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THANKS FOR THE
MEMORIES.

Thanks for your interest when we announced the
first commercially available 1 microsecond coinci-
dent current core memory system.

Thanks for your response to our 500 nanosecond
coincident current memory . . . another first, and
our 300 nanosecond thin-film storage system.

Thanks, too, for inquiries about our new LCM+
high-speed mass storage system.

We have delivered over $100-million worth of
cores, planes, stacks, systems and stand-alone
mass storage units. Applications include OEM,
special proprietary systems, military and airborne,
and high-speed computer peripheral storage.

Our success in providing you with quality prod-

ucts has enabled us to expand for even better
service. Plants in Hong Kong, Amery, Wisconsin,
and Minneapolis, Minnesota are all contributing
to the increased Fabri-Tek memory products capa-
bility. We intend to continue earning your confi-
dence. Thanks again.

For more information, write or phone: Fabri-Tek
Inc., 5901 South County Road 18, Minneapolis,
Minnesota 55436. Phone 612-935-8811. TWX 910-
576-2913.

FEABRISTEEK nc

MEMORY PRODUCTS DIVISION

LEADER IN MEMORY TECHNOLOGY FOR OVER A DECADE.
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A gift of gab.

Can you talk the technical lingo of modern integrated

circuits, and really know what you're talking about?

Here’s a quick quiz to help you find out. Define these ten

IC terms: BEAM LEAD, CARAM, EPIC, FUSIBLE LINK ROM,
MULTIPLEXER, PARITY TREE, PHASE-LOCKED LOOP,
QUIESCENT DISSIPATION, SAGMOS, STATIC SHIFT REGISTER.

How did you make out? If you missed any,
we've got a great free gift for you.
It’s the brand new /IC Wordbook, a glossary
of integrated circuit terminology, prepared by
the experts at Motorola. (Who else would know
more about integrated circuits? Their line of ICs
is the broadest in the industry) The glossary
includes nearly 500 IC terms, all clearly defined
in straightforward language. Get your free copy
by calling Harvey today. And if you need any
Motorola ICs, you can get them from us, too—
exactly what you need, when you need them—
but not for free.

-Motorola’s
new IC glossary:
Free.From Harvey

the distributor.

Motorola Franchised Locations:

HARVEY/NEW YORK Woodbury,N.Y.516-921-8700eHARVEY/FEDERAL,Binghamton,N.Y.607-748-8211¢HARVEY/R&D,Lexington,Mass.617-861-9200
Other Harvey Locations:

HARVEY/DETROIT Romulus,Mich.313-729-5500eHARVEY/NEWJERSEY,Clifton,N.J.201-473-8558¢ HARVEY/PRO AUDIO,New York,N.Y.212-582-1500
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How to Use This Annual

This book is designed to provide product and service infor-
mation useful to people in or associated with the computer
industry. The book is divided into four major sections:

e The COMPUTER INDUSTRY MARKETPLACE section
provides 'a marketing-oriented analysis of the computer
industry, giving current and future trends.

e PART 1. COMPARATIVE CHARACTERISTICS OF
COMPUTER EQUIPMENT presents editorial on product
and service selection followed by charts covering specific
products and services by manufacturer name and equipment
characteristics. Look on pages 12 and 13 “Part 1 Con-
tents™ to find the pertinent background text and charts on
computer equipment or services. The charts are not intended
to be all-inclusive of product models for each class of equip-
ment. They are representative of the range of performance
characteristics of equipment currently available in the
industry.

e PART 2. PRODUCT DIRECTORY is an alphabetical
listing of products and services by type with their manu-
facturers. An index to the hundreds of various products and
services begins on page 317.

e PART 3. MANUFACTURERS’ DIRECTORY begins on
page 457, This section lists alphabetically the complete ad-
dress, telephone number and TWX/Telex information for
over 2000 companies that manufacture computer equip-
ment or provide computer services followed by a list of
individual products and/or services that each company
offers.

Detailed page headings and frequent indices have been inte-
grated through the book to facilitate reference to section
and part, At appropriate intervals, manufacturers and service
organizations have provided ads, catalog pages, and data
sheets for your further information,



R’s 179

“The 1790 has the best software of all the logic testers we
surveyed.”

“Our 1790 will pay for itself in the first few months of
operation.”

“GR’s 1790 has significantly reduced the time required to
debug engineering prototypes.”

“LSl circuits are rapidly tested on our 1790.”

Still other satisfied customers have told us how much
they like the interactive mode of operation, which allows
them to prepare and modify test programs on-line, and the
tape-cassette memory for quick access to all existing test
programs. Some have mentioned the programmable logic
levels and power supplies that permit the testing of mar-
ginal conditions and boards with mixed logic families, the
control panel and alpha-numeric display scope that
simplify and speed test procedures, and the universal

hy 48 firms
have chosen

0 Logic-Circuit
Analyzer:

device adaptors that allow all pins to be inputs or outputs
and permit checking for shorted inputs.

We can stand behind these comments because we,
too, have benefited from using the 1790 in our own
development and production efforts. When we decided
to build a logic-circuit analyzer, we did it because the
system we needed just wasn't available commercially.
So we built the best possible analyzer for ourselves, and
we've used it for over two years to help manufacture our
products with a resulting increase in quality and decrease
in price. Now we want you to have the same advantages
from your own 1790.

The basic 1790 includes a large 1/0 capacity (96 input
pins and 144 outputs), a high-level test language that
technicians can learn in only a few days, computer speed
(up to 4000 tests per second), and a simplified GO/NO-GO
test mode. The physical contents of the 1790 are a com-
puter with 4096 12-bit words of 1.6-us-cycle core memory,
teletypewriter, photoelectric tape reader, display scope,
control panel, logic probe, and all the needed accessories.

Some great new options will increase the power of your
1790 many times: programmable logic levels for mixed-
logic testing, expanded tape-cassette memory with
150,000 12-bit-word capacity, and universal device adap-
tors for testing a greater variety of devices.

Complete 1790 specifications and operating informa-
tion are available from your nearest GR District Office or
from 300 Baker Avenue, Concord, Mass. 01742. In
Europe write Postfach 124, CH 8034, Zurich, Switzerland.

General Radio

NEW YORK (N.Y.) 212 964-2722 (N.J.) 201 791-8990 « BOSTON 617 646-0550
CHICAGO 312 992-0800 ¢ WASHINGTON, D.C. 301 881-5333 « LOS ANGELES 714 540-9830
TORONTO 416 252-3395 « ZURICH (01) 55 24 20
GRASON-STADLER 617 369-3767  TIME/DATA 415 327-8322
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Computer
Industry
Marketplace

The computer industry by 1971 has reached a stage where
it is really no different from any other sector in the
economy. This industry finds itself affected by the govern-
ment’s fiscal policies and monetary rates, in contrast to the
1960’s, which saw the rate of computer installations
increase at a rate seemingly impervious to general economic
conditions.

Some essential conclusions derived from an evaluation of
the industry to this time are:

e The U.S. computer market has begun to reach a point of
saturation in most of the computer user sectors.

e The future rate of growth of computer installations will
be influenced to no small degree by economic conditions.

e The large, stand-alone, general-purpose digital computer
with its multiple input/output peripherals has reached a
growth plateau and will experience fairly limited growth
increase in terms of annual installations in the next five
years.

e The many companies which are dependent upon the
manufacturers of these large machines for sale of their
products, i.e., memory manufacturers and peripheral manu-
facturers, will be forced to seek additional avenues for
bringing their products to the end user markets.

e In contrast to this somewhat somber outlook, the market
for tailored computer packages as dedicated systems using
computer techniques is flourishing at an unprecedented
rate.

e It must be emphasized that an inescapable conclusion
still remains: the outlook for the next five years suggests a
very tight, controlled economic situation in which invest-
ment in computer products will be decided on much more
of an economic priority basis than has been the case for the
past decade.

The computer industry has shown remarkable growth —
well over 20% per year since 1960. However, the new order
rate for computers began to slow in the middle of 1970 and
consequently, 1971 shipments will probably be slightly
lower in total value than those of 1970. Even the

ubiquitous minicomputer industry has begun to feel the
effect of the economic downturn. Many industry experts
were predicting shipments of 10,000 units and more in
1971. Most recent investigation would seem to indicate that
actual shipments will not exceed 7,000 units and may very
well be as little as 6,000.

Another pronounced effect of the slowdown is being seen
in the postponement of decisions regarding the use of
alternative memory technologies. It would appear that
many potential users of solid-state memories, for example,
are putting off the innovation necessary to utilize semi-
conductors most effectively. The tight economy has tended
to make manufacturers cautious about abandoning existing,
highly marketable products for the latest advance in
computer technology. Also, as in the case of switching to a
totally new technology such as semiconductor memories,
there is little incentive to disregard an opportunity to add
maximum value to a product. Ferrite cores continue to
offer the maximum value to the computer manufacturer,
particularly to those who have core production facilities
already installed. Thus, the current shift in the pattern of
economic growth has had a pronounced effect on all
aspects of the computer industry. The most important
question in the computer industry today remains: How
soon will a corresponding upturn in the general economy be
felt in the industry?

INDUSTRY PROFILE THROUGH 1971

The tremendous demand by industry and government for
increased productivity and information services has greatly
contributed to the development of a computer industry
that is vastly different from the industry which came into
the 1960’s. The computer industry has become a major
factor in the economic development of the United States. It
currently employs in excess of a quarter of a million people
and is ranked as the 12th strongest industrial group in the
U.S. in terms of sales and employment. Moreover, many
companies, particularly in the primary materials sector,
depend on the computer industry as a direct market for
their components and services. Aside from these factors,
the computer itself has been instrumental in creating and
sustaining growth in other industries and thereby contribut-
ing significantly to the growth of the entire economy.
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The manufacture and sales of computer/EDP hardware
(including business data processing, peripheral equipment,
special military and aerospace systems, control systems, and
data communication systems) has increased from $3.5
billion in 1960 to approximately $15 billion in 1969. In
addition, disposables such as forms and magnetic tape
accounted for $980 million; software services were valued
at nearly $1 billion. Proprietary programs account for 25%
of software services and play an important role in holding
down total user costs. While hardware sales growth has
nearly trebled, software services have increased by approxi-
mately five times since 1965. It is anticipated that at the
present rate of growth, software expenditures will exceed
hardware expenditures by 1973.

U.S. SHARE OF WORLD MARKET FOR COMPUTERS

At the beginning of 1970, there were about 47,000 general
purpose digital computers installed in the United States.
In addition, there were approximately 15,000 special
purpose computer systems installed in the civilian sectors
of the U.S. economy. Table 1 shows the present estimated
distribution of computers in the world. It is quickly
apparent that the U.S. has a commanding share of the
world’s installed computer capacity at the present time,

Table 1. World Computer Population
(General-Purpose Machines)

DECEMBER 1970

United States 53,500
Western Europe 25,000
U.S.S.R. 5,500*
Eastern Europe 1,500*
Japan 6,700
Other 7,000
World Total 99,200

*Scientific American figures, Oct. 1970

With this size of domestic market, it is not surprising that
American companies would be in advance of many of the
other countries of the world in development of machines
and penetration of markets. The U.S. share of world
production of electronic computers was about 80 to 85%
for the period from 1960 to 1968. From 1968 onward, it
began to decline slightly and in 1971 will probably be
about 75 to 77% of world production. However, these
figures considerably understate the contribution of
American-owned companies to world production. Sub-
sidiaries of American companies operating in other
countries around the world contribute substantially to the
production and export figures of those countries.

In Western Europe, the American computer manufacturers’
share of production probably accounts for between 35 and
40% of all computer equipment produced. International
Business Machines is truly an international company,
accounting for well over two-thirds of the total U.S. market
and about the same proportions for the rest of the
installations outside the U.S. Only in the United Kingdom,
Japan and (apparently) the Eastern European countries
does IBM’s share fall below the 50% point.
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MARKET FOR EDP PRODUCTS, 1965-1971

There is no single computer market. The present and future
market for computer equipment is almost open-ended. It
consists of many and various user sectors, each influenced
to some degree by external economic factors over which no
single group has control. Many intra-sectoral factors exist
which influence a particular industry’s or firm’s use of EDP
equipment. These include:

e Volume of sales of the industry

® Profits of the manufacturers in the industry

e Capital equipment expenditure of the manufacturer
e Plant capacity in use

e Rate of growth of the industry

e Size distribution of the individual customers

e Rate of growth 6f the individual customers

All of these factors influence the ability of the potential
user to buy EDP equipment to some degree. Some other,
less tangible, factors which influence his use of the product
and vary with each market sector are the technological
content of the user’s products, his rank in the industry, and
the life cycle of his product line.

An analysis of the markets for computer products has
shown that the computer industry’s recent vulnerability to
shifting economic conditions is most related to saturation
of the markets. At this point, the number of new
companies or groups using computers for the first time
seems to be declining.

Computers have been used mostly by large companies and
the first groups to use computers were the technical
industries. Where the user sector is characterized by
relatively top-heavy distribution of companies of very large
size, computer sales have declined more rapidly than in
sectors where there is a fairly uniform distribution, When a
high level of computer usage per firm (penetration factor) is
reached, the sale of additional computers to the particular
sector becomes heavily dependent upon the economic
health of the industry.

However, a contradictory situation presents itself at this
time. As noted above, computers are mostly used by large,
wealthy firms. An analysis of the user sectors reveals that
computers are seldom used by manufacturing firms with
less than $10 million in sales. About the only instances of
small sized business groups with computers installed are
those in which the primary product is information services.
The professional services industry has been the most rapidly
growing computer user sector in the economy. Thus, there
has been a higher demand for data processing services in
this sector.

Since most larger companies tend to have their own
computer systems, they use external data processing
services only occasionally. Thus, it can be concluded that
small companies represent the bulk of the data service
industry’s business. An investigation of user sectors to
determine the point at which an individual firm could make

COMPUTER INDUSTRY ANNUAL 1971-72



the decision to purchase computer equipment rather than
using a service bureau produced the following conclusions:

e There is a large, potentially lucrative, but still unserved
market available to the computer hardware manufacturer.

e Since the utility of the computer has been almost
universally recognized in every user group and there are
ample programs available for all applications, it must be
concluded that the lack of usage is a function of economics.

e The questions of economics is a relative one: the right
hardware at the right price. This aspect of the supply
function does not appear to be solved to the satisfaction of
large numbers of users at this time.

The lower cost boundary of the supply pattern would
appear to be about $2,000 per month or an equivalent rate
of purchase price amortization. This amount seems to
represent the minimum expense level for hardware, but it
must still be supplemented by a programmer/analyst/
operator and consequently, the bill for an in-house com-
puter facility is generally around $5,000 per month. It
would appear that management in most companies is still
relatively unsure of the tangible benefits of the computer.
Where a computer is used, the decision to install one is
based upon a simple alternative of investing in people or in
a machine to do a specific task, such as accounting. Thus, a
significant part of the future growth of the use of computer
products will be dependent to a very high degree upon the
industry developing products and applications programs
tailored to the needs of small businesses.

INDUSTRY DEVELOPMENTS

Unbundling took effect for more than 70% of the U.S.
computer industry in January 1970. The results of, and
reactions to, unbundling have been mixed. The independent
software business, which was supposed to benefit from
separate pricing, experienced difficulties, while the main-
frame computer firms (particularly IBM) enjoyed increased
business. Software firms have attributed their difficulties to
overcrowding and the fact that the large mainframe
suppliers have been very cautious about charging for their
unbundled services.

Eventually, observers believe, unbundling will be the
normal order of things, with customers forcing all manu-
facturers to unbundle within the next year or two.

Unbundling has led to a round of price increases in the
computer industry. These increases, which have run about
5%, are attributed to the fact that IBM cut their prices only
3% when they unbundled instead of the anticipated 12 to
18%. The net result was an over-all increase in data
processing costs, and, therefore, a larger price increase
margin for smaller manufacturers.

Despite current setbacks, it is anticipated that the pro-
prietary software segment of the industry will experience
growth ranging from $30 million to about $100 million in
1971 and $2 billion by 1975.

TRENDS

There are currently slightly over three million establish-
ments in the U.S. doing less than $10 million in annual

COMPUTER INDUSTRY MARKETPLACE

sales. Ownership of computer systems in this group
represents less than 1% of the 42,000 computer systems
presently installed in the private enterprise sector.

An examination of the behavioral patterns of the market
for computer products leads to the following basic con-
clusions:

e The leveling off of the growth in the rate of major
computer installations is probably related to saturation of
existing users with existing products.

e The value of electronic data processing and its applica-
tion to daily business problems is universally accepted
without regard to the size of the business establishment
but, for the moment, most small businesses have been
unable to take advantage of these techniques except
through service bureaus and time-sharing services. This is
due, in most part, to the cost of owning and operating a
computer system. The typical minimum cost levels cur-
rently found in business (including equipment leasing,
personnel, and supplies costs) are between $2,000 and
$5,000 per month.

e There is a vast, potentially lucrative but untapped market
available in small businesses, service groups and government
agencies. These users would purchase or lease a computer
system to fill their needs if it were available at a price they
could afford.

Memories accounted for about 25% of the $7.5 billion
worth of computer systems shipped in 1970, and cores
represented about 90% of all memories shipped. To make
the memories faster and more compact, the size of the
cores and the wires over which they are strung has been
reduced to a few thousandths of an inch, and they cannot
be made much smaller. Although prices have dropped
drastically over the past decade due to improved manu-
facturing techniques, there seems to be little room for
further cost reduction. On the other hand, semiconductor
memories are still in relative infancy, and there is much
room for improvement.

Despite the predicted potential for semiconductors
(estimates of the future semiconductor market range from
$300 million to $400 million in 1973 to well over $1
billion by 1980), core volume is growing; even semicon-
ductor companies expect it to keep growing, at least until
1975, though the market share of cores will decrease. Core
will continue to dominate the memory market simply
because all computers now on the market use it, as well as
many which are now in a development stage that is too far
advanced to be modified to accomodate semiconductor
memories.

The computer industry finds itself in a unique position in
1971. Technologically, all of the system elements are
available to assemble the hardware elements of general-
purpose systems which would meet a wide number of
business requirements for less than $40,000. This cost is, of
course, based upon typical, current hardware quotations
and is highly sensitive to demand volume. Some are even
being offered now at these prices, including low-level
software, e.g., Cascade Data Computer System 80/30.

The small computer began to be an important factor in the
computer market place in 1964. At that time, the majority
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of small computers were purchased for use as systems
elements. The use of small computers in stand-alone
systems has grown very much more rapidly than the
component segment, and it is considered that the system
element will show the most dramatic growth over the next
decade as the small business user turns to in-house data
processing facilities.

While the small user environment has been somewhat of an
enigma to most computer manufacturers, it is precisely this
segment of the market which represents the greatest growth
potential over the next decade.

SERVICES SECTOR AS END USER OF COMPUTER/EDP
PRODUCTS : '

The industry groups which constitute the services sector
(banking; medical services; professional services; retail and
wholesale trade, insurance, finance and real estate; transpor-
tation services; utilities; telecommunications; education;
and government) are the greatest users of computer
equipment and have represented the fastest growth sector
for use of computer products. The services sector owns and
operates more computers than any other group in the U.S.
economy, as illustrated in Table 2.

The rate of growth of the services sector has generally been
in excess of the gross national product. The services sector
has assumed a position of importance in the U.S. economy
that is greater than either the primary goods manufacturing
industries or the finished products manufacturing groups.
The trend has been steady since the Second World War and
it is unlikely that it will be reversed for some time.

COMPUTER INDUSTRY MARKETPLACE

There are subtle but pervasive factors which influénce the
utilization of computer equipment by the services sector.
Services generally means information services. Of the total
sector, probably as much as 65% of the employment is
associated with what John Kenneth Galbraith calls the
“knowledge industries.” These involve persons who are
engaged in collecting and analyzing information for use by
many other people. Some industries, such as banking and
insurance, have what might be termed ‘“‘soft” products in
that no finished article is exchanged, but a service is
rendéred which produces some form of tangible results. In
these industries, the information requirements are very
extensive for both the procéss and the product. The
importance of the growth of the services sector, and the
increasingly heavy demands on information processing,
should not be overlooked. The newest addition to the
services sector, the software of computer services centers,
has become a very important part of the data processing
scene. While the use of external data processing services has
been a stop-gap measure for the small business ownér who
has a need for computer processing, it does perform an
important service in processing data for a large number of
persons. The professions — medicine, law, and education —
are all being impacted by the computer. Since these groups
are dependent upon exchanging information for dollars, it
is highly likely that they will become even greater users of
computer products and services.

The services sector now accounts for over half of the
computers installed every year in the United States. By
1975, this group will probably account for 75% of all
computer installations.

Table 2. Significant EDP Indicators

Services Sector

COMPUTER INSTALLATIONS:

1965 1966 1967 1968 1969

# % # % # % # % # %
BANKING 645 109 775 100 830 8.1 835 7.8 780 7.7
MEDICAL SERVICES 105 1.8 70 9 195 1.9 330 3.1 325 3.2
PROFESSIONAL SERVICES 160 2.7 465 6.0 605 5.9 685 6.4 885 8.7
RETAIL AND WHOLESALE 420 71 550 74 830 8.1 890 8.3 1015 10.0
TRADE
INSURANCE, FINANCE 425 7.2 645 8.3 945 9.2 860 8.0 810 8.0
AND REAL ESTATE
TRANSPORTATION 185 3.1 230 3.0 205 2.9 330 3.1 275 2.7
SERVICES
UTILITIES 100 1.7 140 1.8 235 23 195 1.8 205 2.0
TELECOMMUNICATIONS 175 3.0 200 26 205 2.0 180 1.7 100 1.0
EDUCATION 310 5.2 420 5.4 800 7.8 805 7.5 700 6.9
FEDERAL, STATE AND 1230 208 890 115 915 8.9 1085  10.1 935 9.2
LOCAL GOVERNMENT
TOTAL 3755  63.5 4385  56.6 5855  57.1 6195  57.8 6030  59.4

PERCENT REFERS TO SHARE OF ALL DOMESTIC c.p.u. INSTALLED.

COMPUTER INDUSTRY ANNUAL 1971-72



FORECAST OF U.S. ECONOMY 1971-75 AND ITS
EFFECT ON THE FUTURE OF THE COMPUTER
INDUSTRY

Forecasting the future sales of an industry as sensitive to
change as the computer industry involves an examination of
various, relatively unstable factors. The national economy,
technological change, the action of competitors, or changes
in the supply patterns of critical components or labor can
all act to alter the feasibility of a computer manufacturer’s
plans for continued or accelerated sales growth.

An analysis of industry sectors shows that it is possible to
link the sales of computer products to shipments, profits,
and capital equipment expenditures, although a forecast of
the demand for computer products based on this type of
analysis is tentative at best. In terms of forecasting
computer sales, the most significant measurement is that of
the probable total sales effect on a given industry for a
given percentage of change in the GNP. The Department of
Commerce’s Business and Defense Services Administration
has made use of a simple linear regression program to
calculate for the various different industry groups:

o The growth that the industry might expect on its own
without any help from an expanding GNP.

e The industry’s comparative sensitivity to cyclical swings
in general business conditions. The first element to be
considered in a forecast, therefore, is to establish some
probable ranges for the gross national product and the

COMPUTER INDUSTRY MARKETPLACE

effect it will have on the various user sectors of computer
products.

The accompanying table gives projections of GNP and its
composition for the years. 1969-75, both by the Council of
Economic Advisors and the Wharton School of Economics.

It is important to note that any projection for the future
growth of the GNP must be related to changes in the key
price indices. If the nation continues to experience inflation
at the rate of the period from 1969 through 1970, severe
economic action will be required. In the present concept of
economic controls, this generally means controlling the cost
of money, which, in turn, acts as a deterrent on business
activity and consequently, employment. There is some
question, however, as to the political reality of using
economic techniques which result in unemployment to
large segments of the labor force. For the moment, it is
apparent that economists differ widely in their views as to
what will most effectively control expansion and recession
in the economy. The net effect of large scale unemploy-
ment on the economy is also not well understood. There
has been little done in evaluating the shifting pattern of
employment between the manufacturing and the services
sectors of the economy. There seems to be a relationship
between the increase in employment in the services sector
and steady increases in the price indices. While manufactur-
ing firms have tended to intensify their use of capital goods
to increase the productivity of its laborers, there has been
scant opportunity for this to be done in the services sector.
If there is a relationship between services, employment and
prices, then we are going to experience considerable
pressure on prices in the next five years.

Table 3. Gross National Product, 1969

Projections for 1969-1975
(Billions of Dollars, 1958 Prices)

1969 1970 1971 1972 1973 1974 1975

GROSS NATIONAL PRODUCT 727.7 736.9 765.0 813.4 858.7 893.7 927.4
727.7 730.1 747.9 805.6 855.6 890.9 925.7

FEDERAL GOVERNMENT 76.1 69.4 66.4 65.6 64.9 64.9 64.1
PURCHASES 76.1 71.8 69.7 70.0 71.0 72.0 73.0
STATE AND LOCAL GOVERNMENT 73.7 75.9 78.5 81.3 85.7 89.6 92.9
PURCHASES 73.7 77.6 82.1 88.0 94.0 100.0 105.0
PERSONAL CONSUMPTION 466.0 480.6 501.6 537.2 569.7 594.7 622.1
EXPENDITURES 466.0 474.5 486.9 524.9 556.0 579.1 603.1
GROSS PRIVATE INVESTMENT 119.9 111.0 118.5 120.8 138.5 143.9 1483
119.9 106.2 109.2 122.7 134.6 139.8 144.6

BUSINESS FIXED INVESTMENT 81.5 84.5 86.1 91.1 95.2 98.4 102.5
81.5 82.3 78.1 84.3 94.4 100.5 104.8

RESIDENTIAL STRUCTURES 23.5 21.1 247 29.1 33.5 35.7 35.7
235 21.0 25.0 25.8 26.7 27.0 27.3

OTHER INVESTMENT 6.9 5.4 7.7 8.6 9.8 9.8 10.1
6.9 2.9 5.1 12.6 13.5 12.3 12.5

SOURCE:

(LIGHT FIGURES) COUNCIL OF ECONOMIC ADVISORS, ECONOMIC REPORT TO THE PRESIDENT, 1969

(BOLD FIGURES) WHARTON ECONOMIC FORECASTING ASSOCIATES, MARCH 12, 1970



STATE-OF-THE-ART

DATA INTERFACE MODULES

...D/A Converters
...A/D Converters
...Multiplexers

...Sample & Holds
... Data Amplifiers
...Power Supplies

At the heart of our newest state-of-the-art
high-performance A-D and D-A converter module
designs are Analog Devices’ exclusive uDAC’s—
unique monolithic IC devices. Spec for spec, every
one of these 28 designs is the best in its class.

