a) all jobs, on the average, 
and (b) short jobs, almost with certainty. 

Multiprogramming and Multiprocessing Systems 

The advent of plans and systems to include true multi
programming capability (as defined in references 6, 8, 9) * 
represented another significant step towards greater generality. 
To be operationally and economically attractive, such systems 
must have almost arbitrary interruptibility. This includes: 

• The ability of a processor to be interrupted while I/O 
operations in progress continue independently to com
pletion without loss of control; 

• The capability for more than one program to be exe
cuting a common string of coding or operating upon 
a common data table concurrently (or, for multi
processor systems, even simultaneously); and 

• Memory protection having scope and flexibility far 
beyond what, was considered adequate for the most 
elaborate of earlier program environments. 

The alternative to this high order of interruptibility was 
defined elegantly in 19611::; for the environment of hardware 
and software typical at that time. This involved the treating 
of entire program tasks as entities and enforced essentially a 
general solution of the scheduling problem. But it now seems 
doubtful whether such an approach could have achieved gen
eral acceptability, either operationally or economically. 

A key element in achieving the degree of interruptibility 
outlined above is truly general dynamic storage allocation 
capability.1° With this facility the physical location of pro
gram and data elements in memory is not only not to be spec
ified at load time (i.e., "preplanned storage allocations"), but 
is determined by the Executive at segment load time and may, 
in f~ct, be changed during execution (hence, "dynamic ... "). 

Such capability permits many jobs to be in active status in 
main (directly-addressable) memory at a given time. It also 
permits available memory space to be coalesced by the moving 
of jobs under executive control. Hence, average utilization of 
memory space can be high. 

Multiprocessing capability (in some of the references, less 
conventionally but more descriptively referred to as "multi
processors" capability) consists of generalizing the number of 
central processors that can be associated with all (or almost 
all of) the same memory. It seems clear that, when the major 
problems associated with multiprogramming have been solved, 
the additional ones associated with multiprocessing are rela
tively minor in difficulty.fl,9,14 

In connection with the technically challenging multipro
gramming-multiprocessing developments, we see at once a 
very large step in generality and spectacular improvements 
in system flexibility and efficiency. (9, page 103) The cost-value 
relationship for these technical advances thus becomes more 
perceptible and, more satisfying. 

'::'From Ref. 9: "Multiprogramming is the time-sharing of processor(s) by a 
number of not-necessarily-related programs that are simultaneously present 
in main memory; the number of programs may be larger than the number 
of processors." 

45 



It should be noted here that all of the software technique 
developments discussed in this Section have been contributed to 
in large measure by many military research-and-development 
projects. Although they had proprietary immediate objec
tives, yet they shed light on many problems and have con
tributed to their general solution. In several cases the actual 
development and demonstration of working software was 
performed upon complexes of "conventional" hardware in 
which many of the requisite hardware advances (e.g., high
powered memory-protection facilities) were absent and there
fore had to be simulated in the softwareY; 

IIpublic Utility" Computation 

The most challenging generality of all is perhaps that an 
arbitrary number of remote users of a large system should be 
able to obtain computation service in " ... much the same way 
that the average householder buys power and water from 
utility companies ... ".11 This was first described in pub
lished form in 1958.* 

The conceptual workability of this concept based upon 
time-sharing of a large computing system (see references num
bered 2 and 8 quoted in reference 9 of the present paper), 
and the value of such a facility to a large population of 
users having a variety of interests, has been demonstrated 
in large-scale experiments. These involved the application 
and adaptation of circa-1960 computing hardware to develop
ment and use of large and comprehensive software systems. 

The experiments were successful. They justified the further 
development of hardware-software complexes specifically 
planned to provide the flexibility and economy of operation 
that are required in order to make such systems truly general 
in their applicability. At least two commercial systems have 
been planned and announced,14,17 each in conjunction with 
planning activities of advanced customers. The initial installa
tions are expected to reach operational status during 1966. 

The executive systems planned and now under development 
for these computer systems will presumably provide greater 
generality than any earlier executive systems. Since all of the 
requisite hardware and software features will be available and 
used, the systems should be highly effective. Other commer
cially-available systems, either announced or being prepared 
for announcement will, it is expected, be competitive in scope, 
generality, and performance to the two systems mentioned 
above. 

Several new aspects of generality are already evident in 
those portions of these system plans that have been presented 
to public view. I shall mention only two items as samples 
of the fresh approaches now being planned in order to reach 
beyond the generality that could have been achieved through 
"conventional" implementation techniques. 

In the IBM 360/67 system, it has been announced that the 
source-language debugging capability for at least one major 
com piler language, PL /1, will be enhanced by providing a 
Conversational Package that is largely interpretive in nature, 
i.e., that will translate source language into object code line
by-line at execute time. 

In the MUL TICS System now being developed for the 
GE 645 " ... most of the programming of the system will be 
done in the PL/1 language."13 The developers of this system 

-*Although Reference 11 evidently followed several years' earlier thought, and 
was based upon somewhat earlier unpublished documents, the author orally 
acknowledged prior public remarks on a similar general objective by R. W. 
Berner. 
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recognize that they will pay an initial penalty in loss of 
efficiency because ". . . the initial version of the translator 
generates inefficient object code ... ", but they are willing to 
do so in order to achieve greater flexibility, extensibility, 
maintainability, and generality than would have been possible 
had they written the entire system in assembly source language. 

Conclusion 

From this review of the history of executive systems It IS 

clear that there has been steadily increasing generality in their 
characteristics. This trend, I believe, more than any other 
factor, characterizes the development of Executive Systems 
in the Sixties. 
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Representatives from major computer manufacturing firms 
we)'(~ called to Washington December 21 and told that in
c)'(~asc~d competition in the computer industry will be the 
"prillcipal purpose" of future procurements at the National 
Aeronautics and Space Administration. 

According to one of the industry men who attended, this 
IIH·(~tillg was a direct result of complaints over an $80 mil. 
lioll, COli tract awarded to IBM's Federal Systems Division 
bacl~ ill October, 1965, on a sole-source basis, that is, on a 
nOIl-('olllpetitive basis. This claim is backed up by NASA 
A<illlillistrator James E. ';\'ebb's insistence at the meeting that 
tlw sl·I(~ction procedure was the only choice open to NASA. 
Wc·hb told the meeting that presidents of several computer 
finlls were invited to NASA before October and were told 
abollt the situation at the Manned Spacecraft Center in 
HOII\toll. After seeing how deeply IBM was involved with 
ol)('rat ions there, .Webb said, the presidents agreed with the 
sulc··source decision. 

Thl' all-day session in December began with an introduc
tioll I)y William Rieke, NASA Deputy Associate Administra
tor for Industry Affairs,who reported the preliminary recom
I1wllc\;ttions from a committee formed at the request of 
W(·hl> to review NASA's computer procurement and come 
up ",ith a plan that will increase competition. According 
\0 l{i(~k,:, there are three main reccommendations: 

( I) Annual briefings will be held to inform computer 
Jinlls of NASA's long-range plans, problems, needs for im
pro\'('d system technology and projected procurements. The 
first will he held next May. 

( :.!) Computer finns will be given an opportunity to con
dllct individual briefings for NASA personneL to inform them 
of their own plans, problems and developments. 

(:1) On large or unusual computer procurements with 
rest rictivc requirements, NASA will hold pre-specification 
bl'idings for interested companies before issuing Requests 
for Proposals. 

TI\(' industry spokesman said there was a resounding crash 
of sil"II\'e when NASA officials asked for comments about 
all of this. It seems that there is a good deal of skepticism 
ahout this future "competition" among manufacturers, es
p(,cially about any that might develop at Langley Research 
C"lIt('r, in Hampton, Va., an IBM stronghold for years. 
Lallgley is now working on a large procurement that will in
\'ok,' all integrated computing facility for handling applica
tiol1'; ill analytical and engineering studies, data reduction, 
aJld J'('al-time simulation. The spokesman said it will most 
lik,·ly go to IBM. 
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He was more hopeful about another procurement in the 
works - probably much larger - at Marshall Space Flight 
Center, in Huntsville, Ala. February 21 is the deadline for 
proposals on hardware and software that will make up the 
"third generation" computing system to replace existing com
puters at Marshall and at Slidell, La. NASA has dozens of 
computers at these sites, not all from IBM, and the compe
tition should be keen for this contract. 

The impression in Washington about· future NASA pro
curements seems to be a cautious hopefulness for companies 
other than IBM. 

A system to evaluate conventional tactical weapons by 
simulation will be installed over the next year at the Air 
Force Air Proving Ground Center, Eglin Air Force Base, 
Fla. Raytheon Company was recently awarded an $11 million 
contract for the system as prime contractor. Subcontractors 
include the IBM Federal Systems Division, Hayes Interna
tional Corp., and Vitro Corp. 

The \Veapons Effectiveness Testing Instrumentation Sys::' 
tern, as it is called, will simultaneously monitor multiple 
engagernents during a simulated battle in a combat· zone 
100 miles in diameter and· up to 70,000 feet in. altitude. ' 

Changes in position and activities of attacking and. de~ 
fending aircraft, vehicles, missiles, artillery, rockets, and other 
weapons in the area will be recorded instantly on a display 
board~ Air Force monitors will be able to follow the battle 
ccmditions as they occur. 

In addition to the display, the system will consist of com
puters, sensors, and communications equipment. 

