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How to Analyze Your Data Communications Needs

Data communications is a hot topic. Casual observation of
the Joint Computer Conferences over the last five years or
so might lead one to the conclusion that you can’t really
have a full-fledged EDP installation without terminals of
some kind hanging out there in the boondocks anxiously
awaiting the word from the computer. The trade press has
been filled with the activities of various vendors com-
peting to fill the data communications needs of data
processing installations everywhere. New types of equip-
ment—programmable communications processors, intelli-
gent terminals, multiplexors, etc.—as well as new
applications—time-sharing, management information
systems, etc.—abound.

For data processing managers, the question remains, do I
really need data communications, and, if so, what kind of
system do I need? This report seeks to answer this ques-
tion by providing an analysis of what data communica-
tions is all about and some practical guidelines for putting
this new technology to work for your organization.

What can data communications do for you?

Data communications can greatly facilitate the inter-
change of information between a computer and its users.
Time-sharing is one prime example. Accessing a remote
data file to retrieve or update specific information is
another.

Data communications can allow the implementation of
applications not practical through other means. Examples
of this include verification of a bank balance at a branch-
office teller’s window while the customer waits, and
making airline reservations while the customer waits (and
before the airplane takes off).

Through the use of data communications, a company can
shave its operating costs and raise its profitability by
maintaining closer control on inventory, deliveries, etc.

This report explains, in down-to-earth terms, just
what data communications can do and how you can
put it to work in your organization. You'll find
straightforward procedures for determining your
communications needs and implementing an effec-
tive system to satisfy them, plus guidelines for tak-
ing full advantage of all the other helpful informa-
tion in DATAPRO 70.

Decisions that affect the day-to-day business operations
can be made more quickly via information transmitted to
headquarters.

Customers can receive better service by shortcuiting the
time required to assemble and maintain customer informa-
tion files.

The list can be extended as far as your imagination will
carry you. What then, is the common link among the
diverse applications for data communications?

Can all the applications for data communications be
summed up in one characteristic? Yes. Faster data flow.
The day of instant information is here (well, almost). But
the day of free information is not, and never will be, here.

But do the benefits justify the cost?

Let us briefly divert from a straight-line discussion of data
communications and delve into some of the ramifications
of faster data flow. Only you can judge the benefit to be
derived from speedier delivery of information from one of
your locations to another. Many companies have
profited—and many have not.

Three faces of CRT terminals. The IBM 3270 Information Display System, illustrated on the left, is a replacement for the prior IBM 2260
and 2265; it features high modularity and expanded capability. The Datapoint 3300, shown in the middle, can replace a Teletype Model 33
or 35 in a time-sharing network or other application; it has also been picked up by a number of manufacturers for inclusion in larger
systems, The Four-Phase System IV[70 on the right includes a powerful programmable controller (background) for sophisticated applica-

tions.
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> One of the primary considerations facing business execu-

tives is the acquisition of sufficient intelligence about
their company’s operations to make informed decisions
and to acquire it in time to implement reasonable business
plans. All too often in data processing, with or without
data communications, information gathering is controlled
by the criteria of quantity and speed. Quality (i.e., what
information should be gathered) takes a subordinate posi-
tion simply because it is so difficult to evaluate. And not
without good reason. It is difficult to distinguish between
that information which is really necessary and that which
merely adds to the feeling of security or comfort.

Typically, the information managers most want cannot be
obtained directly but must be derived from available
information by empirical estimates based on experience—
or does not exist at all. Different levels of management
need different information.

The purpose of this dip into management decisions is
merely to point out that data communications can assist
you in expediting the flow of information. What informa-
tion to gather and how it should be processed is still a
management function outside the boundaries of what data
communications can do for you. However, assuming that
you know or can derive the kinds of information require-
ments you have, the question becomes: what are the cost
factors associated with transferring it from one point to
another?

Let’s look at the cost factors

In addition to the cost of designing procedures and deter-
mining information requirements, there is the cost of the
central computer, interfaces between the computer and
communications lines, communications lines themselves,
and terminals.

We will examine each of these areas in turn.
On-line vs. off-line

Data communications systems can be classed into two
broad categories: on-line and off-line, depending on
whether data is transmitted directly to a computer (on-
line) or whether it is received and transcribed to some
temporary storage medium such as punched cards,
punched tape, or magnetic tape and then read into the
computer in conventional fashion. This points up the
essential characteristic of data communications—the trans-
mitted data is in machine-readable form.

Off-line systems are relatively simple to understand and
plan because the components are completely visible and
control procedures are relatively straightforward. Even
when multiple units share the same communications line,
the nature of the system remains clear. (However, when
selecting terminals for off-line systems, essentially the

same criteria apply as in selecting terminals for an on-line
system.)

From this, you can draw the correct conclusion that the
converse is true when discussing on-line systems. The all-
important control aspects of an on-line system are buried
in the controlling computer within the amorphous mass
referred to as software. Add to this situation the typical
requirement for several different capacities among the
remote stations and the many different alternatives for
each aspect of an on-line data communications system,
and the resulting mess seems hopeless.

But don’t give up and resign yourself to the tender
mercies of specialists, either the vendors’ or your own.
Some clear, logical thinking will enable you to effectively
control the planning, procurement, implementation, and
management of a data communications system. After all,
data communications, like cost accounting, is only
another tool to be applied to the solving of business prob-
lems.

How to set your requirements

Because the purpose of a data communications system is
to speed the flow of information, let us first examine your
information needs. Frequently, implementation of a data
communications system is accompanied by an overhaul of
a company’s information collection and processing specifi-
cations. Too frequently, it is not. Like the planners of
expressways in and around urban areas, planners of data
communications systems sometimes find that the best
way to do things is not always a permissible way to do
things. A systems planner must always work within the
constraints of company policy, number and level of
personnel available, security restrictions, time, etc.

The two principal, non-obvious elements of the informa-
tion you wish to collect are time and extent.

Be careful to evaluate the time savings associated with
transmission of each set of data. If the processing cycle
once data is received is much longer than the time to
transmit it, little may be saved by using data communica-
tions. For example, say the processing cycle requires four
days once data has been received. If the alternative to
transmission over a communications line is next-day mail
delivery, very little has been saved in the overall cycle.
This question is sometimes complicated by multiple use of
transmitted data. Sales data from a branch office can be
used to generate shipping orders, invoices, inventory
replenishments, sales analyses, and commission checks,
each with a different time priority.

This leads to the second consideration—extent of data
collected. In the example just cited, a little bit of extra
information is required for each intended usage. And each
little bit adds to the transmission time, the processing
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> time, etc.—all the way down the line. This is not to say

that the additional uses should be eliminaied and oniy the
bare bones should be transmitted. After all, the incre-
mental cost to handle a little bit more is usually small in
comparison to the total cost of the system. But even a
small incremental cost compounded many times can add
up to a sizable cost after awhile. In regard to the timing
and extent of information collection, then, you should be
aware of the cost of each item of information transmitted,
and each item should be evaluated in terms of the alterna-
tives, including doing without.

Components of a data communications system

To refine your plans for information gathering and proc-
essing, it becomes necessary to take into account the
various pieces of a data communications system by
becoming familiar with their characteristics and limita-
tions.

Basically, a data communications system can be thought
of as three principal types of elements: the computer, the
communications links, and the remote stations (or termi-
nals). Inserted into this network of information sources
(terminals), connecting links (communications lines), and
control center (computer) are interfaces between the com-
puter and the communications lines and between the
terminals and the communications lines. Depending on
who supplies the interfaces and their exact nature, the
interfaces can be regarded as part of the communications
link, as part of the computer or terminals, or as separate
entities with sufficiently important functions to warrant
separate evaluation and procurement.

System arrangements
Before getting into the nitty-gritty of equipment charac-

teristics, let’s take a look at the ways in which the pieces
can be assembled.

A complete batch terminal built
around a minicomputer, This
configuration of the DATA 100
Model 78 Programmed Terminal
includes an 8K processor, line
printer, card reader, card punch,
CRT and keyboard, and IBM-
compatible magnetic tape
drives. The programming capa-
bility is used primarily to
emulate various popular batch
terminals such as the IBM 2780,
Control Data 200 User Termi-
nal, and UNIVAC DCT-2000.