Each provides a superlative combination of stability,
linearity, accuracy, range, and speed.

Here’'s what it takes to produce these high perform-
ance modules:

® our exclusive fourth generation IC uDAC™ quad
switches, which incorporate proprietary circuit
and processing innovations. The current quads
have unique internal reference compensation and
proportional junction geometry. The voltage
quads are optimized by dielectric isolation of all
critical junctions.

® ultra-stable fourth generation wDAC thin-film
resistor networks . . . laser-trimmed for virtually
perfect linearity, and designed for optimum com-
patibility with uDAC quads.

® new “‘outer limits'’ fourth generation I1C engineer-
ing and production facilities.

And every model is priced to compete with ordinary
converters. '

FIVE REPRESENTATIVE DESIGNS

(a)

(b)

(c)

D-A Converters—from DAC-QS modules to sophisticated
DAC-16QG converters with digital buffer storage, bipolar
output voltage, and switching transient suppression.

A-D Converters—high-speed successive-approximation
converters from the low cost ADC-H to the 1 micro-
second ADC-F.

Multiplexers—high speed, high accuracy MOSFET multi-
plexers with binary address control.

(d) Sample & Holds—for all applications, from high speed

(e)

date acquisition to multichannel data distribution.

Amplifiers—for every application, from high-stability and
high speed op amps to modular data amplifiers.

FREE—VALUABLE NEW TECHNICAL LITERATURE

NEW D/A & A/D CONVERSION
PRODUCTS — Complete specifica-
tions on Analog Devices IC con-
version components, and economy
converters, high performance, and
high-speed converters.

vtDAC FOURTH GENERATION IC
D/A CONVERTERS — Technical
specifications, application notes, and
related reference material for pre-
cision D/A conversion applications.

DAC-16QM— 16-bit D/A Converter (also 14-bit DAC-14QM). Linear within
0.0008%!! From ordinary +15V op amp supplies — no need for 100 voit
current source supplies. Gain T.C. is 1ppm/°C..Completely universal — up
to 14 possible codes.

DAC-12M— Multiplying 12-bit D/A (also 8-bit DAC-8M). Four-quadrant
multiplier; accepts one digital and one or two analog (bipolar or unipolar)
inputs; output is their product. Accuracy, +0.024%.

ADC-12QM~ 12-bit A/D Converter (also 8 bit & 10-bit designs). Relative
Accuracy, 0.0125%; differential linearity, +%2LSB; T.C. of linearity,
+3ppm/°C; T.C. of reading +5ppm/°C. Output: serial/parallel; binary, BCD;
TTL;

DAC-12QM- 12-bit D/A Converter (also 8-bit & 10-bit designs). Output:
0 to 5 or 10VDC (or 5, £10V) @ 10mA; 50V/usec slew rate; Linearity &
F.S. Accuracy, +/2LSB each; T.C., +7ppm/°C.

DAC-12QS- 12-bit D/A Converter (also 8-bit & 10-bit designs). Same per-
formance as DAC-12QM, but without input storage register.

SIZES: 2"x 2" x0.4" or 2" x 2" x 0.36" or 2" x 4" x 0.4".
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FOURTH GENERATION LINEAR IN-
TEGRATED CIRCUITS—Descriptive
material, specifications, and general
information on many Analog Devices
linear IC products and uDAC current
and voltage switches.

To obtain any of the above publica-
tions, or for expert applications
consultation without charge or obli-
gation, phone, TWX, or write: Ap-
plications Engineering Department,
Analog Devices, Inc., Route 1 In-
dustrial Park, Box 280, Norwood,
Mass. 02062. TEL.: (617) 329-4700
* TWX: (710) 394-6577

ANALOG
DEVICES

Circuit Specialists
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'm a counter salesman at the
branch of a large department store
chain. When people give me a credit
card or a check, | instantly check their
credit on this fast little terminal unit.
It's easy. | can verify a check against
a drivers license number in a second
just by flipping this MINILEVER™
switch. Of course, | have to flip this
switch all day long. But | don’t mind.
“Credit-Chek’’, produced by Credit
Systems Inc., of Colmar, Pennsylva-
nia, was obviously designed by engi-
neers with compassion. They know

A

Somebdy Out There Likes Me.

that if some poor soul has to flip a row
of switches all day long, it should be
easy and comfortable. Comfort pro-
duces accuracy.

MINILEVER is an accurate, easy to
use switch. Nice large characters,
.200 inches high, that ‘‘click’ into
position by the flip of a lever. The
MINILEVER gives you up to 12 posi-
tions per module. The modules are on
15" centers, with as many in a row as
you require. When you wish to reset
all digits back to ““0"’, all
it takes is a sweep of
the hand across
the levers.

So, be compassionate, think of the
other guy and buy MINILEVER. After
all, you'd want him to do the same
for you.

Send for our new data sheet.

THE
DIGITRAN
COMPANY

A Division of Becton, Dickinson and Co.

855 S. Arroyo Parkway, Pasadena, Calif. 91105
Telephone (213) 449-3110 « TWX 910-588-3794
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On Target with Solutions

Our systems-capability solu-
tions are dead-center on your
minicomputer problems.

We aim to solve your problems
in a variety of ways. Aside from
our line of general-purpose
computers described below,
we have a full range of
DELIVERABLE software; MOS,
FORTRAN 1V, BASIC, RPG 1V,
among others. We offer the
largest line of FIELD-PROVEN
peripherals. And we have main-
tenance contracts that are tail-
ored to your system needs. We

620/f: New, so fast it just did
one mega-execution while you
read “‘sofast,” completely com-
patible with the 620/i.

have a special Systems«p@

Engineering Department that
DELIVERS.

Now about that hardware. ..
620/i: The total capability
minicomputer. So great, over
1400 used worldwide.

R620/i: The number one rug-
gedized minicomputer.
520/DC: Today’s most cost-
effective data communications
system.

If you want to be on target with
TOTAL solutions, why not talk
to the big company in small
computers?

U.S. Sales Offices: Downey,
San Diego, San Francisco,
Calif.; Washington, D.C.; Chi-
cago, lll.; Waltham, Mass.; Ann
Arbor, Mich.; Minneapolis,
Minn.; Albuquerque, New Mex.;
New Rochelle, Syracuse, N.Y.;
Fort Washington, Pa.; Dallas,
Houston, Texas. Other offices
worldwide.

Varian Data Machines, aVarian
subsidiary, 2722 Michelson Dr.,
Irvine, California 92664. Tele-
phone 714/833-2400.

varian
data machines

The Big Company in Small Computers
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Computers

Computers today represent a multibillion dollar industry
that is still growing at a remarkable pace. Hundreds of
different models are available, with purchase prices ranging
from as low as a few thousand dollars to about ten million
dollars, The computer mainframe market is estimated to
reach $1.5 billion in 1971 and $2.5 billion by 1975. In
numbers of units, 60,000 computers are expected to be
shipped during 1975 of which 50,000 will be so-called
minicomputers with minimum mainframes costing under
$10,000. The greatest percentage of increase will be in
time-sharing, which is expected to grow from its present
$100 million base to $700 million in equipment value.
Industrial control applications will increase comparably
between now and 1975 from roughly a $200 million to a
$600 million base. The phenomenal growth of the com-
puter industry has been largely the result of new applica-
tions brought about by cost and performance improve-
ments. New applications appear every day as the computer
finds its way into almost every aspect of business and
professional activity.

Traditionally, computers have been broadly classified as
commercial or scientific. The scientific class of machines
includes small computers typically used for some form of
on-line control, and the larger machines used for general
computation. Though many computers on the market may
be easily identified as either commercial or scientific, it is
becoming increasingly difficult to distinguish between
commercial and scientific computers, particularly in view of
the speed and data formats of the new generation machines.

Regardless of application, all digital computers exhibit the
same fundamental architecture, which consists of five basic
sections: input, control, memory, arithmetic and output.
Beyond this elementary comparison, computer mainframes
differ substantially. The design of these five basic sections
varies significantly from one machine to another in order to
accomodate the specific requirements of particular applica-
tions. However, because of this accomodation, selecting the
most suitable equipment for given applications requires
careful scrutiny and evaluation.

In this survey of computers, particular emphasis has been
given to the problems of equipment selection. The various
hardware, software and system characteristics have been
reviewed as they relate to selection and evaluation pro-
cedures. The review is followed by product summary charts
of computers currently being produced. Specialized com-
munications-oriented processors which serve as the com-
munications front-end of larger computer systems have not
been included in this section, since they are discussed in the
section on Data Communications Equipment. For a review
of characteristics of various input/output equipment, peri-
pherals and storage systems, the reader is referred to the
specific sections on these equipment.

MINICOMPUTERS

A decade ago, minicomputers did not exist. Today,
minicomputers are perhaps the most dynamic part of the
computer industry. Yet, because of the meteoric growth of
the minicomputer industry, many people have only a
partial understanding of what minis are and how they are
used.

Minicomputers, which are physically small and inexpensive,
now come with a variety of peripherals that expand their
capabilities considerably. Another plus point for minicom-
puters is that they have internal speeds that enable them to
communicate with a higher degree of flexibility than
controllers, which until now have been hard-wired, non-
programmable components of analog-to-digital computer
systems. Minicomputers also have the capability of
functioning as stand-alone, dedicated computers which can
control a discrete portion of a process and do it well. An
observable trend is that most industrial process systems
function in factory environments not really appropriate for
a computer’s delicate mechanisms. Some of the computer
“pollutants” are high electrical noise, H,S (sulphur
dioxide) and corrosive solutions, oil film, metal dust,
vibration, shock and temperature and humidity variances.
With this in mind, some minicomputer manufacturers have
designed their systems to withstand these hostile environ-
ments.

The Minicomputer Market

This year, more than 6,000 minicomputers will be installed,
representing about $100 million. Adding associated peri-
pherals and software, this figure jumps to between $200
and $250 million.

The growth rate of the minicomputer market has been
between 40 and 50 percent per year for the past three years
and manufacturing capacity already exists to continue this
growth pattern for at least two more years. That is,
shipments could be approximately 15,000 systems,

exclusive of business systems, without straining the manu-
facturing capacity of established suppliers.

Presently, the major areas of application are:
e Scientific or laboratory instrumentation

e Industrial or process control

e Data communications

e Time sharing and computation

e Education
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A large percentage of laboratory systems include instrumen-
tation, mainframe, peripherals, and software as a package
and are usually sold through instrumentation manu-
facturers. In addition, computer manufacturers offer turn-
key systems designed for a specific type of instrument or
group of instruments. Some typical functions are instru-
ment monitoring and control, data acquisition, and data
reduction and analysis.

Industrial applications of minicomputers can be divided
into factory management, discrete manufacturing, quality
control and testing, and continuous process control.

In data communications, minicomputers are used as
terminals, message = concentrators, message switching
systems, store-and-forward systems, and pre-processors for
large computers. Each application may use a minicomputer,
ranging from the lower end of the price range for terminals
to the upper end for concentrators and pre-processors.

Industrial and data communications markets will continue
to grow more rapidly than scientific markets. Also, signifi-
cant growth in business systems for both free-standing and
batch terminal usage can be anticipated. The entry of most,
if not all, of the major business computer manufacturers
into the market for EDP applications seems likely. Another
potential market for minis, not presently significant; is
transportation, both for vehicles and traffic control.

Major divisiohs of the market for the next five years have
been projected to be laboratory, industrial, communica-

tions, business, and a miscellaneous grouping of applica- .

tions such as typesetting, transportation, traffic control,
and education. The most significant new development is the
anticipated growth of business applications and the
accompanying growth of data communications. These
applications together are predicted to account for approxi-
mately half the 1975 shipments. Markets may grow at a
stronger rate than indicated for transportation, education,
and hospital automation, but prediction is difficult since
each area is presently somewhat volatile.

Types of Minicomputers

There are many ways to categorize minicomputers. All are
usually tied to some specific criterion such as system price.
Among all the possible classification schemes, perhaps the
most commonly used is word length. Although exceptions
undoubtedly exist, generically speaking, for general purpose
minicomputers, the following guidelines hold up surpris-
ingly well.

Eight-bit word length computers. Most eight-bit word-
length machines are not really organized as computers, and
those that have are very limited power. As a consequence,
they are generally used to control simple repetitive actions,
such as uncomplicated industrial machinery, and as such, are
many times referred to as ‘“‘controllers” rather than
“computers.” A true minicomputer has to have the full
elements common to any computer-central processor, core
memory, and input-output devices. A further distinction
must be made between a general purpose computer and a
special purpose device. In one sense, both are “computers,”
but generically, in most conversations ‘“‘computer” implies a
machine whose function can be changed easily by reading
in a new program.
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12-bit word length computers. Minicomputers with “‘short”
word lengths are generally used in dedicated applications.
Such machines are used to perform single tasks, one task at
a time, such as gathering data, performing control func-
tions, acting as a dedicated calculator, or communication
device, or performing analytical functions. The more
advanced 12-bit minicomputers, however, can be used for
multifunctional assignments, where more than one person
or piece of equipment shares the computer.

16-bit word length computers. Machines with 16-bit word
lengths are used either for more complex dedicated jobs or
for more extensive multifunctional assignments. These are
the systems that bridge the gap between the control or
dedicated computer and the stand-alone multipurpose
system.

18-bit word length computers. Minicomputers with word
lengths of 18 bits are at the upper end of the small
computer spectrum and often are actually medium-scale
machines. They can perform highly sophisticated analytical
tasks, interactive graphical design, and time-sharing. They
are used in a variety of fields, from analytical instrumenta-
tion through engineering simulations, often performing
several functions simultaneously. '

Job functions, There is bound to be overlap between these
levels of minicomputer, however. A large 12-bit computer
system with 32,768 words of core may be capable of
performing a more sophisticated job than an 18-bit com-
puter if the latter is a minimum system configuration. On
the other hand, many people do not realize that an
IBM 1800 is architecturally a small computer, and that the
only reason it is not normally considered a small computer
is its price tag.

In summary, minicomputers probably should be cate-
gorized in terms of performance rather than price or word
length, but a successful method of doing so has yet to be
discovered.

Evaluation of Minicomputers

Too often computer buyers are caught up in fads; they are
dazzled by new advances in technology. Specifications can
be misleading. A small-word-length computer may have a
slower cycle time than a larger machine. But if incremental
data is packed into more than one word, the cumulative
cycle time of the small-word-length machine may exceed
that of the “slower,” larger-word computer.

Perhaps the major stumbling block in evaluating computers
is price. A computer manufacturer selling a mainframe at a
new, low price can always be found. But what is the buyer
receiving for his money? :

When the price of a machine is quoted as $5,000, the buyer
should start wondering what that price includes. Is that
with or without teletype or an equivalent I/O device? Does
it include the cabinet, a power supply, a console? It may
not be a computer at all, but only a piece of a computer.

The actual cost of a computer often represents only a sixth
of the total cost of an operating system. Peripheral
equipment accounts for another sixth; the software, that is,
the coding cost that will be expended on the job, usually
runs another two sixths, the installation, setting the

COMPUTER INDUSTRY ANNUAL 1971-72



Equipment Characteristics

equipment up and running and tied into your own
equipment is probably another sixth; and then the on-going
service costs account for another sixth.

The percentages, of course, vary from application to
application, but the important thing to remember is that
the hardware represents, at best, a small portion of the total
cost of any system. It is not often that total system
performance, that is, mainframe, peripherals, interfacing,
software, support and service, is balanced against price.

To evaluate the real price/performance ratio of a mini-
computer system, the buyer should lay out the total system
configuration he believes will solve his problem and then
ask manufacturers to attach a price tag to it. He also should
ask the manufacturer about the cost of extra memory and
the cost of adding more peripheral capability, such as discs
and tapes. He should not use just the basic mainframe price
because that bears little relationship to reality.

Let’s see how this applies. Suppose you need a computer
configuration to acquire and analyze data from some type
of instrumentation. First, you have to consider the direct
requirements, such as what sort of hardware is needed —
the central processor, the size of internal memory, the kind
of peripheral storage required, and the interface between
the system and the instrument. Then, you must see what
sort of software is available. You would also look to see
what sort of user documentation and training are available,
so you can learn how to use the total system and train your
personnel in its operation.

Additionally, you would like to find out how the system is
to be maintained and serviced. Many companies have
field-service forces, but you are interested in a service that
can maintain the system as a unit, not one that merely
maintains the mainframe. You must also determine what is
needed in the way of spare parts and how much these
would cost.

Suppose someone wanted to build a system like the one
just discussed and he followed only the hardware speci-
fications. He would then purchase a computer, an interface
to his instrument, and extra memory. Where would this
leave him?

First of all, he has to assume system responsibility himself.
This means he has to make the pieces of hardware work
with his instrument. Nobody else is obligated to assume
that responsibility. Therefore, as a part of that responsi-
bility, he has to write the software to make the computer
system do what he wants it to with his instrument. Also, he
must prepare documentation so that his untrained per-
sonnel can operate the system. He has to conduct classes to
train his people to use the system. And, beyond the basic
maintenance of the hardware, he has to establish a
comprehensive in-house group to maintain the total
system’s operation.

He can farm out some of his responsibility by contracting a
software house to accept it for him. But, this is also an
expense and it’s usually high. In short, he must pay the cost
of implementing his system out of his own pocket. And, he
is in no position to estimate the total cost because he has
no way of knowing in advance just how complex his
problem is going to be. The hardware costs are known; the
other costs, which are not known, could be quite large.

COMPUTERS

By implementing the system himself, the buyer is burdened
with another hidden expense. During the time he is
implementing the system, he has lost the use of it. This
means that, while the software is being developed and
debugged and while the documentation is being written and
published, the machine is standing idle. The system costs
money by not being able to earn its keep during this period.

The economics of the business will eventually force buyers
to cease looking at hardware only. They will have to either
be capable of evaluating total systems realistically or else
know where to buy the services of someone who can.

A potential minicomputer user should evaluate the total
support a manufacturer offers very carefully. For example,
how well is the hardware and software documented? Is that
documentation usable? Can you understand it?

Training is another support consideration. Does the manu-
facturer provide software and hardware training? Does he
provide training so that the equipment can be maintained
by the customer? What kind of service support is available
in the field? When the equipment is shipped to its end-use
location, are there adequate spares available?

Warranty agreements are important too. Warranties differ
from manufacturer to manufacturer. The buyer has to
know what all the manufacturers are offering in this
respect. For instance, a manufacturer offering a computer
that has his own. line of replacement modules with a
10-year warranty usually is implying some feeling of
confidence that his parts are reliable. In this same vein, the
buyer should look at what portion of the total system is
built by the computer manufacturer himself rather than
purchased on the outside. Manufacturers generally offer
better warranties on their own products.

Another important consideration is the range of peripherals
a manufacturer offers, as well as the software support that
is available to run these devices. The greater the variety of
peripherals, the more things that have been interfaced to
the computer, the easier it should be for an engineer to put
a system together. Manufacturers, in general, have not
concentrated on peripheral equipment for small computers.

A buyer should attach a truly realistic price/performance
value to the computer system he specifies. He should be
able to look at the cost of each piece of the total system,
but he should base his evaluation on the total cost of a
completely installed system — one ready to use.

COMPUTER SYSTEM CHARACTERISTICS

The meaning of many terms used to describe computer
systems varies markedly in the literature. An attempt has
been made here to clarify some of the commonly used
terms. The various available systems may be classified by
their response time, and by the number of programs that
may be active at any given time.

The most important terms that relate to response time are
batch processing, interactive processing and real time. in a
batch processing system, input is held until a suitable group
has accumulated; then the input is loaded, processed, and
outputed as a group. A payroll run, in which a batch of
several thousand time cards are processed and checks are
printed, is an example of a batch-processed job.
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In interactive processing, each unit of data is processed as
soon as it becomes available. The unit of data may be as
small as one character. Interactive systems are often
referred to as ‘conversational’ systems because the fast
response time makes it appear that a terminal user is
holding a dialogue with the system. Interactive processing
usually implies ‘on line’, meaning constantly available
system resources, particularly data files. In batch processing
modes data files are often only available during the
processing of each batch of input. An engineer designing a
vehicle with the aid of a CRT console station under the
control of a “computer aided design” program is an
example of interactive processing. An interactive capability
does not imply that the user can interact with the system in
“real time.”

Real time is a relative concept in which the time between
acquisition of information by the system and the logical
response to this input is guaranteed to be insignificant
relative to the application in question. Real time usually
implies some kind of dedicated system, so that no other
activity will prevent the fast response that is required. Even
if a system meets these requirements, it is usually not
considered real time if the period for response is greater
than several minutes,

Major terms that relate to the number of programs a system
may have active at any given time are single program mode,
multiprogramming, and time-sharing. In single program
mode, a single program is active and alone remains active
until it has run to completion, even if it takes hours or
days.

Multiprogramming is a technique by which a system can
process more than one program at a time. Thus, several
operations may be done in parallel. For instance,
Program A may be computing something while Program B
is performing Input/Output operations. Indeed, input/
output activity is a prime factor in determining the length
of the ‘time slice’ allotted to each program before it is
interrupted and another program is given CPU time.
Active programs in a multiprogramming environment
usually reside in main memory, and remain there until they
have run to completion, Multiprogramming should not be
confused with “multiprocessing,” which refers to there
being more than one CPU in the system.

Time-sharing is a technique whereby a large number of
programs can be active simultaneously within a system. The
time slice each program is allotted between interrupts is
much shorter than in a multiprogramming system, and is
determined by a sophisticated priority scheme. The number
of active programs is not limited to how many can fit in
main memory at one time. This advantage is implemented
by using secondary storage to hold active programs cur-
rently not being processed and swapping them with
programs in main memory as their turn of a slice of CPU
time approaches. Time-sharing is often used to implement
interactive processing systems, but neither is a requirement
for the other. Time-sharing is discussed in its own section
and will not be further discussed here.

A multiprogramming system may be either batch or
interactive. Large recent systems tend to support both
modes. The response time for each job is a function of the
priorities assigned to each. These priorities may be fixed
assignments, first-come-first-served, or may be dynamically
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assigned and changed during the source of the job. A
sophisticated priority assignment system greatly increases
the efficiency of the CPU and can markedly reduce the
response time of an interactive system, but at the cost of
complex supervisory programs and additional hardware
which may be required. The interactive multiprogramming
system is used where there is a need for a fast response
system but where the usage is not sufficient to justify a
dedicated real-time system. In an interactive multi-
programming system, a ‘“background” job, typically batch
processing with low priority, may utilize idle CPU time.

The decision to choose an interactive system or use a batch
processing mode ultimately depends on the economics of
the situation, applying the cost/effectiveness argument to
obtain the most suitable alternative. However, there are
certain classes of problems that are more suitable for batch
processing and others that require an interactive capability.
Batch processing is more appropriate for problems in which
response time is not critical and large amounts of input/
output data are involved. Thus, for applications such as
payroll, accounting, preparation of statistics and reports,
sorting and other routine work, the batch mode is usually
employed since it is more efficient and economical (less
overhead).

In applications such as computer-aided design, program
debugging, inquiry processing and management-information
or decision systems, the response time is usually important.
In such systems, the computer system very often dictates
what the next step is to be and interaction between man
and machine is very important. In fact, user efficiency is
much more important than machine efficiency. Thus, for
these applications, an interactive processing system is
appropriate if not crucial.

Some classes of problems are appropriate for either batch
or interactive processing. (These are ‘usually problems in
which on-line ability is desirable but interactive processing
is not necessary.) Applications such as industrial data
collection, inventory control and teller-type banking
systems may be implemented in either mode. In batch
mode, the data must first be put into a suitable medium for
input to the computer, such as punched cards, paper tape,
magnetic tape or even disc files, and then ‘“‘read” by the
computer at its leisure. In interactive mode, the data can be
supplied on-line using a suitable data communications
terminal. Such terminals are discussed extensively in the
section on data communications terminals. On-line capa-
bility is particularly important when large geographic
separation is a characteristic requirement. In such cases,
problems of data collection should be minimized by
installation of remote terminals. Choice of interactive
operation depends also on considerations such as computer
usage, economics of the situation, and overall system
design.

Many interactive computer systems employ the technique
of polling. Polling is a process by which the main computer
system ascertains whether any of the remote devices are
ready to transmit input messages. Each remote device is
checked, in turn, to determine if there are any messages for
transmission. By this constant “round-robin’ technique, no
device is kept waiting beyond some maximum time.

Two system features are particularly useful in multi—
programming and time-sharing: dynamic storage allocation
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and storage protection. Dynamic storage allocation provides
maximum efficiency for system storage of incoming pro-
grams and data. Thus, in a time-shared system, a program
may occupy a certain location in core storage the first time
in, may be swapped out at the end of its time allocation,
and be brought back later into an entirely different core
location. This function can be accomplished by either
software (the executive program or supervisor) or by
hardware features (relocation registers). Storage protection
is necessary to prevent any one program accessing or
changing any parts of the core storage outside the area it is
using. Thus, a user is prevented from damaging data in
programs of others or the system itself. Storage protection
is normally a hardware feature employing memory pro-
tection registers.

Other system characteristics, such as the number, type and
speed of instructions, equipment complexity, supervisory
programs and applications programs, are discussed under
the appropriate sections.

