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‘Computer Networking in the

- Proceedings.

University — Success and
Potential’

o (

During the past five years, advances im computer and com:nunica
tions technologies have made possnble tht rapid growth of the use of 4
compting services provided * through networks. Recognizing thls

- growth, the Fall 1976 EDUCOM Conference focused on achievermnents

in networkmg in four areas of higher education: Iubrary services, health
sciences, physical and chemical sciences, ‘and thé administration of‘,
computing services. : .

The ngtworkjng successes described at the conference hughllght
opportunities for cost reduction and sharing of unique data and
computing reSources. Even more important, howswer, is.the evidence
of wholly new types of intellectual cooperation—~ranging from coHabor-
ation on a journal manuscript, in ophthalmology by five authors, to

* sequential processingzof chemical data by researchers at five cqrﬁputing )

centers having differ
gives a more complete descriptio_n of papers |

nt capabilities. The. introduction, to this volume -
luded in ‘the

Structuring the conference program, which mcluded ore than flfty
speakers and panelists, \was a complex and -di undertaklng
Conferegge Chairman Robert Scott and his committee devoted consid-
erable tie and effort to the task; we were rewarded by an outstanding
program. Many thanks aje due to: Robert Scott, Director, Office for .
Information Techinology, Harvard Unlversny, John McGeachie,
D|rector of Gomputing Services, Kiewit Computatlon Center, Dart-
mouth College; Weston Burner, Director, Information Processing
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‘Services, MIT; Pete} Meincke, Professor of Physics, University of
Toronto; Warren Seid_e{, AssSciate_ Professor of Chemica! Enginesring,

*” . University of Pennsylvania; and Eugene Young, Assistant Vice
President, Rutgers, the State University, of New Jersey.

o \\ o 5 ' Jamés C. Emery

,EDUCOM -~President _
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For the last few years, it has been the practice for EDUCOM Spring
and Fall Conferences to explore current potential and future oppor-

" tunities for the application of technology to the |mprovement of educa-

tion and of its management. During this same time period, two major
EDUCOM activities have started to.address in detgil specific aspects of
the application of tomputer networking to the un)ii?sity environment.
These two activities are the NSF- -sponsored Netwgrk Simulation and
Gaming Project-and the twenty-two member Plannmg “Council on -
Computing in Education and Research. -~ - - - . - B
The Fall, 1976 Conference sought to- provide a forum for reportmg
on these and related activities and -to indicate directions for future
development. The theme gelected for the Conference focused on
success that has been achieved in the application ‘of computer
networking to education and research in North American universities.
Development of this theme involved a survey of issues in computer
networking, g provided by two major addresses, and tyg panel
discussipns addressing specific network activities, the degree of their
success, the reasons for success or failyre, and the problems that will be
encountered in the politjcal, legal, technological, and marketing areas in
the future as inter-institutional computer networking develops further.
The majority of the Conference,.however, was devoted to specific
disc ssiops, of successes in the use of computer networking in educatnon
and resegrch. Four concurrent ‘sessions explored the apphcatnon of
computer™networking to library ‘administration and use, to the health
and life sciences, to the physical and chemical sciences, and to
unive}sitv computing centers. The varioys papers that follow in this

r s e
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" Proceedings show that a wide spéétfum of 'success has been achieved.

Many common themes-emerge including the need for management and

'pl’annmg for. user services and Support, and for facmtatmg

organizations,

. .

Durmg the Conference 16 dem tratnons of computer networking -

wete conducted spanmng a wide range 6t appl.lcauons-lnbrary adminis-
tration, value added servuce networks, . commercidl. ‘service bureaus,
umversut.v computlng centers, computey, assisted -instruction, and
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‘Corﬁbute"r-Networki'n‘g i'r'ftlhe'

Unive rS|ty — Success an\d ' SRS
"Potenti; y B
- v 'S -~
. ) . , N

. The Airlﬂe House conferences on Compﬂ‘ter Networkmg, sponsored
by the National Science F oundation and developed by EDUCOM, wera\
Held in late. 1972 and early 1973 a} a time when the ARPANET had
already demongtrated the feasibility and some aspects of the usefulness -
of ndtienal computer networking for research. At those conferences,

> national computer networking for Collegés and Universities was extén

- sively discussed ds a potential contribution to higher education, The
result of the Airlia Housesconferences were described quite well in the
book' Networks for 'Research and Education.. by Greenberger,
Aronofsky, Massy and McKinney:" A number of. goals and a plan wete '
‘established for achieving'the potenMorking for higher educa-
tion and research. Some of those goals have been met, other_s.still
dangle like_carrots on tong stitks, . -

Another important. outcome was ‘the ‘establishment of defmltlons
and concepts which could be used to communicate about .computer
netwarking. Three types of networks were defined: a user services net-
work which is people and task oriented and dedicated to the delivery of
specific services to specific users, a transmission network which engages,
in the transportatton of signals from point to point, and finally, there is
the new concept. of the facilitating network. The facnhtatmg network
-~ ganceptually *includes the bridging functions necessary to jon) users to
" network resource types. .Into this category of facilitating services falls’

standards of protacol, conventions for accounting ahd billing, docu-

.mentation and user upport, and marketing functlons Facmtatmgh

" serviges ‘also include the . necessaryy mterfacmg hardwate to accom-

modate the multitude of componerits interconnected in such a net-
work. Two impoftant concepts'in the facilitating network definition are
the wholesale—~retail analogy uses to describe the relationship. between

hd .t o . . R
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major resources who supply “‘wholesale’’services and sPecialists in user

services which deliver “’retail’” services to indjvidual users and groups of
users. The- other is the “‘distributed system’’ which focuses centraliza-
tion-and decentralization issues about hierarchical structures for com:
puter resources. o - . . .

One 6f the “largest’’ ideas which’came out of. the conference was
that a new national Planning Council be established to provide a-focal
point for ‘the organization, development, and funding of national net-
working concepts for higher education. In essence, the Planning Council
was to concentrate on the develogment of two of the. three forms of
networks? namely, the facilitating network and the user services net-
work with the hope that the user services network could begin to
organize while the facilitating services are developed and refined. In
additiors,-the Planning Councii was to deal with the important guestions
of organization and strugture for national networking in Higher educa-
tion and research. ' T )

‘Where are we now? In quantitative terms, there are several signifi-

cant numbers by which we can measure our progress since- the begin-

ning of 1973, a period of almost four years. In order to establish.a
point of refgrence, we can now examine some statistical information
which was not available then. In 1974, for example, the Ihformation
Industries Association already had 71 members and the estimated gross
annual revenues of the members of this organization ranged from a low
of $477,000,000 to $618,000,000 for the year. In short, there was

al;eadv operating in 1974 a commercial version of the user services net- " -

work with an operating‘volume which generated a cash flow of about

‘one-half a billion dollars a vear.' Hardly a trivial activity! Other data for’

the period indicated’ that the total annual revenues for, the telephone

s

industry in 1973 was $25.5 billion dollars. The total annual revenues.

for the software and service industry was* $3.7 billion dolfars for the -

same .year. Moreover, at this point in 1973 the annual growth rate of
these two industries was compounding. at a.rate of slightly in excess of

" 16% per year. It is also important to note that in all of these cases, the

costs for these services was being born and justified by individual users,
most of whom presumably hads made the deciston that the value
received from these services was worth the cost.

Transmission networks are now flourishing. In fact, the commercial
packet-switched network has developed since 1973. It is.interesting .to
nofe that Dick Bolt, who was a major participant in the Airlie House

- conferences, became convinced that the'packet-switched network was a

.viable commercial yenture, He recruited Larry Roberts from ARPA, put

'up substantial fu ds from his -own corporation and managed to raise
additional funds to establish and begin to operate the Telenet Com-
munications Corporation which is now the majdr supplier of commer-
cial packet-switched network services. In addition, other carriers includ-

ing TYMESHARE, MCI, Southern Pacific, Western Union and a host

of others have\ continued to flourlsh with transmission networks

A ¥

.



[
.

COMPUTER NETWORKING IN THE UNIVERSIFY '3 *

operated in .special market sectors. Other than the much publicized
demise of Datran, there seems to be no hesitation in the development
of a viable industry around transmission networks for computer usage.
" “In fact, with Western Union picking up much'of Datran’s resources, it
.is conceivable that the microwave network envrsroned by Datran will
become operable.

So transmission networks are alive and weII—how about our facrlr
tating network? From my point of view, the progress has been encour-
aging but mot yet sufficient. The Plannung Council for Computing in
Education and Research has been - established with twenty-two
actively participating institutions. The participating institutions repre-
sent a widely diverse set of colleges and universities jocated throughout
the United States. All of them already devote major attention ta the
use-of computer resources in education and research. The staff of the
Planning Council headed by Dr. James C..Emery is now well established
in the supervision of the. major tasks for the Planning Council. The
governing organizations represented by the Policy ‘Board and the -
Technical Commiftee have begun to operate as intended with participa-
tion and involvement from both the executive level and the senior ,
technical level at.each of the member institutions. It'seems appropriate
to examine some of the major projects of the Planning Council as
ilustrations of the facilitating network concepts described previously.

An idea which emerged from the Airlie House conference was the
development of a "network simulation. model”” which would allow the
systematic evaluation of the impact on a school of participation in-a
network. A small group of people, encouraged by the prospect and
experienced in the development and use of simulation models met in
Cambridge late in 1973 and concluded that it was feasible to develop a
*  simulation model that-would at least.contribute to the knowledge
about the financial impact of network usage, if not answer the qther
questions as' well. Very fortunately,this group received’ enthusiastic
_encouragement and support from the National Science Foundation
and the work was begun with a group of cooperating investigators to
study the characteristics of such a model and determine its feasibility.
This effort has resulted in a major research project for the development
of a network simulatign model which will allow individual institutions
to simulate various conditions of- network use to support decisions-
about computer resources. It is encouraging to report that the project
has already achieved its initial goal for the development of.a basic
simulation model. This model now simulates the activitigs of a group
of twenty-two institutions. Current efforts are underway to convert the
_simulation model to a basic decision support system for colleges and’
universities |n evalyating computer networking trade offs. | should add
that the current version of the simulation mode! is' perferming both
more effectively and more" efficiently than most of. us expected and.
we are encouraged to hope that a significant decision support system
might ultimately result from this research activity.

15
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The Planning Council has initiated a project directed toward user-
oriented network services and dealing with the problem of delivering
- computer resources to computer users at a substantial distapce. Qne
way to- characterize the user network services envisioned by the
Planning Council is to compare it to the ARPANET. The typical
ARPANET user (if. there is sych a thing) was and continues to be a
person skilled in the use of computer resourtes. The rgsearchers who
use the ARPANET and do not fit. these characteristics usually require

services of an-“‘interpreter” who is so skilled. As a result; the
‘ ANET usersrequire little in the way of facilitating services-and,-in
“fact, seem quijte pleased to be able to “do their own thing.” The facili-
tating services which characterize the ARPANET afe those which deal
with hardware and system software interfaces, e.g., the ANRS system at
the University of 1llinoig, the ELF system at the University of

California and the UNIX system originated at the Bill Laboratories. By

contrast, the user-oriented network services which the Planning Council

is attempting to develop will facilitate the access to remote computer .

resources by users not skilled in'cqmputer science and technology.

.. The énhancement of discipline oriented Communities’ of scholars

may be one of ‘the most ‘beneficial aspects of computer networking by
_enabling the concept of computer-based publishing of research and
teaching materials. There are already substantial computer-based mate-
“ rials which are difficuit to transfer from computer to computer. Oné

éxample is large models which are used in chemical engineering, eco-

ngmics, computer science and. a number of disciplines. Another exam-
ple are large collections of data.which are updated with sufficient fre-

. quency to make it inconvenient if not very difficult to transport from
_ computer’to computer. IA‘fact, for much of this material, institutions
can simply not-justify the cost and the effort required to move the
materials to the local computer so that effective-access for any purpose
is denied. : L,
R particular illustration -of this kind of material which EDUCOM
continues to support is the distribution of materials in law teaching by
means of a computer network. The materials are represented by
computer-based exercises of two to four hours in duratign which -test
students on their knowledge of various fields of law. The exercises
basically simulates a one-on-one interaction between a student and a

, professor of law. A number of these gxercises have already been devel-

oped and operate with the support of a large scale computer system at
* the University of Minnesota. Authors of the exercises are located at
Minnesota as well as other institutions including Harvard. The cost of
moving the whole systym from computer to computer is significant. In
addition, frequent mod\fications and. improvements to 'the system at
the University of Minnekota ‘would have to be laboriously communi-
cated and installed. The net result is that with lowering communica-
tions costs it is\ more-cost effective to directly access the computer at
the University ‘'of Minnesota than ta deal with the transfer. These law
exercises may be typical of the future ‘in computer-based publishing:
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they are an adjunct to course material as opposed to replacing specific
-techrnques.or materials; they. are produced: in concert with printed

cases which the law school students study and. from which lectures are

-developed, As a result, they provide a new and valuable dimension to

aw teaching and -have been received. with enthusiastic support by a

~stzab1e number of lawiteachers..Ip fact, it is ||ke|v that theserexercises

will be used nationally by forty or fifty law schools within the next two
years. The broad use of these materials is almost certain.tg,epcourage a
larger group of authors to-develop cases in the’new computer-based
medium. If this is a valid example of the concept of computer- based

publishing, it.-appears to be self sustalnlng in the richest sense. | am-

personally hopeful that thissmode! cah be extended to.a host of other.
disciplines for which remote access to computer- -based taterials will
provide a new and valuable dlmen5|on to learmng '

‘An Important Potential—The L/brary Probably the most |mporta\nt .

and ‘the most critical new function ,of a computer network for the - |
future is as -an- altermative |nfo;mat|on resource. Althoﬁgh the use of

networks as information resourtes has W6ng been tested, I(/IS now time
for some tangible and'useful manifestation.of the promise.
In considering the. problem and the potentizl, the.refative economics

demic. Libraries where the results of a studv of 68 ||brames over the
years from 1964 to 1969 are portrayed showing,that during this period

 the operating cost for the 68 libraries, calculated as a unit tost per
student, approximately- doubled. Over this same period the wholesale

price index remained relatively-flat.”In fact, the.library costs increased

at a rate seven times that of the wholesale price index. Similar data for '

computer and communicatjons costs expressed as a function of a unit
of ‘protessing and computation showed that during .the'same period

~ these costs were dropping fhore sharply’ than library costs werk

mcreasmg ,In fact, computer and communicatioris units costs decreased

“by ten times relative to the wholesale price index over the period. -
Some specific illustrations may help focus the point. In a recently

‘published Fact Book on the Yale libtaries, Dr. Rutherford Rogers

. reveals some striking quantitative data. 1n.1975 the Yate, library held

6,518,848 volumes excluding serials. These holdings were 15% greater
than the holdings'of 1970, measured similarly, and the. holdlng,s i 1970

~were 28% greater than the hoidings in 1960. The growth'rate irf serials
-Muring the period is approximated té be in excess of two times that for

books repgesented by the statistics. The cost for Yale ligrary operatlons
during the year 1974 76 was $10,733,000, the third fargest.on the con-
tinent, exceeded” by the Harvard libraries at $11,496, Q00 and,_ the’
Toronto University libraries’ at $11,997, 000. One -of the more dIS
tressmg aspects of these cost data, in addition'to the size of the num-
bers, is the rate of,growtk. For'Example ‘the HarVard library costs ha

compounded at a rate of approxlmatelv 9% for the past five yea§

. of -the status quo and technologlcal innovation are revgaling. This per- ‘
' spective of the library probiem ds. |l|ustrated in The Economics of Aca-

<
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One reason that it isn't higher is_that the funds/devoted to aoqwsmons

. are now less than 30%. of the library . budget. lf funds for acquisitions

are squeezed to less and less as both the cost, /and quantity of printed
materials increase, the result is both obvious and undesirable.

A costly feature of printed material is the physical space that it.
consumes. For example, at Yale there are 190 miles of Ilnear shelf
space_in the University libraries foused m’over 15 1/2 acres of floor-

‘space. In today’s economie environment space costs are aggravated both *

by the increased .costs of construction anfi the increased cost of opera-
tion and maintenance spurrgd by the energy crisis. This problem will .
likely contthue for the coming decade as all these costs, particularly
energy costs, move upward The impact of space costs. onlihtaries was
the subjtct.of a recent arti®te in the ,Chroﬁic for Higher Education
{July 12, 1976) by‘Robert Wilson in which the duthor used space costs
to argue that a large cost savings can resquom an jincreased use of

- microfilming technology coupled with the shanng of hbrary collections
* by regional warehousing of less frequently used materials. However, the -

concept of decreased self- sufflmency for university libraries, on which
the conservation of space argument depends, repyeserts a‘responswe

ness problem to the librarian as well as a limitation on the user’s ability -
to’browse. Moreaver, the storage of materials on the basis of frequency .
. of use, a concept which has become very fAmiliar to those involved. in-

computer technology; is a relatlvely new concept.to the librarians and
one WhICh plans stress on the book pubhshmg market evidedt.from the
testimony before CONTU. This is but another illustration of the fact
that technological solutions may create beha}uoral and policy problems.
The pu(pose of combining these data is, of course, to support the
-claim .that’ the promise of computer and communications technology
has some financial basis. It is virtually a certainty that unless that prom-
ise of computer. and communications téchnology begins to provide
alternatives in access to mformation there is likely to.be a ‘substantial
shortfall in the availability of infofmation to scholars, a matter of some
particular concern to those libraries which support research activi
Scientists have for a number of yéars epvisioned the day when com-
‘puter and comriunications technology can be used directly as a substi-
tute for vnsmng the library to plow through stacks of printed materials.
The typical scenarlo envisioned by such library futurists includes a
"conversation” with a computer terminal about the kind of informa-
- tion desired and the terminal responding with samples of i formatlon
ffom the computer system which couid then be used to refine the.
inquiry to the desired point. Moreover, it is envisioned that-this conver-
sation can occur in a fraction of the, time required- for_a visit ‘to the
library of prlnted materials and would provide moré - ‘'up to the
minute’ information as well. Such a system could pot replace materidls
‘but that kind of information resource might reduce serials costs and
.reduce the labor intensive parts of library searches. It ‘is obviously
a scenarig_in which there is a good deal of promise when one considers

. ’
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the alternatives. Making a collection of information accessible through

new technology, approximating completeness and making the service
affordable in cost are equally .as significant as maklng the human inter-
face to such a service comfortable to individual users.

I submit tRat this congept is not far fetched. In fact, such a svstem
already exists in microcosm. The legal data system offered nationally
by Mead Data Central to practicing lawyers, called LEXIS, contains
comptete opinions for cases in particular areasof law from federal: casesf
and ‘several states including New York, Michigan, Ohio and Texas. The
user interface to LEXIS has been carefully designed. with the ob]ectlvq
of- allowmg a senior partner |n a law firm to use the system directly
- wjthout an operator/lnterpreter The theory is that the conservation of
user time in the use of such a service for researching case law material °

; yvnl,be cost effective in comparison to traditional use of taw clerks and
" law Tlibraries. It is also theorized that such a system vY'ill be equally.or

more effective in finding all pertinent cases fqr a particular proceeding

_ given the time constraints that usually apply. This application has sev- )

.-eral "characteristics which make-it feasible for contemporary .techno-
logy. First, the amount of data, although large, is sufficiently small to
be compatible with contemporary memory technologv for fast response

dévices. *Second, the application is sufficiently specialized that a user -

Yanguage vocabulary can be targeted dlrectlv at a manageable set of ter-
minology. Third, user time is valued very highly, often in excess of
$50.00 per hour. Hence, the 'time saved can be used to justify a rela-" -

tively expensnve service. The comblnatlon of these factors makes the -

_service successful and as technology becomes more powerful and less
expensive, the methodologv can expand to some other professions and
- disciplines, perhaps the sciences, The yse of LEXIS and its competitive ,

system offered by West: Publlshlng Companv is mushrooming in. law ~

. firms in the states for which case data is maintained and for federal
cases throughout the United States. These services also appear to be’
achieving to some-degree the important objective of having’ practucmg
lawyers use the computer terminal dlrectlv {albeit computer. terminals
which has been carefully engineered to encourage such use). In short,
these law systems may be early iNustrations of the kind of technology-
‘based information -resource which -can deal with a sagmflcant part of
-the library problem.

There are, of course, a number of immediate dlffuculttes The largest
of these is the cost..of providing such a service for disciplines not
restricted to small volunaes of information: and specialized vocabularjes.
The challenge, then, is to concentrate on those areas of development

~ which can improve the capability for spemflc,cpscupllnes at a reasonable

cost. For the future, we should assure that the results.of research in

19
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* information structure and information technology are applled to areas
~of. need where capablllty and financial . factors are a match. Applied
research, the marriage of theoretical concepts to very real information

probl®ms, must be performed in order for the computer.and communi-
cations technologies to have a substantial impact on the library problem

_ which has been described. Early-indications are that the theoretical

concepts are sound when applied to real problems. However, the:
development of computer based information systems as a meaningful

. alternative to the library in the 1970* s has a large number of gaps, gaps

whlch must be filled in order to avoid a.real shortfall in the traditional
role of the library for college and university scholarship.
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‘ _ by Peter A. Alsberg

Computer Networkmg
Experience at the.Center for
AdV ncgd Computatlon

1.0 INTRODUCTION

The Center fdr'Advéncéd.Corﬁputatlon. (CAC) is a research unit in

" the Graduate College of the Umversny of lllinois. The CAC was origi-

‘nally formed in 1970 to support the Illiac 1V computer. In 1972 we
were ‘forged to rely upon the ARPANET for our camputef servuw{and

T

computer operations. . e

2. 0 THE BEGINNING - 19>72 .

CAC research aWtivities. In 1972 the Center fqr Adyanced Computa
tlon was an ARPA-dominated caomputer science’ reseatch institution *
specializing in the development of operatlng systems, compilers, statis-

.

" tical systems, graphlc systems, data management, and large application

programs. The CAC had one research contract from ARPA at.a level of

" 1.4 million dolars per year. Of that money, $480,000 per year was
- - spent for'our own Burroughs. B6700 computer and support staff.

ARPANET status. In 1972 the ARPANET protocols were in their
|nfancy The few protlocols that did exist were- all first version. The.
ARPANET itself was a radical .and very ambitious step into a new con-
cept of computer communication and service. No one had any exper-
jence with multi-machine networking. Theré were véry few server sites
on the ARPANET. The only sites that could be depended on for a ser-

"vice orientation were the UCLA 360/91 and the Bolt Beranek and New-

man (BBN) PDP-10. The Center for Advanced Computatioh was -

‘pioneering the mini-host concept for network access with its ANTS t

system. But at that time the mini-host concept was new and not weII

_funded -

ARPANET transmon ARPA wathdrew support from ‘our computer
and forced us, to.go dnto theARPANET for all'of our computnng needs.

—9-
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10 COMPUTER NETWORKING EXPERIENCE

The transition to the ARPA network provuded for no overlap in. IocaI
86700 services. On June 30, 1972, the computer was removed. On Julv
1, 1972, Center research progranis were transferred cold turkey to the
ARPA network.

Arrangements were made with UCSD to provide B6700 service on
the ARPANET. There were extreme problems with staff rejection of

" the ARPANET..

Immediate results. Within two months of the ARPANET transutlon
the staff attitude had completely .reversed. There was virtually unani-
mous support for networking. The reliability, availability, and préduc-
tion orlentatloﬁ of the UCSD installation was superior to the facility we
used to run ourselves. We were the largest single account at that idstalla-

. tiop.; Our dollars were important to UCSD. In the fall of 1972 a B6700°
was’ avaulable on our own oompus at the Department of Civil Engi-
neering. UCSD knew this, and aggressively supported our requirements.
We also' saved money. Durmg that first year, services at UCSD cost
approximately $108,000.- Support of our ANTS mini- -host, local staff,
and ARPANET IMP cost approximately-$82,000. This annual cosf of :
$190,000 was approxlmatelv ‘40% of our preV|ous year costs. V

3.0 THE MIDDLE — 1973 to 1975

Growth of heterogeneoy,; comput/ng Durlng the 1973 to 1975

" period more service sites came onto the ARPANEJ. ‘

« ¢ 'There,were many PDP-10's on the ARPA netwprk;: anc{ ARPA had a
‘well-furided graphics program for ,ARPANET PDP-10', Fhis provided

. the opportunity to -explojt,multiple, machrnes on.'the ARPANET to0 .

" solva a,single problem. One of the flrst examples'was in support of the k
Laboratory for Atmospherlc Research. The PDP-10's orwthe rietwork

~-wege .superidr intéractive machines to the 360/91, Thus a PDP-10 was
used in an interactive mode"to prepare. jobs which were subsequently
sent to the 360/91. The results from the 360/91 were sent to-another
POP-10 where graphic- displays were prepared. Flnallv, the graphuc
results of the 360/91 run were sent to our ANTS mini-host using net-

- .work graphlcs protocol. ANTS was then ablé to display the results on a
variety of.devices at the CAC and at the Laboratorv for Atmospheric
Research. !

By 1974, it seemed clear that multl machfne operation offered not
only perfor?énce but also cost advantages To test this, we, ran a'series,
of benchmafks in late 1‘974 and early 1975. We found that machines
varied-by factors of 10 ‘or more in the cost and the speed with which ¢
they could perform various tasks. Nevertheless, it, was found that '
through netWorkung we could exploit small differences in machine per- -
formance or pricing policy. Furthermore, network overhead could be
absorbed even for very small tasks (tasks that cost only pennies tp run

. or took onlv seconds to execute). The conclusion was obvious. Signifi

Gant price ‘and performance advantages were available if instdad of

3.ttempttng to solve an entire problem on. a single machrne appltcatlons -

22 .
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-programs were split to take advantage of the best machlne avanlable for
each component of a problem.

Cost growth. During this perlod our cost for ARPANET services
grew. We were doing much more computlng than before.” We were
spending’ approximately $300,000 per year. for service at remote sites
‘hlus $85,000 to accegs the network (ANTS, support staff, etc.). But, as
competitive service sités became ‘available, we were able to barter for
preferred rates. We. had increased out overall computmg loag several-
fold and ' stil were spending $100.000 less than .when we tried to
operate our own machine.

CAC transition. With the ARPANET intersinstitutional co- operation
became common place. The researchers at the Center bpgan to use the
ARPANET mail facility to collaborate’with other investigators. One
result has been the frequent appearance of multi-institutional publica-
tions. Another has been that researchérs who are depehdent on the
computer found that they could move fronmi on® institution to another

, and still have aceess to the same computing facilities. The CAC became

- dlsupllnes that used computers onlv as research tools

a natural focal point_for tésearchers who required sophisticated com-
puter tools. By 1975, sixty percent of aur-contract support was now in

40T PRESENT—1976 s N
Current’ CAC research. activities. The CAC currently ‘has approxi-
mately one and_ one-half, million doHars of dontract tesearch in energy, °

labor -and .econamic -impact st.udles remote sensing, and land use

p1annmg We still do computer scnence research for government and .t

k lndustry C -~
This research mlx is hkelv to contlnue Multi-machine expertlse has
become the rule for CAC staff.” This expertise and the irfipressive

* resource- of the ARPANET can place computing problems into a per-
- spective more appropriate’ for these researchers. . .
Current cost. At present we are spending $300,000 per vear for net-

worik’ computlng services. Of the ARPANET services consumed by the
Center’ contacts, approXimately 30% are related to computer science
4nd the ‘hard sciénces; approximately 40% are related to government
policy .support; and approximately 30% are- related to energy and
psvchologv research, . v

-
5.0 ‘TECHNOLOGICAL CONCERNS ‘ '

Resource access networks. At present, computer. networks support

-.resource access, A terminal attached to a computer in London. or

Californid can acgess a computer in Hlinois as if it were local. A user

. can transfer files' from one machine to adother. All of gbe communica-

tions protocols are telephone surrogates. They provide point-to-point
services in a manner that could be done with a,telephone were a com-
r_gunlcatlpns network not available. This mode of operayonfdoes not
even beqnn to realize the potentlal ofﬁe;j/orkrng )

|
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Resource sharing networks. Resource. sharing networks are cost and
performance lsuperior to resource access networks. Resource sharing
network’s wilfyequire multi-point computer-to-computer protocols. So
far, little has‘{been done to develop those protocols. In addition there
are major technological problems with resiliency, security, and ac-
counting. Again, little has been done. » )
Resiliency. r"%‘I’oday,_ most network systems assume a very benign
environment.. They do not account for protocol violations on the part
of the computdr. Progocols'assume that no .process on ghe network
operates with. malicious intent. Finally, current protocols ignore the
nagging problemiof lost messages. All of these assumptions are violated
‘!aily on the ARPANET. ‘ . »
Secuyity. Accegs control and'security on a computer network are ex-
tremely difficuit. Current work in the Department of Defense indicates
_that the problemiis exacerbated by multi-poipt considerations. Re-

- source sharing networks wgll have to secure proprietary software and

data bases and will‘\have to sypport privacy for records about individ-
uals and organizatiops. Once again, little has been done. o
Accounting. For{Tesource shating to become a reality, we will need
tfansitive billing prpcedures (and hence transitive security). For ex-
amplg, a user mighg interact directly with only one service site while’
interacting indirectfy with many, others. The first site should be able to

- bill the user- for allfservices consumed, direct and indirect, The current
* requirement for sefjarate accournts at éach site limits resource sharing to

_.the most innovativgand technically agressive users. ’

'6.0°LESSONS.-WE LEARNED . =~

_ARPANET, the '‘right”” machine for any computer. project at the Cen- -

—

" T™e hidden costs of our own computer. "Prior to moving to the

ter for Advanced Computation had to be our own machine. Our ma-

chine was a fixed cost item. A significant amount of senior management

time was;drained by the care and feeding of thé,machine. Even our
choice of research areas was subjected to constraints imposed by opera-
ting our own machine. ) -eT : - N

Networking advantages. In substituting the ARPANET for our own.
machine, we reduced our-direct and indirect expenses. The ARPANET
allowed us to spread our computing needs across the network, using an
appropriate machine for each of our problems. It is common for Center
staff to be fluent.in three or more computer systerns and to apply the

D d

different perspectives and philosophies gf thdse systems in theiy day-to-. , -

_ day problem solving activities.

The drain on our senior management time s gone. We have replaced
a major fixed cost item with a flexible cost item. We alsq have reserve
computing capacity whenever needed. .

Networking really isn’t for everyone. Networking is r‘;t a free ride.
The Center's experiénce has been that we cannot trust the common
carriers to develop networking techriology: Parochialism abounds. In
particular the common carriers tend to design for terminal communica-
tions or for,. a specific operating’ system. Any organization seriously
interested 'in netVgrking must make: the commitment to'understanding
and advancing network technology. That comritment is the hidden
cost af networking. .o

. . oo . .



Chapter 3

v L f
.The Future of Computerized =~ A _
information Systems: The _ 4 LS
Legal, Political, and Regulatory ) I
Envnronment B ‘ ' : ..’,

1.0 |NTRODUCT|ON , . Y

What0|s to be the natuf® of a university in an nnformatuon oriented
socnetv7 Compu{enzed «ntorma.tr%_vstems have the'- capaq}tv to

+  ’precipitate substantial changes poY only m’the manner .in, which’

/ information is disseminated’but fundamental ‘changes in the msntuhpns ¥
withii. which such information is generated collated packaged and
dlStl’lbUted 1o the eonsuming public.

+ The future -evolation of’ networknng of computer«zed information
systems is. morgdependent upon issues involving information content

" and the roles of the institutions that develop them than it is on the
. cost and complexity of the communications and computmg facilities

' “themselves. . ‘\ "
What then are the legal and regulatory pro‘ﬁ-ms you are likeJy td

encounter, and what is the political envcro’nmen; in which they will

have to be resolved? More precisely, what Itkely oppdrtunities may arise

. which might facilitate and, simplify the exchange of chit chat from one

cQmputer to another and who are the cast of characters you are likely
to encounter as vou enter the arena in.which the legal parameters of
net‘workmg are I|ketv xo be forged7‘ .

S . : ’ T

2.0 THE PROTECT]ON OF PROPRIETARY RIGHTS IN
COMPUTERIZED INFORMATION SYSTEMS -

Camputerized ‘information systems transmit intellectual products >
“that are produced by a W|de variety of individuals, groups, and nnstltu

-

T R | .
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tions bo'{h public and private whether operating in a university envir-
onment or in a business environment: One of ‘the most striking
characteristics of the new -computerized in_forma.tion systems is the
difficulty ,of separating public from private spurces. The rules of behav-
ior to’ which we have subjected the two different types of producers,
and which differ - substantially in their - basic thrust, are,’ now
incompatibly nfingled. Moreoyer, the new and long awaited Copyright
Act recently passed by the Congress 11) does not really address itself to
the questions of “mroprietary Pprotectign. of intellectual property’
produced within the context of computer networking {2)" -

.Consequently; a long and protracted development of the faw in this
asea is-a |ikeTy prospect for the foreseeable future. Although some of
the most pressing problems offefed by new technological developments’
such as cable television (3) and-reprography.dg8) have been addressed,
the Copyright-Act has set aside the determination of the law concern-
.ing computerized information systems. Specifically, tllg Congress-
awaits the reports of two national missions which are functioning
: independently and simuftaneously: The Commission on New Techno-

|6giga| Uses (5) which contains representatives of the publishers and the
. informatign jdustries; and the CGommission on Libraries and Informa-
tion Scie wHich contains librarians, ,4a_hd information profession-
als (6). ' . e s ¢
The. results :of these deliberatiens wilt"have a profound effect upon
efforts to interconnect data banks. The use of copyright protection of
_ proprietary interests “in computerized information systems raises far
more questions and difficulties than it solves. The pouring of a new
technology -into legal concepts specifically d'es'rgned for an old technol-
ogy may alter the course of history in an untlesirable manner than had
the legal concepts been permitted to develop in an otherwise unstruc-
tured fashion. " SR :
. However, the copyright act, together with trade 'sgcrets_and wnfair *
com_petition law are the only tools that thew_gers, Dackégers, and
procurers of information systems have. Unlessand until we can forge
something more appropriate to the technology, we will have to live
with them. T :

There are many ludicrous consequences. Copyright law was designed
to protect duthors whose only compensation came from the sale of the
manuscripts to, either the gublishers, or, through them, from royalties
on the sale of copies of the published manuscript. The U.S. Copyright
Office requires two copies of the original ‘publication to be filed with /
the office (thig has already been abandoned when trying to deal with
computer programs}. But query: what is the original in a computerized _
information system such as the New York Times service -which ' is

. 2*6_
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constantly being upgated. every twenty four hour perlod? What is the.
copy when only a small portion of the "orlgmal " is being used? Is this
fair use which. is uncompensable when only a small portion is bemg
used or should one expect to pay according to use?

There are pluses and minuses when one starts ta deal with-aecess to a

centrahzed data bank. through a computer network. The ability to

- charge by use Yather than by published copy is vastly improved, since

the machine is capable of  doing ‘its own monitoring and billing

accordyng to actual number of timgs of use.and even by cdtegories of

use. However, the problem is vastly more complicated when. ong uses

" jocal small processors to retrieve portions of information from a data

bank, shares them with a number of users, and then returns,f them to the
central facility in the same or a different format. -1 N

" Certainly the concept of paymernit accordmg to the number of copies’

- made becomes even more complex in. the case of a group product’in
. which contributors on widely dispersed \campuses participate in the -
design. of an‘end product. To add another parameter, what happens
~ - when the intéllectual product is the work of both university professors
and industrial researth professionals? To make the mattef even more
comphcated suppose the computerized information system is-marketed’
by a non-profit entity’ that uses some materia! produced by a for- -profit
company? Does one apply a non~prof|t rate or a for-profit#use in-
compensating? Do the rules for transmission time on mmmed

network apply at the for-profit or non-profit rate?
This is just a sample of the obstacles which may inhibit computer-
ized networking from developing rapidly in the university world. Please
‘bear with 'your university attorneys if they seem slow in resolving
difficulties, and please cooperate with them to educate them to a full
understandmg of the technological facts of life in order that they may
“ make your work easier and more productlve in theJong un. .,
My predicition is that.compensation of proprletary interests in
. computerized' information systems will deveiop along some concept of .
compensable use rather than the more established royalty per copy.
Ultimately all professional journals, for example, may exist only as a

e single original data file from which all users will have direct access.

o

3. 0 PROBLEMS OF PRIVACY. ) .

