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I - EXECUTIVE SUMMARY

cdmmunications revenues to the carriers were but $0.5
1970 and are forecasted to increase tenfold to over

oh in 1980. To make this growth possible, large num-
ta;communication devices must be built and installed by
rk as well as the users of the new data communication

‘

arterfone Decision of 1968 shattered the long-standing
o the supply of terminal equipment for use on switched

ier facilities and created at once a new "“interconnect”

ry which offers most favorable opportunities to independent

manufacturers. Hundreds of firms, large and small,
10 the challenge by entering the race to carve out a
market share in the rapidly growing data communica-

pment market and created more recently highly competi-

conditions resulting in shakeouts in several market sectors.

hed markets for modems, multiplexers and communications

are expected to grow rapidly to almost $0.5 billion 1in

years time, but each segment exhibits a unique growth pat-
and présents specific challenges to competitors, few of whom
so far entered the market with a complete product line to
all emgrging opportunities, and many of whom do not have

cientl marketing organizations and service operations, as well

al backing, to survive in this business.

ients of modems are expected to increase rapidly from

FROST & SULLIVAN 1ilNL.  INLIV 2000 =00
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nearly 200,000 per year today to over a million uni

1976. At the same time, a severe unit price erosion

annual

sales revenues from reaching more than about

will even later result in a reduction of this reveny

face of continuing growth in unit shipments. Large

tion and building in of modems into terminals and pe

vices will reduce the use of that type of product tg

level, and permit only a few large volume manufactury

profit margins decrease drastically.
Multiplexer shipments will grow fivefold to re:

volume of $75 million per year in the vyear 1977, du

demand from specialized common carriers,; but subseqL
of the market and competition from programmable comn
cessors,which will offer the multiplexing function%v

market to about $50 million in annual revenues durif

half of the seventies.
The communications processor market, which wiﬂ'
$350 million a year by 1976, is being predominant]&

puter and minicomputer manufacturers. Only 10% of 1

ment is controlled by independent non-computer supp

the recent entry of IBM that company is expected t

business in the near future, increasing its market g

as 50% of the total from only 177 at present.

A severe shakeout among the smaller producers
plexers and communications processors is evidenced

ing prices in all market segments, but noticeably s

|
|

ts annually by
|

will prevent
|

$70 m

i1Tion and

e rate in the

Scale Integra-
riph%ra] de-
\

a component

0 exist as

ch alsales

ring Feak

|
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|
and communications processors. Partly this is a result of technolo-

\ ‘ 3L Y -
gical deance§, but also it is due to very large numbers of
compet%tors fn a 1Timited market which is unable to support all the

entrants in [this business.

1
The market will peak out in about 3 to 4 years, when numbers

of uni?s insﬁa]]ed will continue to increase, but prices would

have céme down significantly to moderate this growth in terms of
dollar|/volume. For more detailed discussion of each product area,

please see the pertinent sections of this report.

?he f)ilowing table presents market forecasts through 1980 for

modems%mu]tip]exers, and communications processors.
|
|
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TABLE I |
MARKET PROJECTIONS FOR SALE OF MODEMS, MULTI?LEXERE AND
COMMUNICATION PROCESSORS, 1970-1880
(Exclusive of sales by telephone Campanhes)
($ in Millions) |
Communicatfan
fear Multiplexers Modems Processors | Total
1970 1320 33.0 100.0 | | 146.0
1971 12.5 36.0 170.0 | 223.5
1972 21.0 38.0 2256.0 284.0
1973 24.0 43.0 260.0 - 327.0
1974 29.0 49.0 275.0 | 353.0
1975 38.0 60.0 300.0 | 398.0
1976 52.5 67.0 350.0 469.5
1977 75.0 58.0 335.0 | 468.0
1978 48.0 49.0 330.0 427.0
1979 49.0 42.0 320.0 4o
1980 48.0 40.0 315.0 w 403.0
|
Source: Individual sections of this report. ‘
w
|
\
\
\
|
\
\
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I1 - DATA COMMUNICATIONS EXPLOSION

$t 35% of all the general purpose computers in the United
déy are operated on-line in communications oriented en-

5 This‘resu1ts in a growing population of terminals
;:increasing amounts of data traffic.

that the batch processing computer systems are an old story
sharing systems have been firmly established, the computer
e11 as new entrepreneurs are considering the possibility of
g the efficiency of their systems even further by connect-
the vast and ubiquitous telephone network.

nérriage of computers and communications creates a need
quipment without which the growth of on-line computing

ke place.

ﬁhapter discusses the ranges of growth of computers with

as a basis for the demand for multiplexers, modems and
tions processors.

os of terminals and population per terminal are also

developed as parameters which indicate the limits of the projected

growth 1in

©1972 FROST & SULLIVAN, INC.  Haprod

;commun1cat1ons -based computer systems and terminals.
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After a decade of spectacular growth, the cdnputeﬁ industry

. sal \ % .
slowed down and its hardware sectors exhibit more the characteris-

Increasing Use of Computers with Terminals

. ; ‘ i
tics of a maturing "replacement” market. Some seg¢tors, however,
i |

continue or are beginning to show above average growth as new uses

: . :
of computers are being introduced and popular1ze& on a large scale

throughout the nation. 1

I |

One of the fastest growing segments is the‘¥emote?computing

area, where the use of computers is dependent bnafficient data
communications facilities and equipment. 1 |

Suppliers of data terminals, modems, mu]tipﬂexersfand minicom-
puters as data concentrators and pre-processors ﬁre behefitting

\ ‘
directly from this growth selling the necessary hardware to those

| OW ™ N ™ . M

who serve the ultimate user by offering time-shdring, remote batch
‘ ‘

| | .
processing, information services and various reservation services.
|

‘ \
Market and technology trends become apparent when communica-

tions capabilities of the latest and most popular computers are

examined. During the 1960's IBM 1401, the most}wide]yfused com-

puter, had virtually no communications capabi]i#y. The medium sized
IBM System 360 computers which replaced the 140T's and represent

|
the bulk of computer installations today, have a very limited com-

munications capability and require special IBM “front?end" equip-

ment such as IBM 2701, 2702, 2703, etc. to perform in communications

environment. The present IBM 370 series, howev%v, is well equipped

in communications hardware as well as software. This means that for
|

the first time, data communications concepts are being made

available to the huge "middle market" of commercial EdP users.

e T e ]
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sgnt, estimates put the percentage of computers

n-1ine with data terminals at about 35% of all computer
ns and it is expected that by 1980 at least 70% of all
ations will operate in on-line modes.

on the present number of terminals in use, from one

to another, an average of about 24 terminals are

each on-line computer. The concept of "average number
s per computer" is a handy statistical tool. It should
eg that this number varies substantially from one in-
to another; certain specffic systems with brief inquiry
ﬁctua]]y have hundreds of terminals connected and
through communications processors or "front ends.”

:the next few years we expect the average number of

er computer will increase to about 36, which will

Qer 4 million data terminals in use by 1980.

gh computer systems have limited numbers of lines for
ons, there may be a much larger population of terminals
o the system because not all the devices are in use at
ﬁe. In addition, interactive terminals may be connected
T-up network to many different computer systems at the
on, depending on availability of computer resources at

v location. Large time-sharing networks already employ

ons processors and message switching systems to take

f all the computing facilities throughout their operating

7
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T

Additional impetus in use of remote terminals
the mid-seventies when independent communications ¢
such as MCI Communications Corporation and Datran}v

facilities available for use by the terminal user;
|

An increasing number of computers being instal

decade features "communications capability" and has

\
terminals. Our estimates show that while the numbe
|

purpose computers will increase threefold by 1980%

accompanied by a tenfold increase in data terminals
i
time period. ‘

Yearly growth rates of computer 1nsta11ation§

|| FROST &SULLIVAN INC. NEWYORKCITY

|
is expected during
ommon carriers

i1l have their

lTed in the next
remdte, on-line
iy ofigenera]

it wﬂ]] be

durilng the same

are éstimated at

10-15%, while those with communications capability will lgrow at

rates between 16-36%. Data Terminals growth rateg at thé same time

will be between 25-40% and the average number of ﬂerminaﬂs per

system will increase significantly.
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| | TABLE 11

j ‘ COMPUTERS IN USE WITH TERMINALS

i | (1970-1980)

‘Generdl

Purpose % in No. in Average No. of

Computers Use With Use With Terminals Terminals
Year 'in Use Terminals Terminals Per System In Use
1970 49,000 25% 12,250 23 280,000
1971 : . %53,003‘ 31% 16,700 23 384,000
1972 36],500; 37% 22,750 24 545,000
1973 i 70,100‘ 43% 30,100 24 720,000
1974 80,600 48% 38,700 25 960,000
1975 f 92,7c01 54% 50,000 25 1,250,000
1976 105,700 59% 62,400 26 1,620,000
1977 1119,4(01 63% 75,700 28 2,120,000
1978 133,700 66% 88,000 30 2,650,000
1979 f148,4)d 68% 100,000 33 3,300,000
1980 1163,33(5 70% 114,000 36 4,100,000

Source: Interéonnect Market Study, 1972, Frost & Sullivan.

|
\
\
:
‘

{
i

©1972 FROST & SULLIVAN, INC. | Reproduct on| without written permission is strictly prohibited. l 9 l I I l 5 J




RELATION BETWEEN POPULATION AND TERM

FROST & SULLIVAN INC. NEWYORK CITY

|
|
TABLE III |

Year No. of Terminals
1970 280,000
1971 384,000
1972 545,000
1973 720,000
1974 960,000
1975 1,250,000
1976 1,620,000
1977 2,120,000
1978 2,650,000
1979 3,300,000
1980 4,100,000

The above table relates the growth in the nqm

to the growth of population.
the Timit for terminals will

50-75 people per terminal.

©1872 FROST & SULLIVAN, INC. Reproduction without written permission is strictly prohibited.

Millions

(U.S. only)
Growth of
Population

|
|
|
\
|
200 |
203
206 |
209
212
215
218
221
224

|

|

227 |
|

230 |
|

It is generally beli

|
occur when it reaches
|

INALS, 1970-1980

No. of People

Per

Terminal

725
503
308
290
220
172
135
105

85

70

¥
56 :g;?'

ber &f terminals

eved &oday that

a ratio of about
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jIII - DATA COMMUNICATIONS AS A MARKET

pmmunications revenues, while growing at 35-50% annually,
only 3% of the total éommunications revenues of the
iers and by 1980 are expected to increase to at least
t@tal.

er to appreciate fully the data communications markets,
sary to divorce the actual communications revenues of
c@rriers who provide the transmission facilities from
oiume of the manufacturers producing data communications
Too often in the past those were not put in proper

, causing confusion and misunderstanding.

hapter presents total communications revenues, indicates
aPe of data communications re]atiVe to that total, and
he need for special data communications equipment which
d to generate those revenues.

centrate on projections of data equipment used in trans-
i on the common carrier networks such as modems, multi-
d communications processors. This study does not dis-
ata communication devices which originate or receive

\
s terminals, data collection stations, voice response

units|, computer data banks or peripherals.

The ch
which?reqU'

data traff;

on without written permission is strictly prohibited.

apter also discusses major data traffic growth areas
re such data communication equipment to generate the

¢ volume.

11 | o111 1
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Growth of Communications

7 FROST & SULLIVAN TNG,  NEW TOnN Orim—

Modern data communications dates back to the mid-1950's and

Bell introduced its Data-Phone service as long agb

that time, according to the telephone company, thg
|

as 1958. At

service was

‘ ‘ i
greeted with a particular lack of interest on the part of the com-

puter user preoccupied with optimization of batch-oriented computer

systems. |

. L
With the advent of second- and third-generation machines,

users realized the economies and flexibilities that were possibie in

operation of computers with communications capabiﬂ
|

ties. Government

and military agencies were the first large-scale users of data com-

munications,and by 1970 the sub-industry matured to the?point when

| ] . ! .
it became the fastest growing segment of the communications business.

By 1970, data communications revenues of theic

accounted for more than $500 million and were repbr

35-50% annually and are expected to increase tenfol
$5 billion by 1980. |

But keeping things in perspective, it must be

total communications revenues of the common carrier

to reach $50 billion in 1980, doubling from the pré

1
about $25 billion. Thus data communications, while
|

than all other segments of the communications busjr

|
for only 3% of all transmission time and a simi]aﬁ

|
total transmission revenues. By 1980 it is expecte
transmission time will quadruple and its revenue co
common carriers will rise to at least 10% of the to

\
tions revenues.

ommoﬁ carriers
ted growing at
d to‘at Teast

rea]fzed that

S aré expected
sent level of

growing faster

\
ess, accounts

percéntage of
d that data
|

ntribution to

tal communica-

12 [ 111 ]2 |
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($ BILLIONS)

COMMON CARRIER REVENUE

GROWTH OF DATA COMMUNICATIONS REVENUES

FIGURE |

(1970-1980)

@ OTHER

201
|
|
10
|
\
1960

@197% FROST

1970 1975

Source: U.S. Department of Commerce
Industrial Outlook 1972 and
AFIPS 1972 SJCC Proceedings
""pata Communications 1980"
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Growth of Data Communications Revenues

Our forecast of data communications revenues‘is based on the
\

growing population of data terminals, which are the basic sources
| ‘
generating data traffic. The purpose of this forecast is to put

5 | ;
the transmission revenues derived from data communications in
‘ |

perspective with all communications revenues of tﬁe common carriers,

We estimate that on the average a terminal will generate about

$1,750 in data revenues per year, which is based ?n the;existing
estimated terminal population and the known data #ransmﬂssion
revenues of over $500 million already enjoyed by #elethne carriers.
However, we feel data revenues per terminal will %ecreaﬁe slightly
over the years with the proliferation of data termwna]sand pro-
gressively more efficient use of communications fécilities,to an

estimated $1,200 to $1,400 per year by 1980.

[ 74 [ 4 |

©1972 FROST & SULLIVAN, INC. Reproduction without written permission is strictly prohibited.
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TABLE IV

GROWTH OF DATA COMMUNICATIONS REVENUES, 1970-1980

‘ | Averaged Annual Data % Growth

No. |off Revenue Per Revenues for Data

Year Terminals Terminal ($ Billions) Revenues
1970 | 280,000 $1,800 .50 50
1971 384,000 1,800 .69 387
1972 | 545,000 1,750 .96 38%
1973 720,000 1,700 1.23 299
1974 | 960,000 1,650 1.58 28%
1975 1,250,000 1,600 2.00 27%
1976 1,620,000 1,550 2.50 25%
1977 | 12,120,000 1,500 3.20 274%
1978 2,650,000 1,450 3.86 21%
1979f 3,300,000 1,400 4.60 20%
1980 4,100,000 1,350 5.55 20%

‘ i
'Based on average terminal revenues, our forecast closely

parallels AT&T predictions that data communications will account

for 5 volume of about $5 billion in 1980.

; | 18 1111 | B |
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Growth of Markets for Data Communications Equipmentt

T T T FROST & SULLIVAN INC. NEW YURKCITY

In order to continue the expansion of informat
on-line use of computers, there is a parailel growt
for data communications equipment required to make
possible. This study is primarily concerned withit
modems, multiplexers and communications processors|

The data communications revenues will go to th
carriers and are a good measure of the requiremen&s
to transmit the increasing amounts of data. Theré

markets for this type of equipment, as outlined bé

1. Common Carriers. This market consists mos

operating companies which are, for the most part,§s

Western Electric, the manufacturing company of AT&T.

carriers such as GT&E and United Telecommunications
facturing subsidiaries, Automatic Electric and Ri%c
But 1,800 small independent telephone operating cém
to buy equipment wherever they wish. The new commd

as MCI Company and Datran are emerging as a major;n

of the data communications equipment.

jon services and
h in| the markets
this expansion

he markets for

e communications
for equipment

are four distinct

ow.

tly of the Bell

upplied by

Other common

, also have manu-

n, respectively.

panies are free

n carnriers such

arke@ for much

\
ited States.

2. Government and military agencies of the Un

3. Computer service suppliers and cooperati?e

bureaus and information services, including data ba

4. Computer End Users. These inelude the ai

insurance companies and corporations with many plan

scattered throughout the continent and the world.s

s, time-sharing
nks.

riines, banks,
ts and offices

Control of many

multinational corporations from the United States makes ‘this country

ore of the largest markets for international data communications

systems.
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Specialjized

Commor. Carriers as Markets

Si@nificgnt additional markets for modems, multiplexers and

microwave trapsmission are expected as a result of the construction

and coming on stream during the mid-seventies of the two major

\
speciahized

DATRAN

common carriers DATRAN and MCI Communications Corp.

QData Transmission Company), a subsidiary of University

Computjng Cgmpany, proposes to operate a nationwide switched digi-

tal common garrier network with an exepcted total capital invest-

ment c%rren

finitelat ti

tly around $300 million. Its plans are somewhat inde-

me of writing (Sept. 1972).

MCI Communications Corp. and several smaller private carriers

|
are designi
|

pectetho C

|
m111iop,

DATRAN/

one-tipe ma
wave radio
offerfthe u
withoat the
to connect
impor?ant if
custoﬁers.

Rrimar
for mjcrowa
their‘faci
MarkeF, 197

|

|

| L
©1972 FROST & SULLIVAN, INC. |Reproductign without written permission is strictly prohibited. ] 7

ng point-to-point smaller transmission facilities ex-
pst over $150 million initially, but rising to over $500
domestic satellites come on stream in the mid-seventies.
s basic concept will present a large, although only a
rket, for TDM multiplexing equipment and digital micro-
transmission facilities. MCI network is designed to

ser the advantages of a private microwave system, but
extensive capital requirements. Users of MCI will have

Tocally via existing common carriers, thus presenting an

arket for modems and multiplexers to both MCI and MCI's

ily, however, the new common carriers present a market
ve radio transmission equipment needed to establish
1t1es (see Frost & Sullivan “Special Common Carrier"

1). But because these new carriers plan to accept data

FROST & SULLIVAN INC. NEWYOURKCIIY
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|
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|
i
|

in either analog or digital form, their faci]itiés
\

with TDM and FDM multiplexers and modems in the ca
|

local access to Datran.

Because Datran will offer switched faci]itiﬁs

in the market for communications processors. Datr

\
COMTEN devices and spend at least $1.5 million on

up to 540 million on all peripheral data processin

quired. But since Datran plans an all digital, Qn

carrier, it may obviate the need for modems, thoug

on its ability to provide its own digital Tocal dh

|
Peak demand by the new common carriers will 0

|
period, after which it will slacken and continue,

|
on the need to expand the new common carrier facil

Frost & Sullivan developed some estimates fof

to the new common carriers in the previously menti

Common Carrier Market." These indicate that the m
small, in the order of $0.2 million in 1972 rising
million in 1975 and doubling again by 197871980.

|
|
|
period, AT&T is expected to supply about 60% of th

¢

musﬂ be equipped

se of MCI, and

s 1E yi1] also be
an p1ans to use
CPU's#a]one and

g equﬁpment re-
d—to-Fnd common

h this will depend
stribption.

ccur in 1974-76
dependent

ities.

modem sales

oned ?Specialized
arket%is rather

to about $2.8

Throughout this

117

total.
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Major data Tﬁaffic Growth Areas

©1972 FROST & SULLIVAN, INC| Reproduc

Oﬁe of

the most meaningful assessments of the overall poten-

tial for infdrmation transfer in the future comes from a study per-

formediat S
nauticﬁ and

This s
tial inform
as e]eFtron
transaktion
faci]iﬁies,
estimaﬁed v
factoﬂs red
year ?o be

Hhi]er
must be bor|
it 1s{a1rea

sary facili
\
value of th
\
ranking all

data fo be
highest inf

markets.

Lénford Research Institute in 1970 for National Aero-
épace Administration (NASA).

tqdy is based on an extensive 1ist of existing of poten-
ation services which includes such future possibilities
i¢ mail, remote library browsing and checkless society
5. To calculate potential demand for data transmission
the study determines for each information service an
olume of transactions in year 1990 and using conversion
uces all estimates to the common yardstick of bits per
transmitted.

projections for 1990 may appear rather futuristic, it
ne in mind that facing such incredible volumes of data
¢y necessary to think about construction of the neces-
ﬂies which will not become inadequate too soon. The

é study lies in the fact that it presents a method of
the potential information service markets by volume of

transmitted. It is thus easy to isolate services with

ormation volumes as the Targest data communications

fhe study includes such services as telephone, videophone and

|
television

\ L
second equij

and converts audio and video transmissions into bits per

valents for demonstration that these will remain by far

|
the most vo]uminous of all information transfer services in the

tion without written permission is strictly prohibited.
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|
‘ \
future. It is also interesting to note that a]r%ady existing in-
‘ |
|

formation services such as stock quotations, entertainment ticket-
\ i
0 o |
ing, hotel reservations and auto rental are rank%i as rather the
|

: . 5 gt . . .
less voluminous services. Airline reservations is a mgdwum volume

service, while check and credit transfer makes the top ten

volume services. !

|
| 20 111 [ 10 |
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TACLE V

Rank Informati

gn Service

10 fe]ephone

2s Qideophone ;

3 Electronig ﬂail

4 E %e1evisior ginc. CATV)

5 éemote Library Browsing

6 ;nter1ibr r* Loans

7 %acsimi]e of "mug shots"
8 Remote Medicai Research

9 E ‘ #heck and c%edit

10 Fatent Sexréhes

11 %acsimi]e Néwspapers

12 S National Cr%me Info. Ctn.
13 Bemote Tit]% and Abs., Sear.

\

14 Stock Trapsfers

15 }Nationa] Legal Info. Ctr.
16 € pirline Reservations
17 S %emote Medi%a1 Diagnosis

1S Electroca

rdiam Analysis

19 ﬂotor Vehiche Registration
20 iRemote Book Printing

21 jDrivers Licénse Renewals

22 E }Stock Exchabge Quotations
23 E 1Hote1/Hotel%Reservations

24 E iAuto Rentjal

25 S 1Sports and;Events Ticketing
26 E iTe1egrapt ;

27 stolen Progerty Info.| Ctr.
28 iStolen Vehﬂcle Info. Trans.

E = Service |already gxists.

No.

of Transactions

Per Year in 1990

482
1
100
72
20
100
25
200
340

20
70
20

20C
35

S = Serviceistarted yp |in prototype or experimental forn.

Source: Stanford Regearch Institute Study fcr NASA fror:
IE%E COMPUTHR monthly Sept./Gct. 197C.

|
|©1972 FROST & SULLIVAN INC  Reprod_itpm athaut a mws @m0 400

Equivalent in Bits/Year

FROST & SULLIVAN INC,

FORMATION SERVICES RANKED ACCORDING TO VOLUME OF DATA TRALSMITTED PER YEAR

x 107 calls 1.1 x 10"
X 109 calls 2.3 x 1018
X 109 letters 3.0 x 1016
x 10° hours 1.7 x 10'®
b 106 accesses 1wd % 1015
x 10° books 1.0 x 10'°
X 106 cases 7.5 x 1014
X 106 searches 1.8 x 1014
X 109 transactions 1.4 x 1014
x 10% searches 1.3 x 1014
newspapers using €.6 x 1013
x 10° messages 2.1 x 1013
x 10% searches 1.8 x 1013
x 10° transactions 1.5 x 1013
X 106 searches 9.0 x 10'3
X 10Q passengers €.7 x 1012
X 106 ases 6.0 x 10'2
X 106 tests 6.0 x 10]2
x 108 1.5 x 102
X 103 new books Tl x 1012
x 10° items 5.4 x 10!
x 107 transactions 4.0 x 1011
X 106 reservations 1.6 x 10]]
X 106 transactions 4.0 x 10]9
x 10% transactions 4.0 109
X 106 messages 3.5 1010
X 106 cases 2.1 x 1010
X 106 cases 1.5 x 1010
article by Roger . tough (SRI), whicn appeared in

$ strtly peorit ted

NEWYORK CITY
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Typical Requirements for Some Selected Information

FROST & SULLIVAN INC. NEWYURKGITY

Services in

Operations ‘

Informational services cannot grow unchecked and alll have a

Timit which usually depends upon their utility in a particular

environment.
|

terms of their requirements for economic operation|

The table below analyzes some typich] services in

Acceptabiﬁ
No. of Response |

Inquiries No. of Time In
Type of Service Per Hour Terminals Seconds Typical Output
Stock quotations 20 - 50 . 1-38 20 - 601 Dis?]ay
Bank deposits 20 - 40 2 -10 20 - 601 Print
Hotel reservations 1 - 20 1 30 - 124 Hard copy
Airline reservations 40 - 120 1 -6 20 - 40 ; CRT;or ticket .
Entertainment 10 - 20 =2 60 - 180 | Print & ticket
Medical (Poison info.) 1 -5 1 30 - 120 | Hard copy
Police car ID 60 - 300 1-2 10 - 60 3 Hard copy
Newspaper morgue 2 - 20 2 - 10 60 - 600j Hafa copy
Railroad Car Control 10 - 50 b= 4 30 - 100 | CRT

Source: Center for Management Technology, New York.

The number of terminals in operation refers to
of the organ1zat1on providing the service. AY¥] ch
be connected to a central computer data bank. Fréq
would also vary from location to lecation, but th%

: ‘

as a guide in evaluating information services. and ﬁ

a typical office
h offices would
uency of inquiries
table should serve

heir potential.

22 | 111]12 |
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Growthjof S
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pecialized Remote Computing Services

©19872 FROST & SULLIVAN, iNC. Reprodug

Some i
communicati
of su&p1ier
markets are
discussed o
remoté comp
lished by F
Serviées.

dea of the directions and magnitude of growth of data

ons markets can be gained by looking at the expectations

s of remote computing services. Several major growth
|

histed below and some of the specific growth areas are

n}the folllowing pages. For more detailed study of the

uting markets, the reader should consult a study pub-

rost & Sullivan in 1972 entitled Remote Computing
|

TABLE VI

\
|
Specialized

| GROW?H OF SPECIALIZED REMOTE COMPUTING SERVICES

Bankibg and

Broke%age 2
|

Transbortat

|
Manufactur

Wholesale a

|
Uti]iFies

Miscellanepus
|

* ($ in Millions)
Market 1971 1975 1980
Credit 65 130 250
nd Financial 10 25 50
jon and Travel 15 30 70
ing and Inventory Control 10 20 55
nd Retail 7 - 15 40
Law Ehforcament/Loca] Government 1 3 5
3 5 10
Medic%] and Health Care 4 30 200
5 _1 10
120 265 690

Source: Rehote Computing Services, 1972, Frost & Sullivan.

|

ition without written permission is strictly prohibited.
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Banking and Finance

Banks already are one of the largest usersio

services and data communication systems are revql

development of handling routine banking functioﬁs.

largest banks in New York and California operaté
processing systems and plan even more in the fut
In areas where small local banks predominate
remote computing services provide access to on-?i
particularly in many states where branch bankin&
A huge market potential exists in the Inteﬁb

tion area, although a number of legal restriction

complete automation of this function.

More specifically, application areas 1in bank

communication systems are as follows:
Teller inquiry for demand and time dep&s
Passbook and account balance.
Demand deposit and processing.
Credit card authorization.

Customer information inquiry.

Future expansion is expected to include such

FEDWIRE - connecting all Federal Research Banksi
ing the largest 200 commercial banks in the coudt

corporate services including funds transfer, ba]b

commercial and corresponding bank customers. For

- FROST & SULLIVAN INC. NEW YORK CITY

f on-line computing
utionizing the

Most of the
substantial tele-
ure. |

., suppliers of

ne anking systems,
is not allowed.

ank transfer func-

S may prevent

s using data

its.

app]%cations as
BANKWIRE - connect-
ry, ahd special

nce reporting for

more detailed

examination of this end user market, see Frost & Sullivan's

"Banking Information Systems Market."

| 24 111 {14 |
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INEVY TAJETIN AT 1

cking Systems

Credit Che

%his
catio%s in
1ow-cbst t
boost inst
dustrhes.
baseﬂ remo
serv#ces W
card;autho

The g
point-of-s
combined i
sets and a
cred?t can
serv%ces 3
placé. Se
compjete g

iCred1
most;volum
cred?t bur
Asso%iatio

|
already ta

area is developing into a major market for data communi-
the retailing industry during the 1970's. Specialized
erminals and communication services are expected to
allations of such systems in retail outlets of many in-
Traditiona] credit bureaus are converting to computer

té access data bases and are automating credit evaluation
hich may be tied in with the vast networks for credit
r%zation.

rowth in this area is linked to development of suitable
aﬁe terminals. Some system will have special features

n the cash registers, others use touch-tone telephone
upio response units. Experiments with magnetically coded
ds for use at point of sale terminals and 24-hour banking
ﬁe pointing the way in which developments are taking

é Frost & Sullivan study on Point of Sale Terminals for a
{scussion of this market.

t verification operations of all types preseﬂﬁ one of the
inous potentials for data communications. Thére are 2,900

eaus in the country, of which 2,200 are grouped into the

n of Credit Bureaus of America, a national organization

king steps to computerize credit verification operations.
\ 1
EstiWatés give a minimum of 100 million credit reports being issued
every yea";

' There

as the usa

uction without written permission Is strictly prohibited.

;are at least 200 million credit cards already issued and

ge increases, so does the need for credit card sales
\

[ 111 | 15 |
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|
|

authorization. Specialized services such as Credi
|

and National Data Corp. will grow and additional s

to provide this type of service in specialized ind

cashing verification systems are another form of ¢

already taking shape in several locations. Firm§

and Telecheck are examples of the services being o
|

computers, terminals and data communication system
|

another. \

©1972 FROST & SULLIVAN, INC. Reproduction without written permission Is strictly prohibited.
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ffere@.

t Daté Corp. (TRW)
ervic%s will form
ustrips. Check
redit;checking

such hs Telecredit

A1l use

s of one type or
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Securities
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[ddustnx

The bro@erage industry is not only well accustomed to the con-

cepts of te
sophiskicat
supplied by
Bunker}Ramo
U]tronﬁcs (

Sitiﬂ
go unﬂulfi]
tionsiso1ut
officq proc
the p&st.
mating inve
and cémmodi

fhe tn
priva?e net
Lynch; Pier

tance to us
|

rﬁinal oriented systems, but is also one of the most
ed users of data communications. Several services are
fe]ative1y well established organizations such as
,iwhich operated the NASDAQ system among others,

Gﬁ&E) and Scantlin Electronics.

t%ere are several needs of the brokerage industry that
1§d and present additional potential for data communica-
ibns. These are automation or order entry and back
e§sing functions which have caused so many problems in
Additionally, opportunities appear to exist in auto-
thent advice and counsel, large block odd-lot trading
ﬂies in-house trading.