All of the complexities involved in a data communications
system stem from two factors: a computer can control
multiple communications lines, and a communications
line can be shared among multiple terminals. Now, on the
surface, this doesn’t seem like such a problem. Data proc-
essing installations have been working with configurations
that have multiple I/O channels, each with multiple
devices, since the very beginning of computers. Muitiple
magnetic tape subsystems are just such an example.

But there is one big difference between the multiple I/O
channel situation just outlined and the multiple communi-
cations situation—that of independence. Local peripherals
typically operate on demand as instructed in the program.
A multiple-file applications program works with physi-
cally independent data streams, but the logic is present in
the program. The actions of each file are responses to
commands issued by the program.

Data communications is more tenuous as regards the inter-
action of the remote stations with the overall data proc-
essing activities of the computer. There are many
approaches taken to assure a disciplined exchange of data
between the computer and outlying points.

Analyzing typical applications

The two fundamental types of information flow in most
applications are the transmission of data to the computer
(data collection) and the transmission of data to the out-
lying points (data distribution). The things that change
the design parameters from one application to another are
the volume and number of types of data collected from
each terminal, the processing that is done on the collected
data, and the responses that are distributed to the various
terminals, both in the sense of response time and which
terminals.

To illustrate some of these points, let’s take a look at the

kind of information flow involved in a centralized payroll &>
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application. In the simplest case, just a few offices are
involved. The operator in each office, on a fixed time
schedule, dials the number for the single trunk connected
to the computer. The operator coordinates the trans-
mission with the operator on the computer end. The tele-
phone/data sets are switched to the data mode and
transmission proceeds. The computer operator has alerted
the computer that payroll data from the particular office
involved is on its way, and thus identifies the application
and source of data. The computer receives the payroll
data, which is added to the accumulating file of payroll
information for the company, and hangs up—or discon-
nects if you want a more technical word. When the pay
period closes, the payroll data file is input to the payroll
program after sorting, if necessary. Paychecks are
prepared and mailed to the branch offices.

It is doubtful that such an application would be economi-
cal if limited to the functions just described. The small
advantage of having payroll information that quickly in
such a small operation is probably more than offset by the
equipment costs of the terminals and computer interface,
along with the telephone charges and data set costs. In
reality, this simple case would probably be handled by an
off-line receiving unit at the computer site. The qualifiers
above are necessary because there is almost always a situa-
tion with special conditions that make some particular
procedure essential regardless of cost. For example, a
union contract may call for immediate pay. In this case,
even data communications would not permit centralized
payroll generation, unless checks or deposit vouchers
could also be transmitted (distributed) back to the out-
lying terminals.

As the number of offices that are incorporated into the
centralized payroll system is expanded, complications
arise. The number of calls becomes too great to be accom-
modated by one line or by one operator at the computer
site. Okay, let the computer do it, right?

It is easy enough to arrange for the computer to answer
incoming calls directly. It is even easy to arrange for
multiple trunks to have the same telephone number, with
incoming calls going to an available trunk. Now, coordina-
tion of the call before transmission is not possible, and the
incoming data must contain information to identify the
transmitting location. Along with serving expanded loca-
tions, additional applications are typically implemented,
so that the incoming data must also identify the applica-
tion with which it is associated. As the amount and diver-
sity of data transmitted grows, a fixed transmission
schedule becomes awkward. Let the computer do it.

Thus, the computer programs controlling the data com-
munications application become more complex to handle
multiple types of data from many locations with an
unpredictable schedule of transmissions. As the data col-
lected grows, managers in the field start lobbying for

access to this data. Now the need arises for rapid inter-
changes between the requesting locations and the data
bases that have been built. The result is again increased
complexity.

Minimizing line costs

As the size and volume of the transmitted messages grow,
a closer look is taken at the communications lines con-
necting the terminals with the computer. Because the cost
of the communications lines can easily amount to one-
third of the cost of the whole system, economies here can
have important budgetary effects.

Several techniques are available to reduce the line costs
and perhaps improve performance at the same time. A
private line can be leased from the telephone company,
giving exclusive use to the customer for 24 hours a day. If
the volume from one location is insufficient to warrant a
private line, perhaps several locations can share the same
line in a party-line, or multi-drop, fashion. This requires
that the terminals be equipped to recognize their own
addresses, so that information directed to one terminal
won’t be output by all the other terminals. It also intro-
duces the problem of multiple stations competing for use
of the one line. With the dial-up telephone network, the
telephone company equipment takes care of this problem
for you automatically. Another capability that is achiev-
able on a multi-drop line is broadcasting data to a selected
group of terminals simultaneously.

You may also be able to improve the cost-effectiveness of
your data communications system through alterations in
the connecting links by examining the variety of other
services available from the telephone company, other
common carriers, and private companies. These range
from WATS to foreign exchanges (direct lines to the tele-
phone central office in another location) to private
communications networks. )

And the list is not ended yet. Economies of transmission
may also be achieved through economies of scale. Multiple
low-speed lines can be multiplexed onto one high-speed
line. The way this usually works is to bring several low-
speed lines into a central point and run the high-speed line
from there to the computer, instead of running low-speed
lines from each terminal to the computer.

The question of configuring a communications system is
not merely selecting the one “best” technique and apply-
ing it to all locations and applications. Indeed, building a
data communications system involves individual evalua-
tions of each location and each application and their
inter-relationships. Use of existing facilities, such as a
private telephone network or leased voice lines between
headquarters and an outlying location, must be considered
as possible alternatives.
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> Lightening the computer’s load

Looking at some of the alternatives that exist for improv-
ing communications line costs, one wonders whether any-
thing can be done for the computer itself. As the data
communications system grows, with more lines and larger
volumes of data transmitted, the control problem be-
comes more severe. To put this problem into perspective,
let’s take a closer look at it.

Multiprogramming is now more than 10 years old as a
working concept. But how many simultaneously active
programs constitute a large mix? Fifteen? Mary instal-
lations (such as those using IBM System/360 DOS) con-
sider three an achievement. What does a multipro-
gramming mix consist of? Several independent job
streams. In larger communications systems there may be
several dozen or even several hundred independent job
streams; i.e., the stream of messages from each active
terminal. Not only that, but the arrival rate of the char-
acters within each message is so slow that the computer
would be hopelessly bound up if it had to wait for the
completion of each message before proceeding to another
activity.

Some relief is provided within modern computers by the
capability for paralleling I/O activities so that multiple
data streams can be handled simultaneously without seri-
ously impeding the main processor. This eliminates, or at
least greatly reduces, the problem of handling characters
within a message; but the problem of many active mes-
sages at one time still remains, because the main processor
must initiate and terminate the input or output operation
for each message. It’st e that a similar situation exists in
conventional file proces 1g, but the key difference is our
need for independence o1 the messages or data elements.
The problem is somewhat akin to opening and closing a
file for each record transferred in a file processing appli-
cation. The housekeeping becomes enormous. The reason
for this stems from the economic necessity to find some
other way to arrange a system than one dedicated line for
each terminal.

An obvious step is to build a specialized controller to do
some of the housekeeping chores, in much the same sense
that multiple magnetic tape drives are connected through
a single controller. This approach allows the use of the
computer’s capabilities for handling multiple data streams
simultaneously, but the housekeeping chores required to
handle the many different situations turn out to be quite
complex and diverse, and the cost of hard-wiring all the
necessary functions may be prohibitively high.

Back to the computer. That’s what stored programming is
all about. So, why don’t we build a small stored-program
processor just to handle the communications control func-
tions? And that, indeed, is one of the principal trends in
the data communications field today. Devices built

around minicomputers and called programmable com-
munications processors or communications front-ends are
finding a place for themselves just to take care of com-
munications housekeeping chores. More sophisticated
programming in some of the units so marketed can pro-
vide additional assistance for the beleaguered main proces-
sor.

Selecting communications equipment

If, by now, you’re saying to yourself that there’s more to
this data communications than bits per second, data sets,
and CRT terminals, you’re absolutely right. Information
flow—that’s the only thing that really counts, right? This
time you’re wrong. The reason is that there is not a
continuous spectrum of communications lines and termi-
nals currently in existence to serve your needs. Some
range of capability are provided in abundance, making
selection difficult; others don’t exist, making procurement
impossible. Thus, the requirements for desired informa-
tion flow must be balanced against available equipment
and facilities.