One of the major’inhibitions to the development of computer net-
works has been the Big Brother image which was projected by Orwell’s
**. 1984. Since the year-is almost upon us the fear seems to loom larger

and larmar Althaiink tho lonal framewnrk in which the individual riahts
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. and stored in data banks can be as easily. gevelope'd to work with
computérs as with other forms of technology, it is a pity that we are
- plagued with this continuing problem. It is a factor with which we have
to live and which we wnII have to work together as Iawvers and tech-
mctans to solve. ;

|t is my projection -that the public snmplv will not accept the prohfr
eration of interconnected computerj infarmation systems unless and
until a body of law develops atofy system evolves in which
individuals and institutions may{protect ang/ preclude access to informa-
tion optained from and about $em. Thug, we must: 1) recognize that
information #-a-commdgi ict=heg”economic value and for which

reasonable compensation must be paid; 2) Information of a statistical |

nature which must be collected for the efficient and necessary
functions of government and business, i.e. census data, or social
economic and financial statistics, must.carry the protection from
individual identifiability; and 3) Information about'individuals must
carry rights of release and powers of correction for inaccuracy. The
;' context in which these problems will arise in the universities is in the
#; . .collection and use of research data as fwell as storage and removal of
o student records or medical records in uhiversity hosputals Networks
which attempt to exchange information of this kin@ will run into statu-
tory restrictions which will require revision to accommodate to the
- changed techinological environment.

The responsibility for working out the details of legal access cannot
".be left to chance but must be developed along with the technological
and economic solutions. It is an exper_t‘sive waste of time and resources
to develop facilities which the public will not use. The public will not,
use computer data banks unless tHey have confidence-in the reguIatorv
system, and they will not allocate funds unless thev see some. utlhty
The new commission set up under the Privacy Act of 1974 (7) is a
good start ‘in the right direction for federal systems. waever, the
protocols of use and protection of both.priva_cv and proprietary interest
~ in the product must proceed in a reasonably accelerated manner in

- order to keep pace with technological progress. )

TS
- .

4.0 COMPETITION VERSUS MONOPOLY IN PRIVATE
LINE & DATA COMMUNICATION .

There is séme good news.and some bad news about the polltucs and
_economlcs of data and private line communications which will help or

* As compared with copyright protection which covers packaging and procuring
of information.

.. 928 =
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hinder the development of mterconnected computer- networks, _The
"Federal Communications Commission has -recently come out with a

decision in docket no. 20007 (8) which will permit the.sharing of
‘private fine setvices, an.'d Telpak, Digital Data Service (DDS). The .
decision is 82 pages, but, unlike previous decisipns of this agency, itis "
. articulate, well reasoned, and fascinating reading. This new develop-

ment permits opportunities for sharing of resources which will not only .
cut costs of high speed better quality transmission fdcilities for inter-
connecting data banks, but will also permit a greater participation in
the network design and control.of the hardware which will route and-
process the messages. This decision is consistent with previdus decisions
of the FCC (9) over the last few years to open up competition in the
longlines. common carrier service {as well as the peripheral equipment
and services), and should permit greater choice and freedom of action.

The decision encourages the use of an unregulated intermediary
entity to manage the shiared use. Not only will sharing of facilities by

customers with an affumty ‘of interests be encourdged as permitted by -

the Bell system for the airlines, electric utilities and stock exchanges;
but all customers will be free to determine which of them wish to
amalgamate their interests for:the purpose of economy or quality of

tmansmission. In the future both sharing, brokering, and resale of

-communications ctapability will - be permxtted wuthout restrictions -
dictated by the Bell system and its afflllated carriers.

On the other hand the Bell system .and its affiliated carriers have
determined to put up a fight to extend the monopoly characteristics of
the telephone system to all tonglinés carrier $ystems and to  the
peripheral equipment and services as well. AT&T ‘and its associates
have drafted the Consumer Communications Reform Act of 1976 (10) ,
which Ralph Nader calls a violation of the truth in packaging act. There

are more than 200 sponsors.in the Congress which expires at the end of
‘this year, and no further action can be taken before the new Congress -

takes offjce in January:. However, the number of sponsors indicates
both the strength of the telephone companies and the appeal of their
argument that competition in data communications and attached
terminal services severely handicaps their capabxlltv to provt.de low cost
local loop service to residential customers. ’
Although the FCQ has rejected the AT&T argument that the entry
of competition on the longlines and data commumc\?Aons services will
ultimately cause the deterioration of carrying capacity and the disinte-

gration of the nationally integrated and remarkably efficient message

toll service (11), there is substantial support for the Beli system’s
argument and general recognition that the Bell system has proguced
the best telephone system in the world. Economists are still atyodds.

i



O

ERIC

Aruitoxt provided by Eic:

>

- 18 THE FUTURE OF COMPUTERIZED lNFORMA’l’lON SYSTEMS

“»

with each other concerning the facts,* and thus have not yet defillitive-
Iy determined whether there js sufficient evidence to prove AT&T right
“or'wrong in its allegations. The FCC determination is an interim finding

which cannol be appealed to.the courts (12}, and AT&T managerffent

has turned to the Congress for support. - s

In addition, the FCC has itself instituted a new computer’ Inqu1rv
{13) the outcome of which may also change the course of recent
" history. Under ‘the :consent decree of 1956 (14) the Bell system was

' prohibited from ‘engaging in any activity which did not qualify as
. common carriage’ under "Title 1l of the Communications Act of 1934

{15).. Under the decision of an earlier computer inquiry {16), "'data
processing”’ and hybrid data processors were determined be outside
the reach of Title |1 which would be construed to cover on communi-

. cations ca :age and ‘‘hybrid communications svstems whose major

-activity wa transmission rather than processmg However, the_line
between the two tvpes of hybrids has become more and more diffuse

with practice (17}, Although many types of communications which

border at the line of distinction are very similar in practice, some ‘Seek
authorization under the FCC authority and some do not. Consequently, -

the pressure for clarification has come not solely from the Bell system

.which would like to be allowed to compete with‘the data processors

. but can do so only if such activity becomes subject to FCC regulation.

The lines are belng .drawn for a very substantial fight in two very
dlStInCt arenas: one in Congress and the other in" the FCC rulemaking
proceedmg. Both are likely to have substantial effect upon EDUCOM
and the efforts of universities to interconnect their computer facilities.
Uess you wish to let others decide for you what is in your own self
inferest, you too must decide where your interest lies and getinto the
fight..

There is substantial evndence ‘that a real reform of the Communica-
tions Act of 1934, which is long overdue, will in fact begin in earnest

_ within the foreseeable future. The VanDeerlin Committee has made a

commitment, the new president elect has _made a public statement to
the. effect that he favors a new act, and the departure of Senators
Pastore and Hartke opens wide the appearance of a new cast of charac-
ters in the Senate side as well. Therefore, you should do .your
homework and decide how you wish to see the Act fashigned to
protect and promote vour own interests in computer networking.
Determination of where your interest lies is nota sirhple matter. Some
- . .

*® Bell representanves argue that the longlmes service subsndlzes the local resi-Y

dentlal se vice and other economlsts argue that the local residential servnce has "

idizing the longlmes and business service.

°
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} nonprofnt educattonal |nst|tut|ons réceive drscounts for private I|ne

service from carriers and some receive discounts for equnpment from
manufacturers. This discount policy may be 3 strong |ncent|ve to favor

. the natural monopoly approach rather'th#h rely upon the natural forces

of the competitive market place to drive thesprices down especially f it’

. can be ascertained with any defnnltv that such downward direction in
one service will d‘ruve the prices up in a related but-socially productive
“service. What happens in’the political. arena in the next few years will
" have a.profound effect upon thé architectural design of our national *
communications system for at Ieast the next quarter century. ' ‘

5.0 SATELLITES AND SAUCERS ..

There are several developments |n satellrte cnterconnect|on with
which educators ought to be familiar and which pregent novel and
unustal opportunities. One is the filing of the CPB on behalf of the PBS
for a satellite svstemAwhlch would interconnect public broadcasting

stations through the country, both radio and television {19). #his appli-

cation is being filed with an expectation that there will be excess

capacity available’on-the systerh as designed, and that such’ excess °

capacity will be leased, back to a third party (20).
The public broadcastnng system, .as ‘presently constituted, rece|ves

“substantial government subsidies at the national, state, and |ocat level.

Indeed, many. of the licensees: are ‘the- same uniyersities which are

_iftte'rested in networking computer facilities and belong to the:
) EDUCOM Pilanning Council (21) it seems IOglcaI that some-marriage of

interests might be consummated. Joint efforts between the computer
facrllt.les and broadcasting entities mtght perrmt these non-profit users

to combine theif resources to. facilitate the networking of computers )

and to obtain ;ncreased transmit capability for the public radio and.tv
stations {most of whieh will be left. otherwise with. receive only satelite
saucers). Although the CPB has shown an extreme reluctance to clutter
up s lead applicatioh with any specifically contemplated shared uses
which might delay realization of their system; nonetheless, the pubhc
interest dictates that the ultimate costs to the consumer be considered. -
An-opportunity which now presents itself should be seriously studred
by universities . who have both computer facilities and publnc radi6 or:
television stations. - -
Another contestirp which the mterconnectnon of computer faCI|ItIES

- by satellite may be pursued is the Public Service Satellite Consortium

(22), . which operates under a mandate from its membership to catalog
the potential public use of an interconnected satellite system nation-
wide for non-profit users and to pursue some jointly determined

L] .

"




O

ERIC

Aruitoxt provided by Eic:

20 THE FUTURE OF COMPUTERIZED INFORMATION SYSTEMS

»

\ - .

strategv for obtaining satelhte mterconnected capabullty Such a

° national capablllty for publlc service Users would permit costs indensi-
* tive to distance and permit small users the advantage of piggy-backing
‘anto the usé by larger institutions.

Another filing with the FCC for sételllte lnterconnetuon was hde

" by Satellite Business Systems (SBS), a partnership of IBM, ‘Aetna, and i

Comsat (23). SBS intends to use a hlgh power satellite svstem with the
12-14 gigahertz frequencies that can be received using smaNer' and-less
expensive saugers than cap ‘be used with the Domsat satellite carriers
with Tow.power like Westar. The SBS .plan is especially designed to
accommodate the needs of both data pracessors and private line voice

_systems. It can also c;r-v video signals and therefore is ideally. suited to
the heeds of universit

computing fa't:ilities'"as well as business systems.

All three of these efforts will be pursued in the arena of the Federal
Communications Commission’s licensirig author:tv They will pass or
fall by the vtavsnde dependmg upon the arguments pro and con which

are put forward by the interested parties, including the . existing -

common carriers which provide existing longlines service and potential
ysefs. Thus’ the‘eh’try of new competitors to provide alternative inter-

) connectlon.servnce will depend.in part on who is interested in helplqg

whem to do what.

v

‘6 0 CABLE TELEVISION AND BROADBAND N
" LOCAL LOOPS , ST

Many- of the library assocuatlons have been especnallv interested in
the development of cable televmon throughout the country. There us’.

‘now a renewed interest in cable.television regulation within the sub

committee on Communications of the House of’ Representatives. A

. recent report suggests that cable should be unleased to provide the new
capabilities which have been promised (24). Here again is an oppor-
lunity to choose sides and enter the fray. However, the development of
‘cable television as an alternative interconnection for computer
networks is much more complicated than the mere unleashing of thee .

regulatory control by the Federal Communications Commission.’ !

o n the past few years, the FCC has diligently tried to regulate into .
existence broadband public channels for 'use by educational institutions

as-well as municipal and publnc channels. This effort has been natably
unsuccessful for anumber of reasons which are not entnreiv the fault of
the regulatory policies of the FCC. First, the general economic

condition of the countr\( has not been one in whnch a capital mtensnve )

industry like cable television can flourish. Second, the mdus_trv has

shown little or no interest .in ‘the development of thé broadband

e & .
. PN B . .
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networks which would serfvice institutional users.such as universities
and libraries, and it has looked upon the requirement of a public
channel®more as-a. burden than as an opportumty Finally, the users for

" which the channel was set asnde the educational institutions, have been’

remarkably diffident about putting forward any organized effort to

" make use of such channels even where they were available. v

The interconnection facilitids for such data or video networks can
bew easily; or perhaps more easily, by telephone companies.

By reg 7 telephone companies are allowed to provide new business
services althouth they are prohibited from providing cable tefevision

" service in " .the local company ‘s area of service. Thus telephone
‘companies are. not Irkely to look kindly upon the existence of computer

networking services provided by competing cable television systems

without offering private line service to such institutions as.are willing

to pay for them at a co;npetltuve or possibly predatory rate. Certainly

" the bankruptcy of DATRAN is not promising for the future viability of
institutions which attempt to compete directly with - the AT&T .

facilities; and there are substantial reasons for determining that-the focal

loop lS far more characteristic of a natural monopoly than the Iong '

lines. =~ . - N »
Therefogg, the so called freelng of cable television to develop
undeterre by FCC regulatlon may become a hollow victory. There
may be more mileage in pursuing alternative routes of public. invest-
ment in broadbgnd local loops for ail kinds of service (25), or some
form of leverage on the Bell system and its affiliates to install optical

- fibres or other forms of ‘broadband’capability in the local loops as this
_.becomes economically feasible as Professor Vivian of the Unnversny of

Mlchlgan has suggested earlier this Jear (26). Finally, the judicial and
ved which inhibit'Ma Bell, and the
gublic might rely upon a truly competitive marketplace.

7.0 ELECTRONIC FUNDS TRAN-SF}ER AND .

" ELECTRONIC MAIL .

Anothér area of interest is electronic funds transfer, electronic mail;

and business systems. As usual the real impetus for reform of{ the

- system is coming from’those who have the greatest economic interests—

the banks, the credit institutions, and the retail merchandisers.
Consequently, it is my prediction «that the pressure upon the legal
system will continue to come . Iargely from these institutions where ‘the
sale of information as a commodity has high economic value. A recent
decision by the Supreme Court to the effect tha_t terminals in retail
establishments constituted branch banks {27} (thus restricting their

33
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_ development across state lines:and wuthln states which prohibit branch
) banklng) will have a substantial inhibiting effect upon the development
-of EFTS networks interconnecting banks and retail merchandisers.
This may seem remote from the self interest of educational institu-
_ tions and libraries;, but it is not. More than half of first class mail is
directly. related to the exchange of information-about financial trans-
actions. If this bulk of mail, which pays its own'6éosts, is siphoned off
by EFTS networks, the loss will have a substantlal second and third,
degrée effect on libraries and éducational institutions which use the
. mail for exchange of'books.and magazines at a highly subsidized rate
{or with a substantial public investment to use‘a more positive phrase),
Therefbre the capabllltv of the U.S. mail svstem of exchange of -
contmuung to carry this burden will quickly be questioned.
, » What is happening with legal definitions of branch banks may have
» some' comparable legal “characteristics when- applied to institutions
-which have a more direct impact upon your higher education self
~interest. Ouery is a I|brarv which transmits an instantaneous.copy~of a
manuscript- by fac5|mlle a branch post office? If the postal service had
as. much . foresight or political glout as the Bell system, the postal -
service's lawyer might easily. Crgue that. case and might draft a
Consumer- Electronic Mail Reform Act of 1977, 8, or 9. Indeed, in
economic terms alone, the transmission. of copies by -high speed -
facsimite- will certainly diminish the Use of the mails for postal delivery
of hard copies, and thus diminish the economic base upon which the
postal service eéven now so precariously relies. ‘Colleges and universities
. will want to take a careful look at what is happening in both electronic
funds transfer and in the postal service to determine where their self
interest, and that of the public, really liese Coe
The banks and the teldphone companies have .the resources to
-amplify their message and self interest, but the iegal frontiers which are *
just now opening up will also make substantial systemic changes in the
modes in which educational |nst|tut|ons and . libraries have been
operating. ' .
) .«

8.0 THE ROLE OF THE UNIVERSITY o
"IN AN INFORMATION ORIENTED §OCTETY

Many scholars have observed. that the U.S. has. nearlv passed thé 50%
mark wherein the economy. has become dependent upon information
exchange as its major source of strength (28). Thus,in the future, the
transfer of Information .is likely to be treated as a commodity on the,
open market for which a.direct vatue is assessed and collected rather
than as a DUbllC good which is deposated in publuc institutions and.made

"
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available freely without direct cost to the consumer.,What is this likely
to do to the universities and libraries which have tréditionallv relied
upon grants, subsidies,.and. appropriations that were only remotely
related to direct use? It is very likely to cause some real soul Searching
and ‘dislocation of personnel and economic resources. Universities and
their libraries will have to..accommodate themselves to the new

electronic and economic environment in which they will be operating.

To illustrate the universities’ dilemma, consider the silk stocking

_industry which perceived its mission as the production of sitk stockings

rather than the covering of legs or, more broadly, as the manufacture of
clothing. Universities face much the Same opportunity and hazard .
today in the context of the opportunities presented by camputerized
information networks and the hazards of.defining one’s mission too
narrowly. Alreddy there are substantial pressures coming from other
sources than computer networking which question the v‘!abdltv institu-
tions of higher education as they cdrrently exist. ’
The ivy covered walls of academe into which students disappear for
a four year stint or more, fo be tutored by scholars of national or inter-
national renown, is being challenged by a student body which does not
choose to be isolated from the real world for such a long period and by

-an economlc envifonment in which fewer and fewer students and thenr

fammes can afford to pay for such a sheltered and personal educatronal

" expéerience.

Therefore both the preferences of the, students for a different life
style, as well as the drive of the ecorfomics of education delivery,

_dictate a 'more flexible environment in which the educational process

can thrive. Education will be looked upon more and more as an engoing
experience which takes place throughout one’s life at times and places
of one’s own choosing.

Computerized information networks are capable of prowdlng educa
tional information at the fingertips of the use®wherever and whenever
users can obtain terminals to access the system or systems. How such

-access is to be funded presents a dilemma which must be resolved.

is to package the programs that make available the accumujated wnsdom
of mankind is the $64,000-qguestion (more likely, with inflation, the
64 billion doliar question) which the current generation of computer
managers, computer programmers, librarians, and educational adminis-
trators mustresolve.

Traditionally we have paid professors modest salaries to produce the
information ‘upon which the world turns. They were supposed to
receiye their rewards in heaven or elsewhere depending up/on their
religious preferences. The amount of direct compensation for' the intel-
lectual product of universities has been woefully small, and textbook

' T . ‘
. 30 .
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ccxés reflect primarily the price of-'bublishing and marketing “"the
manuscripts. With computerized information systems the cost of input.

_and output must be recaptured by someone, but the momtormg capd-

bility of the computer system also presents an opportunity to recapture
the cost of orlglna|ly collecting the. data. This opportunity was not

tions under-such economic stress to recapture this cost.

Libraries which have tradmonaNy operated in‘a mode of depository
and fre(use will find increasing opportgmtles for pricing their product
by use as well as substantial econooélc and political pressurés to do so.
Already there-is substantial drive in the direction of recapturmg the
costs of research and development, the bulk of which is funded c’nrectly
or indirectly by the federal govgrnment, and there is substantial

" available to the publishing industry,” nor We educational institu-

- pressure from the public in the direction of .lowering the tax burden

upon citizens. Thus the taxpayers themselves, as they. .become more
sophisticated and organized, are rebelling against a system which
subsidizés too many costs indirectly with accounting systems which

- ‘measure neither economic nor social value The universities and their

librariés are going to-be faced with a maqunting pressure to assess and.
recapture direct costs of computerized |nformat|on systems. .

Moreover, universities and their libraries are*going to be faced with
an agonizing reapgggisal of their function in society. They W||| have to

- decide whether "or not they wish to be the productlon centers for the

informationa! systems., Alsds they must decide whether they wish to
chafge non-profit rates, a ratedwhich reflects funds available for rein-

vestment in new systems, or turn to the’ public goffers to seek sqbsndles
for - the "distribution of - their inteliectual product. How this appraisal
comes aut will, in large measure, dictate the course of the future
development of the networks for computerized |r1f0rmat|on exchange. -
The dividing line between what |s for profit and what is not-for profit is
becoming more and moré difficult to draw.

The chaIIenges are great, the opportunities are almost unlimited, and
the hazards of failure are considerabte in terms of social cost to society.
University computer centers cannot afford to sit by and wart for others
more powerful to fight for them. The legal and regulatory environment
in which universities will find themselves will be fashioned to fit the
heeds of the more powsrful combatants if the universities do not
fashigri the environment to meet their own vision “of the ndeds of
university networks in the discharge of their_social responsibilities.
During the next 12 to 48 months you will K% an opportunity to
participate in & great debate about the legal and statutory structure of a
national communlcatlons system. Those of you who are at the leading

f o | s

collection and packagmg\oid 'programming of instructional and
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fellow cmzens to help fashion the future.
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Chapter 4
by J. C. R. L.iélflider‘

Future Directions in Computer -

Networking Applications

-y
1.0 INTRODUCTION

A note on the perspectjve of the auﬁwor may be useful to the reader
of this paper. Jim Mitler«interested me in EDUCOM at the time of its
founding and gavé me the opportunity of being an active participantin
EDUCOM during its formative years. After about six years of active
partncnpatnon | was away from EDUCOM about "six. years. Larry
Roberts gave me the .opportunity of succeednng him as Director of the
Information Processnng Techniques Office of the Advanced Research
Projects Agency and thus of ganmng, over a period of about twg' years®
intimate and intensive expen{r\ce with the ARPANET and other tech-
nological advances in computers and communications that Larry and
his ARPA colleagues have inspired and supported: With the perspectnve
that a year back at an EDUCOM member institution has given me, |
want to incorporate some of the ideas derived from the ARPA
experience into comments directed 1 EDUCOM. L0

20T NSITION

In her paper (Chapter 3), Anne Branscomb emphasized the crmcal

ity of the next few years. They are critical. Higher education is in a -
- transition between two eras in the development and application of

computing, and the shape of the second‘era will be determined in large
part by decisions made during the transition. (

During the first era, now ending, the crucial factor vas the thrust of
computer technology, and the main problems that had to be.solved
were essentially technological problems relating to the development of

‘ o
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capability. During the second era, now beginning, the crucial factor will
be the ‘reaction of society. The main problems ‘that will have to be .
solved will be essentially social problemfrrelatmg to acceptance assnml

lation, and impact of computlng technologv

~ During the first era, the main impact of. computers was to change the
way industry and government carried out basic; establushed functions,
such as payroll, inventory, and process control. Computers did not
enter direetly into the life-spaces of most people; they did not interface
directly with many people who were not computer students or profes .
sionals. Durmg the second .era, computers wili create new functions,. .
such as: teleconferences, in which the participantsglo not have to meet
in either space or time; computer -based ma(ketsngr consumer goods
that mediate between buvers and se|lers in the manner of the stock

. market and knowledge bases that go beyond storage and retrieval into :

the organization and apphcatlon of the world s corpus*of information.
Computers will interface directly with as manv people as ean acquire
the requisite informational skills and adapt to the technology whether

. it is cold and impersonal or warm, friendly, and ultrahumanly helpful?

Dunng the first era, most computers were readily ideptifiable as
computers During the second era, most computers will either be built
into systems {such as-automobiles and heating-cooling .systems) or-
devices (stich as toasters and cameras) or integrated with communica“
tions to form networks. ' .

The decisions made during the transition between the two eras will
shape and constrain, to some extent irreversibly, the most important

) parts of the future of mankind: the parts concerned with communica-

tion, +mformation, knowledge, and the intellect. There are two main

- roles for EDUCOM to play in the deciston*process. The first, Urged by

Anne Branscomb, is to represent the interests of the discovérers, organ-
izers, preservers, and disseminators of knowledge to try to ensure that
those interests are at least prQtected and, if possible, advanced. The
second is to contribute to the structuring of the decision progess, itself,
by analyzing and elarifying possible courses of decision and action and
predicting the|r |mpacts upon society and mankmd ' .

In the followmg pages, some observations about the “future of
computerand communication technology are, made with the hope of
convincing the reader that the stakes are high and that the technology is
willing and able if people’who yse it are willing and wise. .Then three
very significant issues are presemted briefly. Finally, EDUCOM is urged
to play as active a part in the national decision process that is shaping
the future of networking as it is already playing in the fostering of
networking. to serve the needs and purposes of education and research.

3 (
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3.0 THE FUTURE OF COMPUTER- COMMUNICATION
TECHNOLOGY :

Aithough an essential part of this message is that it is high time to’
turn mostétten}tibn from the technology to its org'anizational, disciplin-

“ary, -and social impact, a few respects should be paid to the joose that

lays the golden eggs: the technglogy that provrdes the necessary basis.
for the informational revolution: . a

3 1 Cost- Effectlveness _ : . .
The old rule of thumb about the costeffectiveness of c'omputer _

‘hardware still holds: overall computing capability per. dollar, contmues

to double approxnmatelv every two years. If that exponential course is
not followed through'the rest of the century, it will be because techriol-

ogists did not try intelligently enough rather than because they
encountered fundamental limits. Viewed microscopically; the advance

* of gomputer hardware technologv is the progressive improvement of a

specific sub- technologv increasing the rellablhtv of vacuum tubes,
decreasing the size and cost and increasing the’ speed, of magnetic ‘cores,
increasing- the densnty~of the elements on LSI* chips, and so on. Viewed
macroscopically, the :advance is the replacement of one sub-technology’
by another that is ‘inherently more cost- effective: vacuum tubes by
individual transistors; individual transistors by integrated semi-conduct-
or circuits; and cathpde-ray memories (Williams tubes) by core
memories by semiconductor memories, et cetera. The long-term future -
of computer hardware lies somewhere in a combihation of new
proces_sing technology and new architecture for information processing
syStems. New processing technology includes: electron beams, x:rays,

“nonlinear optical phenomenon, three-dimensional structufe// and

storage in and processing by individual molecules. New architecture

.includes: parallelism, intermixed memory and processing, cellular auto-

mata, distributed systéms. Policy toward basic research and exploratory
development is thereforé more crucial in determining the long-term -
future than is -the more massive, but lesse far- srghted drive of the

marketplace. s

3.2 Con_svo.lcs :

During "the Iast few vyears, compuier consoles “(terminals) have
decreased in price by about 25 per_cent per year ‘(less rapldlv than

ﬁcessors and stores?, and the gonsole market measured in‘dollars grew

¢ Large scale integration of digital processmg and merpory elements on chlps of

semrconductunmaterual
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about 25 per cent per year (mor
If that trend holds, Rere are now {as surely there must be) one
hundred}bmﬁﬂJf::ges in the United States, there will be one
cor{sole per person’ in the U.S.A. well before the end of the century.
Lest that prospect seem both unlikely and bizarre, consider the trend in
pocket calculators, of which there may be one per capita by 1984,
Future consoles and pocket calculators li.e., pocket computers) may be
capable of very significant processing and storage, and many may be
programmable. Whether or not those potentials are realized will depend
on social and educational factors more than on technical factors. At
present, the average person is not much interested in the things that can
be done with either ‘consoles or computers; the instruments are not NOwW

capable of fulfilling functions or delivering services in which the average

person is much interested. But interests can change, or be changed, and
functions and services can be developed. During the next few years
people will decide whether the processing/o\f\in'formation will progres-
sively displace the possession of matter and the expenditure of energy
{e.g., automobiles and driving) from the focus of our attention. If they
decide to move toward information, there will be consoles and
computers everywhere.”

3.3 Processors and Random-Access Memories ,

AU _present, there exists a .gross disproportion in\computer
economics. It is as though, at a restaugant, the entreé were fen cents,
the cover charge a dollar, each vegetable ten dollars, and a large meal
ten thousand dollars. A microprocessor or a block of ran -acgess
memory is an LSI chip, and an LS chip costs ten dollars. A mini-
computer is a few chips-in a box, and it costs.a few hundred doltars. A
minicomputer systemys a minicomputer plus a few peripherals and
costs a few thousand dollars. A number cruncher is the logical equiv-
alent of a few hundred chips in a hig box plus more, and more potent,
peripherals; this costs a few million dollars., It is almost inconceivable
that one can get so much function per unit cost on a single chip.
Further, it is almost inconceivable that a real, wdkingcomputer system
can be as gxpensive as it is. The catches are: 1) that the functionon a

'semi_conductor chip is cheap on the chip but dear to get off the chip;

and 2) that.cabinets, disk drives, tape drives, paper tape readers and
punches, and {despite the downward trend of -cost) even the simplest
consoles are much more expensive than are the basic semiconductor
essentials., :

»
" I

* Most consoles will contain computers, and most computers will be designed to
be connected intd networks. : e i
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At first thought, it seems obvious that effort should be diverted
from further development of LSI processors and memories to solve the

problems of chip interconnection, subsystem packaging, and peripheral _

stores and consoles. Before taking that cowrse, however, one should
consider the possibility that some of those problems will vanish if chips
can be made denser and denser, as they cdn be (down to some as-yet-
npt-,understbod Jdimit) with electron-beam - and x-ray “Mabrication
techniques. .

There appear to be two very important near-term opportunities:

1) to increase the density of LSI to the point at which a zery capable -

minicomputer with many thousands of words of memory becomes a
microcomputer, fitting onto a single chip and thus into'a matehbox
{which would eliminate gpr solve the chip-interconnection and
subsystem-packaging probl ); or 2) to learn to make many identical
microcomputers work together as a single megacomputer without
elaborate interconnections {perhaps by building a pocket-radid system
into each '‘microcomputer, putting many microcomputers into a
shielded box, and-achieving the required cooperative interaction among
them through programming). In any ‘event, small processors and
memories dre doing extremely well. :

3.4 Less.Than Fully Random Access Memories

It seems to be a principle of nature that large, inexpensive memories
{or storage systems) must fall short of fully random access. Typically,
such memories are organized hierarcﬁically, providing slow random
access to a block of storage cells and then fast sequential access to the
successive cells of the block. Promising technologies for such memories

. include magnetic bubbles, ‘electron-beam-accessed memories, and

charge-coupled devices. One additional approach i.is also being explored
by ARPA. ’

N

The plastic-disk TV-playback devices now being introduced into the .

home information-entertainment system market are truly remarkable
from an information-storage point of view. One disk about the diameter
of a 33-rpm phonograph record, and much thinn‘er,' holds 30 rinutes
of video-plus-audio program lanalog information) ‘which has a time-
bandwidth product of gbout ten to the tenth power and corresponds
(according to a conservative engineering rule-of-thumb) to-about ten
billion bits. Ten billion bits can be visualized as 300,000 typewritten

‘pages of non-rédundant text. The TV-playback devices, mass produced,
* provide a mechanical system capable of supporting 10-billion-bit

selectivity for less than a thousand dollars. The audio plus video disks
cost about one dollar apiece. The ARPA project hopes to achieve digital
read-write capability using this technology. If successful’ technically

’42 B ‘
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and in the market, this new technology could cost as'li.ttle as 10°°
cents bit far the device and 10" # cents bit for the disks.. Thus the entire

- device- would be Jess expensive than the typing paper required to hold

the alphanumeric contents of one disk. ™

3.5 Transmission !

Of the three basic informational operations involved ih networking—
processing, memory, and *transmission—transmission is progressing the
least rapidly. Future technology ‘of transmission will include satellites,
cables, waveguidgs, fiber optics, electronic circuit switching, and other
t'echnological advantes. In this paper, discussion is focused on thecfact
that the future developments in transmission capabilities of networks
will ‘be_in the field- of, telecommunications, rather than the field of -
computing. Telecommunications and computing are very different
fields. They are different with respect to age, style, rate of change,
monopaly, and operatdsn or regulation by government. The fact that
netwbrking nécessarilv involves these two fields accounts in consider-
able part for the ongoing transition from technological domination to
sociopolitical domination. "

However dissimilar, the two fields are strongly interdependent. The
telecommunicatjon. switching function, whether circuit or mesEage or
packet switching, is essentially a computer function, and the only

reasonable approaches to communications security involve digital

processing and storage. Furthermore, if computers are to reach out to
users, or if computers are to respond to sensors and control effectors,
they must-do so through communication chanhels. The two fields must.

.interact. It will be interesting, to say the least,.to watch the interaction.

3.6 éoftwére ) )

) , ) . S .
Networkirig places new demands upon the most complex and least
well mastered of the computer arts. The demands are most stressful in

- nonhomogeneous networks in which the interconnected computers and

their operating systems, data management systems, and programming
languages are diverse and designed for independent operation, Processes
have to cooperate with .one another despite geographical separration,'
variable transmission delays, and occasional failures of computer and
communication hardware. Users want to understand what is going on,
especially what is going wrong, without learning all the technical details
of several different computer systems. If-no system consultant is avail- -
able, the software may have to tutor the user inits use. 1t would be,
helpful if it could answer questions about jtself—as a few research-level
programs now can.

5
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As networking advances the amount of diversity within networks
- ‘will - probably decrease. Operating systems and data: management
systemns will be designed or adapted to support networking. The seVeral
scomputer ‘systems in a network will tend to adopt one or a few
common programming languages, which themselves will be augmented
-with networking prlmltn?es' In many, cases, users will be screened from ~
deallng with the network qua network: they will simply interact with
- ' their consoles, perhaps not even bemg aware that processors thousands
of miles apart are cooperating in their behalf. -

Underlying all the foregoing is the question of how homogeneltv
and coherence will be ach|e¥ed Will it be achieved through: a “’bottom:-
up” ‘evolutionary process “in which people are driven to standardiza-
tion by the frustrations of the Tower of Babel; or through a planned,
designed, optimized "‘top-down’’ process involving *leading standards"’
and requiring a combination of genius and luck to avoid global

. Mistakes;"* " or through some compromise approach?

The evolutionary approach has the advantage of not having to be - -
planned. ‘Already there are dozens of networks,**** highly hetero-

- geneous and mainly independent of one another, serving banks, airlines,

. time-sharing companies, stock markets, communications, and research.
Progress in standardization has been made mainly at the lowest levels °
where, without standardization, there can be no communication at all.
1f all the various compames consoptla and countries that want oraneed
networks build indepehdent ones with nonstandard protocols, the
"software problem’’—which is even at present being viewed with much
alarm—will rise in a great crescendo of complex confusion.

4.0 SECURITY,_PR'I!VACY, AND CONTROLLED
-SHARING OF INFORMATION

Probably - the least satisfactory area of networking technology is
computer system and network security. Secprity is in a bad state largely
because it is difficult for people o0 unders'{fnd its crucial importance in
the network picture. The topic does not have a prior/ appeal to adminis-

- trators and managers; it sounds negative and secondary. It is easy to tell-
oneself that the first thing to do is to get the network to furiction;
Later there will be time. to worry about making it secure. But the fact is

** Within the lowest-level networks if there is a hierarchy of networks. '

Note that evolution has no way of planning ahead or working ‘top-down’’
Because top-level decisions_are made on a project-wide basis before any0ne
has gained experience by implementing and operating low-level subsmtems
and components.

But not yet dozens of packet-switching networks.

LX)
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" that lack of atteftion te security in the basic design of a/netWOrk_Art\%/ )

only ieopardizes the informational privacy of individuals and-the .

.securlty of proprietary property but tends to preclude intentional
shanng of information and may even kil “the network
.That computer system Qd network security is in a bad state is
e(udenced by the frequent reports in the computer and general press of:
lnvasuon of privacy in data banks and of computer fraud. During the

last. several years the Information: Processmg Techniques Office of

ARPA has supported. a series of ' “tiger team’’ -attacks on the security of

selected computers, attacks desugned to test the degree of security

provided by operational systems. In rfo case has the. team been unable

to penetrate the security of the-target system.

Some research and development work has been done and more is

being done in the security area. ./BM has for several years supported a

program at a level of at least $5 million per year, but much of it is.

focused on -improving the security of .existing computer operating

systems. Unfortunately, it is essentially impossible to render secure a

complex system des'ghed without much consideration for security.

