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Introduction

!

The interdependence of communications.and data proceésing
ﬁas been a subject of much controversy in recent years. Communications
networks are‘beginning to use computers to switch messages, while a
time-sharing data processiﬁg system may perform such traditional communica-

tion functions as polling and switching.

A communications network is. part of a computer utility in that
the netﬁork connects users both to the computer and to mass storage and
- also connects computers to each other. A computer ufility, al though
primarily used for data processing and data bank functions, can aléo be

considered as a communications system in that it allows various users to

communicate with each other and with the services su?plied by the system.

Since the communications companies emp%oy computers for
communication tasks and since computer utilitiesland communications
networks bear a strong resemblance to each other, it has been suggested
that economies miéht result if the communication companies were allowed
to do both data pfocessing and communication functions.l/ However, since
data processing appears to be a competitive industry,Z/ while communica-
tions is provided by regulatéd public utilities with monopoly franchises,
the merging'of the two services within one firm requires that either
the regulated monopoly be allowed to offer a competitive proceSSingv

service or that the competitive industry be allowed to intrude on the

monopoly's communications franchise.

1/ See especially, F.C.C. Docket No. 16979, Regulatory and Policy
Problems presented by the Interdependence of Computer and
Communications Services and Facilities, March 1967.

2/ Entry is relatively easy, barriers are not large, concentradtion
is not high.
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Many of the'fears of allowing public utilities to offer
competithg services revolve around the notion of the utili;y being
able to compete unfairly perhaps pricing below marginal costs in the
competitive services and making~up this loss by increasing prices in
the ménopoly area.3/. The carriers have the means_tb engage in dis-
criminatory practices since many data processors must come to the
carrier for the provision of communications 1inks.4/ The cafriers
would also have the incentive to engage ip such praétices, since
monopolizing the processing industry would prevent processors from
integrating back into the carriers' domain, communications‘S/ queVer,
prevénting communications utilities from offering prdcessing services
may lead to a less efficient allocation of resources if the long run

incremental costs of the carriers' provision of these services is lower

than the costs for independent firms.

Many countries are today facing the dilemma of how to maximize
efficiency and yet prevent the exteﬁsion.of monopoly power by regulated
utilities into competitive areas. The F.C.C. at this time of writing
is still contemplating final policy. It is likely, however, that this

final policy will closely follow the interim guidelines established in

late 1970, namely that Western Union and non-Bell carriers may

3/ These views are expressed by (among others): United States Department
of Justice, Response, F.C.C. Docket No. 16979. D.A. Dunn [5].

4/ Bunker Ramo charged Western Union with discrimination in the provision
of adequate lines and repairs.

5/ The recent literature on rate base regulation also suggests reasons for
this thrust into competitive areas -~ increasing the firm's rate base
and thus its absolute profits (Averch & Johnson [1], Baumol & Klevorick [2]).
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_ ' -6/
offer data processing services through an arms-length subsidiary.
Bell, has not been allowed to offer data processing services for
sale under any conditiqns.7/ In the United Kingdom, the G.P.O. which
has the complete monopoly on communications services is presently
offering data processing services thrqugh an10pera;ing'agency of the
office. In Sweden, the Government has not yet decided on whether the
teiephone utiiity will offer competitive data prqcessihg services.

In Canada, the Department of Communications will shortly make a policy

Pronouncement.

/

The purpose of this paper is to examine one éspect of.the
problem - whether in fact, communications and processing services are
interrelated to the degree that present or future computer technology
would allow cost savings where both services are provided by the same
firm. Such cost savings may arise because the firm may use one computer
for both services, because one standby machine may be used as backup for
both services, because communications costs may be reduced by advanfageous inter-

8/

connection or because of a host of other factors not discussed here.

| Just because 'computers' are being increasingly used for
'commﬁnications purposes does not necessarily mean that the same computer
can handle both communications and processing functions. There are mahy
different types of computers, each with activities that it doés best, some

computers have large memory banks, some simple operating procedures, others

6/ F.C.C. Interim Guidelines, 1970.

7/ By the consent Degree of 1956, A.T. & T. is forbidden from offering services
other than regulated telecommunications services. A major dilemma for the
F.C.C. is then that if processing is regulated for its interdependence with
communications, Bell could enter.

8/ These other factors include economies of maintenance, finance and research
and development. We have cursorily examined these elsewhere and found them
to be small. (Cowan & Waverman [3]).
t
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very fast computation time. Computers then are not a homogeneous
input.

What we propose to show is that under current technology

and iﬁ the foreseeable future.(5-7 yéars), it would not be wise practise
to offer both communications and processing services on the same compufer,
for a public service (as opposed to a private or individual company or
group of companies internal service). .For present techndlogy,and demand
patterns, the two functions of communications and processing requiré
distinct operating, reliability and design criteria. As a result,

different types of computers are being used for the two functions.

~

When we turn our attention to possible future developments
(8-20 years away), the potential fdr integrating the two functions
appears to increase since the opérating'characteristics of communications
networké and processing networks will become similar. However, we still
feel that the advantages of specialization are likely to outweigh the

economies of scale resulting from utilizing a single large computer for

both functions.

Our examinacions of the possibility of utilizing a standby
communications computer for processing indicates negligible economies.
In addition, the question of advantageous interconnection does not
strike us as important. As a result we see little economies of
integrafion for communications and processing networks now in wide-

spread operation.
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The recognition of the lack of economies of integration
should be an important ingredient into public policy. Were economies
of integration in fact high, then social costs would be increased if
the two functions would be separated. Carriers could correctly
argue that their exclusion from the processing industry would lead to
a duplication of facilities,g/a reduction in effiéieﬁcy and generally

. 10/
higher prices for both communications and processing.

Independent processors could likewise argue that their
exclusion from the provision of communications services would increase
social costs.and that they therefore must be allowed to compete with
existing communications carriers. These arguments are tantamount to
suggesting that where the economies of integration are high, we have
not two separate services - processing and communications, but only
one product - teleprocessing. The interface between communications and
processing would be indistinct and blurred. Public policy would then be
faced with a real dilemma. On the one hénd, refusing to integrate the
serviées would certainly raise social costs. On the other hand,
allowing the two services to merge m{ght result in an extension of
the existing carriers' monopoly, since the carriers already had the
communications service and could offer processing easily, while
processors would have to acquire communicafions facilities, i.e. intercity and

intra-city communications circuits. It would be in the interests of

9/ Western Union Telegraph Company, Response, Docket No.
16979, March 5th, 1968.