Qnd in this industry is towards installation of large
qorks by the leading brokerage houses such as Merrill,
| There seems to be a reluc-

qe, Fenner and Smith, Inc.

e outside services in the securities industry, but

whichever way systems are developing, they will present markets for

data commun

jcations equipment. There is always a multitude of

small brokerage firms which are not in a position to automate their

own operatij
operaFions
Servi

tion for i

éns and have to use outside services. Both types of

wi]] co-exist.

cés are also being developed to provide trading informa-

nstitutions which trade in large blocks, often on the

thirdimarke% outside of the main stock exchanges. One such service

| |
is AuTex and there are continuous arguments about the future 50Ssi-
| ‘

bi]igies of automating the stock exchanges. Such developments

would requli

large markets for data communications equipment.

ion without written permission is strictly prohibited.

re massive real time systems and would present very

11117 |
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Transportation and Travel

i
This market consists of the many reservation s
\

lTines, hotels and auto rental agencies. Some morq
|
systems also handle theater and sports events and?e

and may extend to other areas. While these systems

T T FROST & SULLIVAN ITNC.  INEW TUMIC Uiy

ystems for air-
specialized
ven clamp sites,

are well es-

tablished today, they present large markets for mdre efflicient data

communication devices and equipment which will effect cost savings

and increase productivity of the existing systemsi
Airlines are the leading users of reservatioﬁ

expected to eventually extend those to automatic éa

ing. In most cases, airlines support theirn own iﬁ—

and their investment in equipment reaches into the
|

of the total corporate revenues.

This is also true of the major hotel/motel cﬂa

Holiday Inns is the leader with its well known Holi

systems and are
ssenger ticket-
house systems

2% tol 3% range

ins, where

dex system.

Other hotel chains are operating similar in—house?systeﬁs, but

smaller groups ré]y on outside services,subscribiﬁg
participating organizations.
sidiary of Planning Research) and National Data Corl
such services.

Additional use of on-line systems is made inia

‘

scheduling, spare parts control, freight handling?a
scheduling. Where railways play a significant ro?e
transportation, there is also room for resérvatioﬁ
is automating its system and reservation systems éx

Western Europe and Soviet Russia. *
The future lies in growth of interconnections

\
reservation systems and increase of terminals in mc

not serviced this way at present.

with several

International Reservations (a sub-

p. provide

irline crew
nd %iight

for |[passenger
systems. Amtrak

ist in Japan,

between various

re remote areas

28] | 111] 18 |
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Manuféctur

Futur
focusiprim
orienﬁed a
ing, @istr

&he a
try éxpect
duri&g the)
the éxpans
corpératio

1The 3

will inclu

i

ﬁg and Inventory Control

a}growth of data communications in manufacturing will
afi]y on expansion of existing facilities. Communications
pb]ications today include a variety of accounting, market-
ibution, proeduction and management operations.

uiomotive and general manufacturing sector of this indus-
s;its data communication needs to increase 4 to 6 times

decade of the seventies. Primarily this will encompass

ﬂon of the use of specialized systems from large

ns to smaller companies.

ﬂplications expected to become more widely introduced
Je:

ﬁp]oyee skills and personnel information data banks.

Payables and receivables clearing systems.

T Automatic remote order entry systems.

)ﬂ-]ine order status inquiry.

| On-line price quotation and delivery estimates.
S&pplies and parts ordering systems.

|

! Centralized production control and scheduling.

\ ! ‘

| Aqvanced interactive research computation systems.
| ‘

‘ = ; 2 y . :
' Majolr economic sectors involved in manufacturing with the

gre%test

aerqspace,

| . . . .
market potential for data communications are automotive,

;primary metals and general manufacturing industries.

| [
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Wholesale and Retail

Industries

Use of data communications in wholesale ani
is closely tied to the availability of acceptable
terminals. The three areas of most likely potent
are in general merchandising, food and gasolineia

Many applications today are basically credit
systems and, as such, have already been discusseb
systems industry. But the industry has additionﬁ
accounting, distribution and warehouse inventory
systems will combine credit, distribution and saﬂ
The point-of-sale terminals will havé

collection devices accepting standardized tags, ?

functions.

inquiry terminals,as the cost conscious industry

support more than one device for the task.

In the gasoline and o0il retailing industry,i

& SULLIVAN INC. NEWYORK CITY

contrp].

1
retaill markets
point-of-sale

ial in the future

nd oil marketing.

authorization

under credit

1 potgntia] in

Future

es data analysis

to serve as data

5 well as credit

is unTike]y to

credit authoriza-

tion and credit cards are widely used; but data bommunication

applications are expanding into automated bulk %we] distribution

to service stations. The expansion of point-of-s:
|

pends on availability of low cost, specialized tér

the one being developed by a subsidiary of Hercu?e

which is being introduced by National Data Corp.%1

it§ credit card authorization systems.

ile systems de-
'minals such as
s Powder Company

to the users of

30
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Electnic PcWer, Gas and Water Utilities

fhese organizations are expanding their present use of com-
puters for datch processing and billing to on-Tine use, incorporating
termiﬁa]s fdr querying and updating customers' records.

Meter ﬁeading is a time consuming and costly routine function
of thé utilities and appear: to be the most promising area for
application of extensive on-line recording methods.

$evera1 companies, including IBM, developed techniques whereby
gas and watgr meters can be queried remotely by a computer, using
existing ho@seho]d telephone lines. As the use of such technigues
grow, the 1#11ities will present large and ubiquitous markets for
speci%lized;on-line data recording systems which will require data
cohmubicatiéns equipment.

bti]it%es may also operate their own private communications
netwokks, using their own rights of way and thus do not come under
the controll of Federal Communications Commission. The data communi-
catio%s market potential in these organizations seems to be neg-

lected so far, perhaps awaiting specialized meter reading equipment.

withithe lead taken by the more advanced utilities and the larger

among them|, pressures may develop for all utilities to take that
route to dlata collection and offer improved services to their cli-
entsi Remoke meter reading will then present a significant data

‘ |

communications market.
| |

| [ 31 [ 111f 21|
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|

|

|
Medical and Health Care Industries

1
The health care function represents one of |t

\
It is a vast network,

industries" in the nation.
co-ordinated, of hospitals, laboratories, medicé]
administrative organizations scattered throughout
To keep hospital costs stable and attempt ﬁo
considerable automation of acccunting, schedu]iﬁg
tions is mandatory. More advanced app]icationsi
amenable to regulation, are the patient monitorﬂn
use real-time sensor inputs, and medical diagno%i
remotely accessible to doctors at any time.
There seems to be a trend for outside servic
groups of hospitals into cooperatives operatingis
puterized services for several hospitals througﬁo
thereby requring data communication systems forit
McDonnell-DouglasAutomation, for example, serveg
line to a duplexed IBM 360/50 system. , 3
During the seventies, the medical community
strong pressures to improve services as a resu]ﬁ

1ic policies and attitudes. This will mean massi
services and organization of patient history daéa
admission records, medical records and billing fu

Numerous small hospitals unable to deve]op}t
will continue to favor cooperative approaches oé
independent services specializing in provision Sf

bank information on-1ine to the user.

& SULLIVAN INC. NEWYORK CITY

he largest "growth
alas not very well
doctors and

the continent.
operate profitably,
and billing func-
controversial and

g sysﬁems which

s data banks

es to organize
pecialized com-
ut a%region,

he purpose.

37 hospitals on-

may be experiencing

of cHanges in pub-

ve a@tomation of
banks, hospital

nctions.

heir own systems

will subscribe to

medical data
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The insuraﬁce Industry

applicati

5% of all

inquiry.
!
Addi
|

include s
medipa] d
more use

function.

. Prop
\

communica
tioq, tra

offﬂces 3
|

futqre ex
\
CIf ¢
beiﬁg in

pre$sures
|
claims ha

\duction without written permission is strictly prohibited.

' Policy holder inquiry from terminals is a major existing

ah in this industry, but estimates indicate that less than

l1ife policies in force are accessible for remote status

| ‘
tional use of data communication systems is expected to

uch applications as data collection for premium payments,
ata base inquiry, on-line status and value information and
|

of on-line services to support the insurance sales

e}ty and‘casualty insurance will extend the use of data
tﬁons for similar status inquiry applications. In addi-
nsmission of claim and transaction data between field

nd central files will become a substantial area for
ﬁansion.

he widely discussed "no fault" insurance comes into

ﬁhe automobile insurance field, there will be additional

| .
on competing insurance companies to speed up efficient

ndling systems.
|

T T
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1V - PRESENT DATA COMMUNICATIONS PROBLEMS

Summarz

1.
There is a basic mis-match between the dataispeedsiof the
originating business machines and the transmission faciiities,
which were not designed to carry such data. Thﬂs is not only the
difference between digital and analog plants, buﬂ also Ehe fact that
only rigid speeds within limits are available at}which the facili-

‘ 1
ties can carry data. These are usually different [from the speeds at
\ 1
which business machines generate data. It shou]ﬁ be noted that the

new specialized carriers are planning a much wider| offering of
\ \
transmission speeds, both digital and analog.

| |
. " e pms | .| .
This chapter discusses specific data rates of| various business

| |
machines and transmission facilities. A list of:the communication

tariffs reflected in the specific services offer#d by the common

: | ;
carriers also underscores a further factor that must be| considered

|
by the data communications user.
o R R I
By counterpoising system elements, transm1sspon facilities,
|
| |
common carrier services,and operational responsibiflities, we try
|

| |
to outline the magnitude of the problem and indicajte the numerous
| [
and often confusing solutions to the user. But ex{istence of prob-

lems also spells out a source of business to the %now]edgeab]e

LT "N i | e e b, S S, S e [ gy, e ek, SR s, e——
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manufacturer who can alleviate the irritation and

transmission by offering cost-saving equipment and

unfair cost of

services.,
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Present Daté Transmission Problems )

bata communications as a concept dates back to about 1975 when
it fifst became possible to connect computers with existing communi-
catiohs netkorks. It is not just the transmission of data from its
origi% to ajdestination. That function can be performed by tele-
typewyiter ﬁetworks (TWX and TELEX) and does not involve computers
for process%ng of data even if a computer is used for switching of
messages. Pata communications, by definition, involves a computer
which plays a vital role in processing the contents of messages
being%sent éo 1%«

ﬁdea] éata communication facilities would offer wide band
digiﬂa1 trahsmission, but in practice installations of such facili-
ties%would Be a lengthy, expensive and regulated activity. As a
requt, daté communications today utilizes existing common carrier
switqhed teﬁephone plant which, of course, was primarily designed
for Aoice cbmmunication.

}Howevef, the very ubiquitousness of the telephone systems makes
themiparticb]ar]y attractive for data transmission and various
servﬂce combanies are constantly looking for the most efficient
methqd of eﬁp]oitation of the existing telephone plant. Because
modeﬁs are mandatory for transmission of digital signals over
ana]dg networks, manufacturers of these devices have received
consﬂderab]? attention.

iThe Use of existing voice networks is only possible for data

communications because electrical pulses generated by business

machines aﬁe converted to audible tones approximating the range of

‘ l 35
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the human voice. Modems make this conversion posslible.

Multiplexers are also of significance in bringing

of long-distance communications and thereby he1p1to get

|
of the existing rate structure which were conceived wit

communication in mind. | |

down the cost
the most ocut

h the voice
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Elements off a Data Communications System
\

A data communications system typically consists of several well

defined grcdps of elements. In design and operation of such a sys-
tem, all elements play a role affecting the cost and overall per-

‘ 1
formance and because of their great number and variety, present a

difficult choice of numerous solutions to the end users.

System Components
| |

These consist of end users, operators and clients of
information services as well as data terminals, data
collection devices, modems, multiplexers, concentrators,
communications processors, data transmission control
devices, central computing and processing facilities.

Transmission Facilities

Telegraph lines (sub-voice facilities)
Vpice-grade network channels
Broadband facilities of common carriers

£ommonjCarrier SErvices

ublic Telephone Network (DDD)

ATS (Wide Area Telephone Service)
eased low-speed lines

eased voice-grade lines

WX or TELEX

atacom

roadband Switching Exchange

ELPAK (Series 5000)

ideband (Series 8000)

ataphone 50

jigital Data System (DDS) - expected in 1974
CI - multi-bandwidth service proposed
ATRAN - Switched data service proposed

OROODEsE4wWoOAr-r = o

;0peratﬁons

‘ Qn-line data collection Record keeping and per-
Joftware design and formance analysis
" maintenance Error Control
1 RPolling, contention Inquiry handling
; ~and selection Priority assignment

| Message Switching
Data Management

|
B
j
|
!
i
]
I
i
1
E
1
1
|
i
1
1
|
i
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Sbeeds of Data Processing Equipment

In order to understand more fully the problems associated with

data transmission over the existing telecommunications facilities,

it 1s§best Fo study the operating speeds of the various data pro-

cessing devices such as terminals, printers, tape drives and cen-

tral processors and then compare those speeds with those of the

telephone

transmission facilities.

The clommon carrier networks involve a huge plant, estimated to

reprqsent

many years|.

already an investment of $70 billion and developed over

While changes to accommodate data traffic more effi-
i

ciently arle under way, it will be a long time before specific facili-

ties will

ther%fore

provide as universal a network as the telephone. It is

necessary to design and use special data transmission de-

| |
vices such as modems and multiplexers in order to make the best

possﬂble use of the existing facilities.

Type;of Data Processing Device

Speed of Operation in'Bits/Second

Paper tape punch up to 75
Teletypewniters 45 to 150
Card}punchds 1,500 to 5,300
Paper tape readers 2,800 to 8,000
CRT displays up to 8,000
Card readers 3,200 to 10,600
Line printers | 6,000 to 19,400
Magnetic tapes and disks 120,000 to 2,700,000

Drum storage devices
Central Processing Units

up to 8,000,000
2,000,000 to 16,000,000

Source: High Technology West, Data Communications 1970.
\

| 39 | IV
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|
|
|
|
|

Available Data Transmission Facilities

To transmit data between the wide variety of terminals and
computers, several line circuits are being offered by the common
|
carriers. These are broadly categorized into 1ow{speed, medium-

|
and high-speed lines and their transmission speed rjanges are given

below. i
|
\
|
|
Common Carrier Faci]iﬁy Capacity in
Type of Facility Service Classification Bits per Second
Sub-voice Type 1002 Up to Sb Baud |
Type 1005 Up to 75 Baud |
Type 1006 Up to 150 Baud
Voice-grade Type 3002 1,200 to|2,400 BPS
+C1 conditioning to 2,400 BPS
+C2 conditioning to 4,800 BPS
+C4 conditioning 7,200 to|9,600 BPS
i
Broadband Series 5703, 8803, 11240* 19,200 BPS
Series 5701, 8801, 11048* Up to 150,000 BPS
Series 5751, 11240* 250,000 BPS

|
2
|
|
*Series 11000 offerings are scheduled to end in Nov. 1972.
\
Source: Frost & Sullivan, Telephone Interconnect Market. ‘
\

Faced with a variety of circuits with various transmission
| !
rates, the user is confronted with a difficult choice of equipment

and facilities to make the most efficient use of hfs resources. To

\
further make this choice more difficult, he is a]sq confronted with
several services made available by the common carrﬂers using the
various facilities described above. The different types of services

available and their tariffs are listed on the fo]]dwing thb]e.

40 || 1v 1 -
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Commén Carrier Services

@1972 FROST & SULLIVAN, INC. Reproy

The user in design of a data communication system must consider

bothithe dial-up and private lines alternatives available from the

common carriers. While cost is the foremost consideration in selec-

tion, if
1ati§n of
prov@ mor

But w
connkct t
Thus, air
on use of

The p
traﬁsmiss
transmiss

'In ge
of 3,600
on1§ posS
connectig
obtain th

‘Begim
facilitie

vate line

dia?-up u

futire ma

andifacil
|
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aisystem is geographically dispersed and has a mixed popu-
a variety of terminal devices, the dial-up network may

e economical.

hére the response time is a factor, the 15- to 20-second
ime delay in long distance dialing cannot be tolerated.
line resérvation systems and business systems mostly rely
brivate telephone lines.

rpb]em with dial-up systems becomes severe when high

ibn speeds and data volume make extended long distance
ibns very costly.

ﬂeral, dial-up facilities are good for transmission speeds
to 4,800 BPS and higher speeds of 7,200 and 9,600 BPS are
ible with private lines. On dial-up systems, a 4,800 BPS
d, once achieved, is not assured because the user does not
| same circuit each time he dials. d

e

|

qing data transmission users usually start with dial-up

| .

s until their data volumes build wup to a level when pri-

s become economic to operate. In a way, the multitude of

\
sers now developing in various industries are a potential

Wket for more sophisticated data transmission equipment
jties.
|
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Type of Service Common Carrier | Tafiff No.

| |
Leased low-speed Tines AT&T | 1260
Western Union ‘ | 254
Public Telephone Network (DDD) AT&T i 263
i
WATS AT&T ; |1 259
TWX Western Union i 240
TELEX Western Union } | 240
Leased voice-grade lines AT&T | | 260
Western Union | 254
|
MCI leased lines MCI ! -
|
Datacom (45 cities only) Western Union ; ‘257
Broadband Switching Exchange Western Union 246
|
TELPAK (Series 5000 channels) AT&T | 260
Western Union w ‘
| |
Wideband Data Channels AT&T ‘ 1 - 260
(Series 8000) Western Union - 254
i
Dataphone 50 AT&T | 263

Source: Computer Decisions, Nov. 1971.
\

capacity, the best way to optimize transmission is to use concen-

|
|
\
|
|
|
1
|
| |
It is quite obvious that faced with circuit$ with specific
|
i
|
trating techniques or multiplexers to get the most value from

| |
existing analog facilities. 1In order to be ab]eito use the analoy

| |
facilities at all to transmit data streams, modem|equipment 1is

‘ |
required. Thus, modems and multiplexers become $he 1néispensab1e

devices for data communication. |

|
A third and increasingly important element %5 the communica-
tions processor whose importance increases with %he complexity of

communications systems being built today.

42

©1972 FHOST & SULLIVAN, INC. Reproduction without written permission is strictly prohibited. } | 1V 9 l




FROST & SULLIVAN ING. NEvw iTLnRn Wil

Adequacy of Carrier Facilities for Data Transmission

jAs far back as 1966 the Federal Communications Commission began
an inguiry into the "Regulatory and Policy Problems Presented by
the Interdependence of Computer and Communication Services and
Facilities."
10ne of the topics considered was the adequacy of common carrier

services and facilities for data transmission.

pute} users participating or commenting on the FCC inquiry identi-

Many of the com-

fied serious deficiencies in the services of the telephone companies
as well as in those of Western Union. These depositions were made
about 1968 and urged the Commission to undertake certain improve-

ments and | modifications.

These specifically referred to provision of additional channel

bandhidths; development of a widespread switched broadband service,

©1972 FROST & SULLIVAN, I”C. Reprod

reduction
reduétion
rapid int
microwave
encies of
missﬁon o

networks
\
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in the three-minute charge period on the dial network,
of error rates in data transmission in general, and more
roduction of digital transmission systems and digital

at lower costs. The awareness of many of these defici-
Fhe existing switched telephone network for‘ihe trans-
f;data was instrumental in the design of the common carrier

of the specialized common carriers.

| 43
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The Regulatory Bottleneck

|
AT&T has dominated U.S. communications for al

years, effectively keeping real competition out &f

which is one of the country's largest. Communic#t

over $20 billion in annual sales, accounts for 8%

dollar and 2% of the Gross National Product. }

Until a little over three years ago, communﬂc

use only telephone company equipment on switched}t
|
networks. Until two years ago, users (apart from
|
|

own networks) could choose only the telephone co“p
wanted communication Tinks and until recently, iﬂ
telephone company would successfﬁl]y block the inﬁ
Domestic satellite system.

The Federal Communications Commission, which

tory jurisdiction over the interstate common carri

services, tended over the years to become dominat@

and until recently protected its status quo. |

But communications carrier services are provi
|

monopoly basis. Each telephone company has a monb

TIIWET O YULBI VAT 10w (VWY TOrovwrr e

most one hundred
this industry
ion amounts to

of tMe business

ation users could
elephone company
building their
any if they
looked as if the

roduction of a

exercﬁses regula-
er communications

d by the industry

ded on an almost

boly in providing

service in its own geographic region and a]though%westefn Union

: . " . $ o ‘el
provides private line services "competitive" with

phone companies, its offerings and rates are idenk
established by Bell and copied by all independent

telephone companies as well.

those of tele-
ical to those

(non-Bell)

The Federal Communications Commission has broad powers to

review rates and tariffs, determine investment and

operating

IR I
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&nd review the applications for new plant installations.
ﬁfect the force shaping all of communications carrier
with local state and city regulatory bodies more often
ﬂmply following FCC's lead in the matter.

dmmunications industry is regulated on two levels:

& State-City level. The Federal level, or the Federal
ions Commission, is responsible for interstate matters
ate and City agencies handle intrastate activities.
ﬁica]]y, the regulatory agencies govern pricing which in
ﬁines the profits the common carriers can earn by control
ariffs. Policy and questions of "orderly development"
Ae responsibility of the agencies. This includes

f lTocating communications equipment, as well as investi-

&omp]aints from the users. All agencies are involved in
4 rejecfion of applications from potential new common

é the regulatory bodies have made no attempt to regulate
‘of equipment or services attached to the telephone net-
QOmpetition among suppliers of such equipment is looked
satisfactory substitute to regulation. Potentially,

He possibility of regulation in this area always existif”

Tnot be overlooked.

e has a regulatory body as well as some cities in the

exas. A1l told, there are 47 Tlocal regulatory agencies.

[ a5 [ 1v |12 |
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Interfacing Problems

Use of independent modems with dial-up faé111tieg now requires
the user to interface to the line with a DirecJ Accesg Arrangement
(DAA) which can only be rented from the telephonle company. The
device rents for $2 to $8 per month and, amongiother ihings, Timits
the signalling power of the attached modem so that exFessive power
surges and resulting crosstalk are prevented. Nodemslrented
directly from AT&T do not require the use of DA% devices.
Acoustic couplers, which are low-speed asynchronous modems,

with an acoustic connection to the line via the telephone handset,

\

do not require the use of a DAA. While transmi#sion speeds of

\ 1

couplers are limited to a maximum of about 600 BPS, these devices
1

|
offer the advantage of low cost and portability.

Bell DAA units are only available on a rental ba§is from ATA&T,

|
but independent telephone companies are supplied|by o#her sources.
|

Firms 1ike Elgin Electronics, Pulse Communications an# Precision

Components manufacture non-Bell DAA units equivalent to Bell's and
‘ |

will sell them even to end users at $85 to $200 per uhit, though
,,‘
what users can do with them is a moot point. i
‘ \
A Dittberner Associates report made to the FCC concluded that

manufacturers of modems could easily build protéctive;circuitry
\

|
into their products and suggests a standardizatiagn and certifica-
\

tion program as an alternative, as well as 1ice¢sing of installa-

tion and maintenance personnel.

©1972 FROST & SULLIVAN, INC. Reproduction without written permission is strictly prohibited.
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Data Communications User Attitudes
| |

©1972 FROST & SULLIVAN, INC. Reprodug

Perhaps most insight of the problems existing in the data com-

municétions}industry is given by the present attitudes of the users

i
towards ex

In a study

'éting services and the common carriers who supply them.

ﬁy Booz, Allen and Hamilton prepared for Datran Corp. on

data &ransmission markets of the 1970's, a survey of such attitudes

\
was made a
\

borne in m
conditions
|
vested int

\
case for h

gesteb tha
initial co
sideration

Most

data!commu

services o
|

1nadéquate
‘This
consﬂdered

not Jeve1o

the best u

in 1970 th

tions were

revenues,
\

advertisir

*tion without written permission is strictly prohibited. [

wé we pass on here some of the highlights. It must be

ihd though that this study, while critical of existing
,iwas also assessing future markets for a client with
efesté in becoming a common carrier and trying to make a
imself. Apparently unpublished parts of the study sug-
tjthe proposed six-second minimum charging period for
nnection may have to.be revised because of market con-

sL Here are some of the user remarks.

uéers, it appears, recognize the potential of advanced
nﬁcations applications, but are discouraged by present
f;the common carriers because of a limited selection,
berformance and high cost.

aneral statement is good as far as it goes and must be

Hn light of the fact that common carrier services were
ﬁed for data communications users and the users are making
se of what is available. It must also be remembered that
é revenues to the common carriers from data communica-
jbut a small percentage of their total communications

‘

grobably less than sales obtained from the yellow pages

g. Faced with continuous vast investment in new plant

g7 o i s Joraed
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Just to keep up with the voice communications grow

carriers could hardly have taken a different cours

a small group of data communications users.

Most often quoted problems experienced withi

services by the users were: lack of carrier respo

sensitivity to customer needs; poor coordination;w
\

suppliers; and inflexibility in design of services.

|
claimed poor service and maintenance of transmissi
|

To compensate for these inadequacies, determi
|

to have installed excess facilities, operated unde

designed own error detection and correction system

designed computer applications to fit available ﬂr

facilities and services.

Users generally feel that unless data transﬂi
less costly, more flexible and reliable, vital dit
applications will be delayed. Improvements sugges
include wider selection of services, lower cost én
ges, simpler rate structures, better performance?a
customer and field service of the common carrieré.

It is clear that because of these attitudes 't

demand for independent equipment which will improv

O

of the common carrier plant.

7 FHUSI & SULLIVAN ING.
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The Chan

\ - EMERGING DATA COMMUNICATIONS SOLUTIONS

The
1atbry o
and| the

Fro

\

to Fhe t

uniks, t
|

All

ultiplexers and

|
ing Regulatory Climate
I
past five years have seen tremendous changes in the regu-

limate, much of it as a result of rapid growth of computing

need for efficient data communications.

s# & Suflllivan has identified 256 companies selling modems,

communications processors equipment for attachment

clephone networks.

There are many more producing PABX
elephone

Fhis is

sets, answering machines and other devices.

due to the fact that the Federal Communications

Com@issioﬁ and major state regulatory bodies have recently become

remgrkab

ly favorable to interconnection of customer-owned equipment

to the telephone network.
‘ |

itse]f, in its landmark Carterfone decision of July (1968,

broke the telephone company's monopoly on supply of terminal equip-

ment and
\

pho?e network.

|
systems to be attached to or interconnected with the tele-
|

This cleared the way for the rapid emérgence of the

ind%pendeﬁt modem, multiplexer and communications processor indus-

tri?s.
' In A
1
sioﬁ, aut

market ag
with Bell
| Foll
gro*ing n
\
!
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|
ugust 1969, the FCC, in an equally precedent-setting deci-

horized Microwave Communications Inc.

a first specialized common carrier to compete directly

(MCI) to enter the

and Western Union.

owing its "computer inquiry," the FCC also recognized the

eeds of the computer community for more adequate data

; FROST & SULLIVAN INC. NEWYORK CITY
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transmission facilities.
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The Commission also made an attempt to defibe some rules which

allow computer users to install and operate messé;e—switching sub-

|
systems, provided the message-switching feature relates to the data
|

processing service and is not offered as a commun

cations facility.

This, in turn, is the basis for the emergence of the communications

|
processor industry. {
|

In response to these pressures, AT&T reviseﬁ

its tariffs per-

mitting the attachment of customer-provided equibment such as

‘ \
modems, multiplexers and data controllers.

They!‘urthér now permit

the interconnection of customer-owned communication systems through

PBX switchboards, although several protective restrictions are

imposed on such activities. i
|
|

Another tariff revision permits the joint use of fe]ephone

voice-grade and telegraph private lines, a feature also proposed by

|
MCI in its new specialized service. ‘

The present restrictions imposed on the attachment of customer-

- \ \
owned equipment require: (1) the power and spectral energy dis-

|
tribution of signals....to stay within prescribed
\

\
limits; (2) the

[
use of a "protective connecting arrangement" supp]ied by the tele-

phone company known as the Data Access Arrangemept (DAA); (3) that

all "network control signalling" be performed by}

equipment.

telephone company
\
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ance of the Carterfone Decision

%changes brought about in the communications industry by
Qrfone decision can only be called revolutionary. It stim-
He industry with an influx of new technologies developed in
;nd aerospace which so far could not find a commercial out-
also created a whole new "interconnect" equipment industry
%nera] benefitted the user by lowering the costs of data
%tion hardware.

1process is continuing with data terminals and multiplexer
as communications controller manufacturers further reducing
%ystems costs by incorporating modems into their equipment.
common carriers responded to the sudden competition by

|

3their tariffs and cutting prices, all in favor of data

ations users. In fact, in some instances the reduced rates
| !

‘modems are so low that the newly emerged competition i
it tough to keep in step. (::::i:::’

ally important as a result of the Carterfone decision is
tion of a new outlook on the communications in general and

arriers! role in particular. No doubt it was an accelera-

\
tor in reaching the following year a decision to allow

cialized common carriers" to compete with the intercity

e network itself. This triggered a flood of over 1,900 new
é station applications from several firms proposing more

\
000 miles of new carrier facilities in the country.
|
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Emergence of the Interconnect Industry

\
It seldom happens that a completely new-indu

a result of a regulatory decision, but that is éx

Connection of ch
i

ment to the telephone networks is breaking up a1s
|

after the Carterfone decision.

ture of the communications industry and creates n

for numerous entrepreneurs.

