










How to make any 
PDP* PLUS! 

COMPATIBLE - produces fully IBM-compatible tape 
on both the 7-track and 9-track versions. 

COMPACT - completely self-contained. Each unit con­
sists of a tape transport mechanism and all electronics, 
ready for rack-mounting, or packaged in a compact cabinet. 

SUPPORTED - software supplied with the TS-8 fully 
support all magnetic tape I/O and include error-checking 
and recovery procedures. Hardware maintenance and sup­
port are available through Infotec service personnel. 

ECONOMICAL - this IBM-compatible tape system, de­
signed specifically for DEC computers, is also the least 
expensive IBM-compatible tape system available anywhere 
- an Infotec cost breakthrough! 

1
1130, TOO! TS-1130, a companion product of TS-8, offers 
all the same features to users of the IBM-1130, significantly 
extending this computer's capabilities in commercial and 
industrial applications. Full software support is provided 
through 1130 FORTRAN and the Disk Monitor System. 

For literature: Infotec, Inc., Dept. D 
22 Purchase Street, Rye, N. Y. 10580 914/967-1325 
*PDP is a registered trade mark of Digital Equipment Corp. 
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the $188,000 graphics· terminal 

It used to be you had to spend that 
kind of money to do meaningful work 
in computer graphics. Now you can 
buy a complete interactive terminal 
from AdFlge for $60,000 - and get a 
lot better performance. That's our 
model AGT /10. 

You can display more than 4500 
vectors at 40 frames per second with 
resolution better than 100 lines per 
inch. "Straight" lines are really 
straight. They meet where they're 
supposed to, and they are uniformly 

on-line 
signal 
analysis 

8 

printed 
circuit 
layout 

that costs $GOk 

bright regardless of length. And only 
with the Adage AGT /10 do you get 
built-in scaling and translation. 

Every AGT /10 comes with its own 
powerful 30-bit word length processor 
with basic 4K of core memory and 
teletype I/O. A complete line of I/O 
peripherals is available as well as 
core memory expansion to 32K. Soft­
ware furnished includes a resident 
monitor, a FORTRAN compiler (for 
systems with at least 8K memory), an 
assembler, and a set of graphics 
operators. The standard package also 
includes a library of utility and service 
routines with full provision for com­
municating with the central computer 

business, 
management 
systems 
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facility via dataphone interface or 
direct data channel access. 

The terminal console houses the 
large-screen CRT with light pen, and 
comes equipped with function switches 
and controls. Graphics hardware 
options include joystick controls, an 
input data tablet, a character gen­
erator, and photographic hard-copy 
output. 

machine­
aided 
drafting 

If you'd like more information about 
our under-priced AGT /10, or a 16 mm 
movie showing the 'Adage Graphics 
Terminal in action, write D. Sud kin, 
Marketing Services Manager, Adage, 
Inc., 1079 Commonwealth Ave., Boston, 
Massachusetts 02215. 
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LOOKING INTO AUTOMATIC DRAFTING MACHINES? 
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Look to GERBER for higher speeds and greater accuracy. 
More time for the urgent projects ... more drawings 
... finer drawings ... consistent accuracy: this is what 
the MODEL 622 can deliver to you for your com-
puter-aided drafting requirements. ' 

Here's why: 

SPEED-draws up to 800 IPM-more drawings per 
hour ... requires less computer time to prepare tape 
..• fully buffered input. One command can move the 
pen any distance from .001 inch to 75 inches. 

! . 

ACCURACY-proven accuracy to ± .007 inch over 
entire 50" by 60" area. 

LINE QUAliTY-crisp, uniform lines ... even the 
most complex curves will be exceptionally smooth. 

PATENTED· DRIVE-All digital ... rugged, smooth, 
precise. Rack and pinion drive for X carriage; helical 
lead screw for Y carriage. it's mechanically trouble­
free-durable components ensure· a cdnstant 
accuracy. 

INPUT-keyboard, paper tape, magnetic tape, 

AVAILABIliTY-Economically priced, quick delivery. 

THE GERBER SCIENTIFIC INSTRUMENT COMPANY 
P. O. BOX 305 • HARTFORD, CONNECTICUT 06101 • TEL: 203-644-1551 • TWX: 710-427-2218 
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LOGICAL DESIGN . . . 

denotes a particular function and T denotes the comple­
ment of that function. 