10/ 1bid.
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the carriers to refuse or delay such circuits and the time delay for
independent processors in building such circuits would be large.
Under high integration economies, if the regulatory agency was

determined to keep processing competitive, rules of behaviour for

carriers would have to be forﬁﬂigted i.e. the prdceséing industry

might become régulated also.

Fortunately, the world is not as complex as pictured in
the above paragraph. In the remainder of this paper we show that
economies of integration, the interdependence of processing and

‘communications functions, are minimal now and in the near future.

Public policy is therefore easier to make since no losses of social

efficiency would result from preventing integration.

The absence of integration economies may be used by some
as a reason for integration, arguing that independent processors
would have nothing to fear since the carrier by reason of its
communications franchise, could not offer 1oﬁer costs. Many of the
arguments against integration are not concerned with the costs of the

carriers but with the prices they are likely to charge. Without going
12/

deeply into the entire issu without discussing many other issues

€

raised such as creamskimming or the economies of scale in finance and

~

research and deVelopmenq,we feel that carriers should be prevented from

11/ The reader may draw an analogy between this hypothetical case
and the extension of regulation over trucking services by the
Interstate Commerce Commission.

12/ See Matheson & Walker [8] for a detailed description of the
issue. :
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13/
entering the competitive processing industry. The reasons are
simple. We can see no social advantages or resource saving of such

integration, while the possibility of carrier discriminatory actions

and the costs of regulation exist.

The remainder of this papef proceeds in the following manner.
First, a number of terms and concepté are defined. While this section is
rather tedious to read, the ﬁerminology is neces;ary to understand the
possibility of integration both under different communications facilities

and under various network configurations. We next discuss the characteristics

-of communications and processing functions to determine whether there are

distinct or similar operating, reliability and design criteria under present
and future conditions. The next section considers the possibility of
providing both services as coresident on one computer in a localized
network (eésentially a computer providing the services Between two points).
In this section are discussed the social consequences of the communications
utility being able to add on pfqtessipg facilities within the same building
as its switching facilities (advantageous interconnection). We also
attempt to discuss the arguments that computers used as Backup facilities
in communications systems might be an important addition to the data
processing facilities of the nation. We then turn our attention to

several forms of proposed distributed communications networks (where

localized networks are joined together to permit resource sharing) and
e -

analyze the possibility of integration economies in such future systems.

13/ We hold this view for the U.S.A. For other countries, other goals
such as national identity or infant industry arguments may require
a reversal of this policy.



Communications Methods and Terminology

This section of the paper presents .the basic concepts of
message transmission using both the telephone (voice) and teletype

machine (printed message or "hard copy").

Circuit Switching

Consider a large number of different sites, each containing
a telephone or teletype.‘ In order to guarantee that persons at an}
two different sites can communicate, the telephones or teletypes
should be able to be interconnected for'thé duration of a message.
This interconnection could occur in many different ways; e.g. all
ﬁelephones or teletypes could be connected to all other telephones
or teletypes by pairs of wires. Since'such‘é solution'would not be
economically feasible, communication sysfems generally operate by
connecting all telephones or teletypes to a central location,
called a switching office. The switching office contains equipment
collectively called a switching system which connects any two

telephones or teletypes together on demand (establishes a circuit).

Circuit.switching (or line-switching) consists of
machinery which establishes the circuit and maintains it for

the entire duration of the message.
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The switching system is a rather complex device which
interprets signals such as‘those produced - by giglling and establishes
a COﬁnection, and it can congisf of either an electromechanical device
or a combination of eleétromechnical devices and an electronic computer.
Electronic computers such as A.T. & T.'s ESS (Elecﬁronic Switching System)
have only recently been used in this function. These compqtefs havé'been

specifically designed to perform a communication function.

_ The computers of a line-switching system are used to set up

a physical path between the iﬁcoﬁing and outgoing lines in place of
electromechanical devices which perform the same task at a far slower
rate. The compﬁter itself does not handle the data transmitted, but
scans both incoming aﬁd outgoing lines to ensure that calls are

are connected and disconnected correctly. Electronic switching systems
are designed-and constructed to be extremely reliable and therefore
include elaborate hardware and software provisi;ns to allow recovery

14/
from errors ‘and faults via automatic self-diagnostic analysis.

Existing line-switching computers do not have many of the
facilities necessary for.high—speed data processing. The memory cycle
time of an electronic switching system (SP-1 - 6 microseconds, ESS 1-

5.5 microseconds) is far higher than the average cycle time of a modern

14/ A.T. & T.'s ESS 1 is designed to have a maximum of 2 hours
downtime in 40 years of operation. Of the 100,000 operating
instructions controlling ESS 1, 507 are used for fault
diagnosis and error recovery. Similar figures hold for the
Canadian SP-1 system of Northern Electric.
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data processing computer (IBM 360/85 - 100 nanoseconds). Line
switching computefé presently do not contain arithmetic units capable
of mhltiplicatioﬁ or divisién, nor do they have means of accessing
on-line storage. Computers equipped for data processing_ﬁsually :
have a large repertoire of prograﬁs to assist the programmer. There
are usually translators for several of the standard programming
languages and an elaborate control program or opérating system.' None
df these facilities have been designed for the computers in a switching
15

system.

Store and Forward Message Switching

It is evident that a telephone call because of the interaction
between the two persons involved, requires a circuit during the entire
conversation. However, é message such as a telegram does not have
to be sent directly over a circuit from sender to receiver; it‘can
actually be delayed in transit without altering the intent of the
message. Since the message can be delayed in transit, the characteris-
tics of a system to send messages such as telegrams, can be quite

different than those for a telephone conversation.

After the message switching system recognizes the user of
a teleprinter it allows the user to send a message; a message which
is preceded by the address of the receiver. This message is sent
to the switching system'which stores the message and forwards it

later to its destination.

15/ It is possible to design such added features for a specialized
line switching computer - the resulting end product probably would be
a slow, expensive general purpose computer.
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The switching mechanism for storing and forwarding messages
is usually a digital computer system with a drum or disk file which
can hold a large number of messages. This technique is called

store and forward message switching.