HARDWARE FEATURES

Hardware technology has made major advances in the last
few years. Developments in semiconductor technology and
improvements in memories have greatly increased the speed
and power of computers. Development of large computing
systems that can be time-shared, improvements in machine
organization and the introduction of microprogramming
have served to reinforce these hardware developments. With
large-scale integration now becoming a reality, even more
powerful and faster computers are possible. The state of
hardware technology is a challenge to the system designer.
Since many of the system functions can be provided
interchangeably by either hardware or software, integrated
hardware/software design is becoming increasingly
important.

In spite of technological advances, basic organizational
questions remain the same. For example, one is still
concerned with the size of the internal memory and how it
is related to the characteristics of the application, the
proper balance between speed and capacity in a hierarchy
of memories, the optimum word size and structure, the
number base to be used (binary, decimal etc.), whether or
not to have floating point hardware, the optimal balance
between “wired-in”’ and programmed operations, the execu-
tion speed for instructions and the input/output capability.
Of the above, the input/output capability has assumed
increasing importance over the years. Particular emphasis
has been given to the I/O capabilities and peripheral devices
in the charts at the end of this section. For the purpose of
this review, the various hardware elements have been
grouped according to the basic functional blocks of the
computer: memory, arithmetic control and input/output.

Internal Memory Characteristics

Various internal memory characteristics such as memory
size, memory cycle time and word length and structure are
perhaps the most important distinguishing characteristics of
a computer. The core memory has been the major internal
memory device up to the present time. Some machines
today use semiconductors as the memory. Plated wire is
also in use.
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The principal determinant for computer speed is the
memory cycle time. No other single factor has so powerful
an influence on computer performance. Over the past
decade memory cycle time has decreased from about 6 us
to the sub-microsecond range. For a more extensive
discussion of memory, the reader is referred to the
Memories section,

Size of internal memory is perhaps the most important
contributor to the power of a computing system. Core
memories have become larger with million bits being
standard for a medium size installation and tens of millions
of bits for large installations. The memory is usually
organized into words, bytes or characters that have a fixed
length. The memory size is usually designated by the
number of words it contains. Thus, depending on the word
length, a 1K core memory may contain anywhere from 6K
to 60K bits of core storage. It is common practice to refer
to memories as 1K when, in fact, they contain 1,024 words.
Most computer systems available in the market come with a
minimum or standard memory size that is expandable to
some maximum limit at additional cost.

Memory word size is one of the most common ways of
characterizing a computer. The word size refers to the
number of binary digits (bits) that can be retrieved from or
stored in the computer memory in a fixed time interval
(usually the memory cycle time). Although there is nothing
intrinsically valuable about a particular word size, when it is
considered in combination with memory cycle time. It is
often the major indicator of machine performance. Since
operations are often memory access limited, the word size
also determines the accuracy and efficiency of operations.
The optimum word length choice is one in which the word
is equal in size to the unit of information to be processed,
which, of course, varies from application to application.
The usual word lengths of medium and large machines are
24, 32, 36 or 48 bits. Smaller machines used for on-line,
real-time control usually have 8-, 12-, 16- or 18-bit word
lengths. In the larger-word-length machines, if alphanumeric
information is to be processed, a word can store several
characters. Thus, it is sometimes important to know the
number of characters per word or alternatively the number
of bits in a character.

In addition to data bits, some internal memories also have
one or more patity bits along with each word. Such bits are
useful for additional reliability. A feature that is sometimes
very useful is memory protection. Some internal memories
have a memory protect bit along with each word, others
have area protection and still others have no hardware
memory protection at all.

Arithmetic Operations

The speed and nature of arithmetic operations significantly
affects the efficiency with which any of the application
programs can be performed. Thus, the number base in
which the computer operates for its arithmetic is often
important in determining its suitability for particular
applications. Business data processors usually have decimal
arithmetic, while scientific machines employ binary
arithmetic. Some machines have both binary and decimal
capability and a few employ octal or hexadecimal number
bases. An arithmetic technique that is very useful,
especially for scientific applications, is floating point
hardware, which is much faster and more versatile. While in
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many of the machines floating point hardware is an option,
the more modern large computer systems have it as a
standard feature.

Though memory cycle time is a good indicator of speed and
performance of a machine, it alone is not a true measure in
actual use. A machine with a faster memory cycle time does
not necessarily execute a given program or perform an
arithmetic operation in less time than a machine with a
slower cycle time. Most business data processors do not
have a hardware multiply and divide feature; the instruction
is executed by software, which of course, is rather time
consuming. Most scientific computers do have a hardware
multiply and divide feature since they are required to
perform these operations quite often. The smaller
scientific/control machines often have multiply/divide in
hardware, but sometimes it is optional or even not
available,

The speed of arithmetic operations has increased tremen-
dously over the last few years due to technological
developments in digital logic. The add and multiply
execution speeds have decreased from hundreds of micro-
seconds to well under the microsecond range. Many new
small and relatively inexpensive computers have extremely
high execution speeds. This trend is bound to continue with
the use of large-scale integrated (LSI) arrays.

Control Elements and Other CPU Features

Many control and other CPU features significantly affect
the speed and efficiency of the system. The user should
carefully consider the number of instructions and the
variation in instruction-word formats and addressing tech-
niques in competitive machines. In the earlier machines the
storage size and, consequently, the address size, were small,
and it was convenient for a single instruction word to
contain several addresses. As the size of memories
increased, longer addresses were required to access a piece
of data, which tended to make it difficult to fit several
addresses into a single instruction word. For this reason,
most current machines have a single address per instruction.

The instruction word length is a function of the number of
instructions, the addressing requirements and special
features such as indirect addressing and index registers. In
order to store instructions and data interchangeably, it is
usually desirable to have the instruction word and data
‘word of the same length. For applications requiring larger
data word lengths (for higher precision), use of double-
word lengths is quite common. Double-word lengths or
multiple-word-length operations are especially common in
applications using small machines with shorter word
lengths. The single address instruction word is usually
divided into three basic fields or subdivisions for the
operation code (op code), the addressing modes (modifier)
and the operand address.

The number of bits allocated to the op code field usually
determines the number of instructions in the instruction set.
An exception is in some short word length machines in
which the instructions are divided into two sets, one that
addresses the memory and the other that does not. Now all
but one of the op codes can be assigned to the memory
reference instructions and the remaining op code can be
used to represent the entire set of instructions that do not
need memory referencing, such as register-to-register trans-
fers.
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One or more bits are usually provided in the modifier field
to specify address modification modes such as direct,
indirect addressing and indexing. Such features are quite
useful for most applications. The remaining bits of the
instruction word make up the address field. In small word
length machines these are insufficient for directly address-
ing the full memory and some sort of a relative or
abbreviated addressing scheme is employed.

Indirect addressing is a technique in which the memory
location specified by the instruction contains the address of
the operand rather than the operand itself. Indirect
addressing requires an additional memory reference but
provides great flexibility such as using the entire word for
the operand address. The indicated address in indirect
addressing may itself be indirect in machines that permit
multilevel indirect addressing.

Useful hardware features to have are index registers. They
can be used in different ways such as to provide means of
addressing memory locations outside current page in
systems that use paging, or to keep track of loop operations
that may be required for certain programs. Many machines
have dedicated hardware registers, while others use various
schemes to provide indexing in the memory. Memory index
registers usually cost less but the operations are more time
consuming.

As mentioned previously in the discussion on system
characteristics, interrupt controls are extremely useful
features to have in a machine. The interrupt capabilities of
major interest to the user are the number of interrupt lines,
or the number of external interrupts. The interrupt
capability is usually provided by means of interrupt
registers which may be in the hardware or in memory.
Capability to enable or disable individual or a group of
interrupts under program control are sometimes very useful
features. External system interrupts are also called priority
interrupts.

Input/Output Capabilities

The I/O capabilities of computers, as mentioned earlier, are
extremely important in the system, especially when the
computer is used in real-time applications. Thus, the
number of terminals a machine can handle, the number of
I/O channels available, the maximum data transfer rate in
either bits-per-second or words-per-second and the peri-
pheral devices that the machine can support often are the
major contributing factors in its selection for a particular
application.

The width of the I/O data channel is typically the word
length cf the computer memory. Though a wide variety of
I/O channels are available in different machines, they
generally fall into two basic classes. In one, the I/O transfer
is under the direct program control of the CPU; that is, the
data path is via the CPU registers, such as in case of
programmed data channels and party line I/O. In the other
class, the I/O transfer is directly between the memory and
the external-device controller such as in direct memory
access selector and direct memory channels. In such cases
the transfer, once it has been initiated, is independent of
program control.

Usually the I/O channels can support more than one
terminal or peripheral device. The larger machines often
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provide fully buffered channels, sometimes referred to as
automatic channels. These channels have the minimum of
programming overhead and the CPU is not tied up waiting
for the I/O data transfer. Moreover, buffering permits
several I/O channels to operate concurrently. Thus, buffer-
ing and other features, such as cycle stealing and simul-
taneous I/O transfer and compute with multiple memory
modules, are important, in addition to maximum data
transfer rate, in determining whether operations would be
1/O bound or CPU bound.

I/O bound operations are those in which system over-
loading, or delay in response, occurs because the I/O is
unable to keep up with the CPU. In CPU bound operations,
the system overloading occurs because of the slower speed
of the CPU., In the latter situation, the 1/0O sits idle waiting
for the CPU to complete processing. Usually, in scientific/
engineering applications, the system is necessarily CPU
bound, whereas business applications, with extensive data
communications, are usually I/O bound and the I/O
capabilities are critical in determining the system per-
formance.

SOFTWARE REVIEW

Though the manufacturers have made considerable progress
in software development, it is obvious they cannot handle
this burdensome task alone. Evidence to this fact is the
growing number of computer consulting companies and
software firms. These companies provide a broad range of
highly specialized services including software development,
systems analysis and personnel training and staffing. (See
the Directory of Services for a detailed list of computer-
related services.) They perform such diverse functions as
providing programming languages or operating systems for
computer manufacturers to highly specialized systems
analysis, applications programming and installation
planning for the users. It has been estimated that for each
dollar spent on hardware, another is spent on software
development or related services.

Many manufacturers are developing software as an integral
part of their hardware in order to minimize programming
costs and complexity. In effect, users are being relieved
somewhat of the tedious programming chores through the
availability of new programming aids, improved languages
and more extensive applications program. This trend is, of
course, not new, but the relationship between the hardware
and the software costs has changed dramatically. It fre-
quently makes sense to get a machine with more core
storage than to have programmers stretching and straining
to fit programs into smaller machines. It also is sensible to
use higher level programming languages that are less
efficient in use of storage and processor time, rather than
spend an undue amount of effort in programming with the
lower level assembly languages and possibly missing instal-
lation deadlines.

An extremely wide variety of software is offered by the
various manufacturers. Most manufacturers include some
software in the basic price of the machine. Manufacturers
of the larger machines provide not only assemblers,
compilers, I/O routines and operating systems. but also
applications programs and library packages that are
included in the basic price. In the small computer market,
there is a trend to minimize basic mainframe costs and
provide many features as optional. For this reason, many
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small computer manufacturers normally include only the
assembly programs in the basic price and higher level
languages, such as FORTRAN compilers and special
purpose applications software if available, are priced
separately. Most manufacturers provide their own operating
systems and program libraries in addition to compilers for
the general-purpose higher level languages.

Assemblers and Assembly Language

The most important basic software for all machines is the
assembler, and assembly language is one of the most widely
used programming languages. In this form, a programmer
has complete access to all machine facilities and yet he is
relieved of most of the essentially clerical tasks of keeping
track of storage locations of data and instructions. The
programmer writes instructions in a symbolic form which is
more meaningful to him than a string of numbers as in
machine language coding. Assembly languages also have
facilities for declarative statements which define the sizes of
the relationships between data fields, symbolic names and
program constants.

The state of the art in assembly language programming has
advanced significantly in the last few years. Many
assemblers have more sophisticated features, such as macro
instructions and conditional assemblies. Macro-assemblers
that occupy less than 3,000 bytes of core storage have been
implemented. In evaluating assemblers, specially in the case
of the smaller machines, one should consider the core
storage required, the number of symbols handled in the
symbol table and whether the assembler generates relocat-
able code in memory.

Assemblers are usually one-pass or two-pass. Some manu-
facturers provide both kinds. A one-pass assembler does not
require the source program to be loaded twice, thus saving
time, but it has the limitation of allocating storage at the
beginning of program. A two-pass assembler allocates
storage and sets up the required address references on the
first pass and generates the basic machine code on the
second pass. The number of passes refers to the number of
times the assembler scans the source program; it should not
be confused with the number of times a program may be
read from a peripheral device.

Some useful assembler features to have are the provision for
pseudo-operation codes and macro-instructions. Pseudo op
codes are instructions to the assembler itself, which make it
easier for the programmer to reserve memory locations for
constants. Macro-instructions allow the programmer to
define a set of instructions along with the desired variables
by name and facilitate the inclusion of often used code
sequences with the minimum of effort. ‘“Macros” differ
from subroutines in that they are assembled only once.
Macros involve less linkage overhead and are generally used
with higher-level languages. Macro facility is sometimes not
available with smaller computers.

Compilers and Higher Level Languages

Compiler languages or higher level languages facilitate the
task of programming to a great extent. They are essential
for large systems, serving a great many users in diverse
applications. In small, real-time control computers, they are
used infrequently because the tight timing and machine
efficiency requirements dictate use of assembly language.
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For many applications and for a very general purpose
facility, some list processing and simulation language
capability is highly desirable.

Choosing which programming language to use very often
involves looking at the surface only and considering its
various features, rather than an evaluation of its practical
utility as related to the particular applications mix. In a
thorough evaluation of languages, it is important to
consider quantitative as well as qualitative results. Quantita-
tive results may be obtained by taking a typical mix of
benchmark problems in the various languages and consider-
ing the various factors such as coding, debugging,
compilation and running times and the number of state-
ments in the programs.

Operating Systems and Executive Monitors

The major tasks of an operating system are to provide
language translation, job control, data control and diag-
nostics. The operating system capabilities are of major
importance for the larger installations, where a number of
users use the system with various languages and with
varying requirements. Some of the features that an opera-
ting system can provide, such as real-time control and
multiprogramming, were discussed under system character-
istics. Other features may include data management, file
systems and accounting and billing for the computer usage.
Thus, it is the power of the operating system rather than
- that of the basic machine that is of primary importance in
the evaluation of larger systems. The operating system
performance is, of course, limited by the machine hardware
capabilities.

For small, real-time control computers, the operating
system is generally referred to as the real-time executive
monitor. Its major functions are input/output data
transfers, process interrupts and memory allocation and
protection. Most real-time monitor software systems handle
one dedicated real-time program but some handle more
than one program in a multiprogramming environment
often called foreground/background, as discussed earlier.
Many real-time monitor systems require disc storage for fast
storage and retrieval of large amounts of data. In these
cases, a separate resident executive program, called the disc
operating system, is often provided which enables efficient
use of the disc.

A very important feature of an operating system is its
diagnostic and debugging capabilities. Diagnostic routines
are necessary for all major units of a computer system: the
CPU, the memory and the peripherals. They are often very
complex but they tremendously improve machine utiliza-
tion and reliability. Operating systems have become increas-
ingly complex, versatile and expensive to develop, in order
to help users take full advantages of the advanced facilities
of their hardware. A good operating system can be a very
effective means of multiplying programmer productivity,
increasing system throughput and reducing the chances of
undetected errors. A price, however, has to be paid for the
advantages of the operating systems, in that they occupy
storage space which in the case of advanced systems can be
sizable. These alternatives present trade-off decisions which
- must be made by the prospective user.

System Routines and Applications Programs

Most software systems include a variety of programs for
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functions that are performed very frequently. This assort-
ment of routines is generally referred to as service or utility
routines. The most common system routines are the
input/output routines, debugging and program-test
routines, sort/merge programs, media conversion and
editing routines and report generators. Utility routines
offered by the various manufacturers vary widely in quality
and capability. They are an extremely useful feature to
have especially in larger systems using these functions, since
they save the user significant time, but also because they
usually perform at maximum efficiency.

Many manufacturers also supply a limited variety of
somewhat standard applications programs for commonly
occurring applications. If suitable applications programs are
available, they will, of course, save the user the large cost of
software development. Larger manufacturers especially
provide a number of software packages “free” to the user.
These packages may be utility routines or applications
independent or applications dependent software. In
addition, the large manufacturers have users’ organizations
or forums whereby programs developed by various users
may be exchanged. A caution is, however, urged with
respect to these organizations, since they generally do not
provide an effective monitoring system and many programs
may have “bugs.” Users’ organizations, however, serve as a
good means for exchange of ideas.

In addition to manufacturers, numerous software firms sell
or lease ‘““packaged programs” of good quality. Companies
can save both time and money through the intelligent use
of packaged software. These savings result from the
software houses ability to distribute the development cost
for a package over a number of customers, so that a
package can be obtained for less than what the potential
customer would pay for a similar in-house development.
Evaluation of these packages against the requirements and
comparison of packages offered by different firms requires
careful analysis and judgment. Once a decision has been
made to purchase or lease a software package, the contract
negotiations also require careful consideration since that is
where many of the pitfalls of using packaged software lie. It
is wise to evaluate a software package with either historic
data or parallel operations before fully committing to it.

COMPUTER SELECTION AND EVALUATION

The road to successful computer operation is a difficult one
and not without pitfalls. It requires careful planning,
analysis and administration. Selection of the most suitable
equipment for the job can often spell the difference
between profitable or unprofitable operation, Though there
is no simple, cook-book approach for selecting a computer
configuration to satisfy particular applications, the follow-
ing suggestions combined with the product summary charts
may be helpful.

Before proceeding into the task of equipment selection, it is
essential to have a clear specification of system- objectives
and requirements. This specification should preferably be
done in a feasibility study process involving both top and
line management. One has to view the selection of
equipment not only in the context of present requirements
but also those of the future must be considered since
conversion is usually an expensive proposition. Planning
should be at least for a period of five years, and ten years is
not unusual.,
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Comparison of Computer Systems

There is no easy technique for reliable comparison between
the total capability of machines since the relative power of
a system is not how fast it is internally, but how fast it can
perform the complete job. In addition, one must also
consider costs and future requirements. A technique that
may be helpful is to weigh the various computer systems
according to a set of criteria that may be appropriate for a
particular case. A commonly useful set of criteria is
thruput, expandability and compatibility, languages and
additional software, remote terminal and data communica-
tions capability, suitability for future requirements, file
storage, data management or additional features, system
costs and dependability.

Thruput is the real criteria for measuring the system
performance. Though the internal power of a computer as
shown by the various hardware features is a good indicator,
its importance is really determined by the applications and
the efficiency of the programming system, Often the effect
of internal power of a system is misjudged even when other
factors are recognized. For an accurate and reliable com-
parison of thruput capabilities, it is not sufficient to
compare the memory cycle times or store, add and other
instruction times alone. For this reason, instruction-mix
comparisons are more useful. These seem to be quite
popular since they are easy to use and the evaluation is not
time consuming. Instruction mix comparisons, however,
have limitations such as I/O instructions not being included
usually, subjective interpretations in the construction of
and the use of the mix and the differences in the
instruction sets of the different machines. Moreover,
instruction mix comparisons relate mainly to efficiency in
assembly language programming and reveal little about the
higher level software capabilities.

Thus, the results of an instruction mix comparison should
be interpreted, at best, as measures of raw internal
computing power, giving a quick first estimate. A much
better comparison of the internal computing power is given
by kernel problem comparisons. This is usually easier in the
scientific area since one can compare the performance of
matrix operations, polynomial solving, evaluation of parti-
cular formulas and miscellaneous routines. In the business
area more specific kernels may be used such as particular
file transaétions, line formatting and miscellaneous
routines. Kernel evaluations are useful because they are
machine independent and provide more than a first
estimate.

The real thruput evaluation must naturally consist of a
comparison of internal performance but also its interaction
with I/O speeds and facilities in addition to the very
important factor of programming system efficiency. For
this one has to resort to benchmark problem thruput
comparisons if not actual job thruput comparison. Bench-
mark problem thruput comparisons may be made by either
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estimated times or by actual running times. Actual runs of
programs are, of course, more accurate but they cannot be
always made for all cases. The influence of I/O must be
considered if times are to be estimated, especially for
business applications, since operations may be I/O bound.
Though actual job thruput comparisons are best, they often
cannot be made because they may be too time consuming
or one may not know beforehand the actual programs, only
the classes of programs.

A thorough analysis of the applications and the computing
mix and suitability of a given system to satisfy the
requirements is bound to be of considerable value to an
organization in not only a wise choice of equipment but
during the implementation phase as well.

Lease or Buy

A major decision that confronts the buyer after he has
selected the equipment is the lease or buy option. A careful
analysis of lease costs and ownership costs is required. This
necessarily involves a cash flow analysis, since a dollar
today is worth more than a dollar tomorrow. Also one must
consider the expectation of technological change and new
requirements because the risk of obsolescence is greater in
the buy decision. Sometimes improved service results from
pressure on the manufacturer in case of the lease decision,
A good strategy may be to lease some equipment and buy
other. Sometimes considerable savings can be achieved by
leasing the CPU and the major system but buying most of
the peripherals with a minimum of risk. Also, one may
consider buying parts of the system, particularly the
peripherals, from different manufacturers who sell at lower
cost. Such a strategy has resulted in considerable savings for
many organizations. The Product Directory gives a list of
leasing firms.

LARGE-SCALE MAINFRAME COMPUTERS

Due to the complexity involved in specifying large main-
frame computers and their associated function-oriented
architecture for complete systems, these computers have
not been charted in this annual. IBM did not desire to
submit data as well as some of the other major companies.
Companies supplying large-scale mainframe computers and
associated equipment usually make a complete analysis and
presentation of equipment needs to the prospective
customer. Companies to be contacted for large-scale main-
frames priced from $100,000 and up are:

Burroughs Corporation

Control Data Corporation
Honeywell Information Systems
IBM -

NCR

RCA

Univac

Xerox Data Systems
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Wed like to put in our 18 bits’ worth.

Speaking of teams, performance teams, we present a new one
for the mini-computer industry.

Strong. Capable. Aggressive. Experienced, informed and imaginative.
We take the field as Electronic Processors, Inc., a subsidiary of
Samsonite, a $100 million corporation. Our initial input for the

market—a superbly compact, inexpensive, general purpose computer,
developed by men who really mattered in making it a winner.

Meet the task force:

Software Engineerin

Tenny Lode, Vice president, Larry N. Hulbert,
chiet scientist. s J Vice president, engineering.

Robert C. Derschang,
Vice president, markeling

i

J.J. Doherty,
President.

Our first product: EPI-118. A low-cost, versatile mini-computer
well suited to educational, industrial and scientific applications,
with extensive OEM expansion capability. 4K x 18-bit, 900-nanosecond
magnetic core memory system, expandable to 32K. Four hardware
registers. Selected peripheral device interfaces.

Associated control logic. More.

There’ll be others early in '71.

Keep an eye on EPI.

We'll have things going for you. Right on. With a handpicked in-depth
team, new ideas, new quality, new devices, and new economies.