If f = ABC + ARC then T = (X +13 + C) (A + B + C) 
If f = A + B C (A + C) then T = 1\ (R + C + A C) 
If f = (A + B) Cn + C) (A + C) then 

T=A13+BC+AC 
In graphical representation, it can be demonstrated that 

if a function is plotted on a minimap; then the comple.: 
ment of that functiQn will be plotted to look like a 
"photographic negative" of the first plot. That is, the 
minimap of the complement of the function will have one's 
where there were none in the original map, and will have 
blanks where the original map had ones. 

Besides making it easy for us to find the complement of 
,a function, De Morgan's law, when applied, does another 
thing which mayor may not happen to be welcome. That 
is, it changes a function in mintenn fonn to its comple­
ment in maxtenn fonn, and it changes a function in 

'maxterm fonn to its complement in mintenn fonn. Of 
course, as far as the number of diodes required to 
implement a function is concerned, it doesn't matter what 
form it is in. For instance, f =ABC + ABC + AB C + 
A B C is a mintern function requiring 16 diodes to imple­
ment it, while'Y = (A + B+ C) (A + 13 + C) (1\ + 
B + 'C) (A +B + C) is a maxtenn function requiring 
also 16 diodes, but in a different configuration. 

minimizing maxterm functions 
There are methods of minimizing functions in maxtenn 

fonn directly. However, they, are generally cumbersome 
and prone to error on the part of the logical designer. We 
favor minimap methods of minimization-and functions in 
maxtenn fonn are difficult to plot on a minimap. 

One approach, of course, is to go through a lot ,of 
Boolean algebra and change the function from maxterm to 
mintenn fonn before attempting to plot it. This, again, is 
cumbersome and error-prone. 

A better approach utilizes the fact that if a function, is 
in minimized fonn its complement will be, too. Alterna­
tively, if the 'complement of a function has been mini­
mized the function itself has been, too. We also make use 
of the following knowledge: 

l. Applying De Morgan's Law to a maxtenn-fonn 
function will complement it and put it in minterm fonn. 

2. We can plot 'a function in mintenn form on a 
minimap, and then minimize it. 

3. Applying De Morgan's law to a mintenn-fonn func­
tion will complement it and put it in maxtenn fonn. 

The following sequence is then' followed to minimize a 
maxtenn type function by' use of a minima'p, and with a 
minimum use of Boolean algebra or intuition, other than 
twice applying De Morgan's law: (See Fig. 15) 

l. Starting with the function f in maxtenn fonn, apply 
De Morgan's law. This results In the function T inmintenn 
fonn. 

2. Plot the function Tin minterm form on a minimap 
and proceed to minimize it. You now have the minimized 
function T, in minterm form. 

'3. Apply De Morgan's law to this function. You end up 
with the complement of 1, which is again f, in maxterm 
fonn, and it is still minimized. 
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To illustrate, let it be required to minimize the maxtenn 
type 'function f = (A + 13 + C) (A + B + 'C) (A + 
13 + C). Applying De Morgan's law,r = AB C + ABC + 
AB C. Plotting this on a minimap (see Fig. 15) and then 

A 

f= 
= 

I 

I J 

-

C 

B 

ABC+ABC-I-ABC 

AC+ABC. 
Fig. 15. Minimizing a maxterm type function by minimap 
method. 

mmnmzmg this complement of the original function, we 
get:T = A C + A B C. Applying De Morgan's law again, 
we obtain the original function, minimized, ahd ,in maxtenn 
fonn: f = (X + C) (A + B + C). 

If you have followed the writer up to this point, you do 
not necessarily rate the title of logical deSigner, but you 
will have gained considerable insight into what logical 
design is and how it can be used readily. Useful applica­
tions for this skill are not restricted to digital' computers 
but are being found in many other aspects of science and 
technology. 