Major industrial markets developing as a rés
vate automatic branch exchange (PABX), te]ephong
speaker phones -- possibly even private videophén

- :
plexers and communications controllers operating
\
Mobile radio, microwave transmissio

\
meter reading are also industries significantly a

. _p |
interconnect opportunities.

interconnect equ
\

interconnect market for decoratb

|
answering devices and telephone gadgetry of inter

ing devices.

Parallel to the industrial

also a household

suppliers. The Carterfone decision in fact opene

tions Pandora's Box and new companies are appeari

|
|
eager to cash in on the new opportunities.

By far the most important to the data commun

the freedom to connect to the telephone network
|

factured modems, multiplexers and controllers. T

on the markets for these devices which spec1f1caJ

1
“We do not d1scuss term1na1s and pe

s o] £ BT TN

are also connected within the data commun1cations

1nterested 1n more 1ns1ghts 1nto such markets are
“Remote Comput1ng Serv1ces Study" wh1ch was pub11

Su111van 1n March 1972

emen
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tions.

services of this type.

hicago and St. Louis.

ed a nationwide communication network.

800,

5,400, 6,000, 6,600, 7,200, 9,600,

dan connect directly to that network.

\
its.

f 3 minutes in telephone networks today.

month basis.

!
hort bursts.

uction without written permission is strictly prohibited.

MCI offers

14,400, and
!
tages of private microwave systems on a monthly basis.

an will offer several new features and proposes a wholly

d digital network, obviating the need for modems for the

new carriers are promising error rates better than 1

FROST & SULLIVAN INC. NEWYORK CITY

r new common carriers that are of interest to the data com-
n§ user are the MCI and its affiliated subsidiaries;
subsidiary of University Computing; and Western Tele-

Additional organizations are planning to offer

already went on the air in January 1972 with its first link

Within two years, MCI will have

initially

\
peeds: 75, 110, 134.5, 150, 200, 300, 600, 1,200, 2,400,

This service is not radically new and basically offers

Datran plans trans-
ﬂ four speeds of 150, 4,800, 9,600 and 14,400 BPS and

be on the air with its initial links in the mid '70s.

in 10

Datran proposes a minimum call of only 6 seconds,

MCI and all

c&a]ized common carriers offer a leased line service on a
Whether Datran's minimum 6 second charge

11 turn out to be practical remains to be seen, as studies
future data communications traffic may indeed be composed
Both new carriers must also solve local loop

to be fully accepted by the data communications user.
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The new independent common carriers are a]sd
for the independent manufacturers of data communic
MCI, for example, is installing Time-Division muﬂt
Chicago to St. Louis link. MCI has installed mode
plexers purchased for outside suppliers in the Ch

route. Use is made there of Timeplex TDM units ah

ting simultaneous transmission of multiple data 4t

to 9,600 bits per second, over the wideband sectiP

|

\

The advent of the new carriers is also forcin
\

common carriers to update equipment faster than t%

microwave system.

ginally planned in order to meet the competition.

carriers are not only themselves immediate custome
ment, but may be acting as catalysts for additiona
established networks as well.

|

The Bell system already announced that its go
all computer controlled system by the year 2000.

means that independent telephone companies will bk

Tine to conform to Bell System plans. |

Neither Datran's nor MCI's final nationwide t

. . . \
rates have been announced; estimates indicate they

slightly less than Bell & Western Union.

Readers wishing to obtain additional informa#
new common carriers are directed to a previous stu
Sullivan entitled "Specialized Communication Carrﬁ

published in 1971. i
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The Bél] Digital Data System (DDS)

To meet the increasing demand for specialized data communica-

tions services and to meet the competition from emerging new speci-

alized common carriers, AT&T is planning to inaugurate the proposed

Digital Daté System (DDS) for private line users in 1974,

|
The first

point-to-point channels will operate in about 24 metropolitan areas

by the end

of the first year, according to L. R. Pamm, director of

Data Commuﬁﬂcations Planning at Bell Laboratories.

\
DDS w

4,800, 9,600 and 56,000 BPS speeds.

Ti chgnnel
are 2,500
50,000 dig
Data
ear]y;year
streaﬁs in
neath mess
Towar
vice for p
the s;rvic
While
lines, use
data in th
on an inex
desiéned t

;In a
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111 offer full duplex, synchronous channels at 2,400,

Within metropolitan areas, the

s will provide transmission facilities. At present there

Ti systems in service in the Bell system, providing over

ital voice channels.
Under Voice (DUV) technique will play a large role in

|
5 of DDS|

It will convert Multiplexed 1,500,000 BPS

to a form suitable for transmfssion in bandwidth under-
age channels on existing microwave links.

d the end of the first year of operation, multipoint ser-
oi]ing networks will be added; and by the end‘of 1975,

e is scheduled to expand to 60 metropolitan areas.

DDS system will eliminate the need for modems on private
rs face the problem of signal translation from digital
and back.

e wires to microwave Bell is already workin

pensive device known as Channel Terminating Unit (CT

o replace modems for this application.

|
recent statement and article, Mr. Leonard R. Pamm, who




©1972 FROST & SULLIVAN, INC. Reproduction without written permission is strictly prohibited.

B e I D e £ O

FROST & SULLIVAN INC. NEWYORK CITY

i

{

!

1

is the director of Data Communications Planning Cer
|

|
Telephone Laboratories at Holmdel, N. J., explained
-
the interfacing requirements between the customer a
|

Bell plans to provide two alternative

\
units known as Data Service Unit (DSU) and Channe]

r

Data System.

(CSU), a simpler interface designed for customers

|

perform their own signal processing. i
ser&i
\
the Bell network, but will be known as Office Cha?n

which will regenerate the data and prepare it for t

Corresponding units will exist at central

through multiplexing hierarchies. The diagram beio

proposed system configuration.

1ter Qf Bell

1 in %ore detail
nd tée Digital
J intgrface
Servfce Unit

ho pﬁefer to

ce offices of
el qut (ocy),

ransmission

w ouf]ines the
\

FIGURE III |
BELL DIGITAL DATA SYSTEM |
DSU [56KBPS 64KBPS |
or —— — o0CU ;
csu
20x2400BPS
___10x4800BPS 64KBPS |
DSU LOCAL
or ocy or
CSU [~ 7 MUX |
| 00P 5x9600
BPS |

|
|
OCU units exist only at Bell central service of

DSU or CSU units are installed at customer Tocation

fices, while the

s as required.
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distances in
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widths Tower
distance con
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ties today.
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of some 900

D

|
some 35 mill
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1j1970 an FCC decision favored allowing anyone with
technical and financial skills to establish and operate
atellite system and already eight companies have applied
g. Benefits of such satellite systems to the data com-
user include a distance-independent cost structure with
s only a fraction of corresponding microwave and cable
ng distance circuits. The drawback is difficulty for
data transmission because of a delay due to very large
volved.

te systems also offer a wide variety of channel band-
error rates than those experienced on present long

nections and relatively easy and economical access to

of the country without adequate transmission facili-

posed domestic satellite (DOMSAT) system participants
elow. For orientation, each transponder has a capacity
6ne-way telephone channels, one color TV channel or

ion bits per second of time-division multip]éxed data.

| [ 57
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TABLE VII
DOMESTIC SATELLITE BIDDERS

Total No. of

Source: AFIPS, SJCC Proceedings, May 1972.

Operational Total No. of
Operator Satellites Transponders | Earth Stations
AT&T/COMSAT 2 48 | 5
COMSAT 2 48 | 5
Fairchild Hiller 1 120 6
Hughes/GT&E 2 24 | 13
MCI Lockheed Satellite 1 48 1 | 20
RCA Global/Alascom 1 12 13
Western Telecommunica- i |
tions 2 24 | 6
Western Union 2 24 13
|
|

These applications are very much up in the air
(Sept. 1972). Latest development is that MCI, Loc%k

Comsat propose a joint system. If approved, Comsat

as of writing

eed and

would withdraw

its proposal for its own system, but still operate!one in conjunc-

tion with AT&T to serve only non-competitive portions of AT&T's

business.

v

[10 |
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VI - THE MODEM MARKET AND INDUSTRY

Summary
Without a modem,transmission of digital data over telephone
facilities c¢annot take place. This unique position that a modem

holds in a data communications system attracted numerous manufac-

turers| to t
lativeiy si
business resulting in a multitude of competitors.

thér a brief explanation of the various modulation techniques,
we define sjome basic characteristics of modems and present a com-
p1ete;1ist of units available on the market today. We also present
for cdmparison purposes modems offered by the common carriers.

Becau é the modem industry is going through a shakeout, we
discuss at|length the price erosion and the cutthroat competition
which is r sponsible for the situation. There is a great possi-
bility tha fthe modem of the future will end up in the terminal,
the mhltip ¢xer or even within the computer interfaces,primarily
thanks to QVancing electronics technology and introduction of MSI
and LST techniques in this field.

The chapter also outlines our market projections for modems

throqgh 1980 and assesses the market shares of modem suppliers and

their future in this business.

| | 59 [ VI [71 |
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The Reason for Modems |
|

T FRGST & SULLIVANINT,  NEW YORK GITT
1

Terminal, peripheral and data processing equipment in general

formed into analog form (modulated) for transmissio

produces binary, direct current (DC) signals, which

carrier facilities. At the receiving end the ana1p
reconverted back onto digital form (demodulated) fb

a computer or operation of terminal devices.

Typically the business machine produces a posﬁ

signal to represent a ”T" or "mark" condition and b
tive voltage for a "0" or "space" condition. Such
transmitted over an actual wire without modificatio
transmission distance and speed are not too great.

|
is not the case and modern communications systems e

equipment to permit many individual voice or data c

transmitted over a single wire, cable or microwav?

Such analog channels will not pass direct cuﬁr
therefore all signals for transmission must be in?a
current (AC) or analog form. Voice signals are én
with and can be transmitted without modification ﬁe
carrier networks were built for that purpose. Biﬁa

must be converted into analog (AC) form.

The device which performs the electronic sigHa
|

both directions is called a modem (abbreviated fr&m
ulator) and also known as Data Set (AT&T name). Unt

were only available from the telephone companies,ia

al manufacturers made these devices for private net

uses. Since then, independent modems are permittei
works and many new manufacturers of these devices h
the scene. |

must be trans-
n over common
g signals are

r processing in

tive DC voltage
zero or nega-
signals can be
n, but only if
Normally this
mploy carrier
hannels to be
facility.

ent signals and
lternating

alog to start
cause common

ry (DC) signals

1 translation in

Modulator-DeMod-
il 1969, modems
lthough sever-
works and military

on telephone net-
ave appeared on
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i

Modu1at50n Techniques

There are three basic modulation techniques:

frequency modu-

lation (FM); émp]itude modulation (AM); and phase modulation (PM).

Frequency modulation is the simplest and most popular method,

often employed in many low-speed modems. It depends on the change

in thverequehcy of the carrier signal to represent the "1" or "QO"

conditilon.

ing between

In its simplest form, it is the on-off modulation vary-

no frequency and some carrier frequency in a binary

manner. Frequency modulation is quite suitable for transmission

speeds up to 1,800 BPS.

In ampllitude modulation, the ampiitude of the carrier frequency

is varied to represent the two binary conditions. Usually the

larger amplitude represents a "mark" and the smaller the "space"

conditﬂons.

Feverai levels of amplitude modulation are possible,

allowing twijce as much data to be sent in the same time frame.

Frequency modulation has a noise advantage over amplitude

modulation emb]oyed over identical transmission facilities. But
|

amplitude modulation is capable of more efficient use of available

bandwidth.

Phase modulation uses a change in the phase angle of the

carrieq frequency to indicate the two states.

phase modems

Four- and eight-

are available, permitting up to twice or three times

the same ban&width. Modems operating on phase modulation principle,
generally fa}] in the high-speed category of 2,000 BPS and above.
A@p]itu@e modulation, phase modulation and more complex tech-
niqueslbasecion combinations of the above are used in medjum- and
high-speed mbdems. These special techniques are pulse-amplitude

modulation [(PAM) vestigial sideband, and quadrature-amplitude

modulation (QAM).

21972 FuOST 5 SULLIVAN, INC. Reproduction without written permission is strictly prohibited. | 1 1 J
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Characteristics of Modems

©1972 FROST & SULLIVAN, INC. Reproduction without written permission is strictly prohibited.

A11 modems designed to operate on dial-up or leased voice grade

telephone lines fall into synchronous or asynchronous data handling

categories. |
|

Asynchronous data is typically produced by 1$w-speed terminals

such as teletypes and transmission of characters fequires start

and stop bit information. Asynchronous modems are
|

low-speed devices

|
of up to 1,200 BPS over dialed networks and 1,800 BPS over leased

. . \
circuits.

Synchronous transmission uses internal clockpng within the

modem and results in better use of transmission facilities by

\
allowing higher transmission speeds. Because more

is required, synchronous modems are considerably m

complex circuitry

bre expensive.

The modem is an important element in a data communications
|

system because its choice determines the bandwidtb
the transmission channel used. It is also a facto
and error performance of a system. Therefore all

govern maximum practical transmission speed of a m
|
nificance to the user. 1

1. Bandwidth and quality of transmissioh
Acceptable transmission error rates.
Choice of specific modulation technih

Sophistication of signal detection mb
i

SO O W N

Automatic or manual line equalization

Because communications channel bandwidth is e
|

Error detection/correction provisions|

efficiency of

r in overall cost
factors which
bdem are of sig-
|

channel.

ue.

thods used.

capaBi]ity.

xpensive, it




|
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d as efficiently as possible. On the other hani, cost

dcreases rapidly for more bandwidth-efficient products

ophisticated modulation or equalization techniques. A

best advised therefore to attempt to optimize the entire

|
sidering both modem and channel costs at the same time.

ommunications system already uses Bell Data Sets, it is

also important to make sure that independent modems proposed will

be compatit

with the standard Bell Data Sets, this does not guarantee mutual

compatibili

le with each other. Although each may be compatible

ty, strange as it may seem.

In choosing a modem, price will be a major consideration to the

user but as one modem specialist points out, in many applications

the loss of revenue from one hour's downtime will be greater than

the djffereﬁce in price between a quality modem and a lower priced

product.

modems and

[ﬂ short, it pays to buy the very best when it comes to

in the long run this consideration is working very much

againkt mawy small firms offering cut price modem equipment.

A good measure of modem efficiency is the ratio of its speed

in BPS to the output bandwidth, sometimes called the Figure of

Meritjof th

e modem.

Other parameters used in judging competitive

equipment a#e mean time between failures (MTBF) and mean time to

repair (MTT

Rapid]ly becoming most important

R).

to the user also are the

opera&ional features of a modem, particularly on medium- and high-

speed devig

ition without written permission is strictly prohibited.

es. Some networks may require simplex, half-duplex or

| 63
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full-duplex transmissions and modems should be adaptable easily to ¢

any of those situations. Performance monitors and indicators, as

well as ability to perform diagnostic test routines may be im-

portant to the user.
|

AF&T refuses to sell modems to users,leasing them instead

at wha¢ are gonsidered relatively high lease prices. It is this

positipn of| Bell operating companies which allowed many independent
manufakturer; to take advantage of Bell pricing umbrella and offer
compa@ib1e modems at sale prices equivalent to 24 to 36 monthly

lease}paymen%s to AT&T. Of course several plans are being offered

by the independents, including leasing; and the main advantage a
|

|
user Qets i5 in choice of units and flexibility of prices.

S g

éecently AT&T announced the 208A modem for the 4,800 BPS

range‘at]e

unaware sin
$250 range.

1ease§of $1

asedpr1ces of about $100 which caught the independents
qe they had leased such units at prices in the $150 to
~ Now many independents are trying to equal the Bell

00 which is threatening to put them out of what they

hoped}was oﬁe of the most secure modem speed ranges.

*he tables following list the available modems from independent
manuf%cturers which we could identify and approximate purchase
price% for basic units. We also included a list of modems available
from the common carriers at monthly lease prices for comparison
purposes.

In the low speed areas, the important factor is compatibility
with%Be1] mbdems which a user can get readily from his local tele-

phoné company Above 4,800 BPS speeds, there are no such industry

standards as at lower speeds and the user must evaluate carefully
\

any modems

unit{to do

©1972 FROST & SULLIVAN, INC| Reproducnoh without written permission is strictly prohibited.

be1ng considered to make sure he is getting the best

his particular task.
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Manufacturer
Acrodyne
Alcatel (France)

Ambac Industries

American Data Systems

Anderson Jacobson

Astrocom Corp.

Badger Electronics
Bonnar-Vawter

Bowmar/ALI

Burroughs

Codex

Coherent Communications

Collins

ComData

MODEMS AYAILABLE FROM INDEPENDENT SUPPLIERS

TABLE IX

Modet Speed (BPS) Type
VTC-1/VTC-2 to 300 M
Transal 102 1,200 n/a
7103F to 300 M
7113A to 300 M
7104D 1,800 FM
72018 2,400 PM
ADS-448 1,200-4,800* AM/PM
ADS-496 9,600 AM
412/424/436 1,200-3,600* FM
403 300 FM
240/241 /242 to 300 FM, C
260/262/300 to 300 FM, C
1200 series 1,200 FM, C
Astroset 110 to 300 FM, C
Astroset 120 to 1800 FM
Astroset 130 to 300 M
Astroset 200 2,000-9,600 PM
Astroset 320 2,400 PM
Astroset 348 4,800 AM
DTS2020 2400-9600 PM
Expedate 402 75
6103A to 300 FM
6000A 1,200-2,400 PM
TA783 to 1,800 M
TA713 up to 1,200 FM
TA734-24 1,200-2,400 PM
TA733-48 4,800 PM
4800 3,200-4,800 PM/AM
7200 4,800-7,200 PM/AM
9600 4,300-9,600 PM/ AM
TYM-1 50-150 Baud FM, C
DAM-1 50-600 Baud FM
DAM-5 50-1,80G Baud FM
TMX201 up to 150 FS
TE236
TMX-202C/E/6 1,200-2,400 PM
TE-216A 110-1,800 FM
4,800 PM
Series 301 to 300 FM, C
Series 302 to 300 FM, C
Series 320 to 300 M, C
£1972 FROST & SULLIVAN INC  Repreg.zi.cn withcut wrtler permiesion is strictly prohib ted
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Approx. Price
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$325,€25
n/a

$170
98
$170-280

$6,000

9,000

$580/ 950/1,300
$550

$375-475
$450-570
$785-985

$295
$430

$375
$925

$875
$300

$600
$1,250

5890
$520
$2990
$5990
$5,875
$8,000
$11,500
$600
$350
$650/channel
$1,750
$667
$6,400

$265-365
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Yanufacturer

Computer Complex

Computer Terminal

Computer TransmisTion

Credex Corp.

Computer Conversiqn

Da tamax

Cdntro1 Data

CSEE

Design Elements

Digidata

Digital Techniques

Direct Access

Data Access Systems

Data Products

Datasery

Da-Tel Research \

|

Notes: FM
A

Asynchronous ;

©1972 FROST & SULLIVAN, ING
|
|
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Frequency modulation; AM =

Model

Coupler 11
C-301/311
C-1200
C-1,800
C-2400

2200-401
2200-402

OPTRAN 1811

INTERTRAN 911
INTERTRAN 915
INTERTRAN 916
INTERTRAN 917

3300 Series
1100 Series

502
502

QB-48
QB-24

Model 358-1
Model 358-2
Model 35&-2
Model 358-4

ETT 200F
ETT 1200F

Design 76/80/88
Design 101/113

DD103AC
2202EZ

3300
2301
4320/4520A

TELEMATE 300

701B
702/703

1B/C
DATAPAK
703AC
802

901
1002

1310/1340

G-7106/7001
G-7002/7C01

TABLE IX - Cont'd.

Speed (BPS)

to 300
to 300
1,200
1,200-1,800
2,400

to 300
to 1,800

2,400-9,600
2,400-9,600
20,000
250,000
1,000,000

to 300
to 300

to 300
1,200
2,400-4,800
2,400

9,600
9,600

40.8K or 163.Fk

200,000

100
600

300
300

to 300
to 1,800

150
300
300

300

to 45C Baud
to 300 Baud

150
1,800
300
1,800
2,400
9,600

to 300

600
300

Amplitude modulation; PM =
5 = Synchronous; C = Acoustic coupler

Reproduction without written permission is strictly prohibited.

™, C A $295

FM, C A $270-340
FM S $695
M A $450
M S $1,495
M A $1,500
FM A $1,500
PM S $2,950
PCM S $1,850
PCM 5 $1,875
PCM 5 $1,925
PCM S $1,925
M A $350-475
FM A $119-139
FM A
FM A
AM S $5,900

S

AM A $1,010
AM S $1,855
AM £ $3,180
AM S $3,290
FM S
FM S

FM, C A $340-430
M A
FM A $210
FM A $130

FM, C A $289

FM, C A $317
FM A $149-389
FM A f$250
M A
M A
FM A $275
FM A/S $500
F A $380
FM A/S $650
AM S

S

FM A $575
FM A

AM/FH A

Phase modulation;
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Manufacturer

Digital Communications

Dorado Systems

Dynatronics

ESE LIMITED (Canada)
ESL Inc.

Ford Industries

General Electric

GEC Telecommunications
GEC-Tel. (Australia)

General DataComm

General Dynamics

Hallicrafters

Honeywell

Hughes Aircraft

IBM Corp.

Info-Max

ICC (Milgo)

ITT Corp.

Model

-1
-2
1

e R Ve N 2]

128

EDX 1400 series
48/QM-M100 series
5000

For Data 1210
ForData 1610

110D10

m
114B/1158B
210D30
210D16
Diginet 1103
Diginet 400
Diginet 500

TED 0299
TED 0136
DM 202

402 series
108-1/2(R)
103-4R
202-5(R)
202-9(R)
201

EDX 1402
EDX 1403

BICOM
FFT 9600

HCC 24-48
HCC 48/96
AN/USC 32
HC 279

HC 278

HC 276
3872

3875

4872

RADC 9600
103F (Line Adapt)
310 series

2200/20
2200/24
2200/ 36
4500/48
4500/72
4800/72
5500/96

2003 R/V

TABLE IX - Cont'd.

Speed (BPS)

20 to 150
1.544M to 63M
10K to 120M

150

to 4,800
2,400-4,800
4,800

to 300
to 300

300

300

300
1,200
1,800
300
50,000
230,000

200
1,200
300

600
300
300
1,200
1,800
2,400

1,200
4,800

4,800
9,600

4,800
9,600
14 .4K
75
1,200
2,400
2,400
7,200
4,800
9,600
up to 600
300

2,000
2,400
2,400-3,600
4,800
4,800
7,200-4,800
4,800-9,600

1,200-2,400

Type

PM
PM
PM

M

QAM

FM
FM

FM
FM
M, C
M
M
FM

FM
FM
FM

FM
FM
FM
FM
FM
M

PM
M

PAM

AM
AM
AM
FM
M
M
PM
PM/AM
AM

FM
FM

PM
PM
AM
AM
AM/PM
AM
AM

Fi

Mode

FROST & SULLIVAN INC.

Approx. Price

A/S

§>>>2>3>> > w v n

w > > > > > > > >

> = NN NV WnNnWYW w

ped
w Emmmmmm

$6,000

$295
$395

$645
$750 |
$410 |
$740
$840

$3,850
$4,850

n/a

$520
$300
$440
$540

$1,000

$6,150

$10,600

Military
$2,000
$2,500
$2,975
$8,400
$4,400

$500-1,050
$325

$2,250
$2,550
$3,620
$5,980
$4,750
$7,500
$11,500

$1,430

NEW YORK CIiTY
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FROST & SULLIVAN INC. NEW YORK CITY
TABLE IX - Cont'd.
Manufacturer ‘ Model Speed (BPS) Type Mode Approx. Price
Intertel 1033 300 FM A $300
L2021 1,200 ™M A $500
2026 to 1,800 M A $1,100
20N 2,000 PM S
2010 2,400 PM S $1,100
2012 2,400 PM S
‘ 3,600-4,800 PM S $2,500-%3,500
11 Communications | 201A/B 2,000-2,400 PM S
| | 3 300 FM A
Livermore Data Systems .71 series to 300 ™, C A $235-360
1 ~ Classic r to 300 M, C A $250-365
Lenkurt (a GT&E Sub.) | |-25C 75-600 FM A $450/channel
25B/10B to 300 M A $355
26C to 1,800/2,400 M A/S $1,700-2,200
26D 4,800 FM S $2,700-3,300
LTV (France) R 664 200 M A
i 1
LM Ericsson (Sweden) - ZAT 200 300 FM A
‘ . ZAT 1200 1,200 M A/S
ZAT 2400 1,200-3,600 PM S
Lynch Communications L 2103 series 300 M A $570
L 2202C 1,800 FM
Multitech | | 440/MT/MP/MQ 150-300-600 M A $250-635
| 440 MS/MX 1,200-1,800 M A $1,025
432 series to 1,800 M A $835-$1,035
Mohawk Data Sciences 6600/812 1,200
‘ 6600/818 1,800
6600/820 2,000
6600/824 2,400
Muirhead Addison L:%d. | 8508A/8509A 40.8K to 50K AM/DSB A/S
Memorex i . 1228 120 to 1,200 M A
Magnavox Research | LM 170b 2,400 PM S
L MX 220 1,800,000 PM S
MX 180 19,000,000 PM S
Marconi Instruments U 1110 1,200 FM A
National Midco 1 ADC-300 to 300 FM A $369
Novation | DM-102/103/104 to 440 M A $90-$600
ATM 103D to 300 Baud M A $315
Modex | 1,200 & 1,800 A
Omnitec } | Series 700 to 450 FM A $285-%445
Philips Telecommunications  8TR 651 200 M A
8TR 652 1,200 M A/S
8TR 653 1,200-2,400 PM A/S
Paradyne . M-48 4,800 PAM S $4,250
‘ MARQ-48 4,800 PAM S
BISYNC-48 4,800 PAM S $6,450
PIX-600 4,800 PAM S $6,450
Notes: FM = Frequxency modulation; AM = Amplitude modulation; PM = Phase modulation
A = Asynchronous} § = Synchronous; C = Acoustic coupler
©1972 FROST & SULLIVAN IN:C Reproduction without written pa'M.s$ioN 13 strictly promb-ted. [769 l Vl ] ]] J




Manufacturer

Plessey (England)

Penril Data Communications

Philco-Ford

Prentice Electronics

Phoneplex
Pulse Communications
PYE TMC Ltd. (England)

Quindar Electronics

RCA

RFL Industries

Rixon Electronics (UBC)

Sanders Associates

Sangamo Electric

Siemens

Model

M 200
M 600/1200
M 2400/3600

PDC-100 series
TTY-300

PDC-1200
PDC-18008B
PDC-2000A
PDC-24008B
PDC-2400B-1
PDC-4800B
PDC-4800B-1

MC-48S
MC-96D
MC-50

P-103
202CD

DVM 1300
4000 series
01200A

QDM 103/60
QDM 600

QDM 1200/600
QDM 200

6711

13AF
22208
32DT
3952

DS-180

DS-2400
DS-4800
DS-7200
DS-9600

12AA

12AR
312A/123A
18A

24S

T103 series
T/C 113 series
T/C 202 series
T 201 series
T201B3/4SC
T4800

4800
GDN 4800

£1972 FROST & SULLIVAN. INC  Rep:oduction without written

TABLE IX - Cont'd.

Speed fBPS}

200
1,200
3,600

to 300

300

to 1,200

to 1,800

] 9 000'2 ;000
2,400
1,200-2,400
4,800
2,400-4,800

2,400-4,800
4,800-9,600
75-2,400

to 300
1,800

1,300
to 300
600-1,200

300
600
1,200
0-1,200

to 1,800

to 300
to 1,200
1,200
2,400

to 1,800
1,200-2,400
4,800
3,600-7,200
3,600-9,600

to 1,200
to 1,200
150-1,200
to 1,800
2,400

to 300
to 30C
to 1,800
2,000
2,400
4,800

4,800
50-9,6C0

AM/FM

FM
PM

FM
FM
FM
PM
PM
PM

PM

permission s strctly prohibited,

FROST & SULLIVAN INC.

Approx, Price

N>
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wwm

$400
$400
$500
$400
$1,475
$1,100
$1,475
$3,500
$2,800

$250
$300-350

$2,600
$225-300

$585
$665
$990
$1,990

$800

$860
$830
$785
$2,400

$500

$1,700
$3,600
$8,000
$9,600

$321
$400
$350
$296
$950

$483-535
$99-8203
$420-$975
$2,285
$2,396

NEWYORK CITY




Manufacturer

Singer Tele-Signal

Sonex (1/0 MX)

i
Standard Radio & Telefon

Stromberg Carison
Sycor

Tel-Tech

Tuck Electronics

Tycom Systems 1

Thomson-CSF (France)j

TRT (France)

Ultronics (GT&E)

Universal Data Systemg

University Computing

Vadic Corp.

Vernitron ‘
Westinghouse Electric

Western Telematic

Notes: FM

>
non

€1872 FROST & SULLI
|

Frequency modula
Asynchronous; S

Model

| 883A/F

1 883P

883R

898

Autoset 300
'Model 31

GH 1101
GH 2002
‘GH 2003
'GH 3001a

SC 835
Model 3460

TT-103
T7-202
TT-201A/B

'1067/1075 series
1033 series
11042 series
1048 series

900

1598
585-6
1587
595

MD 200

Data Pump 103

Data Pump 1200
Data Pump 2400
Data Pump 4800

202 series
ubs 103

ubsS 207SS
ubs 207-M5

UCC 90 series

VA 300 series
VA 1200

VA 2700
21/23

BTC 1/2
FS-560

CL-103
CL-202

AN, INC. Reproduction without written permission is strictly prohibited.

TABLE IX - Cont'd.