In this case, the message is actuaily manipulated by a
computer in transit, whereas in circuit switching the computer only
establishes the connection for the message, the message does not

actually pass through a computer.

Since the message.can be stored and forwarded when a
connection to the receiver i; free, fewer lines are required to any
given set of receiver locations. Thefe are many othe: advantages to
store and forward messége switching systems and these are preseﬁted 

in the literafure. (Martin, [9], [10])-

Several types of digital computers are ﬁresently used in
message switching systems. These are the UNIVAC 418 (Western Uﬁion,
Bell Canada) and the UNIVAC 1108 (Western Union); CN[CP Telecémmupications
uses special purpose machines, the Collins C8401 (now used primarily
as a reservation system for the railways), the Collins 8500 and the
Philips DS714. Many of the digital computers used for message switching

are general purpose processors and usually have oﬁerating systems,

compilers, etc.,; available.

As the messages in a store and forward system are actually
processed by a computer, thgy can also be modified iﬁ transit. For
example, sales records which have been transmitted from branch offices
to a head office could be summarized by the computer and for&arded.

to head office at the end of a business day. ’
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Packet Switching Systems (Hold and Forward Concentrators)

- The message switching systems described in the previous

section assumed that an entire message such-as a telegram was sent,

stored and forwarded as one unit. It is not necessary to send an -

entire telegram but we could store and forward émaller units or
transactions such as a single line of a telegram. This is somefimes
called a packet switching system. Although the unit of message 1is
smaller, the packet switching computer Cap and does perform many of the
same functions as a message switching computer i.e. it also utilizes
the transmission lines more effectively and computations can be per-

formed on the individual packets.

Computing Services

Computing services presently available can be
divide& into many different categories by functional character-
istics but can usually be thought of as special purpose and
general purpose. The types of services offered on such systems can
be characterized for the purpose of this paper as limited data

i
processing and general purpose data processing.

Limited Data Processing

Limited data processing can be described in terms of the
input data supplied by the user to the processing or host computer.
In this case, the input data are not run as a program on the host '

machine (a program is a set of characters which will be transformed
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into and executed.as‘a sequence of machine language instructions on
the host c0mputef). Some examples of limited data processing tasks are
(1) payroll calculations where‘the program ié
| resident in the host computer and the bnly
input data are the time-records of the
~employees.
and (ii) airline reservation systems where the input

data is a request for information and where

all the programs are available in the computer.

General Purpose Data Processing

General purpose datavprocessing is defined as any task for
which a digital computer program can be written. In particular, the
data a user submits to a computer can be run as a program on that
computer, i.e. it actually directly controls the behaviour of the
computer. Programs written in various languages such as FORTRAN or
PL/1 are submitted as input data to a translator which then produées

a program to control the computer.

Hybrid Services

Hybrid services are usually considered to be a combination\
of computing services including both message switching and data
processing where a message 1s processed and switched. Either of
these two activities may be the primary service offered with the other
activity as an incidental offering. While F.C.C. regulation‘revolves

on these notions of primary and incidental activity, they are difficult
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divisions to make operationally.

Integration of Data Processing and Switching Functions

It has been suggested that economies of integration might
arise from-the technical possibility of performing two or more functions
on the same computer equipment (not neéessarily a hybrid service for
the processing and switching might involve different sets of data).
Thus, the integration of data processing and communications in a

company might produce economies in several different ways:

(1) By allowing electronic data processing and

switching to be co-resident on a computer
16/
thereby producing economies of scale '

, and utilizing spare capacity in off-peak
periods.
(i1) by utilizing the spare capacity available

on a stand-by switching computer,

and

16/ The concept of a rule of thumb such as Grosch's Law that the
computing 'power' of a computer installation increases as the
square of the cost lies at the heart of belief that vast economies
of scale are waiting to be tapped by the company which can create
a vast 'utility' of users. Grosch's Law, best empirically measured
by K.E. Knight (6, 7), has been called into serious question. Knight
himself states "We cannot build larger and larger computers at
reasonable costs since at - any point in time there are absolute limits
to the size and speed obtainable... The most powerful computing systems
we could possibly build today or tomorrow would not be the most
economical." (6, p.54). ‘Even Knight's estimates of economies of
scale exaggerate true economies because his cost estimates do not
include the costs of operating systems, i.e. costs which rise with
the size and the number of different tasks to be handled.
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(iii). by utilizing the advantageous position that
the communications company may have in connecting

to.its own line and message switching equipment.

These three toplcs will be discussed in géneral terms and then applied
to specific computer configurations in an attempt to determine the

magnitude of any resulting economies.

Integration of Data Processing and Switching Functions on a

Single Processor

It has been suggested that the integration of data 17/
processing and either line or message switchipg on a single processor
can produce savings for both activities, since the fixed costs of the
machine are spread over two activities rather than one. A look at.the
criteria for reliability and designvof present and possible computer
equipment that would be used in switching systems or for data processing

should reveal whether this type of integration will actually produce

such’savings.

The operating characteristics of a communications
systems and a computer utility are presently quite dissimilar.
The input to a communications system consists either of a number of

pulses or tones followed by an analogue signal, or a string of pulses.

17/ From our discussions with people in the communications
‘business, it would appear that line switching computers
(A.T. & T.'s ESS and Northern Electric's SP-1) will not
be used for anything but line switching in the foreseeable
future. Although many of the arguments presented in this
section apply to them also, we intend to concentrate
primarily on message switching systems.
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In bbth cases, the input to the system has little or no effect on its ;
reliability. Most malfunctiohs are caused by spurious signals such’

- as noise or by a fault in the switching mechanisms or lines. 1In

other words, communications systems fallures are rarely caused by.

input data.

A general purpose computer.utility on the.other hand,
has quite different operating characteristics. Computer utilities
suffer from the same problems as a communications system; moreover,
since the utility also attempts to significantly alter its input
data and perhaps even allows the data to control the processor as
a program, failures (especially software failures) can and do occur
with far more regularity. In the ideal situation (one which is }et
ﬁo be closely approximated) in a computer utility, such failureé
should only affect the person wﬂ; caused the probiem. Even here,
such a failure could be catastrophic, destroying sgveral hours

work. This type of failure is certainly not characteristic of

communications systems.