ARPA and the three armed’ services have been supporting smafler

programs aimed, in part, at testmg and improving existing systems but

mainly at: -1) radically simplifying, clarifying, and then perfecting the

- mechanisms of access control” in operating systems; 2) developing
communications security techniques for packet- swisching networks;
and 3) creating formal models of access control Vﬂ?'thm which it is
possible to prove security in approximately the same way as, in a few
simple instences, it has been possible to prove the correctness of a "~
computer program. In 1975, the National Bureau of Standards

proposed a standard encrypting algorithm, implementable on a single -
" LSI chip, for use in commercial applications requiring digital communi-
cations or storage security. The federal intelligence agencies have also
dealt with both computer and communications security and with the
problems of ensuring it and compromising it.

Despite the efforts, network security is so poorly developed that any
organization with valuable proprietary information to protect is -
strongly inclined to keep it insofar as possible under its own control.
Banks, for example, are creating their own networks for electronic
funds transfer (EFT) rather than trust a general or common network.
However, the lines are of course leased from common carriers. 1BM
operates a network connecting\its branch offices to its'data processing ’
headquarters, a network dealing with orders, system configurations, and

L)

* Ct. Congressional action in the case of FEDNET as proposed in 1975 jointly by
the Government_Supply Agency and the Department of Agriculture:

45
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progress “through the sequence- of sales, manufacluring, testing and*
- delivery. Again  the company’s-own network is constructed out of '

leased channels Whether or not such networks are actuallv secure, they
have a great psychoiogical advantage over multi-organizational networks
until the latter can demonstrate convincingly a very high degree of
security. Thus the present inadequacies of computer dystem and
network security are contributing to a proliferation of mdependent,
diverse, #ad nonconnected networks. The proliferation of independent,
diverse, and nonconnected networks will constrain the future of
networking, precluding the economies of scale, the efficiencies of the

Law of Large Numbers, and the advantages of intential sharing of

information that could be enjoyed or provided by a coherent, common,

_general-purpose network.

5.0 ALTERNATIVE FUTURES IN NETWORKING

To describe the future of computér networking, it is useful to
consider three alternative futures, or three very significant issues which
cover separate effects of future networking. First, what kind of
network will best serve the nation and society? Second, what new

possibilities for communication among people are offered by future’

networks? Third, what impact will networking have on the organization
and distribution of knowledge, . . L

571 Future Kinds of Networks : :

What kind of network, or What kinds of netwgrks, will best serve the
nation, the society, people? What is the best apptoach to achieving it
or them? This issue embraces: 1) the competition between circuit
switching and packet switching; 2) the controversy over entrepreneur-
ship, monopoly, and regulatlon and 3) the question of over-all network
configuration.

There appear to be three main kinds of network conflguratuon

* A multiplicity of independent, heterogeneous and /arge/y non-
interconnected networks. Separate networks might exist for E FT,”
travel ' reservations, electronic messages, home entertainment-
information systems, interlibrary loan, and so on.

uniform standards and protocols that facilitate intercorMection
through “gatekeeper’’ computers pfogrammed to provide
two-way access control. For example, many business organiza-
tions might wish to tie their networks into_the airlines’ network
for the reservation and tlcketung function but to preclude other
information flow between the networks.

o 46. _ ,~

® A multiplicity of independently operated networks govejed by’



O

ERIC

Aruitoxt provided by Eic:

4

] . X o
36 FUTURE DIRECTIONS IN COMPUTER NETWORKING APPLICATIONS.

. )

®° A cohergnt “network of networks" featuring dynamic inter-

connection and controlled sharing under a global security sysfem
and global privacy protocols.

Obviously, intensive study and wise decisions are required in the near
future to determine which way to proceed. With respect to the first
kind of configuration,_ it is necessary to weigh the. difficulty of
intentional sharing and the inefficiency due to lightness of ‘ioad and
redundfncv of facilities that characterize independent networks against
their seécurity advantages, real_or imagined. With respect, 1o the second
kind, it is necessary to explore mtenswelv the problem of interconnect-
ing“variously dissimilar networks in order to find the necessary and
sufficient conditions for internetting with specified limits on delay,
‘inefficiency, and overhead. With respect to the third kind, it is
Necessary to determine whether or not a coherent, common, general
purpose network with- extremelv secure control of access and with
thoroughly satisfactory guarantees of informational privacy is feasible.
Overall, it is essential to evaluate the alternatvves in the future of net-
working before the succession of events in the- marketplase has
narrowed the range too far.. Possibly only poor alternatives- could
remain. .

5.2 Future Communication Among People

Networking opens up exciting new possibilities for communication
among people. The siMiplest of these, essentially a rechanneling of
established forms and procedures, is electronic_mail. Others include:
teleconferencnng (both concurrent and nonconcurrent), communication
via executable pragrams or models {which ask questions and accept
answers or display dynamic charts and figures); dialog with reference to
shared information or kndwle’dge bases (a two-person journey 'through a
structured mformatlon space, with one person leading first, then the .
other, then perhaps the computer) and cgpperative creative effort on
the part of geographically separated t members (for example,
distributed team’ programming). I ¢

There is at. present considerable ‘interest in electronic mail in the
U.S. Post Office and in several of the computer companies. [t is likely
that one or more orgamzatlons will move aggressively to market a
simple electronic message service in the near future. Would such action
preclude, or seriously postpone, the development and use of the other
modes of communication which would introduce new dimensions of
human interactions-instead of merely speedmg up a mode that used to .
be- reasorably - fast and inexpensive but has falien into a serious
regression? Would a foray into networking bail the U.S. Post Office out

-

.
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or sink it? |s message .service a proper natural monopoly, or is it a
proper arena for plurahsuc enterprise? Should message service stop with
the delivery of the message, or should it extend into storage and
~retrieval and facilitation of reply? What aboGt security and privacy?
Whgt about security classmcatlorf (secrecv)7 FunaHv who, it anyone,
will speak for the pnvate ¢itizens who, and the very small businesses
which, would have to underwrite the cost of paper mail 'if large organi-
- zations with computers that can- afford satelhte antennas were to desert
paper mail for electronic mail?

-

5.3 The Future of the Body of Knowledge -

The computer ‘has introduced new ways of structuring and storing
mformatlon that do not suffer the one-dimensional constraint of text
or the two-dimensional constraint of diagrams and .pictures. In the’
computer, a multiplicity of interrelations can be represented at the
same time, and statrc forms can bé translated into dynamic forms
through: the exe;ut!on of simple programs. As yet, although computet-
program modeling. is on the rise, ‘the new capabilities have had an

. amazingly limited effect on the way the bulk of human knowledge is
struchred stored, and accessed. Evidently, it takes a long time for even
the most potent of ideas to move from feasubthtv demonstratlon to
widespread use.

During ‘the remainder of this century, however there is time and
gpportunity for a revolution in the organization as well as in the distri-
bution of knowledge. Almost surely, dynamic models and knowledge
bases will be,k prominent in -the grmamentarium- of knowledge
techniques, 'but the new knowledge technology is not yet clearly
enough defined to try to sketch it here. it will grow, with sbme input

- . from modeling and data management, malnlv out of the field of
artificial mtellugence : /

A

. 6.0- ROLES FOR EDUCOM.

EDUCOM'’s most sukcessful roles have been: 1) facilitation (of the
_transfer. of computer-dand communication technologv into the service
of education and research in its member institutions; and 2) representa-
tion of the interests of education and researchj (especially o,
and libraries) in the national decisfpn proce an\m\th

*in connection with the first role, the netw arrangements involving
member institutions and TELENET, whicK dould not have progressed
as rapidly or as well without a consortium, aré beginning to have signifi-
cant practical and beneficial effects. In connection with the second

.
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role, recall that, a. few years ago, EDUCOM almost singlehari&edlv

“convinced Congressional committees not to move forward with what

would have been very unfortunate copyright legistation relating to
computers and networks, and note with satisfaction that the recent
legislation_was rather noncommittal in the computer and network area,
where it would have been much easier to do harm than to do,good.

. The role that | want to urge upon EDUCOM is related to the second
of the two roles mentioned; it would be played in the theatre of
national decisions, but it is different from representing the interests of
constituents. 'The role is to facilitate and to improve the national.
decision process, especially in the areas of computers, communications
and networking. Perhaps some of the new technigues of those fields can .
be applied to the task. At the same time, the rg}le is to ensure that fair
weight be given to ‘intellectual values, to the .quality of life, and to
educating and informing (as distinguished from propagandizing and
entertaining} the citizens and to giving them fnput a$ well as output
access in the networks of the future. -

.Anne Branscombs paper presented a clea sketch of the decision
process that, unless something is done to i prove it, will shape the
future of networking during the coming years. The FCC likes to see
some co(npetmon Ma Bell is moving the scene.of battle to the Hill.
IBM is trying to get into satellite communication without getting
regulated. The publishers are concerned about what computers .and

"networks will do to rovaltles on intellectual property, i.e., on works of

authorship. The U.S. Post Office is worried about what electronic funds

_,transfer will do to the volume of mail. Libraries ought to worry about
that, t0o, for if the U.S. Post Office loses the check transportation

business, the price of book transportation will go up. Every industry,
every institution, and, every organization has an interest to protect or
to advance. Some are in there, vigorously proteéting or advancing.

"Others, like universities, are not yet well represented in the fray perhaps

because they have not yet realized that vital interests are at stake.

The suggestion that EDUCOM, should formulate anddliphold the
interests of universities and libraries in the adversary decision process
has much merlt and | concur in urging that EDUCOM redouble its
efforts‘along that line. However, if the national decision process is to be
successful in defining a national interest in networking, the,process has
to be -more tl’l\//a battle among special interests: It must be structured

."by modelingTand analysis of alterpatjve futures. It must give mare

weight to the public interest, if the public interest can bg formulatedin
négotiable terms, .than to-any alliance of special interests. It must take
into account the contribution of networking to national strength, on
the one hand, and to quality of life, on the other. A great role for the

[ 4
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universities, therefore, may be {to advance the understanding o the’
¥ social impact-of networking and Yy introduce the advahggd understand-
" ing as forcefully as poss{ble iftg”the national decision h?é‘i:ess:- reat
- role for EDUCOM rffay be: to foster and to help organize a sjyofiger
constructive effortgm the unive.rsities,' and to facilitate, perhaps even to
provide new channels for, the flow of the results of thatgffort into the
. national decision process. ' N

.
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by Frederic G. Withingtbn

"Distributed Computer

‘Networks: Prospects : -
and Problems ' i

4 . - r N

1.0 CA?ABILITIES OF DISTRIBUTED
' COMPUTER. NETWORKS :

.There is broad-appeal ‘to all knnds of ‘users in the concept of tife
dlstrubuted computer network as contrasted with shared use of a '
monolithic central svstem Users msgnctlvelv feel they can have Jnore_ .,

" control over a local computmg resource than over a central one serving -

multiple users. Thev can contro‘ its responsiveness to their needs,"both CeEe
for fast response operation® and for the - development of - new applnca s
tipns. They can bétter control its integrity and seCurltv Thev expect "
that they -will*bé charged fairly for its use, and not be subject to
unexpected charges resulting from er(ors in an ebscure resource
accounting and billing system. They \gwlknot have ,to pay for overhead
resulting from the inefficiencies of systems programs designed to handle
large numbers of concurrent processes in multiple modes of use. They
will not have to pay Yor unnecessary 'com(ﬁumcatlons They expect to
experience greater availability: While they rarely expect to have ™
redundant "equipment themselves, they Hope that \f their equlpment
fails, they will be able, to connect their termlnals to other snmular equip-
ment &nd share its “use .until their own.is repaured At the same time,
they, hope to avoid the excessive equipment mvestment needed for
rhandlmg peak" loads by borrowmg capacity from othess durlng'peak
« periods. . \ < .
g ', Because of this broad appeal, there have b‘éen numerous experiments
with dlstrlbuted computer networks in the educatlonal community, in
large busmess organizatigns, and in englneermg and scientific establish-
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“ments. These experiments have produced both successes and failures,

and it is possible to generalize about the relative capabilities of
distributed computer. n¢tworks as contrasted with those of general-
purpose multi-mode systems, and about the problems and opportunmes
that lie ahead. :

‘Distributed computer networks "have proved capable of providing
three classes of data processmg environments:

For comp/ere/y independent app/tcattons Each\user |mpleménts

‘his or her own application, and sharing is arranged informally.

ARPANET is the prototype of this class of network.

For local portions of centralized app/lcatlons. There is alread\}
widespread. use of interactive data entry systems, point of sale
processors in retail stores, ‘and similar local equipment clusters
connected 4o central hosts. The local equipment does all it can,
reducing the role of the central system and c&mmunications’with
it"to a minimum. Usage is particularly widespread in Europe, '
where communications costs are high and the Ioca}-manufacturers.
{e best able to provide smaller systems. Such a network is hiet-
rchicak rather than fully distributed because it still depends on a "
monolithic general-purpose machine at the center, but it can
provide a substantial part of the potential benefits of distributed

_processing. .

'

For single applications in which the files can be segmented.
Generally of the resource assignment type, these include such
applications as hotel reservations (where each hotel keeps its own
reservations file in a minicomputer system) and banking (where
each branch of a bank keeps its own depositor file). A transaction
can be er)tereh‘to the network at any point and can be routed to
the proper machine for procéssing. However, so far such applica- :
tions have been restricted to those in which the. transaction
itself identifies the location of its file {e.g., the customer’s bank

" account number, or his Blue Cross-Blue Shield member number,

identifies the location  of the system in Wthh his record is
stored).

Distributed computer networks have proved unable to provide two

other classes of environments:

. L

The large-scale computational facility .needed for extensive
mathematical work or for high-volume batch processing runs. A
user can, of course, arrange for the connection of his or her local

-system to a very large remote computer for operation in the

remote batch mode, but the resulting arrangement is hierarchical

. 52 .
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and subject to the congestion, overhead, uncertain service, etc.
associated with use of a centralized general- purpose system,.

L] For complex applications whose files cannot be completely

segmented. Airline reservation systems must display identical
records of rapidly chariging information to all terminals; it is
almost impossible to conceive of a way tq distribute such a file.
Most manufacturmg apphcatlons require simultaneous availability
of multiple files (customer records, open order files, inventories,

production plans, raw materials or¥ers, accountimg data). Such
applications require the use of sv{t s pgrogram$ for data base
management. A given‘process may reqlitee reference to any of the
files, so it is not possible to distribute them®without retaining
(and maintaining) voluminous~indices to the locations of all
records, which is usually impractical. These applications exist in
engineéring (design automation) and ‘computer science (shared
libraries- of models, programs, etc.) as. well as in industry and
government; they make up the largest part of the data processing
market. Distributed” computer. networks will not cistitute a
general alternative to centralized general-purpose computers until
thev can handle the logical complexmes of these applications gt .

least as easily. . - . \

2.0 PROBLEMS OF DISTRIBUTED o

COMPUTER NETWORKS

Users of distributed cpmputer networks have also found that the

hoped-for economy and simplicity is not.alwavs achievable.
‘ :

2.1 Costs .

Costs are not always as low as hoped If the local computer is to be
versatile-and support fultiple modes of use (batch, time sharing and
perhaps transaction -processing), it cannot be below a certain’ snze It
must -have a Iarge memory to contain the necessary svstems programs
and probably an extensive complement of peripherals. it typically turns
out to be at feast a Decsystem-20 or a Hewlett-Packard 3000 and
usually costs over $260,000; it is much more than a "simple minicom-
puter.” in fact, total equipment costs usually tufn out to be about the
same between a central. general-purpose computer and distributed
smaller systems: the small systems gain-in computer power per dollar,
but lose in total peripheral” equipment costs where the larger devices
still offgr economy of scale.
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Sma\ﬂer computers are ofte ‘;?'more difficult to- use. The language
processors, t_e|ecommunications;}'%ystems programs, file processors and .
operating systems of the gen_e;g(-purpose'systems have evolved to a high
level. of functionality over theiyears. Users often do not appreciate their
merit until they try ‘to use ﬂ,tj'le more timited products offered with the
smaller machines. This sjtuation ‘will improve with time, but _the
providers of Systems programs for the smallter systems will obviously
have a hard time. catchjhg up with the systems.programs offered for
large general-purpose -sysfilgns, particularly since the large manufac-
turers’ systems programs are continually evolving.

/.
]

2.3 Freedom o - SN

Finally, users gf distributed computer networks have rarely found .
the complete frgédom they have hoped for. If they want. to intercom-
municate, they#must abide by common communications standards. 1f-
they want to fise o?qe another's machines, they must abide by common -
programming/ fanguage and configuration'standards {at best) or use
identical syétems from a common manufacturer (at worst). If the
applicatiogs they develop are to be understood by others, for their own

¢ use or for modification and maintenance, the applications must be
prepared and documented in meticulous conformity- with corfimon
standards. The proponents.of a network which is to provide all these
“services—intercommunications, equipment sharing and applicatiog
iharing~—find themselves with a more difficult manggement problem
~ than they had with cgntralized general-purpose systems, where users
“ were autpmatically constrained by its standards. . :
_Until distributed computer fietworks "have the ability to handle
‘complex applications conveniently and flexibly, the"'general-purpose"
.ssystem. will remain the dominant data processing tool. However, its .
"~ dominance will Wadily eroded 3s more and more users adopt ’
distributed comp{fter networks for the applications ‘they are able to
handle. Such adoptions are being fostered by several of the computer »
v manufacturers, whose approaches are iltustrative of the present state-of- -t
,' the-art in computer networking. -

. , . P .
30 STATE-OF-THE-ART IN COMPUTER NETWORKING

One approach is to providé the interfaces and systems programs for
interconnecting small_cemputers, and then invite users to develop their
applications as best they can with the limited software tools available’
for the smaller- machines. This approach is typified by Digital Equip-
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ment with its DECNET offering, and has been succeséful with users
who .are willing to be pioneers, such as EDUCOM, Citicorp and Bank of
America.{which employs General Automation mlnlcomputers) Follow-
ing this approach, a competitor hopes to get an early foothold in the
market. and Iater expand it as more versatile software tools become
available. '

A second approach is to concentrate only on apphcatlons which are

: vylthun the state-of-the-art of distributed computer networking,. pro-

viding complete software for them, and hoping to grow through early
domlnance of a market which (though specialized} is amply large. NCR
is the maln preponent of this approach, offering packaged networks for
retailing and banking applications. Our studie 3 indicate a great deal of
growth in store for these application areas as electronic funds transfer
netWorf(s evolve; if NCR could dominate the-area, it'should be able to
grow substantially without having rnajor positions elsewhere.

The third approach, represented by IBM's SNA, is to slowly move its
svstems programs for complex applications-outward from the central
general-purpose.computer as the state-of-the-art permits, without ever
offenng systems programs of lesser functionality. This approach
recognizes that most usérs are neither willing to be pioneers nor are®in
|ndustr|es having onlv simplerapplications. Most users -are believed to -
want the best software tools available for their applications, above all,
and are expected to wait for the full benefits of distributed computer
networks until the networks can offer the best software tools. A
"company following this approach is, of course, not precluded from
following the other approaches in‘parallel as IBM may do.

To summarize, distributed computer networks have already made
considerable inroads into the dominance of the centralized general-
purpose computer, and substantial opportunities for further growth
exist within the present state- -of-the-art.

The general-purpose ‘system will hold its own fairly well, however
until network systems programs are available for handling complex
applications in a tg@ansparent, integrated manner. These will evolve only

" slowly and may not be perfected for five years or'more. in the mean-

time, the users will be offered a confusmg but rlch dlversrtv of aIterna-
7 tives bv the manufacturers. .

<

cn
o1



~ Partll”  Computer Networking n ibary
R Useand Administration -~

9 G )
TS AL .
\h:z "”'1','!’. ’f’
R

"l gt




O

ERIC

Aruitoxt provided by Eic:

: o by Peter P. M. Meincke

Overview: Cataloguing, Reader
Services, Management, Future
Developments : -

~ - \ -

. . & " »

- This set of papers govers current and future roles of computers and
computer  communication networks in raries and the impact on
resource “sharing among -ibraries. Cfirrently available services and
activities, the impact on library operatfons influding costs and benefits,
and the increased opportunities for resource sharing among libraries are
described in three broad areas: cataloguing; reader services; and manage-
ment. The last set of papers is devoted to a discussion of possible future

- developments.

The greatest impact of computers_oh libraries has been in the area of
cataloguing. The capability of sharing cataloguing information through
computer network facilities has significantly reduced cataloguirtg, costs
and led to a much greater uniformity of bibliographic standard$. The

‘introduction of on-line termm‘als is also bringing about a major reorgan-

ization of cataloguing actlvutues v

There have been 5|gn|f|cant effects on Ilbrarv services avallable to
readers as a result of the introduction of co ercial information
retrieval sepvices,” on-line and microform catalogues, computerized
circulation Yystems, and data banks. These éffects have occurred in
libraries of all sizes and a variety of stages of automation. Rapers on this
topic review the impact of these services on ‘the library staff and users
and the pras and gons of charging for various services.

Functioning library computer networks have run into many of~ the
classic problems of resource. sharing among the autonomous institu-
tions; for example, management of the facilities, setting of priorities,

‘charging fok services, setting of standards, etc. The fibraries also face

new problemé such as eharging for catalogue data whuch in manv

—47 -
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instances, has been regarded as a free good in the past. Loan iqfor}na-
tién,” holdings information, and other data captured during the
cataloguing process are only a few of the many agement informa-
tion items that automation will provide, and which could have very
sugmflcant impact on the administration of individual libraries. Papers
on this topic discuss the problems of shared use of facilities, and

. resources; and the impact of such management information on Ilbrary'
 administration. N .

As library operations are mcreasmgly affected’ by computers and

. computer networks, .alternative futures become !:Iearer Choices are

being made now which may lock' us into one’ or another of these
futures. To_ explore possible- futures. authors discuss: the potentlal
impact of "known technological advances {such ‘as very cheap mass
storage and commumcatuons) the -potential impact on .the ultimate:
users of the information, and the staff required to serve them; library
orgamzatton and staff training; theé cost of oporatlons and. strategles for
the introduction of automatlon
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.Stan‘dards and Identity = e,
in Cataloguing - R

1.0 THE PROBLEM OF STANDARDS

The chiéf difficulty with current s{andards which affect’ catalogulng
is that they are not keeplng pace with the developmenﬁ and impact on
the cataloguing process of automated techniques.

Theprocess of arriving at standards is sfow and arduous, espec;allv'

dince data exchange is becoming more and more ‘international. Already
there are five authors of the Angle-American Cataloguing Rules
{Library Association - (Great' Britain), British Library, -Library of
Congress, American Library Association, Canadian Committee on Cata-

_ loguing (representing three national bodies)), and more are knocking on -
‘the door for a voice in the revision, now underway; of this code

Various standards, all of which affect cataloguing in some way,
being developed by separate ‘bodies with often conflicting results: a

series of standards for descriptive cataloguing for différent categories of

library material, called 1SBDs (International Standard Bibliographic
Description) is being developed by IFLA {International Federation of
Librarv Associations); each country which has developed machine
readable cataloguing has developed its own version of MARC—the
format in which cataloguing data is expressed—an international format,
UNI MARC, which hopes to reconcnle all the national variations is
slowly being developed by an IF LA working group; several filing codes

* exist and are in use for the printed displays éf machine readable
“cataloguing data; several ‘conflicting romanization schemes are in use

internationally for the conversion of letters or characters into the Latin
alphabet; two different standards exist for the creation of cataloguing

—49-, -
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data for serials or periodicals—those specified by the International
Serial Data System, and. those specified by the Anglo-American
Cataloguing Rules. . '

At the same time as chgos re:gns in the field of standards, Iarge 'data
basés of machlne readable. catalogumg records are being built with
amazing rapidity, T-hese bases are already counting theig records in the
m||||ons and more are sprlngnng up.

What are the impfications for data excharige of the creation of these.,
bases with their varying and variable standards? In fact, no one seems to

know. i

2.0 BIBLIOGRAPHICIDENTITY CRISIS . -

At thé core. of the problem of standards is an issue which can be
expressed by the philosophfcal question: "'ls this identical ‘to or the
same as that?’’ Some large filés are being created iri which, through"
human intervention in the form of careful editing, duplicate records are
mot filed. Other large files dither do not, or, because of their construc-
‘tion, cannot monitor the entry of dupllcate ‘records. Some do a partial
job. As large files begin to- :cominunicate with each other for the
purpose of exchange of .cataloguing data.or to create Union lists of

holdjngs, t'he identity crisis will become more acute.

A unique identifier for each bibliographic item woold of course,
solve this problem. To some extent 1SBNs {international Standard

Boek Numbers) and ISSNs (Internatlonal Standard Serial Numbers) as - -

well as Library of Congress Card ‘Numbers provide this function, But
“there are limitations. ISBNs, being publisher: assngned and not

. controlled by any central agency, aré often’in error; manv monographs

do not have ISBNs at all. e

Once a unique |dent|f|er is present, the computer can decnde "that
this is that, thus providing cataloguing data that is correct and holdlngs
informatian that is accurate. .

The identity crisis applies not only to records for blbllographlc '
_<4ems, but also to names. Many large machine readable files -are
'|ncapab|e of providing a list of works by a given. author in such a way
that” the list is complete (for that base) and contains no extraneols
information. ‘ ' ’

The identity crisis is not often noticed as a major problem Y o

" However, the operative word is “yet”. As fifes continue to grow and

links begin. to be established between them, this problem will, no
doubt, become more "and more ‘apparent. Afthough few expenments
have been done, it would appear that going back and rying to repair
the situation can probably only bp done with human |ntervent|0n and is

. consequently very expensive.

g0
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by A. H. Epstein

~

Shared Cataloguing: The
Impact on the Library
and the Patron B

L ‘-

There are several different levels or styles of shared cataloguing that
are available today as on-line services. The first level allows a single
version of a given title to be maintained in the on-line file. This is
usually thé Library of Congress MARC version of a record, or the first
user’s veysion of a record. Both OCLC and the Washington’ Lubrarv
Network (WLN) use this form. of service. The user is allowed to copy
the record and make modifications. ‘fhese rrfodlflcatlons will appear on
_the user’s catalogue cards and, in the case of OCLC, on a hgstorv tape.
In the case of WLN, the user is permitted certam modifications and can
receive catalogue cards. : :

The next level of shared cataloguing allows two versions of a title to
be stored in an on-line file, the Library of Congress MARC version and

~the first user’s version. This is the lgvel that was implemented by the

BALLOTS system: until 1976. By separating the '"MARC file and the

" .user's record, the MARC file could be updated with any changes and

modifications made by the Library of Congress without affecting the

~user's record. This was doné so the user's record would remain

unchanged while other libraries would be free to use the latest version
of the MARC record. >

The third level of shared cataloguing service allows multiple versions
of a title to be stored in thé data base. This allows both the MARC
version of a regord- and individual versions of records of all libraries
participating in shared cataloguing to be maintained on-line. This third
level of ‘service was implemented in the BALLOTS system in 1976.

" ~51 —
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An extension of this level of service that improves computer and file
storage efficiencies, would allow each of the variations of a title to be
recorded within the same computer record. The University of Toronto
‘has implemented the extended capability in their .on-line system.
Development plans at the University of Toronto, BALLOTS, OCLC,:
and WLN, include the provision of this extended capdbility. in one
form or another . P .

“

L}

2.0 SHARED CATALOGUING— 4
- FIRST AND SECOND LEVEL '

The library uses four basic sources of information in a shared\'
cataloguing file. The first source is data catalogued by the Library of
Congress and provided an Library of Congregs MARC tapes. The second.

. source is information catalogued by the Library of Congress, but keyed < |
in by a library participating in sharad cataloguing. The third source is
data catalogued and keyed in by the participating library. The fourth
source is data !hat 15 catalogued by another library and keyed in by a

. pattlmpating lubrary generally from a source’such as a book catalogue

The obvious advantage of shared cataloguing from any of these , -
sources is the elimination of duplication. Once LC supplies a MARC

record or one of ¢he participating libraries keys a record in for a given -+

title, all other’ participating libraries may copy that record and make
necessary modifications: Another advantage is the reduced cataloguing —
load. For every record that is found in the data base, the library need

not perform the cataloguing activity for that record. Due to the shared

use of a system, it becomes easier for all participating libraries “to

participate in the use of standards. Finally, since a library is taking s

advantage of the cataloguing efforts of other libraries, there is less . ¥

work for a given library to perform. That is, there are far fewer titles

that actually have to be catalogued by a given library. In’ return for

finding so much work already performed by other libraries, it seems

reasonable that a library that does catalogue a- title which will be
placed in a shared data base will do the best possible ]Ob in cataloguing

to enable that record to be used by as many other libraries as possible.

°

~

a

‘. 3.0 ADVANCES IN SHARED CATALOGUlNG— '
LEVEL THREE '

Implementation of the thlrd leve! of cataloguing, -in which -each
- library maintains its own version of a title on-line, will have a profound
effect on the library worid. Th|s level has been recently implemented at
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‘BALLOTS, but it is t00 early to predict the full extent of the impact

on libraries. One of the major advantages of the third level is the apility”
of each library to review any other .library’s ver5|on of a catalogue
record. Also, the library that enters a particular version owns that

-record- and has the ability t6 modify that record in the future. In late

1976, two large research libraries are partncnpatung in this level of shared
cataloguung the Stanford University Library-and the University of
California at Berkeley. Several large public libraries also parti¢ipate
including San Francisco Public Library.

" As a result of ‘this level of shared chtaloguing, various libraries will
most likely search. different versions of the record until they find a

- partern or discover one or twd libraries with which .they are quite

satisfied. The searchlng library will then.tend to search for the Ilbrarles
of choice, “and either accept the record as catalogued, or make very
minor modlflcatlons After such informal procedures are |mplemented
the work can be- hqndled by a lower level classification of employee
For instance, at Stanford Umversnty and many other libraries, if a
record appears on the MARC file, it is used with little or no modifica-
tions, since the cataloguing was done by the Library , of Congress.
Paraprofessionals are able to perform this level of work. Libraries will
soon begin to treat specific other libraries with the same level of

- authority, and thereby obtain additional cataloguing and allow_that

~

cataloguing to be processed by the non-professional staff.
The Umversnty of Toronto has'a similar capability implemented on-

line. Any library in the system may review another library’s

cataloguing, and copy it-or modify it to form a new custom version.

4.0 OTHER ADVANCES IN SHARED CATALOGUING

At ‘Stanford University, there is an-on-line acauisitions system that
interfaces with the cataloguing system. The BALLOTS system provides
an on-line. in-process file of all books, from the time they are ordered
until the time they are through cataloguing. Activities such as ordering,
claiming, cancelling, keep track of the paperwork, and activities such as
receipt of material, distribution of material, 'and non-purchase order
receipt keep track of .the item. As a result of this system, the biblio-
graphic data is keyed in as sozln as it is known, and updateJ as soon as '

new data becomes available. Thus the record attains different Ievels of
maturity throughout its life cycle. One of the |mpacts of this on-line

. in-process file is that it has blurred the line between-acquisition and

cataloguing. It is not clear any longer ‘where acquisition ends and cata-
loguing begins. Current plans at Stanford University include a provision

- to-allow for a function to be called ‘Catalogumg in.Receipt”. This will’
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allow a receiving clerk to not only acknowledge receipt of the library
materials, but, if the material falis within certain categories, to
catalogue the book at that point. The book would then be transported
directly to tﬁe end processing area and by-pass the cataloguing area

“entirely. When this happens, librarians have to ask themselves a
question. Was Jhat actually cataloguing? There may need to be a need .
to redefine catalogunng )

Another impact on the catalogue department of the existence_ of an
in-process file is the ability of one library to find out roughly what
another library has .on order. If two libraries have a good interlibrary
loan arrangement, or a more sophisticated shared collection program,

\Qiiond library need not order a partid%lar item. If itis needed by a
patr it can be borrowed from the first*library. Shared collection
developm\ht\pecomes quite feasible when there is an-on-line shared
cataloguing file. Most Iarge research libraries have extensive,collections
in many different dlsmphnes However, all. disciplines tannot be covered
completely. Two or more I"branes can get together and agrée in certain
areas where neither one of them “ave adequate coverage. They might
agree to allow one of the libraries to marntaln as complete a.coverage as
possible in a given discipline, or K gjven part of the collection, and the
other will collect different parts of the co1lect|on -As long as’ the
information is available to all of the llpyarles and a good interlibraty
loan operation can be implemerited, each of the libraries has. the
advantage of-a full collection in all of the d|50|pllnes under the
agreement The impact on 'the catalogue department in these libraries
is quite benefigcial. Rather than spread themselves among many
“different disciplines, cataloguirg\staff can' condentrate and becomé.
more specialized. C

41 Full Indexes

The BALLOTS System indexes_each of the bibliographic records by
all of the personal namesin the record, each of the individual title
words, ‘the subject headings, the call number, the Library of Congres
+¢ard number, and the corporate and conference authors. ___This' allows
the book selectors, reference staff, patrons, cataloguing and acquisitions
staff of a library to determine what books are held by various institu-
tions in a given subject area, call number range, or by certain corporate
. or conference authors. The catalogue department can search-the file by
call number or subject heading to determine what otheg titles in the file
| were catalogued under these terms. This is a valuable tool which should
come into increasing use. The use of this type of searching by.reference
or public service staff members {or by Iibrarv patrons) answers the‘\
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qyestion of what else the library has in this subject area, or what books
have a certain word or words in the title. Furthermore, if this library
does not have the title, what do others have in- this same area? This is a
powerful ability that is in use at Stanford Umversnty

L]

© 4.2 MARC Standing Search Requests

The BALLOTS system provides the ability for the catalogue depart-
meéNt to institute an automatic repetitive search against new records
coming -in on the MARC file. If the library suspects that a record will
appear shortly on the MARC file, the book is held aside waiting for the
MARC record. Stanford University has approximately 3-4,000 titles
in this category since it has a_hit rate of somewhere between 10 and
20% each month. The impact upon the catalogue staff is that the cata: -
loguers do not need to repetitively search on a terminal, for a particular
title, since the search is kept in a separaté file;and processed against the

‘MARC records ona monthly basis. Also, for every title that is found in

the MARC file, the library need not catalogue that book.

4.3 Reference Files . ‘ .

One of the BALLOTS files available for searching is the Reference
File. This file contains reference and cross-reference information for

authors and subjects that is equivalent to t‘h_e information found in a
. card catalogue on the ""See’’ and "See Also’”’ records. That is, i* a new

version of, a corporate name appears in the file, there Will_be a crosg-
reference ‘ecord such as "EDUCOM* see *’Inter- Umversutv Communi-

_ cations Council”. If the searcher put a search in for “Find Corporate

Name EDUCOM", they would see a note referring them to -the Inter:
University Communications Council. Since the files are automatically
searched, the user need not specmcallv request a search of the cross-
referente file. : :

As long as the item identification of a particular book at a particular
library is maintained in the file (the local call number, the.location of
the book, and the copy;number) it is possible to make a request for a
specific book' from a participating library. It is possible to copy the
record by printing-the record out on a typewriter terminal, or hard-
copy terminal, and send that form in as a request-for inter-library loan.
Eventually, it will be possible to ask the sv_sterh to produce an inter-
library request form, since the system knows who the searching library
is, which record is being reviewed, and what the loca! call number and

- copy number are. The system has enough information to print outa

”
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complete interlibrary request form. The advantage to the- library
receiving either a manually filled-out form which is done at the present
time, or a comp‘uter-prbduced, form, which will probably be produced
within the next two years. is that the library need not search its own
files to see whether it indeed has the book. The information is accurate
enough for- the library to determine whether or not the book is
_ available™for loan, and proceed directly to the proper shelving location .
and obtain the book. The searching step can be eliminated. )

4.5 Magnetic Tapes : : S
Both the BALLOTS and. OCLC systems produce tapes for ‘tTeir
users. Generally in the Library of Congress MARC format, these tapes

+ ,are used for a variety of purposes. Some libraries process the tapes at

" their local data processing centers; other libraries tun these tapes on to
vendors or service bureaus who in turn produce book catalogues,
microfilm and microfiche catalogues. These tapes will also be used in
the near future to combine the holdings of different libraries and
produce regional and statewide union catalogues.

3N

v

54 ADVANCES IN SHARED CATALOGUING—-FUTURE
5.1 - A National Network -* o
_ Each of several ‘major on-line library automati’orbe networks
_throughout the U.S. and €anada has a separate data base, It is highly
desirable .that library users on one svixm have access to the database of
the other systems. Yet such access wo \d require an interface between
. the. files and computers of the different systems. Although. mutual
access will take at least five to ten years to accomplish, it will have a
‘major impact on all aspects of library work, including acquisitions,
cataloguing, reference,l patron searching, interlibrary loag, etc.
' J : !