Speed (BPS)

to 300
100-2,400
to 2,400
to 1,800
to 300
to 300

300
1,200
2,400
40,800

150
to 1,200

to 300
to 1,800
2,000-2,400

to 300
to 300
to 300
1,200

300

200
1,200
2,400
48,000

to 200

to 300
to 1,200
2,400
4,800

to 1,800
to 300
1,200
to 1,800

to 300

to 300
te 1,800
600
1,200

300
1,800

to 300
to 1,200

M
PM

FM
FM
™M
FM
M

PM
PM
PM

FM

FM
FM
FM
AM

FM
FM
FM
FM

FM
FM
FM
M
FM
FM

M
FM

Mode

b=l =l =3 = WO =4

wunmum

b=
nnros = mm;:b > > w =T x> >

=3
= I wn >
w

> >

I

tion; AM = Amplitude modulation; PM = Phase modulation
= Synchronous; C = Acoustic coupler

FROST & SULLIVAN INC,

$178

$1,450

$825

$575
$275/channel
$280

$200
$1,700
$1,700

$650

$390
$515
$515-$495

$400-$450
$350

$350
$400-$500
$69.99

$325
$500
$1,495
$3,175

$90-$200
$560

$675
$120-$415

$300 -

$550-$1,200

$315
$315-$430

NEWYORK CITY




TABLE X
MODEMS AVAILABLE FROM COMMON CARRIERS

"'FROST & SULLIVAN INC. NEWYORKCITY

Maximum
Common Data Rate Monthly
Carrier (Bits/Second) Model Rental Remarks
|
AT&T 150 103E $ 10
300 103A 2% | ODD or Private
300 103F 25 B .
300 113A 12 ODD
600 401 25 DDD or Private
1,200 35 ppp ¢ "
1,800 202C/D/E 40 L™ " L
2,000 201A 72 o ol "
2,400 201B 72 I ;
3 ,600 85 [ |u n n
4,800 208A 100 o "
7,200 203 85-210 Private only
9,600 None ;mot available
19,200 3038 fa Wideband
40,800 3018 o i "
50,000 303C % ‘ "
230,400 303D * 1 "
1,344,000 306 * ! :
602C Facsimile
603 'Medical data
604 : (1] "
' \
GT&E 200 AE 401A/E ;
200 AE 890
300 AE 103A $580 Purchase price
300 AE 103F 530 " "
1,200 AE 2025 1,110 | ol &
1,600 AE 2024 875 | 8 "
2,400 AE 2026 1,200 | " "
Western 180 1181-A $ 30
Union 200 100
600 1601-A 50
1,200 2121-B 40
2,400 2247-A
2,400 200
4,800 2481-A
40,800 300

*Price of modem is included in the rental for high speed
facility. |
\

|

|

transmission

( ©1972 FROST & SULLIVAN, INC. Reproduction without written permission is strictly prohibited.
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Choosiqg An

FROST & SULLIVAN INC. NEWYORK CITY

Independent Modem Supplier

When a user selects his modem equipment today he has, aside from

the teyephoneicompany, a choice of almost 250 models from at least 90

different vendors.

of the‘data

This situation is reflective on the sudden growth

communications market, although it is not necessarily

a healthy sigh any more due to the proliferation of many small com-

panies without adequate resources to make a go of it in the long run.

Whj1e mogst manufacturers provide "fully compatible” modems with

those of the telephone companies (Western Electric 103 Data Sets),

sometimes even very small timing differences may not be tolerated

by some systems.

Users myst consider several points before commiting themselves

to independent equipment purchases.

units which
be connected
modems becau
same token,
when connect
as a bétt]en

Even whe
pendent equi
must investi
In rea?-time
isolate open
repairing tt

Independ

©1972 FROST & SULLIVAN, INC. iReproductlun without written permission is strictly prohibited.

Fof example, a group of terminal
is capable of a maximum data rate of 3,600 BPS should not
‘to the carrier facilities through 4,800 or 9,600 BPS

se modems cannot "speed up" lower data rates. By the

a slower speed modem would be wasteful of line capacity
ed to a higher speed terminal and in effect would act
eck. ‘

ﬁ 1mpre$sive savings can be obtained by purchasing inde-
ﬁment (about 20% over telephone company rates), the user
gate maintenance and systems support in case of problems.
‘envifonments it is vital to have the means to rapidly
&tional malfunctions and quickly obtain assistance in

e system.

ént modems now come with test lights that allow the user

| 73 Ll L, | ealBasi]
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to find out whether the problem lies in the terminal, the modem it-

\ ‘
self or the transmission line. There is evidenc? that leven Bell is

becoming responsive to this need of the user andiits new 208 Data

|
Sets, designed to transmit at 4,800 BPS, features test‘indicators

|
to check for a number of such conditions. |

74 T T VvIT 6
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Future Improyements in Modems

Automatic error correction is considered one of the most de-

sirable features as users become more sophisticated, but only a few

modem vendorsjoffer this capability today. Since the most common
error is usually due to some form of degradation in data line trans-
mission quality, it is very difficult to build error-correcting
techniques into modems in anticipation of a condition which occurs
only at random and outside of the unit itself.

Paradyne Corporation, a new vendor who recently entered the

market, is +ne of the few which includes such features on its 4,800
BPS modems.

Another| development is that of a "smart" modem signalling line
malfunction| to the CPU, which would automatically switch trans-
mission ontp an alternative clear circuit.

Also a new development is the capability of a modem to signal
its counterppart in a remote and unattended location to automatically
loop Hack audio or DC signals for test purposes.

Af1 of the above features are attractive to the user today and
their technology is known. In many cases these are not-built into
the units aﬁ competitive pressures require manufacturers to cut
costs to t+e bone and exclusion of non-essential features is one
obvious wayfto do it. As MSI and LSI techniques become more common

in modem manufacture, competition no doubt will proceed on the

basis of availability of special features and modem performance.

‘ ‘ 7b [ VI ] 17
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i
|
Trend to Include Modems in Data Terminals and Miqiaturization

Future developments in modems appear to depend Tlargely on the

FCC regulations pertaining to the possibility toie

Timinate in time

the Data Access Arrangement (DAA) and substituteiinstead some form

cf certification for specific modem devices. -i

Depending on such certification and LSI devglopments, the

modem seems to be destined to become integrated fn
terminals to which it is now connected by wire aﬁd
separate unit. Some Tow-speed terminals with buil
already exist. IBM 2740 includes private networ%

Teletype offers a line of teleprinters with bui]ﬁ-

to the various
p1ug as a

t-in modems
1ine‘adaptors and

in modems.

On the other hand, at higher modem speeds there appears to be

a lesser need to integrate the modem into the term

actually comfortable with discrete components in t

because it simplifies isolation of ma]functionind

\
It is expected that LSI techniques will be ap

speed modems first, producing a "modem on a chipf

semiconductor component manufacturers already anng

| .
vices at prices in the vicinity of $50 per modem i

100. Such a device will be made available as a di

to makers of various data terminals in the futur%,
|

significantly to the eventual disappearance of the
market. j

Already computer and terminal manufacturersia
purchasing "stripped down" modems which they inc&r

their terminals. It is, as a matter of fact, thé

inal. Users are

heir systems

equipment.

plied to low-
and indeed a few

unced such de-

n qugntities of
screte component
contributing

Tow-speed modem

03 b /
re increasingly
porate into

general belief
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that %he 10ﬁ—speed modem market will first become an OEM market

and, in the |[longer term, disappear entirely as modems become com-

ponents of

the terminal and peripheral devices.

The exﬁectations that modems will be included in terminals led

\ 1
several modem manufacturers to prepare for that market as suppliers

of OEM card%type modems. This market was expected to take off

duriné 1971 land boost modem sales, but it did not meet the expecta-

tions of thé vendors .

Appareé
this featur
optim%zatic
Codexiintrt
high-gpeed
suppliers n
with multiy

There
developing
again‘does
other hand

be moving,

ently the end user is not particularly concerned about
e, being much more interested in data concentration and

n of transmission. This may indeed be the reason why
)&uced a Time Division multiplexer integrated into its
modems at an optional price of only $2,000. More modem
nay be taking this marketing approach or getting together
Jwexer and communications processor suppliers.

is also the very real possibility of terminal suppliers
ﬁheir own modems while designing the terminals, which

not help the independent modem manufacturer. On\the

, it points to the direction in which modem makers could

namely to merge or develop collaborating arrangements

with terminé] and peripheral manufacturers and piggyback on their

marketing effort which is also directed at the same end user. The

alterhative‘is, of course, merging into some of the peripheral and

terminal manufacturers.

Sycor, [Inc., for example, is a terminal manufacturer who in-
|

trodu%ed &

1
©1972 FROST & SULLIVAN, INC. iReproduch

Model 3460 modem for use on any of its terminals which

FROST & SULLIVAN INC. NEWYORK CITY
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require Bell 202C compatibility. |

and handles up to 1,200 baud in asynchronous mode

circuit card modems to Bunker-Ramo on an OEM basi

The unit leases for $25 per month

Thgse are

|
Milgo, the largest independent modem maker, providgs printed
:

integrated into an existing Bunker-Ramo data termnna1 and are
1 |

claimed to increase its speed from 1,200 to 2,400
|

supplies OEM modems to Western Union and Universip

for use in the latter's COPE terminals. In the 1
|

Milgo provides several, up to 300 BPS, OEM modems

specialized Teletype compatible units.

Industry specialists also think that present
of different modem product lines do not justify Oﬁ
There is H
that many of the large peripheral builders will be

large production could amortize costs.

their own modems as MSI and LSI techniques advancP;

very reasonable assumption because terminal or peﬁ
tion is sophisticated work, with much of the equi@
how readily available for production of re]ativeﬂy
such as modems.

The investment in technology and manufacturﬂn
become a low-speed modem supplier is rather small
the multitude of the small companies which compeﬂe

\
We believe that the price competition alone will r

of entrants severely in the next two years and int
\

grated circuit technology will settle the rema1n1n

competition and result in additional mergers w1tH

facturers.

BPS. Milgo also
y Computing Co.
ow-speed area
including the
\
broduction volumes
M sales where
ncreaging belief
able to build
This is a
ipheral construc-
ment and know-

simple devices

g facilities to
and this explains
in this market.
educe the number
roduction of inte-
g to a performance

peripheral manu-
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on Modems

' The
1ine§ is
4.8 ﬁi]li
of termin
of 1580.

' This
reflected
at presen
which are
market sh
expected
modem mar

Seco
manu%actu
to a‘leve
operation
crease in
growﬁng s

iThir
independe
attached

recently,

number of modems attached to switched and leased telephone
expected to increase tenfold during the seventies to about
on units, a number only slightly larger than the number

als estimated to operate on-line to computers by the end

éxponentia] growth in the number of modems will not be
ﬁo the same extent in the growth of modem markets. First,
t at least 70% or so of all the units are still AT&T modenms
Fented by the Bell operating companies and although the

are of independent suppliers is increasing, it is not

that Bell's sharé will fall much below 50% of the total

két at any time.
ndly, the cutthroat competition among the almost 100 modem
rers has had the effect of reducing the prices for modems

I where it is very difficult to make a profit in such

si This rapid price erosion counteracts to the rapid in-
ﬁumbers of units and the resulting modem sales are not
pgctacu]ar]y.

djy, AT&T is slowly but surely meeting the challenge of the
ht modem manufacturers. Considerable expectations were

to the 4,800 and 9,600 BPS modem speed ranges where, until

AT&T did not offer a product or lease prices of Bell

units were considerably higher than comparable independent prices.

Recently AT&T announced the 208A data set which rents for $100

per month

speed range.

Jcﬂon without written permission is strictly prohibited.

» a price considerably less than independent units in that
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TABLE XI

ESTIMATED GROWTH IN CUMULATIVE NUMBER OF INDEPENDENT MODEMS AS

|
PERCENTAGE OF TOTAL MODEMS ON SWITCHED AND LEASED NETWORKS

Estimated} ‘No. of

Estimated Total % AT&T Independent
Year Modem Installations Modems | _Modems
1970 178,000% 72% 49,700
1971 376,000 ns 109,400
1972 640,000 700 192,000
1973 950,000 68% 317,600
1974 1,500,000 66% 510,500
1975 2,060,000 643 741,500
1976 2,604,000 60% f 1,061,500
1977 3,270,000 57% 1,407,500
1978 3,880,000 55% 1,748,500
1979 4,340,000 52% 2,082,300

1980 4,832,000 50% 2,416,000

| :
*Based on AT&T estimate to Jan. 1971 of total|of 128,000

modems attached to switched and leased lines. Other estimates of

Frost & Sullivan

Our estimates of the total number of modems,jparticu]ar]y during
the mid-seventies, fairly parallels the number of%termiha]s projected
to operate with general purpose computers. In fa&t, it|is higher
somewhat to account for the high speed modems and‘additiona] units

to be used with a variety of data collection devi&es, as well as
|

80 | vi| 22|
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acoustic co

TWese
and Channel
Digital Dat

modem (in al

manufacture|.

these lunits
ly to be be
1y to "mode
price erosi

On the

increasing

ub]ers used extensively with portable terminals.

n#mbers also include all of the Data Service Units (DSU)
Service Units (CSU) which will be required when Bell's

a System comes into being. Such devices will replace the
1%digita] transmission and will be relatively simple to

Present modem manufacturers may choose to supply

in the future, but because their unit prices are like-

low $50 per unit, these will not contribute significant-
m" sales,while increasing somewhat an already serious

oﬁ in all modem speed ranges.

éther hand, some industry observers speculate that

numbers of terminals actually will require a relatively

smaller number of modems as clusters of terminals develop within a

single loca
pany at the
division mu
For the pur
ledging thi
during the

On the
groth in t
indepéndent
up thé tota
medium- and
unitsiin ea

? sl
projections

tion. Once ten or more terminals exist within a com-
ﬁame plant, they can be directly multiplexed with time-
ltiplexers, obviating the need for low-speed modems.
pbse of our estimates, Frost & Sullivan, while acknow-
s‘factor, does not consider its impact significant

time span of our forecast. ‘

}o]]owing page, we present a forecast of the estimated

|
otal number of modems and the growing percentage of the

bodem manufacturers. Following this analysis, we break
1iindependent modem growth projections into low-,
high-speed ranges and estimate cumulative numbers of

cﬁ range. The number so derived will later be used for

of total modem markets by applying unit prices.
|
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|
|
|
TABLE XII |

\
ESTIMATED GROWTH IN CUMULATIVE NUMBERS OF INDEPENDENT

| FROST & SULLIVAN INC. NEWYOR~ C 7Y

MODEMS BY

MODEM SPEED CATEGORY 1
\

Low-Speed Medium-Speed High-Speed

Modems Modems Modems Total No.
Year (to 300 BPS) (to 4,800 BPS) (Over 4,800 BPS) of Modems
1970 43,000 4,700 2,000% 49,700
1971 93,000 12,400 4,000 109,400
1972 163,000 22,900 6,]00% 192,000
1973 273,000 36,000 8,600% 317,600
1974 443,000 55,900 11,600 510,500
1975 643,000 82,900 15,600% 741,500
1976 923,000 117,900 20,600 1,061,500
1977 1,223,000 154,900 26,6003 1,407,500
1978 1,523,000 191,900 33,6001 1,748,500
1979 1,813,000 227,900 41,400i ' 2,082,300
1980 2,103,000 263,900 49,100} 2,416,000

Source: Telephone Interconnect Market Study, F & S, 1972.

The figures above are developed for the purpose of esfi
tude of markets in each modem category. This is done 1atek

where changing modem prices are used to compute correspond%n
\
each category. We believe the growth of modem installations

high growth rates, averaging 50% to 70% per year and even mq
\
modem installations. But the total dollar volume realized f

\
modems will not increase at such rates due to the previously

mating the magni-
in this study,

g modem sales for
will gontinue at
)re for independent
‘rom the sale of

r mentioned price

erosion.
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Modem| Price Erosion

|
Becau
|

in thé mod
modem% wit
turing cos

%he g
vario&s tr
grees?of s
some exten
last ihree

As mo
orders of
to bid for
unit price
speed (240
listed at
overall re

One s
modems to
Unionimore
at unit pr

inter
pricé of $
to se]] th
a 4800 BPS
card versi
c]eaﬁ]y a

ction without written permission Is strictly prohibited.

sé significant price reductions are currently taking place
em industry it is difficult to project the markets for
méut a thorough analysis of the factors affecting manufac-
té and the marketing practices.

raph following is a plot of unit price ranges for modems at

ansmission speeds. The price ranges indicate not only de-

oéhistication of modems at each speed but probably also to
t the price erosion that has been taking place during the
years.

r? users buy large quantities of modems at a time (and

50 to 500 units are considered large) suppliers are forced
fhese contracts. Because of large quantities they offer
s in the order of $400 to $750 per unit even for medium
OSBPS, Bell 201 compatible) modems which otherwise are
$1,200 to $3,000 per unit. This practice reduces the real
venue per modem on an average basis.

ubp]ier, I1 Communications sold large numbers of 201 class
the Army at $600 per unit as long ago as 1976. Western
recently was offered several thousand of 201 class modems
ices in order of $400 per modem.

té] recently introduced a 201 compatible modem at a unit
1;100 but in quantities of about 1,000 units it is willing
esmodems for about $700 per unit.

\
modem which 1ists for $3,500 but already is developing a

The same company has

on of the unit which will sell for about $2,000 each,
33% price reduction by design. ' B
|
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Following AT&T's introduction of the 208A déta set at a
monthly lease of only $100, even Milgo was forced to %1ash its
prices on 4800 BPS modems by 2% to 17% on sales, |and as much as
14% to 50% on its leases. }

|

As additional evidence of price erosion, we Have d]otted
i i
certain price and shipment estimates made by IT Gommunications.

On the same graph are shown Frost & Sullivan préjectidns for

modem prices.

.J u u ., .A !a m: q‘ g

®1972 FROST & SULLIVAN, INC. Reproduction without written permission is strictly prohibited. [ 84 l V I ! 2 6 }




FROST & SULLIVAN INC. NEWYCRK CITY

FIGURE IV

TYPICAL CURRENT MODEM PRICE RANGES
FOR UNITS USED WITH VOICE-GRADE LINES b4

1
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SOURCE]: ‘FROST & SULLIVAN, OCTOBER 1972(BS)

This graph is a result of plotting some of the typical modem prices from

the characteristics of modems tables on preceding pages against modem speeds.

The pqices are plotted as ranges at each modem speed and an average point is

used to draw the curve. The ranges are indicative of the dropping prices

withid each
the many nor

©1972 FROST & SULLIVAN, INC. Reprodu

modem group but modems are not comparable on price alone because of

-essential features which they may have.

| 85 |vI |27 |
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FIGURE V
MODEM PRICE EROSION 1970 - 1975
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Reasons for Modem Pwnice Erosion

|
Ease of |lentry into the modem business coupied with rapidly

falling component prices is the primary cause of the severe price

erosion in the modem market. The following specific reasons are

major factoryg laffecting this price erosion:

1. |Prices of integrated circuits, resistors and capacitors

which are modem components, used in the manufacture, have veen fall-

ing steadily|for several years.

2.:Techrqlogica1 advances in the higher-speed modems and increas
ed use of LSI - MOS devices.
3. Many|large quantity buys by large corporate users, common

jovernment agencies at significant discounts from listed

carriers or
and quoted prices.

4.‘Large}number of competitors in the low-speed modem area and
consequent attempts to obtain contracts and sales at any price in
order to stayiin business.

5. OEM in various

discount sales of modems for integration
terminals.

6. Appearance of low-speed "modem-on-a-chip" for large volume

sales to OEM

7: Incn
providing co
of modéms wh

by volume bu

suppliers of terminals and peripherals of certain type.

easing responsiveness of AT&T and telephone companies

mpetitive services to users of small number
\

o are not in a position to command impressive discounts

ys.

‘ \
8, Introduction of Digital networks by Datran and Bell which will
not require

data Service Unit (DSU) and Channel Service Unit (CSU).

modems as we know them today, but simpler devices such as

Both wiil re-

place modems and will be simpler to manufacture selling at a low unit
\ i
price thereby reducing the average "modem price to tae $50 per uniz

1 1.
ks B [v1 29 ]
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Modem Market Forecast

i
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The results of our previous analysis are combined in the modem

market forecast which appears on the following page. It shows a

relatively slow growth in modem dollar revenues, w
will peak out in 1976 and continue as a stable mar
million after that date.

In this forecast, we disagree with several pAe
showing a much more pronounced growth of the mod%m
of those may have included total modem popu]atiods
equipment will continue to have a 50% market shaﬁe
subtracted from estimates of independent modem mar

We also believe that some of the earlier proie
expect as serious a price erosion as has occurred
and this would explain their much higher modem sal
Events of the last two years, however, suggest tﬁa
falling faster than expected and OEM markets arejn
fast enough. Economic downturn and poorer businés

. \
were also a contributing factor, but we feel theic

facturers and resulting price erosion a much moré
factor in this market.

This forecast considers the serious unit priée
expected in the modem market. It is most rapid ﬁr
modem category, where the average $300 price tod?)
ly and is expected to be as low as $50 per unit #r
Medium-speed and high-speed modems will also drop
per unit, but not to the degree of low-speed modén
the decade, most modems will be considered as comp

terminals or other communication devices. ‘

hich we believe

ket of about $40

vious| projections
markets. Some
of which AT&T
and should be
Rets,

ctions did not
in this business
es estimates.

t prices are

ot developing

s conditions
rowding of manu-

significant

erosion which is
the‘low—speed

is falling rapid-
onlx a few years.
sharply in price
s. By the end of

onents of
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FRUST &

Market Shares of Modem Manufacturers

Of all the modems suppiied every year, AT&T #r

|
70%, although this market share is dropping-every y

pendent modem manufacturers expand their producti&r
prices. AT&T does not sell its modems, however, &L
units to users and therefore it is not directly cén
independent manufacturers. Until July 1972, AT&T;n

modem equipment were such that independents could e
\
market share on the basis of price alone. |
On July 3, 1972 new tariffs filed by AT&T went

which reduce the monthly rents on some of the 1ow#s
as much as 35%. This created considerable concerﬁ
pendent modem manufacturers and may, in the long %L
ger market share for AT&T than expected. For the p
study, we feel that due to very severe price compet
aturization, independent modem manufacturers may ét
50% of the total modem market by 1976 and this 1s§c
projections.

The Tatest moves by AT&T assures the Bell co&p
numerous small user market where leasing a few un%t
The independents now see their best chance in ser?i
user who buys several hundred modems at a time ané

can offer very attractive terms on sales, which are

available from AT&T.

0f all the modems in use, an estimated 75% or

average, on the telephone networks are supplied by

operating companies, while a somewhat smaller perée

rovides almost
/ear as inde-

and lower the

t leases the
iparable to the
onthly rates for

asily get a

intg effect
peed modems by
among the inde-
n, keep a big-
urpose of this
ition and mini-
tain as much és

onsidered in our

anies of the
s makes sense.
ng the large
to whom they

still not

more than overall
AT&T telephone

ntage in the
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order of 50% to 60% of modems used on leased lines fall into that

category.

An even smaller percent of the modems is provided by

AT&T for higher speeds, particularly in the 4,800 to 9,600 BPS

categories, but virtually all wideband speeds modems are again

provided by the telephone company.

The independent modem suppliers control about 30% of the up to

300 BPS madem market, but a larger share of the 1,200 to 2,400 BPS

market and practically all of the 4,800 to 9,600 BPS market. As

stated befqre, very high-speed modems are virtually only supplied

by the common carriers, primarily for their own high-speed links.

suppiiers

Thereiis a cutthroat price competition among the independent

and between 1970 and 1971 prices for low-speed modems

dropped drastically from around $450 to $350 per unit. This price

erosion continues, with integrated circuits being the main culprit

for the drop.
‘ |

1971

was also a rather disappointing year for many modem sup-

pliers who anticipated increasing large number sales to OEM sup-

pliers of

terminal equipment. These did not materializeg which was

not very welcome news to the industry, as several 1ow-§peed modem

manufacturers rely on OEM sales for their survival.

The DEM modem suppliers do not see profitable operations in

supplying

ﬁow-speed modems to end users. The price of the unit,

small quantities bought and marketing and service costs do not

| |
make the [low-speed modem end user market attractive on its own.

uction without written permission is strictly prohibited.
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TABLE XIV

& SULLIVAN INC. NEW YORK CITY

ESTIMATED MODEM SALES OF MAJOR INDEPENDENT
MODEM MANUFACTURERS DURING FISCAL 1972 (*)
Estimaﬁed %
modem salles of
Manufacturer (in millions) total
International Communications (Milgo) $10.0 -{T 26.3
IBM Corporation 4.0 1845
Lenkurt Electric 4,0 10.5
Collins Radio 3.0, .. 8.0
Sangamo 2.0 11 5.2
American Data Systems 145 | | 4.0
Data Products 145 || 4.0
Codex 1.5 | 4.0
Inertel 1.5 5l: 4.0
Penril Data Communications 1.0 || 2.5
10 Leading modem manufacturers : 30.0-'w 79.0
i
A1l other independents 8.0 f 21.0
Total Independents 38.0 | 100.0
!
AT&T modem leasing revenues 100.0 i -
|
(*) Fiscal 1972 is not necessarily coipcideni
for all the companies identified.i
|
|
|
|
|
|
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Among

has been t

FRUSI & SULLIVAN INU.  INCUY 1wy v

|
the independent modem manufacturers, Milgo Electronics
|

he leading supplier and we estimate it has at least 26%

of the indgpendent modem market. Milgo, however, does not have the

greatést n
equipﬁent
cause of i
much éut 0
product T1i

Last
in 1t§ pro
modemg. W
supplﬁers
solid base
huge poten
computers
thisiwould
terminals

jIn SO
mode@ supp
compény in

field, IBM

very short

duct; hig

The next

Umber of units in the field because most of that company
is in the medium- to high-speed modem product line. Be-
r;ensive competition and price erosion, Milgo is pretty
fithe low-speed modem market and never pursued that

+e.
Décember, IBM announced two new modems (IBM 3872, IBM 3875)
duct line which also consists of medium- to high-speed

hile IBM prices are generally above those of independent

oﬁ even Bell telephone in some cases, the company has a

of 70% of all computers in the world and this presents a
tﬁal market. If the same ratio is applied to all the
p?esent]y estimated to operate in communications mode,

éive IBM about 16,000 computers whose systems and

wﬁ]l require numerous modems.

me estimates, IBM is not considered as an independent

fier, but we feel that due to the latest moves by the

the modem area as well as in the communications processor
jmay well become a substantial modem supplier within a
‘time. Already IBM has a Time-Division multiplexer pro-

-speed modems and the front end communications processor.

logical step is to capture a market share and develop an

intepratei approach to data communications where the multiplexing

and modem

functions can be included in the mainframe hardware.

T e d ) g

|
ion without written permission is strictly prohibited.
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We estimate IBM to have only a 10% market shér
pendent modem business which is roughly about $4 ﬁi

We arrive at this figure by considering that on1yia
16,000 IBM on-line systems actually use IBM modems

typical prices which for those high-speed units are

of $5,000 per unit.

The direction IBM is taking is also indicated
|

tion in May 1972 of the "integrated modem feature"

These are a controiie
|

data communications devices.
mable buffered terminal and a data adapter. Long;;
industry, this move was made by IBM which once ag$1
be the technology and marketing leader in the indus
be considered that further IBM expansion into the d
tions area is certain. ;

This supposition is reinforced by the fact tba
two years or so, sales of central processors have?t

off and IBM was one of the first to feel and reacf

e of;the inde-
1110q per year.
bout}S% of the
and qpp]y some

in the order

by its introduc-
into‘three basic
'r, a program-

rediéted by the
n turned out to
try.‘ It should

ata communica-

t in the last
»een leveling

to this situa-

tion, as it is forced to maintain a reasonable growth of its sales

and profits and as a very large corporation must ]
\
|

i
|
\
1

lines with the greatest possible rate of growth. [
tions provides such a product line and at the sam

IBM's basic product, the computer.

ok for product
|

)ata communica-

time;enhances
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wing those are well established firms 1ike Collins Radio,

Lenkunt Electric, and Sangamo and then come the newer companies more

recently e
American D
about $1.5
Data Produ
significan
base comes
which has
couplers a
the $1.5 m
receding g
compaﬁy wh

equipment

‘Ameridan Data Systems is a different proposition.

néering the business. These include Data Products and

aaa Systems, Codex and Intertel which we believe each sold
Hi]]ion worth of modem equipment during the last 12 months.
cfs is a well established peripherals manufacturer with
tisales to Government agencies. Its data communications
%rom the acquisition of Stelma, a Connecticut company
afdata communications product l1ine including modems,

1d terminals. While we feel Stelma sales of modems are at
illion level it is questionable if the present climate of
overnment contracts will turn out to be healthy for this

ich must compete with the newcomers offering comparable

at significably lower prices.

It is a

much‘younger company which started as a time-division multiplexer

manufactuy
line, Laf

ings with

a communications processor.
| |

er and added very soon high-speed modems to its product
Ler the company rounded off its data communications offer-
a frequency division multiplexer, data terminals and, now,

It is probably the most complete

house in tﬁe data communications hardware area which is dedicated

to that inqustry and has no other interests.

It is still a private

company, but enjoys very solid financial sponsorship and developed

its basic

which were made available to it.

modem from North American Rockwell (Autonetics) patents

North American Rockwell owns a

consiiderable share of the company.

Liction without written permission is strictly prohibited.
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As we have pointed out elsewhere, ADS is one of three com-

panies among more than 156 identified in this stu@y, which offers

a complete data communications hardware line. The

\
comparable equipment range are IBM and Collins Radijo.

other two with

The 15 leading modem manufacturers account, pccordjng to

|
our estimates,for about 90% of all independent moée

|
This means that there are about 80 other modem manuy
scrambling for but a few more millions of dollars i
pendent modem market. Clearly this situation canﬁo

much longer and already several firms have decided

m dollars.
fact@rers

n the inde-

t lasF for very

to discontinue

modem production or drop some of the less profitablle modgm lines.