Relijiability Criteria

It is well known that the reliability criteria for
switching and processing are somewhat different under today's
technology. In electronic switching systems 'system outage is

regarded as catastrophic; however, individual errors are not so bad".

(9, p.336). The reason that system outage is catastrophic is, of course,
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the fact that we have come to regard telecommunications capability ,

| | 18/ |
both through telephone and message switching as an almost essential
service., Therefore, the entire community cannot tolerate a period when

such service does not exist.

At present, general purpose data processing requirements
have almost the reverse criteria. Random errors are very serious,

while complete system failure may not be catastrophic.

A random error in the switching function usually means
that a few subscribers re-dial while systems failure may destroy a.

19/

large number of conversations in a large section of the country.

‘Reliability criteria”for errors in transmission are, of .
course, very different for voice and data communications. A random
error caused by noise will affect the quality of conversation, but
voice communications will not be radically'affected (i.e. a small
short disturbance in a long spoken message will not change thé content

of the méssage). In the case of data transmission, however, noise

18/ Since non-military message switching is not as essential today
as the telephone system, one suspects that system outage is not
quite so disastrous. In non-military message switching the degree
of catastrophe is perhaps more application-dependent than in the
telephone system. '

19/ The costs of crashing a switching system vary among systems. For
example, A.T. & T.'s ESS 1 operates by maintaining a map in memory
of the entire system network. A malfunction therefore, destroys all
the links. Northern Electric's SP-1 does not operate on this 'map'
basis, and a crash destroys only those calls in the process of being
connected. The crash of a message switching computer destroys the-
content of all messages which are in the process of being stored or
forwarded.
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introduced into the line while transmitting data can cause errors
which could be quite serious. At the present time, most systems

\

appear to. error-check data received to ensure that it has been .
.

received correctly.

Random errors in data processing cannot be tolerated
sinéé their preéence does not become known and may be propagéted
through many hours of computation thereby completely destroying fhe
validity of any answers. At the present time, allowances can be made
for a significant and lengthy system crash in a.computer utility since
it is fairly easy to recover from such crashes without too much loss

of data.

It would appear that today the reliability criteria for a
communications system and a computer utility differ substantially.
A communications system can tolerate some random errors and no system

crashes, while a computer utility has nearly the opposite characteristics.

In the future the reliability characteristics of both
computer utilities ana communication systems will become more stringent.
Interconnection of computers will increase both general computer use
and data transmission. (This increase will reduce the télérance for both

system crashes and random transmission errors)

The software and hardware presently used in data processing
systems are such that fairly frequent system crashes do occur. Therefore,
at present, it would be inadvisable to allow general purpose data pro-

cessing and switching functions to reside on the same machine; however,
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limited data procéSsing with carefully written and tested programs
should be feasible. Certéinly, the user must not be'a;lbwed to'génerate
or modify code for the machine. Since future requirements on computer
utilities probably will be as stringent as communications systemé, and
software and ha;dWare:used in a computér utility wiil become more'.
reliable; we antiéipate that it may be possible for communications .
functions and general purpose data brocessing functions to reéide,on_
ﬁhe same comﬁuter. However, considering the problems we have today

designing large operating systems, we would anticipéte a delay of some

years before general co-existence is feasible.

Design Criteria

It was mentioned previously that the inﬁut data to a
communications system and a computer utility would be manipulated in
a completely different manner and would have a different effect on

the computer and communications system.

In particular, in a line switching or meésage switching
systeﬁ, the input data are transferred from input to output while in
a general purpoée computer utility, ‘the input data may actually be a
program which will be allowed to control the compute;. These constraints
on the input data can make the design of switching computers and general
pﬁrpose computers quite different. 1In the case of switching computers,
the volume of data is well-known and theréfore the design problem
is specified. In the case of-the computer utility, the nature of the
input data is so ill-defined that all cases cannot be enumerated or

even anticipated. Therefore, the design becomes more general and
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intrgduces many added features such as paging, segmentation and -
memory protection [13] - in order.to handle many

difficult problems. From thié discussion, it wouid appear that the
‘general purpose computing and switching functions should ﬁoﬁ reside

on the same computer.

In summary, it should be clear that general purposé data
processing should not be performed on the same compuﬁer>as message
switching. The reliability requirements of a message switching
system are much higher than can éresently be'expected from a comfuter
system devoted to general purpose data processing. Also, the design
of a message switching system or any other system is usually significéntly
simplified when the job.to be performed is made narrow or more specialized.
Certain well-defined limited data processing tasks could be co-resident
with message switching functions. However, such tasks use time which’
must be stolen from the communications function of the computer,
thereby limiting the number of terminals it‘can handle at any
instant in time. Therefore,in a large system the amount of data
processing done in the message switching processor should be severely
limited or completely curtailed. 2O/This strongly suggests that the

two tasks should really be run on separate interconnected computers.

Numerous discussions and observations have led us to

the conclusion reached in the previous paragraph. The presence of

20/ A message switching system with a relatively light load
such as a specialized application might also be abl% to
accomplish significant data processing tasks.
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specialized electronic and message switching computers suggests

that there are advantages to specializing the technology for switching

away from general purpose computers. Three companies (Western Union,

CN/CP, and Northern Electric) stated that it is less expensive to split

the communications and processing tasks and to process them on two

- " interconnected machines, one of which was a specialized switch.

21/

Of course, reliability considerations, at least for the present,

also point the way to separation of the tasks of switching and

general purpose data processing on different interconnected computers.

To conclude this discussion, it appears that since

switching and processing should be offered on two separate but inter-

connected computers, (a fact which appears to be forced by both

reliability and design considerations), no economies of scale or

economies from use during off-peak loads can occur.

Utilization of Spare Capacity on a Standby Computer

Electronic switching and message switching systems have

spare capacity. The spare capacity exists in two ways: first, the

machines are installed with the capacity to handle peak load traffic.

22/

Therefore, at times other than peak loads, these operating

processors have spare capacity (this was discussed in the section on

21/

22/

"In the case where there is a significant communications load

to -be processed, it 1s more feasible to interface the communica-
tions terminal with a separate computer, dedicated to communica-
tions functions, which is, in turn, coupled to a processor dedicated
to computational and retrieval functions.'" Western Union, Response
of Western Union Telegraph Company, before the F.C.C. Docket No.
16979, March 5th, 1968.