5.2 Authority Files

w Authority files which define the approved version of personal’ names, '

.corpgrdte names and subject headings exist at the Library of Congress,
thg New York Public, Library, ‘and WLN: These authority files arl
cdrrently implemented in th_bse systems in the batch mode, and users
sybmit records -to the System. The rECOde are checked overnight
against the authority files and any: variatfon of a'name or a subject-
ading that does not appear in .the authority file is rejected by the

system. The abdty to have access to an on-line authority file would
- have a great impact on the catalogue departments-of .ail participatin’g. )
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libraries. . The combination of having, for instance; the Library of

Congress authority files on-line, and have each of the networks inters,

connected to the Library of Congress, means that the catal guers can
determme immediately if Library of Coqgress has an au horitative
versnon of a name or subject heading. If not, the cataloguef is required
to submit a new name or subject headmg. In most cases, however, the
name is on the file and the cataloguer has a record that is validated. 4t
a single terminal session, the cataloguer can provide an authenticated

record. A record of this type is much more acceptable to most,

cataloguers since each. of the main entry points of a. record will have
been validated by the Lnbrarv of Congress authority files.

Once authority files have been implemented, it will be possible to
make bulk changes to the various files. For mstance consider the

situation where a govérnment agency changes its name. Rather ¢han .
have a new cross- -reference which goes from the old name to the new
‘name, it may be possible to locate all records in the file that contain the

old name,. and update them to the new name automatlcallv. This will
have a great impact on cataloguers and patrons alike. In- order to
implement something like this, it. may be a prerequisite to have

-sbandoned” the: use of catalogue cards. |t would be extremely

unecongmical to reproduce all of the%atalogue cards that had the name

of a particular government agency, of major corporate entnty, and refile

in the catalogue or rgplace in the.catalogue all of the new cards.

5.3 Patron Access—Other Catalogues ,

Sometime within ‘the next five to ten years, the use of catalogue
cards will be reduced if not eliminated entirely. There will be several
forms of techﬁologv which will take the place of card catalogués in

individual iibraries. Book or microfilm catalogues are likely repiace:,

ments that have been- used already in many libraries throughout the
United States. Some of these libraries do not have catalogue cards, but
merely microfilm readers located throughout the different parts of the

library- and in different branches. To produce the microfilm records, .
one of the shared cataloguing users of the BALLOTS system obtains -

a magnetic tape rather than catalogue cards as a service. These tapes gre
sent to a vendor to produce a cumulative catalogue of all of the
library’s holdings on a bi- monthlv ba5|s and the old microfiche file is
discarded and replaced with the new one.

5.4 Patron Access—On-Line

Anpther form of catalogue.card replacement is to maintain the files
on-line as is dgne at the present time on the BALLOTS system. Patrons
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.

have tgz ablllty to search the flle by all of the indexes desc‘nbed above
Within  the next five to ten years, individual libraries -will probably be
. obtaining .their- own minicomputers and ma|nta|n|ng a file of their -
,CO"ECIIOI’\ on.a local storage “device. This will allow' the use of patron
terminals throughout the library, runn|ng off the minicomputer owned-

* by the  library, and makes the elimination of the' card catalogue a -
practlcal idea. ) :

At the beginning, patrons W||| be searching, using “the e)ustlng "
|ndexes Eventually, the library will probably begin to add more terms
to be indexed in the bibliographi¢ record. Since the amount of shared
cataloguing has a tremendous impact - on the elimination of duplicate
effort throughout libraries, the library will have additional time and"*
staff to turn to increased_functions for the patron. It is likely then that
" the bibliographic record will be extended to include additional terms to
be indexed like additional subject: headlngs and alternate-oall numbers
Following that, the catalogue department will be responsible for r gener-’
-ating a master thesaurus~of terms which will allow - patrons to go in.
under the vocabulary- familiar to their discipline and have this translated. -
.automatically into terros that are indexed- in_the system. |t should not
be necessary for patréﬂs to Iearn»the libraty termlnology The computer
.~ should be able to provide the tross- referencing function automatically.

The next step could be the mcluston in the bibliggraphic record of
the. indexes at the back of the' book. Many times the ma;or terms
indexed in the book are an indication -of what the major topccs are
within the book An.index also provides a patron with a guide to which
"books contain descriptions of the terms the patron-is looking for. In
addition to that, it may1f)e feasible for the blbllographlc record Yo

“include ‘the entire table o ontents of’ the book. If the patron had the-
ability to browse the table of contents, it might be a great aid.in deter- .
mining the usefulness of a particular book.

Finally, one must consider electroriic publishing. AIready in 1976
several publishers, including West Publishing and Chemical Abstracts
Service, have the entire contents of their publications produced through

" a computer .and used fok_aufomatic typesetting. In the next ten to

“twenty years, the computer technology and storage technology will

move in a direction where, it may be’economically feasible to store the

\entlre contents of a beok on-line. Perhaps e publishers will each own

their own data ba'se and those users who wish to scan a particular
book, or copy a partucular chapter would then be able ta do so on their

’ own terminal, and automatlcally pay the publisher-and the author th&

appropriate royalties. Electronic publushung is far beyond the scope of, "

this paper, but | béleve it will have a. major |mpact on libraries within

« the next twenty years. . .

A
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by William L. Newman

Characteristics f the

DOBIS System

1.0 "INTRODUCTION

The DOBIS' System (Dortmunder Bibliothekssvster{\) is - being
developed by the University of Dortmund, West Germany. The system,-
currently being evaluated in Canada, employs a design philosophy
usually _not found in existing on-line cataloguing systems. Possible
implications of these design features are discussed in this paper.

" In 1971, the~University of Dortmund contracted with IBM West
Germany to jointly develop an integrated, on-line library ‘management
system: The respltant system now called the German version of -
DOBIS, consists of cataloguing, catalogue search, and acquisitions sub-
systems in the testupg stage, a circulation subsystem implemented at the
University of Dortmund and a serials control subsvstem in a mid-
development stage.

" After examining a number of on-line systems, the Nationa! lerarv
of Canada -(NLC), the Canada Institute for Scientific and Technical
Information (CISTI), and the. Council of Ontarig Universities cou)
decided to have a closer took at DOBIS. A DOBIS Working Group,
consisting of library systems$ personnel from across Canada, drew up
specifications for the introduction” of Canadian requirements into
DOBIS. A modification eontract was negotiated between the University
of Dortmund and NLC. During the period January to April 1976,
DOBIS personnel, including the key IBM DOBIS developers, the
McAllisters, modified the German versions of cataloguing and catalogue
search to provide: 1) compatibility with what might be termed North
American MARC 2) a bnllngual English/French system (rather than

- / ]
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2

German/English); and 3) a multiple Ilbrary use capablhty The resultant
. .cataloguing modules have been called MARC.DOBIS.
' In June 1976, NLC, CISTI, and COU started aghigorous evaluation of *
‘various techmcal functional, and performan aspects of MARC
. DOBIS The evaluation should be finished in December 1976 at which

time a submission will be made to Treasury Board with a go/no"go

recommendation. I the evaluation is positive, MARC DOBIS will

probably be the base system for Canadian federal library housekeeping.
If not, alternative systems will be evaluated because the reason for

acquiring such a system—rising work loads, increasing costs, personnel

shortages——certamly still exist. Note that although the MARC DOBIS
evaluation has identified a numbBer of problems ranging from trivial to
significant, the results so far in November 1976 are positive.

In combination, references 1-4 provide a-fairly complete descnptlon
of DOBIS.

.

-

2. 0 DOBIS CHARACT\E\WSTICS

2.1 Machine Requirements and Program Characteristics

.MARC DOBIS requires a machine capable of running the IBM VS
operating system. It uses the CICS/VS communications monitor and
approximately 300K real memory for MARC DOBIS and CICS/VS
together with about 10K virtual for each-terminal.

The basic mapping support feature of CICS/VS is employed in

DOBIS which ‘means that only IBM 3270 compatibie terminals, with a
screen display of twenty-four lines by‘elghty charactérs can be used
with the system.

As.part of the DOBIS Project in-Ottawa, a test data base is being.

éreated. Therefore, only crude ‘measures of  operational resources
required are available at this time. These include about 100 disk 1/0's
per record and 4.4 1BM 370/135 CPU seconds per record to create a
completely new rfecord.

The MARC DOBIS system consists of about sixty-five programs.
Eighty to ninety. percent of the source statéments are PL/I, the
remaupder IBM 370 assembler. The programs are modular, and largely
self documenting. .

o

2.2 Human Factors

Access points to DOBIS include LCcard number, ISBN,
call nugnber, futhor names, subjects, titles, publisher, and mi
numbers, Lhe actual search tePm, .or any truncation thegfof causes
fourteen retrieved access Points to be displayed. The se ine on, the

.

i
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display corresponds ‘most closely with the operator supplied search

term. The operagr carf then see documents assochted with any of

these access poi;, or page. forward or backwar_c_i/trrough the'access

point file.

Each dlsplav screen conforms to a standard three-part gcreen format:

o §Creen t|t|e (current “function and subfunction) and erfor

messages; ‘ 2 Va
® communications afea including retrieved infoymation, and tdbles
indicating possible replies to DOBIS, etc."and . .

® instructions to the operator-and an area for operator response.

Menus are employed extensrvelv in the terminal dialogue to

indicate possible operator résponses to DOBIS. These features

make the system easy to learn to operate. After an operator

becomes experienced awith the use of DOBIS, several commands

" can be combined ||nto one. This last feature is called command
chaining.

The DOBIS system has been designed to provide decentralized access..
to all library catalogues and files, and to permit one time entry of data.
This means that the cataloguer can have on-line access to such vital
.cataloguing tools as thve shelf list and all the authority files irf one spot.
The ‘acquisition librarian, interlibrary loan location. searcher, or
reference librarian can perform one-stop searches of the in-process file .
and the catalogue. Also, if a long authority heading has been entered
into the system once, |t doesn’t have to be rekeyed for each record that
requires it.

» r“—"

23 Terminal Dla[pgue

In Canada, which is a bilingual country, it is amportant that
information retrieval systems function in both French and’ English.
- Terminal operators can converse with MARC DOBIS in both languages.

2 4 Integrated System De5|gn

* From the beginning DOBIS was desugned to be a fully mtegrated
system incorporating the catalogumg catalogue search, girculation,
acquisitions, serials control, and information retrieval functidns. The -
first screen with which a user is confronted after sign-dn is a/function
selection. |f*the user hds appropriate security clearance for the selected

functron the required task can then be performed. All necessary mfor
mation to perform the task should be available in one spot. =~ °

. /
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2 5 Data Base Orgamzatlon .

.The DOBIS data base orgamzanon is |I|ustrated in F|gure 1.

" Information stored in an access point f|Ie is not dupllcated in the
bibliographic files. For example, a name access point record contains.
the name, lnformatlon about the name, and pointers to all blbhographlc
records that the name accesses. Bibliographic records related to the

‘name contain a pointer to the name, and any information applicable to

.the name/blbllographlc item relatnonsh|p, for example an |nd|cat|on of

- editor, illustrator, and soon,

The illustrated bibliographic file is actuallv two files. The prlmarv
b|b||ograph|c file contains sufficient information to identify the item.
" Since the secondary bibliographic file fills out the complement of
bibliographic fields, almost any output, including full MARC records,

' could be produced from DOBIS. -~

"The system holdings file outlines holdmgs by Ilbrarv )

Local bibliographic files and local access. point files do not have to
be established for all libraries using a DOBIS instajlation. If a library
~accepts the’ cataloguing established in the common files, then the local .
"biblio and a.p.f..files are obviously not necessary. "Even if.a ||brary does
define local files, they only need be used for records and fields within
records differing from the common records and fields.

The local holdings file is fnainly a mechanism to get from the blb|10'
.graphic filg to records containing information applicable to each copy
.of the docyment. Each record in the local copies file contains informa-
tion on status (acquusmon bindery, circulation, etc.) and location of .
the copy. Notes can be recorded in both the local holdings and local™
copies records.

Relathnshlps between records in the bibliographic file, and between
authority records in the name or subject files, are, accomphshed by
control number linkages and type of linkage codes’ Tather than by the
repetition of mformatnon in both records. Examples of relationships
between records+n the bibliographic file include:

’

© - & pgreceding/succeeding, - ‘ .

] parent/analvtnc
L parent/supplemen‘t and,
¢ original language/translation.

.
Between authority reCOrds, relationships include:
® seefsee’from,

) see also/see also from,

[ ]
. & English form of name/French form of name, and,
e broader/narrower. . 7 2 . .
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FIGURE 1. MARC DOBIS Data Base Overview
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3.0 IMPLICATIONS

Through thé use of authorltv files, only the authority record must
be changed to introduce current usage, terminology and standards
rather than each bibliographic description in which the authority s
used. It's easy to see how authority information can be kept up-to-date
and accurate with this tvpe of file arrangement. Adjustments from ALA
to AACR to AAGR i can be made in practice instead of nominally.
Malinconico and Rizzolo {6), and Buchinski et al {5) have discussed
additional benefits of the use of authority files in cataloguing systems,

Provision-of all cataloguer, tools in one place should speed the cata- ,
foguing process significantly. Duplicate. recording and storage of
information for different functions or purposes is also virtually
eliminated. This should enable all affected functions to be performed -
more efficiently. .

The price paid: for ease of file malntenanbe elimination of duplicate -

- recordlng and storing of information, and general system flexibility and
expandability s ‘mainly.in terms of greatly increased numbers of
. . input/foutput (1/O) operations to and from dlrect access storage. For
almost any operation, information must be stored in, or collected, from,
several files rather than one. Can the increased system capabilities pay
for the increased disk 1/O’s? That is one of the questions being
addressed in NLC, CISTI and COU evaluation and’ |mpact studies.

40 CONCLUSION . .

In Srder to realize benefits discussed in this paper, card catalogues
must be closed. As evidenced by the University of Toronto (4) and the .
Library of Congress {8) among others, the decision to close is becoming
more commonplace

In 1949, the ALA Catalogumg Rules for Author and Title Enmes
was published. AACR was publnshed in 1967 followed by AACR
revised 1970, AACR Chapter 6 (ISBD) 1974, AACR Chapter 12 (AV -
material} 1976 and AACR Chapter 14 {sound recordings¥ 1976. A
major revision of AACR, abbreviated AACR 11 i in the works and
should be published in 1977. It is-evident, everf to the uninitiated, that
there is accelerating change.in the field of Iubrarv cataloguing standards.

Laser and other technology holds the promise of a dramatic decrease
in on-line storage costs.

With all of these trends, the closing of card catalogues, accelerating

" changes in library standards, and decreasing on- -line storage costs, .
systems like DOBIS that employ data base management concepts, and
an expandable, flexible design, if not feasible now, will be not only
feasible, but necessary in the near future. *°

- '
.
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On-line
Reader’s Services

»

The Systems and Procedures Exchange Center (SPEC) of the Associ-

ation of Researeh Libraries conducted a User Services Survey in 1975

N to assess the directions ARL libraries were. taking inythe area of public
service. More than 1/2 of the ARL libraries resppnded. The SPEC
survey results, available in the SPEC Flyer No. 26 (dated April, 1976), *
indicate that more than 60% of the 69 respondents now conduct on-
line searches to access,§uch bibliographic data bases as ERIC, Psych
Abstracts, COMPENDEXl and MEDLINE via telecommunication
networks to off campus computer systems such as those provided by
the National Library of Medicine, *"SUNY-BCN - (Biomedical
Communications Network) ‘and’ commercial vendors such as System
Development Corporation, Lockheed Retrieval Service, and Biblio-
graphic Retrieval Services. = .

The responding libraries are- providing their users with literature
citations at a cost. Few of the institutions provide searchesl as a part of
the “free” »or "hidden cost”” services normally offered by the public’
service staff of the library. _ ’

This new development (less than five years old in-all responding
institutions) has had a tremendous impact on the library staff and the
users of the library even though the service has been inaugurated at the
same time that other user services have had to be reduced or eliminated -
because of staff and budget reductions. It is intriguing to try to under-
stand why this 'is happening, The SPEC Flyer No. 26 contains details
about other new services such as the loan of portable microfosm readers
and book.delivery systems, but no new development is as common as
computer-based reference services. One reason for the prevalence of

~67 -
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°
.

computer-based reference service may be because the service is
relatively easy to inaugurate. Staff training and some capital outlay for
a computer terminal and modem are the biggest injtial expenses. Where
the decision ‘has been to pass charges on to the user, some accounting
procedures have to be established, but relativewj few costs are incurred.
There is no computer time to budget, no software to write, no
programmers or systems analysts to hire. Truly this use of computers is '
painless compared to other library automation ‘projects. As the prelim-
inary “results of the SDC study, in 1974, indicated practically every
academic library could, and probably would, begin such a service
because it was an innovation so easy 10 adopt. Y

Thanks to a Council on Library Resources fellowship, | was able to
visit. more than 25 university and college libraries in the east, midwest,

.Canada and California to find out firsthand what impact this service

was having on the more traditional reference service operation. The
effect.on the more traditiona! reference sgrvice was an'important factor
both to the successful adoption and continuance of the new service. |

was curious to know how the staff viewed their professional role now

that computer technology was a tool for giving user service and not just
for performing technical operations better. | wanted to know how’
library administrators viewed the incorporation of the new user service,
because academic library objectives have usually given priority to
collection development. My interviews were not structured so my study
should be considered impressionistic rather than scientific.. Neverthe-
less, several impact statements were' heard over and over again
reinforcing my view about the direct impact of these services on the
st‘aff, the library itself, and the library’s user. )

Many - staff .members commented on the opportunity on-line
searching services pravided to be "“more professional’’ for they must be
an analyst before and after the search, getting a very clpgar understand-
ing of the search request and the output results. Somgone’s conmiment
summarizes this impgct nicely: “'l know and the user knows that all is
in good hands.” . . ! .

The new service emiphasizes the library's ability to give customized
service, where the professiona.l staff is available by appointment. This
kind of routine is becoming the rule for consultative bibliographic

“service and library instruction. The staff's time, considered very

valuable, is allocated and planned more closely now.

The computer search output is sometimes just the beginning of the
service the library staff member can render. Other, older resources of
the library are added to the list of current materials which the on-liné
biblipgraphic data bases cover. A tutorig on bibliographic search.in thg
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~ library may f@f&w the search on-line. These are older services with a

new twist.

Library administrators havé hoticed a different set of |mpacts on the
library. Some of them expressed it in this way: ““For the first time we
are making a careful time chieck of our reference fibrarian’s duties. We
have reviewed their duties and their costs to the library and wé have

reassessed the priorities of these duties when our Budgets have to be

cut. When we can, we now pass on to the user a charge for staff timie.”’

"“'Because the compilation of a bibliography is rather painless using
the computer, we have found that oursesources are used more and our

~ ILL department is very busy.' The weaknesses of our collection are

immediately evident, causing Us to make a greater effort to fill in the
gaps. We now can use the computer searches and our analyses of the
dath bases on-line to check our holding in thése areas. We also realized
that we must streamline our document Helivery systems and procedures
to match the ‘quick turnaround time of these on-line searching services:
Both in the library’s circulation procedure and our ILL were found
wanting.

The coSt/beneflt rates for computer-based reference service is easily
determined, and statistics are easy to keep. Fhe administrators are
trying to obtain comparable facts about other user services. Some said,
“We never studied costs or benefits before. Current study should hélp
us aliocate resources better.”

- An unexpected impact on the library has been the need to realize
that the library was now in the marketing business. As the service was

“available at a cost to the user, it needed to be promoted, demonstrated,

and fnatched to the particular dlientele best served by their use of it.
This had a direct effect on the library’s view of itself and a cross impact
on the view of the library by others on campus. Almost ‘overnight, large
segments of the potential user population of the library saw the library
as a modern service, the library staff as professionals interested in giving
efficient service. Opinion leaders on campus ‘began to speak of the
library as being very sophisticated, more like the computer center than
the archives department. In some instances this helped the library geta
more favorable airing of their.entire budget and also get some special
funds. :

" Graduate students appeared to have more contact with the library
staff now. A delayed result of this interaction may be their continued
use of the library’s custom services when they are teachers themselves.

The issue of elitism is a definite negative impact of these_ on-line
services. Now these services in most libraries are available only to those

who can pay and whose subject interests are represented by the on-line )

"
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s

data bases. This could change as subsidigg”or charging patterns change,
and as more data bases are added. ' :

Overall, the introduction of computer-based on-line servnces has had
a positive impact on library staff and library users. Beyond fixed costs,
the costs involved are specific to the user and particular users. This has
made it difficult to amortize all the costs over all users or to come-u
with a budgetary item absorbed by the lnstltutlon rather than passe on
to the user. ‘ ’ A

Eventually library managers will have to sort this out as have the
computer center managers. | hope that a group like EDUCOM weuld
bring the computer center managers, library managers and oh -line
bibliographic service vendors together for an exchange of prgcegures
and charging’policies. This may be a critical area affecting thy/ﬁ,tute of

" on-ling user services in academic Ilb_r.arues -/ /
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- Chapter-10

by-Judith Wanger
and Carlos A. Cuadra

On-line
Impact Study

/ | IR

The 1970's have seen tremendous growth in the use of on-line techy
nology for jaccess to biblipgraphic-type information, i.e., citations,
.abstracts, and research summaries. As a long-time supplier of on-line
retrieval services, System Development Corporation was aware that a

wide variety of questions were being raised about these services that
could not be answered with_wavailat?e data. To help provide such data, -
~ and address these questions, SDC

,study of the users of the major on-line service suppliers and; in 1974,
. received a grant from the National Sciefice Foundation to comduct the

developed ideas for -an exploratory

study.
Background on the study objectives and methodology and data from

" the stugly results are highlightedpelow in the following nine sections:

Sejection and Training of Staff

w the On-Line Services Are Being Used
osts of On-Line Searching > ’ .
System Preferences -

Problem Areas

Imqact of On-Line Services - o . ’

© Copyright System: Develobmen( Corpo}alnon 1975, 2500 Colorado Avenue,
San.(avMonnca, California 90406. This study was conducted with the support of
the National Science Foundation (Grant Number S1S74.03465 AQ1).

/ 71—
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.3

1.0 STUDY BACKGROUND AND METHODOLOGY

The,p‘uvrpose of the study was to describe the community of users of
on-line servites, to fearn about the kinds of preferences that users were

. developing and the problems that they were encountering, and to assess

the kinds of impact that on-line literature searching was having on their
operations, .
-SDC elicited the cooperation of 9 other:major suppliers of biblio-

graphic on-line services, to provide the brosdest possible user and -

supplier base for exploring these areas. Each of the participating
suppliers was asked to help in several areas: 1) to provide us with their

user list, or to mail our questionnaires directly to their usérs; 2) to
review our questxonnanres and assist in revising items; 3) to review the

preliminary data and the draft final report. The partlcupatmg supphers
arer

efense Documentation Center

Eurqpean Space Agencv

U Lockheed Missiles and Space Company

e National Aeronagt:cs and Space.Adn,nmstratiop_
® National Library of Medicine

® State University of New York

»

° Syétem Developmént Corporation

. Letters requesting=participation in the study were mailed to using
organizations identified by the suppliers, or directly from the suppliers
1o their users. Each organizational unit tnat indicated it was willing to

participate received one Managers -Q:uestionnaire and up to 3 Searchers '

Questionnaires. Neither of the questionnaires posed any questigns
about speaific systems or data bases, since our purpose was to
understand the use and impact-of on-line services, not to evaluate one

,system or technigue against anotherr The total Aumber of respondents

was 1273: 472 Managers and 801 Searchers, fepresenting 546 unigue
organizational units. Wa believe that these parfticipants represent about

. two-thirds of the total on-linflusing community as of 1974 and early

1975. Of course, that commnity has continlied to”g‘row very rapldl},\

The study data reported in the following sections arg-taken primarity
from the two questionnaires; results are reported as Manat;er data and
Searcher data. 8 1

X
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» v

2.0 DESCRIPTION OF ON-LINE USER L
" STUDY POPULATION — -

.

Who are the Users of On-Line Services? The: list' below shows the
. general composition of the responding organizations using on-line
services. Managers .frgm 472 installations characterlzed their parent
organizations to yield the following percentages: e .

® 32.2% ,Commercial or industrial organization - . l
A

29.0% University or college . o . |
® 17.8% Federal government agency

L 8.9% ‘Non-profit or not-for-profit organization’

® 6.8% Other . D
® - 2.1% State/provincial governmeént agency ‘
L 1.5% City or,county government agency R . ,“\\;i.
« ® 1.3% School district (local, intermediate, co\un._)k A
"® 0.4% Junior/cdmmunity college ,/' )
e 0% Publiclibrary A\, ‘ ;o

The flnal rounded percentages in these 4 major groups became

L 32% Commercial .
L 31% Educational N
L 21% Government
.

not to participate in- the study. The authors believe.that the remaining
* group represented at the time of the stu and still does represent—
—the—world’s major -suppliers ,of on-line literature-searching services.
These ten suppliers ‘are listed in Figure 1, along withghe names of their
‘retrieval systems. As the reader can see from th# list, the .on-line
dupplier group, like its counterparts in other areas of information '
services, is very ‘divérse and includes all sectorg. private/not-for- protlt
‘prlvate/for -profit, federal, and vntergovernmehtal In\ addition, ‘it is '~
world-wide. 4 C
~ The differences among on-line suppliers in clientel’ *and chargi‘ng’ .
-' policies that stem from their placement in the ec nomlc ‘sector-
probat(lv account for }anv of the differences among the user groups

16% Other £ o LT
. Two other on-line duppliers of bib‘J%r{:iic'data bases Blso elected

discussed in the follofing chapters: commercial, government, and C
educational. For<«xamgle, about 50% to 60% of the educatlonal insti-
tution ynits in the study populauon are health science-related libraries

: - / : 82
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<

that are pr|mar|Iv users of the Natlonal Library of Medicine service, but’ .

may also Qg using one or two of the commercial sen)rces About 20%
are. main reference libraries, wh1ch tend to use the commercially avail- +
able services. The remainder are a «compbination of other specialized

‘libraries and departments in higher education and elementarv/secondarv

education units, which also use the commercially available services.”
Therefore, the, data from educational institutions reflect two kinds of
experience: the experience of MEDLINE user$, whb have had a hﬁtorv
since 1970 71 of paying only nominal fees for these services, and the
experlence of other-users, whose use of-on-line services began only.in

1973-74 and has most likely been with the commercial, noR- subsldlzed ’

services. | - . ! :

The commercial organizations, at the time the data were collected
were primarily using the commercrallv available on-line services; as we
will see from the data, they are the least experlenced of the three major
orgamza(tlonal -type .ysers. The:-government acies represent a mix of
users, some of wham have begn using the federally subsidized ser\\’nces

“in their areas for up to six yeafs, and others of whom are using onlv, or

additionally, ong or more. of thk commercially available services.
Each of the: partlcupatlng s pliers was asked to help in several areas
user list, or to mail our questuonnalres

3) to review the prelfNjnary data and the draft final report. -The

ative in- all areas and contribyted many

first Jfeedback conference wrth liers to review the preliminary study

data marked the first time that representatives from all of the. suppliers.

had sat around the same table to discuss the on-line services. o i

.

. ‘ v

,3.0 ‘GETTING STARTED B .

Once the decision IS made to institufe an on line literature searchlng
servrca staff members must be assrgned nd trained, equipment must be

acq\ured and the service must be-announced. {Staff selection and train-

ing are described separately in.Section D.)

3 1 Termlnals - v ’
We asked the managers whether the purchase or rental of a terminal

had been a gnajor barrier. About 87% of the managers said that a

terminal was already available to,them or that it was not dlfflCU|t to
buy or rentone. The problems encountered by the other managers were

s
. . . . 2

t few questionnaires and assist ih revrsrng .
_items developed by SDC or adding items where coverage was needed;

R

4
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/

mainly budgetary and included resistance from upper-level mapagement
because they did not understand the value of on-line services.

We asked managerswhere they decided to locate the terminals. The *
most popular location was in a separate ‘‘terminal’” room within the
library or infprmation center. Presumably these rooms assure a quiet
working area for the searchers and those end-users who work with the-
searcher at the termlnal to provide guidance and feedback.

A large majority of theemanagers believe that finding ae@)per
locatlon for the t€fminal is important. For some, visibility to end-users

Z was a prime consideration. The most frequently mentioned considera- °
" tion was easy access bv t taff and/or the end-users. This considera-
tion Aoes not hecessafMy result~in placing the terminal in one fixed,
central location. Ofie manager told us that, in his organization, four or
five different individuals use the terminal for different purposes every
day, but none of them needs it for more than an hour a day. To
facilitate sharing the terminal, this organization has installed phone

. jacks in all the appropriate offices and put the terminal on wheels.

About 6% of the" managers keep the terminal under lock and key
because of - classified-information security, or security of the terminal
itself from theft, or simply to keep staff members and end-users from
"plavlng wnth the terminal and perhaps démagung it. .

3 2. Promo on of Servnces

. We. asked the managers several questlons about the ways in which
tbev informed users and potential users about the new on-line service.
We learsfed that about 83% of the managers formally announced or
promoted the new service in some way. The most popular method was
the use of newsletters or flyers. Special presentations or demonstrations
were also geported to be heavily used, either for groups pf users or for
impoftan{ key individuals in_the®rganization or company. Most of the
other‘responses were a varratlon on the special-presentation theme. For -
" example, in some organlzatlons new faculty members are given one free”
search. ‘Some organizations have developed audio-visual presentations..
At least one library catled a press conference, which resulted in their
getting free advertising on television. :

All of these methods appear to be successful, but managers report '
-‘'that the most successful ones are sample searches a.nd special group .
meetings. . ) : ~

A few managers have reservatlons -about fully promotlng onI|ne
searchrng They are worrred that the extra’ workload incurred by an
_ increase in the numbex of usefs would be too much of a-burden on their |
- staff. Some other managers partlcularlv those repyesenting organlza- '

t

.‘,’ . ) . . &‘.bi‘ i ._
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+ . 29.0% Familiarity with computers or automation

t
.

.

-

tions that do not try to reéovér the full cost of a search, are’concernec

that an increase in users could not. be absorbed by their present
bUdgets

49 ‘SELECTION AND TRAINING OF STAFF

4.1 StaffSeIectlon a .

We -asked the managers how many persons they had selected to be"

on- hne searchersr during the first .30 days of on-line service. The
numbers ranged from one searcCher, 10 as many-as 40, and the average
was 2.8.persons. TMe larger numbers weYe primarily in government

. organizations. In slightly over half' of the organizations, the -manager

was included as one of the initial searchers. . -

We also asked the managers. why they selected partrculamndrvrduals
as searchers. We gave them 8 response choices. Results of their choice
are shown below. . ‘ . Ca

’

- 75.6% Trained Iubrarlans or information specialists

~ 41.1% Familiarity with one or more of ‘the data bases through
searches of ‘the printed qrod‘u_ctsr

i

25.0% "Riéh’t" personality’ o : ‘ E
1‘7.‘8% Only staff available at the time
7.8% Previous use of the system subsciibed to . ' .
6.9% Other ' . .
1.0% 1 do not Rnow >

. Across all organazations and units, over 75% _of the managers chose
rndlvrduals who were trained librarians or information specialists. Over
40% of the managers’ chose indiwduals who were familiar with qne or
more data bases, through codlngv}or batch séarches or manual searches.
Havung the ‘‘right”” personality {25%) seems to include the searc'hers

having good -communication skills and being able to conduct ‘a good. .

reference interview to find out exactly what the’end-user wants

About one-fourth of the managers met resistance or apprehension

among the original staff members assigned to on-line searching. Some of

these statf members seemed to have a pronounced lack of confidence.”
. They‘were euther fearful about computers or skeptrcal about the results: .
of\ making use of computers ‘In some lnstances they were clearly .

erned about the possubrlltv of being replaced by the computers
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However,® mqst of them now beheve that.on-line systems are ex‘tremelv .

valuable and say that they enjoy on-line searching.

.\We also asked the managers whether .some mdrvrduals were better
surted to be an- Ilne, searchers than. others, and .why. The most fre-
quentlv mentioned qualification was having a reférence-service
background, a data base background, of subject background in the areas
in which most of the on-line searches are performed

The- second |mport'5nt characteristic mentloned by the managers is

having a logical, thorough analytic -mind. Other characteristics of a -

good searcher include curiogity and a desire to learn; adaptability; com-
fortableness with the machine interaction process; ability to cope with
instances of system failure; and patience and persistence. Some people
imagine that skiil at spelling and tvplng is |mportant Werv few
‘managers report thls to-be the case.

42 StaffTrammg o ‘ .

Once the manager Has selected one or more staff members to be on-

line searchers, these searchers must be trained. We found that approxi- -

.mately 55% of the searchers received formal trammg for at least one
system from the on-line system stupptier. Searchers in commercial
orggnizations are somew at more likely' to receive formal training than
se;&hers in other kinds of organizations. Nearly 65% of the searchers

: ln ‘commercial ‘organizations received such tralmng compared to 55%

R » in.government organizations’ and 50% of those in educatlonal argani-

zations. i ~ :

In those instances where the searcher did not receive formal training,
the two learning methods that predominated were 1) studying the
users’ manual, and 2) getting instruction from some staff member who
had been trained by the on-line supplier.

. One area in which there is still much controversy has to do with the

number of data bases and systems that can be mastered_by the novice

_  searcher in thé early months of his or her experience.'Some persons

believe that learning one data base and orie system well enables the
searches~T10 berform expert searches sooner and gives the searcher the
gonfidence needed for learning additional data bases and systems at a
fater time. At the other end of the spectrum are those ‘who advocate
learning several data bases, on several systems, in the early stages of the
_saarcher’s tramnng The assumption behind this posrtron is that,-regard-
Ness of the data base. or isystem’, being. examined, the gimilarities of
on-line searching far outwelgh the differences, and being exposed to

two moré data basés or. systems simultaneously helps in the general )

Iearmng process. A . .

i

v,
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About one-third of the searchers in our survey learned only one data
base during the first three months of on-line experience. Another third
learned 2 or-3 data bases and the remaining third of the séarchers

learned 4 or more. We asked the searchers who had learned only one

data base whether they thought that they could Have learned more at

. that time. We also asked the other searchers whether.it would have been
) easier or better to have become thoroughly familiar with one data base
- béfore fearning others. The answer of both groups sypports the position.

that one can and should learn several data bases, not ]USI one, m the

"early stages .of training.

We also asked the searchers about Iearnlng more than one system in
the. early stages of trammg The responses show that learning more than
one.:system is.more difficult than learning more than -one data base.
Almost 40% of the searchers who had early experience with several
systems said that it-would have been better to become more familiar
with their first system before learning the second. However, the other
60% of ‘these multlple user searchers dlsagreed with this idea. . :

These responses show that there is not vet any one best way to learn.
to use several on-line systems. Some searchers will nt to consolidate

_ their knowiedge and.develop their confidence before beginning to fearn '

a second or -third system. Others will want to learn several systems

within months of each other to help develop principles that applv toor .

differentiate the different systems.
Earlier we mentioned the advanced training or refresher sessions that

are offered by some on-line suppliers. About 39% of the searchers had
Jparticipated in such advanced training sessions and we asked them to*

evaluate their usefulness. Nearly 96% of the searchers whojhad "had
some advanced training believed that it had ‘been useful. ‘They felt that
it enabled tHem to learn about new features that have been added to
the system and that it provnded a forum for exchangmg ideas with other
searchers. o« v e

£

B

- 5.0 -HOW THE ON- LINE SERVICES ARE BEING USED

We asked managers how many en- Jline searches were conducted on

the -aveérage each month in. their organizations. The responses ranged

" from 1 to over 999, the upper limit for our coding system. The median
number of on-line searches performed each month by the organizations .

we surveyed is 30. As shown in Figure 1, there are differences.ip the
frequency of searching among various ty pes of organizations.

_ Commercial organizations do the fewest searches. About 75% of
these organizations do fewer than B0 searches a month. Educational
institutions do the nost searching: one-third-of them perform over 100
searches a month. - 8 7

-
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.

