DOCUMENT RESUME

ED 267 735 IR 012 026
AUTHOR Divilbiss, James L., Ed.
TITLE Telecommunications: Making Sense of New Technology

and New Legislation. Papers Presented at the 1984
Clinic on Library Applicatio~s of Data Processing
(April 14-16, 1984).

INSTITUTION Illinois Univ., Urbana. Graduate School of Library
and Information Science.

REPOLT NO ISBN-0-87845-072-6

PUB DATE 85

NOTE 120p.

AVAILABLE FROM Graduate School of Library & Information Science,
Publications Office, 249 Armory Building, 505 E.
Armory Street, Champaign, Illinois 51820 ($15.00).

PUB TYPE Collected Works - Conference Proceedings (021) --
Viewpoints (120) -- Guides - General (050)

EDRS PRICE MF0l Plus Postage. PC Not Available from EDRS.
DESCRIPTORS Electronic Equipment; Electronic Mail; Federal
Legislation; *Information Networks; *Libraries;
*Library Automation; *Online Systems; Position
Papers; Radio; Technological Advancement;
*Telecommunications; Teleconferencing
IDENTIFIERS Office Automation; *Online Catalogs

ABSTRACT

This collection cf papers addresses the impact of
rapidly changing telecommunications technology on libraries. A brief
introduction by James L. Divilbiss sets the stage for the following
papers: (1) "Making Sense of New Technologies and New Legislation"
(Joseph Ford); (2) "Selection and Use of Telecommunicationsz
Consultants for Library Automation" (Rodney B. Perry); (3) "Modeling
Library Communications Trafiic" (John C. Kountz): (4)
"Telecommunications for Libraries" (Richard W, Boss): (5) "A
Collection of Books" (Herbert P. Crane); (6) "Telecommunications in
the Office" (Michael A. Flavin); (7) "Electronic Mail Services in the
Library and Information Center Community" (Dennis Oliver); (8)
"Packet Radio for Library Online Catalogs" (Edwin B. Brownrigg); (9)
'Narrowband Teleconferencing” (Joan Maier McKean); and (10)
"Establishin? a Data Communications Network: A Case Stuay" (Deborah
K. Conrad). (THC)

I AR RS R R R RS RS R R R R I R I Y R R Y Y T R

* Reproductions supplied by EDRS are the best that can be made *

* from the original documert, *
LA R R SRR R R R R R R R R R E I R R Y R R R R 222232k XXXXX




(= =4

g/

ED267735

TELECOMMUNICATIONS:
MAKING SENSE OF NEW
TECHNOLOGY AND NEW
LEGISLATION

Edited by

JAMES L. DIVILBISS

U 5. DEPARTMENT OF CDUCATION

OER
EDUCATIONAL RESOURLES INFORMATION
CENTER (LRIC)

ﬁThlS document has been reproduced ag

received from the person or orgamzation
onginating it

s Minor changes have been made to improve
reproduction quality

: - -
Points of view or OPINIO 15 stated in this docy

Ment do not necessaniy represent officai
Posiion or poiicy

Caraduate Scho,

“PERMISSION TO REPRODUCE THIS
MATERIAL IN MICROFICHE ONLY
HAS BEEN GRANTED BY

Lo Heffwan

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC) "

of Tabrarny and Informatuon 5S5aence

Unnverstty of Hhinows at Uthana-Champaign

to



TELECOMMUNICATIONY

MAKING SENSE OF NEW

TECHNOLOGY AND NEW
LEGISILATION

Papers presented at the 1981 Chinie on Tibrary Apphcations
of Data Processing, Apul 11-16, 1981



Ciinic on Library Applications
of Data Processing: 1984



4R by The Board of Trssices of The Uny o of Hhinois
ISBN 0-B7810-072-6 ISSN 0069- 1789

Q ".

EMC v,

Aruitoxt provided by Eic:




Contents

INUrOdUCHON oot et ettt et ettt e et e 1
JAMES T DIV BISS

Making Sense of New Technologies and
New Legislation. ............ . ... o i i 3
JOSEPH FORD

Selection and Use of Telecommunications Consuliants

for Library Automation .. ............. . ... ... oL 10
RODNIY R PERRY

Modeling Library Communications Traffic ................. 24
JOHN (. KOUNI/

Telecommunications for Libraries. ... ...................... 43
RICHARD W 8055

A Collection of BOOKs. ... ... e 63
HEPBFRIT P C RANI

Telecommunications in the Office ...................... ... 69

MICHAETD VBT AVIN

Electronic Mail Services in the Library and Information
Center Community .. ... it i 77
DENNIS OFIVIR

Packet Radio for Library Online Catalogs .................. 84
IDWIN B BROWNKIGC

Narrowband Teleconferending ... ............... ... ..... 9%
JOAN MAHR MCKEAY

Establishing a Data Communications Network:
ACase Studv. ..o 100
DEBORAH Kk CONRAD

INdex .. e e e 110

O

ERIC 6




ERIC

Aruitoxt provided by Eic:

INTRODUCTION

For twenty vears this series of Climics has explored nearly every aspect of
library automation Telecommumcatons has often been nentioned at
these Clinics because automaton projects of any scope nearly always
ivolve preces of computer equipment separated by more than a few feet.
Whether the application 1s cetaloging, public access, reference, o1 interh-
brary loan, cemmunication nnes ae usually an mescapable part of the
system

In the past few years 1t has been much harder to think of telecommumi-
cations as something tacked onto a completed system design. Partly tins
arses from new technology such as fiber optics, intelhigent terminals,
electronic mail, and packet switching and partly 1t anses from a greatly
changed business (hmate New forms of business such as value added
networks, specialized common carniers and the enure giant interconnect
industry have ereated so many new ways of accomplishing telecommuni-
cations tasks that the selecuon of the best way has become exceedingly
difficult. And, of course, a complex situauon was made simply chaouc
with the divestitire of the Bell System in January of 1984

While the divestiture of the Bell System and rapidly changing tele-
commun.cations technology have had great impact on the entire business
commumty, our conceirn he € 15 with their impact on hibranes. As Joseph
Ford Makes clear in his papet, hibraries made up only about 0 5% of the
ptivate hine revenue of the old Bell System and thais hibranies do not have
wignificant dout in the marketplace Feonomic relief may ulumately come
from technological advances but in the short tun, legislative rehiefas the
Answel
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Manv readers of this book will undoubtedly feel that the nuts and bolts
of telecominunications technology are someone else’s responsibility, a
view that was certainly valid when all telecommunications services and
products came from a single suppher, the Bell System Today, even small
ibrary svstems have telephone lines, modems, terminals, and computers,
all from different suppliers. In this situauon, the failure of the systera can
generate an orgy of finger poimnung unless the system user has some
understanding of the consuuent parts. In her paper, Debby Conrad makes
a persuasive case that a hbranan car master the details that spell the
difference between a shaky system and an e-onomical, smoothly running
system.

In his paper. Richard Boss stresses that competing turnkey systems
cannot be truly compared unless the associated telecommunications costs
are included. (The system with the lowest inatial cost may require heavy,
cenunuing  telecommnnicanons  expenditures,) For any svstem  that
extends bevond a single buildimg, the configuraton opuons are numerous
and will probably be more numetous next year. The 1ssue 1s complex, of
extreme economic significance and 1s very capably addressed by Boss

Finally, there are certain to be cases where libraries feel they must have
outside techmical assistance in reaching a telecommunications decision
Rodney Perry has beenan that position and in his paper sets forth very clear
guidehines Jor deadingon the desireabihty of using a consultant, choosing
& consultant and working with a consultant

J 1. DIVILBISS
Editor
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JOSEPH FORD

Executive Directon
CAPCON

Making Sense of New Technology and
New Legislauon

Inutroduction

I would Iike to discuss what I believe 1o be one of the enncal 1ssues of e
1980s for hibranies  Thanks to Dean Charles Davis and Professor | L
Diulbiss of the University of IThnors Graduate School of Libiary and
Informaton Science for idenufving the issue and developimg this Cline.

As 1 sad, telecommumcauons may well be the key techmical and
cconomic issue of the 1980s for hibranes No other resource at our disposal
challerges us so much 10 make good decisions, and ne. other 1ssue will
reward ourn effores if we do well, nor punish us so much if we fail to act

I he telecommunications tesources we use hay e allowed us to develop
much of the ibrary data processing we use and rely on Yet, m another
sense, much of the 'elecommunications plant, o1 facthiues that we use, ase
the tadinonal copper wnes—of hmited capacity but nearly unhmued
distutbution - Tvprcally, hibranes have leased this capaaty and created
private networks that hink us together, to our branch locatuons, and to the
bibliographic utthues Libiary telecommunicauons also includes the use
of the value-added packet-sartchimg networks such as Telenet (General
lelephone Flecuonies), Unmet (United Telecom Communicauons), and
Ivinnet (Dvimshare Inc ), for dialing mio informauon services such as
Malog and Bibhographic Retrieval Services, and 1o a lesser «xtent mto
OCLC o1 between mdividual hibranes or branch locatuons

In the last ten vears, Iibraries have become dependenton telecommu-
mcations, pa tcularly leased-Ime dedicated ancuits, as we have adapted
10w ce-sharmg technology 1o hibrany techmeal and public services
While we have learned o 1ely on certam kmds of seivice fom oun telecom-
mumcations mdustry, that mdusty has been prepanng for a profound
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change n 1ts structure, and 1n the types of telecommumications products
and services 1t offers 1ts consumers. The evidence of coming change has
been appaient for s>veral years, perhaps even longer t¢ industry experts.
Nc v the change1s upon us, and it is apparent that much of what we rely on
today will be changed dramatically 1n the near future, perhaps in the next
two or three years. Much change has already occurred, but even more
profcund developments are coming.

Bases of Change

I beheve we can name three major reasons for the changes now
underway. They are- (1) the divestuture of AT&T, (2) the develnoment of
teleccommunications and computer technology, and (3) the eme¢ rgence of
competition 1n the telecommunications industry.

These three forces are interlinked. It 1s difficult o differentiate
between them—as with all very large-scale changes, many details and
forces merge or blend with one another. The emergence of competition is
clearly related to the AT&T divestiture, for example.

Background of the AT&T Divestiture

As we are aware, the old monolithic American Telephone and Tele-
graph Company (AT&T) has been changed unalterzbly. Since 1 January
1984, we have had a new AT&T, which retains some portions of the old
predivestiture AT T such as the Long Lines Division (now called AT& T
Communications), and equiprent sales (ncw called AT&T Information
Systems). Gone from the AT&T family, however, are the old local operat-
ing companies such as Ilhinois Bell and Chesapeal.e and Potomac Tele-
phone Company. The AT&T local operating companies have been
divested and are now organized 1nto seven regionral holding companies
These regional holding companies—NYNEX, Bell South, Bell Atlanuc,
Ameritech, Pacific Telesis, Southwestern Bell, and U S. West—are sull 1n
the telecommunicauons game In addition, there are approximately 1500
other local telephone companies 1n this country.

Despite the apparent sudder ness of the divestture, 1t did not spring
outsuddenly on 1 January 1984. In fact, thereis a thirty-five year imsiory of
Federal acuons, primanly brought by the U.S Department of Justzce,
which led toward the divesuiture. Some of the eritical dates in this chronol-
ogy are 1949, 1956 (when AT&T agreed to a Final Judgement that pre-
cluded 1< particapat.on 1n computer sales, among other things); 1969 and
1974 when one or 2nother vroceeding was introduced 1nto court agamst
ATET, or an AT&T competitor was upheld 1 seeking access to AT&T
matkets In 1982, AT&T and the Deparunent of Justice announced an

10
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out-of-cow. seittement by which AT&T would accomplish the complex
undertaking of dividing its assets, and becoming eight completely separate
organizations

1t 15 important to nate that with AT&T divested of 1ts former mono-
lithic structure, we now have a much more competiuve marketplace, with
mote compantes offering service Indeed, some of the forraer AT&T operat-
ing companies have announced their entry into markets formerly denied to
them by virtue of the Final Judgement of 1956. In addition to the divested
ATRT companes, the new AT&T and the other telecommuricauons
companies such as MCI have all been engaged 1in developing and market-
ing products and services which 1t1s hoped wall benefit the users. With this
competution has ome substanual technical, economic and regulatory
change. We can expect, furthermore, e rate of change to accelerate in the
future

Technical Aspects of Telecommunications Change

Let us look at the technology of ibrary telecommunicauons. In one
techrical sense, much of what we use 1n the hibrary coonmunity might be
called POTS—Plain Old Telephone Service. It 1s not unmiversally true, but
most of the hibiary telecommunicaticns environment is oriented around
voice-grade, copper-wire plant, particularly ir local exchanges.

Telecommunications switches, the devices that link individual sub-
scribers’ liaes to complete erther local or long-distance calls, have become
mote sophisticated as they have been computenzed. In this country,
whether the plant 1s fully computerized or not, the faciliies work together
vomy, very well Nevertheless, much of the present local-exchange tele-
phone technology 15 low-speed, voice-grade, low-technology telephone
service Consider thet the device which hinks many computer devices to
telephone lines—:he modulaior-demodulator, or “modem’” —is needed to
emit or receive tones 1n the range of human heaning that the tlephone
svstem has been designed to support While our comp uter devices use
binarv (or digital) codes which offer very high transmission capacity,
much of the telecommunicauons system sull uses analog techmiques and
faaliues whuch are inherently of lower capaaiy.,

A (ntical economic and regulatory {actor for libranes 1s that this type
of voice-grade service 15 about to be affecte] drastically by new tanff
stiuc tures which may double hibrary telecommunications expenses in the
next two vears or sooner The reascns for these new price structures are
muany and vared, but the nnimasv thrust of increased nrices for the type of
telecommunications hibranies ase comes from the locas telephone compan-
105, those that opetate and mamntarn local telephone exchanges and hines
T'he local exchange compames ¢laim, perhaps with some jusuficauon,

11
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that their costs hiave always been higher than the prices they had us pay, but
thatn the past they had subsidies from the long-d:stance services to pay for
localdeficits The breakup of the monolhithic Bell System effecuvely termi-
nated the cross-subsidizanon of local service. The subject of the Bell
breakup s important to our discussion of economics 1n library telecom-
municauons, and I will return to this later.

First, Iet us look at what the i1ature may offer in teleconimunications
technology. In the early 1980, a European telecommunica*® :ns standards
group called CCITT—Consultauve Committee on Inte national Tele-
phone and Telegraph—put forward a concept of a compleely digital
telecommuniauons system. That 15, the CCITT proposed that virtually
all long-distance telecommunications transmission and reception would
be 1 a binary digital <ode. If telephone service 1s called POTS, this might
be termed PANS—Peculiar and Novel Services. The concept that CCITT
put forward 15 bemng called ISDN—Integrated Services Digital Network.
ISDN would have an enormous capacity, and by digitizing all transmis-
ston, could mix voice, computer data and video in a single switching and
carrier package. The standards necessary for the adoption of ISDN are 1in
preparation, and they are expected to be completed by the end of 1984.
Some ISDN-compauble terminal equipment may be available by 1986
When ISDN becomes comriic 1ally available to end users, we will have
enormous telecommunications capabiliies which will terminate wherever
there 1 sutficient demand

Let us understand, i.owever, that the costs for an ISDN conversion will
also be enormous We should also understand that the library communny
s a very small part of the total telecommunications market, and that very
high-capacity telecommunications tacilines will be difficult to justify for
many of us That 15 to say, there are several e-onomic 1ssues we face.

Telecominunication Futures: Economic

Economically, there are Iiterally bilhions of dollars involyed in current
telecommunicanons products and services AT&T estimates that 1t pri-
vate line business i 1983 alone was $2.14 billion. The library portion was
esimated at less than $10 million, or somethng under 0 5 percent. Dr.
Walter Bolter, the American Library Association's consultant on telecom-
muntaations assues, once noted that hibraries” use of private-line service
was so shght a porton of AT& IS otal private line business that our
payments could disappear from an AT& I financial 1eport as a rounding
€Tror.

Clearly, hibnary telecommurnications, whether leased-lime or value-
added networl represents onhy a fraction of the total telecommunicetions

ERIC 12
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market In 11any respects, however, our use of telecommunications cannot
be judged on «ronomic grounds alone, because our uses transcend purely
ecoronac ssues. But, as providers of infoimation, libraries’ actvities
whi.h depend on telecommun.catons will be captives of higher pr “ces.

I have already discussed the poteistial impact of proposed new tariffs
for our type of private-line service. With local tei~phone loops increasing
in ptice hy as much as 400 percent 1n some states, and with the costof new,
high-speed technology likely to be very expensive, we shouid be asking
oursely some critical questicns. How can we adapt? How can we con-
tinue to provide service 17 the face of very large g~ ce increases? How cn we
adapt to services which wiil be very capital-intensive, and whose costs will
exceed our capabilites io pay?

I believe we will adapt to new tclecommunications by entering into
creative techmcal partnerships, by looking 0 stronger institutional ties,
and by taking advantage of shared activities.

Telecommunications Future: Technical

Let me share with you some probable developments 1n telecommum-
cations which will affect all of as. These ideas are not a prognostication,
but a simple description of probable future technology.

In the Integrated Services Digital Network environment, all telecom-
munications wil} be digital, using various transmission media. Such tele-
communications standards as AT&T's T-1 carrier will travel by
mixed-medium, mixed-architectuie transmission channels. Probabie
<hoices for the telecommunications architecture include digual micro-
wave radio, satellite, coaxial cable, and hight-guide fiber opucs. Significant
problems remain to be solved, however, before any higher-speed commu-
nications can be implemented at the local exchange level.

As we noted earlier, much of the local telecommunications plant is not
capable of high-speed tiansmission. The problem of moving data from
hub locations to end users has been called the “last-mile problem.”

While thete are a number of possible techmques for handling the
“last-mile problem,” some of them will represent a direct threat to the
telecommunications industry. For example, asystem called Dagital Termi-
nauon Service (DTS)-—digital microwave radio—1s being tested in the
Washington areas at this ume. Local Area Networks (LLAN)—various
(0ax1al cable or wire pal. systems for use 1n transmitting data n local
setungs—have been much discussed recently. In additon, a number of
other, probably unfamiliar, delivery ot zanizavons are interested in provid-
mg local telecommuiiications capabihues. These incdnde local elertnical
utilities, and the local cabie television systems. These types of telecom-
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municane 1s systems will simply “bypass™ the local telephone company
facihues.

Another type of facihty being discussed 15 the “wired campus,” wlach
as 1ts name 1mphes, 15 a local network which links the buildings on a
university campus. The University of Pittsburgh is one institution whic h
has made a commitmert to a campus-wide local network Yet another
possibility is the “‘smart building,” wherein the actual structure of a
building will contain the teleccommunications logic controls for all the
tenants 1n the buildir.g.

Clearly, the choices for future telecommunications systems are many
and vanied, and we will be challenged to make good ¢ hoices 1n our use of
the svstems And, again, we will likely find ourselves making alliances in
the future to be able to use and atford new telecommunications technology

Legislative Issues

In order for us to arnive 1n the future, we must survive the present, and
we are awarte that price increases threaten us immediately Let us turn now
to < brief review of the legislative relief from massive price increases the
library commumty sought 1n the 98th Congress.

As an opening statement, let me note that 1ecent reforms or amend-
ments to the Communications Act of 1934—the basic telecommunications
law —have not fared well in Congress. In the 97th Congress, Congressman
Wirth of Colorado introduced legislation which might have eased the
burden of telecommunications increases for libraries The bill was with-
drawn after, among others, Congressman Corcoran of Ilinois moved to
block the bill cooming out of commuttee.

In the 98th Congress, elected in 1982 and due to expire this fall,
legislation was introduced 1n the Senate (S. 1660) and House (H R 4102)
which, in the amended Senate version, would specifically have prevented
price increases from affecung hibrames. We should thank the American
Library Association, parucularly Eileen Cooke and Carol Henderson of
the ALA Washington Office, for having worked long and rard on an
rmendment to this legislauon, and to Senator Larry Pressler for having
sponsored 1t. Despite the best efforts of the hibrary community, S (660 was
no. reported out of commuttee, and therelore 15 eftectively dead for this
Congress While we can hope that the Touse and Sena e w2 Wk kindly
on our needs in the future, ther s ne hopefor directlegis ' fin the
current year (1981),

Yet. thete s attlodoubtin my mind that we need some «, peof relief In
January Thad tii opportumty to speak with representatives of AT& I, the
Feder il Con:memicauons Commiss:on, and the U S Senate, all within a
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few davs. Each group recogmized our problem, and each group suggested
that we look to one of the other groups to help us solve 1t When everyone
suggests that we look elsewhere for help, then [ believe we must look to the
legislative or regulatory sectors for short-term assistance with increasing
prices While our long-term solutions may be technical, libraries must
have help to overcome the short-term price increases we are all facing at
this time.

We do not wish to conclude with the idea that our outlook is hopeless.
Your interest has brought vou here for this Clinic, to hear speakers knowl-
edgeable 1n the many areas of telecommunications important to libraries.
You have an opportumty to learn about telecommunicauons and 1ts
challenges We in the hibrary commumity have friends in Congress, we are
organized and our professional concerns transcend economics. We can
accompli.h a great deal when we work together to face a challenge, and the
changing nature of telecommunications 1s certainly 4 challenge. [ believe
we can and must nee to 1t

1
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RODNEY B PERRY
Associate Director
Rochester Public Library Monroe County Library Sysrem

Selection and Use of
Telecommunications Consulta- its
for Library Automation

Introduction

Data commuanications for library automation syst¢ms have emerged
rapidly as amajor considerauon for library systems po: ;onnel, automation
plaaners and library managers The consequences of wrong choices in data
communicattons are at least as serious as those for wrontg choices regarding
autometion of library operations, Libraries installing automaton sys-
tems, however, must make decisions 1n order to operate. 4 is an area where
libtaries should seek the best available help to assist them n clanfying
options and reduaing uncertainties This arucle will describe the factors
nvolved m selection and use of telecommunications consultants, particu-
lax focus will be given to Requests for Proposals (RFPs) and the character-
stes of telecommunications for hibrary automation which play a part n
the selection and use of consultants The Monroe County Library Systern
(MCLS) in Rochester, New York 1s used as a primary example.

Telecommunications Needs for a Library System

In 1983 MCLS, a federated public library system of nineteen munici-
palittes, contracted with Geac for mstallaton and mamtenance of an
integrated library system Circulaton and database manacement are the
first phase w th planned future phases of acquisitions, media booking and
an online catalog conungent on funding Funding for the first phase 1s
avatlable i Monroe County’s capital program and 1s safficient for pur-
chase of the con.puter equuipment, software nghts and data communic «-
tons equipment necessary to serve thirty-five hbranes Operaung cocts of

160
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cquipment and software 1namtenance for the computer system will be
shared among the member hbranes based o usage of the system MCLS
will pay telephone line costs for connecung the participating hbraries
Under this cost-shanng arrangement, MCLS had the obhgation to cover
both equipment and operating costs for data communications,

The problem for MCLS 1n 1983 was todesign a data communications
network that would provide the lowest possible operaung and capital costs
within funds available 1n separate capital and operating budgets. An
addinonal factor was the requirement that Geac agiee to any added equip-
ment, including telecommunicauons equipment, because of its contractu-
al guarantee of response ume. In the imitial stages importance was attached
to having a single suppher (Geac) be responsible for computer and tele-
communicalions equipment.

MCLS had received from both Geac and the telephone company
(Rochester Telephone Company—an independent) proposed designs for
telecommunications. Geac's design, while techmcally sound, was (aser-
vative 1 consideranon. of response ime and system performance needs,
Rochester Telephone's design carned a high operating cost It became
c.ear that the answer to MCLS's teleccommumications needs was not at
hand

MCLS faced several problems that highlighted the need for help
telecommunications

Polack of staff expertuse in data ommunications,

2 lack of ime for staff 1o gaimn the necessary knowledge due ro the conflict-
mg pnoriey of planning for system operation, and

3 an apprehension sbout a rapidly, changing e,

Regarding vas apprehension, itasrel vant that MCLS was pursuing a
turmkey approach mdependent of the ccunty’s data processing center
Installation of a turnkey svstem does not provide the reassurance that
comes from ues 16 a parent wstitution’s computer services Despite the
skills and mterests of automavon vendors in providing a successtul instal-
lation, mstallauon of a turnkey system often jeopardizes any bureauaatc
umbtlical between the ibrary and the parentinsttution "There mas be, 1in
fact, addinonal red tape attached by the parent mstiunon

I'he needs ated above were immediate anl appeared soluble with a
sttaightforward solution. They were techmcal and economic 1in nature—
not poliical or organizauonal Their possible solutions did not appear 10
be more than a matter ot assembling the right elements to get the proper
fimancial and performance praure MCLS Fad the opportunaty 1o addiess
these problems hecause unspent funds allocared for telecommunic ations
were avatlable and could be used to hue a consuttant

17
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Analysis and Substantiation of Need

Libraries may not be so fortunate as MCLS and may need to liberate
funds 1n 1ore direct competinion with other functions. The following
steps should by inciuded 1 analysis and substantuation of the necessity for
consultant services’

1 Review carefully the alternatives to using a consultant, or at least
spending money for one. Is someone available :n the parent institution?
Could a local university or business provide free or s bsidized consul-
tant help? (If the help is free, will the job receive adequate attention?)
Can a staff member be assigned to learn the area? Has the automation
vendor been consulted thoroughly and forcefully on the issue? Have the
telephone company's sales consultants been used? Has the nature of the
telecommunications need been analyzed carefully to be sure the poten-
tial payback is significant?

2 Check the parent institution’s purchasing authority for the procedures
and himitauons on hiring a consultant.

3. Analyze the library’s needs bv discussing the situation with people in
the area who work 1n teleccommun:cations. Describe the problem and
sohat advice or background information. Find out what to watch for.

4 Discuss the hibrary’s sitnation informally with scveral consultants to

determine 1if they can meet the needs. Combin. this information with

that gathered from area telecommunications personnel 1o determine if a

consultant would be doing what library staff could do Would a cons.i-

tant be paid only to boirow your watch and tell you the ume?

Remember that effecuve use of a consultant 1s time consuming and

requires responsibility on the part of the library to be sure a useful

product 1s prov ded.

1}

Requests for Proposals

The most common first formal step 1in engaging a consultant 1s
preparation of the Request for Proposal It may berequired by government
agenaes to assure equal opportunity to all prospective consultants.