As has been noted in the introductory paragraphs, there 
are many excellent books and papers which, if interest or 
need warrant, will carry you deeper and farther into the 
field. If you will pennit an analogy, you can now play 
easy tunes and have fun on an instrument about which 
you may not have known much when you started'reading 
this, and you will better understand and appreciate the 
virtuosity of the accomplished perfonner. Whether or not 
you aspire to virtuosity yourself is up to you, of course. 
Just remember, though, that virtuosity in logical design, as 
in instrumental music, is not acquired in a day.. 
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SELECTING 
A PRIVATE 
EDP SCHOOL 
by EDWARD W. MARKHAM 

1 Too many private data processing schools specifi­
cally set up to train the novice are not doing their 
job; they are short-changing their students.! Re-

__ J cently an ACM committee was formed to deal 
with the problem.2 In the last couple of years, two recog­
nized trade school accrediting agencies have become in­
volved in reviewing data processing schools. Other changes 
are in the wind. But while long-range reforms are being 
considered, students continue to enroll in high-priced 
courses which are not providing them with an adequate 
education. Something'must be done now, as the following 
comments bear witness. 

"Our instructor told us the school hired him to teach pro­
gramming even though all he'd done before was operate a 
computer. He studied along with us so he'd know what to 
do the following day." 

"They told me 80% of all programmers don't have a col­
lege degree. Now everywhere I go I'm told they're sorry but 
they only want college people." 

"When I called the school six months after graduation for 
placement assistance, they told me I must be kidding. They 
were having enough trouble placing their currentgraduat­
ing classes." 

"They offered me a job as the school receptionist." 
"They gave me the name of an employment agency." 
"We spent six weeks on arithmetic, the IBM card, and 

keypunch. No wonder the course takes 1,000 hours." 
"Even before our branch officially opened, I got a call 

from a graduate of another school. Seems they couldn't 
place him, and he wondered if I could find him a job." 

I ! Markham, E., EOP Schools-An Inside View, DATAMATION, April, 
1968. 

2 ACM Steering Group for Accreditation. For information write: Dr. 
Carl Hammer, Univac, 2121 Wisconsin N.W., Washington"D.C. 20007. 

3 At present Control D'ata, through its education branch, Control Data 
Institutes, is the only computer manufacturer directly engaged in non­
customer training. At least one other manufacturer, however, is consid-
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guidelines 

"They told me I had to know programming before I 
could learn to repair machines. I did; then nobody would 
hire me because I didn't have enough electronics back­
ground to become a technician." 

Sometimes a prospective student contacts an individual 
working in edp to ask, "What school should I go to?" Too 
often the response is, "I don't know; check with the Better 
Business Bureau," or "They're all rotten; why don't you go 
to college?" It is easy for an insider to categorically veto all 
private schools and shrug off the question. But to the man 
wishing rapid entry into the field, suggesting a four-year 
stay in college is useless. People have entered the edp field 
without either a degree or prior training. An edp school 
prospect, especially a recent high school graduate, might 
better be advised to first apply for a beginning job, such as ' 
a control clerk or a tab machine operator, before resorting to 
a data processing school. Without adequate counseling, the 
prospect is ripe for the soothing promises of an edp school 
salesman, "There's room for everyone. The industry needs 
people. You've got what it takes." 

Certainly the industry, through its professional organiza­
tions, should press for tighter state licensing controls; addi­
tional computer-oriented companies should consider provid­
ing instruction to the general public3 ; to guarantee the 
school prospect impartial results, pre-entrant testing by or­
ganizations other than edp schools should be made general­
ly available and given adequate publicity; high schools 
should be encouraged to expand their curriculums to in­
clude data processing; and disappointed students and grad­
uates should be encouraged to complain through proper 

ering a similar operation. CDC has also taken over the Automation Insti­
tute franchises through its acquisition of CEI R. Acquisition is bringing 
other computer-oriented companies into the edp school business as well, 
e.g. Computing and Software, Inc. has recently purchased the several 
International Tabulating Institutes. Computer Usage Corp. also offers 
training through its Computer Usage Education subsidiary home study 
courses. In addition, many companies offer professional training programs 
and seminars; these, however, are intended for those already in the field 
rather than for novices wishing to prepare f«;lr employment. 
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PRe explains peopleware: 
It's wh·at makes hardware and software work. 

Call it the human factor. It is what deter­
mines the effectiveness of any automated Man­
agement Information System. It is also what 
makes Planning Research systems unique. 