In our market share table we also included at the bpttom the

estimated revenue which AT&T gets from its annual modem rentals.

This is not comparable to the sales of the indepehdents, but it

indicates a certain relation and magnitude of the Bell umbrella.

The $100 million estimated is based on the lower rétes in effect

since July 1972.
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VII - THE MULTIPLEXER MARKET AND INDUSTRY

Function and Reason for Multiplexers

B w B RN s EMN

Basically, the multiplexing function is to converge a number

of low-speed transmissions into a high-speed stream primarily for

lower| cost
tiplexing,
lTow-speed

speed data

and typica
line | outp
Consi

of communi
switched a
a viable a

Multi
distance a
Historical
was employ
sion Multi
definite a

Multi
devices us
communicat

puter syst

©1972 FROST & SULLIVAN, INC. Reprody

long distance transmission. At the receiving end demul-
or divergence of the high-speed stream takes place for
iata distribution to specific terminal devices. The low-

may be continuous or periodic and random in appearance

11y multipiexing does not imply storage of low-speed
ut.
dered as a device which is able to assign a large number

cations channels to a single voice-grade channel of the
nd ubiquitous telephone network, the multiplexer becomes
nd economic factor in data communications.

plexing as a technique was used for some time in long-
nalog signal transmission by the telephone companies.
1y, the Frequency Division Multiplexing (FDM) technique
ed, but with increasing digital data traffic, Time Divi-
plexing (TDM) has come into use and offers certain
dvantages over the older method.

plexing can also be performed by concentrators, which are
ing hardware and software to handle various computer-
jons functions, mostly in time-shared multi-access com-

ems. While a concentrator can function as a multiplexer,

]

| 97 [vi1 |1
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it must be quite clear that a multiplexer is usually [limited to
the multiplexing function only.

Some confusion arises from the fact that variou devices,
which are usually designed around a minicomputer, are known as
concentrators and, among others, perform the multipiexing function.
These are also called "store and forward units,” communications

front ends, pre-processors and all may perform multiplexing

functions.

l
l
w
[

il

y
'|
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COMPARISON OF MULTIPLEXING TECHNIQUES
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s illustrate the basic principles of the two techniques
ing. In the Frequency Division method, quard bands are
veen subchannels to prevent crosstalk interference during

which wastes bandwidth of the line.
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Frequency Division (FDM) Multipliexing
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This multiplexing technique has been used by common carriers

for more than 50 years in order to Tower the cost of

transmission.
divides up the bandwidth of a telephone voice grade
number of lower speed bandwidth channels but allows
to proceed simultaneously.

within the multiplexed channel.

In FDM, transmission digital pulses from variou

Frequency division multiplexer, as it

Each 1ine has a continuo

long distance

s name implies,
Tine into a

all transmissions

us appearance

s data terminals

are converted by modems into analog form, each having a tone (or

frequency) unique to its originating terminal. Eac
pies a part of the total carrier channel frequency,
total of all the individual frequencies equals that

bandwidth.

h frequency occu-
while the

of the channel

A11 the tones are added together and transmitted over the Tine

while at the receiving end an FDM unit separates t
component frequencies by a set of selective filters
sensitive only to a particular frequency. These fr
then demodulated by a modem into digital pulses whi
receiving data terminal.

The filters used in FDM devices distinguish to
nate from a particular data source. In order to ke
costs within reason, unused frequency "guard bands"
separate the tones from one another. This limits t
channels that can be derived from a single voice-gr

line and in this respect FDM is not as efficient i

e individual
, each
pequencies are

ch acfivate the

nes which origi-
ep filtering

are employed to
he number of

ade telephone

n overall band-
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FRUST &« SULLIVAN INC, NEWYORK CITY

width utilization as the time-division method of multiplexing.

| The maximum number of subchannels that can be derived from a
standard |voice-grade telephone Tine using DDM is easily predicted
from the |[transmission rates of the Tow-speed devices which are pro-
vidfng thle input. With the lowest practical speed of 50 baud, a
maximum off about 24 subchannels can be obtained from a 3,300 Hz
bandwidth| of a voice-grade telephone line. This is because each
subchannefl needs 100 Hz for data and 10 Hz on each side as guard
band| to prevent crosstalk.

For finternational circuits, CCITT Recommeéndation No. R 31

describes| FDM bandwidth standards for this situation and is perhaps
the best jllustration of the method. The table below indicates the

avai?ab1e subchannels by number and their associated frequencies.

®1972 FROST & SULLIVAN, INC. | Reproduction without written permission is strictly prohibited. L I , ]
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I TABLE XV |
I

E

i

AVAILABLE SUBCHANNELS BY NUMBER AND FREQUENCIES

Band Center * Bdnd Center

Channel No. Frequency (Hz) Channel No. Freouency (Hz)
1 420 13 ‘ | 1,860
2 540 14 ; 1,980
3 660 15 | 2,100
I 4 780 16 | 2,220
| 5 900 1V ‘ | 2,340

i 6 1,020 18 | | 2,460
| 7 1,140 19 | 2,580
i 8 1,260 20 | 2,700
| 9 1,380 21 | 2,820
10 1,500 22 2,940

| 1 1,620 23 3,060
12 1,740 24 | 3,180

In a similar way, frequencies of 75, 110, Tso, 300, 600 and
even 1,200 baud can be allocated to the available voice grade
bandwidth, but the number of subchannels will diminish in each
case. There are more subchannels possible, but on specially condi-

tioned lines and with special modems, so for prac/tical purposes

1
i
i
i
l an FDM device is considered limited to 24 Tow-speed channels.
1
|
]

‘ [ €
| N | 102 VII | 6
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TABLE XVI

Fiivei

W DWW iniei VALY 118w

SUPPLIERS OF FREQUENCY DIVISION MULTIPLEXERS AND

Manufacturer

American Data Systems
Aquidata ‘
Coherent Communications
Collins Radip
Comdata
Communications Technology
Data Products
General DataComm

GTE Lenkurt |
General Electric

IBM | ‘
LTT S.A. (France)
NCR
Northern Radjo
Quindar Electronics
RFL Industries

RCA Co&mercia] Data
Singer Tele-$ignal

Scantiin Electronics
Sonex |
Tuck Electronics
Tele-Dynamics
Ultronic Systems

Technitrend

THEIR PRODUCTS

Mode1l

ADS 680
AQ-TX-1
FDMA/FDMT series
TMX-201

200 series
8900

Data Pak
FDM 1101
GDC 1100
25C

258

Diginet 150
Diginet 160
Shared 1ine adapter
B 1681

NCR 621-103
700 series
Q-60

2056

5150

CDM

2503H

2450

201
TEX-5085
1145

7260
9520/9521
8000
FM-8000

25
22
37
22
16

8
25
35
38
18
25
17
17

Maximum

No.
Low-Speed
Channels

of

Approximate
Minimum Unit
Price

$ 1,140
$12,000

$ 3,880
$ 5,000

$55G/channel
$460/ ¥

$323/TDX channel
$537/TDX "

$21,000

$400/channel
$5,300

FSK Modem
$4,500

$7,000

Note: 'Maximym number of derived channels for each multiplexer device depends

‘on individual speeds of various data sources multiplexed.
‘table] maximum rates are based on 75 baud input devices.
‘devices will Tower the number of maximum channels available.

In the above
Higher speed
In some

casesy line conditioning may also be required to develop full multi-

'plexing capacity.

n without written permission is strictly prohibited.
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Time-Division (TDM) Multipliexing

Time division multiplexing is a technique of d
tions over existing carrier transmission facilities
increasing in importance. It differs fundamentally
frequency division (FDM) multiplexing method. With
"baseband" frequency bandwidth being multiplexed is
mission of a single high-speed data signal. This si
a number of lower-speed signals from the various da

A transmitting time division multiplexer scans
speed digital inputs in turn, taking an individual
from each, and interleaves these on a time basis to
speed data stream for transmission. At the receivi
verse process occurs. The receiving multiplexor, w
synchronized with the transmitting unit, distributé
bits or characters from the arriving data stream ah
number of low-speed data outputs at the attached te

Current TDM technology offers advantages when
tional analog transmission networks. A TDM unit me
independent low-speed subchannels into a single hig

which is passed through a high-speed modem for tran

transmission of multiple signals at speeds from 75

ata communica-
which is rapidly
from the older
TDM, the entire
used for trans-
gnal consists of
ta inbut devices.
eachfof the low-
bit o# character
form a high-

ng end, a re-
hich hust be

S the‘individuai
d cre;tes a
rminaﬁ devices.
usingjconven—
rges a number of
her-sbeed signal
smission. In

to 1,200 BPS, a

TDM unit offers important advantages over frequency division multi-

plexers by combining all signals into single 2,400

to 9,600 BPS

signals for transmission over a voice grade or other large analog

channels.

There are two basic types of TDM equipment. 0

ne type intor-

104 | vii| 8 |
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Teaves individual bits from each subchannel. The other collects

compiete [characters (consisting from 8 to 11 or even more bits)

from individual data streams before interleaving them into a high-

speed data stream.

If lpw-speed data input includes 'vertical parity only, bit

interleaving results in fewer undetected transmission errors. On

the other

hand, character-interieaved multiplexing results in fewer

characters actually in error. Bit interleaving is preferred where

'echoplex

ng' is used where data input from a teletypewriter i-

~

transmitted to a computer and 'echoed' back before printing.

Character
of 'echoed

Genen
charécter-
in maximum
chanqe]s W

Anoth
intermix 1
Where this
runs at th
the system
at the hig

! |
©1872 FROST & SULLIVAN, INC. [Reproduction without written permission is strictly prohibited.

interleaving would cause unacceptable delays in printiang

characters.

ally speaking, error checking is available only in
interleaved TDM equipment. Such multiplexers aiso differ
line speeds and, as a result, in maximum number of

hich is a derivative of the maximum speed characteristic.
er important feature on some TDM units is the ability to
Ow-speed subchannels of different individual speeds.

can be done, the TDM's central clock mechah}sm generally
e fastest bit rate being intermixed, thus restricting

'5 total subchannel capacity to that which is available

nest subchannel speed.

| 105
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Channel Capability of TDM Equipment

The channel capability of TDM units depends primarily upon
the capability of the associated modem. The cost savings which can
be produced by a TDM device by provision of additional chénne]s in
a voice grade line will be offset by additional circuit boards in
the TDM and higher cost of high-speed modems, as well as in in-
creased charges for better grade communication cir;uits. In
general, however, more subchannels can be obtained with a TDM de-
vice than the FDM unit. The table below 1ists some|typical terminal
devices and possible subchannels depending on a particular high-

speed modem in use.

TABLE XVII

NUMBER OF POSSIBLE SUBCHANNELS AVAILABLE FROM A SINGLE VOICE GRADE
LINE USING MODEMS OF VARYING CAPABILITIES

Modem Speed in Bits Per Second

Data Rate

i (Baud) 1,800 2,000 2,400 3,600 4,800 9,600
TTY 28 75 12 22 27 40 15
TTY 33 110 12 14-22  18-27 28440  38-45 80
TTY 35 110 12 14-22  18-27 28440  38-45 80
IBM 1050 | |

2740 134.5 10 10-13  14-18 22427 30-36 65

2741
TTY 37 150 8  10-13  12-18  20b27  28-36 58

Source: Frost & Sullivan, Data Communications, 1970.

106 I VII f10 J
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TABLE XVIIT
SUPPLIERS OF TIME-CIVISION MULTIPLEXERS AND
THEIR PRODUCTS
Maximum
‘ Bit (B) or Number of
" Character (C) Low-Speed Approximate Minime
Manufacturer Model Interleaving Channels Unit Price
‘ American Data Systems ADS 670
ADS 660 C 90 $5,000
| ADS 630 B 18 $2,750
Astrocom 500 series C 24 $8,291
. Bendix I TDM-150B B N/A
‘ TDM-200A C N/A
Codex 810 C 64 $2,800
j 840 C 64
, 880 B N/A
Computer Transmission MULTITRAN B,C Microwave $7,500
Computer Complex TDMRX-11 B0 38 $4,500
' Databit | 920 B 60
Data General ; Nova-4026 B 16
‘ lova-4060 B 64
. General Datacomm TDM 1201 C 112 $2,000
.‘ General Dynamics EDX-1701 B Microwave
~ General Electric 1600 B 64
Infotron Systems Timeline 110 B 14 $4,400
'{ Timeline 220 B,C, 112 $9,960
, Timeline 240 C 156 $3,740
IBM Corp. 2712 B
I/0Onex ' 108A B 8 $4,400
] 116A B 16 $8.000
# Marconi (England) ‘ U1131 o 23
On-Line Com puter VTDM 1284 & 127 $6,000
Philco-Ford ‘ FS-96 B 31
-;’ Philips (Netherlands) B 16
" Princeton Applied 263
ﬁ RFL Industries T™ 3000 C 156
Rixon TDM-8 B 3 $5,300
TDX-2 C 88
j , . o TDX B 24 $15,000
- Singer Tele-Signal 842-8 B 30
842-A B 15
; 2533 € 80
Timeplex SMC-200 B 32 $4,300
‘ Timeplexer C 16 $1,250+
‘ MC-70 C 71 $5,515+
. Tel-Tech Corp. TTC 1000 B 112 $2,970
'¢ TTC 2000
TTC 3000
Ultronic Systems 9000 series B 116 $4,500
': TSMU C 175 $4,980
| Xerox Data Systems 7 $8,200
l', ©1872 FROST & SULLIVAN, INC. Reproduction without written permission is strictly prohibited. ! 107 l VII [ 11 W
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FIGURE VII

TYPICAL COSTS OF TDM INSTALLATIONS

Average Modem Costs
1,800 BPS - § 900

2,400 BPS - $ 1,800
3,600 BPS - $ 5,000
COST 4,800 BPS - $ 6,000
IN 9,600 BPS - $10,000
DOLLARS
$40,000 :
|
|
$30,000  —
|
l
|
$20,000 h_capa
TDM |systems
$10,000 A

Low capacity TDM systéms

10 20 30 40 50 60 70 80 9 106
NUMBER| OF CHANNELS

Relationships showing the ranges of TDM multiplexer costs rela-
tive to the number of channels that can be derived| from an average
voice grade Tine. Costs of the necessary modems fpr multiplexed line
transmission have been included as these form a necessary expenditure
for operation of TDM multiplexer systems. Number [of poésib]e channels
also varies with the speeds of terminal devices and the intermix of

various terminals at any one installation.
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n_of TDM Versus FDM Techniques

For
of subcha
Taking vo
ment can
while sey
subchanne

~ Cost
about $71)
Therefore

units whe

a given carrier network channel bandwidth, a larger number
nnels of a given speed can be derived using TDM than FDM.
ice-grade Tine as an example (3kHz bandwidth), FDM equip-
derive approximately 25 subchannels each of 75 BPS speed,
eral TDM units now available can derive nearly 100 such

Is andisome as many as 175.

of equipment on a per channel basis ranges from $600 to
000 per low-speed subchannel for either FDM or TDM units.

> TDM equipment shows substantial cost advantages over FDM

n more than 20 low-speed subchannels are required.

- Noisle and signal distortion in an FDM are cumulative, while in

a TDM sysitem data signals are regenerated at each multiplexer unit.

Therefore
lated as
offers 1o\
transmiss;]

|
puters or

distortion of Tow-speed input is eliminated when demodu-

butput at the receiving end. This means that a TDM unit

ver error rates than an FDM unit operating over the same
jon line. 1In high-speed data communications between com-

terminal devices, this consideration is of paramount

importance.

'As a

for error

digital transmission device, a TDM can insert parity bits

detection even when transmitting data from terminal de-

vices which do not have parity insertion and checking features.

Terminal devices hardwired into a TDM unit may not require the

use of modems, as both units transmit signals in digital form.

FDM offfers multidrop features which may be important to a time

sharing service operating on a wide regional basis. Subchannels

©1972 FROST & SULLIVAN, INC.| Reproduction without written permission is strictly prohibited. ‘—
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cannot be dropped out of a TDM high-speed link wit
ing the whole transmission at each intermediate st

Frequency Division multiplexing does offer ad

nout demultiplex-
ation|

vantages over TDM

and it is erroneous to believe that with time, all|multiplexing

will be performed by TDM devices.

When used in the servicing of

small groups of data sources or terminals scattered over several

remote sites, FDM can be more economical than TDM

FDM is more terminal oriented and can accomp

°

1ish more effec-

tively the intermix of various terminal input speeds. [The signals

from each terminal are processed independently by
assemblies with the individual frequencies propor
terminal speeds. In TDM, terminals are serviced
manner and bandwidth can be wasted when sampling
terminals.

Transmission line distortion and noise affec
different ways. TDM uses bandwidth selectively a
tively, with resulting different consequences in

Since line degradation problems are usually
and normally appear on the outer edges of the tot
only two outer bands of an FDM signal would be af
transmission, all terminals would suffer equally
tion would require a decrease in modem speed.

One final, and perhaps not insignificant dif
FDM cannot be implemented with a minicomputer whi
concentrator can eliminate many of the shortcomiﬁ

multipTexers. In fact, it is the minicomputer an

©1972 FROST & SULLIVAN, INC. Reproduction without written permission is strictly prohibited.

FDM modem-filter
tional to the data
in a dependent

intermixed

{ FDM and TDM in
nd TDM cumula-
case of noise.
frequency related
al Tine bandwidth,
fected. In a TDM

and line degrada-

ference is that
ch when used as a
gs of TDM or FDM

d its dropping
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price tag which presents the greatest threat to the multiplexer

industry. |As minicomputer makers reach a bottom price level and

microminiaturization receives greater emphasis, competition for all

app]iéation§ will intensify. At that time, software for multi-

p]exiﬁg or

as sténdard.

&ppropriate firmware may be offered with minicomputers

| 11l }v11115J
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Markets for Multiplexers

The specialized common carriers such as Datran

panies will eventually emerge as the largest

plexing equipment. They will make extensive use of
on local city loops in order to keep their operatih
minimum. These specialized carriers may lease a vo%
particular buildings or industrial park areas withi
multiplex several data communication clients from E

End users of multiplexers today are primarily
services and private corporate teleprocessing syst@
of 1971, there were approximately 200 remote compuﬁ
firms, of which about 50% offered their services in
to which they are connected by some data links.

One indication of the potential market for mul
obtained by comparing the number of commercial time
with the number of distant cities in which they pro
dial-in access. From the table developed on the £0
estimate that about 800 to 1,000 lines may be in us
sharing services today connecting computer centers

which implies a market for 2,000 multiplexers.

| PRAVI1 & DU LLIVALIE 18w,

PN YV

and MCI Com-

customers for multi-

multiplexers

g costs to a

ce grade 1iné to
n a city, and
ach such point.
the time-sharing
ms. At the end

ing service

remote cities

tiplexers can be
-sharing clients
vide toll-free
11owing page, we
e by time-

to remote cities,

This number must be offset by considering a1£ernative communi-

cation methods available to time-sharing companies

These include

dial-in WATS, foreign exchange lines and data concentrator systems

which, under particular conditions, may offer advémtages over the

use of multiplexers.

| viI] 16 |
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TABLE XIX
ES WITH LOCAL DIAL-UP ACCESS TO REMOTE TIME-SHARING SERVICES

TVl G JVRLIVAIN INW. N VY

Time-Sharing

Service

Allen-Babcock
Applied Logig

Bolt, Beranek & Newman
Boeing Computer

Computer Scie
Comshare

CDC Cybernet
Computer Netw
General Elect
Honeywell Inf

Interactive [
ITT Data Serv
International
Keydata
Leasco Respon
McDonnell Aut
NCR \

National CSS

On-Line Systems

Rapidata
Remote Comput
Service Burea
Tymshare

nces Infonet

ork
ric
ormation
ata

ices
Timesharing

se
omation

ing
u (IBM)

University Computing

Other (approx
Total

Except

. 170 firms)
|

Estimated No. of
Time-Sharing
Computer Centers

—
— NN WNWO P = =W

DB OAVN) = et N = =2 N) = et O =t

200
280

Remote Cities with

" Local

Dial-Up

for the 24 major time sharing firms, most of the remaining are

small local opérations based on a singie computer installation and serving the

local area.
appropﬁiate C
call required

service.

pn without written permission is strictly prohibited.

unless he is Tocated in the same city as the time-sharing

A1l time sharing firms can be accessed from any telephone, using

o&p]ers, but the user is then responsible for the cost of the tol]

l
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While the time-sharing services and private communications
|

systems are so far the primary markets for TDM

opportunities are emerging for additional sales

multiplexers, new

of TDM equipment

among the common carriers and several Government agencies which so

far installed the vast majority of the existing

units. Their plant, however, is now also being

FDM multiplexing
\

expadded through the

use of TDM equipment, particularly, where data ﬂransmiSsion ser-

vices are being developed.

The new specialized common carriers and datla transmission ser-

| \ :
vices being planned by existing independent common carriers are

considered one of the largest sing]é markets for multﬁp]exers in

the immediate future. Unfortunately, these are

\
markets which will build up during the next few

primarily one-time

years, as new ser-

vices are constructed and brought into operation, but will peak

out after 1976 when most new facilities are scheduled for completion.

|
Significant overseas markets for multiplexers will also

develop as data communications is being introduced in foreign

countries. But most of these will remain under

local national common carriers.

the control of

L
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Price Stabjlity of Multiplexer Products

Contrary to the severe price erosion in the modem markets,

prices of typical multiplexer units of both types remained fairly

stable during the last few years, although profit margins must have

decreased 3s competition forced the introduction of products with

additional |features and sophistication at relatively stable prices.

There |are some industry sources, however, who already point out

sporadic pr|
nify,q fort
of multiple
price stabi
sophisticat

extensive s

multiplexers

ice reductions in quantity sales which they believe sig-
hcoming price erosion in the years ahead. The majority
xer manufacturers believe, nevertheless, that relative
lity will continue and feel competition within product
ion will intensify. Some foresee inclusion of modems and
tatus indication and error checking features into the

D o

Iﬁ devefoping our annual multiplexer sales projections, we have

extended for

recasted multiplexer shipments by average price of $6,500

per unit. ‘%e believe this average price will fall only slightly

until about
carriers wil
come into be
developments

In the
will
very
more

more

1976, when the demand for multiplexers by the new common

1 subside and more competitive conditions will suddenly
ing. At that time, because of market saturation and LSI

s we believe a much more rapid price erosion may deve]op.

also be
competi
flexibi

rapid p

second half of the seventies, the multiplexer of today
much more seriously threatened by the availability of
tively priced programmable data concentrators offering
lity at lower prices, which will further justify the
rice erosion in this product line.

©1972 FROST & SULLIVAN, INC. Reproduction
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Multiplexer Market Forecast

Qur forecast for mﬁ]tip]exer sales, which appe
lowing page, is based on the fact that the existin
minals to multiplexers is in the order of 50:1 and
decrease to less than 40:1 during the next decade.
established the rationale for our terminal populati
where in this report, we are now applying the ratio
project the expected multiplexer installations and
annual shipments during the next few years. In thi
have considered that no significant replacement of
be taking place.

We feel that the number of installed multiplex
triple to 30,000 - 37,000 units by 1975-1976, but 1
ments will grow most fapid]y during the 1974—1976‘p
to a surge in demand from the new specialized commd
Annual sales will then peak out at about $76 millio
settle to a steady market of $50 mii]ion a year, wh
will continue to increase slightly and replacement
play. But erosion of prices will prevent further |
revenues.

Not all the on-line computers will use multip]
certain percentage will always operate locally with
such equipment. More important, however, is the fa

mable data concentrators and sophjsticated communic

lers will increasingly offer multiplexing functions

ars on the fol-
g ratjio of ter-
is unlikely to
Since we have
on growth else-
s in order to
consequently

s projection, we

mu]tiplexers will

ers will about
hat annual ship-
erio& in response
n canriers.

n and will Tlater
ile shipments
markets come into

ncreases in sales

exer§ because a
out the need for
¢t that program-
ations control-

as part of

their own design and very competitive prices. Another factor is

the possible availability of multiplexing hardware

built into the

©1972 FROST & SULLIVAN, INC. Reproduction without written permission is strictly prohibited.
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|

computing hardware designed for communications appl
|
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ications, which

is very likely to develop as competition sharpens up. The most

: \
serious threat to independent multiplexer industry
\

is, therefore, a

combination of rapidly falling component prices and avaiﬁabi]ity of

very low priced minicomputers on an OEM basis, which can perform

data concentration functions and offer additional fllexibility to the

|
©1972 FROST & SULLIVAN, INC. Reproduction without written permission Is strictly prohibited. ‘
|
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Market Shares of Multiplexer Manufacturers

e

According to our estimates, 15 multiplexer manufacturers con-

[rPTS—.

trol 85% of|the total multiplexer market and of these, several are
large, well éstablished corporations such as Lenkurt, Data Products,
Collins Radjo, Singer Tele-Signal, and Ultronics, while a few are
controlled or affiliated with larger firms. ADS, for example, is
controlled ty North American Rockwell, while Coherent Communications
is affiliated with Victor Comptometer.

The leading supplier appears to be American Data Systems, who
were the Time-Division multiplexer pioneers. Lenkurt, Collins
Radio and Northern Radio are large FDM mu1tjp1exer suppliers to
common carrilers both domestically and overseas, while Timeplex and
General DatalComm Industries are the new entrants who captured a
significant market share. Together, the top five suppliers probably
.account‘for about 50% of the mulfip]exers installed.

In our estimates, we have considéred together the time-
division and| the frequency division multiplexers. Although some
companies manufacture both types, many specialize in one or the
other aﬁd often claim that they do not compete with suppliers of
other types nf multiplexers. This is only partially true, since
many data communications systems may have mixed multiplexing equip-
ment as?opt1ma1 solutions to their data communications problems.

This is particularly true with some time-sharing companies which
need the mu]ti}drop capability of FDM multiplexers as well as
economies of TDM equipment.for long distance tranémission.

Thé market shares are therefore not always directly comparable

| | _ ondd @ ] wagd 28 |
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TABLE XXI |
ESTIMATED MARKET SHARES OF MULTIPLEXER MANUFACTIURERS AT END OF
1972
Type of Estimated | Share of
Multiplexer Cumulative Market

Manufacturer TDM FDM  Installations | (%)
American Data Systems X X 1,500 13.6%
Lenkurt (GT&E) X 1,500 13.6
Collins Radio X 1,000 9.1
Northern Radio X 800 | 7.3
Timeplex % 700 ‘ 6.4
General DataComm X X 600 5. 5
RFL Industries | X X 500 4.5
Tel-Tech ‘_ X 400 3.6
Coherent Communications X 400 3.6
Rixon Electronics X 350 3.2
Data Products _ | X 3 300 2.7
Databit ' X 3%0 o7
Infotron X 300 2.7
Ultronics (GT&E) Xl % 250 293
Singer Tele-Signal X X 250 25 3
Codex | X 100 9
Computer Transmission X 100 .9
Others (about 20 suppliers) x X lJQSQ‘ 15.0

Total ' ' 11,000 100.0
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because each TDM installation usually represents multiplexing of

12 or more

channels epch.

terms of total channels rather than multiplexing units.

channels, while many FDM installations may only be a few
Most FDM suppliers estimate their installations in

For pur-

poses of copmparison, when this happened,we have assumed about 4 to

5 channels

per FDM multiplexer.

Of the total multiplexer installations at end of 1971, about

rest are F
either typ
time. The
Division M
of the tot
ing equipm
works. Al
plexer sal
With
have very
missiﬁn fac
reduces th
But even B
the data c¢
plexer use
As wi

known, can

,000 units were Time Division multiplexers, while the
DM devices. As previously argued, there is.a need for

e of unit and this need is expected to continue for some
general concensus, however, seems to be that Time- |
Jitiplexers will form an increasingly larger percentage
al, particularly once the new common carriers start buy-
ent to develop local loops for theik transmission net-
ready estimates indicate that 70% of all current multi-
es are TDM units.

present voice oriented tariffs, the telephone companies
little intefest in optimizing the use of their trans-
cilities by providing multiplexing equipment, as it only
efr revenues for data transmission without multiplexing.
211 is not completely unresponsive to the pressures of
pmmunications user,and provides a service which multi-

r data streams into voice grade lines.

th other AT&T services, the DATREX service, as it is

only be leased from the telephone company. For compari-

son purposes, the DATREX service provides up to 8 channels of

©1972 FROST & SULLIVAN, INC. gﬁoploductm w‘lthou( written permission is strictly prohibited.
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ll 150 BPS data streams over a single voice-grade Tine andirents for
$72 per month for basic 3 channels. Each additional channel rents

for $15 monthly. This would suggest that a one-jear rental of 8

DATREX channels is equivalent to an outright purdhase of an FDM
ll unit from an independent manufacturer. i
'! It is difficult to predict at this juncture what the future of
DATREX will be, particu]ar]y when Bell will briné the Digital Data
l! System on stream which will not require user mu]fip]exing. On the

|
other hand, the service may be of value to thoseihho will need to

communicate from areas where DDS will not be avajlable until a

much later date. {

122
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Future Trends in Multiplexers

By comparison with the modem market, the multiplexer product

Tines exhibit much greater price stability. Because a multiplexer

is a much ndre complicated device, not as many companies have the
talent or the resources to develop the product. This is particu-
lTarly true |in the case of Time-Division multiplexers, where charac-

ter on bit |interleaving techniques are rather sophisticated and

even some of the large system houses pulled out of the business
| ‘

after‘announpement that they were going to build TDM multiplexers.

\
AT11 thiis contributes to stability of prices in the multiplexer

business. Average prices are often measured in cost per channel,

that can be éerived and average between $250 &o $300 per channel.
Usually the| units which feature character interleaving are about
10% more expensive because of additional electronics required to
buffer‘cémpléte characters as opposed to singTe bits in the bit-_
interleaving devices. Frequency Division multiplexers will con-
tinue to sel} for up to 20 channels or, in situations where multi-
drop akrangements must be made along a telephone line.