Required or not, preparation of an RFP 1s a usetul process 1o force a
focus on goals and a definiton of needs The RFP should establish the
objectves of the project, speafy the results of the project (what 15 the
consultant requuied to produce?), and explain what 1s relevant to the
con~ultant project (what does the consultant need 1 know about the
hibrary and the terms of e consulting project?) As aresult of the RFP, a
consultant shouid hare a suffiaently dea 1dea of the hibrary and 1ts

U
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problems to respond with a summary of how and at w hat cost the consul-
tant would wddiess the problem

I he RFF for hibrary automauon-telecommunmcauons should also
provide basic mformanon for any consultant who may he very skilled 1n
data communicatuons but unfamihiar with hbrary applicatnons of data
processing “Geac” o1 “CLSI™ may not provide enough informanon o
some consultants, whereas “interacve transmissions operating on polled
block-mode asynchronous ternnmnals atte hed to an XYZ. 23 mim-
computer” will provide a common techmcal eround 1o all.

Because the RFP 1s a device to com:nunicate unique needs and
requirements 1t should be prepared without borrowing from or precing
wagether other documents, including other RFPs This pracuce, hazardous
at best i the preparanon of automated system RFPs, would be disastrous
due to the vanabies in telecommunications needs Tiis, on the other hand,
very useful to seek out other RFPs for use 1n developing a focus on the
library’s needs and expectanons from a consultant

Another essential aspect of achieving clear communicauon of the
hbrary's needs in the RFP 15 direct, simple and clear soiting

Information in the RFP
The REP shouid indlude the followimg information

1 A deseniption of the local situation and problems to be addressed.
Include th: computer equipment to be used, 1ts technical spesifications,
the database size, transacuon types and volume as well as any other
background of technical or orgamzanonal iformatuon that gives a
prctaie of the I'brarv’s current status Remember that a prospective
consultaat miav not be familiar with hibrany automaton o1 waths the
ubran

2 Adescription of the expected product Whather the expected productas
ar1eport, cost study, review of options, an istalled svstem, a negonated
contract, ¢te , the RFP should be very speafic so that nsunderstand-
mgs can be avorded Topies to be addressed should be specifically stated,
as should, if relevant, topics to be omitted

3 A requirement that the consultant describe the work method and steps
to be used How will the consultant go about produr mg the required
product? To whom will the consultant talk about what* Where wall the
consultant visit” What status 1eports will be aelivered” I'he RFP should
not mescrthe a work method as a condiion 1o be met, but should
include relevant factors that would help the consultant establish a
proposed work method
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oA requuement for mformation on what consultant staff will work on
the project-therr background, qualifications, level 1n the consultant
organization and estimated time to be spent on the project. This infor-
maton should help prove that the consultant has the ability to do the
work specified as well as provide he hibrary with a basis for judging the
level of skill applied and the accuracy of the quoted price.

5 A description of the schedule of the work, showing various stages. The
consultant should be given the eption to propose an alternative sche-
dule. The hbrary should attempt to be flexible and realistic about its
expected tme requirements because a two-month delay in the schedule
might enable a good consultant o accept the job.

6 Specify financial information requirements. In how much detail is
budget information: to be provided? Is a single lump sum satisfactory or
15 a detailed breakdown by stage and activity of the project necessary?
How are vanauons from budget to be handled? When are payments to
be 1ssued® Speafy also the method the consultant may use to determine
the tctal fee. There are at least ten methods of paying consultants.!
These include.

—flat tees, which are used when there 15 little “open-ended”” work 1n
the project—the consultant 15 paid X amount of dollars fo1 the
work descrnibed Consultants may include a cushion 1n flat fees;

—hacket fees, which state that a consultant will be paid an amount
per hour or day, not to exceed a certain upper mit This method 15
benefiaal to the hbraiy in case the problem definivon 1s unclear or
the project requires .oy ibihty for adjustments during its course; and

—per diem fees could be used when the hibrary needs a consultant on
a shoit-term bass

Regardless of the fee determmanon basis, most government or pubhie
agenaes would establish a contract which fices the terms and himit of
pavment
Request mformation on the terms regarding access to the consultant
outade the confines of the specified project. Can the consultant be
contacted for inf -mation on a related matter that 1s not a part of the
consultant’s scope of services? Will there be charges for these contacts?
How are extra topics inserted into the work? Coverage, perhaps infor-
mally, of this area will help protect the consultant from feeling pres-
swed to give free advice and help the hbrary understand the extent to
which support 1s avarlable from the consultant
8 Describe in some way the size of the job as viewed by the library. Often
this 1s done by stating the maximum budget for the project, the advan-
tage 1s that the consultant has a target and a sense of scope, the disadvan-

)
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tagc 1s that the hbrary will see fees clustered near one cost area. If the
budget figure 15 not used, some statement may be necessary to indicate
the lIibrany’s expectaton of the scope of the work.

Requure that the consultant describe other work that 1s stmailar and
relevant to the project. The consnltant should be asked to describe why
and how the expertence on other jobs qualifies him or her to perform
wellin this job. As with evaltation of a job candidate, excessive general-
1ty or lack of relevance should be viewed with caution. It may also be
helpful here to ask the consultant to hst particular areas of knowledge,
skall and experience

A descniption of whether subcontracting and joint ventures will be
allowed and how they will be handled. Who is the prime consultant and
who 1sresponsible for the quality of the work? This type of joint venture
arrangement may be particularly effective in telecommunications for
hibrary automation systems becanise of the separate knowlede required.
Specify the method and t.rocess by which proposals will ¢ valuated,
ircluding 'he (riteria on which selection will be | >d. Over-
specification of critenia will, however, leave little room ur the more
subjective aspects of ¢valuation or could lead a consultant to frame the
proposal around evaluatuon critena in< =ad of the project content. In
addition, overspecification could lead to challenges by unsuccessful
consultants To digress: in my opimion, there should be an affirmative
attempt to speaify that sele-tnon will be based on content, not volume of
propusals Proposals siould indicate an understanding of this prob-
lem, not other problems or generic problems Proposals should clearly
show a consultant’s view and understanding of the issues involved and
describe the treaument, consistent with this view, of the same or related
1ssues m other projects As a practical matter, a consultant may be
reluctant to speaify a view on an issue for fear of rejection. Also, major
consultants get many RFPs and have had to set up standard responses —
ofterr produced by word processors—so that ime can be spent on
existing projects If aresponse is considered voluminously irrelevant to
the RFP but chosen anyway, protection must be obtained by establish-
ing a very ¢lear understanding of what problems and 1ssues the consul-
tant 1s to address

Definie terms that may be ambiguous, not in common use, or that relate
to political or admanistrative unaits

Desenibe conditions applying to any contract or other document that
will be developed hetween the library and the successful consultant
Fotaolish a procedure and sc hedule for submassion of wntten questions
When the questions are gathered, hist, answer, and send them out to all
who recenved the RFP Do not name names If telephone conversations
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are held, be cautious about giving out any mformaton that would
benetit ene consultant only

The Importance of FlexilLility

Speafic 1ssues to which MCLS requested  “nuon were the evalua-
non of proposed networks and suggestion of alternatives, equip. ment and
operating (osts, 1esponse time at varying levels of activaty, the cost compar-
1son of puichase or lease, the availability of equipment and service, the
gizarantee of support o1 acceptance by Geac, and flexibility for growth in
funcuons, volume and number of parucipants.

Fiexability shouid be stressed as a basic element of ax ..uommuni-
cations plan, and a consultar* must understand this. Flexib. ity is required
notonly for the proposed growth of functicns, participants and volume on
the system but also for changes in data communicatiors methods and
changes m aate structures. Integrated hibrary systems are installed in
phases, the telecommunications structure must be planned to adapt to
these phases At the same time, tev hnology and rates are changing in a field
without uniform techmcal standards and with fierce economic competi-
non Any data communicauons plan for a hbrary system must include
contmgent strategies for adjustment at predicied phases of library system
development or telecommunications charges

After all this material on RFPs, 1t should be noted that an RFP may
not be needed to make a good selection of a consultant. Many consultuing
engagements have been successful without an RFP starting thera off (and
probably many engagements have been made less fruitful because of the
Iinnits established by RFPs) Required or not, however, the focus on goal-
and needs for consultant ass:stance provided by an RFP 1s the most impor-
tantaspect Also, 1tshould be pomnted out thatthe RFP content as desc nbed
here could require an amount of ime in preparation that either the need or
potential number of bidding consultants doesnot warrant. Be sure that the
effort spent on the RFP 15 equal to the degree of need and that enough
consultants are mterested i bidding to make elaborate evaluation mecha-
nisms appropilate

I'hree final suggestions on RFPs

1 Seek help locally in preparning it especially if RFPs are new to you A
faulty REP can 1esult i a poor consulting engagement

2 Do not over-rely on a complex set of conditions and a nigid problem
statement, leave open the opportunity for unique areas of investigation
and unique soluuons  This openness resulted i a consulting engage-
ment that spawned OCLC

O

ERIC 09

Aruitoxt provided by Eic:

¢



ERIC

Aruitoxt provided by Eic:

SELECTION AND USE OF CONSULTANTS 17

3 Do not expect a lot of responses that dazzle you on every aspect of the
RFP. If one does. be suspicious. Library automation data communica-
tions 15 a new area for hbrary experts, an unfamiliar area for data
communications experts, and a tough one for both given the volatility
and high stakes 1in both fields.

Library Automation & Telecommunications

Some of the areas in which libraries may need telecommunications
consultant help for hibrary automauon 1nstallation are hsted below:

—A basic onentation to telecommunications for hibrary automauon

—IL.ocal installation problems, rates, routes, network structures and trans-
mission methods, locally available prodncts, voice and data integration.

—Selection of equipment and design of the most efficient network.

—~Telecommunications system management: purchasing, mainienance,
monitoring of performance, cost of projections, dealing witii the tele-
phone company.

—Review of available options for telecommunications. alternate tech-
nologies and their local status for both immec.ate and future 1nstal-
lap~n.

—F il planning for telecommunications covering the variables 1n
bot:  « hbrary and data communicauons areas

—Development of models based on vanables affecung automauon and
telecommunicauons planning.

—Building and space planning, including wiring of buildings.

—Analysis of automaunon vendors or bithographic uulitues in relation to
telecommunications factors.

—Adaptation of a library automauon system's capability to meet local
capabilines and needs. incdluding equipment, software and interface fac-
tors.

Telecommunications as a Local Matter

Telecommunications for hibranes 1s st and foremost a local matter
The hbrary planning to select a telecommunications consultant seeks
experuise 1n a rapidly changing technmical and economic field that 18
affected by widely varying local condituons. Rates, technical capabilities
and available technologies (induding alternates such «« microwave) all
vary depending on the local geographic area, and the ©1. 217 area’s com-
plexaty and uniqueness 1s compounded by the vaniability of telecommuni-
cations factors in the parent insutaton and hbrary 1.t
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The Umversity of California is grappling with this problem:

The long-haul part of the network, while expensive and ¢ ompley, can
be nnplemented without orerwhelming technicat difficuly

Fhe local networks of the system are another matter aliogether At
present, we are engineering speclal-purpose, custom solutions tor each
terminal duster  We are trying to develop a serves of building blocks to
handle local distribution problems, but much of the tec hnology 1s onlv
now becoming available 1n the marketplace

The capabilities we seem to need have much in common with tacuical
mulitary data communicdtions systems 2

Telecommunications Beyond the Local

While local vanability predominates certain aspects of telecommuni-
cetions planning and 1nstallation, nauonal developments create an unsta-
ble base. Deregulation, technical advances, economic competition, voic?
and data integranon, local arca network developments and alternate tech-
nologies destabihize vet control local level activities.

Atthe same ume, hbrary automation 1s changing rapidly There1san
mcrease 1 the number and type of systems available, many of them
microbased. Integrated systems are inc luding micros for selected functions,
and the separauon of systems 1nto regional components 15 being
contemplated.*

In hibrary automauon there are three major technical forces at work
Hardware 15 separating funcuons, making 1t possible to distribute func-
tons out to local sites. Software 15 restraining »at distributive tendenc y,
patticularly af large databases are to be effect vely managed and used.
Telecommunications 1s adding a volatility to the opposing forces of hard-
ware and software

Because of the complex and volatile set of factors and interrelation-
ships described above, the selection of a consaltant 1s diffic ult, The knowl-
edges and skills for lowal considerations are different from those for
nauonal consideranons  The knowledges and skills for telecommunica-
tuons apphcauons are different from those for library apphcations.
Because of the rapid growth of automaton system 1nstallation and the
recent tise of telecommunicanons solutions arnved at idependent of
vendors, consultants specializing o this area with the appropriate mix of
skill and expenence are rare

A List of Telecommnunications Consultants

How can alistof telecommunicatons consultants be compaled? T here
are cleven types of consualtants or consultant firms? ranging from the large
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firm (e g., Arthur D Litle) to individuals between jobs In between are
medium size firms of ter: to fifty consultants, small groups of two to ten
consultants (25 percent of all consvitants work 1n this size company),
imdinidudls (about 50 percent are in this group), management firms (e.g.,
Peat, Marwick), professionals 1n parucular fields, internal consultants
within a company, university affihiated consultants, research firms and
public agencies

Consultant names for a particular project can be obtained by advertis-
g in trade journ-ls, contact with local people 1n the field (“'word of
mouth ™), profess: »nal associations (e.g., ALA and LITA), directories such
as Gale Research Co.'s The Consultants and Consulting Organization’s
Drrectory and Telecommunica.ion Systems & Services Directory, state
hibrarv agencies, regional hibrary netwaorks or consortia, and the yellow
pages. Major national associations include: Associauion of Consulung
Management Engineers (New York City); Data Processing Management
Associanon (Park Ridge, Illinois); Independent Computer Consultants
Association {St. Lows); and Instutute of Management Consultants (New
York Caty) Additional names can be gathered by areview of trade journals
(including nonlibrary) for news reports of other consultant studies.

Probably the most important aspect in determining appropriate sour-
ces of consultant names 1s the type of problem you have Do you want to
address the local aspects of telecommunicauons (rates, routes, supphes,
local planning etc )> Do you want to address the technical issues of the
connecion of a library system to telecommunications? Do you want to 1o
long-range planning for telecommumcanons? The sources and geovra-
phic area of search would vary by the need you identify; alocal installation
problem suggests local people with perhaps little or no library automation
experience, a libiary system problem suggests hibrary automauon expe-
nience with perhaps less experrence in telecommunicauons (library con-
sultants and system vendon s are, however, rapidly paying more attention to
telecommunications ssues), long-tange planning suggests a guru type

Selection of the Consultant
Selecnon of the consultant mvolves the following steps and factors

1 Development of an orderlv system for rating con< . dtant proposals It
should be based on the needs that have "een idennfied and indicate the
telative tmportance of the vanous needs

2 Apphication of this tating system to the consuliants’ proposals indicat-
mg 1elative strength between consultants Focus here not onlv or
consultants’ qualifications but also on the understanding of nieed, the
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content and relevarce of the response to the needs, and the degree to
which anindividual, perhaps umque, project is proposed

3 Interviews with the consultants, especially toobtain understandir.gs on
both paits of the hibrary’s needs and consultants’ ability to meet them.
Be caretul that you do not give a parucular consultant any new informa-
tion of substance that 1s not given to others.

b Interview with references about consultants’ performance, particularly

m areas of sstmilar problemns. The consultants’ statements about their

prior expenience should be venfied

Costs and proposed budget. You should know from your parent institu-

ton the degree to which lowest cost needs are te be balanced against

quahity of product Also determine from the parent insutution tne
degree to which negotiauons on costs can be conducted with a single
consultant, 1t may be possible for a consultant to reduce the scope of
services or method of inquury to br.ag a proposal within a budget.

(Speafying the budget amount in the RFP would tend to eliminate

opportunity for this because most fees specified would be close to but

under budget )

6 Consider anv inforimal constraints that may exist, such as the credibil-
ity, or lack of 1t, a local person would have vis avis a person from outside
the aiea You may need to be prepared to deal with the application of
mformal constraints that may hinder the selection of the best person

7 I'rust your hunches as to the degree of confidence and rappor’ you can
establish with the consaltant Determine how the consu! unt's stvle
would fit your needs does the consultant have a hands-off, hands-on or
hold-vour-hand style? Which do you want? Which do you need?

I

Oncea consultant 1s selected, the library mav establish a contract with
the consultant This contract will speafy the product, price, schedule, and
darify other administranve matters as well as include general terms and
conditions for the work. Contracts should specify the areas of investigation
that must not be smitted from the project and should include by reference
the consultant’s proposal.

More relevant to the affirmanve productive aspect of any consulung
project {as opposedto the protective value of a comtract) 1s the “psychologi-
aal contiact,” which 15 an understanding between the ibrary and consul-
tant taff of what the parties expect to gan ©

Management of the Consultant Project

Two artcles by Michael Maliconico do a fine job of smveying the
management of consulting projects, particulatly the esiablishment of

(D RA)
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7
project objecuives and cornmuni-auon structures © Additional considera-
nons nclude the {ollowing:

1. Provide the corsultant with access to the necessary people, including
those specified 1n the RFP. The consultant and the pecple he is to tali
with should understand the degree of authority the consultant has and
the extent, if any, he -an act as the library's agent. Key points of
information should be documented by the consultant and by the per
sons providing it.

2 The ronsultant should be fully briefed on the revelant areas 10y, «rding
the project. This 1s parucularly important in telecommunications for
hibrary automation because a combination of extensive know! dge ana
skill 1n both areas is unlikely. Also, focus should be placed here on any
local consultants or political realities that would have an effect on the
consultant’s possible recommendations. (These areasmay rot appear as
obvious in advance; routine reporting sessions may identify them.)

3. Be sure no assumptions are being made in areas where the consultant
may be unfamiliar. Remember you 1nay be working with a telecom-
munications expert or a library automauon expert but not both.

4 Determine whether the consultant is a “‘paper person’’ or a “‘talk per-
son.”” Good consultants mav not deal extensively 1n writing and their
reports may be quite brief If youexpect a great deal of information to be
transmitted verbally, you may wish to plan some way of documenung
1t

5. Establish regular progress reporting umes to be sure thr prgject is on
course

MCLS Consultant Selection and Repor.

MCLS, 1n selecurg a consultant, purposely chose a local expert :n
telecommunicauons with major local telecommunictions contacts. The
primary need was o determine the most cost effiaent . etwork that was
practical to mstall Prompt and straightforward handlins of the matter
with Geac was also a priosity: we wanted the issue to besolely telecommu-
nications and not possible Geac modificauons (That issue may come
later)

The consultant’s recomnmendation was to tuke advantage of the lack 1n
the Rochester Telephone’s rates of the use of umed message units A
conventional business line will be left connected 24 hours a day at the
business line monthly 1ate. The cost advantage over leased hines 1s about
$15,000 ver year. Telephone company sources estimate that this 1ate struc -
ture wili be <hanged in 1987, at which ume the network will be changed.
I'he benefits, other than cost savings, ate the temporary “holding acno””
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nature of the network and the ability to 1nstall hines at the same cost
regardless of library location For these benefits, MCLS can hive with dual
vendors (automation and telecommunications)

Benefits of a Consultant
A consultant can provide many benefits, including the follov ing:

1. the provision of technical knowledge and expernienze to be apphed 10

the making of decisions,

an ‘‘insurance policy” to reduce the nisk of deaisions;

a teacher 1o help the library learn about 1ts needs and solutions;

a catalyst for self-learning;

a savings 1n ume;

leverage with the telephone company, suppliers, automauon venders,

the parent institution;

7 a source for the resolution of disputes regarding the telecommunica-
tions components of the system, and

8. for MCLS, a plan that is flexible and adaptable.

L NS
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Final Recommendations

This article ha. covered some of the imporiant factors in obtainu |
and working with a consultant 1n the area of telecommunications for
libtary 1tomauon. Some factors have applied specifically o problems
that are unique to this single area of consulting, while others are applica-
ble to all sorts of consulung ventures Five major recommendatons for
hbranes sutface:

i Clanfy and plan for the hibrary’s needs carefully with parucular atten-
tuon paid to the types of coasultant expenience required at different
stages or levels of need

2. Place a premium on flexibility

3 Obtain telecommunications knowledge and skills inside the library.

Accept the notion of “planned (utter’ i automanon ®

Don'texpect simple and easy answers from a consultant, responsibal:ty

for deasions and resules rest with the hilsvary

—

T

~
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Modecling Library Communications
Traffic

It exudes a state of euptoncglec—1 e, our system at work! The most recent
episode of this situation comedy (called *‘free enterprise”’) was entitled: “It
works, 1t’s rehable and cheap—so let’s dump it!”

Thus, it can be argued that the world’s only working reliable
economcal telecommunicauons system was scrapped to satisfy the desires
of a handful of entrepreneurs. Basically, individuals who had discovered
that a string of radio transmitter/receiver combinations, once installed,
could make money because such devices require very little attention-—if
done night—and wouid nearly run forever—just add electricity!

The telephone company, “Ma Bell” —or whatever name satisfies—
knew this for years But being a one-compaay monopoly, the telephone
company used the high profit from their radio transmitter/receiver
installations to subsidize their local service—therr “direct-to-you” end user
service The result was an orderly system 1n .vhich the component parts
wete orchestrated and did work with amaznng rehability and economy.
The court ordered divestture of the telephone company into seven
regional firms, plus a radio transmitter /receiver or long lines company.
Thie latter company, once integraied into the system, became merely g
compentor with the entrepreneurs who had fostered the legislative and
court movementin the first place. The result is an option for the user Qne
can “save’ money on long distance telephone service by opting for Ml or
Sprintor Allnet, or pay a modest price for premium service by simply using
the onginal long lines division of the telephone company,

And, as the sitizanon has evolved, the cost 1s at an absolute premiam
for poor service from the now independent local telephone companies 1n
cach region as they attempt to understand and bill in harmony with their

24
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local operating expenses. Anabsolute premium means cost increases to the
user of up to 400 percent. Concurrently, Bell Telephone, Western Eiectric
and AT&T with their techmical requirements for quality telephone service,
have been shelved. By virtue of the Carterfone decision (an earlier assault
on Ma Bell), and current electronic technology, one can inflict any number
of substandard telephone-like toys on himself.

The episode of the telephone in America has just begun. As people
throughout the world could, and will indirate, it1s betier and chzaper togo
there in person or to write a letter than to fight the telephone. Perhaps the
common experiences with telephones will one day draw the nauons
together in a way no political rhetoric or armed aggression has produced
over the centuries.

Imagine diplomats having something in common—their respective
national telephone services. Imagine diplomatic table talk >uch as: “Ah,
Kim, I see the Chinese couldn’t stop the retreat from North Korea, and now
that area is independent again.”

“Yes, Hakim. They were using Sprint, and just as the order to charge
was given, the line went dead! I think the same thing happened to the
Russians 1n Poland....Is 1t true Viadimir?”

“Nyet! Similar result, different reason We thought we could save
money on long distance calls, but those fools didn’t mention the local
operating company connect charges. And, to top it all off, CP Poland
purchased Japanese remote hand sets, but didn’t buy extia battenes. Very
bad result. We ordered curfew, but no one could hear the order because of
mulr path and dead batteries. On top of that we had to pay the Krakow
phone company for access ana connect time at prime rates—dogarai!”

You see, there may be a benei"t 1n all of this, but probably none for the
library of your choosing. And, now that the die is cast, there exists an
uphill struggle in library's collective future should the tield pursue
subsidies similar to those provided for book-rate mail service, or rehef from
the new tanff structures beginning to emerge.

Notwr thstanding the individuals attracted to money who did this for
hbrarians and the legislative, pohitical and economic games which aie
molding the results, one does have at his‘her disposal a few tools, 1t 15
hoped that will help them mimimize their expenditures for suc h services
And, more probably, will enable one tc know what is required and how to
ask for 1t

First, before delving into detail, all must be aware in the instance of
telccommunications that tme 15 money, as 1 ume of day, distance and
quality of service: And while no canonical form can be developed to permat
one to get the most from their telecommunications dollar m all mstances, a
simple guidehne can he proposed—""leastest 15 cheapest™
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Then watch out for simpie guidelines. Explicit in them 15 a whole
group of imphat meaning. To make real the prospective “leastest 1s
cheapest,” one shall have to have done his/her homework, which may
include becoming political on the home front and as technical as possible
with practically everyone else And if one personally 1s not up ic the
political or the technical, one should hire people who are. Librarians, like
1t or not, are in the information business: telecommunications is the most
important ool at their disposal now and will be with increasing emphasis
in the years to come.

The telecommunications business is a technical business. As Perry has
instructed earlier at this conference, select technologists wisely—-unless
one is an electronic engineer with a law practice, one shouldn’t try to do it
himself Even 1if Martha at the Fangschlyster Pablic Library writes an
arucle »n “How We Did It Well” —don't! The Marnha article wall kill the
budget, credibility and service It 1s not a field for an.ateurs. And, integral
with this litany, be sensitive to gadgets which are—and .n greater
abundance—touted as “the solution.” There is no current library capable
of implementing and nperating its own telecommunications system using
existing staff If 1t did 1t would no ionger be a library. Enough conjec ture—
the doxology 15 over—let’s get ready for modeling telecommunications
taffic with a quick overview of some telecommunications concepts.

What are we dealing with? Well, it’s neither smoke signals nor
scmaphor; but the objective is the same. So let’'s look at what this
communication 1s For example, communications could be the logical and
electrical interconnection between two or moredevices: logical, since these
are computer gadgets, and once they are connected they should do
something; electrical, since the signals passed between them will be
electromagnetic (smoke signals and waving flags do not do it this seascn).
How these devices are connected determines how they workand how much
ume they take to do what they do. There are many ays to connect
computing devices to each other. For lack of a better approach, how about
reviewing them along histonical lines (which, 1n terms of complexaty, the
early history will be the simplest approach). As a serendipitous “by
product,”” one will iind from this review that most of the complexiaty arises
from buildin; more and more housekeeping chores into the equipment,
thus reheving the operator of a vanety of responsibilities ranging from
decoding to redialing.

Fhe ongmal Morse code, haidwired point-to-pont (see fig 1) has
some interesting characteristics

—Operator encodes and decodes
—Only one message 1n one directton at one tme (hall duplex)
—Duistarnce himated (signals absorbed by the media)

ERIC
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—Speed of transmission limited to human response (10 milliseconds at
best)

—Subject to environm :ntal contamination (mechanicz] switches)

—Requires an operator at each terminal.

—Requires preestablished schedule so operato:s are readv at each
terminal.

—One step up from dixie cups and strings (uses wire and switches).

—Secure communications.

—Lirted primarily to point-te-point traffic.