It is likely that the peak telephone switching load and any peak
data processing load would occur at the same time. Therefore, it
is unlikely that spare capacity could be utilized in this way.
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integration of data processing and switching functions on a single

process). Second, both electronic switching systems and message

switching systems maintain spare processors for reliability purposesc‘

In the case of line-switching, two computers oftgn are'operated in

parallel so that a continual check on the status of the systém can

be maintained. -Message switching systems on the other hand, contain

a fall-back processor for évery two (CN/CP) or three (Western Union)
23/ o

operating processors.. This scheme is used so as to minimize any

serious system outage.

It has therefore been argued, mainly by Western Unionm, -
that allowing telecommunications utilities to offer data processing
services will generate economies of integration by spreading the

overhead of the spare message switching computer over both communica-

tions and processing. Of course, such data processing services will

have to be on an interruptable basis since at any time, the stand-by
processor.may be asked to take over the switching function. It would
appear that in this case, assuming the use of a generél purpoée

computer for message switching (perhap; not a valid assumption) that

some economies of integration would arise.

The magnitude of this economy depends on two factors - the
percentage of Western Union plant investment which is accounted for

by stand-by message switching computers and the importance of these

23/ Wesfern Union feels that this spare computer will be
used only 57 of the time for switching purposes.

,
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.sténd—by_computers in the data proceésing industry. Western Union
plaps.to construct within the next few years, a national message
switching centre in Virginia consisting of three UNIVAC 1108's;
one of which will act as stand;by. Thé long fun plans of the

company (20 years) envision five such centres. ,

The immediate futuré will thus see only one UNIVAC 1108

availaﬁle for utili?ation for processiﬁg Services.. The costs of such

a computer with auxillary equipment (fastran drﬁms; tapes, etc.) ranges
from $5 million to $8 million. Western Union's 1968 investment in
plant amounted to $917 million (at historical cost). 2/ Of this

plant investment, $260 million was in message transmission and
reéeption equipment, repeater and terminal equipment and switchboards
and distributing frames. Assuming no other investment, the addition

of three UNIVAC 1108's adds $15-$25 million to plant investment. The
cost of the single spare message switching computer then amounts to
.009 of Western Union's total plant investment or .028 of the company's
investment in message transmission and switching equipment. The
.utilization of this stand-by machine also for data processing would

not significantly alter Western Union's communications cost. In
ﬂaddition_givén the present number of computers in the U.S.A. - 50,000 -

60,000,the availability of one more machine on an interruptible basis would

24/ F.C.C. Common Carrier Statistics, 1968.
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not make a major impact on demand either.

“In twenty years, perhaps five such machines (or their
' v 25/
1990 equivalent) will be available, Again, the investment
represented by these computers‘will represent a minor portion of

both Western Union's plant investment and the universe of computers

with processing capabilities.

25/ Fewer than five stand-by machines will probably exist in

1990. As the number of computers in a message system increase,
there may be fewer and fewer stand-by computers. In the future,
the failure of one computer system may be relieved by distributing

‘the load of the failed computer over other computers in the

remaining message switching network. This possibility is discussed

in the last section of this paper.
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Advantageous Interconnection

Single company ownership of both the message switching
computer and data processing computef may produce economic advantages,
since the two interconnected éomputers can be placed close together,

thereby almost eliminating transmission costs between the two machines.

Consider a message switching system with attached data
processor. If these were both in the same compahy (not necessarily a
communications company) and physically close to each other (within 50

to 100 feet), then a message which required some data processing would

travel the path shown in Figure I. 26[
. Sender Central Office
i ]
| ] {
I—}~-r ’—)— - > | S
L ) ey '
Path of
Terminal Central Toll Toll Message
Office Office/ Office A |,
N
Receiver -
e : i [
. —4 +, } I1‘458 _}__ Data
Terminal Central Toll Comp. {- Proc.
Office Office
Figure I

26/ It is assumed that the message switching computer(s) and the data
processing computer(s) are close together and do not use tele-
communications links to transmit data between themselves. This
assumption may not be correct.
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'

If the message switching computer and the data
processing computer were in different companies (perhaps in different
cities), then a message which required some data processing might

travel the path shown in Figure II.

Sender Central

+ + .
L ___'__4}___ ......

Terminal vCentral Toll
LA ) .
<+ L. _4;_; Path of
4 3 ”;@,_ Message
Receiver
1@ ~ ? Y " MSS ‘
i ‘ :
< 4 | 1 Comp.
‘ .
Terminal Central Toll

Toll

Central

Data
Proc.

Figure IT - SN
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The number of toll offices shown in Figures I and II
may vary considerably, depending upon the communication distances
between transmitting and receiving terminals and the data-processing
computer. Of course, no switching may be required if the computers

are connected by a private line.

The costs for a communication link bgtween the two computers
are given in Table I and Table 1II. 21/ These are the minimgm costs .
for data transmission using Dataphone 50 and Series 8000 service
respectively for a period of one month at an averaée daily two-way
transmission rate of 600 x 106 bits per day. - Tablés III and IV give

these costs for a five-year period, the normal depreciation period

for a computer.

 Tables V and VI present the marginal economies of integra-
tion after Tables III and IV have been adjusted by the five-year monthly

rental of a short direct communications link.

Such a discussion would seem to indicate that substantial
economies of integration exist in advantageous interconnection,
althougﬁ oniy if the computers are sebarated by large disténces, since
intracity transmission costs appear to be quite low. However, this

is not an argument suggesting that existing communications firms

27/ These costs are the prices charged for' the services by A.T. & T.
These prices reflect the true social costs of transmission only.
to the degree that A.T. & T. prices are at long run incremental costs.
While it is difficult to prove that high profits are not made on
these services, the evidence suggests that in fact these prices
are close to costs. There is a competition on these data trans-
mission services (Western Union). Past studies have suggested a
low or negative rate of profit on private line facilities based
on fully allocated costs.
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have an advantage over independent utilities in'offering'proceSSing
services. From Table V, it can be seen that the company which
incorporates switching and processing at the same location can save
approximétely $388,000.00 over a company 200 miles away at a trans-
mission.rate of 6 x 108 bits over SLyears. If all - the customers for
data processing services were in New.York, then the utility iocated
in New York would have coéts approximatel& $78,000.00 a year lower
than its competitor in Boston. Note however, that the only savings
vthat a communications firm which.located its précessing unit in

New Ybrk would have over a New York based communications firm cum
comﬁuter utility would be approximately $22,000.00 per year (the cost
of intracity transmission). This saving of $56,000.00 per year is
available to any utility which located in the neighbourhood of its
customers. If all customers were in New York, it is unlikely that
any utility woﬁld locate outside that city. This $56,000.00

annual saving is not an economy of integration, but it merely
represents the savings available to the firm which besf discerns

the market.