There is growing performance competition in the muTtip]exer

|
market, however, which is expected to continue. Manufacturers are

beginning to offer products which are more flexible and offer
1 \ !

. Some of the

greateﬁ adap

stripped of

hope will ap

mu1tip1exek.

©1972 FROST & SULLIVAN, INC. Reproduction

tability to a particular configuration of a user.
TDM manufacturing are also considering units which are
some of the more sophisticated features which they

peal to the present user of the Frequency Division

123
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Diagnostic
more common and
future. In the
cost savings to

shooting and maintenance procedures. We anticipate

than price,these features will be the basis of any ¢

the multiplexer markets.

|
Rather than price or new technologies, a much (¢

|

to the future of the multiplexer market is the incre
i

minicomputers as communications controllers and dat:

A multiplexer is primarily a hardware device ar

units are quite flexible in terms of number of chani

and data codes, they have nowhere near the flexibil]

|
computer which is programmable and therefore much m¢

than a hardwired device.

But there is no advantage of replacing a multij
|

~ programmable concentrator unless the user wishes tb

of the storage capabi]ity of the minicomputer. The

~ FROST & SU

i
and control features of multiplexers
will be available at Tittle addition
economics of communications, such fe

the users who otherwise face time-%c

LLIVAN iNC. NEWYORK CITY

wi]f become

al c&st in the
atures mean
nsum%ng trouble
that rather

ompetition 1in

reater threat
sasing use of

\ concentrators.
1d although some
els éxpansion
ty o% a small
Dre f{exib]e

\
blexer with a

\
take advantage

most‘direct1y

competing application is the data concentrator,which can have a

| |
higher concentration ratio for the same number of lines than a

| [
multiplexer because it polls all terminals in sequepce,and if there

is no input from some, that time slot is used up tb
|

v

continue trans-

mission of the active terminals. A multiplexer, even a TDM unit,

will actually waste the time slots on the transmissjon line in
| |

such a situation. By the same token, a concentrato
- |

r can handle

124 | vii| 28]
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more terminalls than total line capacity and, in cases of overflow,

would simply| store some of the messages for forwarding a little

later. Multiiplexers, which do not have a memory, are not able to

exploit such| situations.

On the

other hand, concentrators and all programmable devices

require software which adds an extra cost to the purchase and

operation of| these units.

Therefore, for installations where dedi-

cation of the system is well defined and frequent changes not

anticipated,

multiplexers will prove to be the answer. The pro-

grammab/le dafta concentrator or front-end is, however, a very real

and fast growing competitor in the more general purpose on-line

data priocessfing installation,which is handling many applications and

is changing

rapidly in configuration with addition of new types of

terminals and devices.
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VIII - COMMUNICATIONS PROCESSOR INDMSTRY AND MARKET

summary

Communications processors are increasingly

important elements

of data communications systems. While some hardwired processors are
|

specifically built for the data communications flunction, the trend

is towards the use of programmab]e'devices, often based on a small
|

computer or minicomputer. A significant portiqn of the communica-

tions processor market, therefore, is also countled as part of the

computer market, a fact which is not always made clear.

Several types of communications processors

are in use today,

such as front end controllers, message switches, data concentrators,

\
store-and-forward units and remote data contro}]

|
ers. In more com-

plex applications, there is considerable functignal overlap between

different types of devices, and it is only with
' |
can conceive of a typical or average communicati

There is also a very large price range for

difficulty that one
ons processor.

these devices,

generally varying from $50,000 to $500,000 for a single installa-

|
tion, depending on the complexity of the applicgtion.

jections, we consider primarily the markéts fo#
cations processors hardware, not incTudiné the?a
and consulting markets. Also excluded are 1arée
computers specially adapted to operate as mess%g
plex data communications systems. Only hardwa?e

for data communications functions is considered.

In our pro-
specialized communi-
ttendant software
general purpose

e switches in com-

primarily designed
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Need For Communications Processors

With increasing number of large computer systems operated in
the coqmunica;ions mode the collective transmission capacity of all
the modems connected to the Bell telephone network is growing
exponentiallly. It is estimated to be about 10,000,000 characters
per second (CPS) today and expected to have a capacity of 100,000,000
CPS by‘the end of 1975. This means it will increase tenfold in but
a few years time.

100%000,000 Aggregate Modem }/

transmission
capacity (CPS)

‘ 50,000,000

10,000,000

| 1965 1970 1975
Such rapiq increase in overall data transmission rates means a
much more eff?cient utilization of the available bandwidth over the
é carrier;faciTities with a resulting crowding of the lines and crea-
tioq of communications control problems, particularly at-sources and
desJinations of data. These of course are nothing else but comput-
ers andytermwﬁals themselves.

For | meaningful message transmission to take place from one point
to another, gircuits must be provided and data 1inks established,

When messages arrive rapidly, at random and from numerous sources

with different transmission codes, considerable communications control

is called forn. To establish and terminate such transmission

in order,there are many functions that can only be performed by a
computer,and [this is where the communications processor which is pro-
grammable can really come into its own.

\ ‘ ‘
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Communications processors came into general use the lTate sixties

when time-sharing companies realized that their Targe computers were

involved in many data editing functions, an activity wasteful of

computer power in a competitive environment. The solution was mini-

computers attached in front of the central processb to handle the

Tow and medium-speed terminal input as well as some highﬁspeed trans-

missions from multiplexers or remote data concentrators, which more

often than not were also minicomputers 1in their own right.

Minicomputers are now most readily used as remote terminal

controllers linking together input and output devices ,with communica-

tion interfaces connecting the terminal to the carrier network

facilities. In most such applications minicomputers route the data

within the system and also act as volume and speed| buffers between

the computing system and various devices.

The future of minicomputers for this type of |data communications

control is assured as it offers the user cost reductions and increased

price/performance capability for his computer system. The program-

mable mini-computer controller gives the user the|flexibility to use

various computers which may not be directly compatible.

The "front end" communications processor market, is not expected
to last forever as large modern computers increasingly incorporate

multiple processors as part of their basic configuration. This is

Illullluuuuuuuu

likely to create a trend toward incorporation of |the front end
function into the basic mainframes. Until this happens, the communi-
cations processor is a fast growing market in dollar volume,larger

than the modem or the multiplexer markets by themselves.

[n2s 1113
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Programmable communications processors were offered during the
| |

early 1§60’s
Electric Data

PrimariTy the

by major computer manufacturers inciuding General
net 30, IBM 7740, CDC 8090/8050 and Collins Data Central.

se were message switching systems and since that time

the cost of sluch units has come down drastically ,particularly with

the advent of

However
prospective u
processor sys
turn out to b

One‘of t
to take full
1y controlled
processor. T
houses byt at
numerous| supp

the dilemma o

the minicomputer.

the low hardware 1ist price should not be taken by the
ser at face value  ,because a complete data communication
tem requires interfaces and software, both of which may
e considerably more costly than the minicomputer itself.
he most valuable features of a supplier is the ability
responsibility for service and operation of the external-
communications network ,which is controlled by his

his leads, on the one hand, to the emergence of systems
the same time rapid growth in the field created

Ijers, large and small, confronting the end user with

f who to turn to,for what,and how much to pay for it.
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tion of the computer system.

TYPICAL LOW-LEVEL
CONTROL FUNCTIONS
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|

1
Functions of Communications Control

|

|

|

The functions associated with communications

control range from

the simple to most complex and are usually grouped into so-called
low-level and high-level functions. The 1ow-1eveh functions are
common to all communications systems. The hiqh-]eée] functions occur

in specialized systems and depend predominantly on| the main applica-
‘ |

Interface Signa]hing

Message status indication

Bit and character| synchronization
Character assembiy/dissassembly
Polling of termipa]s, selection
Connection contrp]
Terminal control
Message assembly [for processing
Message error conitrol

Code conversion |
Data editing and compression

. Performance monitpring and analysis

Job routing i
System testing

Data buffering and Query

Address routing of messages

Priority assignment in contention

Hardware configurlation control

Fail soft capabillity |

Time and cost recording

Formatting contqol of data

File management

Diagnostic routines
|
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rol Functions

1. Messa

e protocol is the simplest of communications functions

and referF to

at the interfa
system or term
From just a fe
single circuit

2. Mgssag

h§ndling of individual signals which arrive at random
ce between the transmission facility and the computer
inal and must be dealt with in an organized manner.

w to a dozen individua]bcontrol signals may exist in a

e Status Indication. Closely tied to recognition of

interface sign

characters whi
can immediatel

3. Bit an

it involves collection and interpretation of contrci

establish message status and programmed processors

~
o

s
h

y take appropriate action routing the message.

Messages are transmitted

in form of bit
stream across

mission rpquir
operation reli
tion. In char

character boun

d character synchronization.
s and it is mandatory to discover the timing of the bit

a transmission facility boundary.

Asynchronous trans-
es this activity at the receiving end; synchronous

es on transmission facility for bit-rate timing detec-
acter synchronization the main task is to detect
daries in arriving data stream.

ter assembly and disassembly.

4. Charac
transmit §igna
parallel ﬁata
arrange for co
versa when dat

5. Pollin

Transmission facilities
l$ serially while data processing machines involve
processing. At the interfaces it is necessary to
nversion of serial to parallel processing and vice
a is being sent to remote terminals.

of terminals. In this process a series of terminals

is addresPed S
to transmit da

which have imm

active termina

erially to determine if they are active and are ready
|
t?. Processors should be able to select those terminals

ediate input and continue transmitting until another

1 is encountered.
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6. Automatic Dialing and answering. This actﬁ
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ity éontroTs the

connection and performs dialing and answering eithér in an automatic

or manual mode. Line switching operations may alsb
this function as well as ability to manually inter%
calls.

7. Terminal Control will include a series of ?
|

may be required to activate specific terminals or e

capabilities of these units such as cursors in a CB

8. Message Assembly for Processing. This proc
i
the accumulation of characters or records required

message which is then verified and acted upon as sb
i

9. Error Control. One of the most important f

\
data communications refers to detection of errors f

random sources and initiation recovery procedures b

depending on complexity of the error detected. Ge%

checks. |

10. Code Conversion. This is a necessity in ev
|

communication system because there are at least a H
mission codes in use today. Code conversion softQa
could present a very significant load on the centra
best handled by a front end type of device.

11. Editing and Compression. This function ma

deletion and insertion of redundant characters, wdr
format for more efficient transmission. More sopﬁi
|

may also include validity checks.

be required in

ere with the

inctions which
Kercige certain

T displays.

edure involves

to complete a
ecified.

unctions in all
rom routine and

r alternate action

eration of parity

ery data

ozen major trans-

re and function

1 processor and is

y include the

ds and changes in

sticated routines
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formance monitoring and analysis. This group of functions

keep records
other inform
line basis a

13. Job

of line usage, connection and traffic statistics and
ation. These can be recorded on a per terminal or per
nd utilized later in optimizing the system.

Routing of Messages. Once messages are identified and

their purpos
of the syste
processor mu

14. Sys

e decoded, the messages must be routed to different parts
mtfor execution. In this function the communications
st be able to act as a message switching device.

tem Testing and Diagnostic Routines. Ability to test

performance

system allow
These functi
networks wit
manual diagn

Most of

the actual mi

procedufes W
connecting t
to communicaf
data Tinks av
cuit connect’
same time.
those parties
ted communica

enable this a

¢

of the remote terminals and various elements of the

s the user to pin point trouble spots as soon as possible
ons are of particular importance in complex or extensive
h remote located terminals too far from the source of
DSis.

these low-level functions have not got much to do with
aﬁsagé transfer but are necessary in a chain of

1%ch leads to that task. The activities are required in
he physical circuits of the appropriate parties that wish
te and also in establishing the appropriate links. The
e the logical paths for communications since the cir-
6n usually brings together several parties at the
ommunications processors must be able to identify

that wish to communicate and those that have termina-
tion and act to establish the appropriate data links to

ctivity to proceed in the most effective manner.

l
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High-Level Control Functions |

1. Data Buffering and Queing. In this functjon the unit must
|

act as a "store and forward" processor arranging messages in trans-
o ; e E g | .
mission order according to priorities or known sequences which

depend on transmission terminal, time of day or sbecia] code indicat-
\

ing a particular job function. {

2. Address Routing of Messages. Is in fact twe basis of message

switching. It involves identifying the address of each message which
may be coded in the message or stored in memory in|form of tables or
directories, After identification messages are dispatched, they are

routed and stored accordingly and appropriate records are made.

messages may assign priority to certain types of bessages and the

system must be able to distinguish these codes and| take appropriate
action within the previously described queing function. The object
is to allow important messages to get through imm@diate]y regardless
of the loading of the system at any one time. i

4, Fail Soft Capability. This feature is de@ignedyto increase

i 3. Priority Assignment in Contention. Specifjic coding of

' overall reliability of the system. It means that remoté terminals

l can continue transmitting and receiving limited r%esponse even when
the main computer system is temporarily out of commission. While

there are limits to this activity and certain fuqctions‘cannot go

on, the user is not completely cut-off and may eﬂen obtain status

responses to his inquiries about the system. One of the first

users of this capability were the time-sharing c&mpanieﬁ which
|
experienced considerable down time in the initial |stages of their

|
ii operations and found that lack of "fail-soft" capapility was a

serious factor in that competitive environment.

|
L3 viir] 9 |
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6. Time and Cost Recording. This function is of first

in time-sharing services Operated for numerous cliients who use it

importance
in a

random fashion but it s just as vital in one-line systems which are

operated in-house for a variety of departments, Precise records must

be kept of [the use of central processor time, duration of connection

to the systlem and amount of storage used and maintained. The statis-
|

tics are extended to present the user with a cost of the service ang

are also used to analyse the usage and eliminate unnecessary or
i

wasteful op=rat1ng features in the system. Time control and records

are also vital in certain recovery procedures and in locating errors.
|

7. Formatting Control of Data. This function is for the use of

remote term1na1 user to guide and control their actions in an inter-

active way. Software required may be quite extensive and usua]]y

takes the form of an interactive higher lTevel language.

8. File Management. This pPrimarily refers to ability to manipu-

kept in order to permit accurate updating, billing and disposal of

files.

9. Diagnostic Routines This is usually a group of functions
| :

i

|

|

1 late the extensive records of communications transactions that are

|

‘ more sophistwqated than the Tower-level] error control functions and

‘ are used on tne more complex communication Processing systems to
check the performance of hardware as well as some of the software

| involved. These routines may be designed to perform preventive test-

ing and monitoring of the system. They may be limited only to the

communications processor because of the special communications-

oriented instructions which may be added to the unit's repertoire

but not elsewhere in the system,

| | L 135 NI11] 10|
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Types of Communications Processors
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Communications processors come in a variety of conf1gurat1ons and

capabilities and in both cases can be hardwired or programmab]e

Therefore it appears best to classify the devices by

to which they are being put in a communications system.

the applications

Both hardwired and programmable processors perform similar

functions today but industry experts are suggesting
includes more than 17 terminals ,a programmable procp

cost effective. From our previous analysis of the c
tion and associated terminals,it appears that on the
computers have more than 17 terminals and that this

\
It seems certa

steadily although not without limit.
before long,the hardwired communications processor m
replaced by programmable devices. - Some of these may
ware" using Read Only memory (ROM) techniques for ér
and efficiency,but while not as f]exib]elas generai
these devices can be changed fairly simply without ¢
In addition many units will employ "firmware" for bm

software which remains faily constant most of the ti

that if a system
ssor becomes more
omputér popula-

average ,on-line
number is growing

\
in therefore,that

ay be completely

employ "firm-
eater reliability
purpose computers,
00 much of coest.

ly part of their

me.

The basic applications of communications processors are listed

below and each will be discussed in more detail in subsequent pages.

Front End Controllers
Data Concentrators
Message Switching Units
Store and Forward Systems

Remote Data Controllers

| 136
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Front End Processors

In most cases the Front End processor replaces the hardwired

communicatfions controller as the interface between the transmission

facility awd the computer system. Front Ends are programmed to pre-

and pbst-prdcess the data in many ways in order to relieve the central

compuier from time consuming message formatting and control activities.

A typ]
40% to 50%
tions
byteslof me

A Fron
input)outpu
computer an
overall sysg

The Da
only Front
sition,Data
Honey#e]] 5

ﬂn pur
first wheth
device whic
common amon
IBM 2701 Da
Units.‘ Suc

IBM 360 or

Reproduction Without written permission s strictly prohibited.

cal Front End may relieve the main processor of as much as

of the work loadsand in addition contains the communica-

software which would otherwise have to occupy from 10K to 20K

ﬂory in the main processing system.

t End unit is connected directly to one of the computer
f channels or ports. It works in parallel with a central
d contributes considerably to increased throughput of the
tkm.

tanet devices of General Electric were at one time the
Ends to géin wide acceptance. Since the Honeywel] acqui-
net units have been discontinued and replaced by the

15 communications minicomputer.

chasing a Front End Processor,the end user must decide

ef he will be satisfied with a relatively simple "plug-in"
h will not require additional software expenditure. Most
g;these are the many units designed as replacements for

ta Adapter and IBM 2702 and 2703 Transmission Control

h devices have the advantages of functioning with standard

370 communications software.
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|
When more complex Front End devices are conte

approach is probably the best and is becoming poph

In this type of arrangement,the supplier takes on
|

to provide hardware, software and maintenance of t

\
The system is sold at a one time price and th

maintenance fee which varies from a few hundred do
|

thousand ,depending on the complexity of the systeﬁ

|
responsibilities undertaken by the contractor. Sh
tenance fee includes the cost of software and the
developments. In other cases there may be a separ
for software alone. |
Some of the first Front End devices supplied

|
Marshall and Phillips were by-products of equipmen

Military Command and Control Systems,and while ver
out of reach for commercial applications because 0

While the Front End business is booming it aﬁ
ties among suppliers of such equipment. One indp
that if a user wants a highly specialized front en
unlikely to be sold in quantity to other users, he
to buy the whole company to assure himself of the
tenance after delivery. Understandingly this apph

unseasoned companies which have recently entered t

FROST & SULLIVAN IRC. New Y=< Ly

mplated,the turnkey
lar among users.
the responsibility
ne system.

gre. 13-4 monthly
lars/to a few

and the range of
metimes the main-

updating and new

ate one time charge

by Collins,

t developed for the
y comprehensive are
f their high cost.
ready| has casué]-
stry suggestion is
d system which is
should be prepared
service and main-

ies to small,

he business.
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Data Cohcent~étors

Basic to the understanding of this application is the fact that
data concentration is a process similar to multiplexing. But while a
data concentrator usually can operate as a multiplexer the reverse is
not true. Also the programmable aspect of communications processors
in this particular application is less important than in any other
uses.

Data concgntrators allow the data streams entering or leaving ,
the terminals Eo exceed the data rate of the communications channel.
A processor clan store input from several terminals and utilize the
channe]lwith greater efficiency than a multiplexer. This means that
the transmissibn Tine must be only fast enough to handle the average
data rate of tbe system and does not 1imit the system when input ex-
ceeds maximum ]1ne transmission rates. Programmab]e concentrators
capable of dofing this have been claimed fo have obtained 4 times the
data rates of hérdwired devices in the same system mix.

Use of a @ata concentrator also permits direct connection of
terminals to tﬁe unit which then transmits multiple signals through a
high speed modem to an equivalent modem at the computer site. There
another "deconcentrator unit" separates the signals into jndividua]
messages}for processing. Each appears on an independent'line
through a sepaﬁate interface and this method does not require

additional software in the computer system.

A]ternate}y concentrated data streams may be entering into a
computer through a high speed interface but the unscrambling of
messages must ﬂhen be performed by the computer and requires special
software for the purpose.

Used as data concentrétors, communications processors are more
expensivé than hardwired multiplexers,but their storage capability
and bufféring allow higher overall concentration ratios to be ob-

tained from the‘equipment. [; 139 [VIII[ 12 ]
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DATA CONCENTRATORS (2)

OOOOO

T TRU9) a;FULLl'HI' ----- R A

s K
»
— B
\
a3 ~ | CPU
P
0
Diagram above shows a typicalicontention dat; concentrator

with remote data terminals A, B, C, D, and E eachltransmitting into a

buffer storage (S) on its own within the data conbentrator. Under

programmable logic (L) unit the concentrator can transmit data to the

central computer facility (CPU) with which it is cpnnected by only

two channe]s; Terminals B and D are shown transmitting. A1l modems

and interfaces have been omitted for clarity.

©1972 FROST & SULLIVAN, INC. Reproduction without written permission is strictly prohibited.
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Minicomputers

CHITWWI R WYl VIRIN 118 we Nadd T T o

as Data Concentrators

A concen

trator based on a minicomputer acts like a funnel which

‘takes a number of low-speed data streams and puts them into one highenr

speed stream
concentrator

similar in th

for transmission to a processing computer. Since a data
seldom performs any data storage functions it is very

is respect to a multiplexer.

But while a multiplexer can concentrate low-speed data streams

it is primarily an inflexible hardware device with predetermined data

input and output parameters.

Data concentrators, on the other hand,

can be prograﬁmed to decide where to send data, perform several valid-

ation functigns and interact with the user in a sophisticated way to

detect and correct transmission errors,

If more than one data process

ing systems are involved data concentrators can also act as code con-

verters.

So far thé market for data concentrators was directly dependent

on the growth

of the time-sharing industry, but with increased use of

computer netwmrks within companies, agencies and businesses,the demand

for minicompulters for data concentration role is increasing.

The competition is also becoming stiffer among minicomputer manu-

facturers for

é share of the data communications applications market.

As a result the user is getting improved'co$t/performance character-

istics and thefe are attempts to combine the functions of remote

terminals controllers and concentrators in a single product which is

also 1ik§1y t

p present additional savings to the end user.

lvirif 16 |
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Message Switching Units
\

In this type of application the processor recei

from remote terminals, anaTyses each to determine ph
tinations and then transmits to terminals or the c&m

The typical message switching processor is a %s
and because of its special purpose and high perforﬁa
it is usually protected from the disturbing inf]ueﬁc
traffic. A message switching processor is therefoﬁe
1y related to the computing facility than the froné
communications devices.

In performing the message switching function th
be called upon to do code conversion and to providé
of buffering. Then messages are temporarily stored

or tape for later transmission when the lines are fn

ves messages .

eir uﬂtimate'des-
puter|,
tand-alone" device,
nce requirements

e of other data
much more remote-

end or other

€ processor may
a certain amount

on a disk, drum

ee, |For this

reason communication processors with this tapabi]jty are of the

store and forward variety,and many units dedicated to message switch-

ing must have this capability.

The length of tihe during which messages are stored may range

from seconds'to days depending on priorities coded into them. But

\
in any case little .if any processing is performed ?r

the message

jtself. The principal function is that of trafficicirection and as

such is one of the most common applications of communicationS'

processors. : ,

l
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MESSAGE SWITCHING UNITS (2)

©:
w w w n n w

L CPU

A‘typi:al message switching communications processor can transmit

messagfs between two remote terminals w1thout the necessity of going

through the

centra] processor. This not on]y saves the central

computer t1mq and capacity but also dispenses with the need to trans-

mit over the mu1t1p1exed Tine to the computer which results in addij-

\
tional savin

\
In the

buffer stora
decodei the
routes it to

(CPU).‘

QS in communication costs.

d1agram above the terminal F transmits d1rect1y to its

ge (S) in the message switching processor whose logic (L)
message and if necessary performs code conversion and

terminal B by-passing the central computing facility

MoFems are omitted in the diagram for clarity.
a |
L
L \
i
i ‘
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Store and Forward Systems

These applications were already mentioned inidescribing the

message switching application of communications processors.

But with

the advent of the minicomputer and its ready avai]abi]ity for data

communications purposes, the store and forward sy%tems are gaining in

popularity. i
Functionally "store and forward" systems are

concentrators. In addition however, messages can

\
various periods of time either in the main memory

als connected to the processor for this purpose.

\
forward" systems are used by many time-sharing ser
to optimize their data networks which must have na

many instances. !

The market for "gtore and forward" devices i§

|
jntracompany data communications users but it musF

does so at the expense of data concentrators and m
fact various applications of the communications pr

lapping one another and it is difficult to find tw
|

precisely the same tasks. Much of the operations,

simply on availability of specific software,and CP
processors will genera]]y‘differ in precise functﬁ
among themselves. ;
|

But there are quite a few users who are not w

very similar to data
be stored for

or in the peripher-

The "store and

vices in an attempt
tional scope in

L :
growing also among

be pbinted out it

\
ultiplexers. In

oCessors are over-

o units performing

| ,
of course, depends

mmunications

ons as users differ

illing to combine

|
the storing and concentrating functions because ﬂhey feel a higher

standard of reliability is needed in "store and forward" systems than

in commercial data processing.
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| STORE AND FORWARD UNITS (2)

OO

00

Diagram
1

serve a§ a data concentrator.
|

\\.'E&
miteess
1%,

to CPU
-y .
~N
AN
\
\
CBQRSACE
/
/
yd
[

indicates a basic store and forward unit which can also

Output of the unit is a function of

message}rates‘on the incoming lines from terminals A, B,.D, D, E,

R and QL Each message can be stored in a buffer storage (S) until the

line is free

of the message and are recognized by the logic of the unit

Modems I

facility (CP

©1972 FROST & SULLIVAN, INC. Reproduction

6r according to other priority criteria that may be part
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) have been omitted for clarity.

fi *

nd interfaces required as well as the central processing
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Remote Data Controllers

This type of device acts as a repiacement for
|

1 Ol VY hkeini§AALIE 58 W RN T CRUATIRLSSS IS NRL RERGSTE

data collection

units and is often compared with a standard IBM é’SO Remote Job Entry

\
|
A properly programmed remote data controller

Batch Terminal.

can transmit direct-

1y all data collected on magnetic tape or disk fbr bat¢h processing

at the computing facility. In addition a prograbmab]elprocessor

would offer stand alone processing capability at

when not in use for data collection and transmiss

|
Programmable remote communications processor
"intelligent terminals". The processor controls

\
It performs limited ]oF

and decides when to transmit data for further prb

|
central computing facility.

\

"Intelligent terminals" usually upgrade ordi

line peripheral devices.

terminals and make it possible to incorporate hi%
peripherals as well aS'faster transmission ratesL
the communications processors,the "intelligent te
considered as part of routine communications prok
increasingly involves considerable data communica

feel it should be mentioned as one of major uses

processors.

the remote location

ion.

s are the heart of
operations of on-
al processing of data,

cessihg at the

nary remote batch
her performance

In §ome studies of
rmina%" is not
essiné. Because it

tions capability, we

of communications
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tics of Communications Processors

The ta
of communic
manufapture
puter manuf
as a wa sm
shelf.| The

|
pany 1ﬁtera
basic Bpera

If mus
a]most%ever
simi]a% mod
lines %erve
most c?ses,
such ag 1in
communﬁcati

|
In man

additional
there may a
natively, s
1easing pla
siderable a
tions Lser.
Léter
average pri
defineﬁ by

significant
devices, pa

basis for e

sales jof co

hle following this page lists almost 100 different models
a%ions processors which are being supplied by 53 different
r#. These include computer mainframe companies, minicom-
a?turers, systems houses and software companies, as wefl
all consulting firms without a product available off the
basic characteristics are from published surveys and com-
tﬁre, and price ranges, whenever quoted, refer to a

|
ting unit.

‘
t be borne in mind that as data communications vary with
y single application, basic prices will differ even for
els of equipment, depending on such factors as number of
d and functions performed. We believe, however, that in
prices inciude the necessary data communications hardware
e?adapters and interfaces mandatory for operation as a
oﬁs processor.
y instances, operating software is available only at an

fee over and above the hardware cost. On top of both,

1§o be a monthly maintenance and updating charge. A]fer-

uppliers of communications processors also offer monthly

ns for both hardware and software, an option with con-

mount of appeal to a less sophisticated data ‘communica-

in the study, we use data in the following tables to plot
ce ranges against communications processor complexity, as
maximum number of lines capacity. This graph uncovers a

trend to replace hardwired processors with programmable

rticularly for more complex systems. It also provides a
stimation of average prices used in forecasting future

mmunications processors.
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TABLE XXII
SUPPLIERS OF COMMUNICATIONS PROCESSORS AND THEIR PRODUCTS
Maximum ‘
number of Price range
Manufacturer Model Type 1ines ($ 000's)
American Data Systems 950 P 128 | | 785
Action Communication System TELECONTROLER P ‘ 80.0 to 400.0
Bolt, Beranek & Newman IMP/TIP H 63 | 120.0
" Burroughs DC 1200 H 65 60.0
DC 1800 H 64 92.0
B 5700 256 | 122.0
B 6700/7700 256 | | 135.0 to 250.0
Control Data 791 40 80.0 to 135.0
SC 1700 P 512
M 1000 Hi,P 512 | 250.0 to 600.0
CHI Corporation Mark II P 128 | 60.0
Computer Automation Alpha 8 32 3.0 to 10.0
Alpha 16 64 | 3.5 to 20.0
| Collins Radio C System H 256 135.0 to 250.0
Computer Communications CC-70 H,P 240 47.0
cc-71 H,P 240 37.5
l CcCl -7000 H,P 960 280.0
Comtec Data Systems CI/%0 P 511 50.0 to .70.0
Computer Control Systems DCS-5000 H,P 128 75.0
: Teleswitcher H 32
l Comten(Previously Comcet) Comten 20 H 128 60.0 to 150.0
Comten 40 H 240 100.0 to 500.0
Comten 60 H 240 200.0 to 800.0
] 3670 H 384 9.0
Cybermatics Tin Can 1 H 64 50.0
Tin Can 2 H 300 70.0 to 200.0
' Data General Nova 1200 16/mux 6.0 to 50.0
Nova 800 _. 16/mux 17.0 to 75.0
Supernova SC 16/mux 11.9 to 125.0
Nova 1210 64 /mux 4.4
‘ Nova 820 64/mux 6.4
' Data Quote DQ 100/200/300 64/300 20.0 to 400.0
Data Pathing 2102 H 4 40.0
E | 2104 H 10 50.0
Dataserv : System 770 128
Datacraft 6024/1/3/5 ‘
‘ Notes:

Maximum number of lines refers to low speed lines. For higher
lg speeds,smaller number of lines can be handled by the same unit.
- Type H = Hardwired controller, P = Programmable processor.
1
-

'2
¥ |
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TABLE XXII - Cont'd.