A White House task force has begun a study of ways to 
improve the storage and retrieval of Federal Government 
statistics. A report to the Budget Bureau Director is. expected 
from the group early this year. 

More than 20 separate Government agencies currelltly col
lect and publish statistics. To use this information more 
effectively, the White House said a number of major changes 
will have to be made, including the establishment of st,m
dards and some form of easy access to available,but un
published data. 

JAMES TITUS 
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BASIC RESEARCH IN SOFTWARE 

Dr. I van Flores 
Brooklyn, N.Y. 

There is a dearth of basic research in software. 
By basic research I mean research directed not towards a 

specific system but towards understanding the general prin
ciples of design, structure and use. 

Of course many systems programmers flourish, and 
they are doing much useful work, but it is useful in a 
pragmatic sense. Their work is directed towards present 
needs and immediate uses. The problems they attack are to 
make software for new equipment. Or, they are trying to 
design better software for existing equipment. Even workers 
connected with the universities are directing their atten
tion to pragmatic problems: making compilers or super
visors which the manufacturer has not supplied, or improv
ing running or compiling time on existing systems. 

Is No Research Being Done? 

It would be wrong for me to imply that there is no basic 
research in software going on. The most active field, as 
we all know, is in the area of formal and natural lan
guage. Frontiers are being pushed forward, but this is a 
long, hard struggle. More important, though, research in 
these areas is not research in the basic principles of pro
gramming systems organization. 

It is true that research is going on in the precincts of the 
manufacturers. They realize that some theory must be de
veloped if improvements are to be made in their software 
packages. However, what research they are doing is closely 
guarded, for its considerable economic value is realized, and 
it is feared that it could be profitable to other manufacturers 
or software dealers. As far as I know, practically no re
search of a similar nature is going on at universities. 

The computer user will benefit from this type of activity 
only in the sense of slightly improved software; the basic 
principles may not be common knowledge for a long time. 

What Is Needed? 

Research should be done to further understand each of the 
five major software areas: 

- translation 
- supervision 
-loading 
- editing 
- input-output executives 

Each of these packages can become quite complicated. 
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For each package we should first know what tasks are 
specifically performed. At a second level, we should know 
what options are available: this includes options which are 
required in some designs and those which are luxuries in all. 

After the needs of the users are stated precisely, a full 
examination of how they are met by all currently available 
software gives at least a start towards a compendium of 
methodology. 

We should know the advantages and disadvantages of 
each methodology for each task for each software package. 
Of course advantages are contingent upon use and extensive
ness of needs. All of these factors interrelate and depend 
upon hardware as well as software. A few of the contin
gencies are: 

- speed of the computer 
- size of the memory 
- extensiveness of tasks 
- installation policies 

Theory 

The ultimate goal of research of course is to obtain a 
unified theory. A theory of software design needs to be 
preceded by a theory of programming design and opera
tion. The nature of a programming theory is a question 
which is open to argument. It seems to me that program
ming theory should incorporate the topological concepts of 
graph theory, but that we should not expect too much 
exactness at the outset. 

Why Aren't We Doing Basic Software Research 
and Building Theory? 

Probably there are a number of reasons why there is in
sufficient basic research in software. There may be too 
few computer scientists. The field is perhaps dominated by 
workers whose interests lie in the pure sciences, who are 
more interested in the particular problems they arc try
ing to solve rather than the general tools for solving the 
whole class of problems. This might explain why the uni
versities are not pursuing much basic research in computer 
software. At the universities people who have contact with 
the computer are usually more interested in solving problC'llls 
in physics, mathematics, chemistry, etc., and arc less inter
ested in problems of computer programming jJer Sf. 

(Please turn to page 54 ) 
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AUTOMATIC W-AREHOUSING AND 
INVENTORY CONTROL 

Rcnzo Dallimonti 
Honeywell Inc. Philadelphia Diu. 
Philadelphia, Pa. 

This article discusses the current status of automatic ware
housing and automatic inventory control. This field is one of 
the 11l~W('r areas to which automatic control concepts and 
COlllIHIIt'r concepts have been applied; so, some general back
ground information has been included. 

Vil'lllally all producers of manufactured products must 
maintain a supply of raw materials and finished goods called 
inventory. These goods are conventionally stored in a space 
called a warehouse. The purpose of inventory is to provide 
bette\, delivery, customer service and a balanced production 
cffici(·JIl'Y· 

Figures 

In a typical manufacturing company, appproximately one
third to one-half of the firm's total assets are invested in 
inVl'ntories. Moreover, approximately 13 cents of every sales 
clolla I' is spent in the physical movement and storage of the 
prodllct. There are over 200,000 large warehouses in the 
Unit(,d States today, employing over 2 million people at an 
annual operating cost of more than $20 billion.13 It is, 
tiH'rd()\'(', not surprising that the automation of inventory 
policies and material handling are receiving top management 
all('nt i()n.~ 

Automated Warehousing 

'1'111'1'1' is no generally accepted definition of automated 
wal'l-hollsing. For many it means a computer-controlled oper
atioll ",ith no people, while more often in the last five vears 

Rcnzo Dallimonti is manager of product planning for 
tIll' Philadelphia Division of Honeywell, Inc., and has 
1>('('11 with the company since 1948. This division was 
fO\'llH'rly the Brown Instruments Division. He is a 
nati\'e of Philadelphia; he holds the degrees B.S.M.E. 
and M.S.E.E. from the University of Pennsylvania. He 
i" a member of the Applications Committee of the 
.. \lIwrican Automatic Control Council. 
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it has meant increasing use of mechanization in the handling 
and storage of product. For' purposes of this report we have 
examined automatiQn from the view of automatic control 
concepts applied to the problems. By definition, then, we have 
looked for demonstrations of dynamic feedback and feed~ 

forward. An automatic warehouse tries to integrate the 
necessary information flow required for operating business de
cisions in a closed loop with the physical handling and storage 
of the product. Such a restrictive definition, therefore, deliber
ately excludes most cases which are purely open loop mecha
nizations of manual operations. 

The warehousing and inventory function is part of a total 
system for managing the quantity and flow of materials. It 
has been pointed out that while the traditional goals of 
process control have been the attainment of specified product 
quality standards, in this field we are dealing with the control 
of quantity standards.5 Thus, one finds such terms as "Auto
matic Material Control"13 and "Dynamic Quantity Control"3 
used .to convey the concept. 

Basic Warehouse Loop 

A simplified block diagram of the total system is shown in 
Figure 1. Viewed in this way, the ideal automatic warehouse 
involves as much a system of data processing procedures 
and communications as it does materials handling and control 
hardware. 

Management Inventory Strategy 

Of particular significance is the Management Inventory 
Strategy. Inventory strategy has received a considerable 
amount of attention by researchers in the field of Operations 
Research. A scanning of the journals of the OR groups 
shows a number of rather sophisticated studies in production, 
inventory, and distribution control concepts. However, it is 
probably correct to say that not much of this work is clearly 
recognizable in practice. 

The problem is made difficult by the fact that inventory 
management rests ultimately on a high degree of prophecy. 
That is, some management decision process must first predict 
demand for the product, the mix of models to be supplied, 
and the outlook for the future costs of material and labor. 
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Furthermore, judgments must be reached on the economic 
value of alternative delivery schedules versus customer satis
faction; and the cost of delivery fall downs must be weighed 
in terms of their impact on future business and customer 
relations. It is evident that a great deal of management 
intuition is an inherent part of the full inventory and ware
housing control loop. Consequently, there exists a considerable 
literature reporting on techniques of economic and business 
trends analysis, as well as many sales forecasting methods. 
No attempt however is made to cover these developments 
here. 2 ,4,D 

Functions 

The Accounting and Data Handling function must collect, 
organize and communicate essential information for decision 
making. In many cases the data handling system itself 
makes the routine decisions. The primary accounting func
tions are: 

1. Customer order entry 
2. Inventory records 
3. Re-order point control 
4. Production scheduling 

Economic 
Trends 

Operating 
Management~----- Operating 

Data 

Sorting 

Dispatching 

Storage 

Picki ng 

Accumulation 

Loading 

Shipping 

Sal~s 
Predictions 

Warehouse 

Functions 

Figure 1 -- Three major elements comprise 
this system. 1. A management inventory policy. 
2. Accounting and data handling procedures. 
3. Physical materials handling operations. 
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5. Invoicing and billing 
6. All data logging and processing 
7. Special and periodic reports 

The Materials Handling Operation is important both in the 
production stage and the warehouse stage. Since we are 
dwelling on the warehouse and inventory aspects, we will not 
consider physical handling in the production area. 

When the product enters the warehouse, it proceeds 
through a number of physical handling steps listed in Figure 
1. Usually the product enters as a random sequence of items. 
These will differ in size, type, weight, and product class. 

S orting involves the selection of like products from the 
array flowing by. 

Dispatching involves the transportation of the sorted items 
to a storage point in the warehouse where they are left until 
needed. 

Storage is the handling and ,depositing of product to an 
assigned space within the product storage area. 

Picking is the physical collection from storage of the items 
comprising the order to be satisfied. 

Accumulation is the collection at one point of all items 
picked for an order. 

Loading is the final packing and transporting of accumu
lated orders to the shipping dock. 