Transmission Rate »
Kilobits/sec) 50

Mileage:
- Intracity 2430 )
Up to 50 3750
51 - 150 5070
151 - 300 7050
301 - 600 ' 9250
601 - 1200 ' 11450
1201 - 2000 13650
2001 - 15850

Minimum Monthly Charge for an Average
Daily Transmission of 6x108 bits
Using Dataphone 50 Service

TABLE 1
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Transmission Rate
(kilobits/sec.) 50
Mileage
10 2000
100 3350
200 4850
300 6125
400 7175
500 8225
1000 11975

Monthly Charges for Varying
Mileages for Series 8000
Private Line Service

TABLE II
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Transmission Rate A

~(kilobits/sec.) L .50
Mileage | |

Intracity ' 146
Up to 50 225

51 - 150 . 304

151 - 300 ' 423

301 - 600 554
1601 - 1200 687
1201 - 2000 _ 820
2001 - | 952

Minimum Charges for 5 Years
For an Average Daily Transmission
of 6x108 bits Using Dataphone
50 Service in Thousands of Dollars

TABLE III
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[ Transmission Rate

T

kilobits/sec.) ' " 50

Mileage
10 o 69.
100 150
200 B : 240
300 326
400 373
500 ' _ 442
1000 / 668

Charges for 5 Years

For Varying Mileages For
Series 8000 Private

Line Service in Thousands of Dollars

TABLE IV
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4

Transmission Rate .
(kilobits/sec.) : 50
Mileage
Intracity 111
Up to 50 | | 190
51 - 150 ' : 269
151 - 300 : o 388
301 - 600 - ’ .519
601 - 1200 652
1201 - 2000 785 '
2001 - : 917

Marginal Economies over 5 Years for 8
An Average Daily Transmission of 6x10
Bits Using Dataphone 50 Service in
Thousands of Dollars.

"TABLE V
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Transmission Rate
kilobits/sec.) - 50
Mileage
10 34
100 o | 115
200 205
300 291
400 | 338
500 ' 407
1000 633

Marginal Economies over 5
Years for Varying Mileages
For Series 8000 Private

Line Service in Thousands of Dollars

TABLE VI
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SUMMARY I

Potential Economies from Technical Factors, Present Technology and .

Configurations -

The next several paragraphs deal with present computer
communication configurations in an attempt to summarize the con-
clusions about economies of integration in the foreseeable future

(5-7 years).

A number of assumptions have been made about the capability
of individual companies to provide communications services of various

kinds, namely, it is assumed that: -

(1) Any company can obtain the same communications
services as the communications firm can supply

itself.

and (ii) As a consequence of (i), that any company
can obtain a computer and offer a message

switching service.

7

Assumption (i) implies that a situation similar to the
one which gave Western Union (SICOM) an advantage over Bunker Ramo
(Telequote) could not occur. In this case, Western Union was

.providing a cheaper communications service to its own system
(SICOM) than it was to its customers, Bunkgr Ramo, and Scantlin .
Electronics. This cheaper service was noﬁlan economy of integra-

tion,
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Sample Cases

Two examples will be examined to see if technical economies
of integration exist in various configurations of line switching and
message switching systems.

~ . -

Case'l Message Switching and Data Processing on the Same Computer:

This situation should only arise when.(i) a very

limited data pfocessing load exists which can be run

in conjunction with a message switching service, or

(ii) a méssage switching service exists with a small

load, then limited data processing can absorb some

of the spare time withbut hampering the message

service. In both cases, the reliability and design
criteria would severely limit thé data procgssing load;
Under the assumptions made at the beginning of this
section, ﬁhe economies (if any) would be the saﬁe for

both the addition of data pfocessing services to existing
Acommunications'firms or the addition of message switching
services to existing computer utilities. Given free entry
into both services, communications firms woula have no feal
advantage (in terms of lower social costs) over computer

- 28/ '

utilities in offering both services, 0f course, under

present rules, such a service on one computer

28/ 1f free entry were allowed into both communications and processing
rather than the one way competition of allowing carriers to offer
processing, the fears of the unnatural extension of monopoly power
would be removed. Would the carriers attempt to engage in predatory
pricing in the processing market while raising prices for communica-
tions services, processing firms could freely construct their own
communications facilities. This policy of free entry is not likely
to occur given the fears on creamskimming and the breakdown of the
present internal subsidization scheme.
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could not be offered by either the common

carrier or a private company.

Message Switching and Data Processing on Two

Separate Interconnected Computers:

If the message switching and dat; processing are
performed on two separate but interconnected
computers, then there are two suggested configura-
tions of equipment as shown in Figure I and Figure 1I.
In Figure I the two computers are in the same company -
and located close together. This represehts the most
economical configuration sinceuthe communication ﬂ

distances are short and data might be transmitted

over a dedica;ed cable.

Figure II represents the configuration of equipment
when the computers are separated by a significant
distance. In this case, the data must travel over
a communication line between the message switching
computer and data processing computer at least
twice. The marginal economies here are represented
by fhe difference between communication costs over
é'five—year period (the usual depfeciation period.
for a computer) and the rental of the direct link
represented in Figure I. These marginal économies

were given in Table III.
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If the two inte:connectéd computers have a five—year
depreciation period and the data processing machine
initially costs a total of $4,000,000.00.then the
marginal economy from advantageous iﬁferconnection‘
would be about 2.87 ($111,000.00 approximately),
if'SO kilobit transmission was used. The trans-
mission costs in this case were calculated on an
absolute minimum cost basis, the marginal economy

‘might actually be as high as 5%.