Organization Type 149 5099 100993  No Resp.
- . I [
Government users {N=101) . 45.5% . 15.8%_ “27.7% 10.9%

. . - i s .
Commercial-users {N=152) ' 75.0% 10.5% 5.3% 9.2%
Educational users (N=145) 44.8% 15.9% '33.8% S.Q\'
Other users (N=74) . 60. 8% 16.2% 13.5% 9.5%

F1GURE 1. Average Nuﬂ\ber of Searches per Month’

N

.-
. ~
\

Thhmage amount of time per search at the termlnal is reported
to be about 18 minutes. Detailed analvsus of the data shows that educa-

' °t|onal institution users spend the least. amount of time per search. The’

Iongest search times are found among users in government agencies:
We believe that these differences can be attributed to several factors,
including the fact that ffore than any other group, educational institu-
tions tend to”use only one data base in carrying out a search. This in .
itself would help to minimize time on_ the terminal: However,
educational institutions also show some other interesting differences.’
More than any other group, they pass charges on to users, and-we know
that where there is a high degree of cost conseiousness, searchers often
elect to get off the system ‘quickly with unscreened . search, hits that
will ‘be reviewed for relevance later, off-line. tn contrast, searchers who
do not pay directly for on-line search time are more likely to evaluate
and refine searche‘op’-line and try alternative search strategies, and.
they gre more likely to print long search results on line. We-were told of
one searcher in a federal agency who, after identifying relevant material
and requesting an on-line printout, went home for dinner while the
terminal pr ted out the search results.’

We beiieve that the relauonshup between - type of institution and

~speed of searching is not a simple one. It 1s important to remember that
-more searches are done in educational institutions than in the other

‘types of organizations. Since frequent se‘ching undourl’?edlv helps to.
sharpen search skills, it is possible that shorter search times reflect skill

. levels as much as they do organizational contextMifferences.

now available. One of the most intresting has ta do with the process by
which data bases are selected for aFgiven search. In some instances the
end-user helps to select the database(s): 13% of the managers report
that most of their. end-users request certain data bases; another 25%

There - are several aspects of &I’j\e'search process -for which data are

" report that some of their end-users request p’grticular data bases. In

» : ' i : .
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Vi

- most cases, however the searcher makes the basic decision, selectlng in

advance one or more data bases that can be expected to be relevant to

the inquiry.

As mentioned earlier, some types of organizations tend very much
toward. one-data-base searches. This is shown clearly in Figure 2.

-

) Most

Government users (N=151)  39.7%
.Commercial users (N=‘215) 30.7%

Other users (N =68) 57.4%

Educational users (N=205)  69.3%

Som'e R

-Eew
ome
258% 17.9%
32.1%™ '26.0%
14.1%  3.9%
110.3%

8.8%

None N.R..
7.3%  '9.3%
6.5% 4.7%
. 49% 7.8%.
10.3% 13.2% «

.FlGURE‘Z. Frequency _é)f Use of One Data Base for One Search

The group that most frequently relies on only one data base for a

"_search is educational users. Even when there is no success on the first

data base, they tend not to "search other data bases, a practice that we '
believe is assomated with the fact that about 50% of the educational
users are using asystem with one primary data base (MEDLINE).

- A

Most

. ot "
Goverfiiment users (‘N=1 51) 17.2%
Commercial users (N=215) 15.8%

~ Educgtional users (N}Z_%)M 5.4%
+ Other users (N=68) . 1.4%

Some

31.8%
395%
32.2%
29.4%

FIGURE 3. Frequency of Use of S
: When No Success on

-

Few

*23.2%
26.0%

36.6%"

35.3%

Ngne
18.5%

C1p1%

6.6%

©14.7%

N.R.

9.3%
6.5%
9.3%

y.Z%

A stcond interesting aspect of on-line systenauée has to do with the
way in which the énd- user interacts with the retri

_system when he

~or she wants a search performed. In the traditional library or-informa-
tien center setting, the "end-user discusses his or her
with the person who will conduct the search, or provi

earch problem
s this person

with a wrltten statement of the problem ~Hut- 1s—not furkher-involved

in the actual search process. A|though this traditional in
.has been carried on by most organizations into tkei

activities, other a|t_ernatives are also being tried.

raction mode
.on-line service -
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The percentages below shgw how often various alternatnve methods

are used. - R
SEARCHES .
Most or Many " Few or None
Preterminal Interaction 79% . 17%
{Verbal or Written) . : .
User at Terminal ) 45% 48%.
with Searcher )
User in Contact with . 7% el 80% -
Searcher, but not at e
Terminal ’ ’
User Performs Search S 10% - - N 78% ‘
. for Seif : - ) .
FIGURE 4. Alternative Searcher/User Interactions
*  {(Managers, N=472) -

The top line represents the traditional interaction method, where the
user provides a written statement and/or discusses the problem with the -
_searCher. Managers report that most of their searches are done in this
way. The bottom line represents the other end of the continuum. As
cdn be seen, end-users are performing searches for themselves‘in only a
very small percentage of the organizations.

These data are particularly m;e"res;ing because they point to a

.~ second major technique that 18% of the organizations use for mostof
their 'searches and another 26% use for many of their searches. In. this
approach, the user works with the searcher at the terminal, while the o
search is in progress, taking full advantage of Hoth the end-user’s subjéct
expertise and the searchefr's system- and literature-searching skills. Many
searchers feel that this approach is efficient and productive. As one

“searcher put it, "It lets the user'narrow his search and doesn’t require
his being so specific and articulate in-stating his problem initially.”
However some searchers do not like to have the end-user present It
can be dlstractmg and it makes them Teel uncomfortable One searcher
‘provided this ‘quotable’’ ob)ection: ""The svstem behaves poorly in_-
front of users but is always frie when | am alone

There is one other aspect of system use that merits discussion; it has
to do with the emotionally laden issue of whether end-users should be
doing on-line searches. As mentioned earlier, fewer~-than 20% of the
searchers in our studv are end-users. We' asked “the librarians and
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~

v "
. . - )
information specialists whether end-users can do on-line searches in a
cost-effective manner. Most of them said no. In conitrast, almost all of

. e . L ' . ‘.. ' .a
6.0 COSTS OF ON-LINE SEARCHING '

", We asked managers to estimate the average cost of on-line searches

.conducted across all systems and data bases. As the list*below shows,

the most frequently reported costs were in the $1:810 range. The
mean cost reported, across all systems and data bases was $23.83.

' 265% S 1.00- 9.00 . .

20.9% $10,00 - 19.00° \ o

15.0% $20.00 - 29.00 v -
81% $3000-39.00 e
5.9% $40.00 : 49.00 L

'12.8% $50.00-99.00 . . Co.

10.6% .oresponse . o t . : v

There are Several reasons why the reported averSge cannot be viewed

as a completelv accurate measure of costs.

‘o Many organ/zat/ons do not keep recards of search times or costs.
Only two-thirds of the organizations involved in our survey pro-_
vided us wnth data

e The average /nc/ud s bdth federally su.bsxd/zedt on- //ne services

. and the computer-Connect-time-based charges of the commercial
. serviggs. It is undoubtedly high, for the subsidized servicés, and

low for the. commercial services, but we do not know the relative .

proportlons of searches from each kind of setvice involved.

® The costs for on-line services have risen in the year between the

completion of the questionnaires and the writing of the final.

‘report. -On the other hand, search efficiency has probably

-.improved. The extent to which these have offset eath other is not -

known.

L Oﬂ_]anizat/'ons do not generally include-all costs in their estimates.
~ Most the organizations we surv& 'inc_luded the costs of Qf-
line printing, computer-connect time, and communications, but
only half of them included staff time or terminal costs, and only
15% included overhead. 9 1 '

~ . .
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e Finally, there may be d/fferences in th ways that .the respond-
' ents defined a search *The project syfftf and most ysers think of
N an on-line search as encompassing all @ the time and effort at the
terminal necessary to_ fulfill an endtuser’s informatjon request.
-After the questionnaire was' developed, the authors discovéred
/ that some users .tend to think of @ gearch in'more limited terr'ns,
such as only oge-terminal session or as a'single formulation run
against a singfe data base. Such an interpretation may be particu-
farly prevMent in commercial information service centers, which
rg sgrs on the basis of per-data-base searches. It is ndt
possible to determine from this survey data how frequently the
more limited definition of search was used by respondents, bu
the reader should be' aware of the possibility that the averd
per-search times and pe( -search -costs may underestumate the true
values

“ a

The- studv also examined attitudes toward and practnces in cost-
recoverv Managers were asked whether they charge end- -users for
"searches and, «if so, how. More than half of the organizations' charge

" end- users and, for the majority of these, the charge is variable.

The organizations were asked whether op-line services should pay
‘their own way in an orgamzatuon Opinion was about equally divided:
"42% said . yes, 37% said no and 17% are still undemd@! These results

< reflect the” ambivalence in the library community on whether informa-
“tion services should Be placed on g cost-recovery basis’s )
There are differences .among. th various types of orgamzatnons in
their attitude ebout user charges d d in their user- chargmg practices.
More than any other group, educational users are agamst user charges.
Yet, when we asked whethér th\e%charge their users, we learned that

.

neayly 77% of the educational institution§"Rave instituted user fees for
on-hne searches

v “\ -

» . e
7.0 SYS_.TEM PREF NCES =~ ~

_ " About three-fourths of the uitiplésysygm searchers reporte
that .they do not use each system an equal a

their - regsons for preferrlng one system oaer another are shown in
Figure 5. © 0

preference vary somgwhat‘bv levels of user
~‘one of the- more frequently given choices of n
expeher}ce) was "It uses a nte'ractiveelfnguage

_stand and remember,” while the morefexperiel

P .
T - . o . . - .
oo, .92

users (1 to 6 months *
at is easier to under: _

e %
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_ : Percentage . TRey

Uses an interactive language: -
easier to understand and . ]
remember . - 29.3% . 4

FIGURES. Percentﬁges of Responses by Multiple-System
Searchers: Top Reasons Why Systems Are l}lot Used -
*  an Equal Amount of Time :

Nea)% of experience} users i
among their top-ranked che
Rwgardless of the number of systems

“Greater range of capabilities”
A .

'(rchers'use they were

" asked indicate the importance and usefulness of several system -

features, which wer€ grouped into three categorles 1) search mput
features, 2} on-line aids, and 3) search output featur From the first
group of features, the most important and most used vere the Boolean

- operators (AND, OR, NOT), and the second-most importagt and used
feature was the abullty to coqabine terms with one or more operators in .

one instruction to the system. The least important features were word-
proxnmuty operators and reiational operators Although the combining
ca abnhty was not necessarily a surprising *hoice, these responses run
cognter to arguments posed by.some observers of the on-line scene who

. Learned+to use the system first; . " * .

" teel most comfortable with it. . 45.1% 2 \
Offers access to more of : . .

the data bases needed. | . 78.0% 1

Greater range of capabilities. - 30.1% : 3 -

y

have said that on-line systems are generally being used in a.very

unsophis® manner, and that simple author s€arches and single-
tergn searche more the rule than the exception.

For the second group of features—on-line aids—the feature that users
considered ‘most important was the capability to receive -announce-
ments on-line from the supplier about important system- related

_ information. The. feature that,parmits users to monitor elapsed time on-

line was second in inmdportance. Other |mportant features included the »

ability to display on-line the alphabetical index or dlctlonary, or the |ISt
of related terms or hierarchical thesaurus: Among the least important
and least used features were those that permit users to obtain om{jne-

explanations of system features and to enter comments on- llne to. the .

N

suppllers ,

: - 93
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For the third group-—search output features—the most important and
most used features were -off-line prmtmg capabnlmes and requesting

standard or predefrned prmt/dléplav formats. The ability to receive -

" citations in upper wer case and to have a search strategy that was *

oo

« sttong-opinions, we call attention to the commercial u

» -

entered/on line dun off line later by the suppller were among the Teast '
important features. f

' K *

- g ‘ t \' .
8.0 PROBLEM AREAS FOR SEARCHERS NP -

"Several potential problem areas were éxplored in' they two questlon’
naires, andgthe data for two -of these areas’ are hlghllghtéc\ below:

. '¥) multiple-system use and 2) system reliability: ° . .

8.1dM'uitiple-System Use : k R

One questionnaire item for searchers who use more than ene system «

\

-begins: "It is genejally believed that using more than one system cane

be confusing. . . .”” Their responses a hown below, firdt for the entire

_group of respondents and then; i e last-three columns, by user

group. J ‘ St -
N : : Organizational 'fxg_e

, AllvM_ultib!e;. , Gov't.  Commer. Educ.
. . . System Users| Users ~ Users . Users
Using More Than Ope System _ (N=339) {N=76) (N=132) {N=99)
. - N

” Iy a major problef and 38% | 53% - 45% .20% -
seriously affects my o o . . 5
efficiency. ° . 3 * \

I1s sometimes confusing but - 47.7% 32.9% 50.0% 50.5%
the problems are not insur- Co ° ’ .

, mountable nor do they ¢ 1) o e '
generally affect my . ! ’ {\
efficiency. L. T S

Has not been asourceof ~ . 31.3% 395%  '30.3% 28.3%"
contusion for me, | : U ‘

No response L a7a% ,22.4% 15.2% . 19.2%

.JFIGURE 6. Degree ofﬁjfu'sion in Using Multiple Systems i
. . ) o~

N . N - L3 ) 2
BeCauﬂthls questlon is one on which many hav;zlreadv'formed
group data, in

particular. These Users are most likely -to be using 'systems from

' ’ <
. .
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. . . -
different “families,” i.e., the-commerciallv"lvaila@stems that have
diffetent interface languages and differerlt repertoirés of features and ,
capabilities. . y . :

The 175 searchers who reported sqﬁwe or considerable -confusion in .
using more.than one system were asked to indicate the areas in.which
they wer “having ‘the most difficulty. They reported moderate to great
cotfusioz in the following areas: . :

‘ . 4 .
® 54 3%: relating capabilities or features with the correct' systems;
+ . :

- ® 46.9%: procedures for issuing printing instructions;

" ®  44.0%: procedures for eptering searches. o

o ow o

L 4 .. Y . .
~ Since thk study was conducted, at least.one user aid has been

‘deveioped ;to show the repertoire of command names used on the
-various major systens.” Additional aids are under preparation at this

time, and the question will need o be pursued over the coming years as
to how the remaining sources of confusion can best be nfinimized and

" eliminated without reducing systems to their, lowest common denomi-

nator of features and performance. Although some confusion in
multiple-system usage is evident, some users also report that learning
one system actually helps in the learning of additional systems. As one
searcher put it, much of the operation of the various systems is
identical in theory, if not ¥ fgrm. '
‘. * M .
) Y t.

There are many links in the chain of access to a'supplier’s computer,

including the people f'the equiﬁment,_ and the software. These links start

"with the user, 'his of hér terminal, the characteristics .of the room in

which.the terminal resides, the telephone,.the coupler or modem, and
in some cases, the switchboard. The chain movgs t.hrough thg telephone
company and its equipment, and through -the®long disgnce lines,
ometimes. via a communications network wjth its many })ersonmel,
hardware and software, and telephone lines. {Dnce the link-js made to
the supplier’'s computer, additional compgonents are addjd to this
system: the supplier’s staff, teleprocessing hardware and sqftware, and,
finally, the many components of the supplier’'s computer and retrieval
s,v§tem. How reliable are some of these key svstemcomponents?
¥ Actggding to the 801 searchers in the study, most ofs tr‘ese compo-
nentsTare demonstrating high reliability. For example, o'nlv'.about' 4%
of the Searchers reported that they have frequent,problems with their
terminal,s;'better_ than 75% rarely or never encounter terminal difficul-
ties. Some of the other data on-problem areas are shown in Figure 7.°

o e |
- ? /N . R

t -
[ .
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¢ s requent Occasional Ra'relx/Nevev( R
9- Problems Problems Problems No Response
With supplier’s % 37‘8% 36.9%. o 12.2%
gpmputer system B . .
| intermittent trans: - .12.2% 2rm) 60.3% . 6.4%
- mission of garbage S .
characters . \ R . . N
~ . b '
. Disconnection from 10:7% 36.5% - 458% . 7.0%
‘ . 7 i ™
: host computer - . ' —/\K - N
© : ) . . )
|~ FIGURE 7. Reliability of System Components %
) - . N . FREN “va -~ .

/

~ described the. " “finger-pointing dilemma’” th

. . . .
. .. L

e o B L L] . ( e "
In many |nstances the- s\)mptom that a user experlences at’"a

terminal may be traceable to any gne of severa| of these components,

which . makes the . diagnosis of problems\by users fairly difficult.

However, only 4% of the searchers reported havtng difficulties in diag- '

nosing what appear to be system -related problems over 50% rarely or

never have problems. '

* Al is.notd perfect, of course, end the searc

- open-ended questions suggest that system-responge problems—where
.. the"cause of the delay is not clear—and getting and §taying donnected to
the supplrer s computer are the major areas of congerp. A few seafchers
they sometimes
searcher put it:

.encounter in trying to diagnose problems. As\

""Have checked the terminal, the coupler, the phgne, phone lines..

Tymshare and suppliers all say their segment is woyKing fine.” Afthough
this' $earcher did -not mention contacting At e ‘on- line “supplier, we
believe that the on-line suppliers can oftenbe helpful in coordlnatlng
Wwith other supplrers 6 dragnose problems.

s responses in the

YR . . .

©s
‘.

90 IMPACT OF ON-LINE SERVICES | SR

‘ We first asked hat benefits the organizations expected when thev
“started using on- shn

e services. The list below indicates the managers’.

resgpnses to a number of choices provided in the questlonnatre Later
~ we asked the managers whether all or most of these benefits had been .
: reahzed Nearly 92% of them said Yes. Respondlng to the questlon

e \

3 96 ) ,

.



-------- N Fvser vigvrrieusews TRMALI Y MMM UG TTVMIM W MW sy

T "blM‘I! 6t _using on-nne sysTems?" 472 managers responded as follows:

-

. 72.0% Faster turnaround timg, . - v
87.5% Access to-additional sources of information L
- 56.9% Reduction of staff time e .
47.2% Greater precision in searchmg . .

44.4% Serve more users R
43.0% Capabultty for I|terature-searching services '_ ’
s.q% Other " ) ﬁr

o

® 29% Didn’tknow '

.« In commenting on their success with on-line searching, managers
most often noted a’reduction in search time, the ability to serve more-
users, and access to inforrgation previously not available. They also ,
mentioned increased user msfactlon One manager reported that his
organization, which had ‘previously provided only minimal literature
searching services, was now doing 200 to 300 searches per month.

Another manager wrote th'a"tj, in the days when all of their searching
.was, done manually, literature-searching services were available only to a
few faculty members and administrative personnel. With the use of the -
on-line system, this organization can now provide service to all students
and staff, as well as to outside hosprtal personnel. Other managers
reported similar changes. .

With respect to increased access to mformatnon our survey responses
showed that more information is now available fo users because the
staff now knows what is available and where to look for it. In addition,®
on-line searching has permitted organizations to perform literature

" searches of a depth and qudlity that were not possible—or, at Ieast were
not practical—-with manual searching. - P

' Both managers and sparchers were asked about the contribution of
on-line searching to staff productivity. ‘Ve posed this statement: The
productnvnty of staff is greatly 4ncreased by the use of on-line services.
Over 75% of.the managers agreed or strongly agreed with the. statement,
and only about 11% disagreed. The results were even more positive
from the searchers. About 77% agreed with tfe statement and only
7% disagreed. Further analysis of the data shows that the more searches
an organization does the more IukqulsMport that staff ‘produ¢- -
tivity has increased.

We asked the managers whether there had been 3ny significant
.changes in staff attitudes or morale because of the introduction of
on-line searching. Nearly half of the managers reported. significant

ERIC
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changes, and most . of these chinges were mve OThe 'raasort
mentioned most often for such changes waé what the. managcrs a
porepmd s an .increased sense ‘qf professionalism among the staff. . '
-- Some managers reported that th change in attitude stemned - from . :
increased’ interest in and .enthugiasmt toward literature searchrnq,
because the on-line system. had: tak n much of the d'rudqery and tpdlum
out of searching.

“A few. managers—15 out of had complaunts about on- Ime
~ services. The most often stated camplgint—and one that,. rn{erestnngly
' enoum actually attests to the success 4f on-line searchrng-—v&as thatthe - .
“on-line system had proved so popjlar with the clientele that the staff
had been deluged with requests fon on-line search'es Unfortunatsly, the
.~ .size of the staff had not grown to|offset the increase in thesuse of the
faotllty and the same staff was faced with more work. o
We asked searchers to compare the quality of searches obtained from v
.an on-line system with searches performed manually or by batch *
prooasslng. The responses were predomrnantly jn favor of on-line
“searches. We also asked about|the cost-effectiveness of on-line ;
searchipg, in compariskn with both manual and batch searching. Both =~ g}
searchers and managers resppnded in favor of on-line searching. | .. '+ ‘.
Many of the searchers and managers did not respond to the
questions asklng for comparisons gf on-line with other types_of search. .
ing. A major reason for this is that at least 24% of the organiza ionsin .’ L
‘our survey had never done any kind'of literature searching before. Thus )* e
they had no basis for comparison It is obvious that, when we top t0 . . '

—a-A

" consider what the impact of on-line searching has been, wi must W
. include the introduction of. literature search serv:oes in organizations =
where they have never existed before. v

What about user reactions to on-line searching? We asked the
managers about end-user reactions,|compared to those for the literature
searching services previously, available. Of -those managers who were R

ble to make a comparison, -over 65% reported users’ reactions to this
‘new literature-searching tool to {be favorable.“Only 3% reéported -
unfavorable reactions. The managers also reported some interesting
changes on the part of their users; Users have come to expect faster

service from the library or infor ation center, ad. some users are '
irritated when manual searches cannot be provided as.quickly as - °
- computer searches. As one harassed mahager put i
think that we are automated in ever thing.” . .
One mterestmg comment on use satisfaction came from a manager .

;

, "The users seem to

ERIC
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: ‘.‘sthl’&.t.er‘mihe,d by ‘ty‘e _adc;qu_acy of the search-pres'ciibtibn formulated

.. by librarian'o formation specialist. - */ i : *
' m\::jor s'ghs of the acceptary:q of on-line services are not simply:
* - the'expressiops/of satisfaction but the indirect measures.of.success. We ..
=~ asked managers this question: How has the on-line service affected the.
* numbe of users of your information services? Over half of the organi- -
> zations (52%) reported that the number of users has increasé.d. In 17%
' "of the cases, the on:line service. allowed the organization to sefve more -
‘users, even though it was not the only reasorr that more ‘users’were
v being Yerved. In pnly 15% of the cases was there no effect on the
numberbf users. - ' . : -

An increase in end users naturally means an increase in the number
of search requests that a libraty must be-prepared to process. Searchers -
in 'ong organization saw a ten-fold increase in the number of.search -
requésts over'a 12-month period after the on-ling,service was instituted.
. Although'/ﬂfe expe‘g:nce of this organization mdy not be typical, many -
fmanagers 'did clai impressive gains.in the number of searches being -
+ parformed for their users. . S o
We asked th@ searchers to assess the impact of on-line searching on
. their worqua/d and their productivity.*Fdt 49% of the searchers, their
workload jncreased with this new-service. Interestingly, the increase in -
.workload’ does not necessarily mean that new staff must be added. _
Presumably some of the increase is offset by greater staff productivity

About 76% of the managers in the survey reportéd that the increased .-
speed and efficiency of on-line searching ovef other modes of searching
. increased staff productivity. Only 22% of the managers believe that the
introduction of on-line services re_quire's adding new personnel to the
_staff. As might be expected, the managers who believe additional
. personnel are required tend to work in organizations that;perform a
large number of searches- In those ‘organizations that perform’ fewer
than 20 on-line searches a month, ond 16% of the managers feel the
_“need for additignal personnel. - . - S ’
~ Many managers indicated that the on-line service caused an increase
" in the use of other resources. For example, in nearly 56% of the organi--
zations there has been an increase in the number of requests for full-
text copies,of documents. This increase is, in turn, having an impact on
acquisitions budgets and on interlibrary loan requests.. - "

.

10. SUMMARY- o ' L
This summary report has touched’ on some of the highlights of the
“study of the impact of on-line bibliographic retrieval systems. Such
_systems have been in existence for nga_rly 15 years, but only in the past
997, | el

I3
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" study has shown is that these tystems are highly regarded by those that
: have used them and-that, m spite of growing pains stemming from
, asyet-imperfect technology, pn-line searching is growing in importance

1 and usefulfiess. -

+ On-line sérvices are having a profound impact on Inbrary/mformatnon
raference servnce not only.in terms of the speed and comprehensiveness
df service, ard the improved self-i -image and morale of the.information

*ofessnonals involved, but also in terms of the phnlosophy of service.
M§ny institutions that have begun using on-line services have had to
modlfy or comproinise 7 free- -service philosophy to cope with an

'_une)‘(pectedly high demand for on-line service, a demand that has .
strained or overwhelmed existing budgets and required either the:

* curtailment of service or the imposition of user charges.

Most of the current users of on-line bibliographic retrieval services

‘are information intermediaries, but the number of scientists, tech-
nicians, businesspersons, and others who are doing their own searching _
is.growing, and this growth presages a vastly larger community of users
. than we see today. The SDC study has provided a wealth. of data to
help information professionals and users take fuller a'dvantage of this
new technology, and to help data base developers and suppliers of the
on-line services continue providing a responslve service. For information
sciencesresearchers, .the study provides insights into issues that warrant
further examlnatlon The importance of this technology to the library
. °and information services community has been clearly established;

f responsibility for the -further development of this technology and the .

3y

maximizing of its potential rests with all of these@qdiences.

-
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10 INTRODUCTION . | ‘
" One of the consequences of large scale library automation, comppte\r
snetworking and mechanizéd information retrieval is the sad fact that it
becomes increasin%ly diffiCuIt to isolateand talk meaningfully abouta
single level or type of se_rvice. Very often this represents only a
component of an dnterrelated system which supports and inicorporates
the partiéu['ar service as a module, a sub-system or perhaps a purpofeful
assembly of these. N . .
This pager will reduce the many facets and activities of a national
system into the direct functions of reader or user services. Only brief

references are madé to the grand design, the setting and the o:’ganiza-
tign'al aspects of the Canada Institute for Scientific and Technical

". Information (CISTI) which offers these services to Canadians. GISTI is

"+ adivision of the National Research Council of Canada that was created
_in October 1974 by the merger of two organizations: the National
" Science Library, which has existed sincg—~1924, and the Technical
Information Service, formed in 1945, Thése twqgunified organizations
operate as the central node in the evolvi JQm

technical information network.. CISTI maintains an interface with

various types of end-users and also reinforces the service capabilities of

.other Canadian libraries and information centres. Thus, CIST! is now
retailer, wholesaler, importer, and, perhaps in the future, e’xporter
of information as well. v

.
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20 CISTI SERVIC‘ES - . -~ -l

Reader services, in the traditional sensg, are insignificant in the
CISTI orgamzatlonal enwronment There ate few people in the reading
areas or browsing in the open stacks where some one million velumes
are held gnd 18,500 serial titles collected. Researchers of the National

%uncnl,laboratornes, of the two local universities, and of . °

industrial Ttrms’ borrow volumes and request information from the

'Reference Department,” but- the bulk of the services is provnded to

.mdwiduals and organizations wh|ch are located outside of Ottawa. For .

'ekample the Interlibrary .Loan Department receives a daily.average of

400-600 requests for photocopcas monograph loans and mncrof:che

_blow ups. ’

with hard-copy literatuse, the retraspective or alerting information
services which CIST! provides r‘\aflonally The collection building and
acqulsmon policy is difected, toward the subscription of journals and

A large portion of the. lendmg and duplicating transactions back up / .

. the purchase of monographs which are not. held - elsewhere in the

country. The collection is checked quarterly for 1:week test periods to
ra_nk-oraer the usage of periodicals and to list the disciplinary subjects
in order of usage frequency. Once each year periodicals usage is
evaluated by plotting the titles per subject against the vequests per
sub|ect to see whether supply and demand are harmomzed ‘
-The Tretrospective and  alerting information ' servuces which are
backed up by thé collection, can be dividedinto three categories. All of
these are conputer-based and operate'in a network fashion.’ Two of
them—an on- Ilne enquiry service and a -selective dlssemmatlon " of
information system—were created\and are maintained ‘by the Natignal
Research Council. The third functions by hooking up.Canadian users,
via a te|ecommumcat|on network with a system in the' Umted States. -

»

3.0 CANADIAN ON-LINE ENQUIRY SYSTEM N

The first, CAN/OLE CCanadnan On- Lme Enquiry System) has been
in operatnon since March 1974. It was deslgned ‘to provnde retrospectlve‘
searching of large bibliographic reference files - all major fields of
science and technology. In 1976 over four million references of six data
bases can be accessed through approximately 240 terminals across the

-gountry: Biological Abstracts; Chemical Abstracts; Engineering Index,

the* British INSPEC service covering physics, electrical and electronic
engipeering, ‘computer and control; the NTIS data base; and the Union
List of Scientific Serials in Canadian Libraries. \s CAN/OLE a unique
system? To some extent,-it is unique. The user does not get only
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E ; - references to publushed papers when s/he is searchnng the vagious files, -
[ She ¢ ceq also switch immediately to the-Union List, one of the available
.. data bases, to find out which .of the 250 science libraries holds the .
* required serigt title. S/he will know whether the-journal s held in the
library of his or her own, organization and,-if not, which is the closest
. holding library. Alt libraries participating in the: Union List’ project of
CIST! are equnpbfd and willing, to provide lendirig or reprography
services. Another 'unique feature of CAN/OLE is its bilingual, English
_and Freneh, |nteract|ve conversation capability. The third is a support-
‘ing communucatlon system by which CAN/QLE can be reached from 11
Iarge cities of Canada through a self controlled communication
* network, The vhies are Vancouver, Calgary, Regina, Winnipeg, Toronto, .
e Kltchenev Ottawa, Montreal, Quebec, Halifax and St. John's in
Newfoundiand. CIST™contro! of the commumca’i\'on network enables
the Institute to offer CAN/OLE on an “equalized rate basie’ so that
access to the system costs $40 per connect hour across thescountry; in
other worgs ‘the charge for OLE services is the same in Vancouver or
Halifax as it is in Ottawa where the system is operated ¢ .
AN/OLE is ‘a growing system baoth in terms of users and of search
able flles. The next data base schdduled to be addeéd is a modest
Canadnan version of the Smithsonian’s Science Information Exchange, “. '
. SSIE. The file is produced by the Information Exchange Centre of
. CISTH wgw has a strong liaison with the 31 granting agencies of the
federal rnmént. According to a Cabinet mandate, these funding
bodies supply CISTI with a fact-sheet of each research award they give
- to academic institutions, including fiscal data and a brief abstract of the. .
project. Consequently, the [EC file contains roughly 10,000 entries
annually plus approximately 30, 000 project descriptions feferring back N
to .the last three years. CAN/OLE is not only a bibliographic search
systtem, but ‘also a location tool and a natlonal durectory of subject -
ex;?ertlse
As an_.uaconventional reader servace CAN/OLE is very sngnnflcant
Traunmg coutses for users are held monthly, and the link between local-’
terminal* operators and CIST! is rather strong Just recently the..
.Institute conducted an extensive national user survey which supplied . =
invaluable inforination- on. the overall reaction of subscribers; the
frndnngs of this study will assist us |n further refinement and extensnon

"

" qf CAN/OLE.
4.0 CANADIAN SELECTIVE DISSEMINATION -
. OF INFORMATION SYSTEM T T

The second farge system | wisH to introduce is CAN/SDI, Canadnan
Selective. Dissemination of Information, which, in batch format, serves
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" .some 2100 subscribers with personalized bibliographies. At the ‘moment
" 15 data bases are utilized; BA Previews, . CAIN, Chemical Titles,
- Chemical .Abstract Condensates, COMPENDEX, ERIC, Geo. Ref,
' »-G‘ovo'mmint"Ro'po'rts Announcements, |NSPEC, the MARC 11 of the -
“ Library of Congreis, METADEX, Psychological Abstracts, 4nd tapes
~"pfoduced by the Institute for Scientific Information in’ Philadelphia.

Some time ago the Institute attempted to explore in 3 nationwide study -

.* how many people were benefiting from CAN/SDI subscriptions.on a
'roqul'lr basis. Staff learned that, on the average, 28 peop]q participated
in the formulation of a search profile. This is” the number that is
directly served by the output. This result means that the present 2100
subscriptions are covering a user population of roughly 6,000. . '

- Since the accuracy df .the search profile (a list of keywords arranged

-+ ina Boolean forfula) is the pre-requisite of relevant output, CIST! has

* roade special effosts since April 1969, when CAN/SD! became a
" national, servica, to improve and maintain a high quality of the
» individual search strategies. .The systemi-user interface -rests on two
levels. The lnstitute continuously trains users to produce their own-

- profiles and also organizes monthly seminars in Ottawa and elsewhere" -

" for search editors who keep direct contact with the scientists.and
researchers whom they serve. Thus, over 80% of all search profiles are.
formulated and monitored either by the end-user&er—by—their_appointeh
co-workers or librarians. With scientific and technical subscribers CISTI
has established a direct interface. However, some of ithe data bases are
qutside the natural sciences and engineering, and CISTI staff does not
possess adequate subject expertise and terminological ‘competence to
support them intellectually. Therefore, GAN/SD! is offered also:

. through the National Library: for users in the social sciences and
humanities; through the Canada Centre for Mineral anq-Energy Tech-
‘nology for users in'the mining technology and mineral sciences; through

. the Geological Survey of Canada for geologists and earth scientists; and

" throug griculture Canada for the agricyltural communities. This
indirectly offered portion of the service is supported by CIST! only in a
techhical sense (the Institute runs and searches the data bases). All user.
contacts are maintained by th participating federal departments and
agencies. o ‘ - o

Beyond its national significance the CAN/SDI system has become an
internationally utilized mode of service withih the UNESCO/UNISIST
programme. CISTI is assisting. UNE ber states to establish
national SD! services modelled after CAN/SDI~ Assistance consists
primarily of providing, without cost, the complete CAN/SDI software

., package, staff expertise and on-site training of operating staff. The
recipient country, with .the help of UNESCO funds, is responsible

S,
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" for ténding appropriate staff to CISTI for a minimum thrge-rrTontl_«

training’ period and for ensunng that appropriate equipment and

. resources are  available in their country. To date, the Institufe has
assisted in developlng national SDI services in Australia, South Afr,|ca, .

Argentlna The Netherlands, India, Mexico and the United Klngdom

5.0 AN ON- LINE MEDICAL INFORMATION PACKAGE

'hm\thlrd categorv of these national systems consists of an on-line
package which Canada receives directly from the National LiBrary of
Medicine in Bethesda. The package includes MEDLINE, TOXLINE,
CHEMLINE, CATLINE and .the smaller standard files. The bilateral
agreement between NLM and CISTI placed the whole Canadian service
under the Institute’s administrative and fiscal supervision. Thus CISTI

provides the funds to cover the cost of indexed input into MEDLINE"

which is_g _Canadian responsibility in the quid-pro-quo arrangemgnt.
WISTI provides user and operator training and monitors

the connect hour use of each MEDLINE centre. At the moment 37
Canadian MEDLINE centres have been established in 16 medical
schools, in governmental and industrial research organizations, and in
the CIST! Health Sciences Resource Centre. The CISTI centre offers
not only on-line search services but also SDI services in a batch m

for 93 Canadian medical researchers. The charge for MEDLINE i<$28
per connect hour which includes communication charges through the
Telenet and TYMSHARE networks Both of these networks have access

nodes in most Canadian cities. . :

—

6.0 CISTI CHARGING POLICY

CIST! is maintained by public funds and a whole range of conven-
tional library services are provided free to the public. For. example, the
Institute does not charge for lending monographs or prov:dmg reference

services to the user. However, it does charge for photocopy processing .

and for related staff-cost in reprography. The charging rate for photo

duplication is 22¢ per page with a minimum of $2.20. The standard rate’
for CAN/OLE is $40 per connect hour which includes communication’

cost. CIST1 does not retrieve the cast of data base storage, file mainten-
ance and staff salaries. CAN/OLE users are charged for the préoess_ing
cost, stationery, postage and royalties. The same schemé, by which

-CISTI absorbs the fixed cost and retrieves the variable cost, applies to
CAN/SDI as well. The Institute does not recover staff salaries and data

base cost. However, SDI users are chargeur processing their recurrent
searches, stationery, postage and data base royalties.