Shipping is the ultimate step of removing the product 
from the warehouse via some transportation vehicle. It also 
involves the generation of records indicating a product is on 
its way to the customer. 

We can now redefine the ideal automated system as one 
that has tied together in a closed loop all the functions of 
Figure 1. The distinguishing feature between automation and 
mechanization is the ability of the automated system to make 
decisions and possess some memory that permits it to evaluate 
changing conditions over a period of time. Its computing 
and control centers are on-line, receiving feedback signals 
from sensors throughout the plant. If this view is taken very 
rigorously, there is prob'lbly only one installation in the 
country that presently meets these criteria. 20 However, there 
exist quite a few installations that have taken large steps to 
implement portions of this concept.27 

The First Step in Automation 

One of the first steps generally taken is to automate the 
data handliiIg and a'ccounting functions. The tremendous 
acceptance of the digital computer and its assorted peripheral 
equipment has made available quite a broad assortment of 
machines for sales order and inventory data manipulation. 
Most companies with sales in the millions have adopted 
punched card or tape with automatic collating and reading 
techniques in the handling of incoming orders. These pro
cedures usually carryover to the production control and ware
housing operations. Even when such mechanizing of data 
exists, it does not always follow that a digital computer is 
involved or justified. 

I nventory Control 

As more and more data becomes accessible by these means, 
more sophisticated approaches to production planning become 
feasible, and some rather complex systems of inventory man
agement have evolved.2 ,r. Basically, they all cope with the 
same questions: 

1. What is the predicted future usage of stock? 
2. At what rate is present stock being exhausted? 
3. When should new quantities be reordered? 

COMPUTERS and AUTOMATION for February, 1966 

'. 



Cost 
Cos t of Ha vi ng 

Economic Order Point 
(EOQ) 

Cost of Getting 

Quantity 

Figure 2 

4. How much shall be re-ordered? 
5. What is optimum inventory level? 

The questions boil down to when and how much? 
Underlying the answer is a prophecy about the future. 

However, given a prediction, a system can then be automated 
to compute optimum economic order quantities - called 
EOQ. At present, a vast number of concerns arrive at such 
points through graphical and tabular aids. Once automatic 
tabulating and collating systems are adopted, however, pro
duction control can be highly automated. 

Tlw concern for EOQ is a recognition that inventory and 
warehousing policy involves two sets of costs. First there is 
the "cost of getting" and then the "cost of having." The 
trend of such costs with quantity are shown in Figure 2. 

Thus, we have a minimization problem that the system 
must cOJltinuously solve. It can be seen from the nature of 
the variables entering into such a computation how the suc
cessf\ll automation of a warehousing operation should inte
grate with the total business operation.G,9 The potential for 
savings in cost and investment seems impressive. For example, 
it has heen estimated that over the past 10 years, the "cost 
of having" has increased from 18% of inventory value to 
25<;;1. Much work remains to be done in this field, particularly 
froll1 tlw viewpoint of a dynamic system of variables. 

Materials Handling 

Rl·gardless of the system used to determine the selection 
and rate of flow of products to inventory, there is a materials 
handling problem which starts at the door to the warehouse. 
The operations of sorting, storing, picking, etc., involve a con
siderablc amount of product handling requiring much human 
intervention. Tremendous strides have been taken in the 
past 10 years to mechanize most of these operations. Thus, 
we SI'C increasing use of automatic palletizing and conveyor 
transport systems. Lifting and carrying is being done with 
stackl'r cranes, fork lift trucks - radio operated or push 
buttoJl operated from consoles. Electronic intercom and 
tl'1evision monitoring is increasing. The warehouse laborers' 
joh is heing gradually upgraded from the strong back and 
1I111sck stage to the console operation stage. 

Warehouse Classification 

WardlOuses can be simply categorized into three types, 
according to equipment patterns employed.27 

1. Rack/conveyor - For carton and case goods. Highly 
conveyorized with gravity racks and chutes. 

:!. Pallet/rack/stacker retriever - Palletized loads in 
layers. Automatic replenishment and picking. Controls 
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by push button, punched card or tape. 
3. Overhead crane /suction retrievers - Palletized loads in 

layers. No racks required. High storage density. Con
trols by push button, punched cards or tape. 

The automation of these systems may employ logic controls, 
computer controls, or a combination of both. Logic control 
systems tend to be an "open loop" type of control wherein 
the designer has rigidly locked in a sequence of operations. 
These systems tend to be rigid and do not readily respond to 
changing conditions. By introducing a computer with mem
ory capacity, a system is created which can calculate the 
best way to do things and respond to a variety of alarm 
conditions and other non-routine contingencies.28 

The industry of warehousing and materials handling has 
been slow to exploit the concepts of total automatic 
control. 30 This is due to a variety of reasons: 

1. Mechanizing of materials handling is costly, and the 
design requirements are severe to meet the variety of 
shapes and sizes to be handled. 

2. Automated systems must have flexibility to meet chang
ing conditions. 

3. Systems must be able to handle a vast number of 
storage and shipment combinations. 

4. Proper interfacing between control equipment, elec
tronic data processing systems, and mechanical handling 
equipment has not been appreciated until recently. 

"Recent developments in process computer designs and 
collaboration of materials handling equipment designers with 
control equipment designers has led to significant progress. 
The lower cost, general purpose, process computer has made 
more feasible the concept of automated warehousing. 

Fully Automated Warehouse 

A fully automated warehouse would fill orders and re
plenish its stock automatically in accordance with a manage
ment inventory policy, taking care of all the details of data 
processing and materials handling. The means for implement
ing this concept exists today. The motivation for doing so is 
increasing. However, there is a wide spread between full 
automation and no mechanization at all. The justification 
for full automation will, of course, be almost entirely eco
nomic. A great deal of variability in approach is possible 
since significant improvements can be made just by automat
ing specific problem areas. For example, removing one bottle
neck can be equivalent to an expansion in warehouse 
capacity. 

Selected Examples of Warehouses 

Existing warehouse installations in the United States pro
vide a wide spectrum of automation applications. There 
are thousands of systems for automatically breaking down 
incoming loads and dispatching them to storage; also 
thousands which consolidate and deliver the orders. There 
are only a few that approach full automation of materials 
handling. Some of the more advanced installations are de
scribed below. 

Kitchens of Sara Lee, Deerfield, Illinois 

This installation2o ,31 represents the most advanced ap
proach to completely automatic production, warehousing and 
inventory control. It is the first application in the food 
industry of a digital computer-directed control system for 
processing and quality control and, at the same time, the 
first application anywhere of a computer to direct and con-
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trol completely mechanized functions of a warehouse. 
Because this system is the only installation known which 

virtually integrates all functions of Figure 1, it will be 
described in more detail than the rest. This system is under 
on-line computer control with closed-loop feedback from in
ventory strategy, to scheduling and baking of cakes, to the 
handling and control of process materials, to the final storage 
and shipment of products to order. 

This unique bakery-warehouse-office covers an area of 
500,000 square feet, has a production potential of over 1 
million cakes daily, and freezer-storage space for 7,800,000 
cakes. The warehouse freezer space is maintained at minus 
lOoF and is completely mechanized for sorting, picking, 
accumulation and shipping of product. 

Two computers are tied together via magnetic tape. The 
central data processing computer determines the order and 
shipping schedules each day and generates a schedule tape for 
the process computer which then directs the process and 
warehouse operations in accordance with business require
ments. In turn, the process computer then provides the busi
ness office with a continuous warehouse inventory record, 
what types of products moved in and out, what freezer space 
is available and how much of each product has been baked. 

Other functions performed by the process computer are: 

1. Signals and controls the amount of liquid and dry 
ingredients to be added to batch operations. 

2. Monitors storage amounts of all liquid and dry 
ingredients. 

3. Controls batch blending in accordance with stored 
recipes. 

4. Computes and monitors time cycles, oven temperatures 
and conveyor speeds. 

5. Counts baked products. 

Product leaving the computer-directed baking process is 
then automatically loaded on pallets by special suction-lift 
palletizing cranes and ejected onto a main conveyor line. As 
the pallet enters the warehouse, a photo-reader reads and 
checks the contents, providing a check against the computer 
memory. The computer thereafter keeps track of every 
movement and location of that pallet until shipment. The 
computer then decides where to store. At the proper storage 
aisle the input registers of logical controlled stacker cranes 
are set to receive the correct pallet. The stacking crane 
returns to a home position where it finds the load and 
delivers it to the proper storage bin. 

As product is ordered out, the computer redirects stacker 
cranes to pick up product on a "first-in," "first-out" policy. 
Conveyors then deliver units to accumulation and thence to 
the shipping docks. 

Colgate-Palmolive Co., Jersey City, N. J. 

In five years this company:!5 has installed three highly 
automated warehouses. Its latest is in Jersey City and the 
most sophisticated: 
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o Handles 18,000 cases per shift. 
o Product mix, 350 items. 
o 75% of cases automatically dispensed from storage lanes 

by punched cards. 
• 10% of cases are manually picked. 
o Automatic storage lanes replenished by pallet truck. 
• Accumulated orders automatically delivered to shipping 

docks. 
o General purpose computer is on-line through sensor net

work of photocells, gate switches, and other detectors. 
• Customer-order data supplied by punched cards. 