By having the two computers located next to each other,
there may be some economies associated with reliability of service. 1If
we assume that the data processing aﬁd message switching computers are
the same type, ﬁhen'probably only one computer needs to be available
for sgand-by sérvice. .If the computers are owned by separéte companies,
then at least one ektra stand-by computer will be required for high

reliability service.

Qf course, there are two points to be raised here. Will
the message switcher and the data pfocessor both be the same typé of
compﬁter? It is not clear that this would be an optimum design decision.
Also since the message switcher is a store-and-forward system, can it
retain all data processing tasks when the data processing computer is

being serviced? Such a situation would obviate the need for a stand-

by computer. Of course, the need for a stand-by machine is highly



application-dependent and it would be difficult to discover if there

are any economies here without looking at the reliability requirements

A

of individual applicatioms.
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29/
Computer Networks .

Up'to‘this point’fﬁe paper hasAconéidefed configgra—
tions of two computers. However, it is becbming apparent thét
distributed computer networks are likely to be a realigy in the neér
future. For example, consider the 'simple' network of Figure.III
which consists of four message switching computérs and two data processing
computeré. Here the data processing computers are part of a large
computer network and data is-sent to them for processing purposes aé
it moves through the network. Of éourse, some of the data in the
network may be passed on as 'pure' messages while other.messageé may
be transfofmed or'generate special data using the déta processing
computers. For example, in an airline reservation system, a request
such as 'Are there available seats on Flight 95' would be routed to
the data processing computer, while a request such 'Has Flight 95
left Chicago' might be sent directly to a terminal in the Chicago

L

airport.

This section of the paper discusses the reasons for a computer
network and describes two networks currently under study.

A computer network is a set of autonomous
independent computer systems which are intzrconnected together to
permit sharing of resources between any pair of these computer systems.
The resources that would normally be shared are programs and data
and the ability to access and execute these items on any one of

the computers in the network. 1In other words, the goal of the computer

29/ The technical details in this section rely on Davies'[4],
"~ Roberts & Wessler [12].
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network is fdr each computer to make every local resouréé avéilaﬁlé‘_
to any computer in the network in such a way that prbgrams and data
available to users of a 1océl computer can be used remotely without
degradation.‘ .
At the present moment, every computer ceﬁtre‘is forced
to recreate all of the software and data files it wishes to usé. In
many instances, this involves a complete reprogramming effort or a
complete reformétting of data files. Such dupiication is extremely
costly and has led to very restrictive standards both on language

and hardware. A successful computer netwozk  would reduce many

of these problems of sharing resources,

Are computer networks likely to have widespreéd
appliéability or are they just a computing dream?‘ One imﬁortant
future application is the specialized customer servicé'computer
systems already in existence or envisioned for the future. These
specialized computer systems will provide mény services for the'
general public, business and government. They will make available
such services as instantaneous quotations from the stock exchange
and the commodities market, automatic debit and credit_of individual
bank accounts from almost any location and many other services too

numerous to list here.
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While some of these computer services are presently |
available, they require a direct dial connection to the serv;ce
through the public telephone network and any data that is required
for this ser&ice must be transported by telecommunications circuits

or other means to the site of the computer.

This set of restrictions decreases unnecessarily both the
market available for any one program and the choice set of a pros-

pective user.

If nationwide networks of computers were available, which
could communicate with each other then it only becomes necéssary for
.a company offering services to connect its computer into the network.
This individual company would not supply consoles to its users and
. some of its data méy come from other service computers in the network.
COmmunicationrcosts would probably be based on the length of any
messages involved in a transaction over the network and not on disténce.
Use of broadband circuits between computers willlalso reduce costs
significantly. Users could choose thg'service they require based on
criteria such as reliability and ease of use rather than on proximity

or unavailability of alternatives.

The philosophy of computer networks will allow a broad‘
range of computer services to be made available. What range of services
will ultimately be provided is difficult to anticipate. However, if
a computer network is established the limiting factors in developing

services will not be the communications system.
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"There are a number of networks operating or under development
at the present time throughout the world. The next few paragraphs will
describe two of these networks; the ARPA Network in the United States

and the so-called Davies Network in Great Britain.

'The ARPA Network is a fully diétributed message s&itched sysﬁem.
At each site or node, where there are active users, there is a. store
and forward computer (or message switch). This computer is connected to some of
the other nodes by transmission lines éo that eventually there are

connections from any given node to any other node.

A diagram of the initial ARPA Network is shown in Figure iV.
Messages are sent from node to node until they reach their destination.
Wh;n the meséage arriveé at its destination it is sent from the switch
to a hosﬁ computer which analyzes the message and acts upon it. There
is a host computer at every node of the network. In the ARPA Network
all useré of terminals are connected to a host computer which governs

their use of the network.

The Davies Network which has been proposed for Great
Britain is similar and yet significantly different from the ARPA

Network. A partial Davies Network is shown in Figure V.

In this network the store and forward concept is used to
transmit messages between the nodes of thé high-level network.
Messages are short and in fixed format and called packeté. Messages
are entered into the high-level network from either terminals or

computers both of which are connected to any given node by an interface
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computer. Terminals are usually connected to a multiplexer to

utilize the transmission lines in a more efficient manner.

’

These are only two of many different network designs which
are under development, How these networks will evolve into actual
working configurations 1s impossible to assess. As a result, the
public policy aspects of competition and integration in both
processing and cémmunications are difficult to discuss. We therefore
’present.a number’of questions and conjectures rather than'a full

analytical discussion of all relevant material and issues.
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Potential Economies from Technical Factors — The Future -

~ Questions and Research Needs’

What neﬁ pfoblem§ will computer networks cause in the érea
of public policy-and can these problems be anticipated far enough in
advance fo provide guidance in fhe formuléfion of ﬁolicy? Thi; section
asks a number of questions about compuﬁer netWOrks, it, howévér, leaves

the answers as a subject for further study.

A computer hetyork is a combination of computers and
communications facilities. Who should construct and maintain thesg
netﬁorks? Shoula these be the résponsibilities of the‘coﬁmon carriers,
a consortium of the common carriers and ofher companies, éuch as
- manufacturers of computers? Perhaps even a new type of common
" carrier should be franchised, one whé uses the communications network
supplied by the carriers and incorporates computers into the network.
Many possibilities certainly exist, in at leastvone couﬂtry it has
been Suggested that a’ government corporation be established'to build
and manage a computer network. This governmént corporation would
allow participation by the common carriers as holders of large blocks *®

30/.
of stoéck.