PRC examines the total environment of 
your business when we structure an M.I.S. 
We begin by analyzing the whole job. We 
define both the economic implications and the 
technical specifications. We design and opti­
mize the system to respond to the people who 
use it. You. We select and procure the most 
effective hardware (we make no hardware of 
our own). We create the software. We train 
your personnel. This turnkey approach ensures 
that the system embraces its environment, 

interacts successfully with its people, and 
works with maximum effectiveness. 

PRC is a unique group of professionals. In 
addition to the computer sciences, their dis­
ciplines include economics, business adminis­
tration, behavioral psychology, most branches 
of engineering, the classical sciences and 
mathematics. These and other disciplines, 
skillfully blended on project teams, form the 
most powerful analytical tool yet developed 
for the solution of computer system problems. 

To find out how PRC's peopleware concept 
can benefit you, contact Mr. J. N. Graham, Jr., 
Vice President and General Manager, Com­
puter Systems Division. 

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

An Equal Opportunity Employer. Candidates are invited to write to the Administrator for Professional Stafjing. 

























CONGRESS SEEKS ... 

cation of information technology to various aspects of legis­
lative functioning. Consideration of this approach was ad­
dressed by the Joint Committee on the Organization of the 
Congress, under the leadership of Senator A. S. Mike Mon­
roney and Representative Ray J. Madden. A number of 
specinc recommendations designed to modernize the orga­
nization, operations, and support capabilities of the Con­
gress was prepared. Among these, as embodied in the Legis­
lative Reorganization Act which has passed the Senate and 
now is being considered by the House of Representatives, is 
a provision for the creation of a computer facility to support 
the Congress. 

Other sections related to the use of systems technology 
established the responsibility for the continuing study of 
adp for Congress with the proposed Joint Committee on 
Congressional Operations, and called for the development 
of a standardized information and data processing system 
for budgetary and nscal data for use by all federal agencies. 

In addition to the provisions found in the Legislative Re­
organization Act, a series of bills have been introduced by a 
bi-partisan group of House members calling for the estab­
lishment of an adp facility which would support exclusively 
the Congress .. Representative Robert McClory, who intro­
duced the nrst bill for such a facility late in the 89th Con­
gress, repeatedly has urged his coI1eagues to corisider realis­
tically the need for improved information handling by Con­
gressional elements. 

Congressional awareness of its information problems has 
led some of the members to discuss common problems with 
oUlside groups such as the American Political Science Asso­
ciation, and to request surveys and studies of the informa­
tion problem. In a report prepared for general distribution 

Fig. 1 

CANDIDATE APPLICATIONS FOR CONGRESSIONAL 
USE OF ADP AND THE SYSTEMS APPROACH 

Legislative Functioning: 
Status of pending legislation 
Current schedule of committee and subcommittee activity 
Authorization and appropriations data 
Topical research information and statistical data 
Computer-oriented index of Congressional documents 
Pre-vote information on major issues 
Post-vote analytical information 
Information on federal contract awards 

Administrative Functioning: 
Histories of committee and subcommittee activity 
Lobbyist activity information 
Constituent interest file 
Constituent correspondence file 
Congressional payroll accounts 
Current Congressional telephone book 

to the Congress entitled "Automatic Data Processing for the 
Congress," several priority applications where adp could be 
useful were identined and discussed;5 Fig. 1 presents a list­
ing of the candidate task areas. In some instances, the Con­
gress as a whole might benent; in other cases, the function­
ing committee or individual Congressman would be the 
chief benenciary. Included for consideration were: a cur­
rent schedule of committee hearings and, meetings, sum­
mary information on issues up for vote, an automated index­
catalog of Congressional documents, histories of committee 
action, the content and status of pending legislation, and an 
adp-oriented Selective Dissemination of Information (SDI) 

5 Chartrand, Robert l. Automatic data processing for the Congress. 
In U. S. Congress. Joint Committee on the Organization of the Congress. 
Organization of Congress. Hearings before the Joint Committee, Part 15, 
Appendix. (89th Cong., 2nd sess., 1966). p. 2313-2317. 
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system to retrieve key subject matter information and mate­
rials which would be responsive to the requirements of the 
member or committee. 