Naval Supply Center, Oakland, Calif.:!l 

This is the latest step in the Navy's automatic materials 
handling program. The Naval Supply Center extmds auto
mation to the handling of receipts, sorting, replenishment 
and accumulation. 

o Handles 12,000 items per shift. 
o Product mix, over 750,000 items. 
o Picking is done manually. 
o All items loaded in standardized tote boxes. 
o Moving belt conveyor system. 
o Tote boxes identified by number cards which are read 

by sensing devices along the conveyor. 
o All traffic and order analysis, controlled by on-line 

computer and data processing center. 
o Television scanning of conveyors for troubles. 

Genesco Inc., Nashville, Tenn. 

This is an example of selective automation with manual 
operations. It is basically a computer-directed warehouse, 
for 3.2 million pairs of men's shoes. 

o Receives and stores 50,000 pairs a day. 
o Picks and ships 40,000 pairs in 8 hours. 
o Uses special-purpose sorting computer. 
o General-purpose computer plans shipments, maintains 

inventory records, schedules stock replacement and as
signs storage bins. 

o Sorting is done automatically by computer. 
o Picking is done manually. 
o Photoscanners read contents of passing boxes. 

Consolidated Cigar Corp., Port Newark, N. J. 

This warehouse provides automatic receiving, sorting, and 
shipping of cartons of cigars.24 

o Handles 480 cartons per hour or 5 million cigars daily. 
o Automatic stacking towers store and pick cartons, via 

operator console remote from storage. 
o Product touched by human hands only as received and 

at final shipment. 
o No computer. 

International Business Machines, Poughkeepsie, N. Y. 

The central materials distribution center of IBM, at Pough
keepsie, N. Y., is primarily an advanced example of data 
processing systems to handle the accounting functions for run
ning a $12 million dollar inventory of 40,000 active parts. 

o Handles 900-1000 receipts per day. 
o Issues 7000 items daily. 
o Goods dispatched to storage areas by tow-line trucks 

under automatic control. 

These examples are not intended to be exhaustive, hut 
represent a selection of those installations which have pio
neered in the implementation of modern warehouse automa
tion. They illustrate the application of many of the principII'S 
discussed earlicr. 

Conclusion 

If we consider the automated warehousing system as OI)(~ 

which automatically scans incoming orders, adjusts produc
tion and inventory levels, directs mechanized warehouse func
tions of sorting, storage, picking, accumulation and shipping, 
then there are at most a half a dozen installations currently 
in the United States that approach this ideal. 

However, with the advent of the low-cost process com
puter, and with the newer designs of control-compatibl(~ 

materials handling equipment, there will be increasing at
tention to the application of closed-loop control concepts to 
inventory control, production control and materials handlillg. 
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KURTZ - NEW DEMANDS 
(Continued from page 13 ) 

Standardization Needed 

Although the problem of standardizing languages has been 
shown to be extremely difficult, yet more work in that di
rection still needs to be done. As much as possible, software 
must be interchangeable betwee~ different computer sys
tems, especially those of different manufacturers. It is too 
vast an economic waste to have to reprogram entire huge 
software systems every time a new line of hardware is 
brought out. This is not to suggest that a single, super
software system completely compatible with all hardware 
should be considered, or is even possible. But compilers, file 
maintenance systems, and business systems should be writ
ten, as far as possible, independently of particular machine 
configurations. We now have several reasonable machine
independent de facto standard languages: languages for ex
pressing numerical algorithms (FORTRAN, ALGOL); a 
language for expressing programs that involve mainly file 
manipulation and input-output (COBOL); and even a new 
language especially designed for amateurs of all ages (BA
SIC). 

What is needed is a new language for expressing software 
systems: compilers, assemblers, file maintenance programs, 

FLORES - BASIC RESEARCH 
(Continued from page 48 ) 

On the other side of the picture, the manufacturers appear 
to be engrossed in the practical problems of mass-producing 
software for mass-produced computers. Deadlinrs and the 
shortage of warm bodies are the main roadblocks to their 
effort. 

Who? 

If the manufacturers are too busy with practical prob
lems, and the universities are too busy with problems of 
science, who is to do basic research in computer software? 

The responsibility under these conditions falls on all of 
us, and we can each act, according to our role in the field, 
to further basic software research. 

If you are a user, you can make it your responsibility to 
kno\v just what is the system you use: you can probe deep
ly and demand to know how it acts and why the partic
ular alternatives were adopted. 

If you are a system programmer and design software for 
a manufacturer, you can ask. how the design objectives were 
chosen, examine closely the procedural details, question why 
alternatives were not preferred, and strive for complete 
documentation. 

Above all, you can follow the policy that, as for any 
other science, secrecy is anathema, and that the interchange 
of knowledge can help you more than secrecy can delay your 
competitor. 

If you are a government research worker, you can foster 
basic software research by guiding grants to stimulate uni
versities and independent agencies in an area which will 
bring wide dividends in the use of computers. 

Finally, if you are a mathematician, you can consider that 
the software of computer science, the programming and 
logical design of computers, are fit subjects for mathematical 
investigation. They call for the development of adequate 
and powerful theory. 
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and supervisors. This language might well be a list process
ing language with string· handling and some arithmetic 
capabilities. It might even be a combination of existing 
languages. But it should be one that can take over most 
of the coding now done in symbolic machine language and 
at the same time be hardware-independent. Of course, a 
certain portion of every software system wiII have to be 
handled in the fundamental machine language of whatever 
computer is involved, but this should be kept to a barr 
minimum. 

Such a common language would permit installations to 
exchange systems programs even though their computers had 
incompatible machine codes. If a large number of instal
lations adopted an efficient input-output supervisor, for in
stance, that would improve greatly their software situation 
without requiring extensive systems re-programming efforts. 
A standardized language for software systems is one possible 
approach to the shortage of systems programmers, just as 
FORTRAN helped solve the shortage of application pro
grammers. Finally, the development and use of huge com
puter-utility complexes may be impossible without some 
standardization (including a standard language) for software 
systems. 

READERS' AND EDITOR'S FORUM 
(Continued from page ·18 ) 

Computer people are men. 
Therefore, computer people should be responsible citizens. 

The social problems which beset the world seem to be tech
nical problems - not in the sense that we lack technology to 
solve them, but rather that we lack techniques for translating 
our good intentions into effective actions. Society is trans
formed by making ideas concrete. It is important for social 
preservation to keep good ideas and even lofty ideals in public 
currency, for if they are lost there will be nothing worthwhile 
to translate into reality. Computer people although especially 
gifted in implementing the abstract are no better than others 
at changing an "ought" into an "is." Yet even we should at
tend to the vexing problem of translating social goals into 
social realities. 

We are a long way from over-emphasizing the social respon
sibilities of computer people, many of whom have privileged 
knowledge of special problems. 

KEEP PLUGGING! 

III. From Richard A. Erlanger 
Utica, N. Y. 

The computer is man's first encounter outside himself with 
something that is exactly like some inside part of hilllself, 
and, accordingly, the social responsibilities of its adherents 
are unique as well. Fear has always stymied progress, and 
fear is the computer's greatest enemy. Perhaps the greatest 
responsibility of computer personnel is to help alleviate this 
distrust. 

Increased emphasis should be placed on educating the pub
lic, and management as well, to the true powers of the digital 
computer, its capabilities and its failings. The fear that springs 
from ignorance m·ust be eradicated by capable and interested 
computer personnel who will assume this unique social 
responsibility. 
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Programmers: 
Let's take 
a look at 
your future. 

COMPUTERS and AUTOMATION for February, 1966 

Programmers at IBM enjoy 
professional status. Get full 
support from management. Work 
closely with systems designers. 

As an IBM programmer, you'd 
rub elbows with the profession's 
leaders. Be exposed to all 
aspects of advanced programming. 
Have an active part in helping 
to advance the frontiers of 
programming knowledge. 

You'd get the chance to grow. 
Take on new responsibility. And 
realize all the accompanying 
rewards. You'd enjoy continuing 
career-oriented assignments. 

Soon, IBM programmers will be 
writing control programs for 
post-lunar launches. They'll 
develop time-shared systems for 
overlapping missions. They'll 
work on multiprocessors, dynamic 
storage allocation, and adaptive, 
self-organizing systems. 

They'll even use computers to 
design other computers. But 
that's in the future. Your 
future with IBM. Let's talk 
about now. 
We have immediate openings in 
our Federal Systems Center in 
Bethesda, Maryland. These posi
tions require a B.S. or B.A. 
degree, or equivalent, and at 
least one year's experience in 
programming. To learn where 
your programming talents could 
take you in IBM's Federal Systems 
Center, mail the coupon today. 

We'll contact you within a week. 
IBM pays relocation expenses. 
An Equal Opportunity Employer. 

Mr. J. B. Farrington 
Dept. 539-0 
IBM Federal Systems Center 
7220 Wisconsin Avenue 

IBM 
Bethesda, Maryland 20014 

I am interested in career 
opportunities in programming at IBM. 

Name 

Address 

City 

State Zip Code 

Designate No. 12 on Readers Service Card 

® 
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MONTHLY COMPUTER CENSUS 
The number of electronic computers installed or in produc

tion at anyone time has been increasing at a bewildering pace 
in the past several years. New vendors have come into the com
puter market, and familiar machines have gone out of production. 
Some new machines have been received with open arms by users -
others have been given the cold shoulder. 