«
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- Computer Networking and
Reader Services : , .
1.0 THE REFERENCE LIBRARIAN'S ROLE- .
a8 LEVEL ONE '

" Reference librarians at the Uhiversity of Toronto Library are
working two levels. with computer based bibliographic files. Each
level presents a wide range of problems and demands a variety of skills

from staff members.

On the first level, librarians are use’r?f both commercially avallable
data bases, through such retrieval systems as DTALOG-and ORBIT, and
a very large machine-readable file of the University of Toronto's -
library's holdings. The Referenoe Department has phased the use of
machine-readable files into” the existing manual mode. of operat{on
Reference Ilbranans regard these data bases as additional, or alternative,
-reference sources for library researchers rand they advise users regardmg
- the suitability of files as they. would for manual sources, based on' the
library user's requirements, content of the file, and available access
methods. Whether the researcher ultimately looks for materials in a

.published bibliography, printed periodical indek, library catalogue,
on-line data base, or a combination of these, s/hé still requires that the
reference librarians be able to advise him.or her based on their
knowledge of the available saurces and, most |mportantly, their ability
to help him or her define information requirements. ’

This level also requires that reference librarians do a considerable
amount of what, in other kinds of institutions, might be called
marketing. Besides explaining the use and potential of automated
indices and catalogues at the subject oriented bibliographic seminars

. o —99— .. -~
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that_they teach- to students, they feel the need.to actively publicize the

hew ways. to find information. Interestingly, success in attracring “

people to” the new technology Has made it necessary for thé reference
«. librarians at U of T to do ciui'te a bit more_general library orientation.
[ B . . . . ’ . .

" 2.0, THE REFERENGE LIBRARIAN'S ROLE—
U ULEVELTWO e

: . L3 . : .

"The secoh_djevel of reference staff im'/o_lvementvwith computer based ;-
systems is partictpation in the design of products and services from the -
Urtiversity of Toronto Library’s compuyter based. catal8gue, The UTLAS N

. .Catalogue® is .2’ maghine-readable” file _in MARC fofmat of. about 1.2- ,

million- records, ‘fepresenting most. of the library’s collection, Primary -
access to _this data. base_s_ currently: through .computer output
‘microfiche _and—micrqfilm'. As.of Jly 1976, the Univeisity of Toronto ~
Library ‘‘closed” its card.catalogug, and the.microform alternate is now = .~
the -only on-going record of holdings for.library. users. Reference staff . /
"participated in the design of this alternate which differs in fo_fm‘ from’
the .;rpditibri'aj‘ tard catalogue. It consists of short index entries
{authors, titles, and subjects) poih_ting.to a full bibliographii: records - .

« sorted by call' number. The micro-catalogue is now_available Yn over
fifty locations on campus; providing ysers with forty-nine extra places
from which to access the total collection. o R - o

Reference librarians have also experimented with on-line access to a )
shortened .form of each record in the file thrdugh a browseable call
number index. In both the on-line ari_d microform pr'oi'ects,oréfe ence .-
librarians-have worked closely with technichl services and systems staff. .
They ‘expect to continue this working “arrangendent as the.librarians
monitor user reaction to the micro-catalogues and to an expansion of
on-line access in 1977. o : B

N . . « VA . T
3.0 CONCLUSION - . A

Reference librarians at the University of Toronto _;Lf’b’r.ary héave had, - °
over the past two years, a rathgr unigue opportunity to become familiar
.w,‘qh automated bibliographic systems, not only as users, but also as -
innovators in systems design and application. This has4already shown .
positive’ results for the library in the relative ease with which the COM
“catalogue Has gained acceptance by library staff, and userg, and in the.
on-going constructive dialogue which has been _established-betweenf
reference staff and the technical sefvices section of thé Jibrawe. Most
important for library users, reference librarians are buildirtg the

# éxpertise necessary to exploit computer based ‘bibliographic files to
their full potential. 1 0 7 .

Q

O

ERIC

Aruitoxt provided by Eic:



" o \_) K by Ralph E. Stierwait

‘ vV en |
Ontarlo Umversltles '
_ llhrary Cooperaiwe Systems

» -~
- . . .

°

v

1.0 THE ONTARIO UNIVERSITIES LIERARY
" COOPERATIVE SYSTEMS ORGANIZATION

There were, several principles established by the first members of the
various projegts in the Ontario Universities’ Library Cooperative
Systems (OULD S) organization. These were and in 1976 still are:

® Adherence to a set of standards for each project developed by the
members; *.° .

® Requirement that aII cooperatwe pro]ects must have the potentlal
for being cost beneficial; “

e, Desire "to integrate’ any cooperative system\ with exnstmg ‘wark
brocedures and routlnes or replace procedures and-routines used
in the earlier servuces and/or processing procedures; -

.0 Requnrement that each project belo;g to the ‘members of the
prolect .

L] Equltable sharing of certain costs by, the members in order that
an institution” should not be ‘penalized because of geogr.gphlc
location or size. Some of these costs are for Ilnes terminals,
“membership fees, Office of Library Coordination support, etc.;

- & Muaintenance of open membership in all of the comput'er-based

projects for al} kinds of libraries in Quebec and Oatario. In fact,
non-university libraries shodld be encouraged to join;

¢ .Coordination through the Office of Library Coordination whose

PR

va -

. authorltﬁs and powers are granted to it by the memb’ers of the

arlous pr O]eCtS
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‘o Rolrenoe upon the qoal of cooperatwedevelopment qnly urml it’
. becomes ineffective. Cooperatron should not spread povertv ona

wider scale.

~
L2 Purchase. rental *-or «adaputlon of systems, documents and”
technlques requlrod by the projects whenever possible.

The ‘four ma;or goals-of OULCS are Ilsted below m prrorrty ordév
1. To provide lmproved information serwoes to users of Ilbranes

- .2, To _provide the means for the greater and.;nore effectlve sharrng
- of research resources among Iibraries -

ra.tionallzatron

) deslgn‘ develop, operate and utllrze cooperatrve jiprary
. support systems which will assist fhe mémbers of “the varlous
- projects to reach goals 1 through 3 above. . .

.1,‘ To, a large extent, the ggals and prrhctples of OULCS heve'
determrned the groups approaches to managing the cooperative

projects -and evaluating the use of the various systems. Fhe Office of .
Lrbrarv Coordination is%esponsible for gathering and analyzing use and -~

cost data and preparing reports for the inembers. The *Office is also
responsible for |nterpret|ng dat-a for mdwrdual ‘members and the -
-membershnp at large. _ -

2.0 MANAGING SYSTEMS

2.1 Computer Based Systems S~
‘ Much of -the information essential for helping one‘operate ‘efficient
o nand; ;economic automated systems is of use to the indiidual user as well
. ;at ‘thG group of users. For exampla, useful infarmation includes but is’
not Iomited to: N REREITAN R
. connect time B

c.p.u. seconds . 5
page millissconds (core utilization)
"disk accesses '

) ' . ‘ .
number of records displayed R oo

number of records derived ' -
‘number of titles added
. numbér of records processed

3.-To develop the\\ans fo? and promote coIIect|on'deveIopment .

'3
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¢ .number of terminals dn lin nd at what time durmg the day for -+
the mdividual user and for a group of users : !

‘. growth of the union file
.+ how many derived records; source?
how many original records; source?
how many union file records used?

-~

,L,.«: _how many record processing commands? . .
‘fi1e

s store

® how hianv kits (spiné‘ and bo'ok' pocket' Iébels and punched
cjrculation cards) required per title? pér record?

e the pereentage of connect time used for searching
® the pereentage of connect time used for cataloguing

®  the length of time it took “x' institution’s terminal operator "¢’ !
to input an original record; a derived record; to use a union
record ) : ¢

2.2 Application of System Use Data
- to In-House Management
Many of the members of the various OULCS projects were relatively 3
unaccustomed to computer-based systems in the beginning. Most of the
first members spent a great deal of time learning about how comp t9rs
" operate and how the planned systems were likely to perform. Sm&{al
staff Ilkely to be affected by or have an effect on the computer-base
system were involved in the learning process, this learning took place at
every level of staff in the library. Observation and analysis make it clear
that those people wtio admitted that they knew nothing learned the
most and have made the most efficient and economic use of the
computer- -based systems “A careful study of-the machine and its capa-
bmties and of the software systems and how they work, is essential to
organizing a library staff to take advantage of the machine capabilities.
.When the computer does everything it can_do, people are free to use the
capabiltties they have, like brains, that the machinery doesn‘k have. A
sound’ knowledﬁe of the hardware and software also enables the
‘members to advise developers on how the software can be improved to
perform better and to provide more services for them.
The _members also require mgular management ‘reports in order to

manage effectively. These reports are reviewed and used by staff at all
levels including the terminal operator, - the Chief Librarian, the

T h ..‘,.1'10
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. . Cataloguer, the bibliographic checker, the “division head, and:so on. ..
- z"?Allh‘oi.ld\ it sometimes indicates inefficiency, people are not thredtened
- by the datt\.,OULCS staff have trigd to introduce a spirit of challenge
" (man over machine), indivjdual management of one’s'work and partici-

pation in planning, budgetjng and decision making. ol

2.3 Systems in General ‘ .
‘It is important to pgint out that responsibility for efficient and-
economic use of the systgms rests with the OULCS individual members.
. Neither the members nof the office staff want any. higher central office
or agency telling them the what, how, when and why. Adherence to
_this principle assures th§t each member will have quite a bit of flexibil-
ity in deciding how tlje systems are used and which aspects of the
systems will be used. However, poer'group pressure is brought to bear
_on those members_who abuse facets of the system that affect the
sconomy or efficiengy of* the group, such as .non-adherence to
. catsloguing or format standards, or misuse of computer resources,
which may drive unit gosts up for the entire membership. S
The Office of Library Coordination is authorized by the members to .
undertake in-house s¢irveys of member libraries. These surveys record |
organization, workflow and management, techniques. In & wrap-up' -
session, always held with -the library’s- management team after the
_ survey, Office personnel’ emphasize both' the good points and the
problems and offer #dvim on how the problenis may be corrected. The
member library is not obliged to accept or use the advice. After a report-’
_‘of the survey is written and flow charts are prepared, the report and .
charts are approved by the library and then distributed to all members
of the project for their information. All of the mempers have ledrned -« ;
some useftl tips from each other which’ have been introduced into the
individual’s library. organization, workflow plan, or management tech-
niques. Many of the members also consult the Office of Library
Coordination for advice on problem solving, system expansion, etc.

< 3.4 NewMembers -~~~ . ‘

: Prospective new members receive advancs documentation,” sre
encouraged to visit member libraries to observe ghe particular system in
operation, and receive a visit from Consortium - Office staff. Often a
member or members of the project visit the potential mérgber campus
to give a full explanation of the particular system and a survey of the
library system. Obvious potential problems are pointed out during.the
wrap-up session. A report of the survey and a cost picture are prepared -
for the prospective member. and for the membership. The survey team

’
i
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then recommends to the membershnp whether or not the prosp’ectuve
" member should be accepted into the project. If the memHershnp
.. approves acceptance, on- -site  training in the new member’s library is
srranged. Cataloguers or coders are trained in the. coding techniques of
- the system, and terminal operators are taught ‘to use the CRT and
printer. : ] _
" It took the first members in the U\IICAT/T ELECAT Prdfject (Umon
Catalogue System). approximately eight to ten months to learn to use -
the system efficiently. In November.1976 it now takes new members
about v mon'ths to reach an acoeptable level of efﬁmency :
“Management data are used extensively to éxplain the systems and’ .
teech people to use the systems to tpe-beu advar?tage ’ . ’ _

25 The Information Ind‘tlstry
All of OULCS major projects 3re self-supporting. The consort:um
‘does not have grants from governments, foundations or agencies to
 subsidize its work or the use of any of the systems. Therefore members
" .are encouraged to be efﬁcnent and to discover ways of domg Iibrary i
" work and operating systems ‘aconomically. < .
The members of the OULCS projects subscribe to the pnnc:ple that -
mformation .and the many products necessary to gather it, record it,
and preserve it, have commercial value. ou LCS members sell everythmg
.. they can in order to acquire funds for research and development -and to
offset fees for the use and/or the operation of systems. Although '
-acceptance of this fact works to the members’ advantage in sevéral
ways, perhaps the most important influence is that people are ; 0
'_ encouraged to do better work because bf the sales potential. '
. " Items for sale include:

( : tw_.lists in pnr\t forn:i and ‘on/microfvorm; |
_ g_odmg, cataloguing, _and procedural manuals;
4 e cataloguing, editing; and bibl?ographic standards;
" e hibliographic records; end _ ’
. ® "consulting services.
items available for lease include: ‘ ‘ o L
_ 01 software packeges and '

° mechine readaple data bases for use in mfprmauon systems,. ' {

X . .5-.",' N, . ~
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,".- On occasion, OULCS will trade products when\members of the
/ ~  participant, prolects are satisfied that.what the consortium receivgs in
/-, return will be of benefit to the members of the project.:The OULCS
i consortia recognize that ther is stlll much to be learned about coopera-
‘ tive development and reaching goals of efflCIenCY and economy. Ope of
the main .concerns is that we, col|ect|ve|y, remain flexlble keep
ana'lyzmg, and continue to find so|ut|ons to problems in order to each
the group’s gqals.
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-“ln‘roviav\iin'?‘.' §76, one senses an excited éathermg of libcarians’'~
: conearns and, ? {cited move taward cooperatlon in dealing with
* them, The: need _ or cooperation today is at once grimmeg than-in 1876
and easier becau ""of new technojogical support. In 1976, one feeis a

. shimmer of excitdmant on the edge of new areat of co-operation, and *

. again, Ilbranans ) broachmg them willing t3. face the hazards to each
o rbrary S autonomy which change will bring.”” - -

! So says Helen Tuttle in her survey "From Cutter to Computer”
{Coll. & Ras. Lib. Sept. ‘78) The shimmer of excitement may' be -
shimmer of horror as the ability to manage wanes and the forces for

economy in scale and mass production technique jockey for position.” -
indeed today’s tragedy  is that the power polmcs ofnetworking is -

obscuring the real problems that have to be solved before effective
local Ilbrary serv:ce can ex:st within a national neflvork. _ e
Q .

’&

. ,‘.,

.20 POWER POLITICS IN LIBRARY MANAGEMENT

It isn’t, of course, all due to power polmcs The library magagar
innovator rarely has a free choice of computer or computer. manage-
ment. Too often, once enmeshed in _the computer, innovation is

" blunted, changed, and redirected either through computer personnel,
" network directors dr other. participants. In the past the library
innovator could distinguish and set priorities as perceived. for the
"+ library, apply ‘and atapt new technjques in-house for the mutu/al benefit-

'

“ "" \
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LY
of patrons, administrators, and themselves. Today the library innoVaYor
fecls at the mercy of the computer network innovator who may have

" similar goals—similar but not the samel A network innovator looks to

ce whilst the library innovator looks to
the number of systems he can service. While these may not be mutually
exclusive, they probably are exclusive in time scale. .. ) .

.Urifortunately, to meet the needs of the mass market, the computer
innovator has looked to the degree of sameness that can be found in
order to create, develop, and exploit the 'pl:oduct.- To establish the

market this naturally léads to an extension of the services beyond the

immediate confines of the Region sarved by the computer. It is a

further short step to pander to the needs of the mass market by concen-
trating on a cheap production. Cost reduction becomes more important
than cost efficiency. Innovative products such as PRECIS, which are
developed by re-structuring library, requiremen’tsf’ around the .
methodology of the computer, are further at risk and take even longer
to implement than the average change implementation process.

However, in-the functional environment, the library manager and _

- library innovator are controlled by the degree of differences that exist .

both in priority and application. To generalize,
Uni\/ersit’ies have tended to consider these go'als as—
e collection building, bibliography, delivery

" public libraries as— . o .

e public service, freedom of choice, simplicity of access -
e

-—
N

school as— R

e curriculum integration and stock relevance.

The diffefences that exist between these goals must "be carefully:
considered in network planning. . ' .

. B

30 PEOPLE WHO IMPLEMENT CHANGE

It is said that people create the greatest threat to the success of co-
operative networking. E. M. Rogers and F. F.. Shoemaker (3) have
defined the characteristics of those involved in innovatior- adoption.
Innovators are venturesome and willing to accept risks even if they have
to absorb financial loss. Since early adopters are much more an integraI'
part” of the local social system and role models for other members of - ‘
the community, opinion leaders are often drawn from their ranks. The
trouble is that they are not only of higher status but are on the moye in-
the direction of a still higher tevel, of social status, -In fact, they are
more likely to use innovation as a means of getting therel L
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Thtn are thm .other catngoms of persons -involved in adoptlon of
" innovation: the eaH l'l]OfitV who deliberate carefully. Mpre adoption
and'rarely ever le ; the late majority, the skeptics willing to proceed
.- when persuaded anh\then only when the weight of evidence in favor *
< is overwhelming; and; finally the laggards who are more likely to adopt
the |dea once it has been -superseded by another. Laggards are
suspicious of innovation, innovators and change agents.

This is the conglomerate that fashions the future of any professlon
This is the mix pne can expect once the local innovator endeavors to -
-involve colleagues in a network. How does one make the mix palzltable?L
Can’ 8 network _develop which facilitates the disseminatiort of
information and achloves creativity in the process? If so what are the
planning requurements? ’ —y

4.0 CHANGE IN EDUCATION AND LIBRARIES

It has been perceived that innovation has a slower adoption rate in
* education than any other area. Libraries often function as educational
institutes. Indeed, within the:community they serve, they provide the
cheapest form of personalized education avallable Mort (2) stated that

" *'the average American school lags 25 years behind the best practice.””

< There are cbvioutly a number of reasons for this observation. Pérhaps ‘ of
_the most likely raason for*this behavior pattern is that teacher and . /
Iibrarian are move concerned with the dyﬂunctlonal aspects of the
{nnnovatlon However, from a variety of . studies, one conclusion has o
*emerged.’ The communication process involved in Implementing a . T
decision in education Is either short circuited by an authoritative -
"decision or confus_ed by the complexity of collective decls_lon making! -

Since _most educatiopal institutions are formal organizations, '
. deliberately established to achiéve predetermined goals, they are | ° .
characterized. by prescribed roles authority structures and members - /-
governed by rules and regulations for behavior. In this type of organiza- . '/ ’
tion, the decision unit has more authority; whether it is individual or |
collective, than the adoption unit. On the other hand, the successful = | .
adoptlon of the change will depend on the degree of communication '
end trust between units. As a generallzutlon Rogers gnd Shoemaker /
state that both the individuals’ acceptance and satisfagtion towards an

. ‘authoritative innovation decision are positively related to their degree
" of participation in innovative decision-making.

In the normal ‘university library, " the Innovato experlencos
constraints imposed by the institution as a whole. Thus, succnsful
innovation will be depondent upon the nature and degree of participa ‘.
tion that hu boen encouroged amongst Iibrary and unl ersity stlff 7[ :
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stepping into a network diff'uses the communication process still

-further, the participating role is often ignored beyond the senior
-management level. Worse still, because the goals of the networlc may

not be the same as those of the institution, the.collective or authon-

tative decision which may stem from the network may not be in thq

best interest of the library either to adopt or to implement at that
" moment of time because of the personalities or economics involved.
The task of the manager, to encourage adoption, is more onerous and -
resistance is likely to fester and grow. .

.No wonder,. then,. that network cooperatives have been ultra-
cautious in approach. Resource sharing has been limited to areas where =
o only small, adoption units have been necessary such as-units concerned
.- with establishing union serial holdings, resource collection sharing,

union list of non-print media or in a single system development such as
cetalogumg Perhaps this is the tragedy. User co-operatives have been
fearful of the management consequences of their entanglement, whilst
** computer dirécted networks have been-fearful that local involvement
) may preclude their ability to capture the mass market.
Surely the innovative concept ‘of the computer provides enormous
flexibility to the library manager in library administration and service. .
In the past, the manager could only arrange the resources in a standard
structured array and with limited access pornts through card catalogues. °
These fimitations uﬁposed codes of practice and regulations that bore -
heavnly on staff and patron alike. Local co-operative endeavor, based on
the need to avoid needless duplrcatlon of material, depended more on
personal 'contact than objective study Co -operative exchanﬁ' of
information . between |nst|tut|ons with snmrlar goals depended on
professional collaboratlon
The computer has made nonsense of much of this. Standards may be
necessary, not for filing nor for shelf arrangement in individual .lrbrarles,
but for: .

.

: . & codes to facilitate retrieval especnally to meet the needs for h:gher
. ﬂwi\f ty and re Ievanee

e osirfer. communication; A

.

s

e cost re’covp‘ry procedures, .
_%!“"'r ® utilization and exchange of data; and S

e pterface between commercial angd publnc sectors usnng the same
'network . o . :

O
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. Coe ' i ,
Certainly it is time that the disparate groups—universities, colleges,
public libraries, schools, government agencies, and so forth examined:

® - the needs qf their batrons;
prescribed

® the information requirements-to meet these needs;

sbgciﬁed o o

® the systems necessary to achieve these needs; and
established . . - ) -

® areas for c'o-operétive and individual en'dea\ibr;
based ]

- -

® on the computer and a ’computer ¢ommunication ‘né'tworkl.

Failure to examine the 'problems at the xgrask rdot level, . and to’

appreciate the advice that.can be gleaned from those who have studied
the ¢hange mechanism that innovation requires, leads to power politics,
and to the exploitatiorf of the worst rather than the best in any profes-
sion. Regionally, the formation. of  councils, " that provide the
opportunity for the disparate groups to examine these needs and to
establish- their communication mode with each other would do much

. to facilitate effective planning.

Perhaps, if this were done, one might duscover that the constant

. search for cost economy in shared cataloguing is leading librarians into
" a blind alley. Perhaps innovators have left out importarit contributors.
to the -network like authors, publishers and patrons. Perhaps search

codes are inadequate to select relevant information from the store, and

"speedier, transmission techniques require even greater skill and user - .
reliance on the purveyors and communicators. As libraries have grown
. bigger, librarians may have lost sight of their major. role as purveyors

and.communicators of information tg the society they serve.

Al

5.0 LOOKING TO THE FUTURE 3
" The future is indeed grimmer in 1976 than 1876 because the tools

now in our ‘hands are more powerful than ever before. We should be
concerned to. see that they ‘are apphed to the common good of
humanity rather than manipulated for the few. Above all we shall have
to copsider carefully whether to agree that, in the future, the weight of

gold held by an individual in socnety should be the baSlS upon which to-

¢

establish access to knowledge.

.o
e
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e __ " by J.C. R, Licklider
I.|brary Networks: Should They SN
Deal With Cantainers

‘or Contents of Knowledge?

TN

1.0 INTRODUCTION

It is gratlfymg that hbrarles are eagerly adopting and exploiting
computer and communication technology, but it ls distressing to
~ observe the heavy concentration on—indeed, the almost total preoccu-
pation wnth—not knowledge itself but the apparatus of bnbhographlc
control. o
Library people are often bored when mtermedlatlng between a
library card and the shelves of numbered books. They are involved and .,
eager—the more expressive way to put it is ‘turned on''—when interact-
ing not only with a user but with the meaning and structure of his or
her problem and when mediating between that problem and its solution
through reference to the body of knowledge. It is therefore somewhat
saddening to hear, in discussions of library networks, so much about «
computerization “of what is on the govérs of books and so little
about-the use of computers and telecommUnicatioqs to organize, store,
retrieve, process, and deliver what is on the inside.
: In ghns brief paper, therefore, the author’s purpose is te direct -
"' attention toward the greater and more profound opportunity for
libfaries that is pelng made ripe by continuing advances in computers
and communications: the opportunity of organizing, interrelating, and
dlssemlnatmg not just the containers of knowledge (books, reports,
]ournal articles, and 8o on) but the contents of knowledge. Even
beyond the knowledge that is strings of alphanumeric characters,
librarians can work with the ideas that are at least a little closer to the -
“deep structure”’ af the meaning of publications. This opportunity is

. 120
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nat quite imminent as the one that is now so vigorously being pursued,

_but it is not-so wary far away, either. Twe randomly selected items

illustrate: the imminence of full text manipulation by computer:
1) Digital storage technology makes it possible to record the alpha-
numeric contents of one thousand books on a sheet of plastic the
diameter of a phonograph record; 2) the idea 9 a network of aero-

stationary regional microwave. platforms at 70,000 feet is being .

explored by a group of advisors to NASA. These regiohal stations may'
outdo communlcatrons satellites by opening up plentiful transmission
bandwidth to inexpensive ground stations with 2-foot-dish antennas.
Library _people must move rather soon into the research and

. * development required to exploit such technologies in order to deal with
.contents as well as containers of knowledge. If librarians do not move

quickly, in a few decades, the comquter center and not the Ilb.ary will
be the dwelling plece of knowledge

20 FULL TEXT, DATA, AND MODELS

The first steps in the direction of content-sensitive librarianship must .

o ,

necessarily beto get the full text of documents, the data of data bases,

and the programs of cgroputer-program models into computers and to- '
. get the computers, f tonally (via networks), or physically, into

libraries. As word processing and office automation proceed, more and
more documents will be created in digital form. Even though the digital
records may for many years be printed for drstrrbutron libraries should
acquire or locate the digital records, and Iearn to use them (with the aid

-of - computer’ processing) to organize the body of knowledge o
" Computerized data bases and computer-program models already exist in

computers, of course, but computer people have not been much
interested .in organizing data bases and models for widespread use. That
is an essential library function whi@is both complex and very drffrcult
to master.. It is high time that librarians reach out intq computer
networks to create order and tunctionality out of what is now ahaos.
(The author would- estimate that 80 per cent of the computerized
information in EDUCOM universities “‘trickles down" to back-up or

dead storage tapes within two years and that less than one per cent ever °

“perks up’’ again )

~ 2.1 Computer Understanding of Natural Language v

Natural language viewed as elphanumerlc strings is.a very complex
and not fully understood encoding of deep-structure ymeaning..
Nevertheless, the work of Terry Winograd at M.L.T. ar:.l}tanford
Roger Schank at Stanford and Yale, Bill Martin at M.I.T. others at

- '.'-‘121
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other EDUCOM .universities suggests thn/computers can decode and |
£ -understand full text well enough to penetrate into the meaning, inter- -
" reiate the parts of documents, and, relate the contents of one document * '
to the cOntents of another. The |mpI|cat|ons of that idea for the future
., of, libraries are revolutionary. Inevitably, if there are libraries in the
dnstant future, they will be transformmg meaning from natural language
" form to other forms _more amenable to efficient computer processing .
and+back again. The' nearer-term question is, can somewhat shallower .
computer processing of the text of documents be helpful in organizing
* and retrieving knowledge in the meantime? Advances in artificial intelli-
“ - gence and computational linguistics indicate that computer processing *
%::xt will be highly exploitable by libraries Iong before they are
o red to exploit it. :
2.2 Knowledge Bases - REg oo » S
A knowledge base is a data base or information base in which the
contents are structured Jorganized to support intelligent processing.
efficiently. The semantncally interrelated parts of a knowledge base are
. structurally and functlonally interrelated. A store of meanlngful text,
whether in a computer or in-a book, is not a knowledge base because
‘ \’?}Iinear chaining of the characters does not do justice to the rich -
terrelation . of: the ideas represented by the text. In the field of -
artificial intelligence, complex storage structureé have been’developed
that do more justice to theecomplexity of the intellectual content of a
data base. ‘Various forms Have been called “pointer structures”, ‘‘rela-
tional nets”, ‘‘semantic nets’’, procedural nets’”’, and so on. Such
structures, and knowledge ' bases built on: such structures, will be
indispensable to librarians who want to build the library networks of
the future. In short, it is an essential respons:blhty of librarians to learn
how to exploit computer and communication technology to remove the .
_~fundamental constraint imposed upon knowledge by the technology of
print on paper: the constraint Mwled_ge cannot be-processed in
the form in which it is stored. - '

. L}

v
3.0 uBRARu-:S AND PUBLISHING -

"There is, as many have no doubt notnced but perhaps have been too
"polite to mention, a fundamental structural-defect in the relationship
"between libraries:and publnshmg The defect has always been there, but
it did not.seem- irrational until ‘the_arrival. of networking ;made it
obv'opsly so. Briefly, an.authar creates a document, and the document
is then processed for some - months or years. Then it is pubh%led'
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dpqhaps concatenited with other .docﬁmcnts; replicated many times, .

" and distributed to way stations such as libraries and bookstores). The
o meny __copie% occupy: shelf space for varying lengths of time. Some of
"~ them are, In dué course, borrawed or bought, and finally some parts
“ of them—rarely all, except in_the case of fiction—are read. The early
“months o yesrs of a decument, when it would- be most useful to '
 resders; are thus spent in a state that is inaccessible except to editors
" and referees. When the document is replicated, it i$ put into a:state in
" "which it is intrinsically expensive to store and distribute. The cost of
storing and distributing the document is far greater than its actual use E

warants. . - .
- = When documents are created in a
- principle, as available as their authors

compdter network, they-are, in
want thém to be even while they -

" are being created. For example, Marvin Minsky recently spent one year

writing an epochal and . influential

paper on “frames which are\ .

sophisticated abstract information structures related -to semantic nets’
and knowledge bases. Word spread that the paper was in‘process, avail-
able; and significant. Through the ARPA Network, dozens of interested
colleagues read and commented on one or more versions of the paper,
and influenced subsequent versions, _whi]g the paper was in‘pi'eparation.
Comments were ’m’ag!e. while. the paper was a dynamic, living, thing

while it was most important for critics to read it. The paper has been
referen;ed many times ih the past year in papers that are not yet “out”
in journal form. nErames’” will appear as a journal ‘article any month

now.

. A contribution’ 10 knowledge sh_ouid'-be created in @ computer

. /network and, as it is/created, should
graphic contfol. The library should

‘come under the !ibrary’s biblio-
manage access control from the

beginning, in agreemenit with the author(s). The library should ‘monitor

the pattern of use and, at an appropr

iate time and if indicated, advise

= the author with respect to publication-in-print. Meanwhile, the library
would have the contribution to analyze with the aid of a computer and

. to put into relation with other parts of the body of knowladge. During
preparation, the library could also disseminate the contribution subject
to agreed access restrictions via an elettronic network. * .

" 40 SELF-SUPPORT VERSUS SUBSIDY B

One principle seems to have been

adopted widely by libraries and

even made a point of pride; that advances by libraries into the reaim of

computers- and networking should

be supported by’ income from -

charges to users on a pay-as-you-go basis. |f acceptance of tivat principle '
‘were a last resort, a way of telling the foundations, the government, and

-
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society that libraries are deterrined to advance into the future even if.
- the rest of the world wears" blinders, the acceptance should be
“applauded. Howover the rest df the world is not totally and perma-
.~ nently blinded to the prospects offered by the new technology, and

- acceptance of the principle is no’t"‘truly a'last resort. The basic problem
is to raise capital to develop a far superior way of fulfilling the most
essential one of the functions underlying civilization: upgrading and

- making effective the world’s corpus of knowledge. Most business people

would seek government aid in, undertakmg such-a project. It may be
harmful for libraries to shift, ‘at this crucial time, from governient

fundmg for research and development to a policy of evolutionary
" ‘change financed out of current income from the systems that are being
developed. . .
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. Networks in the United States L

_10 mmooucnow T

The year 1980 is useful as a‘starting pomt for a descrlptuon of the .
library network that is emerging in this country, because by that time
the Library of Congress will be putting essentially all of its- current
‘cataloguing into machine-readable form. In addition to making almost

_ everythmq catalogued at the Library of Congress available .in the
... MARC system, the lerary of Congress will provide access on-line to-its
i ‘in-process file and its authority files, both name and subject, together

" with the necessary cross-references. The availability of this vast amount

- of useful material will have significant impact on the way libraries,

- especially ‘ngtwork libraries, operate in the future. This paper will
define the relationships between the nation’s networks and systems and
with the Library of Congress. :

Before describing the network that will develop “over the next
decade, it is probably useful to state the assumptnons on whlch the

\conclusnons reached in this paper are based.

1. The principal ob|ect|ves of the network will be: ’

. a. To make the bibliographic resources of the United States
widely known and accessible to all who requjre thehn, ' - y

L b. To reduce the rate of mcrease in the per-unit costs nf ||brary ’ :
" operations. v L

- 2. For the period addressed in this paper, books and other materlals_
printed on paper will constitute the overwhelming majority of ‘the - .

.. storage medium used by libraries. Microforms will play an increasing
- rols, but, in the time frame under discussion, the eomputer storage of
. oomplete toxu of monographs will not. -,
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- based on technology now available. :
" "4. The National Library of Medicine and the National Agricultural
“Library will both be_important on-line components of the natignal
- library. network. Thematior_\al Library of Canada can be.expected to . -
. participate as an equal partner. . ' -
5. The national library network will require interface with inter-
“national libragy networks and other U.S. national information networks
as these develop, but primary emphasis will be on developing .the
national library network. o R
" 6.-The library component of the national information network will
be a very significant part but only a part of the overall network
~ gnvisaged by the planning document of th ationaﬁCommissioq far
Libraries and Information Science {1). '

3. Network development in the next five to ten )ears will mostly be

7. The library component of this emerging nva'tional information
network may be treated separately from the rest of that development
.because, among other reasons, the library component is a finite piece
and is developing much more rapidly than the other patts of the
network. o S

8. The bibliographic files and apparatus of the Library of Congress
are absolutely essential to the bibliographic segment of the national

- network. These files and that ’ggpertise will not be duplicated anywhere .

_else. - . ' : '

9. The national library network will be built, upon the network
systems components and libraries already in existence.
10. What will evolve is a confederation of the library networks and
systems, a confederation of essentially equal components, each
. tetaining a high degree of internal autonomy, and 3l looking toward
the Library of Congress for a significant part-of the total bibliographic -
information needed by the libraries affiliated with each component.

11. 1t is not yet possible to describe where and how or even-by which.
organization the national library network will be'managed. The roles of -
the Library of Congress and the other major components in the
network do not change with the eventual locus of that management
organization. Therefore, much can be done-in the definition of the
network before it is known which organization will manage it.

12. Since it is not possible in this confederation of more or less equal
components to standardjze internal formats, processing, query
languages etc., it will be necessary to standardize on the queries and -
responses which flow along the communications lines which connect
these diverse components. . REE S
" 13. Network components will use and adhefre to bibliographic
standards wherever these exist. _Network components will cooperate

K
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vllth eleh other, with Standards Committee Z39 of the Amencan
9 Netionll Standards institute, the National Buread of Standards, and,’
others in the definition of requurements ‘for “and the promulgation of
newstahdards. . .

- »
| ;
o

LIBRARY NETWORK

" Based on these assumptions, the definition of the: network and a
descnption of its development may begin. it will be seen at opce that

.- this network will develop from very diverse organizations. Among those
. -prominently to be considered in this development are: OCLC with.

more than 800 affiliate libraries and 2.5 million’ records on-line; the
Washington Library Network with the libraries of a single state cooper-
ating; the, BALLOTS system of Stanford just beginning a etwork; the
Umverslty of Chicago system, at ‘this writing essentially designed for a
single  large - research library - but examining the possibilities . of -

.networking; the Research’ Libraries Group {just stagi{ng a network inter-

action with the Library of Congress); other kinds of state and, regional
consortia, such as SOLINET, NELINET, AMIGOS, and others; the
Federal Library Commlttee through the Federal Library Network

(FEDLINK)* and, flnally, systems "and | networks which are as yet . ' .

" undeveloped.