Initial steps now are being taken to provide enhanced 
support to the Congress. The Legislative Reference Service 
has designed a computer-centered system which allows en­
tering identifying and synoptic information on bills and res­
olutions introduced in both chambers of the Congress via 
keyboard terminals to a remote computer. Also, selected 
bibliographic data are being placed on magnetic tape for 
the future generation of lists of selected references. 

Information technology today is able to allow the opera­
tional implementation of certain needed improvements. The 
decision as to when and where systems technology is to be 
applied resides, appropriately, with the Congress itself. 

legislating a systems approach 
The United States Congress has moved to position itself to 

better address the many problems now facing our civiliza­
tion. Age-old questions are being asked, but with a new 
urgency. On what projects should we spend federal funds? 
How much needs to be spent? What should be the schedul­
ing for these expenditures? The society which for the past 
generation has empowered its representatives to place over­
whelming emphasis on defense, space, and Imclear energy 
developmental projects now is demanding that increased 
attention be given to the new series of problems which 
touch the daily lives of all citizens. 

Organizations and establishments in the private and pub­
lic sectors have begun to review their ability to meet the 
new chaI1enges. Realistic plans for urban renewal and ex­
pansion, environmental pollution control, precision design 
of transportation networks, and other problems are achiev­
able only after intensive, imaginative planning. 

Among the nrst members of the Congress, to consider the 
possible advantages of using the systems approach in the 
new problem areas was Senator Gaylord Nelson. In his 
Scientinc Manpower Utilization Act, he stressed the need to 
mobilize the scientinc and engineering manpower of the 
nation and to employ systems analysis and engineering in 
support of these scarce skilled groups. Senator Nelson also 
called upon state and local governments and private enter­
prise to apply their resources to the nght against these spec­
ters of disaster: 

Nothing short of a massive effort by industry and gov­
ernment at every level will solve this problem. This can 
be done only after a total analysis of the problem and 
development of an overall program of action.n 

The need to forge a strong business-government action 
group also is 'championed by Representative F. Bradford 
Morse. Both in the 89th and 90th Congresses he has served 
as spokesman for a. group of nearly 50 House Republicans 
calling for the establishment of a National Commission on 
Public Management. Similar legislation has been intro­
duced in the upper chamber by Senator Hugh Scott and 
more than a dozen colleagues. The Morse-Scott approach 
concentrates upon the need for further study of the appli­
cability of systems technology to civil problems. Represen­
tative Morse believes that: 

We are on the threshold of an entirely new approach to 
the solution of these public problems. Long-standing 
relationships between government and business will, of 
necessity, have to be exerted through the evolution, 

n U. S. Congress. Senate. Committee on labor and Public Welfare. 
Special Subcommittee on the Utilization of Scientific Manpower. Scientific 
manpower utilization, 1965-66. Hearings before the Special Subcommittee 
(89th Cong., 1 st sess., November 18, 1965). p. 16. [Remarks by Senator 
Gaylord Nelson]. 

7 Morse, F. Bradford. Private responsibility for public management. In 
Harvard Business Review, v. 45, n. 2, Marchi April 1967. p. 7. 
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testing, and fun utilization of more forceful, imagina­
tive techniques and deviCes.; 

As the result of discussions between Senator Nelson, Sen­
ator Scott and Representative Morse, efforts are underway 
to merge the grants-in-aid approach of Senator Nelson­
wherein a state office or university receives funds for the 
development of a pilot project-with .the Morse-Scott pro­
posal. 

Other Congressional activity reflects the alternative ways 
in which systems technology may be applied, including the 
use of systems analysis and PPBS techniques in organizing 
federal research and operational efforts in pollution abate­
ment. Another development involved the projected study of 
how adp and systems procedures might be applied to the 
administration of the courts of the United States; this was 
containecLin the Federal Judicial Center legislation. Thus, 
the areas in which Congress is beginning to see the desira­
bility of including direct provision or recommended consid­
eration for the use of systems tools and techniques are in­
creasing in number. 