To aid our readers in keeping up with this mushrooming ac
tivity, the editors of COMPUTERS AND AUTOMATION present this 
monthly report on the number of general purpose electronic com
puters of American-based companies which are installed or on 
order as of the preceding month. These figures included instal
lations and orders outside the United States. We update this 
computer census monthly, so that it will serve as a "box-score" 

of progress for readers interested in following the growth of 
the American computer industry, and of the computing power it 
builds. 

In general, manufacturers in the computer field do not 
officiallY release installation and on order figures. The fig
ures in this census are developed though a continuing market 
survey conducted by associates of our magazine. This market 
research program develops a documented data file which now cov
ers over 85% of the computer installations in the United States. 
A similar program is conducted for overseas installations. 

Any additions, or corrections, from informed readers will 
be welcomed .• 

AS OF JANUARY 10, 1966 
NAME OF 

MANUFACTURER 
Advanced Scientific Instruments 

Autonetics 

Bunker-Ramo Corp. 

Burroughs 

Clar 
Computer Control Co. 

Control Data Corporation 

Digital Equipment Corp. 

El-tronics Inc. 
Electronic Associates Inc. 
Friden 
General Electric 

Honeywell Electronic Data Processing 

56 

NAME OF 
COMPUTER 

ASI 210 
ASI 2100 
ADVANCE 6020 
ADVANCE 6040 
ADVANCE 6050 
ADVANCE 6070 
ADVANCE 6080 
RECOMP II 
RECOMP III 
BR-130 
BR-133 
BR-230 
BR-300 
BR-330 
BR-340 
205 
220 
E101-103 
B100 
B250 
B260 
B270 
B280 
B300 
B5000/B5500 
88500 
DE-60 DE-60M 
DDP-24 
DDP-1l6 
DDP-124 
DDP-224 
G-15 
G-20 
LGP-21 
LGP-30 
RPC-4000 
160*/160A/160G 
924/924A 
1604/1604A 
1700 
3100 
3200 
3300 
3400 
3500 
3600 
3800 
6400 
6600 
6800 
PDP-l 
PDP-4 
PDP-5 
PDP-6 
PDP-7 
PDP-8 
ALWAC IIIE 
8400 
6010 
115 
205 
210 
215 
225 
235 
415 
425 
435 
625 
635/645 
H-120 
H-200 
H-400 
H-800 
H-1200 
H-1400 

SOLID 
STATE? 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
N 
N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
Y 
Y 

semi 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

AVERAGE MONTHLY 
RENTAL 
$2850 
$3000 
$2200 
$2800 
$5000 

$10,500 
$7000 
$2495 

1495 
$2000 
$2400 
$2680 
$3000 
$4000 

7000 
$4600 

$14,000 
$875 

$2800 
$4200 
$3750 
$7000 
$6500 
$8400 

$20,000 
$200.000 

525 
$2500 
$900 

$2050 
$3300 
$1000 

$15,500 
$725 

$1300 
$1875 

$1750/$3400/$12,000 
$11,000 
$45,000 

$2200 
$7350 

$12,000 
$15,000 
$25,000 
$30,000 
$58,000 
$60,000 
$40,000 

$110,000 
$140.000 

$3400 
$1700 
$900 

$10,000 
$1300 
$525 
1820 
7000 
$600 

$1375 
$2900 

$16,000 
$6000 
$8000 

$10,900 
$7300 
$9600 

$14,000 
$41,000 
$45.000 

$2600 
$5700 
$8500 

$22,000 
$6500 

$14,000 

DATE OF FIRST 
INSTALLATION 

4/62 
12/63 
4/65 
7/65 

10/65 
10/65 

1/66 
11/58 
6 61 

10 61 
5/64 
8/63 
3/59 

12/60 
12 63 
1 54 

10/58 
1/56 
8/64 

11/61 
11/62 
7/62 
7/62 
7/65 
3/63 
2/67 
7 60 
5 63 
4/65 
2/66 
3/65 
7/55 
4/61 

12/62 
9/56 
1/61 

5/60;7/61;3/64 
8/61 
1/60 
5/66 

12/64 
5/64 
9/65 

11/64 
6/66 
6/63 
1/66 
1/66 
8/64 
4/67 

11/60 
8/62 
9/63 

10/64 
11/64 
4/65 
254 
6 65 
6/63 

12/65 
6/64 
7/59 
9/63 
4/61 
4/64 
5/64 
6/64 

10/64 
12/64 
12/64 

1/66 
3/64 

12/61 
12/60 
2/66 
1/64 

NUMBER OF 
INSTALLATIONS 

24 
6 
5 
3 
o 
1 
o 

48 
10 

158 
13 
15 
38 
34 
20 
52 
43 

150 
110 
95 

215 
150 
110 
60 
48 
o 

347 
70 
36 
o 

16 
311 

23 
100 
300 

50 
450 

30 
58 
o 

58 
90 

2 
16 
o 

49 
o 
o 
6 
o 

60 
55 

112 
10 
36 
92 
21 

2 
319 

5 
42 
52 
54 

138 
61 
90 
50 
20 
11 
4 
2 

710 
122 
86 
o 

12 

NUMBER OF 
UNFILLED ORDERS 

1 
1 
4 
6 
3 
6 
o 
x 
X 
5 
4 
X 
X 
X 
X 
X 
X 
X 

28 
4 

16 
13 
17 

100 
10 

1 
4 
8 

45 
9 

15 
X 
X 
X 
X 
X 
1 
X 
X 

27 
35 
18 
35 
18 
4 

10 
16 
11 
9 
4 
X 
2 
1 
6 

44 
302 

X 
6 

179 
410 

8 
X 
2 
2 
8 

60 
50 
25 
25 
28 

270 
130 

5 
3 

42 
1 
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NAME OF 
MANUFACTIJRER 

Honeywell (cont'd) 

IBM 

NAME OF SOLID AVERAGE MONTHLY DATE OF FIRST NUMBER OF NUMBER OF 
COMPUTER STATE? RENTAL INSTALLATION INSTALLATIONS UNFILLED ORDERS 

H-1800 Y $30,000 1/64 16 6 
H-2200 Y $11,000 1/66 0 44 
H-4200 Y $16,800 2/66 0 8 
H-8200 Y $35,000 3/67 0 1 
DATAmatic 1000 N $40,000 12/57 4 X 
305 N $3600 12/57 168 X 
360/20 Y $1800 12/65 15 4000 
360/30 Y $7200 5/65 600 3200 
360/40 Y $14,500 4/65 450 900 
360/44 Y $12,000 9/66 0 400 
360/50 Y $28,000 8/65 20 360 
360/60 Y $48,000 1/66 0 9 
360/62 Y $55,000 1/66 0 5 
360/65 Y $46,000 11/65 2 110 
360/67 Y $49,000 9/66 0 22 
360/75 Y $78,000 2/66 0 70 
360/90 Series Y $140,000 6/67 0 6 
650 N $4800 11/54 250 X 
1130 Y $850 11/65 25 1900 
1401 Y $4500 9/60 6650 180 
1401-G Y $2000 5/64 1220 60 
1410 Y $14,200 11/61 735 25 
1440 Y $3300 4/63 2600 250 
1460 Y $9000 10/63 2200 200 
1620 I, II Y $2500 9/60 1700 20 
1800 Y $3700 1/66 0 140 
701 N $5000 4/53 1 X 
7010 Y $22,600 10/63 180 30 
702 N$6900 2/55 8 X 
7030 Y $160,000 5/61 7 X 
704 N $32,000 12/55 39 X 
7040 Y $18,000 6/63 115 8 
7044 Y $35,200 6/63 115 20 
705 N $30,000 11/55 61 X 
7070, 2, 4 Y $27,000 3/60 340 7 
7080 Y $55,000 8/61 75 X 
709 N $40,000 8/58 11 X 
7090 Y $63,500 11/59 44 1 
7094 Y $72,500 9/62 125 6 
7094 II Y $78,500 4/64 105 20 

lIT 7300 AOX Y $18,000 9/61 9 6 
~Mo~n~r-o-l!~C~';~II-c-u~la-t~i-ng~M~a-c~hl~'n-e-=Co-,--------~M~0~n~ro~b~0~t-~I~X~----~N--~S~0~1~d~0~n~1~y~-~$~5~80~0~------~3~/~5~8----------~1~5~0------------~X~-------

National Cash Register Co, 

Phi lco 

Radio Corporation of America 

Raytheon 

Scientific Control Systems 

Scientific Data Systems Inc, 

Systems Enuineering Labs 

UNIVAC 

x = no lonuer in production, 

Monrobot XI Y $700 12/60 580 100 
NCR - 304 Y $14,000 1/60 26 X 
NCR - 310 Y $2000 5/61 42 X 
NCR - 315 Y $8500 5/62 385 60 
NCR - 315-RMC Y $12,000 9/65 12 25 
NCR - 390 Y $1850 5/61 1060 40 
NCR - 500 Y $1500 10/65 100 750 
1000 Y $7010 6/63 20 0 
2000-210, 211 Y $40,000 10/58 18 1 
2000-212 Y $52,000 1/63 10 1 
Bizmac N $100,000 -/56 3 X 
RCA 301 Y $6000 2/61 622 5 
RCA 3301 Y $11,500 7/64 49 18 
RCA 501 Y $14,000 6/59 99 2 
RCA 601 Y $35,000 11/62 4 X 
Spectra 70/15 Y $2600 11/65 10 80 
Spectra 70/25 Y $5000 11/65 4 40 
Spectra 70/35 Y $7000 4/66 0 35 
Spectra 70/45 Y $9000 11/65 3 120 
Spectra 70/55 Y $14,000 5/66 0 12 
250 Y $1200 12/60 172 2 
440 Y $3500 3/64 14 3 
520 Y $3200 10/65 3 5 
650 Y $1600 12/65 0 2 
660 Y $2000 10/65 2 1 
670 Y $2600 12/65 0 2 
SDS-92 Y $900 4/65 30 42 
SDS-910 Y $2000 8/62 155 13 
SOS-920 Y $2700 9/62 100 12 
SOS-925 Y $2500 12/64 16 35 
SDS-930 Y $4000 6/64 78 32 
SDS-9300 Y $7000 11/64 18 7 
SEL-81O Y $750 9/65 4 13 
SEL-840 Y $4000 11/65 2 3 
I & II N $25,000 3/51 & 11/57 28 X 
III Y $20,000 8/62 86 1 
File Computers N $15,000 8/56 19 X 
Solid-State 80 I, 