On to the nitty-gritty.

The types of equipment involved in a data communica-
tions system have been identified as:

® Central computer.

o Communications lines.

@ Interfaces between the computer and communica-
tions lines.

e Terminals.

® Interfaces between terminals and communications
lines.

Computers

Virtually all computers marketed today include some
provision for data communications. Generally, this takes
the form of controllers for multiple communications lines.
The purpose of these controllers is to multiplex many
slow data streams from terminals onto one relatively
high-capacity input/output channel.

The two extremes in controller design are represented by
the traditional approaches of IBM and UNIVAC. IBM has
traditionally incorporated specialized circuitry into the
controllers which is specifically adapted for certain ter-
minals, mostly IBM’s own. UNIVAC, on the other hand,
traditionally builds general-purpose controllers with a high
degree of transparency to the special control characters
employed by terminals to effect line discipline.

Two new approaches are represented by the same two

main-frame companies. IBM, in its System/370 Model &>
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> 135, has incorporated communications line control func-

tions into the microprogrammed storage, thus signifi-
cantly reducing costs in comparison with the 2700 series
controllers used with the System/360 and larger models of
the System/370. UNIVAC, with the 1110 computer
system, introduced a programmable processor dedicated
to the control of communications lines.

But hardware is not enough. As expressed earlier, the
logical relationships involved in a data communications
system can become complex due to the multiple inde-
pendent data streams, varied line-control procedures, var-
ied terminals, varied applications, non-synchronous timing
considerations, and assurance checking. To manage these
various factors, software of appreciable size and sophisti-
cation must be available. Until quite recently, the devel-
opment of control software for communications has been
the province of the main-frame vendors, consultants, and
a few software houses. Primarily because IBM’s develop-
ment of software for the System/360 was oriented to-
wards being all things for all people, the door was left
open for more specialized entries. Today there are a num-
ber of proprietary monitors on the market, primarily
aimed at the IBM System/360/370 market.

The goal of the telecommunications control software is to
make programming for data exchanges between the com-
puter and the remote terminals as simple and straight-
forward as programming for a local peripheral data trans-
fer. Typically, network configuration and terminal speci-
fication are handled through parameters entered to the
monitor, and exchanges with the terminals are more or
less independent of timing considerations.

The facilities provided for data communications, both
hardware and software, with specific computer systems
are discussed within the individual DATAPRO 70 reports
on these systems and can be found behind the Computers
tab in Binder 1. (A quick listing of all the computers
covered in these reports can be found in the Current Con-
tents on page 70A-050-01, behind the Index tab.)

Communications lines

The number of survey and discussion articles appearing in
the trade press over the last six years about communica-
tions facilities available from the common carriers
(companies granted certain teritorial privileges in return
for submitting to control by federal, state, and sometimes
city commissions) seems far out of proportion to the ac-
tual facilities available. From Sears and Roebuck you can
get a catalog that completely defines everything you can
buy from them. The common-carrier tariffs, which form a
sort of catalog, don’t have the color pictures and sales
messages traditionally associated with catalogs. They are
written in exquisitely precise terms that are difficult to
read and understand even if you can manage to get hold
of an up-to-date copy. (The tariffs are supposed to be on

file at the common-carrier business offices and the
public.)

The abstruse language of the tariffs is partly due to the
fact that they, in effect, form a contract and thus must be
legally definitive. Another reason is that many options
must be covered. Some of these are to make accommoda-
tions because the telephone network wasn’t designed for
data transmission in the first place, and some are due to
the many different connection arrangements. Many of the
complexities of selecting, implementing, and using com-
munications lines are due to the fact that the lines were
originally designed for voice communications. Implemen-
tation of the network was based more on getting calls
through and on details of connection arrangements (ex-
tensions, switchboards, etc.) than on the fidelity of signal
transmission. The human ear is a remarkable instrument
and is relatively insensitive to many forms of distortion
that drive digital transmission designers up the wall.

Further complicating the selection and procurement pic-
ture are the many different companies from which the
services are procured. In any one area there is only one
telephone company. But when you cross a state line you
must deal with the originating company, the A.T.&T.
Long Lines Division, and possibly another company at the
terminating end. If you don’t want to deal with the tele-
phone company, Western Union can provide leased lines
almost anywhere and switched service in some areas. (Pic-
ture, if you will, the situation of a time-sharing company
operating out of New York City. The common carriers
such a company must deal with include New York City,
New York State, interstate to get across the state line into
New Jersey, and New Jersey State. And you thought you
had it rough!)

Dealing with multiple companies wouldn’t be so bad if
they all charged the same rates for the same service. But |

Portable terminals can add a great deal of flexibility to your data
communications planning. The Tracor Data Systems TDS-1601
includes a built in acoustic coupler that can convert any ordinary
telephone into a data communications station,
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I=> they don’t, although the rates are usually within 10 per-

cent of those established by the Bell System interstate
tariffs. In addition, not all telephone companies support
all services.

There have been several recent events that herald a new,
more flexible, easier-to-live-with day coming in the com-
munications lines for data communications.

By now nearly everybody has heard about the Carter-
Phone decision and the Direct Access Arrangement for
connecting non-Bell modems to the direct dial telephone
network, Less well-known is the tariff submitted by the
Bell System to require a similar protective device for
leased lines. Although no charge was specified, the modem
manufacturers arose in their wrath, fearing that the insti-
tution of a charge sometime in the future would give Bell
the same kind of price advantage for leased-line modems
as it now has for modems to be used on the public tele-
phone network. Bell recently withdrew the tariff, but the
specter remains.

In a few selected areas, Bell has proposed a new tariff
oriented, in effect, specifically toward computers inter-
facing multiple lines, which would significantly increase
communications line costs. The time-sharing companies
are naturally uptight about this one. Bell’s arguments for
this change in pricing lines (actually the terminal connec-
tions) are based on the typically longer connect times of
data calls in comparison to voice calls. Because the switch-
ing facilities of the telephone network are based on an
estimated number of active calls at any one time, if the
length of the average call increases, the quality of service
(in terms of the probability of finding an open circuit
through the network) decreases. So far, in each situation
where this tariff has been proposed, it has been withdrawn
by Bell. Do you care to bet on the future?

In a landmark decision recently, the Federal Communica-
tions Commission (FCC) paved the way for companies
other than the Bell System and Western Union to provide
interstate facilities specifically for data communications
and to sell these services to the public. Microwave Com-
munications, Inc. and University Computing Company are
two companies actively attempting to establish such serv-
ices. MCI plans a microwave link between Chicago and St.
Louis and, through franchises, between many other pairs
of major cities. UCC plans a nationwide network on inter-
communicating microwave links through a subsidary
called DATRAN. Many other companies have also filed
with the FCC to provide similar services.

Perhaps the most important new development is the forth-
coming data network from the Bell System. This is due to
be ready by or before 1975, depending on which press
release and which of the many Bell System critics you
believe.

We at Datapro will be following these developments and
will keep you informed about the extent and impact of
such developments through new and revised Feature
Reports in the Communications section. A new report in
the August 1971 supplement will survey and summarize
the data communications facilities available.

Terminals of many types

If the central computer represents the brain of a data
communications system, then the terminals represent the
hands. From these units come the raw source information
for processing, and they also serve as distribution points
for any gems the computer cares to dispense.

The great majority of terminals being marketed and used
today seem to fall into three natural categories: type-
writer terminals (including teletypewriters), CRT termi-
nals, and batch terminals. In addition to these, by-now-
classic forms of terminals, a new category, and an impor-
tant omne, has been added—the programmable or
“intelligent” terminals. Also available is a wide range of
specialized terminals (bank teller and airline reservation
terminals, for example).

Typewriter terminals

The distinguishing elements of a typewriter terminal are
included in the name; i.e., a keyboard and a printing
device. One group is based around the familiar IBM Selec-
tric Typewriter. The Teletype teleprinters form a separate
and equally important group. Another group consists of
units with thermal, electrostatic, matrix, helical-wheel,
and other unconventional printing mechanisms. Still
another group, but small, is composed of units with con-
ventional typewriter mechanisms other than the IBM
Selectric.