1 Maximum Price
number of Range
Manufacturer Model Type lines ($000's)
‘ 1
Digital Computer Controls D-116 P 128 5.0 to 50.0
Digital Equipment 6801 128 12.0 to 60.0
1 j PDP 11/05 256 4.8 to 80.0
1 PDP 11/20 256 11.0 to 120.0
PDP 11/45 256 18.0 to 300.0
DECComm 11D20 H 100 16.4
DECComm 11D23 H 100 30.9
EMR Computer DCS-16 H 250 180.0
3 ‘ DCS-45 H 500 250.0
Four Phase Systems IV/70 P
General E]ectrig Diginet 1600 H 256 16.0 to 76.0
General Instrument System 75 HP 128 45.0
Honeywell 1621 P 68 29.0 to 42.0
1622 - 132 47.0 to 83.0
316-700 49 30.0 to 35.0
Datanet 30 128 94.0 to 150.0
Datanet 355 'H 200 152.0
| Datanet 2000 H 120 87.9
‘ System 700/20 H 256 53.5
Informatics ICS-1V-250 H 144 250.0
? \ ICS-1V/500 H 640 1,250.0
Infotronics ‘ Mini/max 334 12.9
Intercomputer Communications I-50 P 250 46.0
Interdata Model 50 P 126 23.0
Model 55 P 250 39.0
270X P 126 64.3
IBM ‘ 3705 P 352 72.4 to 92.9
Jacquard Systems | RTCS H 64 250
‘Mark Cometer Systems System 70 16/mux 25.0 to 250.0
Microdata ‘ 1660 P 128 23.0
Memorex 1270 96
Notes: as on previous page
Heproduction without written permission is strictly prohibited. l ] 4 9 JV I I I ! Zﬂ




TABLE XXII - Cont'd.
Max imum
number of Price range
Manufacturer Model Type 1ines ($ 000'53
Modular Computer Systems Modcomp I P 128 7.9+t0.155.:0
Modcomp II P 128 " 11.6 to 77.0
: Modcomp III P 128 39.5
North American Phillips DS 714 H 8000 1,900.0
Omnus Computer Omnus 1/C H 224 15.0 to 77.0
Prentice Electronics P-3000 P 352 - 37.0 to 140.0
Programming Methods FCF-R 128 120.0
FCF-H 180 1180.0
FCF-T H 256 7/00.0
Remote Computing FRED P 256 100.0 |
Raytheon 450-M3 26 50.0 to 100.0
450-M4 3 ' 150.0 to 100.0
450-M70 3 50.0 to 100.0
PTS-100 256 5.5:40 25.0
RCA (Univac) " 1600 v 64 35.0 to 72.0
Sanders Data Systems Sandac 200 H 128 60.0
Scantlin Electronics 801 H 384 68.0
Scidata SCIDATA H 38 93.0
Scientific Control 5000 P 1024 40.0
SCC 4700 P 352 40.0 to 200.0
Telefile Computer T-46-1 H 256 25.0 to 100.0
Teleprocessing Ind. (WU) C 2000 H 256 110.0 to 180.0
Tempo (GT&E) TEMPO I & IT H 768 50.0 to 250.0
_ 2707 H 255 50.0 to 250.0
Texas Instruments 980 EMS 127 69.0 to 250.0
980 DCS P 256 50.0
Univac _ C/SP P 128 80.0 to 175.0
UCC Communications COPE H 960 ,55.0 'to 130.0
Varian Data Machines - 620-DC H 64 23.5
620L 64 15.0/to 60.0
620F 128 20.0tto 150.0
Notes: As on previous pages
: [ 150 ]VIII] ZSJ
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IBM Blesses the:

Communications Processor Concept

IBM's entry into the communications processor market with its

IBM 3705 control

this industry.

lers ,March 1972,is regarded as a turning point in

It was hailed as a blessing of the concept which

Digital Equipm%nt and other manufacturers have been using for years.

It is also
cessor supplien
percentagé of 1

0f the tota
zed in our tablle
IBM unit which |i
~configurations d
which is operati
to $449,000 whic
other suppliers
contracts,éfter
contract extensi

The entry
logical move by
out during the 1
manufacturers cg
tion devicés. 1
the independents
trend in miniconm
affect theiindus
lTower cost. The

the outset ,accep

are designed to-
|

not without some concern to the communication pro-

Q,because many of them have been thriving on the large

BM computers installed.

1 162 communications processors models we have analy-

.84, or over 50%,are IBM compatible units. The new
s only now beginning to be delivered comes in many
esigned to handle most df IBM terminal equipment

ng today. It ranges in purchase price from $57,000

ﬁ spans the whole price range offered by all the

It is also available on lease,basically on 24-month
thch the user has the option of unlimited one year
ons.

f IBM into this market is not unexpected and it is a
a company whose sales of mainframes were f1§ttening
ast three years with increasing number of independent
ncentrating on supply of peripherals and communica-

t is too soon to tell what efféct this will have on
but it is expected that with the continuing down-
puter prices,this move by IBM will not immediately
try as comparable systems are available to users at
independents are also offering systems which from

t a variety of terminal devices ,while IBM processors

handle IBM terminals only.

| 151
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HOST COMPUTER COMPATIBILITY
OF COMMUNICATIONS PROCESSORS

ggéguter Number of models of compatible communﬁ:atiops processors
IBM 360 48 XXXXXXXXXXXXXXXXKXXXXXXXXX XXX X KKK XXX XKX XXX XXX XXX
IBM 370 36 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%xxxx

UNIVAC (*) 35 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%xxx

LDC 13 XXXXXXXXXXXXX 1

BURROUGHS = 10  XXXXXXXXXX |

HIS 10 XXXXXXXXXX |

XEROX 7 XXX XX XX ;

Others 3 XXX ‘

Total 162 ‘

(*) Includes RCA compatible units | |

The biggest percentage of communications proc@ssorslwhich could

be identified as to host compatibility is for IBM 560 and IBM 700
equipment. Of the 162 different models above, 84 w;re IBM compatible
processors,which only underscores IBM domination o& the computer
market as a whole. Interestingly, there are very many processors
compatible with Univac also, while Burroughs, Conﬁro] Data and Honey-
well have all considerably smaller numbers. Honeywell has a big
range of its own communications processing equipmenit which accounts
for most of the HIS compatible models above. Xero&,althbugh with a
small market share in computers has relatively many| processors avail-

able which reflects Xerox Data Systems real-time hardware orientation.

sz Wit [ a7 |
\




972 1HO)4T

Hardwired Verg

FROST & SULLIVAN INC. NEWYORK CITY

us Programmable Controllers

|
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Mos% ear]
variety and sd
hardwired unit
boards it usua
and is unlikel

The?trenc
which to‘a lav
computerinetwc
contro]]érs be
hardware, parti
are connected
sors becqme ma
of these proce
continuing to
replace the ha

While pro
flexibility, th
maintenance ch
high as $1,80C
tion and the s
the Tatest mod
on his pgrt.

appears to be

j communications processors were of the hardwired
me were even mechanically operated devices. Although
4 can be rewired by replacement of pertinent circuits
f]y involves the manufacturer, considerable time,

y to prove convenient or economical.

now is toward programmable communications processors
ge extent is dictated by the increasingly complex
gks.

come more expensive because of the need for additional

As the number of lines increases, hardwired

Qu]arly if new terminals, not previously wired for,
go the system. In large systems,programmable proces-
re economical because of their flexibility. As most
%sors are based on minicomputers whose prices are
Qrop, the programmable communications processor may
Hdwired unit completely in a very short time.
grammable éontro]lers offer the user considerable

ey do so at a price in additional software and

arges required. This cost may range from ${30 to as
:per month, or even more,and will depend onkﬁophistica-
dftware required,but it assures the user of receiving
ﬂfications and improvements without additional effort
The average maintenance cost for these processors

in the order of about $350 per month.
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only practical with programmable units under prog
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Programmable controllers can early be adapte&

to adcept input

from a variety of terminals operating with different codes while
hardwired devices would be restricted to initial designs. In the
case of changing computer system configuration programmable

controllers have an obvious advantage. Fail safe c¢apability is also

ram control. More

elaborate and effective error control is possible,

computer is a practical means to effect housekeepi

such as storage of statistical data and performanc

and only a
ng functions

e analysis.
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as Communications Processors

What makes
foremost,fhe de
er suppliers ar
cations process
the minicompute
communications

However, s
multiplexers, i
communications
to make a minig

A minicomp
division multip
will not presen

One develo
"firmware" (ROW
functions for u
virtually non-d
than convention

Because of
firms ,the user

he is dealing w

1ife span of th
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a minicomputer a communications processor is first and
dicated data communications software. Thus minicomput-
e eminently suited to become the main source of communi-
ing devices for all the applications described. Any of
rs on the market is capable to be the basis of a
processor.

o far ,few minicomputers have been integrated with line
nterface units, or channel adapters to serve as complete
ﬁrocessor products. Software is often not sufficient
Jmputer stand apart as a communications processor.
Qter, for example can be easily put to use as a time
lexer and will handle up to 64 lines ,but as such,it
t any special advantages over the hardwired unit.

pment being used extensively by Interdata is to provide
) programmed packages consisting of hardwired sets of
se in Interdata minicomputers. Such programs are
eﬁtructib]e and offer execution up to 20 times faster
al methods.

a relatively high dropout rate among the minicomputer
of mini-based communications processors must make sure
ith a vendor who is likely to be in business for the

e system.
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Markets for Communications Processors
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|
|

0f the almost 90 different models identified in
approximately 50% represent communications controincr

wired variety. Plotting the basic prices for commuo1

processors against their maximum line handling capaC1
quite obvious that the proqrammab]e (P) units become

(See . F‘
"From our graph, it appears that hardwired contro

128 or more lines,already are considerably more expe

Because ear11er Sysm

with larger number of lines to be serviced.

comparable programmable units.
numerous and did not send more than 24 to 60 lines, t
processors on the market for this type of'system,bu¢
replaced by programmable controllers which can handl
lines at comparable cost with additional advantage§.

The graph also serves the purpose of prov1d1ng
choosing an average price for all communications pHo
present level of about $100,000 per unit will probab
to a $50,000 to $75,000 per unit level in the next f
this decline w111 be due to a rapidly falling cost 0
well as modems both of which can form the e]ements d

processor.
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our tables,

s of the hard-
cations

ty,it becomes
more economical
gure VIII.)
llers | to handle
nsive than

ems were not so
here are many
they are being

e twice as many

a guide for
cessors. The
1y erode slowly
ew years. Much

f minicomputers

of

as

f a communications
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COST OF COMMUNICATION PROCESSOR

FRVOI & SULLIVAR 1ML, NCvW iU LT

FIGURE VIII

COMMUNICATIONS PROCESSOR
PRICE - COMPLEXITY RELATIONSHIP

| = H o H
$150,000 Cost of communications  H 5
processor [in dollars : ; H
‘ | H = Hardwijred Controller
| | | i
! '(E> = Programmable processor | H H
H
| /P
. N W
100,000 | Ho OH (D)
o 1$75,000 Typical system price,1972
- Sy
Q)
25 ‘ H - (:>(:) e : e i
< | - » , H $50,000 Estimated system price,1975
2 50,000 | H | ; [
=1 H | ® ®r® ®
| ; a
| N NG | 8@
| ! | | |
| i | |
H - @
‘ H ‘i (:) |
lanstls | |
50 100 150 . 200 250 .. 300
MAXIMUM NUMBER OF LINES IN SYSTEM
Typical Hardware prices for about 40 hardwired and programmable
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Price Erosion of Communications Processors

Recently the trade press carried an announcement that GTE

Sylvania of Needham, Mass., introduced a "communications minicom-

puter at under $50,000" in single unit quantities, land offers dis-

counts on larger orders. At the same time, GT&E also controls
Tempo Computers and Programming Methods Incorpora# d, both communi-

cations processor suppliers who apparently were not involved in

development of the new Programmable Signal Processor (PSP), as the
latest entry is known.
On the other hand, there are continuing argum nts that average

prices for communications processors are going to remain fairly

stable or even go up slightly as increasingly more| complex data com-

munications systems are going to require communidations Drocessors.
Actually, we believe that the largest and mos/t sophisticated
data communications systems were the first to introduce the use of
communications processors and growth in new units [is more likely to
come from increasing use of smaller computers in the data communica-
tions mode. This would imply Tess expensive commynications pro-
cessors, mostly based on minicomputers whose prices coﬁtinue to fall.
The present core of sophisticated data communicatfions users, how-

ever, present a replacement market, but again, fp the more flexible
programmable processors, often based on one or more minicomputers.
It would be unlikely that those users would switch to use of more
expensive processors. Rather, they are interested in cutting opera-
ting costs on their present systems.

The market is therefore significantly influenced by rapidly

falling prices for components resulting in cheaper minicomputers,

| 158 [viri] 33
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modems and myltiplexers. We have accounted for this expectation in
our forecast|by applying a price erosion factor of 10% to 15% per
year until tké mid-seventies, while developing our forecast. We
differ in thwg respect from other forecasts, which we feel are not

\
considering tqe same price erosion factors.

.J_,;,;'Sf..
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Communication Processor Market Forecast
Cumulative

Number of Number of Annual
on-line Communication % Annual Average sales

Year computers processors growth  Shipments unit-price | ($ millions)
1970 12,250 2,000 100% 1,000 $100,000 100.0
1971 16,700 4,000 100% 2,000 85,000 170.0
1972 22,750 7,000 75% 3,000 75,000 225.0
1973 30,100 11,000 57% 4,000 '65,000 260.0
1974 38,700 16,000 46% 5,000 55,000 275.0
1975 50,000 23,000 38% 6,000 50,000 300.0
1976 62,400 30,000 30% 7,000 50,000 350.0
1977 75,700 37,000 25% 7,000 48,000 335.0
1978 88,000 44,000 20% 7,000 47,000 330.0
1979 100,000 51,000 15% 7,000 46,000 320.0
1980 114,000 58,000 15% 7,000 45,000 315.0

Source: Frost & Sullivan estimates, 1972,
1 : l
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Market Shares

FROST & SULLIVAN INC. NEW™Z=+ [

by Types of Communications Processors

The‘readaw
total communica
i

of devices. o

|
cessors account

of growth.

should keep in mind that our forecast reflects the
tions processor hardware market, including all types
tually, the three major types of communications pro-

for different market shares and show varying rates

iEstimated Market Shares by Type of Processor

Type of Procesisor 1872 1975-1980
Front-End Procegsor 40% 60%
Data Conc@ntratbrs (Tocal and remote) 20% 20%
‘Messége Switchihg Devices _40% _20%

| 100% 100%

At present
tute about 40%
processors are
60% of the tota

During the
drop to only 20
share of the da
stant as compet
equipment and s
market shares b

cult to project

continue to exi

Reproduction without

» front-end controllers and message switches consti-
df the total market each, but sales of front-end
expected to grow much faster, to account for about

1 market during the 1975-1980 period.

:same period of time, sales of message switches will
% of the market and will become equal to the market
ta concentrators, which is expected to remain con-
itive pressures from hardwired and LSI multiplexing
pecialized common carfiers continue. More precise

y type of communications processor are quite diffi-
, due to unpredictable degree of overlap which will

$t between the various types of devices.
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Major User Areas of Communications Processors

FROST § SULLIVAN INC

\
While we project the total annual sales of comm

cessors to double from $170 million in 1971 to $35q
the market for communications processors will develo

\
banking, credit checking and retail sales, areas whi

This is so because!

unications pro-
million in 1976,
p the fastest in

ch already ac-

count for 30% of all such use. f continued in-
|
crease in credit card sales and billings and expected massive intro-
duction of Point of Sale systems during the next f?u years.
|
TABLE XXIII |
DISTRIBUTION OF COMMUNICATION SALES BY END USER
| ‘
User Area 1972 1976
Banking, Financial information services,,
credit checking 20% 27%
Government (local, state, federal) | 15 7
Manufacturing 20 17
Process control industries 1o 8
Retail Trade 1o 17
Transportation (Air, Rail, Road) RO 16
Utilities (Power, Gas, Water) LB 5
100% 100%

Percentage drop in sales in some

user areas indicates that
| .

these industries have previously made the investmént in data communi-

cations equipment, and although sales in all sectors will continue

to increase, these will account for a smaller share

of the total com-

3 ’ ! | Jeiml) 4
munications processor markets. Consumer service applications appear

to be on their way to surpass industrial

largest markets.

users as immediate future
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Market Shares of Communications Processor Suppliers

T1972 FEQST & SU_LIVAN 'NC  Peprod_stio

We previously identified 53 different suppliers of communica-

tions processors and we estimate they have a cumulative installed

|
base of about 5,500 units through mid-1972. This is expected to

reach |7,000

constitutes

3by the end of 1972. At current average prices, this

a current annual market of $225 million, growing to a

peak of $350 million by 1976.

Among |the 53 suppliers, 15 are major factors in the market,

accounting |for 907 of all communications processor sales.

These 1in-

clude severnal mainframe manufacturers and minicomputer firms and

also four independent non-computer suppliers.

The market shares estimates on the following page are based on

total 1972 |sales of $225 million.

increase its market share beyond its present 17%.

We expect that IBM will quickly

This will partly

be due to the fact that IBM controls 70% of the computer installa-

tions around the world, and so far has not been a supplier of com-

munications

processors to any significant degree. Now, with the in-

troduction |of the IBM 3705 processor, the situation has changed

radically, land the company will undoubtedly obtain a significant

share of the market from its own computer installation base. The

above will [contribute to an increase in IBM market share at a faster

rate than other suppliers, when measured in volume of sales. An-

other reason for fast market share growth of IBM is its relatively

higher| average unit price than that of the many minicomputer manu-

facturers.

ty to the m

While this sijtuation will present a continuing opportuni-

inicomputer manufacturers, it will also allow IBM to ob-

tain a leadjing position in this market, due to the beneficial com-

bination of

its vast installation base and higher prices.
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Supplier

IBM Corporation

Digital Equipment (1)
Honeywell Information Systems
Univac (2)

Collins Radio \

Control Data
Tempo (GT&E)
Data General
Data Pathing
Burroughs Corporation

Comten (formerly Comcet)

Communications Systems (Harris-Intertype) ‘

EMR Computer \

Varian Data Machines (3)

Interdata ‘
\

A1l other suppliers

FROST & SU

TABLE XXIV

ESTIMATES OF MAJOR SUPPLIERS'

LLIVAN INC. NEWYORKNC Y

RES FOR 1972

COMMUNICATIONS PROCESSOR SALES

Total

(1)

8 SULLIVAN

Ne

DEC makes significant OEM sales of PDP /8 and P[
to systems houses and software companies for in
communications processor
double counting when direct comparisons are be1
total annual sales of all suppliers. ‘

\
Includes sales of some Univac general purpose d
are popular as message switching devices, i. e.

Includes also significant OEM sales to Burroughs,

MARKET SHA

systems, and thus ther

Estimated
M@rket Shares
(* of Sales)

o/
)

— ed  nd
~N O N )

wWwws o

Imwmr\)w

90%

10%
P 11 computers
clusion in their

e is danger of
ng made with

omputers which
418 systems.

etc.
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Installations of Communications Processors

In order to provide additional insights into the structure of
this relativiely new and emerging industry, we have obtained, where-
ver possib]e,}estimates of the cumulative number of installations by
as many supplliers as was possible. These include the independent
systems houses and software companies, as well as computer and mini-
computer manufacturers, but we have kept the two types of suppliers
separate in ofder to indicate the importance and significance of the
two different:types. Most of the following information comes from
a variety of #ources, ~including most recently published surveys in
the trade press, but it is not complete. It does, however, provide
sufficient information to indicate the relative magnitudes of 1in-
stalled bases of the major independent suppliers, as well as the
computer manufacturers.

0f a total of 36 independent suppliers identified, 15 claim to
have installed 10 or more systems, while there are still 20 addi-
tional firms |which can only account for a few systems each. Many of
the independent suppliers are OEM buyers of minicomputers which form
the basis of ﬁheir products. Seyera] suppliers build théir own
specialized equipment, and some, like Collins Radio, Data Pathing
and Communications Systems, are also among the top 15 suppliers, as
measured by percentage of total annual communications processor
sales. |

It must be kept in mind, however, that because of great differ-
ences in prices between different units, the cumulative number of
installations| are not alone indicative of the relative market shares,

and are provilded here only as a guide to further study and analysis.
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TABLE XXV
ESTIMATED CUMULATIVE NUMBERS OF COMMUNICATIONS PROCESSORS

SUPPLIED BY NON-COMPUTER SUPPLIERS AS OF JUNE 1972

Cumulative
No. of Units

Independent Suppliers ‘ Installed
Data Pathing ‘ 100
Collins Radio 50
Communications Systems (COPE units) ‘ 50
Modular Computer Systems i 50
North American Phillips ‘ 45

Bolt, Beranek & Newman 27
Computer Communications 18
Programming Methods (GT&E) ‘ 17
Informatics 16
Teleprocessing Industries (Western Union) 12

Intercomputer Communications 10
General Instruments 10
Computer Control Systems ‘ 10
Comtec Data Systems 10
Telefile Computer Products 10

15 Major Non-Computer Suppliers 395
Additional 20 Non-Computer Suppliers ‘ 150
Total Non-Computer Supplier Installations ‘ 545

o

©1972 FROST & SULLIVAN. INC. Reproduction without written permission is strictly prohibited.




Communicatfions Processors Installed by Computer Manufacturers

It appears that despite a proliferation of independent data com-

l' munications‘systems houses and consulting organizations, the majority
of communications processors are supplied by computer and minicom-

puter manufacturers directly to the users.

The table on the following page presents our estimates of the
cumulative numbers of communications processors which we believe
were sold aqd installed primarily by the hardware manufacturers for
data communication applications. In some cases, we were able to ob-
tain actual Figures of such installations; in others, we derived
approximatiobs from sales volumes and average prices. In the case
of several m%nicomputer suppliers, we have accepted the general in-
dustry estimate that at least 15% of minicomputer hardware is sup-
plied for dafa communications applications and extended total mini-
computer shipments to date of these companies by this factor to
obtain our egtimates.

No doupt there is some double counting in such figures due to
previously mentioned extensive OEM arrangements between some manu-
facturers. éut the total count which we have developed of about
5,000 communications processors plus an additional 500 installed
by the independent non-computer suppliers, appears to be in line
with our previous forecast. This will mean a total of 5,500 com-
munications [processors by mid-1972, installed by all the manufac-
turers and guppliers, and it will very likely reach the 7,000 units
by year end,;as stated in our projections.

Our estiﬁates pertain primarily to domestic or rather North
American markéts and do not include projections of foreign demand.

¥
|
|
E
"
i
B
E
&
E
2
¥
|

Some sources now claim these already are significant, but due to
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TABLE XXVI

ESTIMATED CUMULATIVE NUMBERS OF COMMUNICATIONS

PROCESSORS SUPPLIED BY COMPUTER AND MINICOM-

A"

PUTER MANUFACTURERS AS OF JUNE ]9%&

Cumulative
No.|of Units

Hardware Manufacturers ! Installed
: Digital Equipment ‘ 2,000
Honeywell Information Systems ‘ 500
IBM Corporation ‘ 500
Control Data Corporation ; 400
Varian Data Machines 340+
1 Data General | 300+
l Univac 250
Interdata 250
Datacraft Corporation 83
ﬁ Raytheon Company 19
Burroughs Corporation 715+
i Tempo (GT&E) | 75
Digital Computer Controls 27
Scientific Computer Controls ‘ | 20
EMR Computer 16
! Texas Instruments ; Iy i 12
16 Manufacturers ; 4,927
Others (about 30 hardware manufacturers) 150
Total (Cumulative Communications Processors) 8,077

168 | VvIII| 43 |
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relatively pgor state of communications facilities outside North
America, we do not feel those markets are going to grow as fast as

|
those of the [United States and Canada.
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Future Trends in Communications Processors

The general trend is towards more distributed functional pro-
cessing which is being implemented by dedicated hardware. The
object is always to obtain higher efficiencies from central proces-
sors operating in random access communications environments.

More communications processors will be designed as independent
front end units providing "fail-soft" capabilities to |large multi-
client systems. This feature becomes very valuable in competitive
environments such as will exist in several information services of
the future.

“Intelligent" or "smart" terminals are a part of|the trend to
perform as much preprocessing as possible at remote sites before
using the main computer facility.

As new terminal devices and more communication ljines are used
in each system, front end units will become more flexjble to
accommodate these changes.

Julius Marcus, product manager of Digital Equipment's PDP-11
Communications Products line estimated at a seminar conducted in
May 1972 that technology has been pushing the costs of communications
processors down at the rate of 30% annually, while at|the same time
increasing the performance "some 50%" every year. Increasing
modularity and trend towards the use of MSI-LSI compbnents are

characteristic of changes in this type of product.

[T170 [ Iviiz] as |
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the manufacturi
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rate of product
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The recent
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independent comn
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s

tes the market for modem equipment but only leases
héreby creates a situation,which since the Carterfone
sgindependent manufacturers to come in under the Bell
flexible purchase and lease options on their devices.
r4T does not supply multiplexing equipment to the end
jrade line applications, although Bell uses muiti-
iéband facilities when their cost is included in the
:i]ities.

nts for 70% of low-speed modem units but various

tes predict that this may drop to "bout 50% during

0 period.

sbpp1ies the Teletype terminals,which because of Tow
sally available service,are the most popular terminals
pé Corporation is a subsidiary of Western Electric,

ng arm of AT&T. At one time as many as 6,000 units
ed every month,although due to a variety of alterna-
dipoorer business conditions in recent years this
jon was significantly reduced. This supply Bf
:indicator of the need for modems and multiplexers
ral remote computing applications.

;1ease rate reductions and introduction of a $100 per
modem by AT&T indicates that Bell is taking the
petition quite seriously and the move shows how

find

independent manufacturers really are. Some will

to try and meet AT&T's $100 lease in this modem range.
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Paradoxically, while the independents have spruﬁg

VAN iR,

up ho

INEYY TR et

ping to

benefit the end user who was dissatisfied with AT&T, these objectives

may be realized by influencing AT&T to offer better ?r

\
ible services or products,but not necessarily benefit

independents except in a few highly specialized areas,

1d more fliex-
ting the
\
|
|
\
\
\
\
\
|
|
|
\
\
\
|
|
|
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\
|
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i
\
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A most si
because of its

subsidiaries

independent telephone company.

of $2.0 billio

~ FROSET & SULLIVAN INC. NEWYORK UITY

gnificadt'competitor although not appearing as such
fragmented approach to the market through various

s GENERAL TELEPHONE & ELECTRONICS, the largest

GT&E which has revenues in the order

n a year derives 50% of its income from manufacturing.

A very large portion of that is from its consumer electronics subsid-

iary Sylvania,

which also owns ULTRONICS and TEMPO, the latter recently

acquired communications processor manufacturer that started out in

life as a min

computer manufacturer.

GT&E also owns PROGRAMMING METHODS INC. which has a programmable

communications processor as one of its products not unexpectedly

based on

TEMPO equipment. Curiously SYLVANIA's Electronic System

Group in Needham recently also announced a communications mini-

computer prod
for under $50
This product
AUTOMATI
supplying com
operating tel
owned subsidi
supplies micr

GT&E as well

¢t known as the Programmable Signal Processor (PSI)

600 per unit. This unit appears to have a built-in modem
s not based on the TEMPO cevices.

'ELECTRIC is, of course, GT&E's manufacturing firm,
ﬁnications and telephone switching equipment to the 30
ﬁhone companies within the GT&E empire. Another wholly
ry is LENKURT ELECTRIC of San Carios, California which
wave radio and multiplexer transmission equipment to

s the military and industrial end users. Of the total

revenues, we estimate about $5 million to come from sale of multi-

plexers including the PCM type devices on which the company realized

substantial bu#iness.
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ULTRONICS presents a special case because the company’s main
business is to supply stock quotation services competing with
Bunker-Ramo and Scantlin Electronics. However it is estimated that
as much as $12 million of ULTRONICS revenues comes from sales of
data communications equipment, and it supplies TDM and FDM multi-
plexers as well as a whole range of modem devices.

In addition to equipment manufacture, GT&E subsidiaries offer
specialized software services as well as data processijng services,
and as a whole, GT&E contains a group of companies with impressive
capability within data communications and great breadth of expertise.
It remains to be seen if all those talents and capabilities as well
as numerous clients of the various companies could be|fully integrat-
ed to present a viable independent all around data communications
company. A1l the elements of success exist within this group of
companies backed by the size and resources of GT&E,wH'ch also has
international and far flung operations and manufacturing facilities
in Canada, Europe, Latin America and the Far East.

WESTERN UNION, also a common carrier and supplier of Bell
compatible modems is not a major factor in this mark t. Héwever it
has recently created a new subsidiary called TELEPROQGESSING
INDUSTRIES, which is both a user of data communications equipment and
a supplier of message switching services to the industry at large.
This company has the capabilities and the necessary sponsorship to

become a more important factor in data communication|in the future.

174  N1iI1 |49 |
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growing threat to the independent manufacturers is trs

IBM Corporatipn, which also dominates the origins of the markets <or

data communichtions equipment by virtue of controlling 70% of all the

computers ins

talled.

IBM [is also probably the second largest supplier of data

terminals after Teletype, as well as remote batch units and other of

various types

tions. Only

edge with specialized units.

which require modems to operate in remote configura-

in the banking field does NCR and Burroughs hold an

IBM also provides modems and FDM and

TDM mu]tip]ex'ng devices, but so far has not been a significant

factor in these specific market segments.