ELECTRONIC PROCESSORS, INCORPORATED
5050 So. Federal Blvd. » Englewood, Colorado 80110 * 303/798-9305
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DIGITAL COMPUTERS

COMPUTERS

COMPANY APPLIED SYSTEMS CORP ATRON CINCINNATI MILACRON  CLARY DATACOMP
SYSTEMS
MODEL ASC 1100 Computer D ger 501 CIP/2110 CDS 404
Control System
FIRST YEAR DELIVERY 1970 1969 1970 1969
BASIC PURCHASE PRICE (W/4K) $4000 $7475 $4565 $10,000
LEASE RATE/MONTH by request $390 plus $60 maint n/a n/a
MEMORY
Word Length (bits) 8or9 8 & parity 16 16
Min/Max Size (words) 32K 4K - 32K 4096 - 32,768 bytes 1K - 64K
Cycle Time (us) 1.1 2 1.1 2
Type core core core and IC ROM core
Mem.ory Parity opt opt yes, opt no
Memory Protect opt opt yes, opt opt
ROM Auvailable 2K x 16 max no yes, 768 - 1024 words no
ROM Cycle Time (ns) 220 220 no
CPU
General Purpose Registers 16 var 3 4
Index Registers opt 3 1 2
Directly Addressable Words 32K - 3 - 32K bytes 1K
Indirect Addressable opt yes yes multi-level
Immediate Addressing yes yes yes yes
Indexed Addressing yes yes yes yes
Double-Word Instructions opt var word length var 1 - 256 yes yes
Fitg. Point Arithmetic opt software no no no
Hardware Mult/Div opt no yes yes
1/0
Channels 2 6 1 11/0,4 DMA
Type of Channel DMA, multiplexer 4 selector, 2 DMA parallel, serial, DMA
Priority Interrupt Levels opt multiple var 64 16
Program Enable/Disable of
Indiv. Interrupts yes yes yes yes
Program Enable/Disable of
Interrupt Groups yes yes yes yes
Cycles Required to Set-up
Block Transfer var n/a 4
Cycles Stolen (from main
prog) per Word Transferred 2 & upward n/a none
SOFTWARE
Compilers assembler & MACROS no no assblr, RP62
Memory for Compilers 4K + no no 4K, 8K
Conversational Compiler no no no basic
Debug Package yes, opt no yes, opt opt
Relocatable Assemblers opt yes no yes
Assembler Macroinstructions opt yes no no
MISC HARDWARE FEATURES
Real Time Clock yes, opt no yes, opt opt
Typewriter Console yes opt yes, opt opt
Power Fail/Interrupt/Restart yes, opt no yes, opt opt
Autoload Capability yes yes yes yes
Control Panel yes yes yes, opt no

COMMENTS
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Equipment Characteristics

COMPUTERS

DIGITAL COMPUTERS
COMPANY COMPILER SYSTEMS COMPUTER LOGIC COMPILER SYSTEMS COMPUTER SIGNAL
SYSTEMS PROCESSORS
MODEL csli 16 cLs18 csi 24 CSP-30
FIRST YEAR DELIVERY 1971 1971 1971 1970
BASIC PURCHASE PRICE (W/4K) $10,750 $9870 $14,950 $79,000
LEASE RATE/MONTH $23,50 to $33.50/ - by request $3500
$1000
MEMORY
Word Length (bits) 16 18 24 16
Min/Max Size (words) 4K - 32K 4K - 262K 4K - 8K 4K -128K
Cycle Time (us) 0.900 0.960 0.900 0.900
Type core core core IC & core
Memory Parity no no no no
Memory Protect yes yes, std yes yes
ROM Available no yes, 1 - 16K no yes to 2K
ROM Cycle Time (ns) - 960 - 100
CPU
General Purpose Registers 2 8-32 2 32
Index Registers 1 4-16 1 16
Directly Addressable Words 1K 512 256K 32K
Indirect Addressing single level infinite single level multi-level
Immediate Addressing no yes no yes
Indexed Addressing yes yes yes yes
Double-Word Instructions no yes no yes
Fltg. Point Arithmetic yes software yes software
Hardware Mult/Div yes opt yes yes
1/0
Channels 9-33 6-32
Type of Channel DMA DMA & programmed DMA 4 Prog Data Transfer
2 DMA
Priority Interrupt Levels 256 8 nested & 256 7-55
512 non-nested
Program Enable/ Disable of
Indiv. Interrupts yes yes yes yes
Program Enable/Disable of
Interrupt Groups yes yes yes yes
Cycles Required to Set-up
Block Transfer average 10 3 average 10 6 approx
Cycles Stolen (from main
prog) per Word Transferred 1 1 1 0, %, or1
SOFTWARE
Compilers Fortran IV, Algol Fortran 1V, Algol no
Memory for Compilers 4K or 6K (both) 4K or 6K -
Conversational Compiler yes (both) yes no
Debug Package yes yes yes yes
Relocatable Assemblers yes yes yes no
Assembler Macroinstructions yes yes yes no
MISC HARDWARE FEATURES
Real Time Clock opt opt opt opt
Typewriter Console yes yes yes yes
Power Fail/Interrupt/Restart opt opt opt yes
Autoload Capability no opt no yes
Control Panel yes yes yes yes
COMMENTS Auto background core
fetch & store when
operating in 1C.
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Equipment Characteristics COMPUTERS
DIGITAL COMPUTERS
COMPANY CYBERMATION DATACRAFT DATA GENERAL DATA GENERAL
MODEL Cybermation-80 6024/5 Nova Nova 800
FIRST YEAR DELIVERY 1970 1971 1969 1971
BASIC PURCHASE PRICE (W/4K) $4500 $15,500 - $7950 $6950
LEASE RATE/MONTH $105 (5 yr full pay) n/a n/a
MEMORY )
Word Length (bits) 8 & parity 24 16 16
Min/Max Size (words) 1K - 32K 4K - 32K 2K - 32K 2K - 32K
Cycle Time (us) 1/2 1.2 2.6 0.8
Type core/MOS RMA core core core
Memory Parity yes yes no no
Memory Protect yes - 4K partitions opt no no
ROM Available yes - 32 to 32K bytes no yes, 1K no
ROM Cycle Time (ns) 30/400 no 2.4 no
CPU
General Purpose Registers 64 per 1K of HSM 6 4 4
Index Registers 0 3 18 2
Directly Addressable Words 256 32K 1024 1024
Indirect Addressing single level multi-level multi-level multi-level
Immediate Addressing yes yes no no
Indexed Addressing no yes yes yes
Double-Word Instructions yes yes no no
itg. Point Arithmetic software no no no
Hardware Mult/Div no yes opt opt
1/0
Channels 7 14 62 62
Type of Channel all 3 modes 14 (DMA) multiplexed DMA multiplexed DMA
Priority Interrupt Levels 14 16 16 16
Program Enable/Disable of
Indiv. Interrupts yes yes yes yes
Program Enable/Disable of
Interrupt Groups yes yes yes yes
Cycles Required to Set-up
Block Transfer 1 2 3-4 3-4
Cycles Stolen (from main
prog) per Word Transferred 1 1 1 1
SOFTWARE
Compilers Basic, Assembler F.lv Fortran, Algol, Basic Fortran, Algol, Basic
Memory for Compilers 4K 4600 8K 8K
Conversational Compiler yes, Basic yes, CAL yes yes
Debug Package yes yes yes yes
Relocatable Assemblers no yes yes yes
Assembler Macroinstructions yes no no no
MISC HARDWARE FEATURES
Real Time Clock yes opt opt opt
Typewriter Console yes yes opt opt
Power Fail/Interrupt/Restart opt opt opt opt
Autoload Capability yes opt no opt
Control Panel opt yes yes yes

COMMENTS

Max 1/0 throughput
rate is 1000 KB,

Complete hardware &
software compatible
with DC 6024/1 & 3

The multiplexed DMA
data chnl has special
high speed capability.
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Equipment Characteristics

DIGITAL COMPUTERS

COMPUTERS

COMPANY DATA GENERAL DATA GENERAL DATA GENERAL DATAMATE COMPUTER
SYSTEMS
MODEL Nova 1200 Supernova Supernova SC DATAMATE 16
FIRST YEAR DELIVERY 1971 1969 1971 1969
BASIC PURCHASE PRICE (W/aK) $5450 $9600 $11,900 $14,900 (8K)
LEASE RATE/MONTH nfa - n/a -
MEMORY
Word Length (bits) 16 16 16 16
Min/Max Size (words) 2K - 32K 4K - 32K 1K - 32K 4K - 32K
Cycle Time (us) 1.2 0.8 0.3 1
Type core core semiconductor core
Memory Parity no no no no
Memory Protect no opt opt no
ROM Auvailable no - no no
ROM Cycle Time (ns) no - no -
CPU
General Purpose Registers 4 4 4 2
Index Registers 2 18 2 1
Directly Addressable Words 1024 1024 1024 512
Indirect Addressing multi-level muiti-level multi-level multi-level
Immediate Addressing no relative addressing no yes
Indexed Addressing yes yes yes yes
Double-Word Instructions no no no yes
Fltg.Point Arithmetic no no no no
Hardware Mult/Div opt opt opt yes
7]
Channels 62 62 62 2
Type of Channel multiplexed DMA multiplexed DMA multiplexed DMA DMA & PIO
DMA, prog. note
transfer
Priority Interrupt Levels 16 16 16 8-64
Program Enable/Disable of
Indiv. Interrupts yes yves yes yes
Program Enable/Disable of
Interrupt Groups yes yes yes yes
Cycles Required to Set-up
Block Transfer 3-4 3-4 3-4 4
Cycles Stolen (from main
prog) per Word Transferred 1 1 1 1
SOFTWARE
Compilers Fortran, Algon, Basic Fortran, Algol, Basic Fortran, Algol, Basic Fortran
Memory for Compilers 8K 8K 8K 8K
Conversational Compilers yes yes yes no
Debug Package yes yes yes yes
Relocatable Assemblers yes yes yes yes - 4K
Assembler Macroinstructions no no no yes
MISC HARDWARE
Real Time Clock opt opt opt opt
Typewriter Console opt opt opt opt
Power Fail/Interrupt/Restart opt opt opt std
Autoload Capability opt yes yes opt
Control Panel yes yes yes yes
COMMENTS Core memory also
available.
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Equipment Characteristics

COMPUTERS

DIGITAL COMPUTERS
COMPANY DATAMATE COMPUTER DIGITAL COMPUTER DIGITAL COMPUTER DIGITAL COMPUTER
SYSTEMS CONTROLS CONTROLS CONTROLS
MODEL DATAMATE 70 D-112 D-112H D-216
FIRST YEAR DELIVERY 1970 1970 1971 1970
BASIC PURCHASE PRICE (W/4K) $8500 $3990 $5400 $8720
LEASE RATE/MONTH - - - n/a
IMEMORY
Word Length (bits) 16 12 12 16
Min/Max Size (words) 4K - 32K 32K 32K 256 - 32K
Cycle Time (us) 1 1.2 1.0 1.2
Type core core core/semi core &/or semi
Memory Parity no opt opt opt
Memory Protect no yes no opt
ROM Available yes yes yes, 4K yes, 1K
ROM Cycle Time (ns) 800 300 300 1200
CPU
General Purpose Registers 4 1 2 8
Index Registers 2 8 24 8
Directly Addressable Words 1024 32K 32K 32K
Indirect Addressing multi-level single level single level single level
Immediate Addressing yes no no yes
Indexed Addressing yes yes yes yes
Double-Word Instructions no no no yes
Fltg.Point Arithmetic no opt opt no
Hardware Mult/Div no opt opt opt
1o
Channels 2 1 std, 8 opt infinite practically unlimited
Type of Channel DMA & PIO all all DMA
Priority Interrupt Levels 1-64 opt opt 8
Peogram Enable/Disable of
Indiv. Interrupts yes opt opt yes
Program Enable/Disable of
Interrupt Groups yes opt opt yes
Cycles Required to Set-up
Block Transfer 4 2 1 varies
Cycles Stolen (from main
prog) per Word Transferred 1 1or3 1o0r3 1
SOFTWARE
Compilers none Fortran, Basic, Algol Fortran, Focal, Basic yes
Memory for Compilers 4K, 8K 4K, 8K 4096
Conversational Compiler no yes, Focal yes, Focal yes, Fortran
Debug Package yes yes yves yes
Relocatable Assemblers yes, 4K yes yes yes
Assembler Macroinstructions yes yes yes yes
MISC HARDWARE FEATURES
Real Time Clock opt opt opt opt
Typewriter Console opt no no opt
Power Fail/Interrupt/Restart std opt opt opt
Autoload Capability opt opt opt opt
Control Panel yes yes yes opt

COMMENTS

Plug, program, mechanically
compatible with PDP-11
series.
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Equipment Characteristics

DIGITAL COMPUTERS

COMPUTERS

COMPANY DIGITAL EQUIPMENT DIGITAL EQUIPMENT DIGITAL EQUIPMENT DIGITAL EQUIPMENT
CORP CORP CORP CORP
MODEL PDP-8E PDP-81 PDP-8L PDP-11/15
FIRST YEAR DELIVERY 1971
BASIC PURCHASE PRICE (W/4K) $6500 $12,800 $8500 $6200
LEASE RATE/MONTH
MEMORY
Word Length (bits) 12 12 12 16
Min/Max Size (words) 4K - 32K 4K - 32K 4K - 8K 1K - 32K
Cycle Time (us) 1.21.4 1.5 1.6 0.950
Type core core core core
Memory Parity opt opt opt opt
Memory Protect opt opt opt no
ROM Auvailable yes - 256 or 1024 no no yes - 1K
ROM Cycle Time (ns)
CPU
General Purpose Registers 5 4 4 8
Index Registers 8 auto 8 auto 8 auto 8
Directly Addressable Words 1 1 1 32K
Indirect Addressing
Immediate Addressing
Indexed Addressing
Double-Word Instructions
Fltg. Point Arithmetic
Hardware Mult/Div
1/0
Channels 1 1 1
Type of Channel DMA DMA DMA DMA
Priority Interrupt Levels 12 4 4 4
Program Enable/Disable of yes yes yes yes
Indiv. Interrupts
Program Enable/Disable of yes yes yes yes
Interrupt Groups
Cycles Required to Set-up
Block Transfer
Cycles Stolen (from main
prog) per Word Transferred
SOFTWARE
Compilers yes yes yes Fortran 1V, Basic
Memory for Compilers
Conversational Compiler yes
Debug Package
Relocatable Assemblers yes yes yes yes
Assembler Macroinstructions yes yes yes ves
MISC HARDWARE FEATURES
Real Time Clock yes yes yes yes
Typewriter Console yes yes yes yes
Power Fail/Interrupt/Restart yes yes yes yes
Autoload Capability
Control Panel yes yes yes yes
COMMENTS
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Equipment Characteristics

DIGITAL COMPUTERS

COMPUTERS

COMPANY DIGITAL EQUIPMENT DIGITAL EQUIPMENT DIGITAL EQUIPMENT DIGITAL SCIENTIFIC
CORP CORP CORP
MODEL PDP-11/20 PDP-12 PDP-15 META 4 Series 16,
Model 4001
FIRST YEAR DELIVERY 1970 1969 1970 1970
BASIC PURCHASE PRICE (W/4K) $10,800 $29,900 $16,500 $15,650
LEASE RATE/MONTH $600 avg
MEMORY
Word Length (bits) 16 12 18 18
Min/Max Size (words) 1K - 124K 4K - 32K 4K - 131K 4K - 13K
Cycle Time (us) 0.950 1.6 0.800 0.900
Type core core core core & ROM
Memory Parity opt opt opt yes
Memory Protect no opt opt yes
ROM Available yes- 1K no no yes; 1K - 4K
ROM Cycle Time (ns) 90
CPU
General Purpose Registers 8 4 20 32
Index Registers 8 8 9 var
Directly Addressable Words 32K 1 4K or 8K 65,536
Indirect Addressing single level
Immediate Addressing yes
Indexed Addressing yes
Double-Word Instructions yes
Fltg. Point Arithmetic opt
Hardware Mult/Div yes
1/0
Channels 1/11 opt 8 22
Type of Channel DMA DMA DMA prog data transfer
Priority Interrupt Levels 4 4 4 var
Program Enable/Disable of yes yes yes yes
Indiv. Interrupts
Program Enable/Disable of yes yes yes yes
Interrupt Groups
Cycles Required to Set-up 2
Block Transfer
Cycles Stolen (from main 0o
prog) per Word Transferred
SOFTWARE
Compilers Fortran IV, Basic yes Fortran IV, Algol Fortran, RPG, APL
Memory for Compilers 8K
Conversational Compiler yes yes; APL
Debug Package opt
Relocatable Assemblers yes yes yes yes
Assembler Microinstructions yes
Assembler Macroinstructions yes yes yes yes
MISC HARDWARE FEATURES
Real Time Clock yes yes yes yes
Typewriter Console yes yes yes yes
Power Fail/Interrupt/Restart yes yes yes yes
Autoload Capability yes yes
Control Panel yes yes yes opt

COMMENTS

core plus 1K ROM
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) . o COMPUTERS
Equipment Characteristics

DIGITAL COMPUTERS
COMPANY ELBIT COMPUTERS ELECTRONIC ELECTRONIC EMR COMPUTER
) ) ASSOCIATES PROCESSORS .
MODEL ELBIT 100 EAI-640 EPI-118 . 6135
FIRST YEAR DELIVERY 1968 1966 1971 1968
BASIC PURCHASE PRICE (W/4) $5850 $24,500 w/8K $5900 $46,500
LEASE RATE/MONTH ) $1220
MEMORY )
Word Length (bits) 12 16 18 16 + parity + protect
Min/Max Size (words) 1K - 4K 8K - 32K 2K - 32K 8K - 32K
Cycle Time (us) 2 1.65 0.900 0.500
Type core core core core
Memory Parity no no no yes
Memory Protect no yes no yes
ROM Available yes, 256 lines no yes no
ROM Cyclé Time (ns) 450 na
CcPU )
General Purpose Registers one 2 2 2
Index Registers no 1 opt, no limit 3
Directly Addressable Words 256 512 32K 32K
Indirect Addressing 4096 multi-level opt multi-level
Immediate Addressing yes yes no yes
Indexed Addressing no yes opt yes
Double-Word Instructions no no software yes
Fltg. Point Arithmetic no opt software no
Hardware Mult/Div no yes yes yes
1/0
Channels 256 2 2 30
Type of Channel prog data transfer DMA (1), Prog Data (1) DMA & prog data transfer DMA, MVX, prog data
transfer
Priority Interrupt Levels a a 18 126 opt
Program Enable/Disable of no yes yes yes
Indiv. Interrupts
Program Enable/Disable of yes yes yes yes
Interrupt Groups
Cycles Required to Set-up 1 3 1 5
Block Transfer
Cycles Stolen (from main 0 on DMA 1 1
prog) per Word Transferred i
SOFTWARE
Compilers Fortran no Fortran & Fortran IV
Memory for Compilers 8K & 10K Fortran
Conversational Compiler yes - hybrid/dig operations no no
Debug Package yes yes yes yes
Relocatable Assemblers no yes no yes 8K
Assembler Macroinstructions yes no yes yes
MISC HARDWARE FEATURES )
Real Time Clock yes opt yes opt
Typewriter Console yes yes yes opt
Power Fail/Interrupt/Restart yes opt yes . opt
Autoload Capability yes yes yes opt
Control Pane] yes yes yes yes
COMMENTS Assembler available.
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. _r COMPUTERS
Equipment Characteristics

DIGITAL COMPUTERS

COMPANY FAIRCHILD SYSTEMS FEDDER DATA FOUR-PHASE SYSTEMS FRIDEN - SINGER

TECHNOLOGY CENTERS
MODEL FST1 APT 1000 System IV/70 System Ten
FIRST YEAR DELIVERY 1970 1970 1971 1970
BASIC PURCHASE PRICE (W/4K) $25,000 $14,950 $12,100 $11,000
LEASE RATE/MONTH by request $350 $335-3 yr $305-5 yr
MEMORY
Word Length (bits) 24 8 & parity 24 6
Min/Max Size (words) 4K - 16K 1K - 32K 4K - 8K 10K - 110K
Cycle Time (us) 1.75/buss 1.1 19 3.3
Type core core semiconductor core
Memory Parity no yes yes no
Memory Protect no opt no yes
ROM Available no yes, 256 - 1K words no yes
ROM Cycle Time (ns) n/a 220 no 3300
CcPU
General Purpose Registers 2 6 5
Index Registers 8 1 3 up to 60
Directly Addressable Words 16K 32KX8 32K 10K - partition
Indirect Addressing multi-level single level single level no
Immediate Addressing yes yes no yes
Indexed Addressing yes ves yes yes
Double-Word Instructions no yes no no
Fitg. Point Arithmetic no no yes no
Hardware Mult/Div yes no yes yes
1/0
Channels 12 3 basic + 8 21
Type of Channel DMA or PDT prog data transfer prog data transfer data transfer
Priority Interrupt Levels 16 4 8 o
Program Enable/Disable of yes yes yes
Indiv. Interrupts
Program Enable/Disable of enable all no yes
Interrupt Groups
Cycles Required to Set-up 4 cycle steal basis 28 6
Block Transfer
Cycles Stolen (from main one 1 4 15
prog) per Word Transferred
SOFTWARE
Compilers factor ESP, MAP no RPG
Memory for Compilers 8K 4K no 9K
Conversational Compiler no no no no
Debug Package yes yes yes yes
Relocatable Assemblers yes - all no yes yes
Assembler Macroinstructions no no no yes

MISC HARDWARE FEATURES

Real Time Clock no opt yes opt
Typewriter Console yes yes no yes
Power Fail/Interrupt/Restart no opt no opt
Autoload Capability no yes yes yes
Control Panel yes yes yes no
COMMENTS 1BM & 2780 compatible,
unlimited peripheral
interfacing.
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Equipment Characteristics

COMPUTERS

DIGITAL COMPUTERS
COMPANY GENERAL GENERAL GENERAL GRI COMPUTER
AUTOMATION AUTOMATION AUTOMATION
MODEL SPC-12 SPC-16 18/30 GRI-909
- FIRST YEAR DELIVERY 1967 1970 1969 1970
BASIC PURCHASE PRICE (W/4K) $3600 $9200 $18,000 $5650
LEASE RATE/MONTH
MEMORY
Word Length (bits) 8 16 16 16
Min/Max Size (words) 4K - 16K 4K - 32K 4K - 32K 1K - 32K
Cycle Time (us) 2.16 0.96 0.96 1.76
Type core core core core/semi
Memory Parity no no yes no
Memory Protect no no yes opt
ROM Available yes, 256 - 4K words yes, 256 - 4K words no yes
ROM Cycle Time (ns) 2160 480 880
CPU
General Purpose Registers 6 18 16 2-14
Index Registers 3 6 3 none
Directly Addressable Words 4096 32K 32,768 32K
Indirect Addressing singie level single level single level no
Immediate Addressing yes yes yes yes
Indexed Addressing yes yes yes no
Double-Word Instructions yes ves yes yes
Fltg. Point Arithmetic software software software opt
Hardware Mult/Div no opt yes opt
1/0
Channels 1 opt 16 5 48
Type of Channel DMA or data channel DMA/MUX/ DMA - data channel prog or DMA
programmed
Priority Interrupt Levels 1-64 8to 64 8 to 61 unlimited
Program Enable/Disable of yes yes yes yes
Indiv. Interrupts
Program Enable/Disable of yes yes yes yes
Interrupt Groups
Cycles Required to Set-up 20 4 4 2
Block Transfer
Cycles Stolen (from main 1 1 on high speed data chnl 1 1
prog) per Word Transferred 3 on multiplexed data chnl
SOFTWARE
Compilers Fortran Fortran no
Memory for Compilers 6500 words 3960 words
Conversational Compiler no no no
Debug Package yes yes yes yes
Relocatable Assemblers no yes yes yes
Assembler Macroinstructions no yes no yes
MISC HARDWARE FEATURES
Real Time Clock yes yes 3 std opt
Typewriter Console yes yes yes opt
Power Fail/Interrupt/Restart opt yes yes opt
Autoload Capability no opt yes no
Control Panel yes yes yes yes

COMMENTS

Program compatible with

1BM 1130 and 1800.
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Equipment Characteristics

DIGITAL COMPUTERS

COMPUTERS

COMPANY HETRA HETRA HEWLETT-PACKARD, HEWLETT-PACKARD,
CUPERTINO DIV. CUPERTINO DIV.
MODEL HETRA 200 HETRA 300 2100H 2116C
FIRST YEAR DELIVERY 1970 1970 1971 1970
BASIC PURCHASE PRICE (W/4K) $9000 $6000 $7250 $14,000 (8K)
LEASE RATE/MONTH $230 $165 $322
MEMORY
Word Length (bits) 8 8 16 16
Min/Max Size (words) 8K-65K 8K-65K 4K-32K 32K
Cycle Time (us) 1 1 0.980 1.6
Type core core core core
Memory Parity yes yes yes yes, opt
Memory Protect yes yes yes yes, opt
ROM Available yes - 8K yes - 8K no no
ROM Cycle Time (ns) 800 800 no
cryU
General Purpose Registers 64-256 64-256 2 2
Index Registers 3 3 1] 0
Directly Addressable Words 65,536 65,536 2048 1024
Indirect Addressing no no multi-level unlimited
Immediate Addressing yes yes no
Indexed Addressing yes yes no
Double-Word Instructions yes no yes yes
Fltg. Point Arightmetic no no no no, subroutine
Hardware Mult/Div no no yes yes, opt
[7[e]
Channels 4 4 2 16 (32,48 opt)
Type of Channel all all DMA DMA, prog data transfer,
DMA (opt)
Priority Interrupt Levels 8 8 56 56
Program Enable/Disable of yes yes yes yes
Indiv. Interrupts
Program Enable/Disable of yes yes no no
Interrupt Groups
Cycles Required to Set-up 6 6 20 9
Block Transfer
Cycles Stolen (from main 1 1 1 1
prog) per Word Transferred
SOFTWARE
Compilers yes no Fortran 11 & 1V, Algol Fortran, Algol
Memory for Compilers no no 4 or 8K -4K (Fortran), 8K (Algol)
Conversational Compiler no no Basic yes, Basic
Debug Package yes yes yes yes
Relocatable Assemblers no yes yes yes
Assembler Macroinstructions no no yes yes
MISC HARDWARE FEATURES
Real Time Clock yes yes opt yes, opt
Typewriter Console yes yes opt yes, opt
Power Fail/Interrupt/Restart yes yes yes yes, opt
Autoload Capability opt opt yes yes
Control Panel opt opt yes yes

COMMENTS
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Equipment Characteristics

DIGITAL COMPUTERS

COMPUTERS

COMPANY INFOTRONICS INTERDATA INTERDATA INTERDATA
MODEL Mini/Max Model 1 Model 4 Model 5
FIRST YEAR DELIVERY 1971 1970 1970
BASIC PURCHASE PRICE (W/4K) $12,900 $5150 $8500 $10,500
LEASE RATE/MONTH n/a n/a
MEMORY
Word Length (bits) 16 8 16 16
Min/Max Size (words) 4K-65K 2K-16K 4-65K 465K
Cycle Time (us) 1 1 1 1
Type core core core core
Memory Parity yes yes, opt opt opt
Memory Protect yes no opt opt
ROM Available yes yes, 2K modules yes yes
ROM Cycle Time (ns) 1000 1000 400 400
CPU
General Purpose Registers 16 1 16 16
Index Registers 12 512 or more 15 15
‘Directly Addressable Words 16 512 65K 65K
Indirect Addressing single & double single level not needed not needed
Immediate Addressing yes yes yes yes
Indexed Addressing yes yes yes yes
Double-Word Instructions yes yes yes yes
Fltg. Point Arithmetic opt no opt yes
Hardware Mult/Div opt no opt yes
1/0
Channels depends on type 2 upto 8 upto 8
Type of Channel all DMA, multiplexer selector, multiplexor multiplexer; DMA
(DMn)
Priority Interrupt Levels 256 4, 4 expand 256 256
Program Enable/Disable of yes yes yes yes
Indiv. Interrupts
Program Enable/Disable of no yes yes yes
Interrupt Groups
Cycles Required to Set-up 6 3 1-multiplexor 1o0r3
Block Transfer 3-DMA
Cycles Stolen (from main depends on rate 1 1 1
prog) per Word Transferred
SOFTWARE
Compilers in development no Fortran IV Fortran IV
Memory for Compilers n/a 8K 8K
Conversational Compiler no no yes - Fortran yes - Fortran
Debug Package yes yes yes yes
Relactable Assemblers yes no yes (no cost) yes
Assembler Macroinstructions no no no no
MISC HARDWARE FEATURES
Real Time Clock yes yes opt opt
Typewriter Console yes yes, opt yes yes
Power Fail/Interrupt/Restart yes yes, opt opt opt
Autoload Capability yes yes, opt opt yes
Control Panel yes yes yes yes
COMMENTS Software includes Real User programmable