SWITCH SWITEH
N ) WIRE _ ﬁ/
BATTERY "'T_ _— _ _—L
- ” l ' ' l BATTERY
i

—~ BUZZER BUZZER

Fig. 1 The Basic Communicauons Circunt

It 15 this basic telecommunications system that can be found in essen-
tially the same configuration with, of course, a substitution of technologv
here and there, on practcally any ocean-going vessel, and in practically
any “‘underdeveloped” country. In fact, basic point-to-point interconnec-
tion 15 found between terminals and computers. In keeping with moder -
1sm and use of polyester materials, some of the components have heen
“brought up-to-date,” and most of the characteristics have been changed.
But there has been no change to the objective nor to the basic interconnec-
tion concept

Todav's “interconnect” (see fig 2) has these charar teristics.

—Operator, when needed, keyboards and reads informaton

—QOperator may not be required

—Can send and recerve simultaneously (full duplex)

—Distance 1s unhimited (wherever a radio signal or ight beam <an go,

—Speed of transmission himated by electronic sensing devices (typically
speed of hight)

—Fnvironmental contammaton mmmized (10's sohid siate)

ERIC 33
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—No schedule required

—Is not hmited to point-to-point traffic.
—Security of communication is not so secure.
—One could not afford one personally.

So far the basic “what” of a network has occupied us, but what about the
signals—the informauon that goes through? Well, how about digressing
for a minute to examine the part that figure 1 had, but lost 1n figure 2. For
example, the requirement for operators to run the network on a schedule
while providing the necessary coding and decoding services. A simple
review of terminology will help to eliminate operators, reqi:ired standards
and protocols, and aid 1n understanding.

So l=t’s start with a ““bit.” Usually the machine one1s dealing with can
handle so many bits-per-second, while the communications man deals in
“baud” which is a contraction of Jean Maurice Emile Baudot's last name.
This fellow was a proneer French telegrapher (one of the people required
to operate the system 1n figure 1 and who became tired of it).

The term “baud’’ means the maximum rate of signal transfer-per-
unit-time relative to the shortest pulse time used by the apparatus to be
connected. For example, if the machine creates a pulse of 0.0135 seconds,
then the maximum rate of signal transfer is the reciprocal of 0.0135
second—74.2 or 72.2 baud. Thus for a 100 word-per-minute teletypewriter
to convert words-per-minute to bits-per-second, he/she needs to consider
that there av¢ five information pulses-per-character for the subject tele-
typewriter. In addition, each character must include a “start” pulse
(another 0 0135 seconds) anda “‘stop” pulseof (' 119scconds (1.42tim sthe
informauon pulse). Thus, each character of five bits consumes 0.1 secc s
(6 X 0.0135 + 0.019) for a 50 bit-per-second rate. Obviously there 1, a
difference between baud and bats!

Typically the baud rate 1s the maximum signal rate for the transmis-
ston devices, while the bit rate 15 the number of information bits actually
transmitted —the net of overhead or protocol signals. So most of us are
interested in bytes. In any event the signals and their rates are a tremendous
improvement over the idea—*one 1f by jand and two 1f by sea!” —that all
tradinonally associate with signalling.

Similarly, the way communmication : > handled has changed vastly and
an have an impacton the budget. Therefore, some additional concepts are
required. They can be presented 1n a more painless way as in figure 3.

There are three communication chaninel types and two operating
maodes, the essence of which cin be implemented in a vanety of ways.
“Simplex,” 15 just that umdirec uonal communicanons—one-half duplex,
or as the telephone company may call it, a two-w ire circuit, which permits
one to transmit or receve, but not at the same tir e One must stop talking
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ACAPTOR
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S | (MOOEM)

{WIRE)

{24-240 PAIRS)

RS232C
1
OIGITAL ANALOG (WIRE) |
(oc) TWISTEO PAIR
| MODULATOR CONNECTOR MAINFRAME
OEMODULATOR BLOCK (CENTRAL
CONNECTOR
-DATASET BLOCK-
ONE/BUILDING)
TRANSMISSION
MEOIA
COMMON COMMON
CARRIER CARRIER
EXCHANGE EXCHANGE
(COULD PE FOLLOWEO BY
CENTRAL OFFICE) 0/C/B/A

Fig. 2. The Computer Circuit
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SIMPLEX SENO -~ RECEIVE
ONLY > ONLY
DATA ONE OIRECTION
HALF DUPLEX SENO 1 < SENO
OR < > R
ACY ACY
OATA BOTH OIRESTIONS — NOT AT SAME TIN.
S
SEND > SEND
FULL OUPLEX ™ AND
ACV < ACv

OATA BOTH OIRECTIONS — AT SAME TIME

COMMUNICATION CHANNEL TYPES

o€

ZIN:10Y D NHOS

ASYNCHRONOUS — OATA CHARACTER FRAMEO BY START/STOP BITS (INEFFICIENT)

SYNCHRONOUS — OATA CHARACTER FRAMEO BY TIME — NO START/STOP BITS (REQUIRES SYNCH PULSES
PERIODICALLY)

Fig 3 Some Concepts of Communications
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before he can hear the other person. Full duplex permits one to talk and
listen at the same time, but requires two circuits. The two operating modes
a1e:

Asynchronous—sends one character at a time if at a tcrminal.
Thus one can send what he wants, when he wants, as fast as the
line permirs (remember baud) or as slow as need be: However,
what 1s gained 1n convenience is paid for in efficiency because the
overhead of start/stop bits consumes a large percentage of the
connect time.

Synchronous—maintains a syncironized clock at both ends of
the Line with the signals being decoded correctly as they are
framed between clock pulses. While moreefficient, since there are
no character framing start/stop bits, this mode requires sending
everything at the same speed and synchronizing clocks with trans-
missions containing strings of “‘synch” pulses.

Within this framework there are codes—the familiar ASCII, BCDIC and
EBCDIC and, the unfamiliar Baudot, Sitor, Amtor, Tor (7 bit) and Auto-
din (8 bit). There are also message formats which touch on protocols. One
such format is shown in figure 4. Exror detection and correction schemes
also abound in number and variety and range from mathematical schemes
w repetition of each character (echo back). Theserequire twice the amount
of time a simple transmission of the data would take since eac. wracter is
sent back to the originator (a scheme internal to most CR. erminals
visually) with the operator doing the correcting. Finally, there are data
encryption techniques to ensure the security of the information being
transmitted.

Because ‘“‘least is best” for communications, an awareness of these
topics, so very briefly covered above, cankeep one outof high rent arrange-
ments. It is advised that a little reading be done if one wishes to go into
details. But the majority get hooked with what’s available, or at least we did
when Ma Bell ran the show

But Ma Bell doesn’t run the show any more. Consider the above topics
for review, as the terms bypass, gateway and open system becorne promi-
nent 1n the months to come.

And now the modeling. Armed with the brief vocabulary above, let’s
see what a model 1s. Well, a model should consist of the acquuisition of
quanutative data about an object 1.1 such detail and with such 1dentified
relatonships as to permit one to change the relauonships and/or the
quantities, and examine the impact of such changes (modeling) befoi1e one
does do 1t for real and has to feel the impact of the real changes. Following
ate some 1deas of computer applicauons 1n the library. So, model the
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S s E S E E
O PP p Address O Originator Address T Text T Trace & Time O
M A X X T

SOM - Start of Message (character)

SP — Space (character)

PP — Message Priority

ADDRESS — Message Routing

EOA — End of Address (character)

ORIGINATOR ~ ID of Source

STX — Start Text (charactier)

TEXT — The Information

ETX — End Text (character)

TRACE & TIME — Terminal 1D for Transmitter & Receiver
— Input message sequence number
— Output message sequence number
— Time Received -—— mm/dd/hr/min)
— Time Delivered — (mm/dd/hrimir:)

EOT — End of message

Fig 4. Typical Data Communications Format

commumcations traffic for arculanon control, excluding file mainte-
nance for patron records and the brief bibliographic descriptors used in the
arculation of hibrary materials. The use of the word “‘arculation’ shows
the convicuon that QOCLC, or the bibliographic unlity of a libraries
persuasion, will take care of cataloging.

Basically, for this model, twelve functions are required to support
“online’” arculation control. The,e are enumerated in figure 5. Seven of
these functions deal directly with the arcalaton function atself, two deal
with interhibrary loan, and three deal with user and **>m file maintenance.

ERIC 3
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Function

Transaction

MODELING COMMUNICATIONS TRAFFIC

Meszage (fleids)

Charge

Discharge

Place Hold

Trap Hold

Place (LL

Trap ILL

Renew

Department Loan

Enter Bad Guy

Clear Bad Guy

Item Enquire

User Enquire

ERIC

Aruitoxt provided by Eic:

validate user

validate Item

validate item

validate user

enquire item
fetch item

validate item
route Item
validate user

enquire item

validate item
route Item
validate user

validate item
validate user
(1 5000 item)
validate item

validate user

validate use

clear

validate item

validate user

XMIT (AC)

RCV-GO (AE)
RCV-NG (AEH)
XMIT (AB)

RCV-GO (AD))
RCV-NG (ADH)
XMIT (AB)

RCV (ADHI)

XMIT (AC)

RCV-GO (AE)
RCV-NG (AEH)
XMIT (ADJK)
RCV-GC-STACK (AF)
RCV-GO-HOLD (AH)
RCV-NG (AH)

XMIT (AB)

RCV-GO (ADHI)
XMIT (AC)

RCV-GO (AE)
RCV-NG (AEH)
XMIT (ADJ)
RCV-GO-STACK (AF)
RCV-GO-LOCAL (AH)
RCV-GO-DONOR (AFEHI)
RCV-NG (AH)
RCV-NG-DONOR USE (AFEHI)
XMIT (AB)

RCV-GO (ADHI)
XMIT (AC)

RCV-GO (AE)
RCV-NG (AEH)
AMIT (AB)

RCV-GO (AD))
RCV-NG (ADH)
XMIT (AC)

RCV-GO (AE)
RCV-NG (AEH)
XMIT (AB)

RCV-GO (AD)
RCV-NG (ADH)
XMIT (AEE)

RCV-GO (AEH)
RCV-NG {AH)

XMIT (AEE)

RCV-GO (AEHI)
XMIT (ACLB)
RCV-GO (ABLHI)
NOV-NG (AH)

XMIT (AD)

RCV-GO (AF)
RCV-NG (AH)

XMIT (AEE)
RCV-GO (AGDH)
RCV-NG (AH)

Fig 5 Cential Ciculation Communications
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Internal to these functions, assume also that there are twelve data
elements which are log:cally coinbined to form the functions (see fig. 5).
Each of these data elements contain from 1 to 168 characters (see fig. 6). The
frequency or percent of occurrence of these functions-per-unit-circulated 1s
shown 1n figure 7. The combination of these data elements into messages
and subsequently into dialog is shown in figure § for the “charge” func-
tion. Having determined the types, frequency and size of the messages, 1t1s
then possible to apply tliesefactor .oahypothetical datacommunications
system.

Four examples of these combinations are shown in figures 9 through
12. The hourly mulupher numbers represent, in the examples indicated,
library measured statistics for the activities which have been prorated by
the percentage of occurrence for the functions comprising those activities
in figL i+ 7. Because communications is a two-way street, both transmitting
and receiving data rates are shown.

It 1s interesting that the old adage about 1t being better to give than to
recerve doesn’t work 1n the world of telecomputing—atleast for circulation
control—because for each library imtialized action, the library receives
more than 1t gives. Which serendipitously suggests two communications
channels—a high speed and a low speed one. But, the model assumes a
supercomputer 1s handling everything for everybady. Should these librar-
1es “talk’’ to each other, then that receiving rate becomes the transmitting
rate. And low-speed communications channels mean little rate They
mean lttle anyway because the communication channels provided will
probably be the same speed regardless of how much information will be
chosen to send down to them

Bauds are the speed which the connection or circuit will support with
ASCII being the code used for transmission. Baud rates, or the speed at
which a device can function, are usually standardized by the manufacturer.
‘Thus, a selection of standard values 1s usually provided for on the typical
terminal. We are going to use the asynchronous mode of transmission.

So look at some of the examples. The first 1s the Bakersfield, Calhifor-
ma figure (see fig. 9) The peak-received-data-rate-in-bits-per-second is
149.52, netof character framing bits. And because it will be using asynchro-
nous ASCIL, 1t 1s easier to use characters/second (most tables are set up that
way) With the use of standard baud rates eighteen or ninetecn characters/
second, a 300 baud lire will be more than adequate.

For the Northridge example (see fig. 12) one can apply the same
anthmetic, and discover thac the line required will be 1200 baud; the same
as1equired for Los Angeles (see fig. 11) in a typical situation. However, at
therir communications traffic peak a 2400 baud line will be needed for both
IL.ong Beach (see fig. 10) and Los Angeles

'H)
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Flaid (source)

Preambie (keyboard/generated)

Level 1 Item (label)

Level 1 User (badge)

Level 2 Item (keyboard/tile)

Level 2 User (keyboard/file)

Level 3 Itein (keypoarditiie)

Dsts Elsments

Message Type
Function Code
Library iD
Terminat ID
Date/Time

subtotai

Rook ID
Liorary (D (for book)

si **otal

Patron ID
Library ID (for users)
Status
subtotal

Citation
Edition
Call Number

subtotal

Patron 1D
Name
Zip Code

ototal

Citation

Edition

Call Numpers (5 max)
Cceples (10 max)
Statuses (1 per copy)

subtotal

Level 3 User (keyboard/file) Patron (all data elements)

CRT Comment (system ganerated from function & transaction type & user or

Item status)

Ticket Printar (system gererated from functicn & transaction type & user or

item status)

Cut Off Date/Time (keyboard)

ERIC
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Queue Type (date or time based)

Amourt (keyboard by supervisor)

Fig 6 Online Data Elements (Interactive Processing)

41

35

Chsracters

- - - -
ol e &ilaO DO N

82
A7

177




36 JOHN ¢ KOUNTZ

Function % Used for Caiculation
Charge 100.0
Discharge 99.9
Place Hold 2.0
| Trap Hold 20
Renew 14.9
DPT. Loan 8.9
Enter Bad Guy 1.4
Clear Bad Guy 1.4
Item Enquire 29
User Enquire 1.5

ing. 7. Percentage Occurence of Circulauon Control Functions

So now the peak data rates have been determined (characters are easier
tiai: bits—but bits are more impressive). And now one can call the com-
municatons people and tell them what the Line requiremerts are for a
given data type, how they are to be encoded 1n a certain way, etc. Onecan
a.,¢ study the transaction types and note by batching certain ones how the
speed of the required lineis reduced. This 1s what models are for—to unker
and opumize.

Why, because “leastest 1s cheapest” which lcads to the pricing struc-
ture of telecommunications arcuits regardless of who is providing what.
And, as mentioned earlier, pricing for telecommunicating is based ¢ four
factors: ime—how muchis consumed and when; type—private line or dial
line; quality—how much conditioning is used and/or bandwidth; and
distance—how far the impulse travels through how many changes.

42
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Function:

Charge

Message Fieids/Bytes

Transaction Type Message Type (Ex-Protocol) Max. Bytes/Transaction
validate user transmit Preamble/18 32
Level 1 User/14
receive (go) Preamble/18 64
Level 2 User/46
receive (No go) Preamble/18 124
Level 2 User/46
CRT Comment/60
validate item transmit Preamble/18 32
Level 1 Item/14
receive (10) Preamble/18 305
Luvel 2 Item/177
Ticket Printer/110
Preamble/18 255

receive {(no go)

Level 2 Item/177
CRT Comment/60

Fig 8
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Hourly
Site Lovel Trattic Bytes Multipller  XMIT/Hour  RCV/Hour
Bakersfleid | Charge Patron validate XMIT 32 30 00 960 00
(quarter) (all media, RBR and renew) RCV 64 2958 1,893 12
No Go RCV 124 042 52 08
ltem valldate XMIT 32 7500 2,400 00
GO ACV 305 7350 22,417 50
Peak No Go RCV 265 150 382 50
Month Oc'ober
Day Tuesday Piace Hold Patron valids.e XMIT 32 100 3200
Hour 11 am GO RCV 64 099 63 36
No Go RCV 124 001 124
AvQ Iteme:patrcn Item enquire XMIT 205 099 20295
251 Go-Stack ACV 507 o2 116 1
Nominal chg period Go-Held ACV 78 075 58 50
2 wks No Go ACV 78 001 078
Annual Circulation
(1974-75) Place ILL Patron vaildate XMIT 32 090 288
63,334 RCV 64 089 56 96
Annual hours npen No Go ACV 124 no1 124
| item enquire XMIT 205 L 89 18245
Go-Stack ACV Y ou 507
Go-Hold {local) RCV 78 o2 16 38
Go-Donor RACV 720 068 950 40"
No Go RCV 78 001 078
Clear Bad Guy Patron valldate XMIT 46 042 19 32
Go ACV 434 ud2 182 28
Clear XMIT 214 042 8988
Go ACV 588 0415 24108
No Go ACV 78 001 078
Item E~quire Item validate XMIT 195 100 195 00
Go RCV 507 099 50193
No Go ACV 78 001 078
Patron Enquire Patrcn validate XMIT 46 600 276 00
Go ACV 1,138 588 6691 44
No Go RCV 78 012 936
XMIT Transmit from ilbrary TOTALS: Hourly 4,386.40 33,044 17
RCV Rec.ive in library Peek per second. 244 16.89
*Two mexnsages racelved ons at nitieting site, Peeoh bits per secund 19.52 149.52
one at yono: site
Fig 9
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Hourly

Site Levs! Tratlic __Bytes Multipiler  XMiT/Hour  RCV/Hour
Long Beach V Charge Patron valldate XMIT 32 11200 3,584 00
(semester) (all media, RBR and renew) GO RCV 84 11043 7,067 52
No Go RCV 124 157 194 88
Item valldate AMIT 32 560 00 17,920 00
GO RCV 305 548 00 1€7,384 00
Peak No Go RCV 255 1120 2,856 00
Month October
Day Monday Place Hold Patron valldate XMIT 32 10 00 320 00
Hour 1pm GO RCV 684 988 83104
No Go RCY/ 124 014 17 38
Avg ltems/patron item enquire XMIT 205 988 2,021 30
51 Go-Stack RCV 507 247 *,252 29
Nominal chg perlod Go-Hold RCV 78 730 569 40
wks No Go RCV 78 009 702
Annuasi Circulation
(1974-75) Placc ILL Patron validate XMIT 32 10 00 320 00
785,071 GO RCV 84 9 80 6827 20
Annual hours open No Go RCV 124 020 24 80
4,134 Item enquire XMIT 205 980 2,008 00
Go-Stack RCV 507 030 152 10
Go-Hold (local) RCV 78 010 780
Go-Donor RCV 720 930 13,392 00°
No Go RCV 78 010 780
Ciear Bud Guy Patron validate XMIT 46 7684 360 64
Go RCV 434 764 3,402 58
Clear XMIT 214 764 1,677 76
Go RCV 588 776 4,562 88
No Go RCV 78 008 624
Item Lnquire item validate XMIT 195 2000 3,900 00
Go RCY 507 19 80 9,937 20
No Go RCV 78 040 3120
Patron Enquire Patron validate XMIT 46 8 40 3686 40
Go RCV 1,138 832 9,468 16
Nc Go RCV 78 008 624
XMIT Transmit from library TOTALS: Hourly: 32,499.10 221,605 49
RCV Recelve In iibrary Psak per second: 18.08 123.11
*Two messages receivad one at 'nitiating site, Paak bits per second: 144.48 984 80
one at donor site
Fig 10
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Hourly

Site Level Tratflc Bytes Mulitiptier XMIT:Hour RCV/Hour
Los Angeles IV Charge Patron vaiidate XMIT 32 12000 3,340 00
(quarter) (all media, RBR and renew) RCV 64 118 32 7.572 48
No Go RCV 124 168 208 32
Item validate XMIT 32 300 20 9,600 00
GO RCV 305 294 00 89,670 00
Peak No Go RCV 255 800 1,530 00
Month April
Day  Wednesday Place Hold Patron validate XMIT 32 600 192 00
Hour 1pm GO RCV 64 592 378 68
Novo RCV 124 008 992
Avg items/patron Item enguire XMIT 205 592 1,21360
251 Go-Stack RCV 507 024 12168
Nominii chg period Go-Hoid RCV 78 568 443 04
term No Go RCV 78 001 078
Annual Circulation
(1974-75) Place ILL Patron valldate XMIT 32 30 00 960 00
506,145 RCV 64 79 58 1,893 12
Annual hours open No G¢ RCV 124 042 52 OR
X Item enquire XMIT 205 2958 6.063 90
Go-Stack RCV 507 030 152 10
Go-Hold (local) RCV 78 118 92 04
Go-Dor.or RCV 720 2760 40,032 00*
No Go RCV 78 230 23 40
Ciear Bad Guy Patron vahidate XMIT 46 10 00 460 00
Go RCV 434 10 00 4,340 00
Clear XMIT 214 1000 2,140 00
Go RCV 588 999 5874 12
No Go RCvV 78 001 078
item Enquire Item valldate XMIT 195 2500 4,875 00
Go RCV 507 24 50 12,421 50
Mo Go RCV 78 050 39 00
Patron Enquire Patro 1 vaidate XMIT 46 50 00 2,300 00
Go RCV 1,138 49 30 56,103 40
No Go RCV 78 070 54 60
XMIT Transmit from !tbrary TOTALS. Hourly 31,644 50 221,013.24
RCV Recelve In library Pesk per second. 17 58 122.54
*Two messages received one at initiating site, Pask bits par second 140 64 980 32
one at donor site
Fig 11
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Hourly
Site Lovel Traffic Bytes Multiptier  XMIT/Hour ¥ SViHour
Northridge Il Charge Patron valldate XMIT 32 100 00 3,200 00
(semester) (all media, RBR and renew) GO RCV 64 98 80 6,310 40
No Go RCV 124 140 173 64
Item valldate xMiT 32 300 00 9,600 00
RCV 305 294 00 89,670 00
Peak No Go RCV 255 600 1,520 00
Month May
Day  Monday Place Hoid Patron validate XMIT 32 800 288 00
Hour fale) RCV 64 887 567 63
No Go RCV 124 013 1612
Avg items/patron item enquire XMIT 205 887 1,818 35
Go-Stack RCV 507 035 177 45
Nominal chg period Go-Hold RCV 78 850 633 00
2 wks No Go RCV 78 002 156
Annual Circulation
(1974.75) Piace ,LL Patron validate XMIT 32 380 115 20
315,849 GO RCV 64 355 227 20
Annual hours open No Go RCV ‘24 005 620
4.329 Item enquire XMIT 205 355 72775
Go-Stack RCV 507 004 2028
Go-Hold (local} RCV 78 014 10 92
Go-Donor RCV 720 333 4,795 20°
No Go RCV 78 004 312
Clear Bad Guy Patron validate XMIT 46 420 193 20
Go RCV 434 420 1,822 B0
Clear XMIT 214 42 898 80
Go RCV 588 414 2,434 32
No Go RCV 78 006 488
Item Enquire Item validate XMIT 195 1000 1,950 00
Go RCV 507 9 80 4,968 60
No Go RCV 78 020 15 60
Patron Enquire Patron vatldate xmiT 46 700 32200
Go RCV 1,138 690 7,852 20
No Go RCV 78 010 780
XMIT  Transmit from library TOTALS: Hourly: 19,113 30 121,278.73
RCV Receive In library Pesk per second 10.62 87.38
*Two messages rece:ved one at initiating site, Fesk bits per second 8496 539 04
one at donor site
Fig 12
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Please note that how much time 1s used or is required to be used
depends on what s being communicated and how fast it must be commun-
1cated. These, in wrp, zre a function of the quality of the line used.

Returning to the four examples, and assuming a conditioned, private
line was rented, 1t would cost four times as much to handle the communi-
cation traffic from a large campus as it would to handle that for a small
campus This is the cost of quality.

And, to digress and review the relative cost ot line quality, at a
nominal fifty bits-per-second the cost-per-mile-per-month let’s say is x
cents Then, the cost for 150 bits-per-second would be 4x and the cost for
one megabit-per-second (the “T1” circuit) would be 800x And, naturally,
there will be a library o1 two somewhere that will require the high speed,
“TI1" channel!

An alternative to one Tl channel”’ might beseveral channels of lower
quality, and that's what models are for. In this instance, more lines mean
more monthly access charges. Others will review the Centrex/PBX /E-
PABX situation and the rate increases targeted for them. They resemble the
confusion in rate changes and in the regulations surrounding telecom-
munications 1n general At least librarians will be able to spot the trouble
spots betore thev explode, by understanding how a simple check-out
transaction can be translated nto a specification for a communication
line
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Telecommunications For Libraries

‘I he term telecommunications encompasses the electronmc transmission of
vowce, data and video 1nformation from one, location to another, and
includes all physical equipment, software and procedures used in trans-
mittung and receving that information. Libranes’ approaches to telecom-
munications are undergoing rapid change because of rising
teleccommunicatons costs, emerging technologies and the changing needs
of hbranes

whanging Needs

Librarians’ needs are changing most significantly in the area of data
communcations-telecommunicanon between terminals and computers
and among computers During the 1980s, increasing numbers of remote
terminals are being linked to computers as libranies implement patron
access aralogs, more consortia install shared automated systems, and use
of remote databases continues to grow.

I'he speaal data communications needs of libranies are complicated
by the fact that most local hibrary systems are mimicomputer based, whereas
most bibliographic unhity, commercial bibhographic service, and remote
datibase vendors' systems are configured around mainframe computers
Minicomputers and mainframes commuaicate ditferently, the former nor-
mally use asynchionous transmission, the latter synchronous. Most of the
literature on data communication emphasizes synchronous transmission.

Synchronons transmission requires a mechansm at each end of the
communications channel to synchronize the transmitter and recever An
asynchronous system nses “dumb” terminals which the computer recog-
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nizes by identifying the p-.t of the computer 1nto which the signal 1s
directed. Synchronous transmission uses the telecommunications media
more efficiently than asynchronous transmission, but the terminals and
communications equipment are usually more expensive,

There is another significant difference between the communications
requirements of mini- and mainframe-based systems. Mini-besed systems
usually involve communicatiens over relatively short distances (fewer than
100 miles)—often, in fact, distances of only a few huncred feet. Users
generally require a limited number of linkages rather than a complex,
multinode telecommunications network. The remote terminals linked to a
mainframe computer are often widely dispersed, with many over 1000
miles distant from the central computer.