It is likely that any organization which manages a computer
network will be a regulated monopoly. (Generally, one such network
31/ '
will be sufficient for a country) If this monopoly is allowed into

the data processing business, then a situation develops similar to

the one discussed in previous sections of this paper. Should this monopoly

30/ This suggestion is analogous to the relationship in communications by
satellite - COMSAT.

31/ The possibility of an intercountry or global network does exist.
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bg allowed into the data processing business, since it uses computers
in its network for communicatiéns pﬁfpose? Can and should these
computers also do data processing? An ansﬁer to this question is
highly dependent on the design 6f the network. If either the ARPA
or Dévieé Network designs were chosen, then it would appear that

the node computers would be specifically designed for communications
purpose (i.e. packet switching, code conversion, etc.) and would

not have the time or be available for general purpose or limited .

data processing.

‘In other areas of a network, computers will likely be
used as interfaces to the network and‘aS'multiplexérs to utilize
lines more efficiently (see the Davies Network in Figure V).
It has been suggested that these computers might provide some extra
intelligence [Martin, [9], [10]) and handle at least some of the trans-

actions locally rather than send all the information into the network.

If these computers are allowed to do data processing,
should they be suppliea by the operator of the network? Should
individual companies be allowed to connect their own equipment
into the network as long as they obey reasonable standards? 1In
the case of small businesses or individﬁals, there could be a
local utility or utilities which supply interface units. This
situation would be analogous to the distribution of electric
power élthough one has to be careful not to éarry this analogy too

far. This type of scheme would at least spread and somewhat
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neutralize the effects of a large monopoly.

These are only some of the questions which must be
considered about computer networks, It would be appropriate if-
many of these queétions could be examined before we have committed

-

ourselves to an unhealthy and irreversible situation.

To examine them prbperly requires.a concerted effort by
engineers, lawyers and economists, While ﬁany countries are in the
process of establishing agencies to do long range reéearch in this area,
the F.C.C. has Yét to do any significant research into the potential
of integfation economies. Publié policy; if it‘is to maximize the
efficiency of resource allocation, must rest on a complete understanding
of the technology, .present and future. To make decisions without this
knowledge, . leaves outsiders wigh the iméression that policy is guided

by political judgments or the balancing of power among various interest

groups.
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Conclusions

This paper has examined technicai factors_which influence
thejdesign and implementation of computer systems which offer
béth communications and data proceséing services. It has defined
tﬁe‘terms associated with this subject and considered thé problem.

areas.

In particular it has examined -
(1) reliability criteria
(ii) design criteria
and (iii) - 1interconnection of computers

We have concluded that communication functicns and data
proceésing should probably be implemented on different interconnected
computers except where the data précessing functions are very limited
or where the message switching load is véry light. This conclusion
was borne out by the actual practices of many of the communications

firms.

Since these functions were to be carried‘out on interconnected
computers, we examined the methods of intergonnection in order to
determine if the communiéations companies could realize an economic
advantage because of convenient access to their message switching

computers.

7

An investigation of two interconnected computers led us

to conclude that small economies would result if the two computers
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were not remote from each other since communication costs would
definitely increase the cost of the total message switching- data

processing package.

‘An examination of the more génefal problems of the computer
ﬁetwork indicates that there are many important questions which
should be examined in order to determine what serious problems will
arise in public policy. This paper has not attempted to ask nor
answer all of the.quéstions which can arise but rather to give an
indication.of the complexity of thé problems. The authofs~hope that
many of the questions will be examined before' the anéwers become a -

fait accompli.

Our recommendations are that at the present time (now -

5 years), in a country of the size and degree of technical sophistication

as in the U.S.A., the short run policy should be to maintain the com-

petitive aspect of the data proéessing industry. Little ieal resource
séving results from an integration of communications and processing'
while both the complexity of regulation and the threat of predatory
pficing increase. The present interim policy which allows non-Bell
carriers to offer data processing services only if such services are
offered in arms-length subsidiaries on separate equipmént is an
irrational compromise. Good reasons exist ﬁo méintain a simple sphere
of action for communications carriers. Thé use of arms-length

subsidiaries. ensure that no integration economies could result.



- 53 -

What purpose then does this policy serve? Carriers are not satisfied,
data processing firms are unhappy, the public is better off only to

the extent that there was a lack of facilities available previously.

For the long run, the regulatory agency must maintain
resources which will eﬁable it to judge whether the change in
technological capabilities will lead to real social savings from
offering teleprocessing rather than communications and data processing

services.
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APPENDIX I

Transmission Costs

Rates for Dataphone 50 Service

Interstate Usage

Fixed Monthly Charge

Access Line and Data Set $275.00

Transmission Charges in Dollars
(in one minute increments, distances used are
airline distances)

Transmission Rate ; _
(kilobits/sec.) e 50
Mileage :
Intracity .20
Up to 50 o .50
51 - 150 - .80
151 - 300 1.25
301 - 600 1.75
601 - 1200 ' 2.25
1201 - 2000 2.75
2001 - o 3.25
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Transmission Costs

Rates Seriesv8000

Private Line Service

Interstate Usage

Fixed Monthly Charge

Access Line and Data Set $425.00'

Transmission Charge in dollar/mile/month.

Transmission Rate
(kilobits/sec.)

50
Mileage A

0 - 250
251 - 500

501 -

15.00
10.50

7.50
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Sample Calculation

Amountvof data‘to be transmitted = 3le9 bits/month.
Transmission Rate = 50 kilobits/second

Number of one minute increments required

= 3x10°

50x10°%60

= 103

Cost of Transmission over a distance of 500 miles

= 10° x 1.75 = $1,750.00/month.

Fixed Monthly Charge x 2
+ cost of Communication Adopters x 2
+ Transmission Cost :

Total Cost

= 550 + 1,750 + 1,000

= $3,300.00
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Sample Calculation

Cost of Transmission over 500 miles

= 15.00 x 250 + 10.50 x 250

= $6,375.00

Total Monthly Cost -

Transmission Cost
+ Fixed Monthly Charge x 2

+ Cost of Communication Adapter x 2

6,375 + 850 + 1,000

8,225




11.

12.

13.
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