The solution to many of our problems will not be reached 
without a 'considerable struggle, and we must scrutinize 
most thoroughly how our national resources are to be distrib­
utedbetween the defense-space-nuclear power programs 
and the new areas demanding attention. President Ken­
nedy's concern over the existing imbalance in spending and 
manpower prompted him to caution the nation that: 

... in the course of meeting specific challenges so bril­
liantly, we have paid a price by sharply limiting the 
scarce scientific and engineering resources available to 
the civilian sector of the economy.s 

Positive corrective action is taking place within the legis­
lative branch as the policy makers there, together with the 
leadership of the executive branch, strive to apply the na­
tion's resources to the problems of the age. 

summary 
The Congress gradual1y is charting a course which may 

al10w it to function more effectively in relieving the pres­
sures and solving the problems created by an expanding, 
urbanized society. Positive action has been initiated to con­
sider the ways in which systems management and planning, 
operations research and analysis, econometrics, simulation 
and modeling, and automatic data processing devices and 
techniques might be applied to assist the Congressman as 
he fulfills these roles: 

As a legislator, responsible for studying, debating, aiid 
making decisions regarding issues of national and inter-

. national scope; 
As a representative of his district or state, with prime re­
sponsibility for its welfare, relationship to other govern­
mental units, and the legislation concerning its people; 
and 
As an ombudsman of sorts, looked to by each individual 
constituent as the point of contact for assistance in any 
one of a thousand forms. 
The burdens imposed by these roles are causing increas­

ing numbers of Congressmen to ask what may be done now 
to a11eviate the problem of "too mu.ch to do and too little 
time or staff." The systems approach does not represent a 
complete solution to the dilemmas faced either by the Con­
gress or by society at large. The complexities of our civiliza­
tion are causing the nation's leadership to reassess the polit­
ical and technological systems which comprise and affect 
our government. In support of this objective, the systems 
approach can constitute a powerful mechanism to be used 
by the decision-makers who are responsible for the welfare 
of the nation. • 

8 Economic report of the President. Washington, U. S. Govt. Print. Off., 
1963. p. XXV. 

May 1968 

Mechanical: 

We're mostly mechanical but your control logic will 
think we're digital. How come? ... Your logic can 
talk to us on "digital terms" because we don't use 
any timing cams or clutches like motor driven equip-· 
ment. We use a simple ratchet drive, powered by. 
solenoids, to m'ove tape. Even our solenoids are like 
solid-state components-they require no lubrication 
and have virtually an infinite life. 

Easy-to-interface and easy on-the-maintenance 
are just part of our "logical" story. We operate 
asynchronously at speeds to 60 characters per sec­
ond, are compatible with all 5 through 8-level EIA 
standard paper tape and have optional electronic 
packages with power suppl ies. 

For complete information, and the most detailed 
data sheets in the industry contact your nearest 
Digitronics representative (he's listed in EEM or 
EBG) or write Digitronics Corporation, Albertson, 
New York 11507. (516) 484-1000. 
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RECOGNITION EQUIPMENT 
doesn't like to read between the lines. 

data products manufactures 

The 
b-p---d-a-t-a-p-r-o-d-u-c-ts-I 

LINE jPRINTER* 
makes sure they 
don't have to! 

Recognition Equipment Incorpo­
rated uses the LINE/PRINTER 
with their Electronic Retina™ 
Computing Reader because optical 
character reading demands 
sharp, clear print-out, straight 
lines, and an unusually high 
degree of reliability. 

Recognition Equipment chose the 
Model 4300 LINE/PRINTER, 
with a special OCR drum, printing 
at speeds to 1000 lines-per-minute. 
It features our Mark-II print 
hammer, which is virtually 
friction-free, and requires no 
periodic adjustments. 

No-compromise requirements 
for quality, reliability, low-cost 
and maintainability led 
Recognition Equipment to 
choose the LINE/PRINTER. 

LINE/PRINTERS are serving 
OEManufacturers in many other 
demanding areas. You don't 
have to read between the lines to 
know why. For detailed literature 
write data products 
(OEM Products Div.), 
8535 Warner Drive, 
Culver City, Calif. 90230. 

n data products I 
"the peripheralists" 

'Trademark of data productll corporation 

LINE/PRINTER©, DIscfILETM, Core Memories, Tape Cleaners, Off-Line Printer Systems, Card Readers & Punches 
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