II, 90 I, II & 
Step Y 

418 Y 
490 Series Y 
1004 Y 
1005 Y 
1050 Y 
1100 Series (ex-

cept 1107) N 
1107 Y 
1108 Y 
LARC Y 

$8000 
$11,000 
$26,000 

$1900 
$2400 
$8000 

$35,000 
$45,000 
$50,000 

$135,000 

8/58 
6/63 

12/61 
2/63 
2/66 
9/63 

12/50 
10/62 
9/65 
5/60 

TOTALS 

285 
56 
83 

3250 
o 

270 

12 
29 

4 
2 

31,391 

X 
30 
60 

180 
120 
90 

X 
2 

18 
X 

16,073 

• To avoid double counting, note that the Control Oata 160 serves as the central processor of the NCR 310, Also, many of the orders for the 
IBM ,01·1, 7074, and 7094 I and II's are not for new machines but for conversion from existing 7040, 7070 and 7090 computers respectively. 
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DIRECT TRACING-To digitize analog 
data directly, the operator simply traces 
the analog curve with a moveable stylus. 
Tracing with the Model302's low-mass, 
low-friction stylus is a smoothly continu
ous motion, ... no handwheels, ... no 
cranks, ... no laborious point-by-point 
entries. And because this is a manual 
digitizing system, the input data can be 
in any format, on any kind of paper. 

DIRECT DIGITAL ENCODING-CALMA's 
unique direct digital encoder completes 
the digitizing operation without variable 
potentiometers, A-to-D voltage con
verters, or any analog components. This 
all-digital system eliminates the constant 
compensation and adjustment required 
to keep conventional digitizers within 
reasonable performance tolerances. 

DIRECT MAGNETIC TAPE OUTPUT-The Model 302 Digitizer 
outputs directly on 556 bpi, 7-channel, computer compati~le 
magnetic tape. No punch cards or ca~d-to-tape conversion 
through a small inter-process computer IS required. 

DIRECT ECONOMY-With the 
NEW Model 302 Digitizer, your 
operator can reduce up to 125 
inches of analog plot per minute 
(even if the curves are faint, 
discontinuous, or intersecting). 
And because she can digitize a 
mile of analog trace on one 8-inch 
reel of computer tape, your tape 
costs and computer input time 
are drastically reduced. Write, 
phone, or TWX for details. 

COMPANY 

346 Mathew Street 
Santa Clara, California 
Phone: (408) 244-0960 
TWX: 408-287-6556 

are you paying 
more than 
$600 a month 
for computer 
tape handling? 
Investigate the lower-cost, super
dependable IBM interchangeables. 

Datamec 03029 Tape Unit 
(interchangeable with IBM 729-11 
and 729-V) 

$600 a month 

Datamec 02030 Tape Unit 
(interchangeable with IBM 7330) 

$400 a month 

Purchase Prices: 
03029-$14,500 
02030-$12,500 

Make your own profit-saving move. 
Write Tom Tracy at Datamec, 345 
Middlefield Road, Mountain View, 
California 94041. Better yet, phone 
Tom at (415) 968-7291. 

@)5:11?5:1WJ§~ 
A DIVISION OF HEWLETT-PACKARD 

leadership in low-cost/high reliability 
digital magnetic tape handling 

Designate No. 13 on Readers Service Card Designate No. 14 on Readers Service Card 
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Available now 
122 FORTRAN 

subroutines 
for SYSTEM/360. 

The new IBM Scientific Subrou
tine Package, SSP /360, is ready. 

It contains 122 subroutines to 
speed the solution of equations, 
the manipulation of matrices, the 
evaluation of functions and the 
handling of other operations 
often used in FORTRAN programs. 

These programs are wholly 
independent of all input/output 
device configurations. This 
means they will work with any 
SYSTEM/360 FORTRAN compiler. 
Data formats are up to you. 

sSP /360 is really part program
ming system and part application 
program. 

It can help you to simplify and 
speed solutions to current and 
planned applications. At the same 
time, it opens the door to new 
applications of greater scope. In 
any case, sSP /360 will get you on 
the air sooner. 

With ssp/360, you have an en-

tire mathematical and statistical 
subroutine library that you may 
add to or modify as your comput
ing needs change. 

Many Statistical Techniques 

sSP /360 gives the FORTRAN pro
grammer· some of the more basic 
techniques of statistics. 

For example: In factor analy
sis, where the correlations within 
a set of variables must be ana
lyzed, just five sSP /360 subrou
tines are needed to find a solution. 

In multiple linear regression
a technique for analyzing the 
relationship between a dependent 
variable and a set of independent 
variables-you need only four 
sSP /360 subroutines. You can use 
this technique in applications like 
these: 

CHEMICALs-optical density vs. 
concentration ... ECONOMETRICS
probability of mortgage debt vs. 

Designate No. 15 on Readers Service Card 
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marital status, age, education and 
other factors ... MEDICAL-heart 
disease, vs. height, weight, family 
history, blood data and up to nine 
additional factors ... BEHAVIORAL 
SCIENCES-class rank of graduat
ing seniors vs. six mental-ability 
tests ... AGRICULTuRE-milk pro
duction vs. hay consumption, in
breeding, weight, age and other 
factors. 

Matrix and Mathematical 
Subroutines 

ssp/360 brings you a host of 
matrix subroutines and mathe
matical subroutines that provide 
a tremendous boost to FORTRAN 
programmers in virtually all 
areas of industry. 

sSP /360 has already been tested 
and proved, both in IBM and cus
tomer installations. 

For further information, call 
your local IBM representative. 
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At the NCR Electronics Division, you build your career on hardware
not hope. Advanced developments like CRAM and the NCR 315 

RMC Rod Memory Computer-the first commerically available 
computer with an all-thin-film main memory-are a marketplace 
reality. (And bear in mind that the NCR marketplace consists of 

more than 120 countries!) If you want to combine career 
stability with go-ahead, on-line opportunity ... if you want to earn 
a good living while enjoying the good Southern California life ... 

look into the opportunities listed here. 

MAGNETIC RECORDING 

Senior and intermediate positions for men with 
experience in advanced magnetic recording 
techniques. Knowledge of media, circuitry and 
magnetic head design necessary. Requires BS 
in engineering or physics. 

MEMORY DESIGN 

Positions are available to perform memory 
design. Requires a BS in EE and previous expe
rience with high speed applications of mag
netic cores or thin films to memories. Must 
also be familiar with computer systems logic 
and hardware. 

PACKAGING 

experience in electronic packaging and some 
previous supervisory experience. Must be 
knowledgeable of heat transfer and advanced 
manufacturing techniques. BS in engineering 
required. 

ADVANCED LEVEL 

To perform advanced packaging of computer 
systems, including processors, memories and 
peripherals. Requires BS in engineering and 
thorough knowledge of packaging concepts as 
related to digital computers. 

INTERMEDIATE LEVEL 

These positions entail layout and design of 
packaging for computer systems. Applicants 
must have previous experience with electronic 
computers or electromechanical devices. Back
ground in miniaturization utilizing thin films and 
integrated circuits is desirable but not required. 
BS in engineering desirable. 

LOGIC DESIGN 

For design of advanced integrated circuit com
puters. Requires BSEE and 2 to 5 years' expe
rience in logic design; experience on processor 
and float-point design desirable. 

QUALITY ENGINEERS 

ASSignments will entail mechanical and electri
cal analyses with responsibilities for project 
testing and inspection specifications, including 
processes for automatic wirewrapping, cabling 
and electrical and mechanical assemblies. 
Requires BSEE or BSME and 3 years' related 
experience. 

PROGRAMMERS 

SOFTWARE 
Positions entail development of software for 
various computer input/output routines, opera
tion systems and monitors. Applicants must 

have previous programming experience with 
machine language on a large file computer. 

DESIGN AUTOMATION 

Positions require 2 years' previous experience In 
programming. Good understanding of engineer
ing and hardware problems desirable, BS degree 
in math, engineering or related field required. 

DIAGNOSTIC 

Position entails the writing of diagnostic pro
grams for checkout, acceptance test and field 
maintenance of EDP systems. Requires pre
vious programming experience; college degree 
desirable. 

ADVANCED MECHANISMS SPECIALIST 

For analysiS and design of complex computer 
mechanisms. Must have knowledge of applied 
mechanics and high-level mathematical ability. 
PhD required. 