The distinguishing characteristics of typewriter terminals
are:

® Slow speed.
® Printed copy of data is available.
e Skilled operator is required for maximum efficiency.

® Usually not well adapted for transmitting large
amounts of numerical information.

® Using preprinted forms requires special platen feed,
if it is available at all.

® Low cost.

@ Reliability can be a problem.
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> Frequently, use of typewriter terminals is touted over

keypunches because of the necessity to use trained oper-
ators for the keypunches. But, ask yourself, how easy it it
to find really skilled typists, ones that you would trust to
transcribe payroll data, for example?

The typical typewriter terminal is capable of from 10 to
15 characters per second or from 100 to 150 words per
minute; this is far beyond the capability of most good
typists, much less the average. The layout of the numbers
on a typewriter is not conducive to rapid keying; in addi-
tion, very few typist ever acquire any skill at typing
numbers because there is little demand for it in most
typing tasks. A few units include a special 10-key pad
arranged like an adding machine or keypunch (two dif-
ferent arrangements, by the way) to facilitate keying
numbers. If the typewriter-style keyboard is what you end
up with and numbers from a major part of your transmis-
sions, this feature may be of considerable value.

The best application for the pure typewriter terminals
seems to be in interactive tasks such as time-sharing. The
complete flexibility in being able to generate any kind of
data in any kind of format, including graphic data on a
few terminals, is useful. The slow speed of operation is
not as noticeable as in other applications because many
little pieces of information are interchanged, rather than
large chunks, and thinking time is usually the controlling
time factor.

Still, it would be nice to be able to reduce transmission
time and perhaps communications costs. For this, most
typewriter terminals have an integral or optional punched
tape or magnetic tape (usually a cassette) attachment.
Messages composed off-line can be transmitted at the full
speed of the unit. Some have an unattended operation
feature that permits composing the message at will and
setting up the terminal so that the message will be trans-
mitted when the unit is polled by the computer.

The addition of punched or magnetic tape readers opens
up new applications for the typewriter terminals. Such an
attachment provides an effective way to capture informa-
tion from forms that have to be filled out anyway, such as
orders. Usually, the requirements for legible, complete,
easy-to-understand forms override considerations of mak-
ing the data easy to process by computer; this merely
means that additional editing and data manipulation are
usually required when information is captured in this
manner.

CRT terminals

The chief complaints against typewriter terminals are the
slow transmission speed and the fact that they generate
paper documents (which, incidentally, is also one of their
strong points if you happen to want paper documents, as
many do). Well then, what about an electronic notepad,
one that’s self-erasing—at your command, of course?

Over the last few years CRT terminals have attracted more
space in the trade journals and more companies to their
production than any other type of EDP equipment. Their
primary attractions are clear. They are quiet, attractive,
and relatively easy to use in comparison to a keypunch or
even a typewriter. All data is fully displayed in front of
you. Page flipping can be implemented to give you access
to a great deal of data with relative ease.

One of the most impressive CRT capabilities, one that is
shared with no other type of terminal, is “filling in the
blanks”. Formats with column heads and/or stub entries
can be displayed to inform the operator as to just what
data is required and where it goes. This is a slow process,
though, if the operator must make decisions about each
and every entry of data. Hopefully, the operator would
soon learn the format and speed up her pace.

The selection of the right CRT terminal for you is compli-
cated by the great variety of capabilities offered by the
many units on the market. But look at it this way: the
variety of choices improves your chances of finding a unit
that will effectively serve your needs without having to
design it yourself. For a complete discussion of all the
aspects of CRT selection and use, please refer to
DATAPRO 70 Feature Report 70F-350-01.

Batch terminals

This category’s name stems from its primary objective of
efficiently transmitting large amounts or “batches” of
data at one time.

Efficiency of transmission, in this case, is interpreted as
speed. Transmission of data in large blocks is more effi-
cient than small blocks because of the fewer times that
acknowledgements must be exchanged, with the resultant
delays. The situation is somewhat analogous to blocking
considerations on magnetic tape due to interblock gaps.
Typically, a different transmission technique is employed
with batch terminals than with typewriter terminals,
which results in fewer bits being required to transmit a
character. This requires more logic and raises costs. Higher
speeds also mean huskier motors and more precise move-
ment mechanisms for the forms, cards, or tapes, which
also increase costs and physical size.

Four data media are commonly used with batch termi-
nals: punched tape, punched cards, magnetic tape, and
paper forms (as printed output). The'speed of these types
of terminals usually ranges from about 100 characters per
second to 600 characters per second over the telephone
network or to 1200 characters per second over a feased
voice-band line,

Several natural groups emerge from a consideration of
batch terminals.

First, there is a group of punched card/printer terminals,
typified by the IBM 2780.
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> There is another group of punched tape terminals, includ-

ing the Tally and Digitronics lines, as well as the Teletype
Telespeed line that also shows up in the Bell System’s
Dataspeed service.

A third group and probably the largest in terms of number
of models available and number of units installed, is the
vast array of key-to-tape devices. Virtually every one of
these units includes a data communications interface in its
list of options. Numerous auxiliary devices, ranging from
high-speed line printers to adding machine input, make
these units flexible indeed.

A fourth group, really a quasi-group, is formed by the
batch terminals that contain a programmable processor
programmed to imitate a hard-wired terminal, most com-
monly the IBM 2780. These units, marketed as plug-
compatible terminals, may not include support for any
function other than the intended one of direct replacemnt
of a hard-wired terminal, but the potential to perform
various other functions is there.

The sole reason for the existence of batch terminals (with
the exception of the key-to-tape units) is the transmission
of large quantities of data. Because of the lack of a capa-
bility for key entry of data, they cannot be used in inter-
active applications. These are the terminals you go to
when the quantity of data to be transmitted exceeds the
capabilities of the punched tape or magnetic tape
attachments on typewriter terminals. (Note that key-to-
tape units, while used to prepare the tapes used for trans-
mitting data, typically cannot enter data from the key-
board directly to the communications line.)

Compound terminals

Particularly with CRT and key-to-tape devices, it is com-
mon practice to control many units at one location via a
single control unit. Data entered through the multiple key
entry units comprising the subsystem is stored in a buffer
for transmission (CRT) or transfer to magnetic tape
(key-to-tape). The subsystem operates in the transmission
speed range of batch terminals, using the total output of
many operators to make up the large batches of informa-
tion needed to justify the higher-speed transmission capa-
bilities. When a remote location generates a large amount
of data via a key entry device, the use of such a subsystem
may be indicated.

Intelligent terminals

With the advent of the minicomputer, which brought the
cost of basic computer processing power way down, appli-
cation to terminals was just a matter of time. Intelligent
terminals (or programmable terminals if you prefer) are
not new. The UNIVAC 1004 was used as a terminal in the

The old standby, Teletype, also includes some pretty fancy termi-
nals in its product line. Some print upper- and lower-case alpha-
betics and can space forward or backward. The Inktronic I/O
Terminal shown here prints by spraying ink on the paper. The
attachment on the left is a magnetic tape cartridge unit, a slick
improvement over the old paper tape reader and punch.

early 1960’s. IBM 1130’s and System/360 Model 20’s
have also been widely used as terminals for communica-
ting with larger remote computer systems.

At first glance, this may seem like a backward step. The
economies of scale—the same ideas that led to the devel-
opment of the super-computers—seem to indicate that we
would be better off to let the central computer do all the
processing rather than distributing processing power
around the network. While there may be some truth in
this viewpoint about processing power—and observation
of the performance of current operating systems in han-
dling multiple independent tasks tends to raise some seri-
ous doubts—the question of communications costs raises
its ugly head again.

Reducing the amount of data to be transmitted reduces
connect time if you are using the public network or in-
creases the number of terminals that can share the same
line if you are using leased lines. Intelligent terminals can
potentially reduce transmission volumes in two ways.
Editing operations can streamline the data format. Proces-
sing power on-site makes it possible to perform simple

tasks locally and thus eliminate the necessity for some >
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§$> transmissions to the computer and back. The processing

load of the central computer can be further lightened by
performing some of the data manipulation in the terminal
prior to transmission.