Time Executive.

control ROM.
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. _ COMPUTERS
Equipment Characteristics

DIGITAL COMPUTERS
COMPANY LOCKHEED DATA LOCKHEED DATA MICRODATA MICRODATA
PRODUCTS PRODUCTS
MODEL MAC Jr. MAC 16 MICRO 400 MICRO 800
FIRST YEAR DELIVERY 1970 1969 1970 1968
BASIC PURCHASE PRICE (W/4K) $7900 $11,200 $3750 $4500
LEASE RATE/MONTH
MEMORY
Word Length (bits) 16 16 8 8
Min/Max Size (words) 8K 65K 1K-65K 1K-32K
Cycle Time (us) 1 1 1.6 1.1
Type core core core, ROM core
Memory Parity opt opt no opt
Memory Protect opt opt no no
ROM Available no no yes (on request) yes 256/2048
ROM Cycle Time (ns) 220
CPU
General Purpose Registers 7 7 8 16
Index Registers 1/interrupt level 1/interrupt level 1or2
Directly Addressable Words 512 512 4096 32,768
Indirect Addressing yes yes no single
Immediate Addressing yes yes no yes
Indexed Addressing yes yes yes no
Double-Word Instructions no no yes no
Fltg. Point Arithmetic no no no no
Hardware Mult/Div opt opt no no
1/0
Channels 3 3 1 32
Type of Channel all all prog D.T., DMA opt DMA, prog
Priority Interrupt Levels 16 64 32 16
Program Enable/Disable of yes yes yes yes
Indiv, Interrupts
Program Enable/Disable of yes yes yes yes
Interrupt Groups
Cycles Required to Set-up 3 on MDC 3 on MDC 4
Block Transfer
Cycles Stolen (from main 1 1 1 1
prog) per Word Transferred
SOFTWARE
Compilers Fortran IV Fortran IV no no
Memory for Compilers 8K 8K no } no
Conversational Compiler no no no no
Debug Package yes yes yes no
Relocatable Assemblers yes yes yes no
Assembler Macroinstructions yes yes yes no
MISC HARDWARE FEATURES
Real Time Clock opt opt opt opt
Typewriter Console » yes yes yes opt
Power Fail/Interrupt/Restart opt opt opt opt
Autoload Capability opt opt opt
Control Panel yes yes opt opt
COMMENTS
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Equipment Characteristics

COMPUTERS

DIGITAL COMPUTERS
COMPANY MICRODATA MICRODATA MODULAR COMPUTER MODULAR COMPUTER
SYSTEMS SYSTEMS

MODEL MICRO 810 MICRO 820 MODCOMP II MODCOMP 111
FIRST YEAR DELIVERY 1969 1970 1971 1970
BASIC PURCHASE PRICE (W/Mi) $6040 $6040 $9800 $13,500
LEASE RATE/MONTH n/a n/a
MEMORY

Word Length (bits) 8 8 16 16

Min/Max Size (words) 1K-32K 1K-32K 4K-32K 4K-65K

Cycle Time (us) 1.1 1.1 0.8 0.8

Type core core core core

Memory Parity no no yes yes

Memory Protect no no no opt

ROM Available yes - to 2K yes to 2048 x 16 yes (512x40) yes - 1024x40

ROM Cycle Time (ns) 220 220 200 200
CcPU

General Purpose Registers 2 2 (16 bit) 15 15

Index Registers 1 1 (16 bit) 7 7

Directly Addressable Words 32K 32,768 65K 65K

Indirect Addressing single level single level single level single level

Immediate Addréssing yes yes yes yes

Indexed Addressing yes yes yes yes

Double-Word Instructions yes yes yes yes

Fitg. Point Arithmetic no opt no opt

Hardware Mult/Div yes opt opt opt
/0

Channels 32 32 16 16

Type of Channel

DMA, prog data trans

DMA, multiplexer, prog
data

multiplexer prog data
trans

DMA, multiplexer prog
data trans

Priority Interrupt Levels 16 16 8 32
Program Enable/Disable of yes yes yes yes
Indiv, Interrupts
Program Enable/Disable of yes yes yes yes
Interrupt Groups
Cycles Required to Set-up 3 6 6
Block Transfer
Cycles Stolen (from main 1 1 3 for multiplexer 1 for DMA
prog) per Word Transferred
SOFTWARE
Compilers no no Fortran IV Fortran IV
Memory for Compilers 6K 6K
Conversational Compiler opt Basic yes Basic opt no no
Debug Package yes yes yes yes
Relocatable Assemblers no yes yes yes
Assembler Macroinstructions no no yes yes
MISC HARDWARE FEATURES
Real Time Clock opt opt opt opt
Typewriter Console opt opt yes yes
Power Fail/lnterrupt/Restart opt opt yes yes
Autoload Capability yes yes yes yes
Control Panel opt opt yes yes
COMMENTS
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DIGITAL COMPUTERS

COMPUTERS

COMPANY MULTIDATA DIV — NUCLEAR DATA QANTEL RAYTHEON DATA
SYSTEMS ENGR LABS SYSTEMS
MODEL 7200 ND-812 Qantel V 704
FIRST YEAR DELIVERY 1971 1970 1970 1970
BASIC PURCHASE PRICE (W/4K) $18,995 $7300 $11,600 $9750
LEASE RATE/MONTH $555 4% $283
MEMORY
Word Length (bits) 16 12 8 16
Min/Max Size (words) 32K-524K 4K-16K 4K-8K 4K-32K
Cycle Time (us) 0.880 2 3 1
Type core core core core
Memory Parity opt no no opt
Memory Protect opt no no no
ROM Available no no yes - 1024 words no
ROM Cycle Time (ns) no 1500
CPU
General Purpose Registers 8 6 9 1
Index Registers 2 2, core none 1
Directly Addressable Words 256 16K 8K 2048
Indirect Addressing single level 4K, single level yes
Immediate Addressing no yes no yes
Indexed Addressing pre & post no no yes
Double-Word Instructions no yes yes yes, opt
Fltg. Point Arithmetic software only no no no
Hardware Mult/Div opt yes yes opt
/0
Channels 1-1/0 bus; DMA opt 4096 8 1-0 slots 6
Type of Channel DMA, prog data trans buffered 1-O controllers DMA, DIO
Priority Interrupt Levels 384 opt 4 handled by prog 16
Program Enable/Disable of yes yes yes yes
Indiv. Interrupts
Program Enable/Disable of no yes yes
Interrupt Groups
Cycles Required to Set-up 20 1 n/a 2
Block Transfer
Cycles Stolen (from main 1 1 n/a 1
prog) per Word Transferred
SOFTWARE
Compilers Fortran, Basic 3 yes Fortran IV,
SPIEL 4K-12K
Memory for Compilers 8K 4K/8K yes
Conversational Compiler Basic yes, Basic yes yes, 2 Fortran
Debug Package yes yes yes yes
Relocatable Assemblers yes no no yes, 2048
Assembler Macroinstructions no no yes yes
MISC HARDWARE FEATURES
Real Time Clock opt opt no opt
Typewriter Console std yes yes yes
Power Fail/Interrupt/Restart opt yes yes opt
Autoload Capability opt opt no opt
Control Panel std yes opt yes

COMMENTS
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DIGITAL COMPUTERS

COMPUTERS

COMPANY RAYTHEON DATA REDCOR ROLM SPIRAS SYSTEMS
i SYSTEMS : .
MODEL 706 RC-70 1601 Ruggednova Spiras 65
FIRST YEAR DELIVERY 1969 1969 1969 1969
BASIC PURCHASE PRICE (W/4K) $19,000 $14,900 $20,000 $9800
LEASE RATE/MONTH $447 $318/3 yr
MEMORY
Word Length (bits) 16 ) 16 16 16
Min/Max Size (words) 4K - 32K 32K 32K 4K - 65K
Cycle Time (us) 0.9 0.860 2.6 1.8
Type core core core, ROM, RAM core
Memory Parity opt yes no no
Memory Protect opt yes yes yes, write only
ROM Available no no yes to 4K yes, expandable to 1K
x 32
ROM Cycle Time (ns) no no 450
CPU
General Purpose Registers 1 5 4 5
Index Registers 1 1 2 2
Directly Addressable Words 2048 1024 1024 65K
Indirect Addressing single level 70 - 30,976 multi-level to 32K
immediate Addressing yes yes no yes
Indexed Addressing yes yes yes yes
Double-Word Instructions yes, opt yes no yes
Fltg. Point Arithmetic no no yes yes
Hardware Mult/Div opt yes yes yes
1/0
Channels 6 1-4 2 1 to 64 devices
Type of Channel DMA, prog trans DMA DMA, program data DMA
trans
Priority Interrupt Levels 16 32 16 1-8
Program Enable/Disable of yes yes yes no
Indiv. Interrupts
Program Enable/Disable of yes yes no yes, all
Interrupt Groups
Cycles Required to Set-up 2 8 2 3 DMA, 6 DMC
Block Transfer
Cycles Stolen (from main 1 1 1 1 DMA, 4 DMC
prog) per Word Transferred
SOFTWARE )
Compilers Fortran 1V, yes Fortran 1V, Basic Fortran IV, full
SPIEL 4K-12K
Memory for Compilers 4K 12K 4K 8K x 16
Conversational Compiler yes, Fortran no yes, Basic no
Debug Package yes yés yes yes
Relocatable Assemblers yes, 2048 yes yes yes
Assembler Macroinstructions yes no yes yes
MISC HARDWARE FEATURES
Real Time Clock opt yes yes yes, opt
Typewriter Console yes yes yes yes
Power Fail/Interrupt/Restart opt yes yes yes, opt
Autoload Capability yes yes opt yes
Control Panel” yes yes opt yes
COMMENTS Meets MIL 16400 &

MIL E-5400 Class I1.
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DIGITAL COMPUTERS

COMPUTERS

COMPANY STRUTHERS-DUNN, SYSTEMS ENGINEERING SYSTEMS ENGINEERING SYSTEMS ENGINEERING
SYSTEMS DIV LABS LABS LABS
MODEL VIP 256 Systems 72 Systems 82 Systems 810B
FIRST YEAR DELIVERY 1970 1970 1971 1968
BASIC PURCHASE PRICE (W/4K) $2875 - $14,670 $18,995 $9600 $31,000
LEASE RATE/MONTH none $650 $356 $1030
MEMORY
Word Length (bits) 12 16 16 16
Min/Max Size (words) 256 - 2560 4K - 65K 4K 8K - 32K
Cycle Time (us) 10/word 0.880 0.900 0.75
Type PROM (diode) core core core
Memory Parity no opt opt yes
Memory Protect no req yes no opt
ROM Available yes no no no
ROM Cycle Time (ns) 10 n/a n/a n/a
CPU
General Purpose Registers 2 8 4 2
Index Registers 1 2 3 1
Directly Addressable Words none 256 128 1024
Indirect Addressing no 65K multi-level multi-level
Immediate Addressing no no yes yes
Indexed Addressing yes yes yes yes
Double-Word Instructions no no yes - some yes
Flitg. Point Arithmetic no opt no software
Hardware Mult/Div no opt opt yes
1/0
Channels 256 1 std 1to 4 64
Type of Channel prog data X opt DMA opt DMA and prog
Priority Interrupt Levels 384 max 8 std, 8 opt 96 max
Program Enable/Disable of yes yes yes
Indiv. Interrupts
Program Enable/Disable of no no yes
Interrupt Groups
Cycles Required to Set-up 8 4 3
Block Transfer
Cycles Stolen (from main 1 1 1
prog) per Word Transferred
SOFTWARE
Compilers Fortran, Basic none Fortran IV
Memory for Compilers 4K - 8K n/a 8K
Conversational Compiler no yes n/a no
Debug Package opt yes yes yes
Relocatable Assemblers no yes no yes
Assembler Macroinstructions no no no yes
MISC HARDWARE FEATURES
Real Time Clock no opt yes opt
Typewriter Console no opt opt yes
Power Fail/Interrupt/Restart opt opt yes yes
Autoload Capability no opt no no
Control Panel no yes yes yes

COMMENTS
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DIGITAL COMPUTERS

COMPANY TEMPO COMPUTER TEXAS INSTRUMENTS TEXAS INSTRUMENTS UNICOM
MODEL Tempo | Model 960 Model 980 CP8-C
FIRST YEAR DELIVERY 1969 1970 1970 1970
'BASIC PURCHASE PRICE (W/4K) $13,800 '$8450 $9580 $4290
LEASE RATE/MONTH 2 $279/3 yr $316/3 yr
R M $276 $186/5 yr $211/5 yr
MEMORY )
Word Length (bits) 16 16 16 8
Min/Max Size (words) 4K - 65K 4K - 65K 4K - 65K 500 - 32K
Cycle Time (us) 0.9 1.0 1 1.75
Type core core core core
Memory Parity no yes yes opt
Memory Protect opt yes opt yes
ROM Auvailable no no no yes
ROM Cycle Time (ns) 350
cPU ‘
General Purpose Registers 16 16 8 4
Index Registers 16 all G.P. registers 1 1
Directly Addressable Words 65K all all 4K
Indirect Addressing one level single level single level single level
Immediate Addressing yes yes yes yes
Indexed Addressing yes yes yes yes
Double-Word Instructions yes yes yes yes
Fltg. Point Arithmetic no software no yes
Hardware Mult/Div opt opt yes yes
/0
Channels upto?7 1-8,64-4096 1-8,1-256 1
Type of Channel MPX, prog DMA, prog data trans DMA, prog data trans
Priority Interrupt Levels 16 3 3 4
Program Enable/Disable of yes yes yes
Indiv. Interrupts
Program Enable/Disable of no yes yes yes
Interrupt Groups
Cycles Required to Set-up 3 2 2
Block Transfer
Cycles Stolen {from main 1 1 1
prog) per Word Transferred
SOFTWARE
Compilers Fortran Fortran Fortran IV
Memory for Compilers 8K 6K 8K
Conversational Compiler no no no
Debug Package yes yes yes
Relocatable Assemblers yes, std yes yes yes - n/c
Assembler Macroinstructions yes yes no

MISC HARDWARE FEATURES

Real Time Clock opt opt no opt

Typewriter Console opt yes yes yes

Power Fail/Interrupt/Restart opt yes yes opt

Autoload Capability opt no © opt

Contrql Panel yes yes yes yes
COMMENTS
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DIGITAL COMPUTERS

COMPUTERS

COMPANY UNICOMP UNICOMP VARIAN DATA VARIAN DATA
MACHINES MACHINES
MODEL COMP-16 COMP-18 620/L 620/f
FIRST YEAR DELIVERY 1970 1970 1971 1970
BASIC PURCHASE PRICE (W/4K) $9800 $10,500 $5400 $10,500
LEASE RATE/MONTH
MEMORY
Word Length (bits) 16 18 16 16
Min/Max Size (words) 4K - 65K 4K - 262K 4K - 32K 4K - 32K
Cycle Time (us) 0.880 0.880 1.8 0.750
Type core core core core
Memory Parity no no no opt
Memory Protect opt opt opt opt
ROM Available yes (to 4K) yes no yes, 2K or 4K
ROM Cycle Time (ns) 350 350 n/a 300 ns access
CcPU
General Purpose Registers 1 1 9 9
Index Registers 6 6 2 2
Directly Addressable Words 256 1024 2048 2048
Indirect Addressing single level single level multi-level multi-level
Immediate Addressing yes yes yes yes
indexed Addressing yes yes yes yes
Double-Word Instructions no no yes yes
Fitg. Point Arithmetic yes yes no no
Hardware Mult/Div opt opt opt opt
1/0
Channels 1/64 1/64
Type of Channel DMA buss DMA buss DMA, party line 1/0 bus, DMA, PMA
prog data trans
Priority Interrupt Levels to 64 - software to 64 - software 0-64 0-64
Program Enable/Disable of yes yes
Indiv. Interrupts
Program Enable/Disable of yes yes
Interrupt Groups
Cycles Required to Set-up 3 3
Block Transfer
Cycles Stolen (from main
prog) per Word Transferred
SOFTWARE
Compilers Basic Basic Fortran 1V, Basic, RPG Fortran IV, Basic, RPG IV
Memory for Compilers 3K words 3K words 4.-12K 4.-12K
Conversational Compiler yes - assembler yes - assembler Basic, yes yes - basic
Debug Package yes yes yes yes
Relocatable Assemblers yes yes yes yes
Assembler Macroinstructions yes yes
MISC HARDWARE FEATURES
Real Time Clock opt opt opt opt
Typewriter Console yes yes yes yes
Power Fail/Interrupt/Restart opt opt opt opt
Autoload Capability yes yes opt
Control Panel yes yes yes yes
COMMENTS Full line of Full line of
peripheral peripheral
equipment. equipment.
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DIGITAL COMPUTERS

COMPUTERS

COMPANY VARIAN DATA VICTOR COMPTOMETER WESTINGHOUSE COMP. WESTINGHOUSE COMP.
MACHINES & INSTRUMENTATION & INSTRUMENTATION
MODEL 620/i 820 Series Computer Prodac 2000 Prodac 2500
FIRST YEAR DELIVERY 1967 1970 1969 1971
BASIC PURCHASE PRICE (W/4K) $9950 $5990 - $21,990 $10,000 $9950
LEASE RATE/MONTH
MEMORY
Word Length (bits) 16 (18 opt) 64 16 16
Min/Max Size (words) 4K - 32K 16 - 1K 4K - 65K 4K - 65K
Cycle Time (us) 1.8 25 0.5,1.2and 3 0.850
Type core rod cell & core core core
Memory Parity opt no opt opt
Memory Protect opt no opt opt
ROM Available no yes no no
ROM Cycle Time (ns) n/a 25 n/a n/a
CPU
General Purpose Registers 9 4 21 21
Index Registers 2 4 2 2
Directly Addressable Words 2048 512 data 1K 1K
Indirect Addressing multi-level no multi-level multi-level
Immediate Addressing yes yes no no
Indexed Addressing yes yes yes yes
Double-Word Instructions yes no yes yes
Fltg. Point Arithmetic no yes opt opt
Hardware Mult/Div opt yes yes std
/0
Channels 3 128 128
Type of Channel DMA direct, buff, DMA direct, buff, DMA
Priority Interrupt Levels 0-64 0 2 sys, (63 & 64) 64 ext interrupts
Program Enable/Disable of no yes yes
Indiv. Interrupts
Program Enable/Disable of no no yes
Interrupt Groups
Cycles Required to Set-up n/a DMA 32 DMA 8
Block Transfer
Cycles Stolen (from main n/a DMA 1 DMA 1
prog) per Word Transferred
SOFTWARE
Compilers Fortran 1V, Basic, VICTRAN Fortran IV Fortran |V; Basic
RPG IV
Memory for Compilers 4-12K 1BM 360 - 64K 12K 8K - 16K
Conversational Compiler Basic, yes no yes, Basic yes, Basic
Debug Package ves yes yes yes
Relocatable Assemblers yes no yes, 8K yes - 8K
Assembler Macroinstructions yes no yes
MISC HARDWARE FEATURES
Real Time Clock opt no yes yes
Typewriter Console yes yes yes yes
Power Fail/Interrupt/Restart opt yes yes opt
Autoload Capability n/a no opt
Control Panel yes opt yes yes

COMMENTS

Also available in
ruggedized version -
(R620i)
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COMPUTERS

DIGITAL COMPUTERS

COMPANY XEROX DATA SYSTEMS  XEROX DATA SYSTEMS
MODEL CF16A Sigma 3
FIRST YEAR DELIVERY 1970 1969
BASIC PURCHASE PRICE (W/4K) $7990 $33,500 w/8K & ASR-35
LEASE RATE/MONTH n/a $1100 min
MEMORY

Word Length (bits) 16 16 + parity

Min/Max Size (words) 1K - 32K 8K - 64K

Cycle Time (us) 1.6 0.975

Type core core

Memory Parity no yes

Memory Protect opt yes

ROM Auvailable yes - 256, 512 & 1K no

ROM Cycle Time (ns) 300
cpPU

General Purpose Registers 2 5

Index Registers 1 2

Directly Addressable Words 768 1024

Indirect Addressing multi-level single level

Immediate Addressing yes yes

Indexed Addressing yes yes

Double-Word Instructions no no

Fitg. Point Arithmetic yes (Fortran) no

Hardware Mult/Div yes yes
1/0

Channels 1 4-28

Type of Channel
Priority Interrupt Levels

Program Enable/Disable of
Indiv. Interrupts

Program Enable/Disable of
Interrupt Groups

Cycles Required to Set-up
Block Transfer

Cycles Stolen (from main
prog) per Word Transferred

multiplexer
3std
yes

yes

multiplexer & prog
100

yes

yes

1

none

SOFTWARE
Compilers Basic, Fortran assembler & Fortran IV
Memory for Compilers 2K 7K
Conversational Compiler Basic, Fortran no
Debug Package yes yes
Relocatable Assemblers yes yes
Assembler Macroinstructions no yes
MISC HARDWARE FEATURES
Real Time Clock opt yes
Typewriter Console yes yes
Power Fail/Interrupt/Restart opt yes
Autoload Capability opt yes
Control Panel yes yes
COMMENTS DMA is available at
extra cost.
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Facilities

There has been a phenomenal growth in data com-
munications in recent years, as measured by the volume of
data and the number of data terminals. (Currently, data
communications account for about $450 million of AT&T’s
revenues. By 1980, this figure is estimated to grow to $2
billion.) Two factors have contributed to this expansion:
(1) the data communications facilities themselves have
improved, becoming faster, more accurate and less
expensive; (2) the widespread use of computers and auto-
mation techniques has fostered the use of data com-
munications in an increasing number of new applications.

The data communications industry is undergoing some
fundamental changes, the most far reaching of which are
changes in the relationship of the users to the common
carriers who supply the communications channels. Until
quite recently the communications common carriers sup-
plied nearly all of the data communications equipment.
They restricted the use of their public switched facilities by
effectively prohibiting the attachment of customer-supplied
transmission equipment, The Federal Communications
Commission (FCC) restricted the vendors of com-
munications channels to the communications common
carriers exclusively. Two landmark decisions by the FCC,
the Carterfone in 1968 and the MCI in 1969, have changed
all this, opening the door for competitively supplied data
communications equipment and facilities.

THE FOREIGN ATTACHMENTS RULE AND CARTER-
FONE

Prior to the FCC ruling on Carterfone, the legality of the
foreign attachments prohibition by the common carriers
was examined by the District of Columbia Court of Appeals
in the 1957 Hush-A-Phone decision. In that case the court
upheld the subscriber’s right to ““use his telephone in ways
which are privately beneficial without being publicly
detrimental,” and ordered AT&T to revise its tariff to
permit the attachment of ‘‘harmless’ customer-owned
devices. This was done but AT&T in fact retained the
general foreign attachments prohibition through a clever
subterfuge.
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It was in the June 1968 Carterfone décision that the FCC
firmly established the right of the telephone subscriber to
use any equipment provided it does not cause ‘““actual,” as
distinguished from ‘“potential” harm to the public tele-
phone network. The Commission maintained that not only
should the Carterfone device be allowed on the dial
network, but that AT&T should issue standard specifica-
tions to permit the interfacing of a variety of terminal
equipment. Subsequently, the telephone company filed
revised tariffs, effective January 1969, permitting the
attachment of customer-provided equipment such as
modems, acoustic-couplers and private mobile systems to
the public switched facility. However, AT&T retained the
network functions of dialing and making and breaking the
telephone call connection, and the charges for the call.
These functions are performed by an arrangement (Data
Access Arrangement) with a network control unit. This
arrangement, priced at $2.00 per month, also serves a
protective function, limiting the power and range of
frequencies of the non-common carrier equipment. The
restriction of having to use a carrier-supplied protection and
signalling device has considerably reduced the impact of the
Carterfone decision. A large number of interested parties, in
noting the absence of technical specifications, have charged
that the revised AT&T tariffs only partially complied with
the FCC orders. Still others have questioned AT&T’s good
faith and have called the tariff structure patently discrimin-
atory.

The Carterfone decision nevertheless has had a tremendous
effect on the data communications industry and tech-
nology. Specifically, the impact has been greatest on the
modems which can now be supplied by independent
manufacturers for use over the switched communications
network. The increased competition has promoted in-
novation and efficiency, allowing manufacturers to respond
to users’ needs for irregular transmission speeds, unusual
reliability and accuracy and varying costs.

A direct result of the Carterfone decision is the new market
that is developing for telephone coupler data sets and
portable terminals. These portable terminals are usually
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lightweight teletypewriters or special keyboard equipment
which use acoustic couplers to interface with the public
switched network via the conventional telephone set.

Perhaps the most far reaching consequences of the princi-
ples established in Carterfone is the encouragement of
communications research and new and creative approaches
in equipment design. An example of such an approach is
the integration of modems and terminal equipment. This
eliminates redundant circuitry, improves appearances and
reduces packaging size and cost. The development of new
data communications technology that permits a more
efficient use of the communications network has definitely
been accelerated by the relaxation of the foreign attach-
ments rule.

COMMUNICATIONS CARRIERS, MCI AND DATRAN

The FCC initially limited the use of microwave links to the
established communications common carriers. This rule was
relaxed in the 1959 Above 890 decision to allow private
organizations to construct and operate microwave systems,
but only for their own use. Not until August 1969 did the
FCC approve the application of Microwave
Communications, Inc. (MCI) to lease microwave com-
munications channels to the public between Chicago and
St. Louis. This seemingly innocuous decision has resulted in
thousands of new microwave station applications by scores
of firms proposing to construct some 40,000 miles of
public communications facilities throughout the United
States.

DATA COMMUNICATIONS

Most of the applicants, including many MCI affiliates, have
proposed MCI-like services. They will lease to subscribers
dedicated point-to-point channels of various types (voice,
data, facsimile, video, low error rate, etc.) and bandwidths
(200 Hz to 960 Hz). The channels would accept analog or
digital inputs and would be available on a full-time or
part-time basis. Customers would be permitted to inter-
connect their own equipment or systems to MCI channels.
In addition, the rates would be substantially lower in many
cases than those charged by existing carriers for comparable
service.