When there 15 a need to access a minicomputer from more than a few
hundred feet away, the options are limited by the fact that there is no
standard communicatio < protocol for minis. A turnkey vendor maysell a
library or consortium an automated library system which permits resource
sharing among those who share the computer, but it will probably not
offer the capability to interface or electronically link the system with other
mini-based sys.ems in the area. It also may not offer the software support
which enables the dumb terminals to be used to access remote mainframe-
based systems such as Auto-Graphics, Baker & Taylor, Brodart, BRS,
Dialog, Dun and Bradstreet, Ebsco, Faxon, OCLC, RLIN, UTLAS, etc.
Most of the interfaces which are offered either transfer information from
the screen of a terminal of a bibliographic uulity system through the
printer port and into a local system, or support dial access to a remote
database service through a VAV (Value Added Network) whr-h provides
speaal protocol conversion support.

Communications protocols were developed for mainframe computers
because the manufacturers had enough users with numerous terminals
distant from their mainframes to require sophisticated data communica-
tions. IBM’s dominant position in the industry led to 1t setting thede facto
industry standard No industry-wide protocols exist for microcomputers,
but most now have software packages which allow them to function as
intelligent terminals to mainframe computers.

Because of the mix of requirements experienced by libraries, a grear
deal of work needs to be done to meet their changing needs in the area of
data communications. This would be true even if costs and technologies
were stable

Changing Costs

Costs are changing even more 1apidly than needs In early 1984 the
Federal Communications Comnussion, Congress, and the courts were
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grappling with the final details of the AT&T divestiture. Despite the
unsettled state of the industry, it was clear that costs would rise. While the
news media have emphasized the purchase of telephone equipment, the
right to own a telephone is not an effect of divestiture. It came about several
years ago as theresult of earlier deregulation. It will continue to be possible
to lease equipment at rates which are close to the current averages through
1985.

Businesses—including libraries—which leased telephone equipment
from a local Bell Company are now customers of AT&T Inturmation
Systems (AT&T = IS). Under divestiture, all existing equipment leased
from a Bei! operating company (BOC) now belongs to AT&T-IS. The
agreements n:ade with a BOC will continue to be .onored by AT&T-IS. A
business customer can choose to purchase the existing equipment, o1 new
equipment, from AT&T-IS or from any one of several competitors. Notall
existing equipment w !l go up for sale at thesame time, but by late 1985all
customers will have been given the opportunity to purchase their existing
systems. No customers will be required to buy their existing systems;
howeve, after 1 January 1986 there will be no long-term protection against
future 1ncreases in lease rates or maintenance charges.

Rate changes are a potentially greater concern because they affect
libranies’ operating budgets rather than their capital budgets. Direct-dhal
long distance charges are actually expected to drop because long-distance
revenues will no longer be used to subsidize local calling. The expected
intense competition between AT&T and other long distance companies
such as MCI, Sprin:, and TDX may also force prices down.

The area of dramauc price increases will be local dial-up service and
leased or dedicated line service. This will affect voice and data transmission
because both are presently moved mainly over telephone lines. Most video
transmission uses alternative transmiussion media The average bill for a
business user of the telephone system will rise by 50 percent if no steps are
taken to change the pattern of use of telecommunicauons facilities.

ILocal dial-up services will increasingly be converted to measured
service, with rates for limited use of the telephone system comparable 1o
those v.huch now prevail, but with extra charges for calls in excess of a
monthly minimum and for time 1n excess of a monthly mimimum. For
most hbraries, this will affect only voice communication because data and
video communicauon are generall, over leased o1 dedicated lines.

Leased or dedicated voice-grade telephone lines have been the main-
stay of data communication. In the past, the rates for such lines have been
between $4 and $11 per mile per month for limited distances and substan-
tually less for interstate lines These rates are now expected torise 60 percent
or more It will, therefore, be more important than ever to maximize the
number of terminals sharing a single local telephone line This can be
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done using special hardware that is already available. In most cases the
choices will be under the control ot individual libraries.

The bibliographic utilities and other remote services present a more
diificult problem for libraries becausc they are accessed through special
networks. OCLC, for example, has over 260 leased lines serving 5400
terminals 1n libraries across the United States. Because the OCL.C system is
configured around mainframes, the telecommunications network operates
synchronously at speeds of 2400 bps and is designed to work exclusively
with a custom protocol. Each multidrop circunt services an average of
twenty-five terminals. Under the old tariff structure, annual telecornmuni-
cations billings to OCLC were $6 5 million; under the new tariff, the figure
1s expected to increase to more than $11 million. It will require a major
overall system redesign to limit the amount of the increase. While this may
be regarded as an appropriate role for the utility, it is of great interest to the
hibraries because, were OCLC to change the network in such a way as to
make existing terminals and modems in libraries unusable on the new
network, the librarites would have to replace $23 million worth of
hardware.

New Technologies

The anticipated rise n telccommunications costs has stimulated
interest 1n telecommunications technologies other than the telephone
system, but 1t did not spawn them. Most of the emerging technologies have
been under development for more than a decade and are now maturing
sufficiently to be seriously considered. Among the alternative technologies
are microwave, satellite and cable television. Within a building, t.e
emphasis 15 on LLANs (Loc..l Area Networks), which use coaxial or fiber
optic cable to move information.

It should not be assumed that whatever 1s technologically feasible can
be implemented. It typically takes fifteen vears from the time that some-
thing is technologically feasible unul it 1s 1n widespread use. There are
numerous obstacles to the adoption of a new technology: economics,
marketing priorities, and legal and attitudinal constraints. These will be
discussed in the context of the specific technologies.

In order to deal with the changes 1n needs, costs and technologies,
hibrarians will have to develop a basic knowledge of telecommunications.
I'he next section seeks to provide 4 minimum foundauon.

Transmitting Information

Any telecommurniications medium distorts the information transmut-
ted over 1t A disun: « signal suffers degradation as 1t 1s ransmitted. As the
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transmission speed increases, the distortion becomes greater; and as the
distance of the transmission increases, the signals also fade.

In addition, “noise’’ 1s introduced by external influences on the line.
Athigh transmission speeds, the strength of the noise becomes comparable
with that of the signal and errors will occur in the interpretation of the
informaton being tramsmitted. In all electronic circuitry, there is also a
steady continuing background of internal random noise, known as “ther-
mal noise.” As the atoms in the communication medium vibrate, they send
out electromagnetic wavesresulting 1n a chaotic jumble of electromagnetic
waves of all frequencies that provide additional interference to all elec-
tronic communication.

If the signal being transmitted fades too much, 1t becomes irretrievably
mixed with the thermal noise. Once this occurs, the two streams can never
be separated. And if the signal is amplified, the noise will be amplified
with it. If the information 1s transmitted too quickly or too far, the signal
drowns 1n the noise. To avoid significant distortion in transmissions over
long, distances, lower speeds must be used. Voice transmission is not
significantly affected by these limitations, but data and video information
are affected because the amount of information to be transmitted makes it
important that high transmission speeds be achieved.

Analog v. Digital Transmission

There are basically two Jifferent ways in which information of any
type can be transmitted over telecommunications media—‘‘analog’ and
“digital.” This distinction applies not only to the type of transmission, but
also to the basic characteristics of the medium through which the com-
munication is made Most telephone lines are decsigned to carry analog
transmissions In an analog transmission a continuous range of frequen-
aes 1s generated. A basic signal 1s always present and information content
1s transmitted as vanations 1n the nature of that signal. Light, sound, radio
waves, and the signals passing along telephone wires are all described in
terms of frequency. The signal ata given point oscillates rapidly just as the
string of a musical instrument oscillates when plucked. Therate of oscilla-
tion 15 referred to as the frequency and 15 described in terms of cycles per
second

Normally the sound—or hight—reaching the sen<es does not cons.st of
one single frequency but of many frequencies or a continuous band of
frequencies all traveling together. The human voiceis a jumble of different
frcquenaes The same 1s true of the electracai and radio signals of telecom-
munications Usually there 1s not one single frequency but a collection—
or band-—of fiequenaes occupying a given range.
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Digital transmission, on the other hand, consists of a pattern of pulses.
There 15 no continuous signal but rather an intermittent pattern of pres-
ence or absence of signals A stream of bits—~ON/OFF pulses —is transmit-
ted noncont....2usly, in the same manner thatdata is handled in computer
arcutts. It is possible to transmit such data at an ex:remely high bt rate,
except cver voice-grade (analog) telephone lines or other analog media.
Some phone lines have been designed specifically to carry digital data.
However, these exist in only a few areas. For most data camtnunication
using analog phone lines devices known as modems are used to convert the
digital data signals into analog signals for transmission over the analog
lines.

Any communications medium—wire pairs, high-capacity coaxial
cables, microwave radio links, satellites, and new transmission media,
such as fiber optics—can be designed as either an analog or digital
medium. If the path is designed to be analog, 1t will use amplifiers to
maintain the signal strength. If the path is digital, it will use 1epeaters to
rec;enerate the bit patterns and pass them on. A repeater is a power-driven
device that detects the bits being sent and then retransmits them with their
original strength and sharpness. It catches the bit stream before it is
submerged 1n noise and separates it frem the noise by creating it afresh.
Consequently, very bigh transmission rates can be achieved provided that
the repeatets are sufficiently close together to catch the bit pattern before it
degenerates into noise. On a communications line, the repeaters can be
small, inexpensive, sond-state devices.

Bandwidth

The different physical media used for telecommunications vary
widely 1 their transmission capacity. A coaxial cable, for example, can
transmit far more informaton than a simple pair of wires. Analog 1nes,
such as most telephone lines, can handle differing data transmission rates
depending on the charactenistics of the modems used. A medium’s capacity
15 described n terms of “bandwidth.”

Bandwidth refers to the range of frequencies that a channel can
transmit. Bandwidth 1s quoted 1n “Hertz” or cycles per second; or more
commmonly 1 kiloherts (kHz), the number of thousands of cycles per
second, or megahertz (mHz), the number of millions of cycles per second.

‘The bandwidth of a regular analog; telephone channel 1s about $ kHz
and 1t normally transmits frequencies from about 300 to 3400 hertz, the
range needed for transmitting the human voice. Special techniques can be
used to raise the irequency bhase to high frequencies over 8000 kilohertz but
this does not change bandwidth which remains at 8 kilohertz. Bandwidth
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indicates nothing about the frequency of the transmission; it indicates only
the range ¢ frequencies the medium can accommodate.

The capacity of a channel tor carrying in{formation is proportionzl to
its bandwidth. A channel with a bandwidtn of 30 kilohertz can casry ten
times as many bits of computer information per second as a channel of 3
kilohertz. If the speed of transmission is doubled, the time taken to relay the
information is halved. Doubling the speed doubles the frequency and also
doubles the bandwidth used.

Video transmissior requires substantially greater capacity than data
tranumission and, therefore, is usually accomplished over coaxial cable in
a limited area and over microwave and satellite transmission media when
long distances are involved.

Telephone Lines and Linkages

‘The great advantage of the public telephone network. for data trans-
mission is its widespread availability. There are telephones virtually every-
where, and wherever there is a telephone, a data iransmission device can be
connected to the line. However, since the phone system was originally
designed to transmit the continuous frequencies of thc human voice, it uses
an analog signal necessitating the use of modems or other devices to
transmit digital data.

There are two common methods of establishing a telephone linkage—
dial access and the use of a leased or dedicated line. Almost all voice
commutticztion employs dial ~ ~cess, while much communication involves
either use of a leased linc « Pnnecting a single terminal to a single computer
or the sharing of a jeased line amnong a number of terminals using multi-
plexing techniques to link them t + a single computer. Video transmission
also relies on leased lines when telephone lines are used.

Dial Access

The dial accass or dial-up approach 1s normally used for voice com-
munication. It can also be used for data transmission The telephone line
can be used for voiwce communication when not in use for data
transmission.

All dial-up tciephone service 15 publicly switched. In other words the
lines are switched through public exchanges or central offices to make
temporary connections.

Dial access is appropnate for situatic s> where a specific terminal-
computer linkage 1s of relauvely short and infrequent duration—i.e.,
er.«1ling only a few dozen transactions a day. The efficiency of dial access,
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however, is reduced by the same limitations that apply to regular telephone
traffic—peak period loads that make conneciions difficult to establish and
restricted U ansmission speeds.

Until recently, a major advantage of using diai-up telephone ‘acilities
> terminal-computer linkage was economic. Most such installations are
within local areas where relat:vely short distances are involved and local
calling rates apply. Hrwever, this situation is changing as telephone
~ompanies revise their pricing structure and charge business and institu-
tional users by the minute for local telephone calls. Costs are expected to
rise further as local rates are restructured to absorb the loss of revenue from
long-distauce traffic attendant upon the breakup of AT&T. The cost of
local dial-up service 1s expected :o increase 60 percent or mare between
early 1984 and the end oi 1985.

Certain technial aspecis of dial access of dial access linkage limit the
extent to whichtecht ues to increase the speed of data communications—
and thus 1 wer the costs—can be applied. Transmiss.on speed, which is
usually expressed in “baud”—one baud being one sigual element per
second—1s the major factor. With voice-grade telephone lia~ and regular
modems, the practical upper limit is 1800 baud. Higher speed modems are
available. They achieve faster data transmission by encoding more data
bits in a ba'*d. For example, a modem operating at 1200 baud, but encoding
two bits 1r a taud, effecuvely transmits data at 2400 bits per second (bps).
Some modems will iramsmit data over voice-grade lines at 4800 and 9600
bps. A penalty is paid for the very high speed .n increased error rates and
modem costs. Consequeatly it1s commor to limittransmission speeds over
voice lines to 4800 bats per second. Unfortunately, the “dumb’’ terminals
used 1n most local library systems mandate the use of a particular type of
modem 1n rhal-up mode effectively limiting the speed of transmission to
1200 b

Leased Lines

A leased hine may be permanently connected via the local telephone
company switching office; butait would not be connerted to the switching
gear and signaling devices of that office On the other hand, an interoffice
leased conr~ction would use the same physical link, as the switched
arcuits [t would not, however, have to carry the signaling that 1 needec
on « switch~d hine

Other Types of Telecommuniczations Lines

Although 1n many parts of the United States phone companies offer
Dat.vhone hgital Service (DDS) as an alternauve to voice-grade analog
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lines with pre-1984 taniffs, there were virtually no cost savings to be realized
through using DDS eveni though modems are not required on equipment
attached 1o such lines. However, they offer greater reliability and better
performance There is some evidence that digital phone service will be
more attractively priced in the [uture.

Data commumcations can be handled through lines other than tele-
phone line Telegraph lines, which have a much lower speed ot transmus-
sion than voice-grade telephone lines, may be permanently connected, or
they may be dialed like a telephone line, using a switched public network.
Telex 1s similar; it exists throughout most of the world, permritiing trans-
mussion at 50 Lits per second. Telex users can set up international connec-
tions to other ccantries. Some countries have a switched public network
that operates at a somewhat higher speed than Telex, but at lower speed
than the telephone lires. In the United States, the TWX network olfers
speeds up to 150 bis per second. All of these communications lines are
designated ‘‘subvoice grode” because they are slower than telephone lines.

Advantages of Leased Lines

Given the changes 1n dial access pricing:structures and the number of
transactions per remote terminal per day (300 or more), most libraries can
justify leasing a line. The cost now varies from $4 to $11 per menth per
mile, but it can be expected to rise dramatcally in the next few years.

There are some rea! advantages in using leasea lines that are perman-
ently connected

i 1fat s te be used for more than a given number of hours per day, the
leased line 1s less expensive than the dial-up or swatched line. If 1t is used
for only a half an hour per day, 1t 1s more expensive. The “break-even
point” depends on the actual chaiges, which, in turn, depend on the
mileage of the aircuit, butitis likely to be of *hie order of an hour to three
hours per day.

2 Teased hines can be specially treated or “conditioned’ to compensate for
the distortion they exhibit. Through cor.ditioning, the number of data
errotrs can be teduced or, alternatuvely, ahigher transmission rate can be
aclieved. The switched connection, on the other hand, cannot v condr-
tioned beforehand, because 1t 15 not known what path the circunt will
take. A switched hink established when dialing on one occasion 1s likely
to follow a quite different physical path from that obtained by dialing at
another ime, and there are a large number of possible paths. Modems
are row available that condition dynamically and adjust 1o whatever
connection they are used on These devices enable higher speeds to be
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obtained over switched circuits but they are expensive. The common
carriers charge extra fcr conditioning.

3. Conditioned leased lines can often transmit information at a higher
1ate. Switched voice lines usually carry telephone company signaling
within the bandwidth that can be used for data. Consequently, data
transmission machines must be designed ‘o that the data does not
interfere with the common carrier’s signaling. With some machines,
this also makes the capacity available for data transmission sornewhat
less than that over a leased line. A common rate over a switched line in
the 1960s was 1200 bits per second, whereas 446 bits per second was
common over a specially conditioned, leased line. Because of improved
modem designs. it 1s probable that in the 1980s speeds of 3600 bits per
second over sw tched lines and 9600 bats per second over conditioned,
leased lines will become common. Already some modems transmit at
higher speeds than 3600 bits per second over public voice-grade lines.

The cost advantage of switched lines will dominate if the terminal has only
low usage

Value Added Networks

Value Added Networks (VANs) such as Telenet, Tymnet and Uninet
lease multiple lines from the telephone companies at substantial discounts
and resell the capacity in smaller chunks for data communication. Most
users dial up 1nto a local node of a VAN and then pay for the time they use
atan hourly rate of $5 to $7 per hour. The rate structures are such thatonly
communication over state lines or distances of more than 200 miles are cost
effecuve VANs provide more than discounted telecommunications lines,
however They add value by introducing network controllers which pro-
vide protocols for commumcating among various systems. Most libraries
using the BRS, Dialog and SDC database services access *hese systems with
an asvnchronous terminal through a VAN which converts the protocol to
the synchronous one used by the host computers.

Simplex, Half-Duplex and Full-Duplex Lines

I'he Iines 1n a tefecommunications system may transmit in one direc -
tion only or 1n both directions There are two types of lines which can
handle transmissions in both directions. those capable of transmitting 1n
both directions at the same ume and those ~anable of transmitting 1n only
one direcuor at atime According to their directional transmassion charac-
tertstics, hines areclassified as simplex, halfduplex or full duplex. In North
Amenica these terms have the foliowing meanings.
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simplex lines transmit 1n one direction only,

half duplex lines can transmit in eitker direction, but 1n only one
direction at a time; and

full-duplex lines transmit 1n both directions at once.

Thus, one full-duplex line is equivalent to two simplex lines or two
half-duplex lines used 1n oppostte directions. A full-duplex line is often
referred to simply as a duplex line. If data is relayed in half-duplex mode,
there must be a pause at the end of a transmission to allow a reversal in line
direction before a reply can be transmitted and received. The delay during
which the direction of the transmission is reversed, is called the line
t. naround time, For full-duplex transmission two channels would be
used—one transmitting in each direction.

Simplex and half-duplex data transmission require two wires to com-
plete an electrical arcuit. Usually a four-wire circuit is needed for full-
duplex transmission. There is, however, an ingenious way to build what is,
in efiect, a four-wire circuit out of two wires—the bandwidth of the lines is
sphit into two separate frequency bands, one of which is used for transris-
sion 1n one direction and the other for transmissions in the opposite
direction. This is referred to as line splitting and produces an “‘equivalent
four-wire”" circuit. Although the technique uses only two wires it works as
though there were four wires of half the bandwidth. This approach per-
mits full-duplex operation on two-wire circuits. Data iransmission
machines often have specific requirements as to whether they require a
two-wire or four-wiie circuit.

Jublic telephone lines in North America are half-duplex 1n operation. It
1s only with leased telephone lines that the user has a choice betw.oen half
duplex and full duplex. In North America, full-duplex lines generally cost
10 percent more than half-duplex lines.

In North America, simplex lines are not generally used because, even if
information is being sent 1n only one direction, control signals are nor-
m- y required to be sent back to the transmitting end

Many data transmission links use half-duplex lines thus allowing the
movement of transmittal control signals and the occurrence of two-way
“conversationzl” transmissions. Un some systems full-duplex lines pro-
vide more efficient use of the lines at little extra line cost. A full-duplex line
often costs hittle more than a half-duplex hine. However, data transmission
machines that ¢an take advantage of full-duplex lines are more expensive
than those that use half-duplex hines. Half-duplex transmission is, there-
fore, more common at present, although this situatnon might well change
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Communications Hardware

In the past libraries have leased hardwarc ~ voice communication from
the local telephone company and datacomm.  ations hardware from the
same source that provides other computing haidware. However, it is likely
that in the future libraries will seek to deal directly with firms specializing
in telecommunications equipment. In that case, care must be taken to
ensure that all hardware will be compatible and that selections anticipate
future as well as current needs. This section Cescribes the major hardware
options.

Telephones

Most installed telephones are equipped with a rotary dial, but for several
years subscribers have had the option of “touch-tone” or push button
ecuipment which sends electronic pulses suitable for communicating with
computer equipment. Rotaiy equipment is less expensive to lease or
purchase. The lease rate for rotary equipment supplied by AT&T is set at
$1.50 per month through the end of 1985, while touch-tone equipment is
priced at $2.85 per month. - archase existing equipment is $19.95 and
$41.95 respectively. The touch-tone approach has theadvantage of provid-
Ing access to the vanous long distance services such as MCI. After dialing
the telephone numt-r of a computer, the touch-tone equipment can be
used to ente” an account number. The typical purchaser can recover the
investment in purchased equipment 1n less than two years. The purchaser
assumes finanaal hability for masntena: ce whon hecquipnient is owned.

Private Branch Exchanges

When the number of lines at a location exceeds sixteen 1t becomes
practical to consider a Pnivate Branch Exchange (PBX), a switching device
for both 1nternal and external calling. Rec: ntly, the manufacturers of such
equipment have started to offer models which can accommodate both voice
and data communicatuon. While this 2quipment is available from AT&T,
the majority of recent installations have featured equipment from a
number of smaller vendors. The costis usually $1009 to $2000 per line. The
cost per hine drops when hundreds of lines are supported.

Modems or Data Sets

As previously deseribed; many of th» communication hines over which
data are sent are designed for analog transmission—not digital. If compu-
ter data 15 to be sent oversuch anzlog lines and there 1s no PBX witl digita!
capability, 1t 15 necessary to convert the digital bit stream 1nto an analog
sigital using @ modem or data set
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A modem converts the bit stream that leaves the computer into a range of
frequencies suitable for transmitting over the analog communication line;
then, at the other end of the linie, a similar modem converts this range of
frequencies back into a bit stream that replicates the original data stream.
The modem tailors the signal to fit into the range of frequencies that the
communicauon line handles without undue distortion of the signal.
Modems range in price from a few hundred to several thousand dollars
depending on the data r. < for which they are designed.

Most telegraph lines and most wideband lines of higher capacity than
telephone lines are analog. Stmilarly, most of the microwave radio links
spanning North America operate in analog, not digital, mode. These
links, therefore, m» also employ modems when they transmit digital
signals. If microwave links or any other commumcation faality were
designed specifically for data transmission—as may happen 1n the
future—they would be digital in operation, with digital repeaters, and thus
would not require modems.

Multiplexers

Terminals located in groups at remote sites may be “‘muluglexed” on a
single line using data terminal equipment designed to combine the trans-
missions of multiple terminals 1nto one composite signal. Several termi-
nals may be connected to a single multiplexer and at the other end of the
line over which the signal 1s transmtted anidentical multiplexer reconsti-
tutes the oniginal input from each terminal. In the case of a minicomputer,
+h» equipment rutes the signals to the appropriate ports of the computer
or to yet another muluplexer. Neither terminal equipment nor the compu-
ter hardware or software need be changed when multiplexing 1s under-
taken Either dial-up or leased lines may be used with multuplexers. Most
muluplexers have built-in modems.

Fhere are several multiplexing techmiques, the most cost effective ol
which 1s usually statistical muluplexing A statistical muluplexer uses a
small microprocessor and a buffer memory so that data can be stored
temporarily during periods of peak activity. ‘This permits more terminals
10 share a line because the “stat mux,” as it 1s often called, smooths out the
traffic flow. It allocates the shared hne m such a way that up to eight
terminals, cach operating at 1200 bps, can share a single 1200 baud voice-
grade tclephone line transmitting at 2400 bps. Another term now more
commonly used by manufacturers of this high capacity equipment s data
concenlrator.

Sta: muxes typically cost from $2,500 to $10,000 each depending upon
the number of tetminals thev handle and wheth-r they include a built-in
modem A 1ule of thumb s to budget $2000 per termunal  The speaial
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modems required for use with data concentrators may cost as much as
$6000 a pair.

It is possible to network stat muxes or data concentrators. For example
several terminals at a branch hbrary may share a multuplexer that is
connected to another multiplexer through a pair of modems. In turn the
second multiplexer connects with yet another multiplexer. Several other
terminals may also come int~ *he third multiplexer directly and all may
share a single line to the cer.. al processor. The multiplexer at the central
site splits all the transmissions among the appropniate ports of the
computer.

The advantage to (oncentraung terminals is realized when the costs of
the individual telephone lines (if any) from the terminals to the muluplex-
ers, the telecommunications hardware and the shared multiple line
charges are added up and found to be less than the cost of the larger number
of individual telephone lines and modems

Multidrop Concentrators

Related to the data concentrator is the “muludrop concentrator.” This
device allows a single telephone line to connect individual terminals or
clusters of terminals which are multidropped—i.e , configured with nodes
at several pomnts along the telephone line rather than just at each end. The
muludrop concentrator at the central site—a processor—would poll or
communicate with all of the node concentrators 1n round-robin fashion.
Unlike the polling techniques used 1n synchronous communication, intel-
ligent terminals are not required. The cost of a muludrop concentrator is
§350C Hr more a:id the node conceni.ators cost up to $2500 each.

Port Concentrators

Another related piece of telecommunications hardware is the port
concentrator or mtelhigent port selector. It allows one computer port o
communicate with several terminals, not just 1n dial-up situations, but
also when leased lines are used. As a transmission comes in, 1t 1s directed to
any vacant port rather than to a port preassigned to that partucular termi-
nal Unlike the other muluplexing devices discussed, a pert concentrator
does require some changes in the computer system software.

Mon-Telephone Options

The thinking on the design of data commu.nications systems 1s ¢ hang-
mg No longer are telecommunications netwot ks seen as being composed
of one communications medium Development 1s moving toward a mul-
tmedia approach which combines telephone with one or more other
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media such as satellites—cost effective for distances in excess of 700 miles,
microwave and cable television—for local transmission, and Local Area
Networks (LANs) for short distances. Implementation of multimedia data
linkages is likely to be hampered by high start-up costs and by FCC
regulations which require that data communications applications using
media other than the elephone lines be licensed.

Satellites

Satellite channels offer very high .peed and capacity because the
frequency 1s in the billion cycles-per-second range. Satellite channels also
provide low error rates because they are not subject to atmospheric
interferences.