Proceed carefully in your evaluation of the potential bene-
fits of incorporating intelligent terminals into your data
communications plans. It’s easy to succumb to the glamor
of computers talking to computers. Distributing the pro-
cessing among multiple locations can add greatly to the
problems of administrative control of operations.

Special terminals

Specialized needs of data processing users over the years
have led to the development of a broad range of other
terminals. Specialized terminals of broad applicability in-
clude optical mark readers, audio response units, protable
terminals, and the ordinary telephone.

Mark readers are discussed in report 70F-320-01, All
About Optical Readers.

Audio response, which has been around for a number of
years, seems finally to have gained some momentum. Per-
haps the chief reason is the growth of the minicomputer,
which permitted development of relatively low-cost sys-
tems and thus opened the door for competition with IBM.
Generally, the terminals used in audio response systems
contain a keyboard, a loudspeaker, and precious little else.

Portable terminals became practical with the development
of the acoustical coupler, which permits any conventional
telephone (even a pay phone) to be used for establishing a
communications link. Both typewriter and CRT portables
are available.

While the telephone wasn’t developed in response to data
processing users’ needs, the development of the Touch-
Tone instrument placed a very low-cost terminal potenti-
ally in the hands of everyone (at least those in Touch-
Tone dialing areas). To date, most of the use of the
telephone as a terminal has been in audio response
applications.

Finding the facts about terminals

Detailed information about specific terminals can be
found in the individual reports within the Peripherals
section of DATAPRO 70. The easiest way to find your
way to a specific report is through the alphabetical Index,
which begins on page 70A-100-01. You can look under
the name of the vendor or the name of the terminal itself
(provided it has a distinctive name rather than just a num-
ber). In addition, terminals are also listed under generic
entries, so that you can easily find and compare all the
terminals of a given type. Among the pertinent generic

entries are: typewriter terminals, batch terminals, CRT
terminals, magnetic tape terminals, printer terminals,
punched card terminals, punched tape terminals, and
key-to-tape recorders.

Interfaces

Comprehensive discussions of modems and programmable
communications processors, including detailed equipment
comparison charts, can be found in DATAPRO 70 reports
70G-500-01, All About Modems, and 70F-310-01, All
About Programmable Communications Processors.

Summing up

Probably the most helpful way to conclude this report is
by summarizing, in outline form, an effective process for
determining and satisfying your data communications
needs:

Critical first steps—

® Examine your present information flow with an eye
toward determining who needs what information.

® Determine the bottlenecks—places where faster flow
of data is imperative, or at least helpful.

® Determine the number of locations that are involved
and their geographical relationships.

Making your first estimates—
® Estimate the volume of traffic from each location.

e Determine the source of data at each location; ie.,
original data entry or machine-readable byproduct of
another existing or planned operation.

® Examine the geographical spread of remote locations
to see if it is worthwhile to try to share one line
among several terminals.

Refining your estimates—

® Determine the desirable speed of transmission for
each location, based on the volume of traffic and the
available time. To allow for operator, line control,
and error procedures, multiply this figure by ten for
typewriter terminals and by five for batch and com-
pound terminals. (This is a very rough estimate, but
it will serve to get you in the ball park. Actual deg-
radation of a terminal’s peak speed varies widely.)

® Determine the type of terminal at each location,
based on the source of data and application. f
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® Assign communications lines to each location, based
on a cost analysis of the telephone network versus
leased lines versus any other available facilities, tak-
ing into account any benefits from sharing leased
lines.

From here on, many interations are usually required to
evaluate the possible use of equipment from different ven-
dors and alternate network arrangements. Probably the

most uncertain factor is assurance that the lowest-cost
communications facilities have been employed.

As you determine your data communications needs and
evaluate various equipment components, DATAPRO 70
will form an invaluable aid in making your evaluations.
Examine the contents of this service carefully to make
sure that you derive the maximum benefit from it, and
remember that our technical staff is always ready to
help. O

Two ways to implement intelligent terminal capability by IBM. The IBM System/3 Model 6 on the left is a keyboard oriented version of the
general purpose Model 10; an interface can be attached for communications with larger IBM computers. Th.e 3735 Buffered Terminal on the
right is a disk-based, record-oriented, programmable terminal primarily aimed at automating forms preparation.
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Communications facilities — the physical apparatus for
carrying data signals from one point to another—and
common carriers—the companies that build, maintain, and
lease these facilities to the general public—have been
doubly damned by data processing users ever since the
first attempt was made to transmit data between two
points not in the same room. On the one hand, users have
viewed the existing communications facilities as obstacles
to the development and implementation of new computer
applications because of the high cost and poor quality of
these facilities. On the other hand, the common carriers
have been severely criticized for their seeming slowness to
respond to the emerging specialized needs of computer
users.

The accuracy of and justification for these complaints are
for historians to contemplate. We are concerned with
what is offered now and what will be offered in the
foreseeable future for implementing data communications
applications.

Over the years, a large and diverse array of communica-
tions facilities have been developed to meet the needs of
the general public, business, the press, and broadcasters.
For the “best interests” of everyone concerned, govern-
ment regulation of the operations of the various facilities
was instituted. Favored companies submitted to this
regulation (they really had no choice) in return for an
almost guaranteed rate of return on their invested capital.
The guarantee is effected by granting rate increases when
the rate of return declines.

Many different government agencies participate in this
regulation—federal, state, and in some cases, city. Regula-
tion takes the form of being able to postscribe services
offered by the companies and rates charged for these ser-
vices. Normally, the regulation is negative, i.e., defining
what the companies cannot do, rather than forcing them
into new areas. These regulated companies are called
common carriers.

Much has been written and will continue to be written
concerning the ethics and efficiency of the common
carriers, especially giant AT&T. Criticism and praise have
both been directed at the operations of this company,
alternately lauding it for research developments such as
the transistor and condemning it for “unfair” business
practices. Contention exists between the users and the
common carriers, between the equipment manufacturers
and the common carriers, and among the various common
carriers.

A frequently heard complaint against AT&T is the suppo-
sition that certain areas of its business are far more profit-
able than others, and that profits from these lucrative
activities are being used to subsidize other areas. The
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The communications lines or services used to
link distant points together are key elements of
every data communications system. This report
describes the facilities available from the var-
ious common carriers and provides guidance in
selecting the best arrangements for your needs.
Special emphasis is placed on the facilities
offered by the emerging specialized common
carriers. Numerous tables summarize the cur-
rent rate structures for the public telephone
network, leased lines, WATS, TWX, Telex,
Telpak, and other facilities.

problem, according to the complainers, is that the profit-
able areas are non-competitive (e.g., the public telephone
network) and the subsidized areas are ones that have com-
petitors, resulting in ‘“‘unfair” competition. One such
question between Western Union and AT&T, regarding
their respective Telex and TWX networks, was neatly
resolved when Western Union acquired TWX. Such ques-
tions are argued by batteries of lawyers and accountants,

In short, the situation is not an unusual one for a high-
technology, fast-growing segment of the business world.
However, it is much more visible than usual because it
affects everyone so closely. Many businesses could not
operate profitably—and some could not operate at all—
without the vast array of communications services avail-
able today. But the demand for these services and
applications seems to grow faster than the common
carriers’ capabilities to supply them.

This article is a survey of the facilities available today,
along with helpful guidelines to aid you in selecting the
best arrangement for your needs. It is not an expos¢ of
the common carriers, but a straightforward description of
the facilities and services they offer and the associated
rates. From time to time, pending developments will be
mentioned as they affect particular services.

Who are the common carriers?

The best-known common carriers are the telephone com-
panies. Although there are a total of about 2000 tele-
phone companies in the U.S., the various Bell System
operating companies (almost all of which are principally
owned by AT&T) and those of General Telephone and
Elecironics (GT&E) include the great majority of tele-
phones within their geographical boundaries. (The Bell
System alone has about 80 percent of all U.S. telephones.)
Each telephone company furnishes services within an area
no larger than a state. If you go outside the state over the
telephone network, the only player is the Long Lines Divi-
sion of AT&T. Fortunately, though, you don’t have to
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make separate arrangements with them—it’s all included in
the same call.

The other well-known common carrier is Western Union,
which provides some of the same services as the telephone
companies and a few unique ones, such as TWX/Telex.