The Data Transmission Company (Datran), a subsidiary of
University Computing Company, however, has the most
ambitious proposal — a coast-to-coast all-digital microwave
system (Figure 1) with computer-controlled switching
which would provide both dial-up and private-line circuits
for data transmission. The proposed Datran communica-
tions network is specifically designed and engineered for
data transmission. The digital signals would be carried
directly, thus obviating the need for modulation equip-
ment. Time division multiplexing (TDM) will be used to
permit efficient multiplexing of data channels. The data
error rate would be less than one bit per ten million bits
transmitted (10'7). The connect time for dial-up calls
would be less than 3 seconds and the minimum charge time
would be 6 seconds rather than the minimum of 3 minutes
or 1 minute of the telephone network. Datran, by using
more efficient data transmission techniques, hopes to
provide much higher data speeds for about half the present
cost.

Figure 1. The Proposed Datran System
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Though the FCC has not yet approved these applications,
there have been indications that they would give the
go-ahead to MCI-like carriers and Datran. By accepting the
entry of new carriers as ‘“‘reasonably feasible” and recogniz-
ing the need for better data communications service in a
published staff position, the FCC appears to be favoring the
opening of the communications carriers to competition.

Approval of MCI, Datran and like proposals would very
likely lead to many significant changes in the data
communications environment, A variety of new applica-
tions might then be feasible because of the availability of
higher data speeds at lower costs. The telephone companies
have been gradually shifting towards transmission on the
digital carrier systems. Competition from new carriers like
Datran will hasten the day when data can be transmitted
directly over the nation-wide digital facilities of the Bell
System. : '

THE GROWTH OF COMMUNICATIONS CAPACITY

In addition to the greater competition promoted by
Carterfone and MCI, there have been other significant
marketing and technological developments affecting future
applications. The first is' the increase in capacity of
telecommunications channels. Microwave, coaxial cable and
communication satellite links capable of carrying over
30,000 voice channels (50 to 200 Mb/s) have already been
introduced in the Bell System. There is ample evidence that
this channel capacity will continue to increase. The next
generation of cross-country  links, capable of carrying
100,000 voice channels, using helical waveguides and
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DATA COMMUNICATIONS

communication satellites, have already been proposed.
Beyond that the laser offers almost unlimited potential, i.e.,
laser communication links capable of carrying over 100
billion bits per second can be easily visualized.

This increase in channel capacity has been accompanied by
a reduction in dollar cost per circuit mile for these new
systems. The economies of scale for different technologies
is ‘illustrated in Figure 2. Whether these economies in
long-haul transmission will be passed along to the user
depends on a number of factors including competitive
pressures, high demands and utilization and industry
practice regarding tariffs. How the issues of competition,
average pricing and specialized services are resolved will
greatly affect the data communications costs and therefore
volume and utilization.

HIGHER SPEEDS AND GREATER BANDWIDTH

Another reason for the increase in data communications
capacity is the development of new technology which
permits higher data speeds over existing facilities. The Data
Set 203, introduced to the Bell System in 1969, permits
data speeds up to 10,800 bps over a private voice-grade line
by employing the fundamentally more efficient MLVSB
technique. Even though the cost of leasing voice grade lines
has increased slightly, the cost per bit transmitted has
decreased ' considerably. Efficient multiplexing methods
have also enabled the use of multiple, low-speed channels
over a'single high-speed voice grade facility.

WAVEGUIDE

T B
10 100

T
1000

1 T 1
10,000 100,000 1,000,000

NUMBER OF VOICE CIRCUITS

Figure 2. Economics of Scale for Different Communication Technologies
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Higher data rates are, of course, possible using wideband
communications which utilizes a group of voice channels. A
variety of private-line wideband services are available from
AT&T, with speeds up to 460,800 bps. Recently, AT&T
also introduced the DATA-PHONE 50 service, a wideband
switched facility capable of operating at 50,000 bps.
Initially, the interstate DATA-PHONE 50 service is avail-
able between four cities — Chicago, Los Angeles, New York
and Washington, D.C.

The major advantage of wideband data communications is
the significantly faster response time. Where data traffic
volume is high, it offers economies of scale as well.
Availability of wideband services has opened new applica-
tion areas in computer communications. It is now possible
to interact with the computer from a remote sophisticated
graphics display terminal. A reel of tape can be transmitted
within minutes. Computer load-sharing can be more effec-
tive. The possibilities are unlimited. Unfortunately, the cost
of wideband communication is still very high, thus
discouraging its widespread use.

DEVELOPMENTS IN
EQUIPMENT

DATA COMMUNICATIONS

A recent innovation that is opening vast new application
areas is the TOUCH-TONE service. Originally designed as a
method for faster and more accurate dialing of calls on the
regular telephone network, the TOUCH-TONE service has
become one of the lowest cost computer input devices and
is widely used in the industry. For users located in areas not
yet equipped with TOUCH-TONE service, auxiliary push
button pads are available in addition to the rotary dial to
send numeric information to computers and other business
machines. The real importance of the touch-tone telephone
is that it is so widely available at little or no extra cost.

There is a parallel movement towards using the conven-
tional telephone receiver as an output device. This is
apparent from the market growth for audio response units
and other voice answerback equipment. These devices
provide the least expensive way of receiving responses from
the computer over the telephone. This fact, coupled with
the touch-tone input, is playing a major role in the
extensive use of computers for inquiry processing.

Another important development in terminals is the pro-
liferation of the cathode-ray tube (CRT). The CRT displays
have made new applications possible because of their higher
speed, quiet operation and the ability to selectively alter
and display data. Technological developments have
improved the cost and performance of the CRT terminals
to such an extent that they have become practical for such
diverse applications as computer time-sharing, on-line re-
servations, inquiry-response, inventory control and manage-
ment information systems.

There is a substantial market for multiplexing equipment
which allows the user to utilize economies of scale in data
transmission. This market will continue to expand in the
near future but will gradually be replaced by message
switching systems which provide convenient multiplexing
and switching of a large variety of data speeds and formats
very economically, The price of minicomputers and com-
munications processors has become so low that it is now
practical to employ them as communications front-end

DATA COMMUNICATIONS

equipment for larger machines, handling most of the
communications-related tasks.

There is an enormous potential for use of stored program
computers in solving data communications problems.
Several companies have already seized the opportunity and
are marketing integrated data communications equipment
to diverse customers.

SYSTEMS AND TECHNIQUES

It is important to recognize that there are three basic types
of data communications systems: person-to-person, com-
puter-to-person and computer-to-computer. Data transmis-
sion between persons is the oldest, dating back to the
beginning of telegraphy and newswire. Even today con-
siderable data communications traffic is generated between
teletypewriters without any computer involvement. The
large-scale use and development of data communications
began only in the mid 1950’s when it was recognized that
the teletypewriter circuits and machines could also be used
for transmitting data to and from the computer. This
uncovered vast and wholly new application areas, permit-
ting the human to interact with the computer, thus utilizing
its hugh resources for information ' processing. Inter-
computer communications is only beginning and is utilized
in such applications as load-sharing, data-base sharing and
message handling.

Basic Elements

Figure 3 illustrates the basic components of data communi-
cations systems. The information source, usually a person
or a computer, transmits data via an input device or
terminal which encodes the data into binary signals. If the
transmission channel is inherently analog, as is the case on
the telephone system, a modulator is required to convert
the binary dc signal into compatible tones. At the receiving
end a demodulator is required to convert the signal tones
back into binary signals. These signals are decoded by an
output device or terminal which passes the data to the
information sink — a person or a computer. In the case of a
human, the information is usually displayed in a suitable
form by the computer.

Other elements may also be present in a data communica-
tions system. Multiplexers or other data-combining equip-
ment may be used to reduce the communications cost per
channel; error-control devices may be employed to reduce
error rates and improve reliability; and the transmission
channel itself may be a switched facility or a multipoint
network. A discussion of channel types, transmission
modes, modulation techniques, information codes, error
control and system configuration is essential to under-
standing equipment characteristics.

Types of Channels

The channel, or data link, is a transmission path between
two or more points and may be a single wire, a group of
wires or a special part of the radio frequency spectrum.
These channels are generally classified into three groups
according to their bandwidth:

1. Narrowband Channels: Bandwidth less than voice chan-
nel. Characterized by speeds of 50 to 200 bits per second.
Capable of handling manual keyboard devices, and used
primarily with telegraph and teletypewriter equipment.

49



Equipment Characteristics

DATA COMMUNICATIONS

SINK -
PERSON/COMPUTER| ~ OR DATA | TepmiNAL

DEVICE , ETC.
INFORMATION | yessaGE INPUT MODULATOR| SIGNALS FOR
SOURCE ex[ORDATA ] DEVICE OF | (MODEM) |TRANSMISSION
PERSON/COMPUTER TERMINAL (MODEM) | TRANSMI
BINARY
SIGNAL
TRANSMISSION
FACILITY
CARRIER
NOISE “OR
OR —»| CHANNEL
ERROR (SINGLE LINE,
SWITCHED,
MULTIPOINT,
ETC.)
BINARY
INFORMATION | reb=AYED—5grRuT | S'eNAL

DEMODULATOR| RECEIVED
DEVICE OR ‘—®——J (MODEM)  [Si6NAL

! DEMODULATOR,
ERROR RECOVERY,

MULTIPLEXOR,
ERROR CONTROL

ETC.

Figure 3. Basic Components of Data Communications Systems

2. Voiceband Channels: A 3-kHz bandwidth (frequency
range of 300 to 3400 Hz). Characterized by speeds of 600
to 10,800 bits per second. Generally used for handling
voice transmission.

3. Wideband Channels: Bandwidth greater than voice chan-
nel. Characterized by a variety of data speeds ranging from
a few thousand to about 500,000 bits per second or higher.
Also called broadband channels,

The speed of transmission depends not only on the
bandwidth but also on the modulation technique. In
general, the greater the bandwidth of a channel, the higher
the speed at which ‘data can be transmitted. Transmission
speed is usually expressed in bits per second (bps), bauds,
words per minute (wpm) or characters per second. Of the
above measures, bits per second is preferable as a true
measure of information transfer rate independent of the
coding and transmission technique. The speed in bauds is
the number of signal events per second. When each signal
event represents other than one bit (as in dibit), baud does
not equal bits per second. The measures, words per minute
or characters per second are remnants of telegraphy and
depend on the character code employed. The conversion
from wpm to bps can be made using the following formula:

Bit rate in bps = WPM X 6 char/word x bits/char
60 seconds

— wpm e bits/char
10 seconds

The bit rate for a 60-wpm teletypewriter service using
Baudot (7.42 bits/char) can now be calculated as:

Bit rate - 893742 = 44,52 pps
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The available channels can be either switched through
public exchanges or permanently connected. Facilities for
switching wideband channels such as the DATAPHONE 50
service of the Bell System are not widely available. The
“public” or “switched” lines allow the dialing of different
machines from the same terminal, giving the user great
flexibility. They also have a cost advantage if terminal usage
is low. The “private” or ‘“leased” lines are connected
permanently or semi-permanently between terminals and
may be less expensive if the terminal is used heavily. The
break-even point between switched and leased lines depends
on the circuit mileage and is usually a few hours a day.
Leased lines have other advantages such as the ability to
obtain higher quality lines that permit high speeds with low
error rates.

Transmission Modes

While the channel may appear as a single data path to the
user, the information bits may be transmitted either serially
on a single link or in parallel over multiple communication
paths. Parallel transmission is usually serial-by-character and
parallel-by-bit, requiring at least as many separate channels
as there are bits in a character. Parallel transmission is
generally not used over long distances as it incurs higher
transmission costs. Several low-speed lines are more expen-
sive’ than a single higher speed line, and even when
frequency division multiplexing is used (bits traveling
simultaneously on the same line using different frequency
bands), the cost of such equipment must be considered.
Parallel transmission, however, has the advantage of lower
terminal cost. It is therefore commonly used over short
distances (several hundred feet) where the wires laid down
by the user are relatively inexpensive. Occasionally, parallel
transmission is also used over longer distances to increase
the effective transmission speeds if wideband channels are
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unavailable. Many facilities also employ a combination of
serial and parallel transmissions,

Data transmission can be either synchronous or asyn-
chronous. In synchronous transmission, the characters (and
bits) are transmitted at a fixed rate with the transmitter and
the receivers synchronized. In asynchronous transmission,
the interval of time between characters can vary arbitrarily;
this usually means start and stop elements must be
transmitted with each character. Synchronous transmission
is therefore the more efficient of the two. For this reason
most high-speed terminals capable of continuous operation
utilize the synchronous option. Asynchronous transmission
is most often used on unbuffered keyboard devices where
the time interval between characters is necessarily arbitrary.

The channels as well as transmission can also be classified
on the basis of simultaneity into three basic types:

1. Simplex is strictly undirectional transmission,

2. Half-duplex is the ability to transmit in either direction,
but not simultaneously.

3. Full-duplex is the ability to transmit in both directions
simultaneously.

Simplex lines find very limited use in data communications
as some feedback is usually desirable. The choice between
half-duplex and full-duplex lines depends largely on the
characteristics of the terminal equipment. Since half-duplex
terminals are less expensive, this mode of transmission is
more common at the present time. Half-duplex operation,
however, requires line-turnaround time when the direction
of transmission is to be changed. Where full-duplex opera-
tion is possible, it is generally advantageous since full-
duplex lines usually cost only 10% more. Even in cases
when the terminal operates half-duplex, a full-duplex
channel may be used to improve the response time.

In most instances half-duplex transmission is over a 2-wire
circuit and full-duplex over a 4-wire circuit. However,
full-duplex transmission can also be handled by a 2-wire
circuit with separate frequency bands for the two direc-
tions.

Modulation Techniques

As mentioned earlier, modulation and demodulation are
generally required to convert the baseband signal into a
form suitable for transmission, The equipment that
performs this task is referred to as a modem, abbreviated
from modulator-demodulator. There are fundamentally two
kinds of modulation schemes, one using analog techniques
and the other using pulse techniques. In analog or contin-
uous modulation a sine wave carrier of a frequency higher
than the signal is modulated. Depending on whether the
amplitude, the frequency or the phase of the carrier is
varied in accordance with the data signal, there are three
basic types of modulation schemes — amplitude modula-
tion (AM), frequency modulation (FM) and phase modula-
tion (PM).

The data signal transmitted is.usually the two-level binary
signal, but it is possible to use multiple levels such as
four-level dibit transmission which approximately doubles
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the transmission rate, Though four- or eight-level transmis-
sion increases the speed, it makes the signal more susceptible
to error. Of the three modulation schemes, amplitude
modulation is most susceptible to noise and therefore
unsuited for dibit transmission. Phase modulation is the
least sensitive to noise and is used frequently for multilevel
transmission.

In pulse modulation, the base band signal is sampled at
regular intervals and the sample results used to vary the
amplitude width or position of the pulse. The schemes are
called pulse amplitude modulation (PAM), pulse width
modulation (PWM), and pulse position modulation (PPM).
The most important and useful pulse modulation tech-
nique, however, is pulse code modulation (PCM), in which
the amplitude of the sampled pulse is “quantized”; that is,
a digital code is used to represent the value of amplitude.
Pulse code modulation offers great noise immunity since
the pulses are of uniform height and width. Regenerative
repeaters can be used at regular intervals to obtain error
rates as low as one in ten billion bits (10'10), Pulse
modulation requires much larger bandwidths than analog
modulation, but in spite of this, the future lies with PCM
and time division multiplexing rather than with analog
methods and frequency division multiplexing.

Information Codes

In order to allow communications between terminals, a
uniform method of exchanging information is needed. This
requires the establishment of a character code structure for
interpretation of bits as characters, a message syntax to
form characters into messages, and data communication
control procedures for exchanging the messages.

Although many codes are used in communications today
and many new codes are being developed for various
applications, there is a trend toward the universal use of the
ASCII 8-bit code. The ASCII or USASCII code (Figure 4)
was introduced by the USA Standards Institute and has
been accepted as the U.S. Federal standard. Message format
and data communications control procedures based on the
USASCII code have also been proposed. Techniques for
transmitting ‘“‘transparent” or binary data also exist within
the structure of the USASCII code. Special characters are
set aside for the purposes of communications control.
These control functions include synchronization, message
heading and control.

Of the other existing codes, the more widely used ones are
the S-bit Baudot code (Figure 5) found in old teleprinter
equipment, the 6-bit transcode, the IBM punched card

‘Hollerith code (Figure 6), the 7-bit BCD and the 8-bit

EBCDIC code (Figure 7) used extensively in IBM equip-
ment. In the Baudot code, since five bits can accomodate
only 32 unique codes, two of the codes are ‘“figures”
(FIGS) and “letters” (LTRS) to allow extension to two
characters, thus including both upper and lower case letters.

The Hollerith code, used almost exclusively for punched
card equipment, is a 12-level code designed to represent the
alphabet and the digits 1 through 9. The code lends itself to
easy detection of errors. The binary coded decimal (BCD) is
an extension of the Hollerith code. The code is structured
by converting punched card designations to a binary
pattern. This code, extended to include eight bits, becomes
the EBCDIC code.
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Figure 7. Extended Binary-Coded-Decimal
Interchange Code (EBCDIC)

Another code that deserves mention is the four-of-eight
code. In this code four bits are always “1” and four bits are
always ‘“‘0’.” Although this code and a similar two-of-five
code are much less efficient than ASCIL, they are ideal in
applications where high accuracy and easy error detection
are required. Typical applications are credit card verifica-
tions and Bell System touch tone units.

A slight variation of the ASCII code that should also be
mentioned is the Data Interchange Code used in machines
manufactured by Teletype Corporation, In this version of
the ASCII code, some printing characters are replaced by
nonprinting control characters and the parity is specified.
Terminal equipment utilizing a different code may be
accomodated by code conversion techniques, either by
hardware in the communications interface or by program.
Where time is a premium, code conversion by logic
networks is preferable. It is extremely fast, but rather
costly and inflexible.

Error Control and Reliability

All communications facilities are affected by noise, fading,
distortions, and other transmission impairments. The pro-
bability of error-inducing impairments increases with
distance and increased switching points or different
physical equipment. Partially to overcome the lack of error
control in codes such as the Baudot code, new codes with
built-in aids towards error control were devised. These
codes require proportionately larger numbers of bits per
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characters, and thus make less efficient use of the channel.
Some of the more common error control techniques
employed are as follows:

1. Character-oriented error detection such as character
parity check, 4 out of 8 and 2 out of 5 codes. Error
detection is accomplished by means of redundancy in
coding, i.e., using more bits than the minimum required per
character. This type of error control allows detection of at
least single errors in each character and is used in most
existing codes such as ASCII and EBCDIC.

2. Block-oriented error detection such as the longitudinal
redundancy check (LRC) and the cyclic redundancy check
(CRC). One or more check character or pattern of bits are
generated by applying a previously agreed upon error
detection code (block parity, cyclic codes, etc.). Often a
combination of block and character-oriented error detec-
tion schemes are used which allow limited error correction
also. Usually error-control using the CRC is so powerful in
detection of errors that it obviates the need for character
parity.

3. Error correcting codes such as Hamming and cyclic
codes. The data is encoded using a highly-redundant
self-corrective scheme. These codes permit automatic dete-
ction and correction of various error pattern within given
burst lengths, The forward corrective transmission is gen-
erally less efficient in its use of channel capacity but may
be necessary, if line has a high error rate.

The error detection techniques outlined above are used
extensively in feedback retransmission systems. The
receiving terminal checks the incoming data and instructs
the transmitting terminal whether or not to retransmit data.
The rejected data may be retransmitted via operator
intervention as in check and stop transmission or automa-
tically as in check and re-transmission.

More sophisticated error control techniques also ensure
against loss of messages by use of message sequence
numbers placed in the heading of messages. These indicate
the sequence of the message compared to the previous one,
and checks can be made to ensure the correct sequence of
messages.

Data communication systems generally require more reliabi-
lity than just detection of errors in messages. Protection
must exist against system and equipment failures, and
down-time must be minimized. To ensure this, techniques
with message protection, storage protection, and duplica-
tion of vital information have been suggested. For greater
reliability and error protection, it is advisable to error-check
supervisory control sequences (including retransmission
requests). Error recovery procedures for other kinds of
faults may also be necessary.

System Configuration

The simplest possible system structure is that of a point-
to-point connection, with a single line connecting two
terminals. The connection may be fixed as a private line or
switched as on the dial network.

Next in complexity is the multipoint connection, a party-
line structure in which several users share the same time.

DATA COMMUNICATIONS

Many pairings of conversations are possible, but little
organization is achievable on a system basis except through
polling and selection or computer message control.

A more orderly structure for a system with many users is a
centralized system with a star configuration in which all
users communicate with a central point that has supervisory
control over the system. Users communicate with each
other only by permission of this central supervisor.

The most elegant system structure is perhaps a distributed
system with a multiple star configuration in which there are
several supervisory or exchange points, each with its own
set of users and a means for direct communication between
the central points. Such a distributed structure appears to
offer considerable advantage in reducing cost of terminal
communications by permitting installations to be located
near concentration of terminals. However, few distributed
networks have been implemented because distributed data
bases are infrequent and the communications cost has been
minor when compared to computation investment. With
solutions of the data base management problem and the
increasing complexity of individual systems and terminals,
it is likely that many more distributed systems will emerge
in the future.

In applications where the reliability of continuous com-
munications is extremely important, such as defense net-
works, the distributed delta or the mesh structure in which
every point is connected to several neighboring points may
be preferred. The various system configurations are illustra-
ted in Figure 8.

The system configuration and costs are closely related. As
the number of terminals and lines increase, the cost factors
start dominating system design. For example, multiplexers
may be used to concentrate a number of low-speed lines
into a single, less expensive high-speed line. Terminal
control units may be employed to reduce the cost of
communications to a group of terminals. Shared buffers or
terminal control units also may be used to minimize the
cost of an individual terminal. A store-and-forward message
switching system may be the most economical system
where there is high density of traffic between each pair of
points and fast response is required.

EQUIPMENT AND FACILITIES: SELECTION AND
EVALUATION

If a large number of terminal points and many processing
functions are required in a data communications system,
the design will be complex not only because of the size of
the system but also because of different user requirements
and many possible approaches. The interrelated design
parameters force compromises and trade-offs which the
designer must consider. System requirements for reliability,
accuracy, throughput, response time, expandability and
maintainability have to be balanced against cost.

The first step before the selection of equipment and
facilities is that of establishing the information flow
requirements. This includes the nature and volume of
information, the number of information sources and sinks
and their location, the acceptable response times and the
accuracy and reliability needed. These requirements depend
on the application, which, of course, largely determines the
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Figure 8. System Configurations

choice of terminals, processing equipment and communica-
tions facilities.

Applications

Current applications of data communications systems vary
widely in their functions, scope and requirements and span
all user groupings — commercial, industrial, scientific and
military/aerospace.

Within the commercial area there exist many different
types of applications and new applications are being
developed every day. Some indication of their variety is
given below:

Message switching
Airline reservation
Hotel reservation
Brokerage transactions
“Brokerage ticker service
Branch banking
Credit checking
Multiple-warehouse order processing
Truck or rail system management
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Computer aided instruction
Computer aided design

Hospital administration

Customer account inquiry processing
Management information systems
Retail point-of-sales inventory control
Time-sharing computational facilities
Load-sharing between computers

The industrial area of application involves process control,
on-line production control, and automatic inspection
systems. Industrial data-gathering applications are con-
sidered to fall in the commercial area because theéir
implementation has characteristics in common with many
commercial systems.

The scientific area of application involves, principally, the
instrumentation of laboratories for physical and biomedical
experimentation.

The military/aerospace area involves tactical and strategic
command and control, range instrumentation, count-down,
onboard guidance, and other applications.
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Fundamental Types

Functionally, the whole spectrum of data communications
applications may be divided into a few fundamental classes,
such as:

1. Data collection, Collection and transmission to a central
processing point of information concerning the operations
of geographically separated facilities. When large quantities
of data are transmitted, this is usually done on a block-
by-block basis. Blocks are generally fixed in size, 80
characters being popular because of the punched card.

2. Data distribution. The distribution of data generated
and/or processed at a central facility to outlying locations.
The communication mode is similar to that in data
collection.

3. Inquiry processing. To provide prompt responses to
inquiries to a centralized data base. Messages are short and
formats highly tailored to the application to obtain
efficiency in transmission and to minimize the incidence of
incorrect requests or non-executable orders.

4, Computer time-sharing. Making the facilities of a com-
puter system available to multiple users. The communica-
tion mode is similar to that in inquiry processing.

5. Message switching. To provide an efficient system for
handling the communications of a particular organization.
Store-and-forward communications are generally employed.

6. Inter-computer communications. Computer-to-computer
communications for the purpose of load sharing, data
base-sharing, etc. Communications may be block-by-block
or store-and-forward.

Terminal Devices

The most significant consideration affecting terminal
selection is matching the functional capability of the
terminal to the functional requirements of the applications.
The best evidence of this importance lies in the variety of
special-purpose terminals developed for such applications as
airlines reservations, on-line banking, industrial data col-
lection and brokerage houses. The application primarily sets
the requirements of speed, permissible error rates, input/
output medium, information codes and formats and storage
in a terminal.

Data communications terminals generally employ the alpha-
numeric data format though many specialized terminals
also exist. Most terminals have extensive error-control
procedures and are oriented towards the operational re-
quirements of common carrier facilities. The speeds of
transmission reflect economical combinations of interface
devices and common carrier facilities.

Data communications terminals have three basic features:

1. Input/output (I/O) or interfacing the user, through a
keyboard display, etc., to the transmission facility by
coding and decoding information.

2. Storage or buffering to compensate for the differences
in speed or in the time of operation of the user interface
device and the communications channel.
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3. Controlling the transmission by monitoring the data
flow, exchanging supervisory information and error control.