In order to utilize a satellite for voice, data or video communication,
the user must have a connection to the central office of the satellite
communications vendor The local telecommunication loop as it is called
usually utilizes local telephone lines to transmit the voice or data to the
terrestrial (earth-based) sta lon. Video 1s usually sent to the terrestrial
station over a specialized cable linkage or by microwave.

The major costs in establishing a satellite circuit are those of the
terrestnial stations which exchange signals with the satellite, the central
office facilities and the satellite itself.

The cost of an earth station capable of both transmitting and receiving
15 approximately $70,000. The satellites cost millions of dollars each to
build and place into orbit. Because capacity is limited there is great
competition for access to the facilities. Lease costs for a satellite
transponder—capable of supporting the equivalent of 1000 telephone
lines—begin at about $13 million per year. A single 56-Kbit (56,000 bts per
second) circuit costs at least $10,000 per month.

Since the satellite 1512 orbit 22,300 miles above the earth, it will always
appear stationary vis-a-vis the ground station and the signal always travels
approximately the same distance. The cost cf using the channel is, there-
fore, the same whether the sites being connected are Washington and Los
Angeles or Washington and Baltimore. It 1s generally not cost effective to
use satellite communication for distances shorter than 700 miles because
telephone hines or mictowaves mvolve lower fixed costs and thus lower
rates

Microwave

Microwave communication 15 the most common form of tertestrial o
earth-based 'ong distance transmission fo voice, data and video A single
mie rowave transmission can ¢any 600 to 1800 voice channels. Using space
as the transmission mediuni, microwaves are beamed from an onginauon
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point at which many indi/1dual messages have been collected by telephone
lines, cable or other means. Because transmission of the microwave beam
requires a straight, uninterrupted .ine-of-sight path, the transmitting
towers are sited on hills or tall buildings to minimze interference. Usually
towers are placed no more than thirty miles apart. Greater distances are not
practical because the curvature of the earth causes the message stream to go
nto space rather than remain earthbound.

When transmission volume 1s high and distances exceed twenty-five
mules, microwave usually is less expensive than telecommunication
opuons which require the laying of special cables. Thisis particularly true
when nght-of-way must be obtained for cables. However, atmospheric
interference is a factor; rain can cause severe transmission problems with
microwave communications. Moreover, in metropolitan areas where
many short microwave links exist, the available spectrum is becoming
crowded ang further installations are not possible.

The cost of constructing a single line-of-sight microwave tower 1s
approximately $50,000. Maintenance costs are approximately $250 per
channel per year. It is normally not practical to construct a microwave
network for a group of libraries because the transaction levels are not high
¢. bugh to offset the high start-up costs. It is sometimes possible to utilize
excess capacity 1n existing fire, police or educational microwave systems.
The ma, or risk of this arrangement is that the excess capacity may eventu-
ally be (laimed by the original users and service :0 the libraries discon-
‘inued. It must also be kept in mind that telephone lines or other linkages
-etween the iibraries and the microwave facilities will represent a major
ongoing cost

Cable TV

There has been considerable interest 1n the use of cable television
systems for data and video transmission. As wath telep hone Lines the cables
can be used to transmt data exclusively or itermingled with other
infermation

Cable as a commumations medium offers high capaaty, speed and
relanvely widespread availlability However, to install a cable system spe-
aficaily and solely to Itnk a number of sites whichwish to exchange voice,
data or video communications 15 prohibitively expensive except 1n very
localized, hugh volume situations It involves getting the cable to all of e
locations and the installanon of equipmenit to ink the telephone, compu-
ter svstem and or video facilites to the cable network.

Voice commmuimcation is rarely transmitted over ¢ able television facili-
ties: There s currently only one cable welevision company which has
provided a cable-based data communicatons sy stem—Manhattan Cable
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The company provides cable-based data communications to 200 high-
vo' me banking and financial customers through an installation of only
sev 1teen miles of cable. Each account contributes at least $200,500 a year
to Manhattan Cable’s revenue. Applications for licenses to use cable in this
way have been filed in only four other communities

The use of cable for video is widespread. Libraries have been relatively
successful in having cable facilities and access provided as part of the
franchise agreement between a community and a cable company.

There 1s not yet enough experience to permit judgment of whether or
not cable 1s a viable alternative for voice and data communication, but
claims have be2n made by exr*thusiasts that if voice and data communica-
tion were to piggy-back on a cable television system, the costs could be
reduced 10 to 40 percent below that of current telephone communications.

There are, however, constraints, especially with regard to the use of
cabie television systems for data communication. The medium must be
capable of two-way/interactive communication. At the simplest level, a
terminal operator needs to transmit a search request and be able to receive
the results of the search—i.e., to transmit a messagerequesting that. 1 item
be placed on hold and to receive confirmation that the message has arrived.
In practical, economic terms such capabilities are only available on cable
television systems which have been designed as two-way systems. Only |
percent of the U.S. communities which have cable television have such
two-way services. Even in installations with this capability, library use of a
cable channel for data communications requires that the system have spare
channels not currently devoted to other applications. The majority of
installed systems do not have spare capacity although most recently
awarded franchises do have a number of unused channels.

Should a I'brary be 1n a situation in which both of these requirements
are met, the way 1s sull not clear for the use of cable as a data communica-
tions medium because most cable comnpanies are not yet interested in
supporting data communication Factors surh as company priorities and
economics will he keystones in determining the future of the medium.
Unul cable com  mes are convinced that data communicatior. will be
profitable and within their technical capabihties, hittle wall happen. At
present, no hibrary in the United States 15 using cable as an operational
system for data delivery.

While cable has the potential to offer better and cheaper channels for
data transfer, quality control can also be a problem—some systems do not
offer satisfactory performance.

Local Area Networks
Thete has been a grear deal of promotion of Local Area Net-
works—r1 ¢, the witing of 4 bulding or contuguous buildings to permnt
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voice, data and video systems to be plugged in and interconnected. The
most widely adverused systems are Ethernet, Xerox's X10, and Wangnet.
While Ethernet is now supported by 34 companies, the claimed compat-
bility 1s nothing more than an undertaking by the equipment manufactur-
ers to stay out of on. another’s way; equipment from different vendors can
share the channel but cannot exchange information. Xerox's LAN 1s
supported by unly a few companies and Wangnet can only accommodate
that ¢ ympany’s hardware.

The cost of an interface between any piece of equipment and Ethernet
1s now $950, but this may drop to $300 or $400. If a new building is
prewired, there can be cost savings for connecting compatible pieces of
equipment without having to lay new cables.

Transmission media for local area networks include twisted-pair wire,
baseband and broadband coaxial cable, and fiber optics cable. The most
popular are the two types of coaxial cable. In baseband systems the infor-
mation 1s encoded as a digital signal that is transmitted directly; only one
signal can be present at any instant, and the signal uses the entire band-
width. When used for data communrication, a baseband system can have a
data rate of 50 megabits per second; broadband can support 200 megabits
per second. A broadband system permits several informaton signals to be
present simultaneously.

Paseband systems—the type most widely marketed as [LANs-—are
no ly hmited to 1.5 miles and car. support hundreds of nodes. The
cable costs are 10 to 15 cents per foot plus installation. Broadband tech-
mques can support distances of up to 200 miles at cable costs of !5 1o 25
cents per foot plus installation A number of college campuses are plan-
ning the nstallaton of bioadband systems for vnice, data and video
communication.

Fiber Optics

Fiber optic cables are beginning to appear in short distance, high-
(apacity communicatons situations. Fiber optics 1s the technology of
producing glass or plastic cables through which Light can pass for long
distances with only a shght loss of inteirsaty. A laser 1s used as the light-
produang medium It 1s possible to transmit much more informauon 1n
the for.m of hght than as electrons through convenuonal copper or coaxial
cables of comparable diameter.

In the next tem years fiber optic cable 15 expected to displace both
convenuonal telephone hines ar.d coaxial cables in lngh volume communi-
cations environmen,s Microwave, now “isually used for high traffic com-
munications over discances of 25 to 700 miles, 15 also expected to be affected
b, the growth of fiber optic systems
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Video Communication, a Special Case

The distribution of video has been very limited outside the commer-
cial ielevision industry due to lack of adequate transmission facilities.
While available telephonic communications systems will support voice
and data communication 1n a reasonable and cost-effective manner, they
do not provide adequate facilities for video communications.

The appropriate medium for video communications requirements
will continue to be provided by a cable system separate from the telephone
system. The system may be a cable television system or a LAN, and it may
be dedicated to video commumnications or shared with voice and data
communications.

As was mentioned earlier, there are (wo types of cable systems
available—baseband and broadband. The baseband offers a fraction of the
<apacity of a broadband and can be carried as a ““channel” on a broadband
system Baseband sysierus can be compatible with broadband systems and
may be useful in intrabuilding networks. However, broadband cable svs-
tems are superior for mui.ibuilding networks when video distribution is
contemplate.. ' ageneral rule, ~ broadband single 1.5-1inch coaxial cable
with a 300 mHz <:gnal will support thirty video circuits. A video channel
requires a 6 mHs :andwidth.

Evzluation of Near-Tzrm Options

Because of the changing needs of libraries and changes in the costs of
telecommunications, librarians managing automated systems will need to
penodically reexamine their telecommunications approaches. If a
library’s telecommunications costs are more than $1000/month or have
risen more than 20 percent 1n the past year, areview should be undertaken.
In the near-term this will consist of reevaluating the use of telephone
systems, 1n the longer term 1t will involve the examinaton of other tech-
nologies. The following rules of thumb are valid at the present time:

I If terminals are within 200C feet of the computer, direct connections
using hine drivers are generdally most cost cffective.

2 When termunals are remote from the computer, but widely scattered,
direct connecuon through telephone lines with modems may be cost
effecnive Normally, dedicated leased lines are more cost effective than
dial-up lines

3 If the remote terminals are concentrated at a small number of sites, if
there are more than twenty-five remote terminals; or 1if telecommunica-
tlons costs are more than $1500 per month, 1t 1s quate hikely that the use
of statistical muluplexing will be more cost effective thar: modems.
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4. If there are more than fifty remote termunals, it may be possible to
network statistical raultiplexers to realize even greater cost savings.

Some Libraries may be able 1o reduce ongoing telecommunications
costs by up ro 90 percent by investing 1n the telecomniunications hardware
discussed m this paper. The “payback” period—the time required tc
recover the capital outlay for telecommunications hardware—may be as
short as two to three years.

While a library may wish to have the vendor of its computer system
review and modify its telecommunicatons it 1s not mandatory that it do so.
Virtually all telecommunications h~rdware requires no chang=s in soft-
ware A hibrary may choose to retain an expertin telecommunications if 1its
vendor does not appear to have apprepriate expertise or if the vendor's
prices for a telecommunications analysis are too high.

The vendor should be notified of planned char.ges in the telecommu-
nications system as should the telephone company(ies). Despite frequent
protests by vendors and telephone companies, they may not prohibit the
use of telecommunications equipment purchased from other sources.

Interfacing Computer Systems

The interfacing or electronic inking of various computes systems will
increase hibranes’ need for telecommunications, but telecommunications
will not be a majer obstacle to such interconnections. The dominant issues
will be technological, econymic and political. Hardware, software and
database design will have to be made compatible or interconnection stan-
dards wall have to be adopted The cost of interfacing +.111 have to be worth
the percerved benefits. Mostof all, the various com peting vendors will have
to be persuaded that nterfaces to other systems—even those of
competitors—are a requrement of the library community. When these
1551u¢s have been successfully addressed there will be a wide 1ange of choices
for actually transmuting the information
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A Collection of Bo:ks

Thank you for inviting me to speak to you today. I am aware that this is an
important group of people. You provide a valuable—r0, an invaluable—
service to society You preserve literacy, a.d research and keep people
intellectually alive.

Thomas Carlyle remarked tha the true university is a collection of
books. He could not, of course, have foreseen the range of services hibraries
provide tocav—films, audio- and videotapes, :nicrofiche, and computer-
1zed access to informauon of every kind.

Data processing 1s important today and 1t is the wave of the future.
Liateracy today 1s not defined only in the conventional sense. It also means
computer hteracy.

This annual Clinic was one of the first anywhere to recognize the
long-term nfluence data processing was to have on the public sector.
When these Clinics were begun, others were seeing data processing merely
as aremarkable tool for business and research. The library industry looked
ahead and saw what everyone knows today—that date processing 1s alsc a
remarkable tool for just ahout every aspect of our hives The home, busi-
ness, 1ecreation, and the school all benefit from data processing.

The Umiversity of Hhinois at Urbana-Cham, aign—our host tor this
Climc—has, as you may know, one of the largest data facilities of any
educational insutut .0 i the entive country. And the three campus librar-
1es constraute the laygest such facility—with nearly 6 millhion volumes—ot
any state aniversity The hibrary also provides access to an even lurger pool
of books threagh its Library Comnuter System (L.CS) database

A« nresident of Am e nitecs Convmnunications, 1 have an intense jer-
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sonal and professional interest indata processing and transmiss-on. Amer-
itech is the pare: 't institution for sixtcen companies. They are:

—Five Bell telecommunications companies that handle our traditional
regulated service—Illinois Bell, Indiana Bell, Michigan Pell, Ohio Bell,
and Wisconsin Bell.

—~Their five communications sales and service subsidiaries. These sub-
sidiaries provide 2 common delivery system to meet business customer
needs. That’s where the distribution channel is *he sales force, theer “v-
alent of one-stop shopping for business customers.

—And we have six other Ameritech subsidiarics. Some of them handle
unregulated services, while others provide regulated services that are
outside the boundaries of the Bell telecommunications companies.

You are p:obably already familiar with several of our subsidianes.
£menitech Mobile Communications provides cellular telephone service.
Ve have one system in operation in Chicago. We have been in business
only five months and already we have nearly 7000 subscribers—that was
our projection for the first year. So we are rmoving ahead to expand the
system to accommodate the de-1and. Later this year we will have cellular
service available in Detroit, Cincinnati and Milwaukee.

Another subsidiary, Ameritech Publishing, was formed to consolidate
d: ectory advertising. In addition, Ameritech Credit Corporation provides
financing for business customers who want to lease rather than buy their
telecommunications equipment. Ameritech Services gives onerational and
technical support to the five Bell tel.communications companies.

Another subsidiarv, Ameritech Communications, supports the tele-
communications company equipment subsidiaries. Jt currently has equip-
ment contracts with TIE, NEC, Ericsson, AT&T Technologies, and
General Datacomm Industries.

Ameritech Development Corporation completes our famuily. Ina way,
Amerite. n Developmeznt may be thought of as our research arm—it helps
us expand our research and development capabilities so we can continue to
improve our product and ervice offerings.

We are not in the business o/ data processing. We are in the business of
transmutting data We do business in one of the most data-initensive sec-
tions of the courtry. I shoald point out that Ameritech 1s not 1n competi-
tion with you We are ir *he business of transporting informauon. We do
not compile information. You have the databases and we provide the
facilities to access those databases.

Our corporate headquarters are 1n Chicago and our territory covers
the surrounding five-state area—though we are not limited to these bound-
aries. As Chairman Bill Weiss said, we are just beginming to explore the
possibilities.

) o
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There 1s no question that Ameritech 1s in a business that can be of
significant  assistance to librarians not just today, but also—and
especiallv—in the future. In March of last year (1983), Business Week ran
an article that suggested that for a variety of reasons—e.g., the soaring costs
of energy, buildings and published materials—technology threatens to
make the printed word obsolete. I doubt very much that this will ever
happen. It 1s possible, of course, but books are too much a part of our lives
to ever be abandoned completely. What w:ll happen, without a doubt, is
that techinology will make books more readily available along with infor-
mation in other forms.

The same Business Week article predicts that libraries will become
much smaller. But they will provide access to far more information
through electronic hookups to remote computer databases and computer-
controlled regional hbrary networks.

The books to which the computer provides access must be located
somewhere, so there will be large libraries, but it will become less necessary
for every library to stock the books every kind of user may need. It will not
matter where the material is located, because it will be economically
a ressed remotely. The Southeastern Libriry Network, for example, links
260 hbraries from Virgima to Louisiana. .\cross the country 2400 libraries
are tied into the Onhine Computer Library Center whose central database 1s
in Ohio. It lists more than 7 million published works. These and similar
systems are a tremendous resource for students, scholars and those who
engage n research of any kind.

Your business and mine find a common ground here. You are inter-
ested 1n communicating the content of your resources to those who find it
useful We can provide ! : facilities over which that content can be trans-
mutted, transferred and . nsported. Ameritech has a wide-ranging vision
of 1ts own future. We see all sorts of business opportunities to build on our
core business. That core business is our cornmunications network. The
network is an arrangement of switching systems, transport facilities and
supjp t systems which we use to provide service within »ur areas of
operation. It includes the facilities we use to interconnect with the various
interexchange or long-distance companies. Our five-state network con-
tains some 14 milhion access hines, more than 1200 separa‘e switching
systemns and milhions ¢ f circunt miles of interoffice rrunks.

These elements form an extremcly complex arrangement which
makes 1t posstble for our customers to communicate and transfer informa-
tion among tiemselves. Since our network is also linked to nationwide and
worldwide netwaorks, 1t 1s also posstble to reach millions of others around
the world

The network 15 a strong nauonal resource. It can provide eve.~ com-
munications and inforr ation service known tn the world today inciuding,
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in many locaunons, full-motion video. And 1t is being continual’y modern-
ized Our Amenitcch companies will spend $1 7 billion 1n 1984 to expand
and modermze our network—some $500 million of that for fiber optics and
digital switching and transmission systems. We will spend another $!70
million for additional electronic switching equipment.

Today, two-thirds of all our customers and about 80 percent of the
Ameritech region’s .naror businesses, including our largest data users, can
receive 56 kilobits service from the existing copper wire facilities without
special conditioning. The data transport capabulities and service range of
our wire-based access lines are also being advanced through digital
systems.

Therc are, as I have said, more than 1200 switching systems serving
Ameritech customers today. These have been the object of a widespread
modernization effort, based on the deployment of stored program techno? -
ogy. The operation and service capabilities of these systems are controlled
by a digital computer with an internally stored software program, though
the information switched by these systems 1s in analog format.

Computer-controlled switching systems currently serve inore than
two out of every three Ameritec: customers, or some 10 million access
lines. In most of our major market arcas, which are home to the large
business customers who generate about 80 percent of our revenues, the
percentage 1s even higher. The software for our most widely used system is
entering 1ts minth generauon of development, so we have achieved a
sophisticated level of feature availability. With each new generation we are
able to add new features which allow us to operate these systems more
efficiently and to offer new services to our customers.

We are also moving ahead to install digitally based lightguide—or
fiber optics—systems between our switching centers. Lightguide systems
transport information over glass fibers as extremely brief pulses of laser
light They are well suited to the digital world. Though they use cables
usually less than one-half inch in diameter, these systems offer sigmficant
INCICAses 10 trarsmission capacity. Lightguide 1s also an interference-free
transmussion medium and 15 compatible vvith emerging digital switching
systems Because hightguide 1s interference free, it has lower error rates
than other means of transmission It permits the transmission of large
amounts of data with a high degree of reliability and 1s particulaiiy sunted
to library apphcations

We are proud that much of this information age technology—1.e ,
stored program control, digiial interoffice tansmission, hghtguide, dig-
nal switching—was proneered Ey the Amenitech operating companies
through field tnals and leading edge applications. Qur people were part of
the process through which these technologies were perfected. They not
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only understand the technology. but they have plaved a hands-on role in
putting 1t to work for our customers.

Long term—1986 1o 1990—we are laying the groundwork for an even
more sophisticated digital network called the Integrated Services Digatal
Network, or ISDN. ISDN i1s a conceptual framewonrk that includes a set of
standards for serving evolving customer needs via a network capable of
carrying voice  data and video services 1n a common, integrated and flexi-
ble manner. it 1s a totally digital network with all of the efficiencies of
end-to end digital connecuvity. The network defined by ISDN, functions
as an all-purpose communications pipeline. It provides the customer with
a arcuit capacity which the customer can allocate to voice, data or video.
That allocaticn can be changed as the customer's needs change, day to day
or minute by minute.

ISDN standards are still 1n development Yet the basic elements of the
ISDN —end-to-end digital connecuvity. customer control of information
transport ¢ 2pacity, and flexibility of 1n*erconnection with the network —
are well wvithin our capabihues. The local packet network is another
capability vihich w1l help ustoachieve that goal. A packet network allows
vouce and date traffic to share the same access ines and trunks. It provides
efficient aata ransport for both small and large data communicatons
customers, including data processing intensive industries and major infor-
maton providers such as hibranies,

A packet network also provides connections between multiple termi-
nals and mainframe computers. Traffic from low speed terminals is pack-
aged and muluplexed—or combined with packages from other users—on
to high-speed facilities. Once on the network, packetized data can be routed
to the desired destination and, once there, separated from packets origi-
nated by other customers, reassembled in sequence, and delivered.

Amentech, through the operaung company subsidiaries that offer
communicauons equipment, will soon be oftering state-of-the-art data
products to complement their current lineup of electronic business equip-
ment and nc Jork conmunications systems. So Ameritech can now offer
1ts customers a total communicauons package inauding network services
as well as voice and data systems The new product line includes data
network management systems, digital and analog data sets, video display
terminals, printers and ntegrated voice and data systems

As you can sce from all this, Amenitech 1s moving ahead with dispatch
in the new world of telecommunications brought about by the breakup of
the Bell System. OQur compamies have the advantage of operating 1n a
densely populated marketplace Our facilities in place make it possible for
out growth to be low-cost This will provide a distinct advantage

Unfortunately, we stull operate in an environment inat 1s partly unreg-
ulated and vet sull pandy regulated We at Amenitech are aggressively
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promotng regulatory changes that will permit us to operate as acompeti-
tive enterpnise shouid—basing our priceson costand a ~ wing them to be
driven by market demand.

The fact is—and history teaches us this—that regulation of our indus-
try was instituted : - order to prevent the possible abuses of monopoly.
Well, monopoly does not exist any more. And neither does the reason for
regulation

It 1s hoped—not just for the sake of our companies and our stock-
holders, but for the sake of our customers —that the trend toward deregula-
ton will conuinue and will accelerate, until we will some day achieve what
15 best for the industry—total deregulation.
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T=leccmmunications in the Office

Many activities are underway to apply techn ~'ogy to the office to achieve
mmproved productivity. This paper discusses advances 1n telecommunica-
tions technology and how they can be applied to the office environment.
Trends in technology are discussed but predictions are avoided. Earlier,
scientists and engineers have succumbed to the temptation to predict the
future with poor results. Thomas Tredgold, in 1835, said, “any general
syster of conveying passengers—at a velonity exceeding 10 miles per hour
or thereabouts—1s extremely improbable.” This railroad engineer failed 1o
foresee the bullet train traveling from Tokyo to Osaka at over 100 miles per
hour.

In 1903 Simon Newcomb said, “quite likely the most effective flying
machine would be one carried by a vast number of little birds *’ Near the
beginning of this century, one of the country’s most eminent scientists, the
secretary of the Smithsoman Institution, said he was certain man would
never fly The New York Times agreed with Professor Newcomb 1n an
editor,al Presumably the Wrnight brothers did not read the Times. One
week later they succeeded 1in raising “Flyer 17 from the sands of Kitty
Hawk.

Innovawors predict the future at their own nisk. Even Wilbur Wright
predicted slow progress toward flying when, in 1908, he revealed, “1
confess thatin 1901, I'said to my brother Orville that man wou 'd not fly for
50 years " Notice that all these jedictions tend to be negative. It 1s typical
to undercetimate the rate of technological achievement

It 15 our knowledge that the pace of technologieal charge 1s quicken-
mg In the late 1800s, agriculture occupied 59 percent of the work force.
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Industial occupanons were high. Service was low and information activi-
ues accounted for a mere 5 percent

Then came the g boom 1n industrialization i the late 1800 and
eatly 1900s. Agriculture sank to 28 percen. of the work force. Industry now
consumed over half the work force Serviec a 1d informanon had begun o
g10w

In our tmne less than 3 percentof the work force 1s engaged 1n groning
food—and we feed half the world That 1s rea’ produc ivitn. On the othet
hand, over half the work force now deals with informanton 1n sonie fashion
such as programmers, teachers «letks, secietanes, accountants, stock brok-
ers, managers, and of cours., Lbranats The broad perception 1s that they
are not dealing with ‘nformanon very effectvelv—The Informaton
Explosion

TABLE 1
DistrIBUTION OF THE WORK FORCE

Stage 1 Stage 2 Stage 3
Mid-1800 Farly 1906 Nouw
Tarultioe 0% 28% 3%,
Trdustry 307, 78" 27%
Nerone w, 1) 11%
Iifoonation oy 107, e

In 1979 the simgle most common  «cupation 1n the United States
became that of clerk Clerks now cutnumber Laborers In fact, thissegment
of 1S history can be characterized by the transition from farmer to laborer
to derk

As hibrarzans vou are undoubtedly aware ¢ f the information explo-
won Currently informaton in «crence and technology 1s growing at arate
of 13 percent per vear— e., the informaanon doubles every 5.5 years. About
enough ume to complete an MS degree John Naisbit, author of Mega-
trends, foresees ap increase of 40 percent per vear That means information
will double 1n twenty months, Another wav to put 1t1s, information will
quadruple dunng the ume 1t takes to get a bachelor’sdegiee The imphca-
tons to those of vou who dare teaching 15 staggering. T'his can be even more
threatening to the working professional Technical obsolescence 1s a very
1eal threat Hence, T see a growmg market for continuiag education
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Consider that by the end of 1982 there werc more computers than
people 1n the world There were over 5 billion computers on earth—
including the big ones 1n the accounting departments and research labs,
and the little computers 1 cars, games and calculators. Ry one estimate
there will be over 8 million computer terminals in U.S. homes before the
end of this decade.