Since December 1971, however, when IBM announced new medium

and high spee
communicatiol
think about.
giants rathe
more difficu
some years af¢
had to develg

IBM post
facturers an
assess its 1¢
that IBM is

communicatio

integrated modems and data adapters.

enough users

supplier app

suppiier of

:d modems and more recent announcement of the IBM 3705

'S processor, the independents have been given much to
‘Suddenly the market place is being dominated by two:

r than one,and independent maneuvering becomes even

It; Actually IBM developed and marketed successfully

;d a message switching unit to end users andiothers who

op their own data communication software.

s a very big question in the minds of independent manu-

d is being watched very carefully as of late in order to

)ﬁger range marketing policies. Generally the belief is
still testing the market reception for its new data

ns products such as the IBM 3705 controller, optional

If IBM succeeds to entice

#o pay higher prices for its service and integrated

roach,then it will undoubtedly become a leading

data communications equipment.
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Up to now the IBM communication controller wasisupp]ied by
several non-IBM manufacturers, whose devices improveé the cost/
effectiveness performance of the IBM 2703 series of controllers.
They also provide more flexibility in handling a vafiety of non-IBM
terminals as well as more efficient software or firbware. INTERDATA
and TEMPO specialized in designing the 270X product@ specifically to

replace the IBM line.

In answering a recent Frost & Sullivan questi?nnaire about
future IBM market position within the remote compuﬁing industry,
several points came up which are pertinent to thisidiscussion. 1BM
is regarded as having an even chance of becoming a dominant factor
in the front-end communications devices market a1though respondents
did not feel that IBM will ever become a major mod%m supplier
(by 88% to 12%). The last point may not be significant in view of

IBM's obvious moves to provide integrated modems ih some of its

)
!
i
!
1
|
i
E
1
1
’ devices, and a general trend to do so by all terminal manufacturers.
i
i
1
%
|
g
i
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EtTRONICS is the undisputed leader among independent
turers accounting for a minimum of 25% of the total

and as much as 50% of the medium to high speed market.
re currently running at the $11 to $12 million per year
df its revenues come from overseas where its products

ugh a 50% owned subsidiary RACAL-MILGO, headquartered in
|

any was formed in 1956, and until 1964 was building
SA, NAVY and the AIR FORCE when it decided to enter the
ghspeed modem sector. During 1969 commercial sales ex-

ment sales which during 1971 accounted for less

11 revenues. The company is phasing out all government
last year ceased bidding on government contracts.

f]s and leases its modems to end users although it

e OEM work for Western Union and University Computing.

he lease to sales ratio was about 35%. The company

e importance of service and maintenance and provides
21d support to its clients. Service offices are

jor cities supported by contract service representa-
» (than 200 cities. As a rapid response featﬁre,MILGO

. at key airports throughout the country for immediate

delivery dispétch.
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Although MILGO established a new interconnect dﬁ ision only last

November, and is marketing PABX equipment, the company‘ ecided not to

enter the multiplexer business which is closely related to the modem

market. The company surveyed the multiplexer market articularly

the Frequency Division sector, because such units can be looked upon

as collections of different frequency modems, but even though it
concluded it could capture a $2 to $3 million market share MILGO
decided not to enter this market. Because the company is a well

its decision

b

established independent manufacturer in this business
more than that of others, must be considered indicatilve of the

trends and opportunities in data communications.
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tions equipment

in November 19¢

In fiscal
contributed 44;
1972 DATA PRODL
came from teleg

in sales of daf

DATA PRODU
to government ¢
manufacturers.

A rather
RIXON ELECTRON]I
recently
supplier
was a $6

from the

renamed UNITED TELECOMMUNICATIONS, INC. RIXON
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JCTS became a major entrant into the data communica-
market by acquisition of STELMA of Stamford, Conn.

58, and are renaming it the Telecommunications Division.
1969 STELMA had revenues of $16 million which

5 of tota]isales to the combined company. For fiscal
ICTS revenues were $50.8 million and 31% of the total
communications products which means a slight decrease

ta products since 1969.

ldTS'modems, multiplexers and other devices are sold

1gencies as well as Bell System companies and computer

\ ;
interesting situation is developing with regard to

CS which was acquired by UNITED UTILITIES in 1968,

is a leading

of modems and multiplexers and, at the time of acquisition,
million sales company with about $3.3M of the total coming

military markets.

Considered a long time loss by the new parent , RIXON was

recently allowed to resume direct marketing of its products and

promptly made 4

equipment whick

organization.

RIXON to form d

communications

of the leaders

‘deal with Honeywell to install and maintain its

‘perhaps stresses the importance of a prime service
Later in Augqust, Sangamo Electric picked up 60% of
new company by combining its own and RIXON data
activities. This is perhaps the first big merger

in this industry.

written permission is strictly prohibited.
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AMERICAN DATA SYSTE%S is still a private compan
\

incorporated in January 1967 and experienced rapid ¢

early suppiier of the Time Division Multiplexers. $

rapidly from about $750,000 in 1969 to almost $5 m11

1970 ,reflecting the demand at that time for this ty$

The time-sharing
of multiplexers were sold in that market.

y which was
riowth as an
dles increased

jon, by end of

11

of equipment.

industry was the biggest market anb ADS claimed 75%

Presently at $6 million annual sales level, tHe company 1is 2

major independent supplier of TDM and FDM mu1t1p1ekers, modems in

all speed ranges, communications processors and data

terminals,

0y

achieving its original goal to become a total te]egommunications

systems house. |

The ADS-950 Front End js basically developed f
|
360/370 computers but easily interfaces with other

feature claimed is handling of any type terminals
\

additional software or hardware. Interestingly ND
new low-speed modem (0 to 300 baud) to its line oﬁ

recently which, however, is relatively high pr1ced‘a

Much of the technology of ADS products comes‘f

Division of North American Rockwell, which is also t

holder of ADS.

br the IBM

cpu's. One

‘without

S introduced its
products only

t $551 per unit.

rom Autonetics

the largest stock-

Availability of this technology ahﬂeady used and

tested in aerospace app]ications,a]Towed ADS to ehter the market

rapidly at an opportune moment.

While both modem:and multiplexer

technology was made available, ADSshrewdly chose fDM multiplexers as

ijts first product to gain attention and not to cqmpete immediately

with Milgo, which also brought its high speed modem

original government work.

technology from
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Enjoying an excellent product acceptance and rapid growth, the

company is fdciing a natural problem of service expansion and increas-

ing need for maintenance facilities,as its product line gets Targer

and more units are placed in the field.

It should continue to pres-

ent an opportunity for additional financing or a public underwriting.

Because

North American Rockwell controls ADS by virtue of its

stock position,an interesting development is the acquisition by NAR

of COLLINS RADFO,unti] then a strong competitor of ADS.

This comhon ownership may be exploited to consolidate the

activities of

the two companies in data communications product lines.

On the other h?nd COLLINS RADIO may be looked upon as more of a

supplier of miilitary markets while ADS serves primarily the commercial

data communication deeds.

Even so COLLINS RADIO sold multiplexers and

modems to airflines and independent telephone companies.

COLLINS

RADIO is a large and well established company which a

/—’_\V

while ago was

ed a takéover

chased by University Computing,which eventually abandon-

Attempt. Main revenues of about $28M (FY 71) come from

radio communications equipment and air navigational devices, and the

company markets a total of almost 1,000 products. Only 20% of.sales is

estimated to come from communications markets,and we estimate that

modems and multiplexers account for perhaps $2 million while

communications processors probably contribute as much as $10 million

per year,mainly due to their large message switching capabilities.

COLLINS RADIO

manufactures

In Septe
interest of t

directors on

%s well established in message switching and also

printed circuits and MOS integrated circuits.

ember, 1971, North American Rockwell acquired controlling
1é company for $35 million and now has 7 of its own

the board.
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SANGAMO ELECTRIC is conside
but,even so,its modem sales are but a small
corporate sales which reached $82.5 million in 1971.
of the company is power equipment,
electronic systems and components.
besides modems, the compan

jzers, inductors, filters and communicat

y manufactures line conditi

red a leading modem manufacturen,

\
fractioﬂ of the overall

Main business
\

various communications products,

In the data communications areas,
|

oners and equal-

| -
jon systems SJbassemb11es.

It is therefore well po1sed to gain considerably by\exp]oiting Rixons

complementary 1ine of mu]tiple

A different picture is presented by RC

xers and additional modem product.

A wh1ch‘manufactures a

modem as well as a multiplexer and which is a huge corporation of

$3.5 billion in revenues for 1971.

within such a giant are negligible but may be com

The modem and myltiplexer sales

|
p]ementary to many

other company product lines. |

RCA has specific strength because of its RCA Service Company.
While divesting itself of computer products, RCA Service Company was

not affected and continues to expand jts third panty maintenance

program for computers and other data processing equipment.

organization may be of interest to smaller manufacturers of data

. . . . . |
communication equipment looking for maintenance and
|

their products. ‘

suppbrt for

Availability of nationw

Telecommunications, which is an international commt

some interesting p0551b111t1es but the comp

nificant steps to ex

ploit the situation.

If any

any ha§

jde service and existence of RCA Global

yn carrier, present
not taken any sig

off RCA modem and
the 1,000 odd RCA

multiplexer sales were previously assoc1ated w1th

computer installations,

exist the incentive to manufacture these products.

prohibited.

which were sold to Un1vacﬂthere may no longer

Vit |57 |
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built-in mode
probability g

The con
Its research
expand by beg
Two small con

acquired in 1

Another

otherwise wel
there are no

IBM users to
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N-JACOBSON is a relative newcomer and a very small
annual sales running at the $4.8 million level, of which
ted to come from the modem market. While a small company,
pub]ic1y held and considered a major supplier of the
u;tic coupler market.
pany obtained a license to manufacture the acoustic
Stanford Research Institute which gave A-J a head start
n, when it was founded in 1967. Although totally dedica-
ommunications, the greater part of company sales come
leasing of terminals. ANDERSON-JACOBSON modifies
type and IBM Selectronic units, and includes its own
ms into those terminals making them popular where
f the unit is of importance.
pany has 170 employees and offers service in 14 cities.
and development program indicates that A-J is tryino to
oming a manufacturer and supplier of minipheripherals.
ﬁanies, TELUX and DATUM financed for these purposes were
971.

newcomer into the data communications game, although

1 established in the computer field, is UNIVAC. While
units installed as yet,Univac 3760 devices will allow

connect with various terminals. Deliveries of the new

units are scheduled for January 1973 and they are being manufactured

in Univac's $alt Lake City division.

ly be priced

UNIVAC's device will apparent-
competitively at $54,500 to start,with one to three

years lease plans available.

rithout written permission is strictly prohibited.
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A major independent modem and multiplexer suppliers with a

good chance of staying in this business is CODEX.
D=2\

formed in 1962, supplying equipment to the governme
demonstrated to the industry the feasibility of hig
transmitting at 9,600 BPS over voice-grade lines.
In 1968, CODEX also introduced its time divisib

and is now offering several medium and high-speed m
models of TDM multiplexers as well as a digital com
terminal device, which may in the future become a ¢
processor. CODEX certainly has the capability and
ed in the marketplace, with service arrangements,‘t
integrated approach to supply data communications e
TEL-TECH and TIMEPLEX are small companies, but

to the sale of modems and multiplexers in the case

multiplexers only, by TIMEPLEX.

'The company was

1t, and in 1967

n-speed modems

n multiplexers,
odems and three
munications
ommunications

is long establish-
o undertake an
quipment.

fully dedicated

of TEL-TECH, and

This puts them among major

suppliers and TIMEPLEX already obtained contracts to supply multi-

plexing equipment for the new common carrier service provided by

MCI Communications for Chicago and St. Louis transmission.

AMBAC INDUSTRIES is a large corporation with $135 million in

sales for 1971, and its TELEDYNAMICS division sudplies telemetry

components and systems to the government.

It is among the top 15

modem suppliers but compared to its total parenticompany sales, this

business is smail.

is strictly prohibited
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A rather interesting entry into data communications is EMR

COMPUTER a gubsidiary of SCHLUMBERGER LIMITER a large corporation

with $700 mi17ion in sales during 1971.
national supplier of oilfield equipment
with increasing use of remote computers
greater stake in data communications in
computers, components and photoelectric

by the company .

®1972 FROST & SULLIVAN, INC. Reproduction without written permission is strictly prohibited.
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The company is an inter-

and wireline systems and

in these areas may have a

the future. Telemetry,

devices are also manufactured

| 185
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Another supplier of mo%ms as well as TDM and FDM multiplexers,

) i a ) : )
perhaps growing in importancéd because of its well estgblished parent,

is TELESIGNAL operation of the KEAFOTT DIVISION of the SINGER COMPANY.

Singer which is now a $2 bi]]%on corporation,designs and manufactures

many industrial products, computers, defense and military systems,

\
as well as sewing machines,an& calls itself an integrated technology

company. With a good line of modems and multiplexers/ and the small

computer hardware,SINGER is well positioned to round joff its offering

in data communications with a communications processgr or could

possibly pick up one of the smaller existing competitors. It has the

potential and financing as well as technology to become a signifi-

cantly more important supplier of this market.
UNIVERSITY COMPUTING could have been regarded as a major factor

in this market because of its COPE terminals which flall into the

intelligent terminal and controller class,and of which 50 are in-

stalled already. However, the company recently sold this subsidiary

to HARRIS-INTERTYPE in order to raise capital for the construction
of its projected DATRAN digital communications network. As it is,
HARRIS-INTERTYPE should now be included as supplier| of this type of
equipment. It is however, more properly remote batch terminal hard-

ware rather than communications processing equipment.

GENERAL DATACOMM is a newcomer which began operations in 1969
/\/\/\

and provides a large selection of modems and multiplexers. The

company obtained $2 million initial financing from|/Loeb, Rhodes.

It is carving out a place for itself among the more aggressive new

data communications equipment companies.
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vshoot of Rix

OMNITE
both to the
to have as m
of NYTRONICS

Among
well known,b
million in s
I@, whi
and FORD IND
amplifiers a

COMPUT
in this coll
relatively n
house provid
the company
and it has a
face with an
manufactured

dedicated to

systems hous

~
s

end user and to the OEM buyer.

'is regarded as a leading suppliier of acoustic couplers

The company is reported

ahy as 12,000 to 15,000 units sold and is a subsidiary

&orporation which is publicly held.

other suppliers of modems and multiplexers which are
it remain small companies in the order of $1 to $2

ales per year, are PENRIL DATA COMMUNICATIONS, NOVATION,

ch was started by three employees who left nggﬁdin 1969,

USTRIES CORPS, P

ENRIL DATA_C TIONS., was also an off-
|

on and was started in 1968 while PRENTICE ELECTRONICS
business since 1963, and supplies signal conditioners,

na amplifiers as well as modems.

ER COMMUNICATIONS of California occupies a special place
ection of data communications firms because it is a

e@ company and started out in 1968 as a total systems
ing terminal devices and associated equipment. This led
to the manufacture of communications front-end devices,
bout 20 units of processors installed which can inter-
y computer due to the availability of interfaces

by the company. CCI must be considered as wholly
Eomputer oriented communications, but it is more of a

e than a manufacturer of hardware.

virr |62 |
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Industry Information Matrix & Analysis

A11 of the companies that are suppliers of modems, multipiexers
or communications processors, have been arranged in rough alphabetical
order in the industry information matrix on the following pages.

The purpose is to give a quick overview of company product
lines relative to each other, and indicate the range of data communi-
cation products handled. These product lines are indicated by an

(x) under the appropriate column. The columns are each labeied by a

‘.,_!-! _.l “ . o L ‘ - ' ”

single letter in order to simplify the tables. The key to the

meaning of each letter is presented below.

Column
heading Significance

A Company manufactures acoustic clouple

Low-speed modems up to 300 BPS |units

—

M Medium-speed modems to 4,800 BRS
H High-speed modems of over 4,800 BPS
F Frequency Modulation Multiplexers
T Time Division Multiplexers
G Supplier of Communication Processors
; S Denotes a small company with sples under
$5 million
P Indicates a publicly held corporation

New York Stock Exchange

n:
a = American Stock Exchange
o = Traded over-the-counter

[ 188 [viir | 63
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FROST & SULLIVAN INC. NEWYORK CITY

|
r 4 .
ustry information Matrix provided a basis for certain

lyses that can be performed. Of the 156 companies identi-

o

fied by our matrix as suppliers of modems, multipiexers or communica-

sors, 107 are small firms many_onl ly es i d.

ual number, actually 97 firms, manufacture acoustic
part of their product lines,and 47 firms manufacture
plers as their only product in data communications.

s an equal number of companies with low-speed and medium

product lines (57 and 53),which probably reflects the
M

his type of modem. It may also reflect the fact that the
Qpeed modem 1imit may be arbitrary,and if extended to
éPS.wou1d change the mix of the companies in this product
?ect this would greatly increase the number of entrants
Qeed modem area which is quite crowded as it is.

companies manufacture high-speed modems and a similar

S

the business of manufacturing Frequency Division multi-
%and Time Division multiplexers (19). A total of 55

ﬁhe business of supplying communications processors.
probably most significant, very few firms supply the

4uct line including modems, multiplexers and communica-

§ors. In fact there are only three such companies today,

)

w
e IBM, Collins Radio and American Data Systems.
1 _——

ﬁhere are 97 companies which supply some kind of a modem,
Which supply both modem and multiplexers. Suppliers of
ﬁs processors are mostly not engaged in the manufacture

dem or multiplexers.
\

[ 189 Virr [es |
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FROST&SUFUVANINC. NEW YORK CITY

INDUSTRY INFORMATION MATRIX

Manufacturer Location AL MHEF [T CS P
Databit Happauge, New York X X
Datamax Ann Arbor, Mich. ¥ X
Design Elements Columbus, Chio X X %
Digital Techniques Royal Oak, Mich. X X X
Direct Access Southfield, Mich. X X X
Data Products Stamford, Ct. X X X [Xx X a
Dataserv Burlingame, Ca. X X K
Datastat Sunnyvale, Ca. X X
Da-Tel Research Montrose, Colo. X X
Digital Communications Rockville, Md. X X
Digidata Bladensburg, Md. X X
Dorado Systems Hayward, Ca. X X
Datron Systems Mountain Lakes, N. dJ. X | X
Dynatronics (GD) Orlando, Fla. X | X n
Dynelec Glen Rock, N. J. X X
Data General Southboro, Mass. X X 0
Data Quote ) A ¢
Data Pathing Sunnyvale, Ca. X X
Datacraft Fort Lauderdale, Fla. X X
Digital Comp. Controls Fairfield, N. J. X 0
Digital Equipment Maynard, Mass. ‘ X n
ESE (Canada) Ltd. Rexdale, Ontario X X
ESL Incorporated Sunnyvale, Ca. X X
EMR Computer Minneapolis, Minn. X

ESSCO Communication Camden, N. J. X X
Four-Phase System Cupertino, Ca. X X
Ford Industries Portland, Ore. X X
General Electric Lynchburg, Va. X X X| X X n
General DataComm Norwalk, Conn. X X X| X X
General Dynamics Orlando, Fla. L] X X n
General Instrument Hicksville, N. Y. ‘ X n
Hallicrafters Ro1ling Meadows, I11. X| X

Honeywell (HIS) Waltham, Mass. X| x X n
Hughes Aircraft Culver City, Ca. X X| X

Infotron Pennsauken, N. J. X X
Infotronics Austin, Texas X X
IBM Corporation White Plains, N. Y. X X X n

©1972 FROST & SULLIVAN, INC. Reproduction without written permission is strictly prohibited.
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FROST & SULLIVAN INC. NEW YORK CITY
TABLE XXVI
INDUSTRY INFORMATION MATRIX
Manufacturer Location A L B B FoT: B:. 8P
Ambac Industries Ft. Washington, Pa. X X X n
Action Communications g
American Data SJystems Canoga Park, Ca. %o BoX o B XX
Anderson Jacobson Sunnyvale, Ca. X % .18
Applied Digitall Data Systems Happauge, New York X X 0
Applied Communilcations Belmont, Ca. X X
Aquidata 1 Silver Springs, Md. X %
Automatic Electric (GT&E) Northlake, I11. X X n
Astrocom ‘ Minnetonka, Minn. X X X X X X
AT&T ‘ Bell System X X X n
Bendix Corporatiion Baltimore, Md. X n
Bolt, Bernanek & Newman Cambridge, Mass. X )
Bonnar-Vawter Keene, N. H. X X.
Bowmar/ALI Acton, Mass. X X X a
Betatronics Evaston, I11. X X
Burroughs Detroit, Mich. X X X n
Beckes Communications Chicago, I11. X X
Carterfone Communications Dallas, Texas X X 0
Codex ‘ Watertown, Mass. C S S 1 X X 0
Coherent Communications Central Islip, N. Y. X XX X X
Comtec Data Systems Hawthorne, Ca. % .- X
Collins Radio ‘ Dallas, Texas X X X X X X n
Comten (previously Comcet) St. Paul, Minn. . X @
ComData Niles, I11. X X X
Cybermatics ‘ Englewood Cliffs X 0
Computer Complex Houston, Texas X X X X X 0
Computer Conversjions Northport, N. Y. X X
Computer Transmission Los Angeles, Ca. X X X
Computer Contro] Systems Dallas, Texas % oo
Credex Huntsville, Ala. X X X
Computer Terminals San Antonio, Tex. X X o
Computer Conversion East Northport, N. Y. X X X
Communications Technology X X
CHI Corporation Cleveland, Ohio X X
Computer Communications Culver City, Ca. X X 0
Control Data ‘ Minneapolis, Minn. X X X n
Computer Automation Newport Beach, Ca. X X 0
hob( written permission is strictly prohibited. L ] 9] [ V I I I 1 66 ]




[ )

FROST & SULLIVAN INC,  iNoCw 1wty v
INDUSTRY INFORMATION MATRIX

Manufacturer Location AL M ;ﬁ F 1 € § P
Informatics River Edge, N. J. X X 0
Info-Max Sunnyvale, Ca. X X
Intercomputer Communica. Phoenix, Ariz. X"k
ICC (Milgo) Miami, Fla. X | X a
Itel Corporation Palo Alto, Calif. X

ITT Corporation Rutherford, N. J. X | n
Interdata Oceanport, N. J. X X 0
Intertel Burlington, Mass. X X X
ITL Electronics Clifton, N. Jd. X X X X

II Communications Willow Grove, Pa. X X
Information Exchange Sys. Minneapolis, Minn. X X
International Data Term. Ft. Lauderdale, Fla. X X
Jacquard Systems Santa Monica, Ca. X %
Livermore Data Sys. Livermore, Ca. X X ‘ X
Lenkurt Electric (GT&E) San Carlos, Calif. X x| |x n
Lynch Communications San Francisco, Ca. X X X n
Mark Computer Sys. Garden City, N. Y. % x
Modex Costa Mesa, Ca. X X
Multitech Monterey Park, Ca. X X X X 0
Modular Computer Sys. Ft. Lauderdale, Fla. X X
Mohawk Data Sciences Herkimer, N. Y. X n
Memorex Santa Clara, Ca. X X X n
Metroprocessing White Plains, N. Y. X ‘ X
Magnavox Research Torrance, Ca. X | X n
Microdata Santa Ana, Calif. X X 0
Northern Radio Melbourne, Fla. X X
National Midco Trenton, N. J. X X
Novation Tarzana, Calif. X X
North American Phillips Mahwah, N. J. X n
Novar Mountain View, Ca. X X
Omitec (Nytronics) Phoenix, Ariz. X X a
On-Line Computer Stamford, Conn. X X
Omnus Computer Santa Ana, Calif. ‘ X X
Princeton Applied Res. Princeton, N. J. ‘ X X
Paradyne Clearwater, Fla. X X
Penril Data Communica. Rockville, Md. X X x| X X 0
Philco-Ford Willow Grove, Pa. X| X X n
Prentice Electronics Palo Alto, Calif. X X X X X
Phoneplex Jericho, N. Y. X X
Phonocopy Stamford, Conn. X %
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Manufacturer

INDUSTRY INFORMATION MATRIX

FROST & SULLIVAN INC. NEWYORK CITY

Location A L M H T C S P
Pulse Communications Alexandria, Va. X X
Programming Methods (GT&E) New York, N. Y. X n
PHI Computer Services Arlington, Mass. XK
Quindar Electronics Springfield, N. Y. X X X X 0
Remote Computipg Los Angeles, Calif. X%
RCA % Camden, N. J. X n
RFL Industries| Boonton, N. J. X X X X X
Rixon Electronjcs (UBC) Silver Springs, Md. X' ¥x % X
Raytheon Data Systems Norwood, Mass. X n
Sycor ; Ann Arbor, Mich. X X
Sanders Associates Nashua, N. H. X n
Sangamo Electric Springfield, I11. X X n
Siemens | Iselin, N. J. X X
Singer Tele-Signal Woodbury, N. Y. X X X n
Scidata ‘ Atlanta, Ga. X X
Sonex Philadelphia, Pa. X X X 0
Scientific Control Carrolton, Texas X X o0
Stromberg Carlson (GD) Rochester, N. Y. X
Scantlin Electronics Los Angeles, Calif. X X 0
Telefile| Irvine, Calif. X X
Timeplex Washington, D. C. X
Tel-Tech ‘ Rockville, Md. X X X
TTS Div.Remote |Data Term. Santa Monica X X
Tuck Electronigs New Cumberland, Pa. X X X X%
Texas Instruments Dallas, Texas X n
Tycom Systems | | Pompton Lakes, N. J. X X X
Tymshare Palo Alto, Calif. X X 0
Technitrend 3 Pennsauken, N. J. X 0
Tempo Computers (GT&E) Fullerton, Calif. X n
Ultronics (GT&E) Mt. Laurel, N. J. X X X X n
Universal Data |Systems Huntsville, Ala. X X X
Univac (Sperry |Rand) Blue Bell, Pa. X n
UCC Communications Dallas, Texas X n
Vadic ‘ Palo Alto, Calif. X X X X
Varian Data Madhines Irvine, Calif. X n
Vernitron Farmingdale, N. Y. X X X a
Westinghouse Newark, N. J. X n
Western Telematic Arcadia, Calif. X X X
Western Union (Teleprocess) Mahwah, N. J. X n
Xerox Data Systems E1 Segundo, Calif. n

L 193 [virr [es |

©1972 FROST & SULLIVAN, INC. Reproduction without written permission {s strictly prohibited.

T
s

A



\

FROST & STJI.LIVAN INC. NEWYURRGWIT

—_— . o . |
Modem, multiplexer and communications processors

e —

supplier€:>

v
\

Total sales

Contributio

n to sales from

Company ($millions) data communication equipment
AT&T 21,000.00 Modems aré leased only

American Data Systems 10.00 75% to 85% pf total

AMBAC Industries 135.00 Small, Teledynamics Div.
Anderson Jacobson 4.80 40% of the [total sales

Bolt, Beranek and Newman 16.00 Communication processors 20%
Bendix Very small

Computer Communications Significant

Codex 2.00 100% of total sales

Collins Radio 287.00 About $12 million of total

Data Products 50.80 31% telecommunications products
Data Pathing 5.00 100% processors |

EMR Computer (Schumberger) 700.00 Very small \with potential
General Data Comm 3.00 100% of total sales

General Electric 9,500.00 Very small

GT&E 1,925.00 Fragmented|small with potential
IBM Corporation 8,000.00 Small with|significant potential
Informatics 17.50 About 10% of total sales

Milgo 12.00 Almost 95% of total sales

Omni tec 2.00 Large acoustic coupler supplier
Penril Data Communications 1.00 100% of the total

Philco-Ford (Ford) 16,400.00 Very insignificant

RCA 3,500.00 Very small| percentage

RFL Industries 1.60 100% of salles

Rixon Electronics 5.00 90% of total sales

Sangamo Electric 82.50 Small but potential, ab.$2 mil.
Tel-Tech 2.00 100% of total sales

Singer (Telesignal) 2,000.00 Very small| but potential big
Timplex 1.50 100% in multiplexers
University Computing 127.00 COPE terminals sold to Harris-

intr. w

Companies in the above table we believe suppjy
multiplexing equipment and as much as 90% of all the modems.
also include some of the major suppliers of communic¢

but no minicomputer manufacturers are included who ¢

N
Lo

85% of all the
They
ations processors

ould perhaps be

regarded as the prime beneficiaries from sales of memunication

processors.
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which affect

one is the la
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ing for a share of abouta$250 to

1 /,— )
téying in Business I/MQM\

nto consideration all the factors derived in this study

the data communication equipment market tne overriding
e e

rge number of small new companies which are all scrambl-

t‘today. At best,

that gives an
of the small

growth of thi

concern.

|
average $2 million annual sales per company today. Many

fﬂrms do not yet have that sales volume but it is the

$ volume in the next few years which is of particular

\
Because 9f rapidly falling unit prices, particularly in the mode

/\_
and communica
@range forecast swe have developed suggests the market to peak out at

tion processor (minicomputer) product lines, the short

: |
$450 to $475 million per year in the 1975-1976 period. If the number

of competing firms remains constant (about 256 today), this will yield

an average annual market in 1976 of about $3 million per company,only

a 50% increase?from the present level. Beyond that point,we believe

that price erdsion will keep the sales level relatively constant with

smaller growth

If there

ﬂre to emerge a few fast growing firms that could show

available for the small companies.

sales of $20 to $50 million a year,there does not seem to be any room

for more than

aﬁout 10 to 20 such companies.

The key to;staying in business during the next few years may well

be consolidat

complementary

ilon of resources with other partners in the market with

product Tines. Only three firms today supply modems,
| T e

| | \—/
rgglfiflfiers and communications processors~ These are IBM, Collins

r______/?

Radio and Amerfican Data Systems. The first two are well established,

(\/_\’

and data communications is but a small percentage of their revenues.

|
American Data

Systems is well backed by North American Rockwell and
\

other financialll interests,and their marketing philosophy should not

be ignored.

. [ 186w | yr11[70 7]
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