The fight for viable alternatives to the offerings of the
telephone companies and Western Union began about 10
years ago when MCI Communications Corporation asked
for the privilege of building facilities competitive with the
existing common carriers between Chicago and St. Louis.
This privilege was granted in 1969. In 1971, the FCC
threw open the doors for wide-scale competition. Since
then, some 30 companies have announced their intentions
of entering the business. Of these, six have gone far
enough with their plans to merit active consideration. A
separate section of this report, Specialized Common
Carriers, describes the services offered and the geographi-
cal areas served by each of the six.

Throughout the remainder of this report, if a specific
common carrier is not mentioned, both AT&T and West-
ern Union supply the service mentioned. The services
from AT&T are obtainable through your local telephone
office, although not all offices offer the full range of
services.

What kinds of facilities are available?

Communications facilities can be broadly classified
according to two criteria: speed and system arrangement.

Traditionally, three speed ranges of facilities have been
available: low-speed, typified by teletypewriters;
medium-speed or voice-grade, typified by the public tele-
phone network; and high-speed, typified by the relatively
high-priced Telpak services. Complicating a categorization
by speed are the requirements of the user. For example, a
teletypewriter may be used on a voice channel not
because this capacity is required by the transmitting unit,
but because voice coordination is used to set up trans-
mission. In addition, some high-speed facilities, such as
Telpak, can be broken down and used as multiple chan-
nels of lower capacity.

System arrangements take two forms: switched network
and point-to-point. Switched networks are typified by the
public telephone network and the TWX/Telex low-speed
networks. Point-to-point arrangements are typified by
various leased lines.

In a switched network, there are fewer lines than users.
The expectation is that not all users will want to use the
network at the same time. Typically, several exchanges are
present in the network; this allows alternate routing paths
for a call, adding to the probability of getting a call
through. The telephone companies have been making
strenuous noises lately about the impact of data process-

ing users on the degree of service afforded by the public
telephone network. It seems that the typical data process-
ing call (e.g., by a time-sharing user) lasts longer than the
typical voice call, resulting in a decrease in the probability
of getting calls through. The telephone companies main-
tain that data processing users should therefore pay addi-
tional charges to support the added equipment required to
restore the previous level of service, So far, no such plan
has stuck.

Point-to-point systems use a dedicated line between com-
municating points, The line is available any time. Multi-
ple-point systems, also called multi-drop systems, share
one line among more than two stations. The line, then, is
not necessarily available to all users at all times, and there
is contention among the stations for use of the line. In a
sense, a multi-point line constitutes a mini-network with-
out any switching exchanges.

The traditional rules of thumb read like this: if you have
low communications volume and many points, use a
switched network; for high volume with few points, use
leased lines. But these rules of thumb are subject to some
striking exceptions when detailed analyses of specific
cases are made,

Traditional common carriers

The three most commonly thought-of communications
facilities today are (1) the public telephone network, (2)
WATS, and (3) leased voice-band lines. The first order of
business is to explore these facilities and present some
helpful comparative information to assist you in selecting
the best compromise for your needs.

The public telephone network

The ubiquitous telephone lines are usually the first choice
of those who need to intercommunicate among business
locations, mainly because they are there. Essentially no
network planning is required—only identification of the
communicating points. Direct distance dialing (DDD) and
numerous exchanges, which allow automatic seeking of
alternate paths, make placing calls a simple, speedy task.
New locations can be added to your own set of inter-
communicating points at will, without a great deal of pre-
planning of communications facilities.

Table 1 summarizes the current rates for interstate calls.
Note that the cost of a call depends on distance, length of
call, and time of day when the call is placed. The bottom
portion of Table 1 shows the times of day when the four
rate classes are applicable on each day of the week. There
are 21 different rate groups, depending on distance. Over
half of these groups (11) apply to distances of less than
150 miles. For calls within your own state (intrastate), it
is best to contact your local telephone office, as these
rates are highly variable from state to state,
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Table 1
Illustrative Long-Distance Telephone Rates
Day Evening Night Weekends
Miles Ni
First | Add’l | First | Add’l. | First | Add’l. | First | Add’l (Interstate) Day Eve. w,:?::,:/
3 min. min. 3 min. min. min. min, 3 min. min, ’
0
A7 0.05 0.13 0.04 0.10* 003 0.10 0.03 10 $3.00/hr. | $2.40/hr. | $1.80/hr.
0.23 0.07 0.17 0.05 0.10** 0.04 0.14 0.04 | 16 $4.20/hr. $3.00/hr $2.40/hr.
0.30 0.08 0.24 0.05 0.10 0.05 0.20 0.05 22 $4.80/hr. ) ’
0.35 0.10 0.28 0.08 0.10 0.05 0.20 0.05 | 30 $6.00/hr. | $4.80/hr.
0.40 0.12 0.32 0.09 0.12 0.07 0.26 0.07 | 40 $7.20/hr. | $5.40/hr. | $4.20/hr.
0.50 0.14 0.36 0.10 0.14 0.08 0.30 0.08 55 $8.40/hr. $4.80/hr,
0.55 0.16 0.40 0.10 0.15 0.09 0.33 0.09 70 $9.60/hr. $6.00/hr $5.40/hr.
0.60 0.17 0.40 0.10 0.15 0.10 0.35 0.10 85 $10.20/hr. ’ :
0.65 0.19 0.40 0.10 0.15 0.10 0.35 0.10 100 $11.40/hr.
0.70 0.20 0.45 0.14 0.15 0.10 0.35 0.10 124 $12.00/hr. | $8.40/hr.
0.75 0.22 0.50 0.15 0.20 0.13 0.46 0.13 148 $13.20/hr. $7.80/hr.
0.80 0.23 0.55 0.15 0.20 0.14 0.48 0.14 196 $13.80/hr. $8.40/hr.
0.80 0.24 0.55 0.15 0.20 0.14 0.48 0.14 244 $14.40/hr.
29
0.85 0.25 0.55 0.15 020 0.15 0.50 0.15 292 $15.00/hr. $9.00/hr.
0.90 0.27 0.55 0.15 0.20 0.15 0.50 0.15 354 $16.20/hr.
0.95 0.29 0.60 0.20 0.20 0.15 0.50 0.15 430 $17.40/hr.
1.05 0.32 0.60 0.20 0.20 0.15 0.50 0.15 675 $19.20/hr.
1.15 0.35 0.65 0.20 0.20 0.15 0.50 0.15 928 $21.00/hr.
1.26 0.39 0.70 0.20 0.25 0.20 0.65 0.20 1360 $23.40/hr. $12.00/hr,
1.35 042 0.75 0.25 0.25 0.20 0.65 0.20 1910 $25.20/hr. $15.00/hr.
1.45 0.46 0.85 0.25 0.35 0.20 0.70 0.20 3000 $27.60/hr.
8 AM-5 PM 5PM-11 PM 11 PM8 AM - Mon.-Fri. 8 AM-5 PM |5 PM-11PM[11PM-8 AM
- - 11 PM-8 AM 8 AM-11PM Sat. - - All day
- 5 PM-11 PM 11 PM-8 AM 8 AM- 5PM Sun - 5 PM-11PM[11PM-5 PM

* First three minutes,
** First two minutes.

At the right side of Table 1 is a “‘quick approximator”
that will allow you to make quick cost estimates with a
reasonable degree of accuracy. This chart is derived by
ignoring the premium attached to the first three (or two
or one) minutes. Because most data calls are substantially
longer than three minutes, the error incurred in doing this
is usually small.

While a road atlas will not give exact interexchange dis-
tances, which are the basis for the rates, it will yield
sufficiently accurate distances for a close approximation
during the study phase of planning your communications
facilities.

The chief considerations in using the public telephone net-
work for your communications needs are cost and quality.
As a further aid, comparative costing information will be
presented later.

Worries about quality stem from the many diverse facili-
ties used in the network and the non-predictability of the
path to be used. The network has grown in piecemeal
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Above rates are based on station-to-station calls,

fashion over a period of years, leading to the use of a great
diversity of equipment to implement it. The nature of the
network, which automatically seeks alternate routings
when the prime paths are tied up, means that you can
never be sure exactly what path the signals are traveling,
(There are cases on record where alternate routing caused
diversions of several thousand miles; amplification equip-
ment prevents a loss in signal strengh, but usually intro-
duces additional distortions.)