What is driving this explosion of computers? It is spectacular progress
in microelectronics—the first key technology of the “‘information age.” It
began with the 1nvention of the transistor at Bell Labs in 1947. The first
transistor was a rudimemary device but it worked. That set the stage for a
mucroelectronics explosion. Today we can put the equivalent of hunareds
of thousands of transistors 1nto one cornflake-sized chip of silicon. That
means that each of these chips has all the intelligence of a room-sized
computer of the 1950s. As the size comes down so does the cost. In fact, every
vear for the past twenty years—on average—the computing power of
silicon chips has doubled and their cost has been cut in half

To give an 1dea of the magnitude of that progression, one economist
(Edward “reinmuller, Sianford University) points out that had air travel
progressed as fast, the Concord would carry half a million passengers, fly at
a speed ¢f 20 million miles an hour—and the cost of a t'cket would be one
penny

Our latest microprocessor at AT&T Information Systems is the West-
ern Electric 32000. The chipr smaller than 2 man'sfingernail, yet contains
150,000 transistors It has as much computing power as some of today's
rminicomputers that are the size of file cabinets-~but 1t costs much, much
less So mucrelectronmics s givine us the ability to make compuiers very
<mall and cheap

When computers talk to each other, they speak digital—the second key
technology of the informanon age. Dignal sy.«ems have two main
advantages—simplicity and speed. Nothing could be simpier than a single
bit of mtormation—a one or a zero—represented as the presence or absence
of a pulse 1 a senies of pubses This simplicity means that, in general,
digitar systems cost less, and their use results 1in rehable, high-quality
services and systems

In addinon, digital components are what give computers their ternfic
speed For instance, mthe sphit-second 1t takes for a c(lub to strike a golf
ball, a Western Flectine Digital Signal Processing dhap can perform o few
hundred thousand complicated anthmetc operatuons

So 1 the fust two technologies we've got the microelectronies hard-
ware and he digital systems to process a lot of information verv quickly
But how will all this information travel fiom here o there?
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The third key technology is photonics. In electronics, metal wires
carry information as pulses of electricity. In photonics, glass fibers carry
information as pulses of light. Light pulses are a perfect match for digital
systems. In fact photonics is so promising that in 1982 the Bell System
installed more than 15,000 miles of giass tiber—twenty-five times more
than the year before. Just one of those photonic systems (e.g., in Peninsylva-
nia) contains more glass fiber than the systems of all domestic nor-Bell
companies combined.

T'he light comes from tiny light-emitting diodes or iasers smaller than
grains of salt. The lascrs turn on and off millions of iimes each second,
sending pulses of light through fibers made of ultra-pure glass. These
fibers form “superhighways.”

Speaking of the speed of lasers, one of Bell Laboratories’ latest
achievements in laser technology 15 a laser that emits flashes of light that
last thirty femi~2conds—10"® seconds. That is the shortest amount of time
ever measure 1. Let me put that into perspective. In one second a beam of
hghr can travel most of the way to the moon. In thirty femtoseconds a beam
of light can travel only about one-tenth the thickness of a human hair.
Someday a version of this laser might become the light source for lightwave
communication systems. A laser so incredibly fast would be ablc to trans-
mit enormous amounts of pulsed iformation.

The three technologies I bave descrihed—microelectronics, digital
systems and photonics—give us the hardware to process and move enor-
mous amounts of information with great speed and efticiency.

The fourth technology—software—is the glue that holds all the hard-
ware together It is what tells the hardware what to do. Software basa ot in
common with phonographic records In fact, software 1s to hardware as a
iecord 15 to a stereo system. Just as which record you pick determines what
music you hear, software 1s what gives products and servic *s their unique
features Softwate makes 1t possible to customize services to meet individ-
ual needs.

In order to meet the Beli System'’s enormous appente for software,
today about half the people 1n Bell Labs develop sottware Human
designers need the computer’s help—some of the solid-state (irc uits we are
designing are so complex that it would take a human being a whole
lifetme o design all the electronic connections by hand. Hcrein may be a
ctue to dealing with the informadon explosion. Designers arc equipped
with computer tools which allow them to deal with vast araounts of
detarled information. One major advantage of the computer tool 1s that it
brings any mconsistency to the designer’s attention Tha: makes it ve v
difficult to make an error

Then there are the key technologies of the informauon age Digital
svstems based on mucroelectronics are prohiferating,. Not only are they
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prevalent 1n computers and telecommunications but they are becoming
common in automobiles, microwave ovens and washing machines Pho-
tonics offers a new form of intercommunication Software 1s becoming a
buzzword It made a big splash in arcade games. Now it 1s featured on the
cover of Time magazine along w'th the youthful milhonaires who wrote it.

In January 1983, AT&T announced a new svstem called LIMEN-
SION, System 85. The system basically is a preraises-based switching
system called a PBX. It can connect a telephone to others in the same
complex or switch it to various trunk lines across the country. Since it 1s a
digital system it can conveniently handle data to and from computers.

One capab:lity proneered by System 85 is simultaneous voice and data
Voice 1s encoded into digits at the telephone instrument. Thus the voice
can share wires with digital data. This allows a terminal user to indepen-
dently use a telephone whiie communicaung wiih a computer. But even
for voice only, there are some new capabilites.

Combiming voice and data also simplifies the wiring of the building.
W use a simple outlet as the universal connector for System 85. Itallows
the user to move a telephone conveniently. Furthermore, the same jack can
be used for computer terminals and printers (see fig 1).

The telephone designed for System 85 converts voice to digats. The
data can he used to drive the forty character display. For example, a
secretary who answers a phone for several people can see who is being
called and who 1s calling. This allows the secretary to answer the call ina
personalized way and she need not push any buttons. A lamp atthe hottom
of the phone indicates messages are waiting Thus, whenever a person
returns to their office they can tell they have messages. With a telephone
like this. messages can be retnieved automatically.

When an executive returns to his office he can use the display to see
who has called and can return the calls by . single button prish. If he wishes
to ansveer the call, he can sunply touch the “1eturn call” button When the
executive 15 1 the office, he or she can also see who 15 calling and deade
whether to answer or ro

Simultaneous voice and data can be extended to the knowledge worker
by means of a keyboatd—1.e . a CRT Data Terminal The terminal func-
t1ons both as a telephone and a computer mputdevice The bottom line on
the screen emulates the forty character display on the digital telephone.
Thus while the terminal 15 being u 5nals about incoming calls and
m.essages can be seen The termir»! . apped with a 1ouch-tone dial
However, when using the terminal one can dial from the keyboard. The
screen indicates the sequence for keyboard draiing. Holding tne break key
15 equnvalent to going off-hook. The systemresponds with the word “dhal ™
instead of dial tone When one has dialed the digits and hats thereturn key,
the screen indicates the progsoss of the call—e g., nnging followed by
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answer, or perhaps busy. The terminal coordinates the handshake with the
computer In particular, it sets the data speed to be consistent with the
computer port you have reached. This capability 1s available o any termi-
nal on the system, not just AT&T terminals.

There are several modes in which the data terminal car be used. First,
it can directly contact a host computer. Second, it can contact a special host
called the “application processor’” (AP) “r office features such as elec-
tronic mail. Or third, it can use the “application processor’” as an interme-
diary to allow communication with various computers. In particular, the
AP can make a terminal emulaie an IBM 3270 terminal to an IBM host.

The Application Processor can perform a range of functions beyond
terminal emulation. Examples are message center, office management and
programming. When a phone isn’t answered, the call is diverted to a
message centei attendant. The attendant takes the message and types it on
the terminal for storage on the “application processor.”

The Office Management System provides a range of functions. It
interfaces terminals on one side and communications on the other. For test
preparation it has a word processing type of editor. The editor has niceties
such as a spelling checker, a punctuation checker and even a sexist lan-
guage checker. Ferms are a mainstay of the office so they have their own
editor. A simple programming language, OPL, is provided so work can be
customized. Of course, electronic mail 1s included, as is a calendar/re-
minder service. A major element 1s a file system.

There 1s a menu of alternatives available on the office system The
mail function provides a range of utilities. Creation of mail is eased by
provision of text editors. Addressing s simplified by having adirectory and
an address book. The directory 1s available for general use. The directory 1s
searched alphabetically, dependingon the set of letters you type. All entries
that start with those letters are displayed and you select one. It automati-
cally becomes an address for mail. The address book 1s a personal directory.
Names can be created for individuals or groups you frequently address.
Mnemonics can be defined as preferred. A mnemonic can refer to a single
ind vidual or a group When a mnemonic is selected, a copy of the mail 15
addressed to the one or more :ndividuais 1 the greup. Mail can be sent
with a range Hf prionues or mailing can be sche tuled. Connir.nation of
delivery can be requested.

For example, a daily report can he stored 1 a host computer At a
given ume the report can b retrieved and sent to anyone ' the deparunent.
A sunple six-hine program can do 1t

The computer on the desk 15 becommg commonplace. It ;s indeed a
valuable ool However, 1ts true potential won't be achieved unul 1t is
networked to other computers The data needed 15 always soriewhere else.
The data 1s needed 1n a form in v hich 1t can be used withe at tranesr bing
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it Thus. computer networking needs o be integrated. Telecommunica-
nons 15 a force toward itegranon Surely, no one wants more than one
wrmial i thenr office Notonly can’tthe space be spared, Lutalsono one
needs 10 learn different sets of routines for different applhications Agam,
telecommunicaticns 1s the catalyst of integrauon. System 85 1s an example
of the tacilities thatare becoming available. The same fundamentalsapply
to most needs: single eimimal access 1o a wide array of computers distrib-
uted nationwide o1 worldwide

New technology s rapidly being converted o applications which
affectourdail. ives In parucular, telecommunicanons 1s rapidly explont-
ing new technology The most dramatc impact 1s being seen in the office
place
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Electronic Mail Services in the Library
and Information Center Community

In the begimning, libraries were not leaders ' the use of new technology
Upon graduanon from hbrary school twe's¢ years ago. a new professional
had the experience of not being able 1o 1., d a jo" because his combinaton
of computer programming and library saence did not -h any of the
scores of job descripuions wathin the hibrary commu, A a verv large
North Amencan urban center Two universities, four cor ..nunity colleges,
seven pubhc library system  and scores of special hbranes in vanous
(nrporate healquartors had a minimial neea for computer or technological
expertise, wlthoug 1 virtaally all of these insututions veere av-a, © of the
burgeoning mfermation explosion and were parucipauce 1 an acuve
conimuing educat.on - rogram from a well-reputed hibrary school Many
organmzations were planmng for or at least thinking about the 1mpact of
technology m what was then being descnberd as the *““aformation age” n
vis onary articlesin the protessional literatuie, and several were beginning
(0 commt 1esoulees 10 automanon, at least in their planmng budgets

Today all of those msututions are usimig computers for a vanety of
library tasks and most of them have at least one o1 more people respons:ble
for mooduang new technology mto the horay enviionment  These
hibiary syst'ms ate i Toronto, & aty endowed with one of the highest per
capita expen itures tor library services i the conunent The graduate was
the author Whai just a few years ago there w.re no opportumues for the
technologicallv-onented graduate, the e are now openimgs in every kind of
hibran

[his.mecdote underscores o ey pomis—therate of introdic ton of
new technology mto the ibrar, Commumty has been s 1y high, and he
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process of introducing new technologies 1s extremely dynamic. What
Iibrary today does not have access to  achine-readable cataloging, online
reference services, automated acquisitions or circulation control systems?
Literally every participantin this Chinic comes froman institution that has
access to one or more of these services.

Within the last fitteen years the library and information center com-
munity has pioneered the implementation of several new technolog=s.
Bibliographic utilities and online reference services ar. two exar-ples of
large-scale, state-of-the-art co. iputer systems that have been designed and
implemented expressely for library and information center use. A few years
ago a cle > fnend who was then developing new systems for Tandem
Computers mentioned bis extreme surprise at the scale and sophistication
of OCLC's apphcation requirements. Like many people in high-
technolzgy industries he was surprised that hbraries could innovate and
that the applications that were berng implemented were on such a large
scale. The low-profile and quasi-public ‘mage that libraries wraditionally
project 1s not in harmony with technological pioneers at the forefront of
the informaton sector

Early Vse of Tt..communications in Libraries

And yet, there are commumues that implemented online circulation
svster < pefore local hanks or retailers had automated their systems. Tele-
tommunications applications are equally prevalent within the libiary and
information center commumty Dedicated communications lines to bibli-
ographic uuhtes and local s /stems are common. Dial-up access ‘o online
reference services 15 so succ ssful that m ny new companies have been
started and the numbe 0! services and databases  vailable is growing
rapidly. New co. 1wran.cs are nroviding research ar .nformation broker-
age serv ces, buith augmenung and replacing traditional hibrary services.

When Fred Kilgour was establishing the concept of a bibliographic
uahty aid a public Dialog system was still a gleamin Roger Summit’s eye,
the mos: aclvanced technology most Iibranies were using was the typewnit-
er, the photocopy machine, and 1in Canada (as constant as the staff lounge
ard gosap), ile elecnc tea kettle. Well-endowed central branches and
reference < ollecnons might have had microfilm or microfiche collections,
and some umiversities were expernimenting with computer-based systems.
Most of the authmated hibrary systems then in use were off-line, batch-
processig, punch-card based systems

“he eatly use of telecommunicatie « n hibranes was largely hmited
to I WX machines in dedicated networks and interlibrary loan apphca-
tions Mthough by no means umiversal, many hibraries had access to ama.n
branch o1 cooperative svstem that would send interhibrary loan quenes to
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other institutions. It was sometimes necessary to mail the requests to a
central branch or regional center after they had been thoroughly docu-
mented from the originating hbrary’s local bibhiographic resources. The
regional center would then route the request to various resource centers
using the TWX network One and a half decades ago, this was the only
form of telecommunications that most libranies were using.

A Short History ¥ Electronic Mail

It 1s 1important to establish our perspective on electtonic mail 1n a
historical context. Telex and TWX services are a direct derivation of the
telegraph. On 24 May 1844, Samuel Morse demonstrated to members of the
U.S. Congress and a gathering of officials and friends the first publc
telegram transmission, inaugurating a new age of communication tech-
nology. The first electrunic message consisted of the quotaticn: “What
Hath God Wrought!”—a quotation from the Book of Numbers chapter 23,
verse 23 se-Tetly selected for the occasion by Annie Ellsworth, daughter of
the U.S Patent Commissiorer. This auspicious choice - f quotation has
been underscored by Joe Ford in his keynote address . his confererce.
Other sneakers at this Clinichave described efforts to establish control over
vital telecommunicati sns technology. As we wrestle with telecommunica-
tions comp'exity and the numerous choices we must make, especially 1n
his era of de-egulation and technological change, it 1s sobering to realize
that 1n the muidle of the last century Samuel Morse could not find a buyer
for his invention because there was no commercial market application.

Today, 140 years later, electronically communicazed messages and
mformation are an integral part of worlc civilization. The synergistic
ir teraction of computers and electronic communication create an environ-
ment in which virtually any kind of information transfer is possible. The
increasing importance of electronic communications to individuals and
organizations has resulted 1in thousands of companies, services, products,
and opuions for elec tronic mail and messaging. However, this explosion of
choice has also resulted 1n confusion, incongruency and unconnectedness.
This rwentieth-cencury tower of erectronic Babel 15 both boon ~nd bane,
someumes  a  channel  but often a barner to  effective  hbrary
communization

John Kounts has described the basic elements of the telegraph wath his
lusttation of brother Toncat the backhonse and a coded signal over .n
clectnc vare. Using speaal wires strung between public offices, telegraph
tec hnology revolutionzed commerce, journalism, warfare, and human
perspective  The telegraph was the tirst tenuous copper wire through the
global village
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In the United States, Weseern Union becaine a quasi-wulity, shanng
with the U'S Postal Senvice an official mandate to deliver mail. In most
other counties telegraph services were subsumed as part of the PTT, the
official government depaitment with monopoly contrel over post, tele-
phone and welegraph fachties for that counuy,

As electo-mechamical technology was developed during the last cen
tury 1t gradually became possible 10 provide customers with dedicated
machines with a umque number (or address) and ‘o route calls through a
switching center Messages could then be electromcally dehivered directly
to1eapients equipped with thei: own telex machine. Telexas sull the most
common form of electtomic mail, wies over 3 mulhon machines and
numbers installed worldwide.

Using the five-level baudot code and operatung at 6.6 characters per
second 1 uppercase letters, the rehable telex machine can be found in
vittaally every county and conunues to be a mainstay of business com-
mntcanons  The power of the telex 1s the worldwide availability and
accessibihity of the technology and service, combined with a high degree of
rehabihin

‘T he maturation of the more sophisticated 7-bat code known as ASCII
American Standara Code for Informaton Interchange) enabled the trans-
mission of a more catensive set of characters, incdluding lowercase letters
and speaal ssmbols TWX service was istioduced by AT&T shortly after
World War 11 TWX machines, also called teletypes, teletynewniters (o
I'TY), are sull a common form of ¢lecuomec mail 1n the United States
WX senvice 1s asailable onty in the United States and Canada.

Although TWX machines have a larger character set than telex
machmes,  ovsull operate at relatvely slow speeds—about 10 characters
per sccond—and 1equure a dedicated Iime, I recert vears, Western Union
and otrer mternatonal record carners have made 1t ossible for volume
customets to aceess the telex and TWX services at lngher speeds and in a
diai-up made thiongh vorce-grade telephone hines, although users are sull
charged for the delivery of messages at the slower network speed.

In additon to hecoming a domestic U S communications standard,
ASCIT T'TY communicatons protocols were adopted for computer com-
runicanion by most major computer compante, except IBM. ASCII
comunication codes were adopted as an ad hoc standaid for general-
p nposc. dhal-up termnal access Today there are other, more speaahized
and higher-speed protncols and ted'iologies {or computer communica-
tors, hut ASCI remams a basicstandard for a widerange of computer and
clectronic mal services

When computar operating costems that could exeaute several pro-
grams simtancoush were developed and 1t became possible for several
usct jobs to tme-share the same computer svstem rosonrces, 1ealso became:
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necessary for the va tous jobs (users) o commuunicate with the cential
console (operator), to request tape loads ana other special handling When
svstems began supporung several users at remote locations—particulaily
end users imvolved wointeracuve apphcatuons—the operiting systems were
enhanced to enable the users atiemote sites to ty pe and exchange general-
purpose messages with the console operator

But if a user could send messages to the computer operator, why not o
other svstem users” Many ume-sharing services and laige operaung svs-
tems evolved primutive messaging capabihues that enabled users to tatk
directly with other users or leave messages 1 a mailbox for a reapient to
1ead at their convenience. These services became quite diverse i their
operating charactenstics and capabthiies, but their uunlity led to the devel-
opment of other, more sophisticated electronic mail seivices,

Computer-Based Message Systems (CBMS), have become so special-
1zed that enure computers are now devoted to the electionie mail applica-
non No longer competns for resources on laige general-purpose
mamframe computeis wiar many different applicanons, CBMS and the
electtomc mail apphcauons they support have become a new imdusuy,
blending computer and telecommunications technology in ways that
mipact modern society and its wstututions, includimg hbranes

Electronic Mail in Libraries

ha the hibrary context, electronie mail and messaging seinvices are
becoming more prevalent m a vanets of ways The bibliographic utnhties
have moved closer to electronic messagmg thiough the implementation of
mterhibrary loan subsystems  Ongmally Iimated 10 shared-cataloging
apphications, bibhiographic utihtes have been piessured to provide more
funcuonal capabihity, and interlibrary -loan messaging systems have been a
natural 1esult

I he nend toward mareasing gencrahization and funcuonahty of the
svstems we use has been referied to by previous speakers This has been the
case with online cnculation and reference service s as well as waith bibho-
graphic utihues, svstems for other ve  cal markets, and personal compu-
ters When nsers become famiirar and comfortable with the svstemn the
are usig. they mevitablv want more general-pnipose capabilities Kisig
user expectatio s should notbe a surpiise th the patticipants i this Clinae

In the last few vears there have been nany developments i the
apphcanon and mplementation of ele: nomic mal services m the ibran
and mformaton ceater community  Fypenmments with Iolemul and
Comet and the Amencan Library Association’s ALANE T —mmipleniented
with the THD Dialcom service—are examples Several months ago Pogar
St at announced that Dualog was ¢evelopimg a general-puipose ele-
tronic el svseem (FMS), as well as o provate packet-sivitched aetwork

RIC 87

Aruitoxt provided by Eic:




O

ERIC

Aruitoxt provided by Eic:

82 DENNIS OLIVER

The CLASS OnTyme Network

In 1980, CLASS (the Cooperative Library Agency f~r Systems and
Services) began 1eceving requests from the special library community for
an electronic mail capahility that could be used to exchange ILL data with
other speaial hibranes. Unlike public and academic Libraries, these institu-
tions wete not traditionally included 1n dedicated TWX netwo -<s and
many are not users 2f bibliographic atilities.

CLASS is a muicype membership-based library network operating
under a mandate to achieve complete cost-recovery within five years of its
inception It was therefore important for the organization to examine and
implement new services that could be used cost-effectively b any hbrary.
Elecrenic mail was an excellent opportunity to diversify the range of
services being provided to members.

A cursory review of potential systems revealed the wide range of
poss.ble options that were available for EMS 1n the library community. It
was necessaly to select a service based on some rational subset of desirable
features. Theire were several criteria used toselect an EMS service for resale:

1 Cost. Most hbranes have limited budgets. The cost had to be as low as
possible and commensurate with good service and capability levels. It
was vital that the service be as inexpensive as possible and also widely
available, preferably through a local telephone call and a packet-
switched network.
Capabilaty. Although the speaific application was for interhbrary loar.
data, an electronic mail service should be general enough to accommo-
date other kinds of applications, including the transmission of refer-
ence questions, contract negotiat:ons, and commiitee reports. The
svstem had o be effective with any kind of textual data.
3. Flexability It1s importaat that an electronic mal system be responsve
to changing user requirements 1t should be pc.ssible either for the user
or for the service supplier to alter the features and charactenistics of a
swstem thar 1s ntended for general communications OnTyme was
selected partly because it wis a new productand the company per ,onnel
evinced o willingness 1o make the changes and enhancemer » therr
users wanted

o

A dloser exammaton of the service alternatives incinded demonstra-
nons, cost-comparsons and negontiation with pro .pecuve vendors Several
options were immediately exc luded because of cost and ume factors It was
not practical to obtam a dedicated computer faalry or to implement the
EMS apphicanon on the CLASS mimcompite. systern The OnTyvine
seivice from Tvinshaie was selecied becanse 1t net the primary selecion
aiteta ana the comnany was mterested m working with ¢he hibrary
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apphicanon and a resale agency CLASS and Tymshare were geographi-
cally dlose and , rsonal communication was relatively easy. OnTyme was
a new product that had not proven itself and was originally the responsi-
bility of Tymne, the Tymshare subsidiary that operates the packet-
switched network.

Within a few months CLASS had established the first general-purpose
EMS network for ibraries and was meeting the requuirements of the special
hibranes that had requested the service. CLASS became the first organiza-
tion to resell electronic mail and acted as a secondary value-added network.
Public libraries began to replace more costly dedicated TWX networks.

One of the most interest.ng aspects of managing the electronic mail
network was the discovery of applications that were completely different
from those onginally intended. Information biokers Legan to use the
service to communicate both with their customers and with their stringers
and researchers at remote locat:ons. Book jobbers began to use the system
to accept and acknowledge orders. Publishers began tc use the service to
receive copy frem authors and editors. Professiunal associations began to
use the service to transact association business electronically, avoiding the
time constraints and costs of using the post office and playing telephone
tag

Another 1nteresting consequence of the introduction of electronic
mail was third-party resale of CLASS OnTyme. First the Pacific Northwest
Bibhiographic Center (PNBC) and then the Bibliographic Center for
Research (BCR) began to resell OnTyme services onginally provided
through CLASS, becoming in effect, tertiary value added networks

Oth. r <peakers at this Cliuic have mentioned the critical role that
telecommunicauons play in the library and informz on center context.
Electronic mail 15 not yet a complete replacement of the telephone, regular
matl, telex or other forms of communication. But ¢lectronic mail can be an
eftecuve alternative for raditioral communicauons, and can be a powerful
tool 1n ume and inforrnation sensitive applications.

Videoconlerenang, interac ive computer conferencang and the tele-
phone are commumecation tec hnologies that, along with clectronsc mal,
will contimie to influence the way 1n whech we organize our work and
deliver our services
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Packet Radio for Library Online Catalogs

The Pre .em of Wir‘ng

The advent of online catalogs 1in hibranes has resulted 1n a problem hat
covld not have been foreseen wher: most ibrary buildings were built-—the
need for wining to transmit data between terminals and the online catalog.
This problem 15 particularly senous 1n older libranes, where there are
insufficient condu-is, false ceilings are rare, and one faces the prospect of
running cables through marble floors.

Instali'ng such wiring can be costly. The experience of the University
of Cabfoin & demonstrates that the cost of installing terminals in quanti-
ties of cignt to ten may range from $8,000 to $12,000, not 1nc luding staff
covs Frernf the winng for data communicauons makes up only half of
this figure (34900 to $6000), 1t 15 evident that the wiring can costasmuch as
or more than the terminal 1tselt.

In addiion, 1t can take months to anange te astall the wiring, and
further, new waring must be 1nstalled when the terminal 1smoved to a new
loc:tion, raking 1t costly and ume-consuming to relocate onhine catalog
RCIT I

Packet Radio Technolog

“the University ¢f Caltorna Division of Library Automauon (DLLA)
s explonng packet taaio e chnology—the marnage of radio and pa-ket-
switched teiccommunicatons—as one solutton to this costly problen .
With packet radio, wireless terminals are possible—1 e, radio transceivers
take he plice of the usual data cables A packet radio unit consists of a
racdho ganscennar and a microprocessor that, when connecred 1o g terminal
or maoco nputer, allows the device to send and receve data
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Using packet radio for ransmitang data to and from an onlir.
catalog avoids th. expense of installing a cable for each terminal, and 1t
also makes the terminals far more portable. Unlike terminals that coin-
municate across a cable, a packet radio terminal can be nstalled very
quickly.

Packet switching is widely used to route data through complex, long-
haul telecommunicatons networks. It involves breaking the data to be
transmitted into chunks called packets. Tk address of the data’s destina-
tion 15 added to earh packet, and the packet 1s then routed through the
network unul 1t reaches 1ts destinaiion !

In a packet radio network in which a group of terminals are all
commumcatng with a central computer’s base station, the data packets,
each tagged with an address, are broadcast by the ba.e station to all
terminals in the area. A terminal will recognize and accept only packets
that bear 1ts address Packeuzed data makes sense inaradio-based terminal
system not only because it 15 necessary to addres: data to the proper
terminal, but because a number of terminals must contend for the broad-
cast channel across which they communicate with the base station. Break-
ing the data int, packets makes possible the use of communications
protocols that will avoid mostdata collisions, and will yrecogmize collisions
when they occur and retransmit the data packet.