These capabilities may exist independently in free-standing
terminals or be time-shared either in the communications
interface of a computer system or in a terminal control unit
which directs a large number of terminals. A wide variety of
terminals with many different types of user interface,
buffering and control are available on the market today.

1/0 Interface

The type of interface or the I/O device is the fundamental
distinguishing property of a terminal. The I/O method
employed usually determines the transmission speed capa-
bility of the terminal and often dictates the error control
techniques. Proper matching of the I/O device speed and
the communications line speed optimizes design. Many
types of I/O interfacing devices exist. Often the functions
of interface and bulk storage are combined into one unit.
The standard available devices include:

Keyboards

Teletypewriters and teleprinters
Card readers and punches

Paper tape readers and punches
Page and line printers; strip printers
Magnetic tape units

CRT displays

Keyboards are the most common input mechanism for all
systems. Since the keyboard is a slow device, buffering is
desirable to remove the I/O bottlenecks.

Block-by-Block Transmission

Card, paper tape, line printer and magnetic tape equipment
usually employ block-by-block transmission in moving large
quantities of data. The basic functional characteristics of
this group of terminals are:

1. To provide an interface between the user’s data media
(card, paper tape, etc.) and the transmission facility.

2. To provide a bulk storage capability for message
accumulation or transmission,

3. To achieve compatibility between the interface and
storage devices and the transmission facility through speed
and code conversion. '

4. To control the transmission and correct errors.

Data transcription equipment may be used either in
preparing data for more efficient computer input (as in the
case of card-to-tape devices) or in displaying the computer
output (as in the use of tape-to-printer devices). In addition
to performing these basic media conversion operations,
some data transcription devices can also be used for
extensive editing, sorting and reformatting operations.
Sometimes small general-purpose computers are used to
facilitate the data transcription process. )

Many of the data terminals listed at the end of the section
in charts can perform multiple input/output operations;
these are sometimes called multi-device terminals,
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Buffered and Unbuffered Terminals

The terminals may be provided with a buffer storage to
make a more efficient use of the communications and
computational facilities. The unbuffered terminal is char-
acter-oriented; that is, a character code is immediately
transmitted when the user strikes a key. A buffered
terminal, on the other hand, is line or page oriented. One or
more lines of data are stored in a terminal buffer and are
sent to the computer when the user explicitly gives the
signal to transmit (press a transmit key, etc.). '

In comparing the buffered and unbuffered terminals for a
particular application, the primary emphasis should be on
cost. The buffered terminals are, in general, more expensive
but allow local editing and use less computer time. If the
computation costs are significantly higher and the terminal
functions such as editing and receiving characters severely
degrade CPU efficiency, then it is preferable to use buffered
terminals. Buffered terminals are fundamentally more
efficient for communications also, but this advantage
cannot be easily utilized in practice.

The unbuffered terminal has a lower cost and possible
advantages in human factors. The user does not have to
press a “transmit™ key or keep track of what information
has been transmitted to the computer. He can also use the
full editing capabilities of the central computer which are
usually more powerful (and also more expensive). The
unbuffered terminals also are less expensive to operate and
maintain because they are less complex. A problem with
some unbuffered CRT display terminals may be refreshing
of the CRT image. Storage tube CRT terminals, however,
require no buffering or refreshing.

The selection between a buffered or unbuffered terminal
should be made on the basis of relative computation and
terminal costs. The cost and advantages of local versus
central editing should also be taken into consideration. The
user’s relative efficiency in his use of the two types of
terminals for the particular application is also an important
factor.

Terminal Control

The control unit performs functions such as interfacing to
communication lines, transmission control, code conver-
sion, error control, serial-to-parallel conversion, synchroni-
zation of operations and buffering to accomodate speed
differences. A terminal control wunit also permits the
operation of more than one device on a communication line
and reduces the cost per terminal by performing the
common functions for all the terminals. That is, a number
of terminals share the facilities provided by the terminal
control unit.

The modulation-demodulation function can be either
integrated into the terminal control unit or provided by a
modem supplied by an independent manufacturer or the
common carrier. If the modem is obtained separately, the
standard applicable to the interconnection of terminals and
modems is the EIA Standard RS-252-B. This specifies the
interface to the modem by defining the means of
exchanging control signals and binary serialized - signals
between the terminal and the modem. Details of the
standard may be obtained by writing to: Electronic
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Industries Assoc., 2001 Eye
Washington, D.C. 20006.

Street, N.W.,

The terminal control unit is closely associated with the
requirement of the end use of the system. In addition to
the basic functions, many terminal control units provide
editing, translation and error recovery logic as well. The
individual terminals may be centrally controlled or polled
in a multipoint configuration.

Inquiry-Response Terminals

The inquiry-response data terminal serves the broad class of
requirements where the amount of data transmitted is small
and the operational efficiency of the terminal station is an
important factor.

Broadly speaking, the functional characteristics of inquiry
response terminals are comparable to those of block-
by-block terminals. The principal areas of distinction are:

1. The inquiry response terminal is not intended to store
messages of any significant size. '

2. Entry of information is usually from a manually-
operated keyboard or card insertion station.

3. Display of information is generally restricted to a short
message, a momentary display, or just a simple acknowl-
edgement signal.

4. The entry and display mechanisms are highly tailored to
the specific application. Their design, furthermore, min-
imiZes operator training requirements and attempts to
preclude operator errors from affecting a transmission. The
operator rarely has control over message formats.

5. These terminals characteristically place low-duty cycle
loads on communications lines. It is often economical to
operate several of them through a common control unit
which provides buffering and multiplexing functions
between the group of terminals and the communications
line to the central processor of the system.

The inquiry-response type of data terminals takes many
forms. These may be broadly separated into four classes:
industrial data collection terminals, on-line teller systems,
the CRT display console and small keyboard printer and
card equipment. Applications of specialized devices such as
savings-bank window machines, special cash registers and
numerous kinds of automatic data collection devices are
increasing rapidly. In this discussion we shall concentrate
mainly on the industrial data collection terminals and the
CRT display terminals.

Industrial Data Collection Terminals

Data collection terminals collect, record and transmit
information in a machine-readable form for use by the
computer. These terminals usually contain a combination
of several basic data entry modes: '

1. Manually inserted punched card reader;

2. Manually inserted badge or token reader;

3. Variable inputs such as dials, pull-down levers or
switches;
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4. Restricted inputs such as plugboard or locked dials and
slides.

Output media are usually punched tapes, punched cards or
magnetic tapes. Industrial data collection systems require
careful planning, meticulous design and a high degree of
error control and reliability.

Operating a data collection station is no more difficult than
operating a time clock. The employee merely sets up the
switches, inserts the card or badge and presses a ‘“Transmit”
button. The operator usually cannot control the message
format or content and hence the system is relatively free
from human errors. If invalid combinations of data are set
on the switches, the message is rejected by the system. The
employee/operator can then check the controls and retrans-
mit the message.

The programmed interaction of the industrial data collec-
tion system example given above generally typifies the
inquiry-response terminals. In on-line banking, for example,
the terminal keyboard looks, for all practical purposes, like
a conventional accounting machine with a few extra keys.
All functions are called out by keys that cause execution of
exactly-specified operations. Elaborate features are
provided to meet the protective requirements of the
banking field. The teller’s inquiry consists of keystroking a
potential entry to a customer’s account and the central
computer’s response consists essentially of permission to
make the entry plus possibly the printing out of supple-
mentary information on the account obtained from central
records not accessible to the teller. The response is locked
into the terminal system so that the teller not only has no
choice about accepting it, but may not even appreciate
what has happened.

CRT Display Terminals

Cathode-ray tube (CRT) display terminals are widely used
in inquiry-response applications as “electronic blackboards™
to provide rapid access to data stored in computer systems.
These terminals find use in such diverse applications as
time-sharing systems, computer-aided design and instruc-
tion facilities, on-line reservation and banking systems and
inventory control systems.

The primary input mechanism is the keyboard equipped
with alphanumeric and some special keys. CRT terminals
are preferred due to their higher speed resulting in more
efficient use of the telephone line and human reading
capabilities, quiet operation and the ability to alter
selectively the displayed data. The disadvantage is the lack
of a convenient hard copy. Complete graphics CRT
consoles with both alphanumeric and vector capabilities are
discussed in the section on graphic data systems. The
terminals listed in this section have an alphanumeric
capability, are capable of remote operation and, in general,
cost an order of magnitude lower than the full graphics
CRT terminals.

The distinguishing features of the CRT display units are:
display area size, display arrangement, total number of
characters storable, storage facility, transmission speed and
other special features such as editing and control and
auxiliary outputs. Additional characteristics such as the
method of character generation, the character size used,
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brightness of the image, the regeneration rate are also
important in selecting equipment.

CRT display terminals may be either ‘“stand alone”
terminals or multistation configurations. In multistation
configurations some number of terminals share common
storage and control. Where a number of terminals are
relatively clustered, such as in airline reservations systems,
the multi-station configuration is particularly attractive
since it allows many users to share the cost of control and
storage equipment and communications facilities.

Local storage is usually required for CRT terminals since
regeneration is necessary for a flicker-free image. This
buffer storage is furnished in a variety of ways: core
memory, magnetic drums and discs, delay lines and scan
converter tubes. Random-access memories such as discs,
drums and core are inherently the most flexible. There is a
growing awareness that display buffers should, in fact, be
small, general-purpose digital computers. Imlac Corporation
is now producing low-cost stand-alone display terminals
which operate over a regular telephone line employing a
programmable computer with 4K to 8K core memory. The
user can program special features to suit his application,

The use of storage-CRT in display terminals has made the
unbuffered stand-alone terminals quite attractive. Storage-
CRT terminals have a low cost (about $8,000) and can be
connected directly on the telephone line. In addition, the
storage tube is absolutely flicker-free. The main dis-
advantages are the lower brightness of display and the
inability to alter data selectively. For altering data, the
whole or a large part of the screen has to be erased, which
makes editing cumbersome.

The editing facilities are a very important feature on any
CRT terminal as they provide the user great ease and
flexibility in entering, modifying or correcting data. Most
commercial display units use a visible cursor or entry
marker to indicate the character position upon which the
operator is editing. Other editing facilities commonly
provided in display terminals include: character and/or line
insert and_delete; transmission of partial display and split
screen; arid format control functions such as horizontal and
vertical tabulation, space and back space, and carriage
return.

Other features offered as either standard or optional
features include alternate outputs and hard-copy devices,
auxiliary inputs, special function keys or additional char-
acters and error control capabilities.

For applications where cost minimization is required and
low data rates are sufficient, there exist very simple
alphanumeric terminals that provide combinations of key-
board, printer, and manual card reader. These terminals
often make clever use of the touch-tone dialing system. The
ultimate system of this type is the audio response system as
it uses nothing but a touch-tone telephone for the terminal
and a single time-shared audio response unit to compose the
replies and steer them in audible form onto the telephone
line,

COMMUNICATIONS PROCESSING EQUIPMENT

To perform the various data communications functions;
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communications processing capability is required. Process-
ing equipment is needed to control the flow of data to and
from the computer, to code the information into a suitable
form, such as an ASCII message, for transmission, and to
decode it upon reception. The functions also include
protection and security of the computer facilities as well as
resource allocation and billing.

Communications processing may be an integral computer
function or it can be handled by special computer
communications systems or communications processors.
Other processing equipment such as data concentrators,
remote multiplexors and audio response units may be
employed to reduce communications cost or provide
specialized functions.

Integrated Communications Processing

Third generation processors with extensive multi-
programming capabilities often .handle communications
processing because they can provide dedicated as well as
integrated operation equally well. These integrated process-
ing systems require only specific transmission control units
and/or communications adapter units to interface to the
communications facilities and adapt to the particular
communications needs.

There are also processors which normally perform com-
munications functions and can be classified as communica-
tions processors. These are often dedicated systems and
serve as the communications front-end for larger computer
sy stems.

The choice between an integrated communications data
processor or dedicated communications processing equip-
ment connected to a “host” computer is based on some of
the following considerations:

Functions required at the center

Hardware availability and expandibility requirements
Ease in programming and software requirements
Volume of communications

Total cost

SO

Of the above considerations, perhaps the most far-reaching
is the third. Software cost is a major contributor to the
overall cost of a communications data processing system.
The manufacturer’s offering in the areas of communications
software and its applicability to the system requirements is
of critical importance. Although the use of general-purpose
digital computers is quite broad, there are a few control
problems that are best handled by special processing
equipment due to either obvious functional requirements or
economic considerations,

Computer Communications Systems

There is today a need for more harmonious blending of
computer and communication techniques throughout the
systein design. A properly organized computer/communica-
tion complex using small identical communications-
oriented processors throughout the system makes it pos-
sible to achieve the goals of continuous service, adequate
traffic, error protection and expandability. It is also likely
to result in reduction of line costs through the use of the
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more efficient distributed multiple star structures, and in
data processing costs by relieving the general purpose
computers of many housekeeping chores which they are
not designed to do efficiently. A system that can be
delivered completely programmed and tested will further
result in lower programming and start-up costs than that of
a custom design.

The computer communication systems attempt to provide a
general solution to a general problem common to a wide
variety of information networks. They can be used more or
less independently of the various types of computing and
peripheral equipment and provide communication for a
variety of terminals, with different transmission require-
ments, operating at a wide range of speeds. The design
objectives for implementation of such systems are to
separate the data communication and data processing
functions, orient the hardware and program elements of the
data communication system to its.communications task and
eliminate the requirement for user programming of the
communication system.

Communications Processors

Communications processors are special-purpose€ computers
which contain such advantageous features for handling
specific communications characteristics as:

1. Large number of low-speed lines;

2. Anticipated error rates;

3. Required communications control procedures;
4. Character codes and message format employed.

To minimize the cost of terminating a large number of
low-speed channels, all of these machines generally employ
bit-buffering. This technique saves considerable hardware
but also utilizes a very large amount of high-speed memory
time. To avoid ‘“‘gagging” the machine with programmed
bit-to-character operations, these machines all have special
logic, which uses channel control words to perform the
bit-to-character exchanges in usually three memory cycles
per channel serviced.

The special switching computers generally have a separate
mode for the bit-to-character operations. It operates either
continuously, interlaced with normal program execution, or
is entered periodically under program control. This com-
munications mode is distinct from the mode under which
conventional computer peripheral devices operate. These
machines also generally utilized 8-bit characters well before
ASCII or “third-generation computers.”

It is well established that communications programs re-
quired chained list data organization both within core
memory and in the random access file. Most applications
have achieved this data design purely by program design.

Remote Multiplexers

Frequently, in data communications systems, a large
number of low-duty-cycle devices require access to a central
processing facility. To give each device a direct line is rather
expensive. In these situations, it is frequently possible to
obtain a significant cost savings by multiplexing groups of
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these devices into a single computer channel. A substantial
reduction in communications costs is also obtained when a
number of low-speed lines are multiplexed onto a single
high-speed line. A variety of remote multiplexers have been
developed within the industry to provide for these
situations.

There are two basic types of multiplexing techniques in use
today: frequency division multiplexing (FDM) and time
division multiplexing (TDM). In frequency division multi-
plexing the channel bandwidth is split into several smaller
frequency bands. Each of these bands is then used as a
separate channel. In time division multiplexing, individual
bits (bit-TDM) or groups of bits (byte-TDM) are interleaved
from several slower data streams into a single high-speed bit
stream.

Frequency division multiplexing has the advantage in ease
of multipoint operation, that is, the terminals on the
multiplexed line can be scattered geographically. Time
division multiplexing is more efficient, offering improved
cost performance for a large number of subchannels. Of the
two, byte-TDM is more efficient than bit-TDM.

Multiplexing is generally less expensive than programmable
data concentrators for data combining. Data concentrators,
however, may be more economical for specific applications
due to specific functional requirements or the existence of
a variety of line speeds and transmission modes.

Audio Response Units

The audio response or voice answerback unit is a device
used to transmit programmable messages in spoken lang-
uage. This type of equipment is normally controlled by a
general-purpose computer and is used with remote ter-
minals, consisting of telephone equipped with touch-tone
capability, to provide answers in an inquiry-response
system.

The remote subscriber obtains access to the computer by
regular dialing, and then further keys in a brief inquiry via
the touch-tone. The computer interprets the inquiry,
processes it against master files and composes a reply. It
then creates a set of instructions to the audio response unit
that cause it to issue the correct audible reply.

There are basically two types of audio response techniques,
analog and digital. The analog unit consists essentially of a
rotating drum with many tracks. On each track is pre-
recorded a standard word or phrase. Associated with each
telephone line into the audio response unit is a bank of
audio pickup heads, one per track. A message is program-
med out of the audio response unit to a given telephone
line by programming a sequence of drum revolutions during
each of which a particular head is energized and connected
to the telephone line.

In the digital recording technique, the voice sound is coded
into data bits readily stored on a disc or other bulk-storage.
The computer program can manipulate these sounds and
provide a very large vocabulary. The digital recording
technique also provides less disjointed sounds.

The performance of an audio response unit can be
measured by the number of words in its vocabulary and the
number of calls it can handle simultaneously. Other factors

DATA COMMUNICATIONS

are the quality of sound and use of distinguishable
vocabulary terms.

TRANSMISSION FACILITIES

The concept of distance that characterizes most data
communications applications is that of “many miles.”
Consequently, it is necessary to think in terms of obtaining
communication facilities from the established common
carriers, the telephone companies and the Western Union
Telegraph Company. While microwave and other radio
facilities are doing an excellent job in many application
areas, wire is still by far the most widely used medium.

There are two basically different types of service that the
common carriers offer. One is the public or exchange
service which consists of subscriber lines connected to a
switching system, as the telephone network. The other is
the private line or channel leasing service which consists of
full-time leased point-to-point or multipoint lines con-
necting locations belonging to only one customer. The cost
of the exchange service usually consists of toll charges
based on the distance and length of connection, and a
monthly service charge to maintain system access. The cost
of private line service consists of a monthly rental based on
the length and type of lines.

The system designer is primarily concerned with the rate at
which data can be transmitted over a link and the cost of
that link. The lines available from the common carriers are
usually characterized by bandwidth, i.e., narrowband,
voiceband and wideband. A number of line types permit-
ting varying transmission speeds are available from the
common carrier. These are summarized in Table 1.

To achieve a desired transmission speed (in bps) with an
acceptable error rate, it is necessary to specify not only the
channel bandwidth and line type but also the line quality,
conditioning, the number of wires in the channel and the
modem. Private lines can be conditioned at additional cost
to improve line quality for data transmission. The tele-
phone company provides three types of conditioning of
voice lines — types C1, C2 and C4 (formerly types 4A, 4B,
and 4C). The conditioned lines have smaller envelope delays
and a flatter frequency response.

Modems

The modems or data sets enable higher speed data
transmission over long distances. The type of modulation
scheme used in the modem equipment inherently affects its
performance. Amplitude modulation and its variations are
most commonly employed. The improved characteristics of
the conditioned lines permit the use of modems with very
high data transmission capabilities. The net effect of the
combination of line quality and modem equipment is
illustrated by Table 2, using the information provided by
the Rixon Electronics Company. It should be noted that
the higher speeds -are available only with the synchronous
option.

The modems may be built into the data terminal, purchased
from independent manufacturer or rented from the com-
mon carrier. No additional equipment is required when
using independently purchased modems with the private
line leased from the common carrier. The non-common
carrier modems are generally less expensive for the same
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capability but service and maintenance can be a problem.
Non-common carrier equipment can also be used with the
public switched network of the telephone company pro-
vided that a data access arrangement with network control
unit is used for interfacing. This unit is available from the
telephone company at $2.00/month.

The telephone company is also developing new modem
equipment with improved performance. The Data Set 203,
introduced in 1969, deserves mention in this respect. Major
features of the Data Set 203 are the use of the more
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efficient MLVSB technique for modulation and the large
number of optional speed and service arrangements avail-
able. These are summarized in Table 3. The multilevel
operation permits speeds as high as 10,800 bps over a voice
grade line but higher level options increase susceptibility to
errors. Two of the options provide an asynchronous 150
bps simultaneous secondary channel capability. An option-
al, forward-acting error control unit for Data Set 203 is
expected to be available in 1971. This error-correcting code
requires about 20% more bits to be transmitted but reduces
the error rate substantially.

Table 1. Summary of Line Types

Nominal ATET. Western Half or
Speed (bps) New Names Former Names Union Full Duplex
Narrowband

45 Type 1002 Schedule 1 Class A Both
55 Type 1002 Schedule 2 Class B Both
75 Type 1005 Schedule 3 Class C Both
150 Type 1006 Schedule 3A Full Duplex
180 Class D Both
Voiceband
600 Broadband Full Duplex
Exchange
Schedule 1
1200 Type 3002 Schedule 4 Class G Both
1400 Type 3002 Type 3003 Class E Both
with C1 with 4A
conditioning conditioning
2400 Type 3002 Type 3004 Class F Both
C2 conditioning 4B conditioning
4800 Type 3002 Type 3005 Class H Both
C4 conditioning 4C conditioning
Wideband
19,200 Type 8803 Full Duplex
40,800 Type 8801 Wideband Full Duplex
Channel
105,000 Type 5700 Telpak C Telpak C Full Duplex
or
240,000 Type 5800
500,000 Type 5800 Telpak D Telpak D Full Duplex
Table 2. Modems, Line Conditioning and Transmission Speed
AT&T Line Transmission
Rixon Modem Modulation Scheme Conditioning Synch or Asynch Speed (bps)
FM-18 Frequency shift C1orC2 Asynch 1200-1800
keying
PM-24 Phase shift keying C1orC2 Synch 1200-2400
Sebit-40C AM Vestigial sideband ca Synch 4000-4800
PM-48 8-phase Cc2 Synch 43800
Sebit-72 AM Vestigial sideband c2 Synch 3600-7200
Sebit-96 AM Vestigial sideband c4 Synch 4800-9600
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Table 3. Summary of Data Set 203 Options

Speed (bps) Simultaneous
Secondary
Line Symbol Number of Levels 150 bps
Option Rate (bauds) 2-Level 4-Level 8-Level Channel Recommended Use

A 2400 2400 4800 7200 No 4800 bps on 4-wire C2
private line

B 1800 1800 3600 5400 Yes 3600 bps on switched
network or C2 private
line (2- or 4-wire)

C 2400 2400 4800 7200 Yes 4800 bps on switched
network or C2 private
line (2- or 4-wire)

D 3200 3200 6400 9600 No 6400 bps on 4-wire C2
private line

E 3600 3600 7200 10800 No 7200 bps on 4-wire C2
private line

Acoustic Couplers

Telephone coupler data sets, usually employing acoustic
coupling, are available from a number of manufacturers.
These couplers allow data to be transmitted via the
ordinary telephone set. The acoustic couplers send audible
tones over the telephone line similar to those generated in
touch-tone signalling. The audible tones are decoded at the
other end to recover binary signals.

Acoustic couplers are generally less expensive than modems
and have the advantage that the terminal can be easily made
portable. Another side benefit is that voice and data needs
can be combined. Usually lower transmission speeds such as
those with teletypewriters and like terminals are used, but
acoustic couplers with speeds of 1200 bits per second are
also available on the market. Acoustic coupling is less
efficient than direct coupling, and high data transmission
speeds are difficult to obtain.

Common Carrier Services

The common carriers, mainly the American Telephone and
Telegraph Company (AT&T), General Telephone and Elec-
tronics (GT&E) and Western Union Telegraph Company
offer a wide variety of communications services both with
and without modems. The services mentioned in this
section are presented to give an introduction to some of the
communications facilities available today. The repre-
sentatives of the communications companies should be
consulted in order to obtain current information on tariffs
(interstate and intrastate), availability of service, channels
and other devices pertinent to data transmission.

The communications services offered by the carriers take
on a variety of forms and names with which the user should
become familiar. Some of these services are described
below:

e TWX or Teletypewriter Exchange service is the nar-
rowband dial network connecting low-speed (100 wpm)
terminals formerly operated by AT&T, TWX is in the
process of being transferred to Western Union. The charges
vary with distance and time and there is a three minute
minimum charge.

e TELEX is the Western Union Teletypewriter Exchange
service providing nominal speed of 66 wpm. There is no
3-minute minimum charge and fractions of minutes are
proportionately charged.

® Private Line Services are the leased line services provided
by both AT&T and Western Union. The variety of line
types from narrowband (less than 4 Hz) to wideband (up to
1 MHz) are available. Voice grade leased lines are most
commonly employed with extra charges for conditioning.
The lines are leased on miles/month basis and the rates are
telescopic, dropping by approximately 15% after 250 miles
and 25% after 500 miles.

® Public Telephone Network provides voiceband switched
communications between points throughout the world. The
charges are on a call-by-call basis depending on the time
taken by the call and distance called. There is a minimum
3-minute or 1-minute charge. This is the most used facility.

o Wide Area Telephone Service (WATS) allows the tele-
phone subscriber to have access to other subscribers in a
wide geographical area for less than the normal toll charges.
WATS service allows inward or outward calling but not
both. It provides a single access line, thereby allowing only
one call at a time for each service or line.

Under the WATS arrangement, the United States is divided
into six zones or bands. These bands are numbered 1 through
6, with each band including those with a lower number. In
addition to these bands which are intrastate authorized
under FCC tariffs, most states offer an interstate WATS
authorized under state tariffs. The subscriber is billed ac-
cording to the band he uses on a full-time or measured-time
basis.

e Measured WATS includes a total of 10 hours of usage per
month for a fixed monthly charge. Overtime usage is
charged at a fixed amount per hour in increments of tenths
of an hour, The charges range from $130/month for band 1
to about $3C0/month for band 6.

® Full Time WATS provides for unlimited total usage per
month on the WATS line for a fixed monthly charge. This
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charge is much higher than Measured WATS, ranging from
about $500 for band 1 to about $2,000 for band 6. The
economic crossover point between Measured WATS and
Full Time WATS is between 40 to 80 hours of service.