1t is manifestly irmpossible to do all that needs to be done in network
development between now and 1980 at the same time. -This - fact -

. . requires that some very difficult-choices must be.made, by funding

agencies, for example; as to the priorities for action. As painful as this
decision may be, it must be made. Having selected certain of the major

" network components for priority action, developers will proceed like

_this: the overall. development of the national library network will be

guided by a national netwdrk planning document now in preparation
by a group of representatives of the major active network components

* in the United States. This group is sponsored by the Library of

Congress with . -funding assistance from the Council - on Library

- Resources. It has had. two meetings, and its network design paper is"

fairly well along on its way to becoming a draft which can be circulatéd
generally among libraries and librarians for comment. Under the design
umbrella in this document, each-of the major network components will
proceed as Jo||ows each \w1|l look at the products and services which
will be available from «the Library of Congress in the 1980-81 time
frame. Each component will come to its own conclusions as.to what
this means for that component what impact this widespread

" availability of machine-readable bibliographic information will have on-

SRR V1 A
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component will need

i . responsible e in component management will enumerdte the

- developmental fteps necessary to get that component from its present -
ure desirable in the fulfillment of its role in the

national network beginning in 1980.
. 2.1 "Financing Development of the Network -
" The funding for the. accomplishment of .these"devélgpmentél steps

the ;eomp'onqnt; what chapges in 6mnizatioh' and operations .the .
. COMPO effact, and so -on. Having -decided in this’
* fashion how each ‘cemponent should look in the 1980-856 time frame,

_ will, as it has been in the past, be based on a combination of efforts. As. . -

" it becomes. available, money will be used from federal and state

programs, sérvice charges to users of the components, and from funding -

‘made available: by private foundations. Ascwas mentioned earlier,-

‘.funainb agencies will have to select among the elements of the national

v

" network those which are to receive priority consideration for funding.’

_ It'is emphasized however, that any network component, any library,
any system; may, with its own resources, accomplish the developmental
steps, which will be further described below; for itself and on its own
schedute. ldeally, the development to be undertaken,by any network

component will be decided upon after due study of the national

- network plan and-consultatian with personnel of the Network Planning

Office of the Library of Congress. -

—

22 Library of Congress C

The Library of Congress has made a major statement of pdlicy with
* direct pertinence to national library development (2). l__C, in that state-

ment has described the‘-products and services to be available, on:line
and otherwise by 1980. LC has also said that, as a general rule, on-line

products and services will be furnished to libraries via regional and

other networks. The Library of Congress has also said very clearly,

however, that everyone realizes that some libraries will not have on-line .* -

. access ‘to a network for a.long time, perhaps never. Therefore, the . -

products and services of thé Library of Congress {Which sagisfy require-

‘ments in these libraries) must continue. These products must’ be

* . available in several. forms: printed on paper, catalogue eards,
microforms, and perhaps in other ways. ‘ S

" When each network component has defined its 1980 network role

and enumerated the steps in development necessary to achieve that -

role, each will, to the extent 'rg;ouri:es are available, develop its own .
capability to contribute to the network and take full advantage of the.

_codtributions of others. As these -develogmental ‘steps are taken, a
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E. system oomprlsod of a confederatuon of autonomous and Iargety equal

systoms will take shape, This statement of the confederated nature of '

. the library network is repeated hecause of lts sngna| importance to the

. understanding of what will happen.

. Each major rietwork component will “have on-line access. to the ..
" bibliographic ft|es of the Library of Congress. This will-include the
. MARC file, the i |n process file, and the -authority files; perhaps others

- Each major network system will-have its affiliate {ibraries on-line to the

 regianal and possibly other network data bases. In addmon to being
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—=onnected on-ine to the: lerary of Tongress, each” major network -

component will be connected to other network components. 1t's easily
seen how OCLC, BALLOTS,,,:Washlngton Library - Network, the

Umverstty of Chicago, the Research Library Group, and so on, need to

be. connected on-line to the lerary of Congress. One ‘must not
overlook however, the fact that other types of netwark components
will be mvolved for example, the blbhographlc centers such as the
Bnbhographlc Center for - Research and the Pacific Northwest
_Bibliographic Center. .As a general rule, individual_libraries will not be

connected on-line to the Library of Congress. This is not, however, an ‘

absolute; there may be exceptions for cases of special expemse umque N

collectlon capablhtles etc. .

Y/_ Requured Instltutlonal Self-Study

" Let us turn now to the kind of study each network component wnll
have to undergo in determining its 1980 role. It will begin, of course,
by assessmg the impact on the regional or other network of the avail-
ablllty of the products and services from the Library of Congress out-
lined above. For .example, component management will need to
compare its requirement for current cataloguing with the currént cata-
loguing available from the Library of Congress to determine the effect

that the availability of this material will have on the staff, resources -
. and procedures of the library members of the component. This signifi-
-cant change in_the way cataloguing is done and the places where it is .

done as the burden of placing new cataloguing into machine-readable

form shifts to the Library of Congress, will obviously have a serious

impact on the cataloguing staff in .the network library. The network
“librarian will have to plari to provide for the absorption of that impact.

The librarian will do this by allowing some positions-td be vacated by -

- attrition as people retire and leave and he or she wrll reallocate saved
salaries to pay for network services. The respons‘ble librarian will also
need tq consider the requirement to reassign staff: some to’ reference
service, for example; some to helping the users to understand and use

the system; and in other ways. The personnel turbulence which will _ E

8
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"~ produce a significan portion: of that national data base. The Library

. .maintain a certain humber of recards to control the collections in
" various areas of responsibility and to sarve their users, |f one begins-"
_with the assumption that each network ‘component, 10 include the ;

ORKS -

vesult from more effective library netwprks and their impacts on the .
ibrary: will provide, ‘perhaps, ‘the_ greafest challenge to the network
tibrarian that s/he has ever faced. Obvigusly, s/he mustplan-aheadand -

jpare o trilin staff: and to reassure. them that the network will not
them entirely. . Ly ¢

PR “Atter ‘having decided what the im’plc)t will-be.on the network and its
- affiliate libraries, “each network - component will need to look at
. “hardware, software, and staff resouices which will be required in order
- to take full advantaga of the situation as it will exist beginning in 1980."
L M;_tpy'diﬂiwlt questions will need to be answered. For example, what
i is the best organization for the management of ‘the’ network
o 'eogﬁpomﬂt?:;'l'herg’-_ are probably sbout four or five possible siternatives
oo -for _qomponeht-,ma[iage'mep't: a not-for-profit corporation; a tor-profit
o corporation; 8 governmehtal agency at the federal or state level; inter-
state compacts; and, finally, a quasi-governmental corporation. - T
_ - Perhaps the most difficult series of questions that the network
. component management will need to face Tévolve around the database .-
.. of that hetwork component. Let us begin with the national aspects:of -0
A+ the. data base. Obviously the Library 6f(Cdngre,ssxwill continue to- -

Congress and - indfed all network components will each need o’

‘Library of Congress, will need to maintain a certain number of biblio-
graphic records for its own ‘purposes; it becomes apparent ttgat the

" hational bibliographic data base, by definition, will be a distributed
data base. It is useful in this context to think of the national data base .

from both its 1ogical -and_physical aspects. Logically, the national data

" ‘base consists of a single bibliographic record for every item of recorded

information in any. medium held in any network component. ideally, .

. that logical bibliog[a'phi'c record was created only once and as near the ..
" source of.the bibliographic item itself as is possible; converted to..° '

machine-readable form once, and made available as needed throughout
the national network. ldeally, there would be’only one copy of each '

‘ bibliographic "_r_ec_ord in the national network. Physically, of course, _}he
" national data base is another matter, It is not possible, at least in the

‘short run, to have only one copy of _Each bibliographic record. it will be
necessary for each network component, and indeed eath library, to
maintain sufficient records to control its own collections a_nd_satisfy'it's .

-users. The actual physical distrit/:utiop,v of these records in the Iogic_ai .

‘data base, how much redundancy, where and how back-up and security

L must be provided, and so forth,’ requir_e serious and_detailed study. v

Y
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,Vm m!m' imporum quostions oaeh nc;work ‘compong, mamgl
oy M!ﬁ aboyt. iu own data base include the follo ing: what

dlmlbuud dtu bu will require tho coopormv&cmtion and. oxchmga' .
lographic: records. This mutual exchange of records requim in
ldhmna to standards of national acceptability if expensive
«; Tewerking is to be precluded. Is network ‘component management
: prepared to make the compromises necessary to bring its records up to
. nationsl levels of acceptability for exchange? The managers .of .the
'~.";.vuiou components of the national bibliographic data base will also be
faced with the questions of duplicate records: It is not yet easily seen
. how. unnecessary duplication i this national bibliographic data base
il pa sliminated, The question " requires study. The final solution .

of this problem. wull probably not occur until there is a unique identifier - . - - i

~ for each bibliographic record. Neither the. Library of Congress card

. number nor the International Standard Book Number, in its” present
" form, is- suffi icidnt as this unique identifier. A new identifier, perhaps

" based on one of these two numbering schemes, will have to be devised.

. The other major problem that data-base managers will have to

- .confront has to do with. the bibliographic quality and consistency of -
-records in their part of the data base. It is short-sightdd to say that - -

records in a shared data basgygon’t need to be consistent and of good

" quality; or that the speed and flexibility of the ‘comfiputer obviate the
- requirement for consistent btbltographw_qupllty in records and permit -

" individual users to 'upgrade them if they find them ficient. It is short- *. - ; L

sighted because unnecessary and added cost accrue every’ time ghe staff
. of the second to the nth hbrarv work on a record thi¢ should Wave been -
 brought up to. nationally acceptabie'standards at the time of entry into’
" the data base or imniediately thereafter. A firm requirement for biblio-
graphic consistency and quality will obtain in- the data base under
"description. Since this is to be a shared effort with vnany people
inputting records to the data base, it is beyond doubt that some sort of
centralized btbhographnc authonty and control must be: agreod upon '
ndostablished ' .
., The Library of Congress, in the bnbliographnc network development
_under discussion, will be principally responsible for -bibliographic
consistency and quality in the data: base records, However, not all
 records in that data base will originate at the Library of Congress, so
-the responsibility for, and the work to be done in the preparation of,’ '
__nationally acceptable bibliographic rocords will'réave to be shared.
. Certainly the input will be shared, and the center.of responsibility

e
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concapt, developed in the Conversion of Serials project, points the !way;
A:the CONSER project,’a dozen or so excellent libraries input serial
records and have varying degrees of assigned authority to upgrade the
' records as they find them-deficient, with the ultimate rosponsibilil'ty for

*librarles, which have been designated as centers of.responsibility iin this

[y

* " daveloped for the larger network. |
" 2.4 ‘Component Tﬁchnical Considerations -

o Hay 754880, yole in the national library network; having
.+ efiiimarated the developmental steps necessary to achieving a capability
.. to fulfill that role; and having confronted and soivkd,the very difficult -
- problems with.the bibliographic quality ‘of the records in its data base

" and the size and distribution of that data base, network management:
"+ will then be able to proceed to ook at the systems, hardware. and

.the 'bibliographic quality of thé data base residing in the- ngtional _ .. -

" context.” Something analogous to this will undoubtedly negd/to be - .

.. software, required for. each component. of the national network.’ |

.Component management will quickly come to the conclusion that not

~every function requiring suppqrt in aslarge number of netw&r!t,affiliate
- librariés .can be.done on the central computer system. _Circulation

control is ‘perhaps_the most obvious example of a requirement Yar. "
- decentralized computer support. Central circulation control is probabl'y\'. .

out of the question in a large system with many atfiliates bécause of the

sheer volume of transactions. o s
~If this, t is .accepted, one may look for ways to #ecent(a.liie '

the circuldtion spntrol function. One ‘approach Bertainly would be to

install minicomputers‘in the network libraries for circulation control. .

A very efficient prototype of this'minicomputer in circulation _control.

has been rynning at Bucknell University for several ygé@.‘ in that - .
" .. system, major advantage of the capabilities of the central system for ,

""'data base building and maintenance is taken in a system that has:the

mini doing the day-to-day circulation transactions and 'pertodically' .

- 'updating the central fites. This can, of course, have any number of

. permutations, and will undoubtedly be done in various ways in"

" different places. ) : . o
Some of the major questio,ns to be asked are: what is the best
| relatiqnship of the circulation minicomputer in the network library to
the bibliographic data base vheld'centrally in the system? |s the most

efficient circulation control system one which keeps on:line only live
circulation transaction,s;for is it one that keeps a bibliographic record
sufficient for item " identification ‘on-line at all times? A .corollary - .
~ question is, how much bibliographic- search capability ‘must be
" supported by the circulation record in the network library? Does the

T
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.
clfculetlon llbrarien or the user depend on.the eentral network system
for all blbliogrephlc search capability; or is the circulation record
. sufficient to support bibliographic search for identification?. The
questlon of subiect seafch in the network generally will be covered
leter - .
' If ome can. agree ‘that the .network - Ilbrary will probably require a -
..minicomputer for the circulation function, one can then proceed to an
- "examination’ of other functions that might be better handled in
- decentralized fashion like serials check-in, binding and routing control.
"It is obvious that the level of detail required for an individual library to
. check in its serial issues will be overwhelming when consldered from the -
‘point of view of the network system handllng many. hundreds of
libraries. Given the irregularity of serial issue arrivals and problems®of
title identification and different cataloguing procedures, maintenance
of tz serial check-in file would ‘overwhelm the central system'’s capa-

bility'for file maintenance in short order. So, serialy check-in and
interhal control may form the second Q'LCU n to be handled in decen-
tralized fashion in the network library. Next, fund accounting logically
~wnll -remain in the network library; not only for technical reasons but
also for reasons of a dnfferent kind. It seems-evident that the individual

librarian, responsible to his: or ‘her own bosses for the funds, will be

- entirely reluctant to release apy control of these funds, and the
_accounting of them, to some distant network center.. There are
technical reasons for the decentralization of fund accounting as well.
-There are probably as many: different fund accounting systems 45 there
" are 'different libraries.-Some libraries maintain two sets of books, ohe
|nterna| to the library itself showing how the book funds are allotted

- and How they are spént, and- another, often’the aggregate of the first,
maintained for the institution” controller. To do fund accounting
centrally would require one of two things, hoth af which are probably
* impossible. ‘In. 'the first mstaﬁce the network center wolld provide a
different-fund accounting software module for every difference in fund

. accounting in the metwork libraries. Convefsely, the network center

+ would build aJsingle accounting module and expect every institution”
and every librarian in ghe network responsible for funds to change- his
own accounting procedires to fnt the standard module. A little

+ reflection will indicate that neither of these is likely to happen Fund
accountmg wi}l be run in decentralized fashion, probably on minicom-

" puters acquired for the cnrculatlon function. . s - - '

Minicomputers in the network hbrary may be |ust|f|ed on the basis
of the 'clrculatnon function, and then may,. using time otherwise avell-
able on’ the mini, support suqh things as fund accounting. Are there
otl;er_functlons that logically ¥it - t_he availability ‘of the mini in the
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ﬁbnrv? Yu there are. Given the oomputmqpowof available i in the mini
,' and-given the fact that circulation systems as-a-rule don't run at night,
there ‘will be excess capacity available on the circulation control -
:r'minleomputor that can be very efhctivoly used. For example, it will be .

pouibh for the local librarian to tailor bibliographic products and

' services very closely to individual, faculty, and departmental require-
“ments. Such things as lists of new accessions built against individual and -
departmental profiles will be -easy and comparatively inexpensive to

- produce. The local librarian will be able to tailor these services and .

- products, undoubtedly to include some not possible at all in manua!

_systems, be able to deliver them in very rapid order. The potential capa- ~

«bilities of the circulation mini to cooperate with the central system in
the provision -of management statistlcs to.the local librarian must also
be consudered _ o S

2.5" Search Strategles and Techniques Reqmred

for the Network —_—
- Some new search strategies and techniques will be required and avail- .
- able in the network under discussion. Bibliographic search keys derived
- from the data in a very limited number of fields, a concept so brilliantly
pioneered in the OCLC system, will become progressively less efficient. -
" as file size and user library population grow along with the volume®of
transactions. When_serial records are added and must be searched-on
_ corporate author w:th the search keys mitially designed for searching in.
- monograph files-on personal author, the use of derived search keys is
_complicated further. The solution, of course, is to develop search keys
which - discriminate enough to produee a manageable number of
_'responses in a reasonable time for viewing and selection by the user.
Further network development and systems growth will probably
prove that a continuation of ‘the concept of providing subject search
along traditional lines, for example by the use of .subject terms tacked
onto the bibliographic record at creation time, will not be possible in a
very large network with many mions of records on-line and many
\j libraries as customers. Because of the immense size of the central
network files, ¢he number of times the disc memory must be aceessed
in subject search and the short response time that must be mamtalned
to satisfy the. user, subject searching along traditional lines: will ]
probably not be feasible in a very large on-line network. If this proves '

to be the case, what is to be done? New approaches will have to be|

taken. A combination of search capabilities must be devised that will .
permit searching on many more data fields than just title and combina-
. tions of author-title. In this way, using Boolean operators, it fhay be
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" possible with very large files and Yarge user populations to provide the

discrimination that will be required. The problem of providing a'subject

_search capability in a very large network furnishing comprehensive
- functional support to many libraries and updating files and indexes will

not be solved simply by atiding subject terms to the bibliographic
records ‘to be 3earched, expecting to produce subject specificity

sufficient to be manageable ‘in the system while maintaining acceptable.

response time and still satisfying the user. The probable solution to this

"dilemma is to provide a combmagan of search capabilities; for example, .

the capability of using Boolean operators to ‘and‘~together key words
from several places in the record. Some useful help may be found in-
language of publication, date of publication, perhaps place of publica-
tion, *and the traditional authory andstitle fields, In order to avoid
spelling errors and get at key words wherever found in the record ina -,
most efficient fhanner a word truncation capability will be requnred It
would also be highly desirable to have.a capability to specify the spatial
‘relationshin in the record and indeed within the individual data field
between two or more search terms. It should be possible to say whether .
these word stems or word fragments should be found contuguous to
each other, separated by so many words, etc.

A natnonal library’network more distant than 1980 wnII turn for its
‘content search capability to the unabridged dictionary approach. Just
as one goes, with a subject dISCID|Ine in mind, to Webster’'s unabridged

. dictionary, and comes out with the definition of a term in the context

of -that subject discipline, §0 will the user many years from now have -
what amounts to an unabridged dictionary of all the significant terms.
Such a dictionary, edited by stop lists,”in all the languages represented
in the user’s bibliographic file, will permit finding the subject term in
the proper context, given the discipline in which the user is intefested.

. 2.6 Library Network Technology 1980-1985 '

Turning now to the technology likely to be used in this network
development from 1980-1985, one can expect that the network wnl’i be

_ based og technology largely available today. Books and other materials

printed on paper will be the principal medium used by libraries. THE

Aibrary without paper will not occur by 1985 or 1995,

. Library network components will be dependent upon the kinds of
main-frames (including minicomputers), line printers, discs, tape drives
and so forth that are- now available. Machine-sensible equipment, bgth
optical _scanners' and magnetic stripe, will find increasing use, in circula-
tion and interlibrary loan systems. In the time frame under discussion,
advancement in size and speed, and a relative -reduction of costs of mass

_memory devices can be ‘expected. Librarians will see experimentation

135 { |
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at lsast, in time-division multiplexing systems using video transmission
W ot the kind very recently announced in England (3). There may be
‘some message traffic over satellite links, but.these, of course; will be
transparent to -the librarian and-the user. For all practical purposes;

~» . communications technology will be that already. available. - . .

2.7 . Requlred Standards , ‘ ' !
"Much standards work by, Standards ‘Committee Z-39 of the Ameri-

~ can. National Standards Institute and its peer agencnes ‘will bg.required
in this developmental period. Several kinds of. identification numbers’ .

- will be required, for example. The requirement for a unique piece 1.D. .
has already been mentioned. This will probably develop by. building -
.upon- the International Standard Book Number and-the International
Standard Serial Number and perhaps international standard |dent1f|ers

". for other recording media, as these develop. An individual 1.D. for -.
library patrons will be’ required, as will an individual 1.D. for every

“-. library component active in these networks T
_ ‘Since the standardization in the network generally will focus on the\r
message traffic between the components of the network as qpposed to
~the internal functions of these components, it seems evident that the
Mmessages and. their protocols will need to be standardized. This will
result in an array of standard messages and queries of various kinds,"
. responses containing.bibliographic records or otner information, switch-
ing instructions, ‘mail to* types of instruction, ete. ]
- It is evident that in_a network- of autonomotis equals, it is not gonng
"~ to be pessible to standar_dlze internal procedures or query languages.
Therefore, the only solution to meaningful communication among
these diverse systems is to standardize ‘all the messages that flow
" between them. Having done so, each network component will require
only the capability to take such a message in, act upon it with an
internal program and output a response in the standard form that will
be equally acceptable to the software in any system which has agreed to
provide the capability to handle the various standard messages.
' A standard numerlcal code for name authorities wilt probably be
required because national and international acceptance of a single form’
*of each.name to be used by all cataloguing agencies is nowhere in sight.
The international code could be stored and transmitted as the single.
form of the name which could be recognized and accepted by all
svstems The code for each name would have a one- for -one. reJatuonshnp
with a single name entity, ng matter in how" manv forms fhat iame
' appeared in the various catalogues and authority lists. Natibnal biblio-
graphlc agencies would desugnate the nationally acceptable form of the
name and all variant jorms would be related to itand to the appropnate

;'\
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eould find reference to the numerical code off- Ilne, say inprinted li
on-line searching with the ‘number would -be more efficient than an
“'f~key derived from one or another form of the name could posslbly be

M by n locapted content deslgnatuon scheme. If users ofthe syst:%

"'730 SUMMARY : !

. By niurating the. sahent features of the network descrubed in this ‘
. :paper, ' one can se6 whether it presents a picture of a network
© sufficiently clear 50 that individual components may begin forthwrth to
"prepare for the definition of their own roles.
_ Based on the assumptions listed at the outset; the evolving national
. library network will be,. in effect, a confederation of equal .and
© sutonomous components of many diverse kinds. Each component will .
* retain-a high degree of internal autonomy AII components will look to u
' ‘the Library of Congress for a sig ant amount of the bibliographic
- information they require. The national data base will be distributed in’ o
‘ nature, There will be decentralized cataloguing to a degree, decentral- - .~
- ized input, . but centralized responsibility and authority  for.
: blbllographlc consistency and integrity in. the national data base. Some
major network compaonents will be selected for priority treatment by
- funding agencies .and others in this network deve{opment; but any
" network component is free, as soon as the plankiing document is
.. available, to assess its own relationship to this nYtwork, and, in -
coardination with the Network: Planning Office of the lerary of
Congres§, to pIan the development necessary to perm it to fulfill that
. role
“ir. The major ' iibrary functlons in the national network wrll be
;?enhanoed and supported by a series of diverse network component
centers, including bibliographic service centers such as OCLC, brokering
centers such as the bibliographic center at Denver, regional consortia of
various kinds, perhaps interstate compacts, certainly state systems, and
0 on. There will be no single blueprint for network components.
Funding will be  a combination .of federal, state, local, and private
funds. The possibilities for network managerrfant at the regional level
and st the national level include governmental agency, quasi-govern-
.mental corporation, for-profit corporation, and not-for-profit
corporation. ‘At the national level, an attractive alternative is quul-
~ governmental  corporation analogous :to the Tennesiee Valley ' C
: Authoritv Participation by components in the national network will be i
voluntery The trend in bibliographic practice over the lonig term will be - .
. toward closer edherence to Lnbrary of Congress practice and standard-
lmion .

"?
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‘-',-Overvrew. Networlung in the
5 Health Sclences

[~ : T -

The papers that foIIow focus on the development of coHaboretlve .

. efforts batween the computer sciences and the medical and’ life sciences
for the improvement of medical education, research, and treamment.
Currently, several national networks are users in these areas for collab-
orative efforts between computer science and clinical research groups.

,. Authors discuss the ways in which the successful use of computer - -
networks can be evaluated-and improved in the future to increase the =

degree to which computlng can be applied to - research and clinical
~consultation and to the education of medical personnel.
‘The Health Education Network, Inc. has evolved from a federally-.

supported experiment to establish a user-supported and user-directed '
operating network. In 1972, the Lister Hill Center of the National

Library of Medicine established the Experimental CAl network to:
* 1) assess the technical feasibility of inter-institutional sharing through a
telecommunications network;. and 2) determine whether' materials
. daveloped at one institution would be accepted and used at others. In

1976, when federal support terminated, users of the Network and its

. hosts took actions to ensure continuation of nationwide access to the

largest single data base of computer-based educational materials in

-health sciences. During the 4 years of its operation, the Network has
been used by. more thah 150 different institutions in over 40 states.
Materials are available for allied health sciences, nursing, basic medical
sciences, clinical medical sciences, and centinuing medlcal education,

‘Several projects that use artificial intelligence methads for consulta- ~

‘tion, and are accessed or developed via computer network are described

Mext. .
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134 PART lII: OVERVIEW

An evolving computer program is being developed at. Stanford
. University to assist'nonls_pediélist physicians in the selection of therapy
“ for patients with bacterial infections. MYCIN attempts to model the -
decision processes of medical experts and provides input, interrogation,
modeling, and guggestive output.. Computer networking allows wide
access for expefimentation with, and use of, this developing system.
Diagnosis in internat _medicine is frequently complicated by the need
to discern multiple diseases in a single patient. In order to enable
computer-based diagnostic systems to deal with these complex clinical
problems, it is necessary o devise problem-formation heuristics that
can effectively partition the set of disease hypotheses evoked by a given
set. of clinical manifestations into. coherent subsets, within which
disgnostic problem solving methods may be applied. The problem-
. formation heuristics underpinning performance of the INTERNIST
system are presented' here along with examples of the system’s perform-
ance. : .
‘ A computer model of expert reasoning in digi'talis admir)istra'tion has
_been developed at Tufts New England Medical Center. It assesses the
patient's clinical response to the drug and uses these responsés as
feedback to guide subsequent therapy. A clinical trial hatdemonstrated
the feasibility of using this program in a wider range of clinical settings
than has been possible with earlier programs. Later trials and use of this
program will utilize networking facilities to provide access from across
the coumtry. : , o
The CASNET computer consultation system, incorporating an
explicit model of disease processes. and expert reasoning~for the
diagnosis and treatment of .glaucoma, has been develomwt
Rutgers University and the Mt. Sinai School of Medicine. Computer
networking has ‘played an important part in developing the program,
beyond the prototype stage into a proficient clinical tool. The Ophthal-
mological Network (ONET) consists of clinical investigators at five
glaucoma research centers (Mt. Sinai School of Medicine, Washington
University, Johns Hopkins University, Unidersity of Illinois at Chicago
and the University of Miami) who collaborate in the testing and further
development of the consultation programs. A data base of glaucoma
cases, together with computer programs for. retrieval and analysis, has -
also been established to facilitate joint clinical studies among the ONET
members. ' T B .
The ONET compq‘ing is carried out on large PDP-10 timé shared
computers at Rutgers University and Stanford University. Both univer-
sitles are centers for research in Artificial Intelligence in Medicine
(AIM). The Rutgers Research Resource for Computers in. Biomedicine
was established in 1971 as a focus for modeling and problem solving

»
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research : applications ln biomedicine, whlle SUMEX (Stanford
University Medical Experimental Computer) was established in 1974 as
“first national shared computing resource for medical research, The
MYCIN, INTERNIST and CASNET . programs are all accessible gt
SUMEX AlIM over.computer networks. The ONET is the first example
of & geooraphlcally dispersed group of collaboratmg clinical resaarchers .
"ﬁm make use of these shared resources. L
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by Ruann E. Pengov
Barbara B. Farquhar -
and Robert G. Votaw"

:The Health Educatlon

Network lnc.

" .

o The Health Education Nétwork, Inc. has evolved from a federally
suppomd and. federally-directed experimental network to a -user-.

" determine whether CBE materials developed at one institution would = '

_supported and ‘user-directed operational - network. In 1872, the Lister
" Hill Center for Biomedical Communications.of the National L!brary of.
. Madicine ‘established an experirnental network to 1) assess the tachnical
fusibmty ‘af inter-institutional sharing of computer-based educational
“'(CBE) materials®* through & telecommunications network and 2) to -

be. l:eeptod and used at others, Both the technical feasibility of .
mtworking and user acceptance were establishéd in 1974, atter 18
months of network operation. Federa! support continued for an

" additional 17 months, until May-of 1876, during which’ time:the users

" and hosts took action to ensure continuation of nationwide access to

. the largest single data base of computer-based education matorlals in
. th& hesith sciences in the world.

'- "Rmnn E. Pangov s affilisted with the Ohio State' University College of .

- Currently, the Health " Eduea)‘n Network makes it possible for

" institutidns to share. computer-based education materials at a fraction -

of the ‘cost. of daveloping and maintaining thom. Tho Notwork also‘

Mndlclm. Barbars B. Farquhar is affilisted with Massachusetts Genarsl Hospital.

anbm G. Votaw Is at the University of Connecticut Heslth Sciences Center,

"" "CBE (or computer- eisisted instruction [CA1]) refers to iltustions where stu-

dcrm are engaged in interactive learning dislogues at a computer terminsl. In .-~

" thess situstions, rather than being the subject of Inmuctlon, the eompuur -
i umn in ptovlding instruction.. e .
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’ .provldu opportonities for medical educators and computer scientists to
. axplore innovations in education. In these ways, the Health Education

- Network has achieved success; its potential use and future dnrectlons are L

> llmlted only by the imaginations of those involved with it.

Thls paper. is a case history of’ the development of the Health

d - Eduootion Network, Inc. which discusses the need for sharing, planning

for hetworking, the experimental network the user community, the -

Networlt hosts, the impact of the Network, utilization of the Network, -

+. the costs and beneﬂts .of networking and the key elements in network
planning nnd operation. It is our hope. that the information, ‘offered in -~ -
. the follovvlng pages will offer insights for the development of network: R

in otl'ler dlsclpllnes

2.0 NEEDS FOR SHARING

The impetus for resource sharing a anses from several points i

. 1. Sharing is a commonly acoepted acedemu: responslblllty rn the

.. hesith sclences.

307 2: Sharing is implicit in the tederal fuhdlng which supported many
. of the-developmental efforts in computer-based education. )

. 3. The front-end’ capital investment in the development of these

 computer-based educetlon materials is high. Estimates of develgp-
mental time range from twenty to several hundred hours of eﬂort

on the part of faculty authors to produce ong hour of interactive: B

computer-based education. This depends on’ several variables
including author experience and the complexity of the program
- being. created. High development costs make sherlng 3 necessity;

‘no one institution can develop courseware to meet all its needs.

4. Courseware maintenance costs are high; these materials do not

“live and breathe’’ on their own once developed—they require ‘

continuing *‘tender loving care’’. Feculty authors rmust insure the

ongoing -relevance . and accuracy of lessons. Technical and .

educational strategy members of the course development ‘team
want m5ter|als to continué to be responsive to, and reflective of,

the most dynamic educational strategies ourrently avaitable. It is
not cost effective or even pobssible to perform such maintenance

‘functions for. all lessons in each institution which uses them. Via

networking, the most scarce resource, thvuthor is effectlvely N

shared. '

Thm factors make resource sharing necessary If computer-based -

_education Is to be utilized in the health sciences. The Health Education™ .
Network was conceived, has evolved, end currently operetes to help
. meet these needs. 1 4 4 )

\

A . L .
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- The paragraphs which follow describe the key elements which were
uitiul for the conception, survival, growth and development of the
" ‘Health Education Network; many -of these .elements are still critical
“in current Network operataon

’

.

3.0 PLANNING FOR NETWORKING ,

. There were several key elements In the early development of the.

~ Netwark. It was recognized generally within the health sciences that
7~ there was & need for sharing expensive and scarce resources. A national
. ‘prof§ssional medncal organization adyocated support of hetworking. =
~There was a federal sponsoring age cy with a mandate to support

. sharing throuqh networking and they had funds to implement a

" .program. There was a fortuitous overlap of goals within the sponsoring
.sgency because they were already networking in the area of medical
libraries. There were- some willing users of networks and some willirig
providers (contractors or hosts). The hosts had, pell- developad and -

"recognized data bases. Further they|undersfod the importance of user =

_servjces to successfub network oper. ltlon Each element appears to have
been euenthl to the birth of the Network.
e August ‘of 1968, the sponsoring agency for the mltaal Network

the: Lister - Hill ' National Center for Biomedical Communicatigns - =
;-',«;(LHNCBC), was established by Congress as the fresearch and develop- - .

| . mant arm of the National Library of Medicine. Their charge. was to

, design, develop, lmplement and manage a biomedical communlcations e o

netwark. . ‘ S

- The  Association of American Medical Colleges (KAMC), a national e
- professional medical orgamzatlon worked with the Lister Hili Center to

explore: possibilities ‘far - networking (17). The Council of Academic

Societles of the AAMC and the Lister Hill Center sponsored a confer-

“““once entitied “Potentisl Education Services From a- National . .
Biomedical ‘Communications Network.” Conclusions reached at that - -

. conference were 1) that there was a.need for a national network and

* 2) that there were many services that might be provided. Fhis led to'a.

contract with the’ AAMC to provide more specific recommendations for

Whet might be shared in a network. Dr. Eugene A, Stead, Jr. chaired a

task force for the Association of American Medical Colleges/whl?\‘
+ 7 visited 10 medical schools and talked with over 100 individuals. In Ju

“ of 1971, they published their report “Educational Technology for

Medicine—Roles for the Lister Hill Canter in ‘the Journal of Medical

. Education (16). There were fifty-three recommendations in that report; -

it wn clur that  there was some need to establish prlorltles
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* The National Library of Medicine already had a national network for °,
- medical’ liblary searching~MEDLARS. LHNCBC staff recornmended
that the Library findJother data bases that might share that network.
They noted that there were several institutions that had data bases for
. undergraduate and continuing medical education. No attempt had been
. made to offer these jointly as a service to potential users. LHNCBC’
‘staff recommended that a small number of medical education programs
be made available through the planned .biomedical communications
network. : ' : C :
_In September of 1971, LHNCBC convened a meeting of potential
hosts to discuss. making programs available for networking. The
LHNCBC thought it could obtain programs from the hosts, put them
‘on a gentral computer, and distribute them to users. However, the
programs are dynamic, ’living"’ and do need regular maintenance by the
author team. Hosts were willing to share the-programs, biit they insisted

. that the programs reside on their own computers. Another difference in
; perspective was that LHNCBC ‘wanted to demonstrate programs to a
wide group of users and use onina small number of programs, while the

. hosts, on the ther hand, wanted to work in depth with a small number 4
of users. Both™perspectives were embraced by having two classifications
of users, trial and;oper’ational. Hosts agreed to provide access to their
programs through TYMSHARE, a commercial time-sharing and tefe-
communications - ¢company which "was to support the medical library
searches through its national metwork, TYMNET (1). The decision to
share through distributed hosts postponed issues of standardization and
transportability. A ' .

: I March of 1973, LHNCBC sent.out Requests for Proposal and held
discussions with hosts regarding costs of sarvices, the extent of services
to be provided, and the basis on which costs would be determined. It is
important to note at this time that LHNCBC estimated that a fourth of

“the cost would be for personnel; jhe hosts, on the other h_a_nd,
estimated that two-thirds of the cost would be for personnel. in June of
1972, the Nationial Library of Medicine allocated $145,000 for a ten-
month- period for distribution of materials from Massachusetts General
Hospital, The Ohio State University Collgge of Medicine and the
University of llinois Medical School. LHNCBC ;t;ff were told to
make it.explicit to both users and contractors that- this was to be an

. experiment of limited guration. ) :

‘In May of 1972, LHNCBC sent out 28 letters to potential Network

- users who had been selected from the membership of the Association

« for the Devqlopment of Computer-based Instructional Systems

~ (ADCIS}. It is not clear why LHNCBC did ngfreturn to the-Association

of American Medical Colleges (AAMC) or to the Council of Teaching

’
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Hospltals to solicit users. This initial maulmg was the only publicity sent

.10 the medical colmmunity at large
computer-bmd education programs. ;

noting the avallability of free

4-0 THE EXPERIMENTAL NETWORK

ln uly of 1972 Massachusetts General Hospital became the first
hospital to offor ‘materials .on the Network Two months later, The

. Qhio State Univorsuty College of Medi

cine was officially connected to -

* the Network, and in January of 1973, thd Umversuty of lllinois Medical .

" Canter was joined to the Network. Con

nection involved installation of a

* TYMNET mini-computer’ and development of software to interface !