A packet radio system operates simultaneously on one or, at the most,
tworadio channels or frequencies Thisdistinguishesit from cellularradio
fa technmque tha*1s beginning to be used for mobile telephones), in whicha
lirge pool of frequencies 1s maintained with each caller allocated a fre-
quency for the duration of the call’s existence within a cell.? Packet radio
has more 1n common with some recentty announced hybnd systems such
as Motorola, Inc 's portable computer system, which features a handheld
computer chat can communicate with a remote computer by radio over a
single pair of frequencies > However, there are substantial differences in
the two systems—DMotorola’s system has a hierarchical design that relies on
tentralized convol and does not allow communication hetween terminals
or portable computers except by passing the message through a central site
It1s also designed o cover lager geographical areas than those covered by
tv preal packor radio nerworks

A BRIFI HISTORY OF PACKET RADIO

Military Activities

I'he mailitary has beea interested in packet radio for over a decade,
prananl as a bat'efiid communicauons network that can be deploved

h)
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rapidly, can quickly adapt to rapidly moving nodes (such as a terrninal
mounted on a truck ¢ - an aircraft), can avoid singie points of failure, and1s
robust «n the face of Jamming or other interference. The development of
packet radio began in the early 1970s with the University of Hawan's
ALOHA packet radio network, a watershed in the development of modern
telecommunications protocols. The ARPANET, a large-scale wire- and
satellite-based packet communications network developed by Bolt Beranek
and Newman for the Department of Defense’s Advanced Research Projects
Agency (DARPA), had already been in operation for several years by then
(the ARPANET was established in 1969). The ALOHA network was
imtally a single-hop sy stem using no repeaters in which various devices
such as terminals, minicomputers and graphics processors communicated
via radio with a central computcr. The protocols developed for the
ALOIIA network were later redefined and adapted for many other systems
(see reference 4 for a description of the ALOHA netwerk).*

After the ALOHA project, I * ™™ * sponsored the development of a
multihcp packet radio network called the PRNET in thz San Francisco
Bay area. The U.S. Department of Defense (DOD) is now working with
secorc- and third-generation systems, and operates a number of testbed
systems, such as the Fort Bragg Packet Radio Network. These feature very
sophisticated, high-throughput, higaly robust designs and equipment
irtended to support major networks under the mostaaverse circumstances;
consequently, they are quite expensive.‘r’

Amateur Packet Radio Acti ities

At the other end of the packet radio spectrum are amateur radio
operators who have been expernimentirg for some yeirs with very low cost,
low-throughput systems. The first amateur packet radio network in North
America was established in 1978 « Vancouver, Briush Columbig, after the
Canadian government, seeking to encourage the nse of packet radio,
allocated a set of frequencies (221 to 223 MHz and 433 to 434 MHz) for
p~-ket and digata .ransmussions. The Vuncouver Amatenr Digital Com-
mumcation Group (VADCG) soon began to produce and sell a packet
radio terminal node controller (TNC)--1 e., a microprocessor combined
with memory that ardows a terminal or microcomrputer to communicate
via 1adio with other similarly equinped devices.

In 1980, 1n the t'nited States, the FCC legalized ASCII transnassions,
and 1n 1982 it removed many of th' remaining restrictons on radio data
communications Since then, the Tucson Amateur Packet Radio Group
(VAPR) huas established a network and 1s now marketing its own TNC
Both the VADCG and TAPR T NGs can transmit ai a data rate of up to 1200
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bits per second using on-board modems (they can operate at somewhat
higher speeds using external modems). These boairds perform modulauon
in an audio subrarrier and do not include error correction. The digital side
of the TNC includes a 6809 miciuprocessor operating ai 3.6 MHz, a
Western Digital HDLC chip, and a single-caip 1200-baud modem from
EXAR. The board also :ncludes 32K of ROM and 8K of RAM. Since the
TNC 1s designed for use by ham operators, there is no radio on-board; most
ham radios can b adapted fairly casily for use with the board.

Today there 15 much inter=st within the amateur radio community in
packet radio. Amatcur packet radio networks now in operation range from
these local netw orks in Vancouver and Tucson to a national network that
uses a system of repeaters. Several cc iferences on Amaieur Radio Comput-
er Networking have been held, and the Amateur Radio Research and
Development group has 1ssued preliminary protocol standards for packet
radio networks.®

SPECIAL CONSIDERATIONS IN APPLYING PACKET RADIO TO
ONLINE CATALOGS

The application of packet radio to library automauon involves several
unique consideranions not well addressed by the current state of the art.
First, current systems and the communications protocols developed for
them have been designed to handle symmetricdata rates: equal amounts of
information are received and transmittea between any one station and
another Many hibrary automation systems sucl as online catalogs, how-
ever, are highly asymmetric—about two or three characters are received by
the host computer for every thousand characters 1t sends out to the
terminal.

A second ¢ nsideration is cost and 1ts relatuon to the perfermance and
rchability of the system. It may he possible to take advantage of the
asymnetric data rate to achieve a compromise between the sophisticated
and expensive mii.ary system and the inexpensive but somewhat unreli-
able amateur system ¥or example, one could use less expensive transmit-
ters 1n the terminals where data speed 15 not cruaial, and actneve a igh data
rate i the other direcvon by plaang a high-quality transmatter 1n the
onlime catalog’s base staton and sensiuve recevers in the terminals. This
would provide high perfo.mance while keeping costs to @ minimum.

Finally, there 1s a special consideratuon involving repeaters and rout-
mg Itis unelear whether the ulumate library packet radio system will have
to incorpotate repeaters—devices that receve and rebroadcast a4 signal,
making 1t possible to commumicate over long distances In many apphca-
uots, one is concerned with networks that are himited geographically—
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1e., a building or a campus. If repeateis are used it will be necessary to
explore different approaches to routing. Soine compromise should he
possible between the military system (1r vhich the rsuting must adapt very
quickly to fast-moving vehicles, node failures, and other drastic changes in
network topology) and the amatcur systems (in which the topology is
extremely stable and there 1s not much concern for automatic selection of
alternate routes)

DESIGNING A PACKET RADIO SYSTEM FOR LIBRARY
AUTOMATION

The task of designing a packet radio network for a hbrary automation
application involves two basic questions: (1) What is the Yest way to share
and manage a broadcast channel? (2) How should data be routed 1n a
packet radio network large enough to require repeaters? A number of
technical 1ssues must be addressed in answering these questions. These
1ssues arc discussed briefly below.

Physical Characteristics of a Packet Radio Network

The first major 1ssue involves choosing the nght blend of ransmis-
sion frequencies, trans:  _ter power, modulation techmques, and antenna
configurations for a given situation.

Frequencies

Unless one 1s transmitting at less than one-tenth of a watt, the broad-
cast frequencies must be allocated and licensed by the FCC. Virtually all
packet radio systems operate at high frequencies whirh require line-of-
s.ght transrussion. The propagation characteristics of the frequency used
w 1l determine the cost of the transceivers The frequency allocaunons will
derermine system bandwidth (capacity).

Modulation Techniques

This area encompasses two 1ssues. The first 1s the method used to
encode digntal data into an analog signal so that 1t can we transmitted over a
racdio ¢hannel This funcuon is gener ily performed by a modem of some
sort. It 15 important here to choose an encoding scheme that minimazes
interference and maximizes bandwidili use. Some possible methods are

—frequency shaft keying (FSK), in which a shight vanauon in frequency
indicates whether abitisa 0" ara 1™

—quadrature phase shift keying (QPSK), 1in which wavelengths at dif-
ferent phases represent different combinations of bits; ana
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—pulse code modulation (PCM), where binary digits are conveyed as the
presence o1 absence of 2 pulse.

The second issue 1nyolves the meinod used toencode the analog signal
into an analog carrier (the bimadcast channel). Possible merhods include
frequency modulation (FM), amphtude modulation (AM), and frequency
modulation using a single sideband (FM/SSB).

An alternative that involves both of these issues would be to use spread
spectrum techniques which are very resistant to interference. Because
interference tends to occur sporadicallv—either in short bursts, or centered
around a frequencv—spread spectrum acts to spread the data as widely as
possible 1n order to minimize the amount of data destroyed by these bursts.
Spread spectrum techmques can be applied either just before the digital
signal is converted to analog, or as an extra input when the signal 1s
encoded mto the radiuv channel.

At the digital-to-analog stage, spread spectrum can be applied by
incorporating pseudo-noise nto the digitai signal. Pseudo-noise 1s a
stream of bits generated by a random number generator. For every bit of
data to be transmitted, the encoding device will intermix a certain number
of random bits 112to the data stream. The device receiving the data would
use the same random number algorithm and the same starting point,
allowing it to separate the actual data fromthe random bits. Spreading the
data out 1n this manner reduces the probability that short bursts of interfer-
ence will destroy data.’

At the analog-to-radio-carrier stage, spread spectrum can be applied
by switching very rapidly among a number of different broadcast frequen-
aes (called frequency hopping), with each frequency selected at tandom.
Spreading the data across a broad spectrum of frequencies reduces the
chance that interference on a specaific frequency will destroy data.

While spread spectium 1s 1deal for library packet radio because of its
great resistance to interference, the cost may be too high, and there are
complex problems of synchronization between the stations that must be
resolved. FCC hcensing may also be a problem with spread spectrum
modulanon, although the FCC has recently indicated that 1t may deregu-
late the use of spread spectrum techmiques.?

Transmatter Power

Iransmitter power will determine the geographic area that the system
can cover rehably, and the reladonship between transmitter power,
antenna configuration, cost of the transmitter, and the sensitvity (and
hence the cost) of the receivers In addition to propagaton i open atn:o-
sphere. one must consider the abihiy of the radio signal to penetrate into
buildings
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Antenna Configurations

Selection and configuraton of antennas will depend upon the apph-
cauon. For indoor applications, long-wire antennas could possibly be run
along the ceilings and up elevator shafts for the base station, and simple
polanized antennas could be used on the terminal radios. For very short
distances, infrared hght is an interesting possibility. For interbuilding
commumnications, a vertical nondirectional antenna might be used for the
base staton, with a vertically polarized yagi antenna of short length for the
terminal cluster node station.

PROTOCOLS FOR A SHARED BROADCAST CHANNEL

The usual protocols for managing a shared broadcast channel are
either some vanant of ALOHA (standard or slotted), or Carrier Sense
Muluple Access’Collision Detection (CSMA/CD).°

In standard ALOHA, transmission is done at any tuime, and the
recewver sends an acknowledgment to the sender for each packett receives.
The sender detects problems if, after a given ume interval, it has not
recewved an acknowledgment from the receiver. The sender then delays for
a random inierval and retransmiis. In slotted ALOHA, transmissions may
only begin at the beginning of a time interval or “‘slot’’; errors are detec ted
in the same manner as n standard ALGHA. (This has implications for
packetiength size distributions if 1t 15 to make effective use of thechannel.)

In the CSMA - CD protocol, the transmitter first listens to the channel
to see 1f 1t 1s 10 use, and also listens while it 1s transmi.ting to detect
collisions In a network with repeaters (1 €., where every terminal cannot
hear every other terminal), attempts to histen for collisions can be danger-
ous A source node may be unable to hear a collision occurring at a
destination node, or may “hear’ a collision locally that the destination
node cannot hear There1s also a problem, buta less serious one, 1n sensing
11 the channel 1s busy There a;. a vanety of proposals to resolve this such as
transmitting a busy tone at higher pewer thar standard data t-ansmission,
but they are all fairly complex. Another variant 1s straight CSMA, where
the transmatter tests the channel tosee1f 1t is clear, but does not histen while
1 is wansmiting With CSMA, collisions are detected only when the
recewver does not acknowledge a packet

Simple ALLOHA may be su‘ficient fo. terminal-to-base-station trans-
mission,, given the low data rates for this ..annel There are well-known
analyses of all of these protocols ni cases where the data rate 1s symmetric,
bat the extent to which asymmetnic data rates affect these analyses 15 not
entirely clear
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Routing and Repeaters

A packettadionetwork withnorepeaters,im which anode can directly
communcate with every other node, 15 called a “"fall broadcast network ™
In a full broadcast network, the network level protocol s fanly simyte
since there 1s no issue of touting . The simple actof transmission catses the
message 1o he 1outed o any node that wishes to receve it

Routing 15 only an 1ssue 1if the network s large enough to requure
1epeawts Networks thatrequire repeaters for end-to-end communicauons
are called “semibroadcast networks " In semibroadcast packet radio net-
works, touting algonthms will be necessary in order to contiol the repeat-
mg of packets A basic 1ssue m 1outing 15 the choice between the virtual
circuit approach or the datagram approach

In the virtual cucnt approach, once a route between sender and
recenver has been established (by one of several different methods), that
1oute 15 used for the duration of the transmission. The packets are sentand
recenved 1 order The virtual arcuit approach has the advantage of being
cfficient once aroute has been located, butit can also be ume-consuming to
wently and iind another route il the established route is interrupted by, for
example, an equipment farlure Virtual-cncuit-type routing methods that
selecta wide path rather than a single setof repeaters can alleviate this, but
such methods are difficult to 1implement

In the datagram approach, cach packet 1s considered an individual
entity, and packets miay travel in the network independently of the other
packets moats data stream Datagram methods frequently involve broad-
casting packets thioughou: much of the netwoik, rather than along a
specifie 1oute, so that srme packets will arnve at their destination via
roundabout 1outes, and the same packet wall often be broadcast a number
of umes  The datagram approach allows packets to be receved out of
sequence, and offers more fiexibihty and adaptivity than the virtaal drcunt
approach However, datagram routing methords can be farrly inefhicient—
1e . equinng a great deal of system handwidth to cope with the mcreased
amount of traffic

Routng i very large semibioadcast netw orks seems to he an mtnns-
callv difficult problem, and remams an active area for rescairch

INTFGR S TING A PACKE ' RADIO NFI'WORK WITH 'THI BACK-
BONFEF NFIWORK

Packet 1adio s pumanly a local technology At the Unnversity of

Californa, lor example, we are viewigitasameans of providimg access o
the onlme catilog n certam campus buildings, or tvorhaps on an entire
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campus  Therefore, 1t must be ted to a more vnadinonal long-haul back-
bone network—at DLLA, the network linking the campuses across the state
t the DLA computer center in Berkeley. The nature of ths interconne -
ton 15 somewhat dependent on the architec ture of the long-haul network
m question, and this sectioinas onented toward DLA’s long-haul TCP '1P-
based packet switching network described in reference 1, although mauiy of
the same considerations arise 1n connecting packet radio networks to any
iong-haul network

The simplest means of integraiing a packet radio network with a
long haul network 1s to keep the existence of the packet radio network
hidden from the long-haul network by simply plugging the packet radio
netw otk into the RS-232 interfaces on a terminal access controller (TAC),
and having the packet 1adio network appear to the long-haul network asa
group of terminals. While conceptually stmple, this approach creates a
mass of wiing and extra hardware at the TAC, since data from the
terminals will have to be de-packeuzed and fed into the RS-232 1nterfaces,
only to be re-packenzed by the TAC Also, 1t does not allow many of the
sophisticated routing features that would be available  f 1t were treated as a
local-area network and became a formal part of the internet. Finally, it
means that all users of the packet radio network must appear 1o the
long-haul network as terminals, even when they are using computers,
pre entung computer -to-(cmputer (ommunication.

A second approach would sull treat the packet radio network as an
“imvasible” natwork—1 e, not pait of the internet It involves building a
spectalized interface into the TAC in order to eliminate the extra cabling
and RS-232 interfaces, and perhaps allowing the TAC to support terminals
that appeuar to be passing data through an X 25 packet assemblers disas-
sembler (PAD) This can i many way s be viewed asa more elegant ver,ion
of the tust method.

The finol approach 1s to treat the packet radio network as an actual
network i the mternet. Thas 1s the rnost complex but also by far the mo st
flexible approach Tt imvolves two tasks. Fuist, a gateway must be put n
place between ear b packet radio network and the nearest interface message
processon (IMP) Bulding such gatewaysis nottrnivial, as they implement a
substantial amount of logic and protocol *°

The second consideration in treating a packet radio network s a tiue
network anses i the end-to-end protocols that must be used. In order to
gateway 1o the mternet, the packet radio network must run standard
Department of Defense Internet Protocol (IP) above whatever network-
level protocol it uses  In addinon, the higher-level protocols that are
understood on an en ' to-end basis throughout the network (normally
FCP and FFLNET) must be used on top of 1P, The ymplicaton here 15
that either a packet 1adio TAC must be developed (providing TCP and
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I'FINET for packet radio chents) or each packet radio must effecuvely
funcuon as a “host’” on the network, implemenung TCP 1P 1self It
might be possible to take both approaches a TAC or terminal server for
sumple tetminals, with che option that intelligent hosts, such as personal
computers, on the packetradionetwork could run TCP 1P themselves and
communicate directly with the gateway, allowing them totalk to hosts that
are not on the local packet 1adio network. Some argutnent ¢ »uld be made
for mcotporating the packet radio FAC mnto the base st:von, possibiy by
modifving a standard TAC

NOTr This paper 1s a recapitulation of an arucle by Edwin Brownrieg o Information
Technology and Libraries 3(Sept 1981) 229-114
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Society and the American Radio Research and Development Corporaton (AMRAD) new slet-
ter (P O Drawer 6148, McLean, Va 22106-6148)

7 For further information on spread spectrum see, Pewut, Ray H ECM and ECOCM
Techques for Digital Communications Systems Belmont, Calf  Lafcume Learnming Publi-
cations, 1982 (a conase and readable mroductuon o spread specarum techniques, modula-
uon, «nyprography, and error cotrc.uon using both comolutional and block codes), and
Cook, Chatles F et al  eds Spread Spectrum Communications New York IFFF Press, 1983
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(Ihisis avery useful compendium of reprints of kev papers on spread spectium communic a-
uons See espeaially the papers by Scholy, R A “Onigins of Spread Specaum Communica-
tons,” and “Notes on Spread Spectrum Histonv”", and Price. R “Further Notes and
Anecdotes on Spread Spectrum Ornigins ™)

8 “FCC Frees Up Spread Specirum ™ Electronies 57(17 May 1984) 50

9 Tobagi, FA “Muluaccess Link Control ™ In Comp.ter Network Archicectures and
Protocols, 2d ed , edited by Paul E Green, Jr, pp 115-89 New York Plenum Press, 1982 (this
15 a sunvey and tutonal arndle dealing with protocols for sharing broadcast char.nels)

10 Postel, Jonathian B “Internetwork Protocol Approaches " IEEE Transactions on
Communications 28(Apnl 1980) 604-11, and Suansar, Virgima Hou to Build a Gateway
(Report No 1FN 109) Cambnidge, Mass  Bolt Beranek and Newman, Inc . 1979

ADDITIONAL REFERENCES

Jacobs, Irwin, et al * General Purpose Packet Satellite Networks '
Proceedings of the IEEE 66(Nov 1978) 1148-67 (This1s a key paper on developments [to
1978] 1in packet satelhte technology and protocols for the management of broadcast
satellte channels Some o the constderanons also apply to terresirial packet radio
networhs )

Marun, James Commumnications Satellite Syst-ms Englewood Chiffs, N J  Prentice-Hall,
1978 (While onented primanly toward long-haul satellite systems, this book provides a
good, not overlyv technical account of sonwe of the major techmques for managing
broadcast radic <hannels )

Tanenbaum, Andrew Computer Networks Englewood Chifs, N J  Prenuce-Hall, 1981
(This 15 a good general texthook on network protocols )

Schacham, Noand Crasighill B j “Pyaaniec Routing for Realtime Data Transport in Packet
Radio Networks " Proceedings, INFOCOM 82, March 30-Apnil 1, 1982, Las I'egas, NI’
New York IEFE, 1982, pp 152-60 (This article updates Kahn's 1978 arucle in the area of
routing algonithms for packet radio networks that include repeaters It exanunes hybrid
distnibuted routing schemes such as duct routing )

Winghield, M, and Fdmiston, R Report No 4810 Telecommurications Study for the
Uniwerity of California Diviaon of Library Automation Cambridge, Mass  Boht
Beranck and Newman, Inc, 1981 (This report prepared by BBN under contr <t to the
Universis of California, gives an excellent overview of the options and costs of deploy ing
4 large termnal network )

Zummaman, H - "OSI Refaaence Model— The 15O Model of Architeciuie for Opon Svstems
Intaconnecton " IEEE Transections on Communic tion © OM-28(Apri! 1980) 125-32
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Narrowband Teleconferencing

In the search to hmd new services i otter, new 1oles o filt, new funcuons o
pertorm, and new needs o address, Tibraries are also sensitive to the
value-added opportunities What mmaoves are taken must be done with
the smallest possible maement of capital mvested o1 operating budget
One such opportuniiy exssts—nanowband teleconferencing Narowband
1cfers prunandy 1o electionic mmpulses sent over a twasted pen of copper
wnes—the familian telephone svstem, teleconferencine iefers o simul-
LNeous CONMUIICAton of two o1 more paities 1sIng some electioniy o1
radio wave form ol signal nanspont

Most people think of teleconferencing as the full-color, full-motion
mteraction on the “McNeil-Lehrer Report’” or siimilar broadcast (broad-
band) television programs. The cost associated or the complex production
techmiqu.> required are not considered at all. If one does invesugate
Lroadband teleconferencing, the cost and complexity are sooverwhelming
as to chill any latent enthuc1asm for theresvlt Itisnotso much chat people
don t want to teleconference; but, unless they are part of large corporations
wiich have adopted 1t into the corporate culture and use it hy management
fiat, they have had little opportunity to try 1t, much less budget for it.

Enter the people’s university—the hibrary. This institution has assets
represonting significint mvestments already in place which are prerequi-
sites 1o teleconferencing—groups teleconferencing with groups—not
metely one mdividual per site speaking into a handset. Public Libraries are
dedicated to serving all the public and are organized into systems, meaning
that normal business channels of communication are well defined, they
ficquently host programs of public interest, have parking and restroom
facilies, and are usually located aloug public transportaton arterials or
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major highways Support functions such as online hteraturs searching
and business referenre services are in place. If these services are well used,
tneir clientele represent an obvious market for teleconferencing. It 1s a
service which the business journals have hyped but which few small
businesses have attempted to integrate into their daily routine due to the
percerved high up-front costs. In addition to conferences, a strong second-
ary role for teleconferencing 1s teleteaching which permits professionals
and small businesses to take training without the accompanying high cost
of travel. Libranes always have had a strong 1if understated role in adult
educauon. Teleteaching 1s a logical extension of this historic role

Since campus networks are already 1n place (the most noteworthy
being under the auspices of Educom) the focus of this paper is on public
libraties as sites for teleconferencing. Special libraries will follow the lead
of their corporate or institutional structures. A curious exception to that
pattern occurred 1n the late seventies when the 11.S. Department of Educa-
tion sponsored eight education-oriented telecommunications projects.
One of these, Talinet featured the use of slow scan television and facsimile
to demonstrate the efficiency of delivering sophisticated reference services
to five remote public hibraries 1n the Rodky Mountain Region—being
impacted by the energy boom. Other libraries in the network included
twelve federal saienufic/technical libraries and a group of libraries in
Maine headed by the state librarv. That network called Talimatne still
operates. 'The lessons learned 1n this landmark experiment sponsored by
the Umiversity of Denver Graduate School of Library and Information
Management and the Federal Library Committee are documented in a
series of teports available from ERIC Although sharing information
resources rather than teleconferencing per se was the goa! of the experi-
ment, the organizational protocols, the budgeting, the need for more
standardized equipment, and the difficulues of mulutvpe institutions
attempting to cooperate across regional boundaries are all factors to be
dealt with today as they weie then

Two promising developments have occurred in the hardware used
during the Tahnet expeniment. The mostimportant breakthrough in slow
scan television 1s the development for the Defense Department of highly
compressed video—which allows a moving image to be transmitted over a
telephone line, a muracle created with microprocessors which (ode the
prcture so that 1t can be sent 1n electzon streams and reassembled at the
desunauon This technology, which 1s also referred to as the 56 Kilobyte-
per-second Transmission, has reawakenied interest in the Picturephone of
the mid-aixues, which required more than one hundred telephone lines to
create a pictuie, making the invention impractcal except in rare circum-
stances Widcom, Inc, Campbell, California, has announced a VI'C-56
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desktop coder decoder called the PVS Personal Videoconferencing Sta-
uon Introduced 1n 1985 for $17,500, 1t consists of a desktop console with
speaket, color camera, two «olor monttc.s, a copy stand 1n color graphic
transmission, and a keyboard ‘drawing pad to condarol the system.

Although the highly compressed ‘‘video-phone” service 1s not yet 1in
mass production, it, hike cellular radio, was only a dream a few yearsago. It
promises to revolntiomze the way people commumcate much like the
personal computer and the work processor have revoluiiomzed office
work.

Along with compressed video has armnived another adaptation of this
tec hmque—the store-and-forward option 1n facsimile devices. Since 1978
the cost of sub-minuice fax has dropped 5C percent and the hardware has
become increasingly sophisticated in its opuons. Store-and-forwzrd is
particularly useful to hibranes because items requested on interlibrary loan
can be stored into the fax during the diy and set to be transmitted at nmight
when the telephon>rates are lowest. This means thatstoringcan be done in
a batch mode by inexpensive personnel and forwarded automatically. The
receiving machine tends itself. Most machines also print out the cost of the
transmission as well for better budget control.

The slow scan hardware, in short, 1s due for a big change. The only
question 1s how (ast will the change occur and when should a library
contemplate purchasing or lea:img such equipment It 1s similar to the
dilemma of when to jJump mto the microcomputer market. It isimportant
to recogmize that the skills organizationally and individually to use either
technology once acquired do not become obsolete Nor 1s it possible to
acquire these skills off-the-shelf or by intravenous injection. It takes work!
Using teleconferenc e hardware, while not so difficultas mastering a micro-
computer, does take effort and dedicatuion because there are many factors in
success almost outside of the control of the individual site. It1s not very
different from uang audiovisual equipment and dealing with those well-
known gremhins

For those convinced that teleconferencing is a service for their hibrary
to offer, the conventuonal wisdom 15 to recomraend a market survey The
underlying assumption here s that the target population understands and
recognizes mstantly the product or service being surveyed In teleconfer-
enang this 1s a rash assumpuion, unless the hibrary is prepared to offes
full-motion, two-way, interactive video The profile of narrowband tele-
conferenang has been very low, almost out of sight. For this reason the
kevnote s to start small and have the patience to allow the service 1o evolve.
How then does one proceed (o set up the service in a tentative yet positive
way? Theleast expensive and the most familiar route 1s (010 ,tall a speaker
phone—one which will <1t 1n the middle of the table i the staff meetuing
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10om The librarv duector should begin using 1t for short staff mectings
with other Iibratians in the svstem How 1s 1t possible tosell aservice if one
15 not an enthusiastic user? A speaker phone of this type can be rented for
less than $25 per month and does not require an acoustically modified
100mM

If the audio conferences are useful and ac cepted into the normai course
of libramv busmess, the next step 15 to add a visual dimension with
facsimile—preferably sub-minute fax. These machines are now available
for as little as $100 per month and can serve a vanety of hibrary suppert
functrons as well as to back up audio teleconierencing On ametropolitan
telephone exchange, faxed messages are asually cheaper than surface
courter or the U'S mail Fax allows for less formally prepared messages—
forms printed with felt-up pen rather than typed, for example.