PROJECT ENGINEERING 

COMPUTING SYSTEMS 
Assignment will entail technical and adminis
trative leadership of engineers involved In 
advanced digital computer system and loalc 

GROUP LEADER design. Requires BSEE and 5 years' experience 
To provide technical and administrative direc- in logic design of digital computers. Must have 
tion for electroniC packaging of digital com- system design capability and knowledge of 
puters, including processors, memories, and peripheral equipment operation and interfacing. 
peripherals. Requires a minimum of 6 years' Previous team leader experience desirable. 
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PERIPHERAL EQUIPMENT 

To direct epgineers in the development of elec
tromechanical magnetic files for digital com
puters. Requires BSEE and a minimum of 6 
years' experience in electromechanical peri
pheral development,logical design and machine 
organization. Must have recent experience 
entailing project responsibility. 

SYSTEMS FORMULATION 

Positions available at all levels to study and 
formulate systems for commercial and indus
trial on-line computer applications, with em
phasis on communications interface. Requires 
a minimum of two years' experience in specify
Ing or programming real-time systems for 
banks, airlines or industry. A degree in engi
neering, business administration or related field 
Is required. 

CIRCUIT DESIGN 

Intermedlate- to senior-level positions are avail
able for circuit designers who are experienced 
in analog or digital circuit design. Experience 
in power supply design, memory design, and 
micro-electronics desirable. BSEE required. 

ELECTRONIC PRODUCT ENGINEERING 

Assignments will entail design, checkout, 
documentation and liaison for digital computer 
systems. Requires BSEE and previous exper
Ience In these areas. 

RELIABILITY ENGINEERS 

Positions are available on an Intermediate level 
in both mechanical and electrical reliability 
engineering to perform evaluation of electrical 
components, sub-assemblies and systems, as 
well as complex mechanical and e·lectro
mechanical mechanisms. Also will be respons
Ible for design reviews of new and existing 

EDP equipment. Requires BSEE and/or BSME 
with minimum of 2 years' experience in design 
or reliability engineering. 

ARRANGE NOW FOR AN 
INTERVIEW IN YOUR AREA 

Confidential Interviews will be held soon in 
various parts of the country. Openings above 
are In Los Angeles. Additional openings In 
Dayton, Ohio, for mechanical, electrical and 
chemical engineers, physicists, chemists (MS 
or PhD level). Send resume immediately to Bill 
Holloway, Technical Placement, or call collect. 

The National Cash Register Company 

ELECTRONICS DIVISION 
2838 W. EI Segundo Blvd., Hawthorne, Calif. 
Telephone: Area Code (213) 757-5111 

An equal-opportunity employer 

Designato No. 16 on Readers Service Card 

NEW PATENTS 
RAYMOND R. SKOLNICK 

Reg. Patent Agent 
Ford Inst. Co., Diu. of Sperry Rand 

Corp., Long Island City 1, New York 

The following is a compilation of 
patents pertaining to computers and as
sociated equipment from the "Official 
Gazette of the U. S. Patent Office," 
dates of issue as indicated. Each en
try consists of: patent number / invent
or (s) / assignee / invention. Printed 
copies of patents may be obtained from 
the U.S. Commissioner of Patents, 
Washington, D.C. 20231, at a cost of 
50 cents each. 

August 31, 1965 (Continued) 

3,204,112/ Raymond C. P. Hinton, West 
Englewood, and Ernest H. P. Bigo, 
Nutley, N. j., and Peter Pleshko, Bronx, 
N. Y. / International Telephone and 
Telegraph Corp. / Logic Circuits Em
ploying Negative Resistance Elements. 

3,204,127 / James C. Meier, Cedar Rap
ids, Iowa / Collins Radio Co., Cedar 
Rapids, Iowa / Digit Memory Circuit. 

3,204,128 / Marvin E. Petersen, Clear
water, Fla. / Honeywell Inc. / High 
Speed Turnoff Gate Driven By A Gat
ing Means. 

3,204,223 / Hewitt D. Crane, Palo Alto, 
Calif. / Burroughs Corp., Detroit, 
Mich. / Magnetic Core Storage And 
Transfer Apparatus. 

3,204,227 / Victor T. Shahan, Wap
pingers Falls, and Wilbert L. Shevel, 
Jr., Peekskill, N. Y. / IBM Corp. / 
Magnetic Memory. 

September 7, 1965 

3,205,433 / Gerhard Dirks, Morfelder 
Landstrasse 44, Frankfurt am Main, 
Germany / Matrix Device. 

3,205,484 / Frederick A. Schwertz, Pitts
ford, N. Y. / Xerox Corporation / 
Electrostatic Memory 'System. 

September 14, 1965 

3,206,726 / Christiaan Johannes Van 
Dalen Leidschendam, Netherlands / De 
Staat 'der Nederlanden / Reading De
vice For An Information Bearer. 

3 206 730 / Ryo Igarashi, Tokyo, Japan / 
, Ni~pon Electric Co., Ltd. / Tunnel Di

ode Memory Device. 
3 206 731 / Andre Michel Eugene Rich-

, ani Paris and Andre Pierre J eudon 
and Her'veline J eudon, Gen tilly, 
France / Societe d'Electronique et 
d' Atomatisme, Courbevoie, France / 
Magnetic Core Information Handling 
Systems. 

3 206 733 / George R. Briggs, Princeton, 
, N. ' J. / Radio Corporation of Amer

ica / Memory Systems Having Flux 
T .ogic Memory Elements. 

3,206,734 / George R. Briggs, Princeton, 
N. j. / Radio Corporation of Amer
ica / Memory Systems Having Flux 
Logic Memory Elements. 
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(Check field below.) "Please send me ~ 
your resume preparation kit, for which I 
I enclose $1 to cover postage and han
dling. (Enclose most recent resume, if 
you have one.) 

~ I qualify with a' _______ _ 

I 
degree in the following field: ~ 

o Aeronautical 0 Math/Stat I o Mechanical 0 Chemical 
o Industrial 0 Physics 
o Electrical 0 Civil 

~ 0 Data Processing ~ 

I 
01 don't need resumes at this time. But ~ 

I would like to hear about current I 
openings suited to my qualifications. 

~ N':~ resume is enclosed. ~ 

I ::::'" Zi.__ I 
1:% i~TIONAL MANPOWER IZ 

/ REGISTER ~ 

I
~ 635 Madison Avenue, New York, N.Y. 10022 I~ 

-This ;;;Jo;;r-;'~~;d;-r~;-wiii~;.--1 
vert the facts about your background and 
experience into 50 professional, polished 
resumes for your own personal use. In 
addition, we will forward other copies of ~ 

~ your new resume to selected employers I 
~ throughout the country who are currently 

I 
seeking professional men with you·r quali-

. fications. Your identity will not be re-
leased to any employer unless you author
ize it! If you don't need resumes, you 
can still have your qualifications circulated ~ 
(anonymously, of course) to the same Z 
selected employers, and we will contact 

I ;;~~f;::;;;[;~~;~;:i;;~: ~ 
~ qualify you for confidential interviews at 

the next Career Center held in ·your ge
ographic area. 
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CALENDAR OF COMING EVENTS 
Feb. 9-11, 1966: 13th Annual International Solid-State Cir

cuits Conference, Sheraton Hotel and Univ. of Pa., Phil: 
adelphia, Pa.; contact Lewis Winner, 152 W. 42 St., Ne\,' 
York, N.Y. 10036 

Mar. 21-24, 1966: IEEE International Convention, Coliseum & 
New York Hilton Hotel, New York, N. Y.; contact J. M. 
Kinn, IEEE, 345 E. 47 St., New York, N. Y. 10017 

Mar. 24-26, 1966: 4th Annual Symposium on Biomathematics 
and Computer Science in the Life Sciences, Shamrock Hilton 
Hotel, Houston, Tex.; contact Office of the Dean, Div. of 
Continuing Education, Univ. of Texas Graduate School of 
Biomedical Sciences at Houston, 102 Je~se Jones Library 
Bldg., Tex. Medical Center, Houston, Tex. 77025 

Mar. 29-31, 1966: ACM Symposium on Symbolic and Alge
braic Manipulation, Sheraton-Park Hotel, Washington, D. C.; 
contact Miss Jean E. Sammet, IBM Corp., 545 Technology 
Sq. Cambridge, Mass. 02139 

Apr. 12-14, 1966: International Quantum Electronics Con
ference (Sequel to 1963 Meeting in Paris), Towne House, 
Phoenix, Ariz.; contact Lewis Winner, 152 W. 42 St., New 
York, N. Y. 10036 

Apr. 20-23, 1966: International Conference on Automated 
Data Processing in Hospitals, Hotel Marienlyst, Elsinore, 
Denmark; contact Conference Secretariat, Databehan
dlingskontoret, Juliane Mariesvej 6, Copenhagen 0, Den
mark 

Apr. 26-28, 1966: Spring Joint Computer Conference. War 
Memorial Auditorium, Boston, Mass.; contact AFIPS Hdqs., 
211 E. 43 St., Rm. 504, New York, N.Y. 10017 

May 3-5, 1966: Bionics Symposium, Dayton, Ohio; contact 
Bionics Synposium 1966, P.O. Box 489, 300 College Park 
Ave., Dayton, Ohio 45409 

May 3-5, 1966: British Joint Computer Conference, Congress 
Theatre, Eastbourne, Sussex, England; contact Public Rela
tions Officer, Institution of Electrical Engineers, Savoy Place, 
London, W.C.2, Englancl. 