These uncertainties dictate the use of a lower speed over
the telephone network than over a similar, but dedicated
communications facility. The reason lies in predictibility.
The more that is known about the content of a message
and the facilities over which it travels, the fewer informa-
tion bits have to be transmitted to convey the intended
information. A common example of this is the use of
formatted data; identification of each field need not be
included because the intent of each data item is known
due to its position in the record. Interpretation of elec-
trical signals presents a parallel. The more that is known
about the transmission path, the smaller the proportion of
the signal that must be used for non-data information.
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Table 2
Selected WATS Rates: Intrastate and Interstate Zones 1, 2, and 3
State or Segment Intrastate Interstate Rates, $/month
Area Codes Rates, $/mo
Principal City ¢ : Zone 1 Zone 2 Zone 3
California-N Statewide: ID NV OR UT WA AZ CO MT WY IA KS NE NM ND
209 408 415 125 hr, - 900 OK SD TX
707 916 Add'l. hr. - 6
San Francisco 15 hr. - 330 1070/F 1375/F 1685/F
Add'l. hr. - 19 215/M 16.10/A 245/M  18.50/A 205/M  22.00/A
NorS:
125 hr. -
California-S Af,d.', h?5_°4 50 AZ NE NM OR UT CO ID TX-W WA IA KS MT NE ND
213 714 805 1Shr.-260 wy OK SD TX-E TX-S
Los Angeles Add"l hr. - 14
T 1175/F 1480/F 1685/F
225/M 16.80/A 255/M 19.20/A 295/M  22.00/A
Georgia Full - 550 AL FL KY MS NC AR ILS IN LA OHS | DE DC IL-N MD
404 912 15 hr. - 250 SC TN VA WV Ml MO NJ OH-N
Atlanta Add'l. hr, - 15 PA
765/F 1070/F 1275/F
185/M 13.80/A 215/M 16.10/A 235/M 17.60/A
Hlinois-N Full - 625 IN 1A MIS WI KY MI-N MN MO AL AR GA KS MS NE
309 312 815 156 hr. - 212.50 OH TN NC OK PA VA WV
Chicago 10 hr. - 155
Add'l. hr. - 1150 665/F 865/F 1175/F
175/M 13.10/A 195/M 14.50/A 225/M 16.80/A
New York-SE Full - 863.92 CT DE MA NH NJ DC ME MD OH GA IL IN KY MI
212 516 914 15 hr. - 318.99 PA-E RI VT PA-W VA WV NC SC TN Wi
New York City Add'l. hr. - 17.94
510/F 970/F 1275/F
135/M 10.20/A | 205/M 15.30/A 235/M 17.60/A
Texas-S Full - 815 AR KS LA MS NM AL AR CO MO GA IL IN 1A KY
512 15 hrA-ggg oK NE SD TN UT WY
Houston 10 hr. -
Add’i. hr. - 20 1175/F 1375/F 1480/F
225/M 16.80/A 245/M 18.50/A 255/M 19.20/A

See Table 4 for state abbreviations.

Information in each box shows:
States and/or segments of states in the zone.
Rate for full-time service, $/month (indicated by /F).

Rate for Measured Time service, $/month for first 10 hours (indicated by /M).
Rate for each additional hour of Measured Time service (indicated by /A).

The traditional limit of the telephone network has been
2000 data bits per second, whereas the limit for a similar
leased line has been 2400 bits per second. Recently, these
limits have been pushed up to 4800 bits per second on the
public telephone network and 9600 bits per second on
leased lines. This latter speed approaches the theoretical
limit of the channel-according to current theory,

anyway.
WATS
Wide Area Telephone Service (WATS) is a plan for using

the public telephone network under a different rate
structure than in conventional usage. Basically, you rent
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one access line and are permitted to make as many calls as
you wish within a designated area for just one monthly
charge. You can obtain Outward WATS (unlimited out-
going calls) or Inward WATS (unlimited incoming calls),
but not both on the same trunk.

Interstate WATS breaks the country up into six geographi-
cal areas centered around the location of the WATS user’s
access line. Each area contains about the same number of
telephones; the state containing the WATS access line is
not included. Ascending monthly charges are applied to
the zones; selecting a zone automatically includes all of
the closer (lower-numbered) zones.
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Table 3
Selected WATS Rates: Interstate Zones 4, 5, and 6

State or Interstate Rates, $/month
Segment Zone 4 Zone 5 Zone 6
California-N AR IL IN LA MI AL FL GA KY NC CT DE DC ME MD
MN MS MO Wi OH SC TN VA WV MA NH NJ NY PA
RI VT
1785/F 1885/F 1940/F
305/M 22.80/A 315/M 23.70/A 320/M 24.10/A
California-S AR IL IN LA MI AL FL GA KY NC CT DE DC ME MD
MN MS MO Wi OH SC TN VA wv MA NH NJ NY PA
Rl VT
1785/F 1885/F 1940/F
305/M 22.80/A 315/M 23.70/A 320/M 24.10/A
Georgia CT IA MA NY OK CO KS ME MN NE AR CA ID MT NV
Rl TX WI NH NM ND SD UT OR WA
VT WY
1480/F 1630/F 1885/F
255/M 19.20/A 285/M 21.30/A 315/M 23.70/A
Hlinois-N DE DC LA MD NJ CO CT RL ME MA MT| AZ CA ID NV OR
NY ND SC SD NH NMRI TX VT UT WA
wy
1375/F 1480/F 1735/F
245/M 18.50/A 255/M 19.20/A 300/M 22.40/A
New York-SE AL AR FL 1A KS CO MT NM ND OK AZ CA ID NV OR
LA MN MS MO NE TX WY UT WA
sD
1680/F 1735/F 1940/F
275/M 22.60/A 300/M 22.40/A 320/M 24.10/A
Texas-S FL MI MN NV NC CA DC ID MT PA CT DE ME MD MA
ND OH SC WV wi VA NH NJ NY OR Rl
VT WA
1580/F 1685/F 1735/F
275/M 20.60/A 295/M 22.00/A 300/M 22.40/A

See Table 4 for state abbreviations.

Information in each box shows:
States and/or segments of states in the zone.

Rate for full-time service, $/month (indicated by /F).

Rate for Measured Time service, $/month for first 10 hours (indicated by /M).
Rate for each additional hour of Measured Time service (indicated by /A).

For organizations that can get by with a lesser degree of
“unlimited” usage, Measured Time WATS is available.
This works just like full-service WATS, except that the
basic monthly charge allows only a total of 10 hours of
call time. Overtime is charged on an hourly basis.

The majority of WATS applications are not for data.
Prime examples include land developers’ sales calls
(Outward WATS) and free reservation calls (Inward
WATS).

Tables 2 and 3 present the geographical WATS zones for a
selected number of states, along with complete rate
information for both interstate and intrastate arrange-
ments. These tables use the new two-letter post office
state abbreviations, as listed in Table 5.

APRIL 1973

Probably the most striking aspect of the WATS rate
structures is their lack of regular patterns (or symmetry).
For example, New York is in Zone 4 from Illinois, but
Illinois is in Zone 3 from New York. Some states are
divided into several areas according to area codes. (These
divisions are also included in Table 5.) Occasionally the
different parts of a state fall into different zones;
sometimes there can be a two-zone difference between the
parts of a state, depending on the location of the access
line. Also, the charges per zone vary from state to state
with no readily apparent pattern. There are a total of 58
separate geographical entities in the continental U.S.,
including the divided state areas and the District of
Columbia. For intrastate WATS each state is an entity
except California, where users can differentiate between
the north and south segments.
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Table 4
WATS Rates: Ranges
. Measured-Time, $/mo.
Zone | Full-Time, $/mo. First 10 hours | Additional hour
1 510 - 1175 135 — 225 10.20 — 16.80
2 665 — 1480 175 — 255 13.10 — 19.20
3 1070 — 1685 215 — 295 16.10 — 22.00
4 1275 - 1785 235 — 305 17.60 — 22.80
5 1480 — 1885 255 — 315 19.20 - 23.70
6 1685 — 1990 295 — 325 22.00 — 2450

Actually, there is a pattern. It follows the cost/distance
relationship of the regular telephone charges, taking into
account the approximately even distribution of the
number of telephones in each WATS zone. Table 4 shows
the range of monthly charges over the entire U.S. for each
zone. A state centrally located in a populous area would
have low Zone 1 and low Zone 6 charges; Northern
Ilinois (Chicago) is such an example ($665 per month and
$1,735 per month, respectively). A centrally located state,
such as southern Texas, in a sparsely populated area
would have high Zone 1 and low Zone 6 charges (51,175
and $1,735). On the other hand, a coastal state within a
populous area, such as southeastern New York, would
have low Zone 1 and high Zone 6 charges ($510 and
$1,940). The least fortunate is the coastal state in a
sparsely populated area, such as Washington; this state has
high Zone 1 and high Zone 6 charges ($1,175 and $1,940).