® Broadband Exchange (BEX) is a Western Union voice-
grade (2kHz and 4 kHz bandwidth) dial network. The
charges for the call depend on areas and time. There is no
minimum charge and tenths of minutes are proportionately
charged.

e TELPAK is the name given to the service in which several
telephone-grade lines are leased as a group between two
points. It is essentially a pricing arrangement as the rates for
service are substantially lower than an equivalent number of
voice channels. The group of lines can be employed for any
type of usage such as wideband data communications,
voice, teletypewriter or facsimile transmission. Telpak C has
about 240-kHz bandwidth (60 voice channels) and Telpak
D has about 1-MHz bandwidth (240 voice channels).

® DATA-PHONE provides for the transmission of data
between a variety of terminal equipment using the regular
dial telephone network or the WATS service. The cost to
the customer is the same as the ordinary communications
service cost in addition to a monthly rate for the Data Set.

e DATA-PHONE 50 is the name of the new switched
wideband data communications service of the Bell system.
A subscriber can now dial a call and send data at speeds up
to 50,000 bits/sec; a 25-fold increase over the present
“voiceband” DATA-PHONE service. This service is initially
available between four cities: New York, N.Y., Washington,
D.C., Chicago, I11., and Los Angeles, Calif.

o INFO-COM is the name of a new store-and-forward
message or data communications service developed by
Western Union.

® DIAL-PAK is the name of a new concept by Western
Union that will provide direct computer-to-computer com-
munications using a 48-kHz wideband switched system.

The charts at the end of the section list the characteristics
of most data communications equipment. These charts
should be used for preliminary screening in the comparative
evaluation.

GLOSSARY

The rapid development of data communications technology
has given rise to many new technical words and has caused
the redefinition of some of the older terms. This glossary is
limited to terms- that are used primarily in the data
communications field.

Whenever possible, standard definitions have been used in
this glossary. Most terms were either adapted from other
recognized glossaries or specially written for this glossary.

acoustic coupler — a device that converts electrical signals
into audio signals, enabling data to be transmitted over the
public telephone network via a conventional telephone set.

ASCII — American Standard Code for Information Inter-
change. Usually pronounced ‘“ask’-ee.” This is the code
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established by the USA Standards Institute (formerly
American Standards Association) to achieve compatibility
between data devices. Also called USASCIL.

amplitude modulation (AM) — a method of transmission
whereby the amplitude of the carrier wave is modified in
accordance with the amplitude of the signal wave.

asynchronous transmission — transmission in which the
interval of time between each character or word of data can
vary arbitrarily usually by use of start and stop elements.
Also called start-stop transmission.

Automatic Calling Unit (ACU) — a dialing device supplied
by the communications common carrier, which permits a
business machine to automatically dial calls over the
communications network.

Automatic Dialing Unit (ADU) — a device capable of
automatically generating dialing digits.

bandwidth — the range of frequencies assigned to a channel
or system. The difference expressed in Hertz between the
highest and lowest frequencies of a band.

baseband signalling — transmission of signal at its original
frequencies, i.e., unmodulated.

baud — a unit of signalling speed. The speed in bauds is the
number of signal events per second. Baud is the same as bits
per second only if each signal event represents exactly one
bit condition.

Baudot code — a code for the transmission of data in which
five bits represent one character. This code is used in most
DC teleprinter systems.

bit rate — speed at which bits are transmitted usually
expressed in bits per second (bps), kilobits per second
(kb/s) or megabits per second (Mb/s).

broadband — see wideband.

broadband exchange (BEX) — public switched communica-
tion system of Western Union featuring various bandwidth
full-duplex connections.

buffer — a storage device used to compensate for a
difference in rate of data flow when transmitting data from
one device to another.

carrier — a continuous frequency capable of being
modulated or impressed with a signal.

carrier system — a means of obtaining a number of channels
over a single path by modulating each channel upon a
different ‘“‘carrier’” frequency and demodulating at the
receiving point to restore the signals to their original form.

channel — a one-way transmission facility between two or
more points.

channel capacity — a term which expresses the maximum
bit rate that can be handled by the channel.

circuit — a means of both-way communication between two
points, comprising associated go and return channels.
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communications common carrier — a company which
furnishes communications services to the general public and
which is subject to public utility regulation.

conditioning — the addition of equipment to a leased
voice-grade channel to make it suitable for efficient data
transmission.

cross talk — the unwanted transfer of energy from one
circuit, called the disturbing circuit to another circuit called
the disturbed circuit.

Cyclic Redundancy Check (CRC) — an error detection
scheme in which the check character is generated by taking
the remainder after dividing all the serialized bits in a block
of data by a predetermined binary number.

DATA PHONE — a trade mark as well as a service mark of
the AT&T Company. As a trade mark it identifies the data
sets manufactured and supplied by the Bell System for use
in the transmission of data over the regular telephone
network. As a service mark it identifies the transmission of
data over the regular telephone network.

DATA-PHONE 50 — a public switched communications
service of the Bell System featuring high-speed data
communications at 50 kb/s.

data set — a device which converts the signals from a
business machine into signals suitable for transmission over
communications line. (See also modem).

DATASPEED — an AT&T marketing term for a family of
medium-speed paper tape transmitting and receiving units.

delay distortion — distortion resulting from non-uniform
speed of transmission of the various frequency components
of a signal through a transmission medium.

DIAL-PAK — the name of a new service concept by
Western Union that will provide direct computer-to-
computer communications using 48 KHz wide band
switched system.

Direct Distance Dialing (DDD) — a telephone exchange
service which enables a user to dial directly telephones
outside his local area without operator assistance.

duplex — simultaneous two-way independent transmission
in both directions. Also referred to as full-duplex.

EBCDIC — Extended Binary Coded-Decimal Interchange
Code. An 8-bit character code used primarily in older IBM
equipment.

echo — a portion of the transmitted signal returned from
the distant point to the source with sufficient magnitude
and delay so as to cause interference.

echo suppressor — a device used to suppress the effects of
an echo.

equalization — compensation for the increase of attenua-
tion with frequency. Its purpose is to produce a flat
frequency response,

frequency division multiplexing (FDM) — dividing the
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available transmission frequency range into narrower bands
each of which is used for a separate channel.

frequency modulation (FM) — a method of transmission
whereby the frequency of the carrier wave is changed to
correspond to changes in the signal wave.

frequency shift keying (FSK) — also called frequency shift
signalling. A method of frequency modulation in which
frequency is made to vary at significant instants by smooth
as well as abrupt transitions.

full-duplex (FD, FDX) — see duplex.

half-duplex (HD, HDX) — a circuit designed for trans-
mission in either direction but not both directions simul-
taneously.

INFO-COM — a new store-and-forward message or data
communications service developed by Western Union.

leased line — a line reserved for the exclusive use of a
leasing customer without interexchange switching arrange-
ments. Also called private line.

local exchange — an exchange in which subscribers lines
terminate. (Also called end office.)

Long Distance Xerography (LDX) — a name used by Xerox
Corporation to identify its high-speed facsimile system
which uses a wide band data communications channel.

longitudinal redundancy check (LRC) — a system of error
control based on transmission of a block check character
based on preset rules. The check formation rule is applied
in the same manner to each character.

mark — presence of signal. In telegraphy, mark represents
the closed condition or current flowing. Equivalent to a
binary one condition.

message switching — a technique whereby a message is
received from the calling party, held until the proper
outgoing circuit is available and then retransmitted. (Also
see store and forward).

MLVSB — Multilevel pulse amplitude modulation with
Vestigial Sideband spectrum shaping — a fundamentally
more efficient modulation technique employed by the Bell
System Data Set 203.

modem — a contraction of modulator-demodulator. A
device which modulates and demodulates signals trans-
mitted over communications facilities.

multiplexing — the division of a transmission facility into
two or more channels. (also see Frequency Division
Multiplexing, Time Division Multiplexing).

multiplexer — a device used for multiplexing which may or
may not be a stored program computer.

narrowband  channels —  sub-voice grade channels
characterized by a speed range of 100 to 200 bps.
noise — undesirable disturbances in a communications

system. Noise can generate errors in transmission.
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parallel transmission — method of data transfer in which all
bits of a character or byte are transmitted simultaneously
either over separate communication lines or on different
carrier frequencies on the same communication line.

parity check — addition of non-information bits to data,
making the number of ones in each grouping of bits either
always odd for odd parity or always even for even parity.
This permits single error detection in each group.

phdse modulation (PM) — a method of transmission
whereby the angle of phase of the carrier wave is varied in
accordance with the signal.

Polling — a means of controlling communications lines. The
controlling device invites (or polls) terminals to send
messages as distinguished from free-for-all basis (referred to
as contention).

private line — see leased line.

pulse code modulation (PCM) — modulation of a pulse train
in accordance with a code.

serial transmission — a method of transmission in which
each bit of information is sent sequentially on a single
~ channel rather than simultaneously as in parallel trans-
mission,

signal-to-noise ratio (SNR) — relative power of the signal to
the noise in a channel. Usually measured in decibels.

simplex mode — operation of a channel in one direction
only with no capability for reversing.

store-and-forward — messages are accepted from the sender
wherever he offers it, held in a physical store, and
forwarded to the receiver whenever he is able to accept it.

synchronous transmission — the data characters and bits are
transmitted at a fixed rate with the transmitter and receiver
synchronized.

tariff — the published rate for a specific unit of equipment,
facility or type of service provided by a communications
common carrier,

Teletypewriter Exchange Service (TWX) — a public tele-
typewriter exchange (switched) service in United States and
Canada formerly belonging to AT&T Company which is
now being purchased by the Western Union Telegraph
Company. Both Baudot- and ASCII-coded machine are
used.

Telex Service — a Western Union World-wide teletypewriter
exchange service that uses the public telegraph network.
Baudot equipment is used.

TELPAK — the name given to the pricing arrangement by
AT&T in which many voice-grade telephone lines are leased
as a group between two points.

tie line — a private line communications channel of the type
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provided by communications common carriers for linking
two or more points together.

time-division multiplexing — a system of multiplexing in
which channels are established by connecting terminals one
at a time at regular intervals by means of an automatic
distribution.

touch-tone — AT&T term for pushbutton dialing. The
signal form is multiple tones.

USASCII — See ASCIL.

voice-grade channel — a channel used for speech trans-
mission usually with a frequency range of 300 to 3400
Hertz. It is also used for transmission of analog and digital
data. Up to 10,800 bits per second can be transmitted on a
voice-grade channel using special modemis.

WATS (Wide Area Telephone Service) — a service provided
by telephone companies in the United States which permits
a customer to make calls to or from telephones in specific
zones for a flat monthly charge. The monthly charges are
based on size of the zone instead of number of calls. WATS
may be used on a measured-time or full-time basis.

wideband — communications channel having a bandwidth
greater than a voice-grade channel characterized by data
transmission speeds of 10,000 to 500,000 bps.

words per minute (WPM) — a common measure of speed in
telegraph systems. In telegraphy a word is six characters
(including space). For Baudot code a speed of 60 wpm is
about 45 bps.
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GULTON
COMPUTER TERMINALS &
TAPE READER/RECORDERS

Optimum performance,
convenience,
and reliability.
High speed.
Solid-state.
Minimum
maintenance.
Long Life.

LIVERMORE MODEL 81A
ACOUSTICAL DATA SET/
MAGNETIC TAPE STORE

Data communications interface

along with magnetic tape storage.

Inexpensive
tape buffer
store.

DATASERV
TELETYPE TERMINALS

Highly
sophisticated
time-share
terminals.

IC design.
Utmost
dependability
and freedom
from error.
Portable.

lilaservy

One of the PURDY Group of Companies

TERMINALS
PERIPHERALS &
INTERFACES for
ELECTRONIC

DATA PROCESSING

DELTA VIDEO
DISPLAY TERMINALS

Full keyboard and
L TV screen in inte-
| gral unit. Insert,
‘ delete, blink
characters,

lines. Color
coding.

Tabular

displays.

EXECUPORT PORTABLE
TRANSCEIVER TERMINAL

Operates anywhere, over
ordinary telephone lines.
Prints transmitted and
received data.

High speed.

DATA SERV
DIGITAL MODEMS
Couple any

data processing
device to any
other. Error-free.
Trouble-free.
Small, high-speed
low-powered,
low-cost.

)

COMPLETE TURNKEY
SYSTEMS

From the analysis of your
requirements to installation
anc checkout. DATASERV
supervises and expedites

all elements of the system.

DECICOM DATA
COLLECTION STATIONS

Simple card-reader and numeri-
cal keyboard input terminals for
collection of data of identical
format. Low cost. No training
time.

LIVERMORE DATA SYSTEMS
DATA MODEMS & COUPLERS

For linking any data-processing
equipment to a telephone line,
Numerous options:
full/half duplex, power supply,
coupling mode, etc.

ANY TERMS

LEASE — options to Buy, etc.

PURCHASE — with complete
support services.

RENT — month-to-month, with
services.

FULL SUPPORT SERVICES

Maintenance
Repair
Equipment Loans
Review

Updating
Operator Training




CONDENSED SPECIFICATIONS TERMINALS

GULTON LG 10/30
Computer Terminal & Tape Reader/Recorder

TRANSMISSION:
Speed: 10, 15, or 30 characters/sec (110, 150, or 300 baud).

Mode: Full or half duplex, asynchronous.

PRINTING — Impact, original plus 5 copies:

Spacing: 10 characters/inch, up to 132 positions/line, adjustable; 6 lines/inch.
Characters: Any 63 of 128 available, USASCII.

Keyboard Controls: 26 and escape.

Paper, Ink: 6-part sprocketed (or 3-part “‘No Carbon Required”), up to
14-7/8" wide. Black, red, green, or violet ink.

TAPE READER/RECORDER, LG 10/30 ASR

Speed: 10, 15, or 30 characters/sec.

Tape: 1/8" cassette, 60 min. storage, 50,000 characters at 30 characters/sec.
Fully incremental write (interfaces to any 8-level RS-232B).

EXECUPORT 300 — Page Printing Transceiver Terminal

INPUT: 96-character Alphanumeric Keyboard.
OUTPUT: Thermal page printer.
USASCII columns 2, 3, 4, 5, 6 & 7; 10 characters/inch (80/line); 6 lines/inch.

DATA TRANSMISSION

Speed: 10, 15, or 30 characters/sec. (110, 165, or 300 baud).

Mode: Full or half duplex, serial by bit.

Parity: Odd or even.

Computer Interface: Integral Acoustic Coupler, compatible with AT&T 103
data set. EIA RS-232 optional.

DIMENSIONS: 18" x 18" x 6 case (27 pounds).

DELTA 1, TELTERM 1, 2. 3 — Video Display Torninals

Model TelTerm 1, 2, 3 Delta 1
Display 14" TV screen. 500 characters standard, | 12" TV screen, 960 characters standard,
80/line, 27 lines. 40/line, 24 lines.
Chardoree 64 standard (96 optional). USASCIL 64 standard. USASCIL. Graphics display.
Repertory
Editing Modes ERASE character, message, memory.

INSERT or DELETE characters or lines (except TelTerm 1).
BLINK any character or group, 2 times/sec.
FORMAT — fixed and variable data; transmit only variables.

: Page through memory line by line COLOR —Red, green, yellow, or blue character

Paging using display area as a window. Page displays, selectable.
to either start or end of memory.

Transmission Full or half duplex. Full or half duplex.

Input/Output ATT 103, 201, 202 data set, acoustic coupler.

Communications Up to 600 baud standard (to 9600 Synchronous or asychronous, any rate up
optional), asynchronous. to 15,000 byte.

Cursor Blinking underline. 8 controls. Blinking underline. 6 controls.

IBM Compatibility | Talks directly to IBM 360 via 2701 Data Adaptor unit. (TelTerm 3 and Delta 1 only).

Options & Line drawing set, Light pen, Multiplexers, Printers, Recorders, Card readers, Built-in Modems,
Accessories Computer Interfaces, Slave monitors.

DATASERYV 110A — Integrated Acoustic Data Terminals
COUPLER

Frequencies: Transmit— 1070 and 1270 Hz. Receive — 2025 and 2225 Hz.
LCM (Line Condition Meter): Indicates carrier on and carrier strength.
Coupling: Acoustic. Compatible with Dataphone 103 A2 or 101.
Transmission: Full or half duplex.

TELETYPE

Speed: 10 characters/sec (110 baud).

Characters: 64 standard; 74 or 89 per line.

Code: USASCII 8 level, 1 start, 2 stop. 11 bit total.
Printer: Impact type page printer.

Paper, Feed: 8%" wide, friction or sprocket feed.

MODELS: 110AM-— mounted on mobile cart.
110AC — mounted on ‘““Caribar”’ frame — fits automobile seats.

OPTIONS: ASR-33 modification: 105 characters/line.
Acoustic Silencer: Hood reduces acoustic interference.




CONDENSED SPECIFICATIONS
COUPLERS, MODEMS, DATA SETS
and MAGNETIC TAPE UNITS

DATASERV DIGITAL DATA MODEMS

DATA RATE: Up to 300 bits/sec.

MODES: Full or half duplex, asynchronous. “Originate” or ‘‘Answer’’ (selectable).
LINE: Voice-grade (dial-up) telephone line.

COUPLING: Bell System Data Access Arrangement (Model 1321) or built-in
acoustic coupling (Model 1324).

CARRIER FREQUENCIES: 1070 Hz, 1270 Hz, 2025 Hz, 2225 Hz.
TRANSMITTER: Crystal-controlled digital frequency-shift modulator.
RECEIVER: Crystal-controlled digital discriminator.

TRANSMIT LEVEL: —10 dBm to +5 dBm (adjustable).

RECEIVER SENSITIVITY: —35 dBm to +5 dBm.

INTERFACE: Compatible with RS-232C.

OPTIONS: P.C. card or stand alone self powered.

LIVERMORE DATA SYSTEMS MODEL 81A
ACOUSTICAL DATA SET/MAGNETIC TAPE STORE

DATA RATE: Up to 300 Baud.
OPERATING FREQUENCIES:

Originate Mode Transmit F1 Mark 1270 Hz

Space — 1070 Hz

Answer Mode Receive Space — 2025 Hz Mark 2225 Hz
Transmit F1 Space — 2025 Hz Mark 2225 Hz
Receive Space — 1070 Hz  Mark 1270 Hz

EIA INTERFACE: Compatible with the RS-232C Standards.

TELETYPE INTERFACE: 20 milliampere loop, wired for full duplex.
REMOTE TAPE RUN INTERFACE: Allows remote timing and control of the tape
drive electronics.

SWITCHES: Duples — Half/Full/Local Mode — Answer/Originate

Tape Run — (Local Control) Send - (Record/Play) Receive — (Record/Play)
Power On

RECORDER CONTROLS: Record Control Tape Drive Control

Write Inhibit Control Record Level Meter

TAPE RECORDING: Norelco Tape Cassette Carry Corder “150”.

LAMPS: Received Data Transferred Received Carrier Detected

Power On Tapé Run

CONDENSED
SPECIFICATIONS—
DECICOM DATA COLLECTION

STATIONS

SERIES DCS-1000: Single
card-reader for fixed-format
input.

SERIES DCS-2000: Card-reader
plus adding-machine keyboard
for fixed format input plus
quantities, prices, etc.

SERIES DCS 2000

SERIES DCS-3000: Card-Reader
plus adding machine keyboard

plus up to five response indicators
(“OK-Transmit,” “Out of Stock,”
“Account Overdrawn,” etc.)

SERIES DCS 4000
SERIES DCS-4000: Two card-

readers for twin fixed-format
input (e.g., book card & borrower’s
card), plus response.

SERIES DCS-5000: Two card-
readers plus cash-register key-
board (for numerical coding, etc.),
plus response.

SERIES
SERIES DCS-6000: Card-reader pcs 5000
plus cash-register keyboard,

plus response, plus tape print-
out for both data entered and

confirming response.

SERIES DCS-7000: Two card-
readers plus cash-register key-
board, plus response, plus tape
print out.

SERIES DCS 7000

SERIES 71 — DATA MODEMS

= o -
5l e b ET X 2 :
I g ES o 5 3
-] 3 2 -} = z
S o R PR E12|=| & ] e |
2 & 3 o gl =] = 3 - £
s | 18| % 18 B % 8| 8
'§ ? J § 1 E & z = = -
= £ o < al<| & £ & 3 2
71A \/ - \/ — - \/ Integral — \/ —————
71B | v/ - v — | = | v | integral - v, | pT/CD
71C | 'V = v - |V | V | Integral v v, | bT/CD
71D \/ - - \/ - \/ Integral — \/ —————
71E | - - Vol = | V| Integral — | v | pTICD
71F | V/ - - VoV | V| Integral v | v | pT/cD
71G \/ - \/ and| — v Integral — \/ —————
7IH | - v and| v | = | v | Integral - v, | bT/CD
v - v and| v | vV | V | Integral v v | pT/cp
7k | = v N or |V | = | vV | (Note 3) - v | -
5§ - v \/ or | V/ - v (Note 3) - \/ (Note 4)
71M — Vv v or |V | V| V| (Note 3) v v | (Note 4)

All models compatible with Bell 103A2, RS-232, and Teletypewriter (20 mA).
DT = “Data Transferred” Indicator. CD = “Carrier Detected” Indicator.
External power required: $12+0.1 VDC @ 200 mA, Regulated to +0.1%.
DT/CD circuits provided for external indicators (zot suppled).

-l e

ACCESSORIES & SUPPLIES
Formatters & Concentrators; A/D Conversion Systems; Code Converters.

Cards, Forms, Badges, Tags — all types; Teletypewriter paper — single or multiple;
Strip-Printer rolls or 2-folds — all in standard, inkless, thermal, photographic, and
electro-responseive formulation. . . plain or pre-formatted.

DATASERV SPECIAL SYSTEMS

Most general purpose computers and data processing
systems are designed to be “all things to all men.” None
of them and, very likely, no one manufacturer has the
capabilities or combination of elements perfectly
tailored to a given set of specific requirements.

Dataserv “‘Special Systems’ believes that a direct cus-
tom assembly is the most efficient and economical
solution to a specific problem. “Special Systems” is
committed to no particular line or lines of EDP equip-
ment, and in designing a specific system chooses freely
among available units and components to achieve a
combination tailor-made to the user’s needs.

“Special Systems’” has experience in almost every area
of commercial and scientific data processing, is con-
stantly up-dating its firsthand knowledge of new de-
vices and equipment, and is prepared to examine any
problem — however “special” — and to design and
supply a unique solution for it.
DATASERYV “SPECIAL SYSTEMS”,

15114 Downey Avenue, Paramont, California 90723

(213) 631-6161

Branch Offices: (see page 2).



DATASERV IS

a logical response to the enormous and increasing use
of and need for electronic data processing in almost
every segment of today’s business, industry, science,
medicine, technology, education, and government.

The need may vary from the simplest kind of storage
and retrieval of single-format, repetitive data to highly
sophisticated manipulation of complex sets of facts or
hypotheses. Yet most people who require any of
these functions know nothing whatever about com-
puting, programming, or electronic data processing.

This is where DATASERV comes in. The company
maintains a very large inventory — $750,000 worth on
the average — of data-processing equipment: terminals
of many kinds, as well as peripheral recording and
data-storage equipment, and a wide range of interface
accessories. It also deploys a highly knowledgeable
engineering staff, to analyze the user’s requirements.
and then to recommend the kind of computer service
and terminal equipment that will best satisfy those
requirements.

DATASERYV is currently supplying terminal systems
to retail businesses, manufacturers, laboratories, hos-
pitals, libraries, engineers, accountants, consultants,
sales offices and salesmen . . . in activities of all sorts

. at a rate now approaching 100 installations per
month.

DATASERV STOCKS

a wide variety of terminal equipment, ranging from
simple card or badge readers, with or without adding
machine or cash register keyboards, to elaborate trans-
ceivers with 96-character keyboards, some with page-
size video displays that can be used to edit and manipu-
late data before transmission or storage. Some ter-
minals are portable for field use anywhere.

DATASERV provides a broad range of peripheral de-
vices — printers, tape recorders or readers, card punch-
es or readers for permanent (‘“‘hard-copy”) recording
of data.

It also provides telephone or telephone couplers as
well as modems, buffers, translators, etc. that serve as
links, or “interfaces” between peripheral devices and
the transmitting tetminal (and its line to the computer)
or between different peripherals at the same location if
they have different codes or data rates or sequences.

DATASERV also stocks all necessary supplies and
accessories.

DATASERV PROVIDES

first, expert, completely objective advice on what
you will need to get maximum benefit from data-
processing. (Because we can furnish every type of
data processing equipment our recommendations
are free from any ‘“‘technical prejudice.”)

Second, encyclopedic knowledge of the field. We
know where the best time-sharing facilities for you
are, what they will cost, what programs and sys-
tems have already been developed and proved, and
exactly what you will require in the way of ‘‘hard-
ware and software” for optimum results.

Then we install the hardware — in working order,

Finally, DATASERV supplies a complete array of
supporting services from operator training, through
maintenance and repair (including equipment loans
to minimize “down time”), to periodic review of
your system to modify or expand it, if necessary.

DATASERV GUARANTEES

the validity of the entire system installed.

DATASERV IS PREPARED

to provide your system on Your Terms

. . . LEASING arrangements are available on all systems, from
one to five years, with or without the option to buy, to extend
the lease, or to replace it by expanded or modified system leases,
at some later date.

. . . PURCHASE of the complete system installation, outright,
is always available — without relinquishing the advantages of the
support-services package, at the same annual rates as in leases or
rentals.

. RENTAL on a month-to-month basis is offered on many
systems, and on all continuing services in the standard support
package.

... TURNKEY SYSTEMS are the rule rather than the exception
at DATASERV. From the analysis of your requirements until
the day you take over a complete, functioning system. DATA-
SERV supervises, guides, advises, and expedites all elements of
the system.

... DELIVERY FROM STOCK is typical at DATASERV. It is
unusual for more than ten days to elapse between the firm com-
mittment and the installation of the hardware.

It will do the job promised efficiently and dependably for the full period of the service contract.
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