May 10-12, 1966: 16th Annual National Telemetering Con
ference, Prudential Center, Boston, Mass.; contact Lewis 
\Vinner, 152 W. 42 St., New York, N. Y. 10036 

ADVERTISING INDEX 
Following is the index of advertisements. Each item con
tains: Name and address of the advertiser / page number 
where the advertisement appears / name of agency if any / 
readers service number. 

American Telephone & Telegraph Co., 195 Broadway 
New York 17, N. Y. / Page 2 / N. W. Ayer & Son / 1 

W. H. Brady Co., 743 W. Glendale Ave., Milwaukee, 
Wisc. 53209 / Page 63 / Franklin Mautner Adver
tiSing / 2 

Brandon Applied Systems, Inc. 30 East 42 St., New 
York, N. Y. 10017 / Page 6/ - / 6 

Burroughs Corp., Detroit, Mich. 48232 / Pages 15, 17, 
19/ Campbell-Ewald Co. / 9 

CALMA Company, 346 Mathew St., Santa Clara, Calif. 
95050 / Page 58 / Saratoga Advertising / 13 

Careers Inc. (The National Manpower Reg,ister), 635 
Madison Ave., New York, N. Y. 10022/ Page 61 / 
Mohr & Co., Inc. / 17 .. 

Celanese Plastic Co., Div. of Celanese Corporation of 
America, 744 Broad St., Newark, N. J. / Page 64 / 
West Weir & Bartel, Inc. / 3 

Computron Inc., 122 Calvary st., Waltham, Mass. 
02154 / Page 4 / Larcom Randall Advertising, Inc. / 5 

62 

May 16-20, 1966: Australian Computer Conference, Canberra. 
A.C.T., Australia; contact S. Burton, Honorary Secretary. 
P.O. Box 364, Manuka, A.C.T., Australia 

May 18-20, 1966: 29th Na'tional Meeting of the Operations 
Research Society of America. Los Angeles, Calif.; con
tact Dr. John E. Walsh, System Development Corpora
tion, 2500 Colorado Ave .. Santa Monica. Calif. 90406 

May 30-June 1, 1966: National Conference of the Computing 
and Data Processing Society of Canada, Banff Springs Hotel, 
Banff, Alberta, Canada; contact Mr. K. R. Marble, Mgr., 
Systems and Computer Services Dept., Western Region, Im
perial Oil Ltd., Calgary 

June 15-17, 1966: Federal Government Accountants Asso
ciation 15th National Symposium, Radisson Hotel, Minne
apolis, Minn.; contact Federal Government Accountant~ 

Association, 1560 Rand Tower, Minneapolis, Minn. 5540:2. 

June 15-17, 1966: 1966 IEEE Communication Conference, 
Sheraton Hotel, Philadelphia, Pa.; contact Lewis Winner; 
152 W. 42nd St., New York, N.Y. 10036 

June 20-23, 1966: 74th Annual Meeting of American Society 
for Engineering Education, Washington State University, 
Pullman, Wash.; contact Lewis Winner, 152 W. 42 St., 
New York, N. Y. 10036 

June 21-24, 1966: Data Processing Management Association 
June International Conference, Hilton Hotel, Chicago, Ill.; 
contact R. Calvin Elliott, Exec. Dir., DPMA, 524 Busse 
Highway, Park Ridge, Ill. 60068 

July 4-8, 1966: International Symposium on Mathematical 
and Computational .Methods in Social Sciences, Int('r
national Computation Centre, Rome, Italy; contact Bernard 
Jaulin, Centre de Calcul de la Maison des Sciences, de 
I'Homme, 14 rue Monsieur Ie Prince, Paris 5e, France. 
Last date for receipt of papers, Mar. 1, 1966; information 
from Bernard Jaulin, Secretary General, address above. 

July 8-12, 1966: Seminar on Graph Theory, International 
Computation Centre, Rome, Italy; contact International 
Computation Centre, P. O. Box 10053, Rome, Italy. 
Last date for receipt of papers, Mar. 1, 1966; information 
from Dr. P. C. Gilmore, Thomas ]. Watson Research 
Center, Box 218, Yorktown Heights, N. Y. 

Datamec Dlvision, Hewlett - Packard Co., 345 Middle
field Road, Mountain View, Calif. / Page 58 / 
Ellis Walker / 14 

Fabri- Tek Inc., 705 Keller Avenue So., Amery, Wisc. / 
Page 9/ Midland Associates, Inc. / 7 

Honeywell E. D. P. ,81 Walnut St., Wellesley Hills, 
Mass. / Pages 31 to 34 / Batten, Barton, Durstine 
& Osborn, [nco / 18 

International Business Machines Corp., Data Proces
sing Div., White Plains, N. Y. / Page 59 / 
Marsteller Inc./ 15 

International Business Machines Corp., Houston, Tex. / 
Page 55 / Benton & Bowles, Inc. / 12 

Lockheed Missiles & Space Co., P. O. Box 504, Sunny
vale, Calif., / Page 11 / McCann-Erickson, Inc. / 8 

National Cash Register Co., Main & K Sts., Dayton, 
Ohio 45409 / Page 3 / McCann - Erickson, Inc. / 4 

National Cash Register Co., Electronics Div., 2816 W. 
El Segundo Blvd., Hawthorne, Calif. / Pages 60, 61 / 
Allen, Dorsey & Hatfield / 16 

Omni-Data, Div. of Borg Warner Corp., fill North 
Broad St., Philadelphia, Pa. 19123 / Page 53 / 
Benn Associates / 11 

L. A. Pearl Co., 801 Second Ave., New York, N. Y. 
10017 / Page 27 / - / 19 

Teletype Corporation, 5555 Touhy Avenue, Skokie, Ill. 
60078 / Pages 20, 21 / Fensholt Advertising, mc. / 10 
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What does Old 99 have to do with Brady Tab Labels? 
It illustrates a point. 

In their day, steam locomotive drive wheels rode 
on sweat-on steel rims or "tires". When a tire loos
ened with wear, it was replaced, saving the cost of an 
expensive drive wheel. Trouble was, these tires 
occasionally came loose a,nd shattered with danger
ous, expensive results. To detect a loosening tire, a 
"wheel tapper" at each station or whistle-stop would 
tap each drive wheel to determine the condition of 
the tire. 

But long after "tired" drive wheels were replaced 
wi th solid steel wheels, wheel tappers continued to 
make their routine checks. Perhaps through habit 
or simply because no one told them not to. 

Now the point we'd like to make is this: for years 
tab label people have been stocking only fraction of 
an inch sizes- Ilt6", l/S", 114" and so on. Except Brady. 
We stock Tab Labels in tenths of an inch sizes 
because most computors print out ten characters 

per inch. For those companies whose programs 
require fractional dimensions, we have those too. 

Keen awareness of customers' special and changing 
needs plus willingness to meet them has long marked 
our service. There are no "wheel tappers" at Brady! 

Our approach made so much sense to hundreds of 
suppliers of data processing supplies (chances are, 
your supplier among them!) that they now carry a 
local stock of Brady Tab Labels. And they can give 
you local service on your special made-to-order 
requirements, too. 

Write for big, 
new bulletin and 
samples. Free! 

AD NO. 167 

W. H. m[i]rJm~C O. 
EST. 1914 

741 W. Glendale Ave., Milwaukee, Wis. 53209 
Manufacturers of Quality Pressure· Sensitive Industrial Tape Products. Self·Bonding Nameplates. Automatic Machines for Dispensing Labels. Nameplates. Masks and Tape. 
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into a 
Mysophobic. 

Precision tape manufacturers wanted a 
cleaner film. So, from the first roll of 
Celanar Polyester Film, our policy has been 
"It's got to be the cleanest in the industry." 
We go to extremes, like making Joe-and 
everyone else who enters our hospital-clean 
production area at Greer, S.C.-first take a 
shower. A high-velocity shower of air that 
whisks away dust and lint particles. Only 
then may they enter the "White Room"where 
air filtration systems effectively trap dirt 
specks as tiny as 0.3 microns-infinitesimal 
as the point of a needle. 

This emphasis on cleanliness makes 
Celanar film a better base for computer and 
instrumentation tapes-a reason why 
Celanar gives higher production yields in 
film conversion. 

Celanar film is stronger than the other 
polyester film-in both tensile break and 

tensile yield strengths. Gauge uniformity 
from roll to roll is excellent. And Celanar 
film is exceptionally free of visual defects, 
such as cross-buckles or wrink!es. We also 
lean over backwards to supply it in the roll 
lengths, widths and gauges most conven
ient to manufacturers. We guard it during 
shipment with temperature recording flags, 
even impact recorders where necessary. 

So, even if we did turn Joe into a myso
phobic with an uncontrollable fear of dirt, 
we think you'll agree it was worth it. 

Send for complete details about Celanar 
Polyester Film-and how we can help you 
make the best use of it. Celanese Plastics 
Company, Dept. 122-B, 744 
Broad Street, Newark, N. J. 

Celanese Plastics Company is a division 
of Celanese Corporation of America. 
Celanese® Celanar® CELANESE 
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