Leased voice lines

There are many different types of voice lines that can be
leased. The one intended for data is Type 3002, available
from both AT&T and Western Union,

The charges for this type of line, as shown in Table 6,
include the basic monthly line charges, termination
charges (Service Terminals), and conditioning charges. The
Service Terminal charge applies to each exchange which
you enter with a terminal. For example, a two-point line
connecting a pair of communications terminals in differ-
ent exchanges would incur two Service Terminal charges.
An additional exchange Service Terminal charge would be
incurred for each communications terminal you added
along the way that operated into a different exchange. If
you had two or more terminals sharing a line and operat-
ing out of the same exchange, a reduced charge would
apply to each additional terminal.

Conditioning refers to adjusting the electrical character-
istics of the transmission path to control certain types and
levels of distortion, Different charges are applied to differ-
ent terminal arrangements. In Table 6, ‘‘arranged for
switching” means that multiple terminals at one location
can be alternately connected to the line. Some terminals
can recognize their own addresses from characters in the
data stream and do not require a switched arrangement. A
multi-point line in Table 5 refers to connecting the termi-

nals to more than two exchanges over the path of the line.
What conditioning you will require is determined princi-
pally by the modems you select. All About Modems,
DATAPRO 70 Report 70G-500-01, includes a survey of
Bell System and independent modems along with their
conditioning requirements, if any.

AT&T has been investigating the possibilities of a rate
restructuring for leased voice-grade lines to make it more
competitive with the new specialized common carrier
offerings. Permission for such a plan was given in the
original FCC decision in 1971 that opened the doors for
these carriers. However, rates must be based on actual
costs, and other services cannot be used to subsidize
services in those areas where AT&T faces competition.
Many plans have been advanced, including a bulk rate
offering that gave substantial discounts to users of more
than 250,000 total route-miles of lines.

The latest plan announced by AT&T identifies high- and
low-density areas. Costs for high-density areas would be
substantially less than for low-density areas, with a
constant rate per mile in place of today’s progressive rate
structure. (Not surprisingly, it is the high-density routes
that are seeing the majority of action by the specialized
carriers.) This plan includes a charge of $0.85 per mile per
month between high-density areas and $2.50 per mile per
month between low-density areas. Short-haul distances
(25 miles or less) would cost the same as the present rate
($3 per mile per month). There would be two termination
charges in place of the present one. For high-density areas,
these would be $35 for the channel terminal and $25 for
the station terminal. Corresponding low-density charges
would be $15 and $25. Short-haul charges would be $3
and $15. Line charges for a connection between a high-
and low-density area would be at the low-density rate.

As of this writing, this plan has not been officially filed as
a tariff, and it is not known when or if it will be, or
whether still another plan might be proffered.

Western Union has, on the other hand, filed and gained
approval for reduced rates along the path from St. Louis
to Chicago that match MCP’s rates along the same route.
(MCT’s offerings and rates are discussed under Specialized
Common Carrier Facilities.)

The prognosis is that there will be continued rate activity
by AT&T and Western Union as time progresses and the
physical plants of the specialized common carriers are
expanded.

Leased lines vs. DDD vs. WATS

Differences in rate structures—flat monthly charges for
leased lines and full-service WATS as compared with
measured time charges for DDD and Measured Time
WATS service—make decisions about which communica-
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Ohio (513 614)
Oklahoma

Oregon

Pennsylvania (215 717)
Pennsylvania (412 814)
Rhode Island

South Carolina

South Dakota
Tennessee

Texas (214 713 817)
Texas (512)

Texas (806 915)

Utah

Virginia

Vermont

Washington

Wisconsin

West Virginia
Wyoming

-

$/month

127.50
232.50
457.70
720
1095
1470
1845
2220
2595

Table 5
State Abbreviations and Segmented State Area Codes (WATS)
AL Alabama MD Maryland OH-S
AR Arkansas ME Maine oK
AZ Arizona MI-N Michigan (906) OR
CA-N California (209 408 415 707 916) MI-S Michigan (313 517 616) PA-E
CA-S California (213 714 805) MN Minnesota PA-W
co Colorado MO Missouri R!
CT Connecticut MS Mississippi SC
DC District of Columbia MT Montana SD
DE Dela.ware NC North Carolina TN
FL Florida ND North Dakota TX-E
GA Georgia NE Nebraska TX-S
1A lowa NH New Hampshire TX-W
1D Idaho NJ New Jersey uTt
1L-N llinois (309 312 815) NM New Mexico VA
IL-S Illinois (217 618) NV Nevada vT
IN Indiana NY-NE New York (315 518 607) WA
KS Kansas NY-SE  New York (212 516 914) Wi
KY Ken.ttfcky NY-W New York (716) wv
LA Louisiana OH-N Ohio (216 419) WYy
MA Massachusetts
Table 6
lllustrative Rates for a Leased Voice-Grade Line
$3.00/mi./mo.
$2.10/mi./mo.
(] l I $1.50/mi./mo. A $1.05/mi./mo. i $0.75/mi./mo.
L} T T BLE
0 25 mi, 100 mi, 250 mi. 500 mi.
Typical Line Charges
Miles
Additive Factors—
Service Terminals— 50
First station: $15/month 100
Additional station, same exchange: $10/month 250
Instaliation, each station: $50 500
C1 Conditioning— 1000
2 point, no switching: $5/mo./exchange 1500
2 point, arranged for switching: $10/mo./exchange 2000
Multipoint: $10/mo./exchange 2500
C2 Conditioning— 3000
2 point, no switching: $19/mo./exchange
2 point, arranged for switching: $28/mo./exchange
Multipoint: $28/mo./exchange
C4 Conditioning—
2 point channel, first station each exchange: $30/month
3 point channel, first station each exchange: $36/month
Additional station in same exchange: $9.75/month
Full Duplex: 10 per cent additional for line charges and
Service Terminals; no additional charge for conditioning.
Note: New rates may be imminent; see text.
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tions facility to use cumbersome and difficult. But such
calculations may well save you a great deal of money.
Table 7 presents comparative information on these ser-
vices for a selected set of conditions. In keeping with
sound analytical practices, unit costs are presented. In this
case, dollars per hour of transmission was chosen as the
display parameter.

The entries under “Leased Line’* show the cost for a two-
point line including Service Terminal charges, but no
conditioning charges. The percentage figures refer to the
degree of loading during a one-shift, five-day-a-week
operation.

The entries under DDD reflect the effect of Evening and
Night rates under second and third shift costs.

To work out a complete comparative analysis of a pro-
jected communications system, Table 7 makes a useful
base to draw information from.

Consider, for example, the problem of connecting points
A, B, and C to a common center, D, via suitable communi-
cations facilities, as shown below.

Drawing on Table 7, the cost comparison shown in Table
8 can be constructed. It shows clearly the impossibility of
picking one class of facility as being the best for all
situations. As distances and loadings vary, the most
economical solution can vary. Even then, the lowest cost
solution may not be the best.

Table 7
Illustrative Comparison Among Leased Line/DDD/WATS
Leased Line 3002 (1) DDD (2) Full-Service WATS (3) Measured Time WATS (3)
1 Shift 1 Shift 1 Shift
$hr.

Miles, $/hr, $/hr, $/hr, st 2nd 3rd $/hr, $/hr, $/hr, $/hr, $/hr, $/hr,

Interstate 75% 50% 25% Shift Shift Shift 75% 50% 25% 75% 50% 25%
50 1.17 1.76 3.62 8.40