‘The machines themselves have logging devices and printouts The
speaker phone and fax machine together provide a powesful orgamiza-
tional tool for the enure hbrary system and for interfacing with other
systems Planming can proceed in a nawural manner 1n a senies of short
nmely meetings as opposed to having people be away for hours or whole
davs from therr normal duty stauons for such meetings.

If this sunple form of teleconferencing woirks well asan admimstranve
device for the library, 1t is possibie then to make 1t cvailable to patron
groups on a fee bans Itis not recommended that more speciahzed devices
such as slow scan TV or Telewniter CRTs or stylus writers be nstalled
unless there 15 sufficient volume of clientele to justify these additions.
Moreover, these dre rapidhy changing technologies that have not reached
their maturnity or potential Leasing 15 probaoly the best course of acuon
even for tax equipment

Another adjunct to audio teleconferencng that can be had very reli-
ablv ;o1 low cost 1s the video letter—actually taping a meeung, on color
video tape at all sites, then sending the tapes via overnight mail  This
techmque both emforces the meeting while 1t 1s <ull fresh on the minds of
the participants, tends to keep people more alert during the meeung, and
archnves the meeting. The umits with the built-in recorder playback and
monitor all 1 one are admirable for video-letter usage as they transport
castly and are very easy to operate The video leiter simulates broadband
capability at a fracton of the cost.

In short, 1t 18 possible to test the administrauve advantages of telecon-
terenaing moa hibrary setang with mimmal cost In tact, soms soft (ost
savLig may actidlly accrue through better use of staff time and more
productive tune spent m meetings ‘Ieleconferenang has an important
side offect—1f a meeting 15 not well jlanned and well 1un, 1t becomes
apparent immediately (o the parnapants For this ieason t1s best to have
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short but well-planned meetngs with handouts prepared i advance but
also available for faxig It 1s desnable to have someone ready to exic the
meeting to obtam documents when the need for such anses during the
meeung It 15 not recomraended that the expense of slow scan or com-
pressed video be under taken until all of the advantages of audio teleconfer-
encing backed up by fax are fullv understood, used and endorsed by the
lilmary staff Then they will be in a position to promoie the service

There 15 a growing body of hiterature on teleconferenang Recom-
mended first 1eading indudes

Text:

Robert Johamen Teleconferenzing and Beyond: Communuca-
teons m the Office of the Future McGraw-Hill, 1981, 185p
Newsletters

Telcoms Teleconferencing Newsletter, Center for Interactive
Programs, University of Wisconsin—Extension, Madison, Wis-
consin, monthly. Circa 16 pages per 1ssue Note. C.LP. also
sponsors several conferences and workshop  per year on
teleconferencing.

Telescan, The Ihges! of the Center for Leayning and Telecom-
munications, Ammerican Association for Higher Edivcauon,
Washington, D C. Bi-monthly. Circa 12 pages per 1ssue.

One of the most experienced nstallers of teleconference equipment
outsrde of AT&T 15 Prerce-Phelps Company of Phledelphia which has
actual mor kup teleconference rooms outhittec wath the latest off-the-shelf
equipment ‘They stock the Mizar, a system of voice-activated, computer-
driven video cameras and monitors, such that the speaker can view both
himself and the speaker(s) at the 1emote sites This system, however, sull
requuies broadband tansmission, but would adapt to narrowband com-
pression techniques Ttas very expensive as well

One final note—teleconferencng can he a low budget, high payoff
adjunct to the hbrary both for m-house ase as well as pation use It can
bring groups into the hibrarv that previously made contact Ircan open new
educational opportunities for both hibrary staff and patrons Bestof all, 1t
places the librarv onthe threshhold of a new era of long distance communi-
cation, personal networking, and gioup productuvity. One of these days,
when the video-phione 1s a cost-effecuve reality, ibraries will wonder how
they ever did without 1t
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Establishing a Data Communications
Network: A Case Study

This paper 15 a description of the Lincoln Trail Libraries System (I, TLS)
Data Comniunicatnons Network which was developed without the support
of our computer system vendor by nontechnrcaily oriented Ibrarians. In
order to explain seme of the detennining factors which resulted in the
development of the Lincoln Trail automated circulation/online catalog
system and the decision to deveiop our own telecommunications networ k
without the support of the computer vendor, this paper will begin with a
description of Iincoln Trail, its membership and a very brief overview of
the history of the automation project.

Lincoln Trail 1s one of the exghteen hibrary systems tha: serve hibranes
in the state of Hlinois. Itis a cooperatve hibrary agency which encompasses
4 nine-county region in east central Hinoss. This res10n 15 5,902.5 square
miles 1n area and has a population of 439,108 people. The population
density 15 71 percons per square mile, compared to 205 gper square mile
statewide Si1x of Linco!n Trail’s nine counties have population densities
below 48 persons per square mile. Its membership ronsists of forty-seven
pubhe Iibranes, five academic libranes, twenty-four school hbranes and
twenty-five special libranes. Df the forty-seven public hibrary members,
only 6 percent serve populaiions over 25,000 Tharty-nine pubhc hbranes
(87 percent) are located in communities with under 10,000 residents, and 83
percent of the libranes are in communities with fewer than 5,000 residents
Fhin-four public hibraneshave an annual tax 1income under $30,000 Due
to the fact that the majonity of the public, academic and school hibranes are
located 1 low populanon density wieas, their property tax bases are
hmuted Propenty tax levies are the funding source for these libraries I he
tesult s th .t these Iibranes” expenditutes are geared toward nadiuonal
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hibraiv sevices and progiame Therefore, 1t has been the role of Lincoln
Tra1l to support the establishment of innovanve hbrary services and to
assist the hbranes in 'naximizing their use of funds.

One of the prmary responsibilities of any of the Hlinois hbrary
svstems 18 the processing of interhibrary loan requests both withiz their
individual boundaries and between systems. Inorder te meet that responsi-
bilitv, Lincoln T'rail developed an in-house collecuon of books 1n order to
fill the majonty of interlibrary loan requests generated by member librar-
105 However, it would be impossible to maintaim a large enough collection
to f1ll all the requests from this collection Therefore a umon card catalog
was established at the system headquarters This union catalog was com-
posed of card set« subimtted by member hibraries when they acquired new
titles 1n their collections, All libranes were to noufy system headquarters
staff when utles were withdrawn from their collections Interhibrary loan
requests that could not be filled from the Lincoln Trail collection were
then seerched 1n the union card catalog and 10uted io the holding library.
Lincoln Trail established a dehivery system 1o route requests and interli-
brary mateaals.

In 1976, a survey was conducted to determine the use of the Lincoln
Trail collection and the completeness of the umon catalog Thas study
showed that of the total ollection, 65 percent had never been used, 19
percent had been used once, 8 percent had been used twice, and only 10
petcent had been used more than twice. At the same ime 1t was discovered
that 20 percent of the interhbrary loan requests had not been filled within
hive weeks of submitting the request A major problem in routing requests
was the mability o detetmin arculanon status The study revealed that
the svstem hibranies were not keeping up with updating the immon catalog
Lack of access to the umon catalog by both the hibranes and their patrons
wds also a hidrance

Based on these 1esults, 1t was decided to examine alternauve methods
for nnproving mterlibrary loan service In 1977, foliowing areport submit-
ted by a commuttee of the Lincoln Trail Board of Direciors, 1t was deaded
to replace the umon card catalog with an automated catalog arcnlation
system and to mvite member libranes to input then holdings and use the
computer to recond and process their arculation transacuons. Lincoln
‘Trail would then have current accurate data about the ibranes’ collections
and would be able to10ute requests for on-shelf items Members would also
be able to search the svstem for Lincoln Trail holdings In response to
Lincoln Trail's mvitanon to parnaipate t the comnuter database, seven
public libranies and one academic hibrany agreed e enter their coliecnons
mto the database and use the compater system for arculaton Exduding
the collecions of the Umiversity of Ilhimois and Lastera hinors Unnversay,
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these hibranes represented 62 percent cf the utles held i Lincoln Trail.
The largest ibrary has an annual airculation of 1 million items, an 1come
over $1 miilon, a (ollection of over 200,000 1tems and a staff of twenty-
four Iibrarians The smallest hibrary has an annual ¢'rculation of 21,118
1items, an annual mmcome of $15,258, a collection of 20,000 items, and a staff
of one ibranan It was our intent to use this very diverse selection of eight
hibraries as a demonstration to the other system members that automation
could be an efficient alternative to traditional circulatior .nethods for any
ty pe or size hbrary In order to do that, 1t was necessary to ensure that the
costs of automation he kept at as low a ievel as possible. This was particu-
larly important because oi the limited funds available ic our members.

The three cost factors 1denufied as baving the greatest impact on
participating hibraries were equipment maintenance, retrospectisve conver-
sion and data communicauons. The maintenance charges for the central
site were divided among the online libraries based on their previous year’s
airculaton. Lincoln Trail underwrote their share of the maintenance unti)
they had completed their retrospecrive conversion. Each library would be
tesponsible for their individual terminal maintenance. Lincoln Trail pro-
vided a subsidy to the libraries based on titles input which helped defray
scne of the retrospective conversion costs. During this mitial phase 1t was
assumed the computer vendor would provide the technical expert:se 1o
MINIMIze COMMUNICatons ¢ osts.

Following the selecuion of the computer system, the project coordina-
tor requested the assistance of the vendor 1n evaluating the equipment
reguirements for the eighi ibranies and received an estimate on the number
of terminals needed by each hibrary. The proposal stated that each terminal
would require a separate telephone circuit and included a recommenda-
tion that Lincoln Trail contact the telephor e company to get price quotes
for hine charges. While the central computer equipment was being
instalied, the project director called the loc al telephone company 1o obtain
approximate costs for telephone lines 1o each of the eight libraries. The
average cost was $350-8500 per month per hbrary. It was felt that this
wonid be unacceptable to the majority of the libranes and posed a serious
threat to the success of the project. The telephone company offered the
assistance of an Ilhnois Bell markeung representative Following several
meetings, the telephene company presented three possible telephone line
configurations  These configurauons were all based on multidrop Lines
with several libranies sharing a single long line circuit towhich they would
be - onnected with much shorter tail arcuits The costs were considerably
less than the onginal price «sumate tor a single line for each terminal
connected 10 the centtal computer Using the informaton obtained from
the telephone company, the project coordimator contacted the computer
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vendor. The vendor responded that neither the hardware nor the coftware
were capable of supporting multidrop communication. Since the Lincoln
Trail staff had no previous experience with data communications or
cemputers, the information provided by the vendor v -as accepted witnout
questions. Ornly two libraries cut of the eight had the financial resources to
absorb the estimated telephone costs. Since the riginal purpose for the
installation of the computer was the development of an cnline union
crtalog, the participation of only two libraries was totally insufficient.

At . 1e point when it wastelt there were no alternatives, we received the
aid of our largest academic library, the University of Illinois. At the ~ame
time that Lincoln Trail was beginning its automation project, the Univer-
sity of Illinois was implementing the Library Computer System (L.CS) at
both the Usbana campus and the two Chicago campuses. It had already
been decided to expand LCS to indlude other acadenuic libraries in Illinois.
They were faced with even greater telecommunicaiions charges than Lin-
coln Trail since that computer system was to be based in Chicago and
participating libraries were located thr ughout the state. Therefore, the
Lincoln Trail ceinputer coordinator contacted the University Computer
Services offices and requested information on how the data communica-
tion netwoirk for LCS was being planned. In response, we received infor-
mation about telephone service which could be ordered through the State
of Ilhinois. The state thad contracted with Illinois Bell for a data circuit
service called TELPAK, a service which provided discounted line charges.
Any telephone line less than ninety miles long was a flat $90 per month.
The furthest library was just under ninety miles from Lincoln Trail
headquarters. It was deaided to order all the telephone circuits with the
exception of those located in Champaign and Urbana through Tt: L. PAK.
The $90 per month charge was within the budger limits acceptable to the
libranes.

Terminal equipment was then ordered from the computer vendor.
The terminals which were ordered were to be used for data entry. Non¢ of
the exght libraries had been OCLC users and the funds for contracting with
a retroconversion service were not available. This meant each library
would be required to manually key in all the bibliographic data contained
on their sheiflist cards Realizing that under the best of citcumstances this
would be ime-consuming and labor -intensive, the initial equipment spec-
ifications were for terminals operating at a minimum of 1200 baud or 120
¢haracters per second in order to provide sufficiently rapid response time.
After placing the first equipment oider, Lincoln Trail was informed that
the main computer and modem, we.e 1ncapable of a rate faster than 30
characters per second. Not having any alternatives, the imetable for data
entry was revised to allow more ume T'he telephone lines were ordered to
support 300 baud, two-whe service.
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Before the terminals were installed, the vendor notified Lincoln Trail
of a new cc ..munications device which had been added to their product
line—eight-channel multiplexers. The muluiplexers would enable a
librasy to operate a maximum of eight terminals using one :elephone line,
all at thirty characters per second. Although the purchase price and
monthly maintenance charge were high, two libraries decided to purchase
the multiplexers in order to decrease telephone line costs.

Following the installation of the terminals and multiplexers a series
of events took place that were critical to the decision to discontinuerelying
on the computer vendor for data communications needs. Six months after
the terminals were in place, an analysis was conduct=d to compare the
actual rate of data entry with the rate that had been projected. Even after
making aliowances fo1 the slower transmission speed, ine actual rate “vas
much too slow. This was accounted for 1n two ways—terminal failure and
central processing unit (CPU) downtime. The CPU downtime was
resolved by having a complete set of spare parts placed at Lincoln Trail.
The terminal downtime was a more difficult problem. When a terminal
failed, the unit was shipped to the computer vendor. Instead of the unit
being replaced immediately with anequivalent terminal, the library had to
wait for the original terminal to be repaired and returned. This proce. s
could take up to four weeks during which time data entry was curtailed or
discontinued, depending on how many terminals were still in place.
Although Lincoln Trail felt that this was an unacceptable situation,
maintenance was being paid to the computer vendor and there was no
known alternative method of repairing the equipment.

Shortly after the analysis was conducted, the multiplexers began to
fail. Again, when the unit failed 1* had to be sinpped back to the vendor for
repair. This was a serious problem becanuse without the multiplexer, none
of the library's terminals were operable. The multiplexers were located in
two of the largest libraries with many utles to input. The project coordina-
tor requested a copy of the operating manual in an attempt to do some
on-site troubleshooting. This was not successful because no one on staff
was famihar with data communications protocols and the equipment had
veen modified, making tbe manual inaccurate.

An<ther factor which resulted in the decision to develop our own
newtvork was thie formation of an Illinois consortium of higher education

institutions. Its purpose was te negotiate discounted price types of
computer equipment and suppli< . As an affiliate of asity of
Ilinnis, Lincos « Trail was able to become a member of \ rtium and

we began to ror ipare consortium prices with those chargea by the vendor.
The diffeience was significant.

Finally, the vendor announced hat the computer hardware could be
upgraded to support 120 characters per second transmission. This necessi-

1ig




ERIC

Aruitoxt provided by Eic:

A DATA COMMUNICATIONS NETWORK 105

tated the upgrade or replacement of terminals and multiplexers. It was
decided to proceed with upgrading the central computer and to evaluate
alternative sources for terminals and multiplexers.

By doing some cost comparisons it was determined that the terminals
purchased from the computer vendor were five times the discounted price
available through the consortia. Taking into account the purchase of a
pair of modems, the consortium price was still 50 percent less. It was
esumated that twelve months of vendor maintenance totaled the entire
replacement price of a new terminal purchased through the consortium
and that difference would become more dramatic over time, since the
vendor's maintenance charges increased 10 percent annually. It was
decided to discontinue purchasing simple keyboard display terminals
from the vendor, discontinue vendor-supplied maintenance, and upgrade
all the terminals transmission speeds. The libraries would pay Lincoln
Trail a much reduced maintenance charge which would be used to pur-
chase spare equipment. It was also decided to return the multiplexers for a
credit on the central site maintcnance and replace them with units that
could be repaired locally.

As was stated previously, there was no one on staff with prior data
communications experience. Therefore it was dec’ded to purchase exactly
the same type of terminal as that marketed by the vendor since it was
known they interfaced with the computer. In addition, these terminals
could be repaired locally at reasonable cost. Journal articles that reviewed
and compared multiplexers were obtained and, based on these reviews and
recommendations from the university’s computer services office, it was
deaided to purchase units manufactured by a local company. These units
were inexpensive and could be easily upgraded to accommodate more
terminals without requiring total replacement of the muluplexers. The
manufacturer was willing to perform on-site maintenance and provide
replacement units if necessary.

The hirst step was to upgrade all the telephone lines to allow faster
transmission rates. We then replaced all the terminal, which could aot
operate at a faster speed. In order to upgrade the terminals that could
operate at a faster speed, the modems were replaced. Although this was an
expensive undertaking, money would be saved on maintenance charges
and data entry rates increased.

It was at this stage that the first major problem was encountered. Prior
to this, terminal equipment supplied by the computer vendor had been
nstalled by their service personnel. The principles of installi 1g terminals
were understood by the staff, but not the actual method of 1nstallation.
Since the computer and modems all required RS-232 connectors, this
meant Lincoln Trail sta.f now had to know what wires on the data cable
were soldered to what pins of the RS-232 connector. The pin assignments
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vaned with the terminal model The vendor terminal< had been modified
so that they required nonstandard pin assignments The terminals con-
nected to the multiplexers required still anather pin sewing. The off-the-
shelf terminals required a third arrangem=n . Since the principles of
RS-232 were not understood, the logic for whv some pins were used in
certain settings was not understood. In a trial-and-error method, several
terminals were installed. However, it was extremely time-consuming and
frustrating for both the libraries vaiting to have the terminals installed
and the staff trying to install the equipmen:t. If the equipmer * did not work
at installation, the staff h.od no way of knowing if it was the terrrinal, the
modem or the telephone line. Multiplexers caused ev=n greater confusion.
The problem was solved by the project coordinator :;ho nstalled one
terminal in each type of situation, trying different pin assigniunents until
one worked. A chart was then made which ontline2 the color wire that
needed to be soldered to each pin for different types of . xrminals. Althcugh
the wire colors have no real functicon in establishing the communications
connection, 1t was a simple means for the staff members to remember how
to nstall a terminal.

There 1s another kind of connection that needs 1 be made before the
communications link is compiete. The cable that carries the incoming and
outgomg data between the modem and the telephone line needs to be
prcperly attached to the telephone nterface device. Each data circuit
consists of four wires—two for incoming data and two for outgoing data.
‘Typically, the telephone interface consists of a small box at which point
the four wires terminate. Each wire is color coded and 15 wrapped around a
screw 1 the interface box. Each screw has a symbol next to 1t which
indicates the color wire from the modem’s data cable that needs to be placed
on top of the incoming telephone wire. Supposedly, if the peison instal-
ling the ternnnal correctly matches up the colored wires *he connection is
made. This connection needs to be made at both the terminal site and the
central computer. Unfortunately it was not that simple.

There are four different telephone companies in Lin. oin Trail’s nine-
county ar'a Each ot the fc ur telephone companies uses a different type of
rermimation box although the principles are the same for all four types.
Two of these companies provide service to areas that asre primarily rural
and therefore have had very little expenience installing data circuits. This
resulted m servicemen from the telephone companies heing unfamihar
with the proper stallaton of the termination box theiefore making the
»lor coding unrehable This complhicated the situation for the Lincoln
Thrail support ctaff responsible for installing the equipment and slowed
down the installation process.

Rather than waste ume trying to bring logic to an 1llogical situation,
the project coordinator contacted the multiplexer manufacturer. The mul-
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uplexer manufacturing representative recommended the purchase of a
telephone handset with test leads 1n place of the standard cord. The leads
could be held upto a pair of termination screws and 1f there was a tone from
the computer 1t could be heard over the telepkone. Then the LTLS staff
member wonld then know what wires from the modem to connect to what
terminating Screws.

Based on this success, we began to rely less on guesswork and more an
the advice of local vendors. Also, on recommendations from local business
and representatives from the University of Illinois, we began to develop a
supply .of professional toois with which to install the equipment and
troubleshoot equipment failure. We stopped soldering connections and
bought a terminal installation kit which allowed the I.incoln Trail staff to
perform the installation quickly and be assured of better connections. The
soldering procedure had involved two staff members and frequently the
connections were not solid. We began to buy data cable in 500-foot re2!:z
which was sold to the libiaries on a per-foct basis when they bad equip-
ment to be installed. One library purchased a printing terminal which they
+ anted to have connected to the central computer. This required an
entirely different pin configuration than any of the previous terminals.
After contacting the vendor who sold us the terminal installation equip-
ment, we leased a breakout box fcr an afternoon. The breakout box told us
exactly what pins need to be conrected and the terminal was opera*ting in
less than two hours. As the staff ;pent more time working with the equip-
ment, they began to want more information about the basics of data
communications. The mu'dplexer manutacturel sent aservice representa-
tive to give a presentation on the hasics of telephone service and trouble-
shooting tele, one problems In additicn, two videocassettes which
explained the basics of RS-23% and the operations of a breakout box were
leased Staff members vsere then able to read and understand the equipment
manuals before installation and decide how they needed to be configurea.

As we becarae more successful 1n installing and maintaining data
commun:cations equipment, the network became more sophisticated. We
now have many different brands of video terminals and printing terminals
i our hibrartes The ¢";o1ce of terminal depends on the application and
avatlabihity of local service. With the divestiture of AT&T we became
concerned about the stability of TELLPAK, and began recommending that
all libraries with more than one terminal consider the purchase of a
muluplexer We now have muluplexers ranging in size from sixteen-port
units to two-port units The largest libranes recover the costs for the
muluplexers 1 ten months while the two port units reach the break-even
pomnt m fifteen months. We are currently installing inicrocomputers in
smaller mesether ibraries. The mucrocomputers will be used to record
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arculation transactions on a floppy disk which will be downloaded via a
WATS line on a daily basis.

Telephone and equipment costs have drop ped over the past two years.
In 1981 telephone costs were $1270 per month to support twenty-eight
terminals. In 1984 telephone costs ar "’ ™" per month to support eighty
terminals. With the exception of laser scanner terminals and hightpen
terminals, all equipment is maintained localiy Allmalfunctioning equip-
ment 1s replaced or repaired within twenty-four hours.

There are still two outstanding problems--1.e., dealing with local
telephone companies and setting up a consistent procedui e for each type of
equipmem in the field. Of the two, the telephone service has been the
longest-lasting problem. As stated earlier, there are four telephone com-
panies in our area. Because all of the service originates in Champaign, the
telephone service is ordered through Illinois Bell. Until 1 January 1984,
whenever there was a problem with a telephone circuit we had to call
Illinois Bell. Then the Ilhnois Bell staff had to contact the local company
where the library was located and work with their staff in correcting the
problem. One telephone line was out of service for five days while Illinois
Bell and the local company tried to determine the problem. Finally an
Illinois Bell representative traveled to the local company switching center
and discovered the problem—the circuit had been disconnected. 1t was
back 1n service five minutes after the problem was discovered. Of seven data
circuits nstalled 1n 1983, five were installed incorrectly and required at
least one return visit before the problem was resolved. Since January 1984
we have faced even more confusion. For some circuits we call I1linois Bell,
for others we call AT&T. When we contact AT& T with a problem, they are
sometimes slow ahout contacting the local telephone company to dispatch
servicerien. The second largest library was without telephone service for
three days because the local te'ephone company dispatched only one
repairman where two are required to thoroughly test a line. When he could
not find a problem the account was closed even though the problem was
not resolved It required three more calls before twe serv  .men were
dispatched. Again, they found the problem in less than thirty minutes and
the hibrary could begin using the system immediately alterward In
response to this, we have been purchasing more sophisticatcd muluplexers
and modems that have greater westing capability. ¥ith this cquipment we
van perform a numberoftests 2t Lin oln Trail before calling the telephone
company resulting in faster response from the relephore company.

Because thereissu h a wide range of equipment in the field, both local
library staff members and Lincoln Trail staff members were experiencing
trouble spotting problems simple enough to be repaired erther at the
ibrary or at Lincoln Trail. In response to this, we are now completing a
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checklist specifically for each brand of terminal and multiplexer used at
Lincoln Trail. Each hbrary will receive a copy of the checl:lists for the
equipment which they own. These checklists outline steps they can per-
form to try to cotrect the problem. Lincoln Trail will have a different
checklist consisung of steps to take after the hibrary staff hastried to resolve
the problem It is hoped that this will be a simple, consistent method of
determining causes for equipment failure, thereby enabling us to resolve
the problem 1n a umely fashion.

Although the network has expanded o.er the past three years and
member hibranes have saved money on telecominunicatons, equipment
and maintenance, we do not feel that we have the perfect solution. Qver the
next year we will be investigating more sophisticated methods of eliminat-
ing or reducing data communications charges. Some methods that are
being considered include shared lines with other state or local agencies,
more effective use of dial access for smaller libraries and cascading multi-
plexers Itis very likely that we will have to sacrifice some response time for
lowered costs, but tf TELPAK is Jiscontnued this will be our only choice.

If someone were to ask me if the original decisicn to forego vendor
support of our equipment and data communications needs was the c orrect
deasion, I would have to reply that it was very appropnate for us at that
ume First, there was an operations staff responsible for maintaining and
running the computer. It was a logical extension of their job descriptions
to include equipment installation and maintenance. This meant 1t did not
reauire hinng additonal staff. Second, because member libraries are small
and have hmited funding, it was absolutely essential that costs be kept ata
minimum By taking advantage of price discounts from local vendors and
state purchasing plans, we were able to ensure that libraries could afford to
autoniate. By having equipment maintained and repaired locally, mainte-
nance costs were keptata mintmum and ecuipment downtime eliminated.
Because we were not linmiied to the vendor's product line, we were able to
buy more flexible, powerful data communications equipment that was
suitable to a wide range of hibraries. Finally, although Lincoln Trail staff
members did not have soph:sticated technical backgrounds, we were able
to locate people 1n the arca who did have the knowledge we required. At
that tume tie staff of the computer vendor did not have the skills we needed
A major disadvantage was the amount of ume we spent obtamning the
expertise o mamtain the network. The end result hi  veen a computer
systemn that will be veed by twenty-thiee Tibranies within the next year—
almost 25 percent of our members It has become a viable option for all
tvpes and sizes of libraries and has allow ed all of themn to considet automa-
ton 1 thenr future
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