"with the host computers. Massachusetts General was an original test site
for TYMNET node connection to Digital Equipment Corporation hard-
~ ware, and Ohio State University was an original test site for TYMNET
node connection to 1BM 360/370 series equipment. Given the “’state-of-
the-art”, a period of some months was required to .achieve smooth

)tunsmisslon of technical messages and to estabhgh a stable and reliable - - ‘

network connection for users, e
After almost a year of operation

of, the .Network, the LHNCBC

Center called a meeting for its operational users, The user rheeting was
simply ‘a means for the LHNCBC network staff to receive feedback
« from the users. Until this ‘tie, LHNCBC's primary interface, had been
- with the hosts-m techm,cal matters involving Network start~up The May
. 1973 meeting was the first effort aiméd at serious. usér mvolvgment

Imtially the LHNCBC. experimm.tal

network provided frée sefvice to _;

mstltutions willing to support their Ywn computer termiqal(s) and- o
connection to the nearest TYMNET network node LHNCBC did not *

- aoticipate the high user ,accoptan‘co whicH. was, ih fact, so groat that
.LHNCBC wasforced to cajl'upon participating instututiom for partial -
.cost facovery. In February of 1974, user charges of $2.50-per connect

hour - were mstltutbd still, user

interest and Network - success .

outreached budget allocatidns. in order to continue the Network, a
. plan evolved for gradual lncnaso‘m user charges and for boginning the .

" transition from a fede?ally supported
-supported. natwork '

network experiment to a users .-

- Due tolocal. condltlons, the Universjty of lllinois Medical Center -

Eomd *to be a host on the Network

in‘May of 1974. The Lister Hill,

- Centér made a major decision to tran¥er a portion of ‘that data base,
spcciﬂoall% the CASE simulation materials (6, 7) to “The Ohio State

“University Colloge of Medicine.

In July of 1974, less than a year after the flrst gser fee announce-
* ment, the Lister HIll Center incregsed the usage fee to;$5.0ﬂ per

k.
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- ‘connect hour. Still, the fee covered less than one-third of the total cost

" : for Network operation. The economic. pressure brought to bear on the.

LHNCBC by the success of its experimental network was very real. At

one point, tHNCBC estimated that, aimost” one-haif of their- total

expenditures in research wers allocated for this Network. This circum-

. stance is perceived as a major reason for the decision and subsequent

. _announcement by the Lister Hill Center in January, 1875, that it would

* withdraw support from the Network in May, 1875. Another reason for

. termination of LHNCBC support was that the Network was no longer

an experiment—it was asuccess. . T ’ ' '

“in May of 1975, the National Library of Medicine officially

. terminated its support of the Network; this ended the experimental

“network. 1t is significant to note that the very next day the operationat ‘

user-supported network began. The many events leading up to this,
~smooth transition are discussed below:- -+ . : 0

~

5.0 THE USER COMMUNITY" : '
g - Most Network users and their institutions were new to the concept
_ of computerbased education. User institution administrative contacts, .
faculty and students, all wers inexperienced. And so, sach, according to
‘his own time sequence, recapitulated a developmental process of initisl . - .
‘awareness of, exposure to, experimentdfion with, and increasing insight ..
into the potential of computer-besed education. Each user had a £ .
different approach, but many were able to effect change and make
significant instructional impact in their curriculums through the use of
CBE. The time frame for this process was and Is variable, and the rate is
* . dependent upon many factors. The subject and process are in much
need of further research. Y o _
At the August, 1973 meeting® of the Association for the Devsiop-
inent of Computer-based “Instructional Materials (ADCIS), @ fow :
Network users: sought to- begin planning for an orderly transition .
because it seemed improbable that Lister Hill participation would last
indefinitely. These Network users, who were members of ADCIS, asked
ADCIS to petition the Lister Hill Center for continuing support of the '
- Network; ADCIS felt it was not able to do so because only a small part
" of its constituency was invoived. * , S
Six months later, at- the January, 1974 ADCIS meeting in °
Washington, D.C., Dr. Harold Schoolman, Assistant Deputy Director of .
"~ the National Library of Medicine, mdde the announcement that the

& .

*Priof to LHNCBC announcement of the pending termination of its financiel -
support for the Network. - - . .
148,
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V‘ler Hill Center had no plon to support the'Network in its (then) '

current configuration beyond May of 1976..
" Now, in reaction to this clear signal, a-loose amaigam of Network

. usars soupht assistance from one of the interest,groups in ADCIS, and a

“tentative plan was agreed upon for exploring  continuation of the

Network. Over the next four months, however, no viable plan’ was

_forthcoming from ADCIS. An easternsregional meeting of Network

usérs was held at the University of Connecticut in May of 1974 to
congider courses of action. The 14 institutions represented.voted to

- seek means to continue the Ne:vork and to form a National Users’

Group. Three task forces wers éstablished in the areas of networking,
svaluation and facylty development.~it is notewonhy that this user’s

~ group started its existence expressing concérn about development of-
. faculty literacy in the use of computer-based education strategies and

concern about the evaluation of CBE programs through peer. revle nd

. through research on educational effectiveness.

’

To meet the mandate set by the regional group in May, a n tional
organizational meseting was held in August of 1974 in.conjunctiod with
the ADCIS meeting in Bellingham, Washington. The National Users’
Group voted to -reaffirm the conclusions of the eastern regional
mesting. They also voted to organize as the Health Education Network
Users’ Group of ADCIS. This proved to be a crucial decision. It
afforded an instantaneous frame of reference for governance and .

" communication. Much time was saved. It also afforded a legitimate °

recurring focus for developmental activities and working sessions which

" were 30 necessary during the early phases of the Users’ Group existence.

'The Users’ Group- elected. officers and & Steering Committee® and

modest funds were provided from ADCIS for the Steering Committee,
which was spread across the United States, to meet for planning
sessions. This action proved critical to thb‘ultlma'to survival of the
Network.

Many factors undoubtedly contributed to the apparent success of
the Users’ Group. Above all, the Impondlng loss of LHNCBC support

for the Network in May, 1975, only nine months hence, providoa' 8

problem orientation in which lesser differences were ignored. The fuil
attention of the Users’ Group was focused on finding means to

"~ continue the Network. Concern wlgh evaluatlon and faculty develop-

maent was forced into abeyance.

Throughout the next months, the Stoerlng Committes attempted to
develop, in close cooperation with the Lister Hill Center and the hosts,
a plan whereby the Users’ Group would sssume direction and support

»* Appendix B lists the Steering Committes members.

/ | 149
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.

~ of the Network over. a two to three year transition period. Quite apart

from money matters, the Users’ Group, as an interest group of a -

Professional organization, was not capable of carrying out the manage--

ment and contractual (i.e. billing) aspects previously borne by the

"Lister Hill -Canter, This plan proved unacceptable to LHNCBC, Iargely'

due, to the User Group’s lack of. IegaLstatus as an organization.: Plannmg

- . then focused on an interim approach in which the hosts, Massachusetts

TYMSHARE

General Hospital and The Ohio State University College 6f Medicine,

-.would perform much of the management and contractual work.

In- the spring -of 1975, the hosts executed contracts with the -
&oratlon for communications and arranged to bill

- users ‘directly. The hosts, in negotiating” contracts directly - with--

TYMSHARE, assumed the responsibility for any losses which might

be incurred as a result of the contract. At OSU, this had perhaps less
impact than it did at Massachusetts General Hospltal since Massachu- '
setts General Hospital was much more susceptible to fluctuations in the .
market than was OSU. Both institutions, however, assumed much fman ,

_cial risk dub to lack of the capital which had previously been borne by
- the federal allocation to the experimental network,

The Steerlng Committee communicated with the Lister Hill Center
concerning a need to continue to provide a central Network coordind-
tor. A half-time coordinator was funded for ten months and was
located at the Unjversity of Connecticut’ Health Sciences Center.’

During this same burst of activity in the spring, the Steering
Committee invest)gated affiliation and alliances with EDUCOM. (Inter-
university Communications  Council, Inc.), NERCOMP (New. England
Regional Computing Program) and SECOS (Shared Educational
Computer Systems). NERCOMP and SECOS' were' aware of the

"Network ctherns and approached the Steering Commiftee with .
proposals.’ Considerable counsel .and assistance was received from the

AAMC (Assocmuon of American Medical Colleges) and, later in the
spring, | ment was mmated wnth the Amerlcan Association of
Dental Schools (AADS). -

The Staermg Committee recogmzed that it would probably be
unable to solvé Network business and management problems by affili-
ation at that point in time. The rates of development in the other
drganizations were simply on a different time scale, and the Network

Jhad an urgent problem which could.not wait. On this basis, in
"February, 1975, a task force was appointed to explore incorporation.

A second task force was appointed to explore enlargement of the
Network data base. ‘with ‘particular reference to materials ipecifically
relevant to dental education. For both educational economy of scale

- reasons, there was intorest in enlarging the user base and, henoe, a task
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- forca on marketing was appointed. To simplifv‘ the day-to-day running
..,:N the Network, an Operations Group was formaily brought into being,

“‘fteoonizmg, in part, what Rad already evOlved—primary support of |
Nttwork operations was being rendered by User Services coordinators -

at. the hosts who' exerted TROJAN efforts in jmProving communica-
tiom administrative procedures and user services,

- The LHNCBC experimental network terMingted on May 31, 1975.

Duo to the efforts of the Steering Committee. of the Operations Group,
and of many dedicated users, the Health Educatjon Network began on

- June 1, 1975—the very next day. There was N¢ apparent difference to
. the user; the technical configuratlon remajined the same- A remarkable

transition had .taken place. The Nretwork was transformed from a
, federally-supported and federally-difected eXperimental’ network to'a

~ user-supported and user-directed operational network

The Incorporation Task Force was quite active, also. Proposals for
by-laws and for articles of incorporation Were deveIODed-_' and were
reviewed by the- Steering Committee. IncOrporation Papers for the

Health Education Network, inc. were filed in the District of Columbia -

in October, 1975. The Health Education Network, Inc. formally came
into being at its organizational meetmg in January, 1976. The Board of
Directors and officers were elected,” and shortly there after, the Board
of Directors established a subcommittee on fingncial planning. Certifi-
cation as a tax-exempt, not-for-profit corPoration was sought and
. granted by IRS in June, 1976.

The lmmedvate problem facing the new Network was still develop-
ment of a sound economic approach to neétwork which would insure
long-term Network survival and growth. The Subcommittee on financial
planning is at work. The Board is alsO actively exploring new
approaches°to enlarging its user base through inngvative combination of

. certain marketing and faculty development ideas. When jts business

concerns have been addressed, ‘it is likely that the users Of the Network
will turn their attention to the other two areas ide ntitied injtially at the
" Eastern reional users meeting—faculty deve|0pment and eyaluation of
CBE materials.

6 0 NETWORK HOSTS

6 1 Massachusetts General Hospital
The data base at Massachusetts General HOspjtal (MG H) consists of a
library of about 30 simulatios (3).- Appendix D offers an overview of

* Appendix C offers a list of the names and institutignal afhhanon of the flrst
' Board of Directors of the Health Education Neyw©rk, |nc.
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* ‘the MGH simulations. There are muitiple cases ‘within eich of these

simulations, and the programs thamselves are designed to teach and test

- the process of clinical problem-solving. Programs do teach, facts, but the

emphasis is on the process of clinical problem-solving. Programs are.
used by medical students. to practice decision-making and by practicing
physicians for seif-assessment, for continuing educatign and for certifi-
cation of clinical competence The Harvard Department of Continuing

' ~ Education has approved many programs for Category | Continuing

Education Credits toward the Physician’s Recognition Award of the
American Medical Association (AMA). It is most likely that the pro- -
grams . will be used in the future for the’ assessment of clinicat ~

. competence, licensure, certification and recertiflcetuﬂi

. During the past 4} years, MGH has served over 150 different |nstitu-‘
tlons in more than 40 states with approximately 50000 hours of
computer _time for medical education. Usage has varied. |t was as low as
20J;ours per month, in the very boginnlng, and has reached a.high of

- 1750 hours per month. An average of approxm’iately B0 institutions use

Massachusetts General Hospital CBE materials.via. the Network at any

*_ one time, with an average of 700-800 usage hours per month. About

68% of the use‘rs are medical students in their clinical years. Another

. -_18% of the .users are practicing physicians, and this percentage is
‘growing. Only 14% are nurses and allied health personnel.- The institu-

tions MGH"serves are - medical ;choo_ls or university medical centers
(68%), hospitals (16%), nétional medical organizations (11%), and °

_physician groups (5%). Usage by phvs:c:an groups will probably grow m :

the future.

6.2 The Ohio State University College of Medicine

The Ohio State University. College of Medicine (OSU) data base is,
in part, complementary to that at Massachusetts General Hospital. Over
350 hours of interactive CBE programs are. available to a variety of
audiences. Table 1 indexes the programs by audience and Appendix D
provides a subject index of the.materials. Fuller description of the'OSU
system and data base is av\allable in other publications (2, 13, 14).

The primary emphasis in CBE usage at OSU is mtegratnon of the
materials into on-going curricula in medicine, in nursing and in allied ,
health. As shown in Figure 1, however, cumcular usage within the
College of Medicine constitutes only’ 50 to 60% of the total usage of .
OSU’s program. library. The statewide Computer Assisted Instruction
Regional Education Network (CAIREN) (5) and the Heakth Education
Network each account for s:gmf:cant percentages of total CBE usage at

osu: . 152
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TABLE 1 .
OSU Data Base Indexed By Audience

T Audience ' : o " Number of Programs

g quniul Laboratory L : .27
. Dietary - B 26
. ‘Dental . | | 8
Emncy Medical ) T 14
" 'tEnvironmmul Services - L. 8
Management . = . 8
Medical Records - : : 8
* Medical {Physicians, Residents, : : ‘ _ -
aterns and Students) e . 113
| ,Nursmg L e B
_ " Occupationsi Therapy o . 18
. .opmm“ry . ﬂ . B
Patients and Families = 0
Pharmacy . o ) 6.
»Physical Therapy L . ' . 20
Rcsplratory - . _ , 15
Radiology - ) , 7
| Secretarial - R B T

Over 150 institutions in more- than 40 states have logged approxi- .-
mately 36,000 hours of Network usage of the OSU CBE materials. On
the average, 50 institutions access OSU via the Network at any one
time. They log 500 to 600 usage hours per month, Usérs on the '

“ ‘national network vary from small hospitals to major medical centers;
.the type and extent of usage varies as much as does the type and size of
institution (15). By far, the largest number of users are presently
reviewing available materials for potential wrriculum incorporation,
But several institutions have made significant commitments for utiliza-
tion.: The University of Washington in Seattle”has accessed The Ohio -

. State- University Independent Study Program (ISP) materials (4,:12) .

- and has altered them to meet local objectives and needs. As a result of

. initial access to CAI facilities at The Ohio State University, Washlngton

B | 153
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1 Division of Computing Services for

s currqr;tly operating its own .'altered version of OSU's' 1SP. Georbe.

Washington University was the-next institutian to author CAI materials
_remotely; its materials were the first user-developed materials to be
released ovér the Network for general usage by other user institutions.
The University of Pittsburgh,. in association with Pittsburgh Eye and
Ear Hospital, is using ophthalmology materials and has developed its

own CAIl materials with the assistance of CAl

support staff at OSU. The

University of Oregon logged significant usage in the nursing area and Ft.
-Worth Osteopathic Hospital was an early continuing education user. In
a joint effort with the University of the Pacific and The Ohio State
University College of Medicine, ‘the American Board of internal

Medicine is refining. revising and generating new CASES, and-exploring

their use in the recertification process for__in;errﬁsté. The project, which
" has assumed the acronym MERIT (A Madel for Evaluation and Recert-
ification Through /ndividualized Testing), has successfully' completed
- “two regional field tests and is currently’ anning a national field test
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.0 IMPACT OF THE HEALTH EDUCATION NETWORK:
‘A SUMMATIVE VIEW -

L Comblnlng the .OSU -and MGH data bases, the Health Educatron
N!twork provides sccess to the. largest ' library of health related
_ computer- assisted instruction in the world. According to two recent

. studies (10, 11) over one-third of existing health sciences computer- .
based education materials are accessible via this Network. To date; over
" 150 institutions have. accessed either or both hosts. The largest group

" has been medical schools and teaching hospitals. The most common .

physical location for termmals (1/4 of the total) has been the -
“biomedical Ilbrary Some 60 institutions are now members of the
Netwaork..Currently, 33 of the 54 United States Medical Schools using
networkmg are members of the Health Education Network. Cumula-
'twely, the Network has prov:ded over 200 000 interactive user sessions.
i
§
8. 0 THE UTILIZATION OF THE NETWORK .
. It is difficult to say with certainty, at any point in tlme where
‘Network - utilization is on a hypothetical growth curve. If one knew
then other” decisions would be easier. Figyres 2 and 3 are graphs of
Network usage .of OSU and MGH materials. Viewing utilization, one
$can see four periods in the natural history of the Network when fluctu-
- ations in usage were apparently related to speclf' ic situations other than
the cyclic, variable pattern of the academic year. g
- The first two periods relate to the inception of, or mcrease in, user
fees that occurred in February and July, respectively, of 1974. In each’
instance, usage fluctuated somewhat following the rate change, and
several institutions left the Network. The majority of institutions who
left the Network when charges changed.were academic institutions. The
third period. of fluctuation was when the CASE materials. were trans-
. ferred from OSU to MGH. The fourth period, involving a declirfe in
‘usage, occurred immediately subsequent to the change over from Luster
‘Hill to Health Education Network operation. Superimposed on the
typical lower usage pattern of summer,was the major probiem of delay
involved in"execution of new bilateral contracts between user institu-
tions and hosts. Reestablishment of all new user codes was a lesser
problem, Except for ‘academic year fluctuations, usage growth seems to
- be upward or at least at a stable curve. . s
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. Perhaps the major point in this discussion is that the Network has
continued to grow in the face of major obstacles: imposed rate charges
out of sync with budget cycles and major reorganization, in which both
users ‘and hosts had insufficient lead time for ‘transition to a user-
supported and user-directed network according to a carefully-phased
"and adequately-supported plan. One still €annot say with certainty
where the Network is on the growth curve, but the authors feel that
large’ untapped markets exist for health related .computer-based

_-education materials, which will continue to direct the growth curve.
upward. ‘. N

1
9.0 COSTS OF NETWORKING \

The current cost to the user of the Health Educatlon Network ranges
from $10 per connect hour td®$4 per connect hour and depends upon
the time of day during which usage is desired (prime time vs. non-prime
time) and the level of commitment which the user is willing to make. ]
The higher the commitment in usage hours the lower the unit cosy to
the user. The Network supports ASCII compatible terminals which{can
be bought for less than $2,000 and rent for as little as $50/month. The
user provides his owh computer terminal(s) and phone connectiony to
the nearest TYMNET. node. TYMNET, the communications-net rk,
has ‘bver 86.nodes. throughout the United States in major cities.
Locations with direct dial, foreign exchange or WATS line connection™ .
to node cities bear no mcremental communications costs fol'N'ltWavL'__/
access> : ' ' .

Hosts provide one set of documentation free with-additional sets -
available at a nominal charge. Supplemental materials such as slides and .
tapes, used in ‘conjunction with some of the OSU computet-based -

. educational materials, are availgple at a nominal charge. Both hosts
~ .provide on-call assistance. (technical and educational} as part of the
hourly charge. If an institution requires special reports or' extraordmary

time from the hosts, there is a nominal charge. s

Costs to the hosts mclude local computer costs, costs for personnel
to support’and maintain the hardware and software systems, and costs

+ for personnel to provide suppert to users (i.e. troubleshooting, man-

" uals). Costs are relatively low to simply maintain Network access. Costs
for development and evaluation of CBE materials and for assisting users
in curricular mcorporatlon ‘of the CBE materials are large. If hosts
provided all services from which users could benefit, the user costs
would have to be wery high indeed. In the |deal hosts would like to be
able to provide more individual consuitation on How progranis could be
used. at each institution. Hosts would like to provide additional

. - 158
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usisunee in mnovetive uses of exrstmg programs in development of

new materials,” in peer review agd- evaluation of CBE materials, in

collaborating with specialty groups to devise teaching and testing

'- -materials, and if remote ‘authoring. These actwrties require resources
. above and beyond those currently supported by Network income. Due
‘10" their congruence with the overall goals of the Network howaever,
they will receive continuing emphasis i |n Network plannlng and develop-
-ment.

10.0. BENEFITS OF NETWORKING

Dollar costs of networking have been delineated.’ Benefits are less
-easily discussed in dollars. The most important impacts of the Network -
heve been those things which can never be quantified. In addition to
providing educational bénefit directly to the student the Network has -
stimulated -instructional computing development in the health profes-
sions and increased awareness of the potential of CBE.. Faculty, -
. students and staff users have had an opportunlty totry outa new learn-
ing resource without a large front-end investment in hardware, software
or personnel. They.have had access to recognized materials and to the
‘works of accomphshed CBE authors. They have had opportunity to::
develop new ‘lessons or .alter lessons via remote authoring, And they
have had access to expert technical, user servroes and education consult-
ants at the host sites.»

Authers have benefited via national exposure of their CBE materials
which has resulted in accelerated refinement of programs. Additionally,
peer awareness and approval are significant incentives to authors. Wide-
‘spread peer review, although currently still an emergent phenomenon,
has accelerated review and refinement of programs. Reliable, multi-
institutional access to, and use of; lessons has fostered emb(yomc
- developments analogous to publication in the print domain. .

* Via the Network, the hosts have a relatively trouble.free mechanism
for  sharing their CBE materials with others. ‘This benefit of sharing
forced other changes ‘Which are of long term benefit to hosts and to .

users. Uniform procedures for user access were |mplemented to make
, the Network as transparent as possible to the user. Standards for docu-
‘mentation, ancrllary materials, and user services were reflned to cope
with the problems of interacting at a distance. Reporting systems were
generallzed Methods of billing and contracts management were imple-
mented. " Program development procedures - were modified in the
direction of increasing generality vis-a-vis the national character of the

Network leadership. Remote authoring caused additional refinement of

1_5“9_ A»“ '. \
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”
" the courss development process and added new materials to the CBE
.- librery. S ™
* " This particular Network has opened the door to new outreaches and
- projects which never before were even conceivable ip the minds of
medicsl professional groups, such as the Connecticut and Ohio
" Academies of Family Physicians, the National Board of Medical
Examiners, the American Board of internal Medicine and the American
~ Acadetny of Ortliopedic Surgeons. These groups can now consider the:
" use of computers in continuing education, in recertification and in
testing programs because the Network is in existence and /s available for
their use. R . . '

]
!
4

11.0 KEY ELEMENTS TO THE PLANNING AND
. OPERATION OF THE HEALTH
EDUCATION NETWORK

Throughout this paper, an attempt has ‘been made to identify
variables which were of special importance in the development of the -
Health Education Network. - In this section, an attempt is made to
isolatg principles for Network planning and deVeIGpmen_t which appear
10 be generalizable.  « . o f \

v i} B

11.1 General Pri‘nciples' *

~ The LHNCBC experimental network came into being fog?p reasans
outlined in the first section of this paper: there wereAosts with -
programs which they were willing to share, users witling to try them, a
federal agency charged with research and development in this area with
dollars to support the initial experiment, and sanction by a national
professional medical organization. |t i safe to assume that the overlap
in goals oi"these groups provided the environment necessary. to start the
Network at the time and placg of its beginning. - . ,
Two other general principles are relevant. The first of ghese states * -
the importance of beginning Network experiments wit other :than
user access to resources. People value what they pay for. Free use, even
for an initial- start-up period, followed by, a carefully phased transition
to user support, althaugh of some value, has the basic defiCiencies that
1) cost ineffective uses wii! be tried, and 2) the upheaval brought about
by cost recovery will outweigh the advantage of early free use. If costs '
reflect real costs accurately, it is moge likely that cost effective uses will
be generated from the outset. Curricular integration will be encouraged,
‘and CBE will become a line item in the educational budget rather than
a supplemental resource. P :
160
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- The second principle relates specifically “to computer-based

. education. Early in the experiment, both hosts ‘and LHNCBC

management recognized the need to work with the decision-making

" sectors of the academic community. At the national Ievel this meant
. . involvement of associations such as the Association of American .
"+ Medical Calleges and the_ American Association of Dental -Schools. At

the institutional level this meant mvolvement of the faculty,and admin.

_istration who ultimately make decmons upon mcorporatnon of thns
: medmm into the currlculum

11, 2 ‘Philosophy of Operatlon

In providing a new medium of instruction, it is important to
recogmze the unique needs of each partlmpatmg institution and tailor
sarvices to the needs of individual institutions. Institutions expenment-r.

- ing with CBE .for the first time probably follow a common devefop-

mental sequence, but they do it in their unique time frame. It is
important that institutions have accéss to proven courseware for ..
demonstration purposes until such time when their faculty are ready to

" incorporate programs -into the curriculum and such_time when budgets
* can be rearranged to support large-scale studept use.

11 3. Interaction Phenomena -

In the establishment of a user-directed and user-supported Network,
several |mportant attitudes were created by people interacting over
time. These ‘included establnshpent of host credibitity in the minds of
users, development of a ‘trust’’ bond between users, developmentofa
user communlty and development of a system for rapid formal and
informal communications. A certain amount of group process appéars
essenval to these attitudinal modifications, and planners should be sure
that sufficient opportunity for face-to-face: interaction is created in

- order to facilitate solution of the problems of working at a distance.

114 Host Depéndent VariaBies L

Critical to the continued viability and development of this Network
is the presence of hosts committed ideologically to sharing scarce
educaftional resources.” Host commitment made the difference when
Lister Hill Center support was withdrawn before the user group could

~organize an_adequate mdependent business base to support continu-

ation of the Network. In addition, an important element in permitting
close cooperatlon ‘of the hosts was the fact that the content of the data
bases was essentially complementary Hosts, therefore, did not compete

- for the same user resources.- The third important vanable was the h:gh

161
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mourees to -user services in ‘contra-distinction to the peroeptlon .of
istar_ Hill-Center management whose budgets allocated the major share

'eormdereblo adversity Is in large- part a funetion of well- doveloped and
‘“‘\ delivered user services.

11.5 User Variables . :
As an outgrowth of the interaction phenomenon development of a

- user commupity was an obvnous critical factor in developing an -

" ongoing operational network Representatives of user institutions have
been willing to participate and to serve on tatk forces on the Steering
Committee and on the Network Board of Directors. The evolvement of
an active and capable cadre of leaders. frorn the user community has
permitted in large measure the progress made to date. This user

. community has the potential to help méet national needs for faculty
development and program evaluation.

i -
Inquity into the factors affecting successful mtroductlon of this new

mode of instruction in any given institution revealed a single common
variable: identification and involvement of a change agent. Individuals
who. acted . as change agents were found in every area: of the health
_community: in the biomedical llbrary, in the computer or data process-
ing unit, in departments or divisions of. research jp health education, in
academic departments and_divisions, in the academic administration, in
‘community hospitals, indbk
The common element was that these individuals could see the potential

of the medium, had the respect of their colleagues, and could act as. -

_ catalytic advocates for adopting a posture of active experimentation.
Anyéne seeking to innovate in the academi
study closely the ldentnflcatlon and nurturance of sﬂs{n mdwuduals
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: 'Cdinpufer N(_ét\qvoikirié in the _
Development of a Glaucoma = . °
- Consultation System -

¢

- Arcomputer-based consultation system for the diagnosis and treat- .
+ ment.of glaucoma has been developed in collabofation with a network
of  investigators - from five -glaucoma research centers. Computer
- networking enables members of this Ophthalmological Network
(ONET) to access ‘the consultation program, which runs on two large
time shared computers at Rutgers and Stanford Universities. o
The Ophthalmological Network was established in 1974 to promote
the development and testing of computer consultation and" research
'support programs for clinﬁ:al investigators . in Ophthalmology. This
~ organization evolved from a collaboration that began in 1971 between
Dr. Casimir Kulikowfki of Rutgers University and Pr. Aran Safir of the -
Mount Sinai School of Medicine within the framework of the Rutgers
"Research Resource on Computers in Biomedicine. The goal of the -
Resource is to support . interdisciplinary research on cemputer-based
‘modeling in. biomedicine, particularly in the application of artificial
intelligence techniques for problem solving. ' :
= The glaucoma consultation program is the Ffirst prototype of a
medical decision-méki,rlg'system that uses a novel method for describing
diseases in the form of a causal associ(ation’al network (CASNET). Magy
. of the subtleties.and complexities of B’hysicians' reasoning can be incor-
“'porated in a, systematic .yet flexible manner into such a descriptive
structure. The clinical ceurse, pathdpghysiological mechanisms, classifi- - K

Y

* Casimir A, Kulikowski is affiliated with the Department of Computer Science,
. Rutgers the State Unijversity of New Jersey, New Brunswick, New Jersey.
" Sholom Weiss and Aran Safir are affiliated with the Institute of Computer. /

. Science, Mt. Sinai School of Medicine of CUNY, New York, New York.
7
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\

- cations and treatments of disease are all contained in the CASNET

mode!. The findings of an individual patient can be interpreted through
a CASNET computer model using various reagoning strategies that take
into account the uncertainties of clinical infoymation. By representing
in the computer détailed patterns of disease evolving with the passage
of time, these reasoning strategies are abl€ to deal with the Problems of
patient management over rr)ultiple follow.up visits. Sequences of
therapies for the various types and stages of Progression of glaucoma
have also been incorporated into the mode| As a resujt, the program -

. makes specific recommendations for-further testing and for medical and

surgical therapy. . : )

Another innovative feature of CASNET is its ability, for a particular
case, to Ppresent alternative opinions and reasoning derived from
different expert consultants. The ONET Mempbers share in the develop-
ment of the program by suggesting hOw such knowledge is to be:
incorporated into the glaucorha model.

After ‘proving the feasibility of the injtial CASNET model, the:
ONET was formed when Drs. Steven Pogos and Bernard.Becker of

" Washington University and Drs. irvin pollack and L-awrence Viernstein

of Johns Hopkins University began cOllaborating With the Rutgers” -
Mount Sinai group to help develop the glaucoMa consultation program
into a proficient clinical tool. . ' ‘ )

in 1974 an added impetus was giver to this work when the Mount
SuratRutgers Health Care Computer Labgratory Was established by
'HEW to promote the further developmeny of computer consultation
systems -for health, care delivery. .Shortjy afterWards. ONET was
expanded to include Dr. Jacob WilenskV of the University of 1Hinois at
Chicago, and Dr. Michael Kass whO now, coofdinates the ONET
activities at Washington University. MoSt recently, the ONET has been
enlarged to include Dr. Douglas Anderson of the University of-Miami.

Since March 1975 the ONET members have been testing the consul-

“tation system and suggesting changes and improverments in the structure

of its knowledge and its logic. Most recently, a .Concerted effort has
been made to incorporate the resuits Of yarious research studies and
alternative opinions into the glaucoma Mmoge: A data base of glaucoma
cases, together with-computer programs for retrieval and analysis, has

also been established with the goal of facilitating oint Clinical studies
“among the ONET members. ,



- Chapter 19

Sharing Computer-based
Simulations for Clinical
Problem-Solving: .

- A Host’s Perspective

1.0 INTRODU(})QN :

Development and maintenance of computer-based educational
materials are expensnve, and few individuais or institutions have

extensive experience \jn production and distribution. When medical .

educators recognized }he potential benefits in sharing scarce and

valuable resources in-1971 (9), they recommended that the Lister Hill -

Center of .the National Library of Medicine establish a biomedical
communications network. Lister Hill's Experimental Computer-Aided
- Instruction Network (12) was a success, and it served as the precursor

" for the Health Education Network (10).-- The computer-based
~educational materials available on the Health Education Network vary .

in the audiences they are intended to serve, the instructional strategles
used, the hardware and software which support them, and the methods

by which they were develpped and are maintained. Currently, there are '

two hosts on the Network: the Ohio State University College of

Medicine an‘d the Massachusetts Geperal Hospital. A . thorough ~

description of Ohio State’s philosophy and materials appeared in the

proceedings of the 1974 EDUCOM Fall Conference (8). This paper is

" intended to complement that one and provide a view of networking

from Massachusetts General Hospital’'s perspective. An expanded

version of this paper will be available in 1977 in the boak /nformation

Sicgnq/ogy in Health Sciences Education which is edned by Edward C.
nd and pubhshed by Plenum Press, New York.

- 161 -
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“the behavior of their preceptors. There are dangers and li

962 SHARING COMPUTER-BASED SIMULATIONS

'

2.0 CLINICAL MEDICAL EDUCATION

_The purpose of clinical medical edugatio is to prepare students to
practice independently. Traditionally, clinidal education has taken the

-form of a clerkship’in which.students are expected to learn to imitate

teaching students solutions to problems and expecting th
the process by which solutions are reached. Usually, the
product rather than the process. Some studénts, wht- are able to.
discriminate critical elements of “clinical ‘problem-sblving, develop
clinical competence (4) readily. Other students, who may‘have superior
knowledge and ability to recall facts, may need explicit, systematic’
instruction and supervised practice in groblem-solving,(ﬁ) in order tO
apply knowledge to solve patients’ problems. Medical educators agree
that supervised practice in clinical problem-solving is the best way to
develop clinical judgment, but many factors work together to make
systematic, supervised practice costly and difficult to achieve in a
hospital setting (6). ' . : '

30 COMPUTER SIMULATIONS IN
CLINICAL EDUCATION.

Computer-based simulations can suppleme_n‘t other formal instruction
and do offer a number of advantages for students, clinical preceptors,
and directors of clinical education. Simulations can be used at each
student’s pace and convenience sinCe access to the simulations is avail-
able continuously and repeatedly. In a simulation, the computer can
serve several functions: it provides information about a simulated
patient; it permits the student to.interact with the patient, to make
decisions, and to take actions to which the patient responds; and it

~assumes the role of the supervising physician by providing consulta-

tion and guidance, and by relating one case t0 another. The computer

can also provide recent, relevant references for a problem., The

computer can score the student’s performance objectivély and compare

the student's performance to that of others, provide the student and

the instructor with a critique of the student’s performance, and suggest

remedial work if that is indicated. The student has responsibility for

solving the patient’s problem, but the learning process is without risk to

real patients and is truly individualized. student is _supervised
-

) through the computer by the teaching physician Wwho wrote the medical -

content and specified the instructional strategy” The teaching physician
can select a simulated patient with the clinical problem(s) and constel-
1ation of signs and symptoms that the physician wishes the student to ~

167
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manm The computcr also glm feedback to the physlénan responsiblo
for teaching the student. After reviewing the performance of their
- students, physicians may wish to alter either the content of their
‘.. courses or the instructional techniques they are using.
" in addition to providing individual records of performance, the
. computer can prepare a composite or cap aggregate data for use by a
curriculum committee or clinical education director. Objective recofds
" of,student performance st the clinical level and patterns of behavior
- .common to a clalg are dtfﬂcult to obtaln with traditional educataonal
" methods, .but records of many students’ actions in identical clinical
problems can providy hard data to help evaluate both the students and
the clinical educatign program ip which they are participating. A
thorough msment can pinpoint stronqths and weaknesses in a clinical
" training program and permit its director to modify the’ program until it
meets its. objectives as measured by student performance (7). | '
- Costs to develop computer- -based patient simulations. are ralltively
higher than those to prepare othqr self-instructional materials, but these
costs must be related to potential benefits, Simulations give students
supervised practice in decision-making, and this is difficult for other .
media to achieve. Simulations can save time for practicing clinlcians
because simulations obviate the need for some repetition. Simulations
cin overcome some of the limitations of teaching in a hospital setting , ,
and ensure that all students have encountered ‘‘patients’ with a
sufficient varfbty of clinical problems. The computer’s relativély: high
‘cost as an educational tool can probably best be justified when: 1) its
unique capabilities d¥e used as.in the case of simulations; 2) it is used to
support a kind of education that is expensive in its own right, such as
clinical medical education (1); and 3) the programs are shared anﬁmg
many institutions, .

-

~ 3.1 Massachusetts General Hospital
Computes-Based Simulations
Between 1866 and 1976, Massachusetts General Hospital has
developed and tested aibrary of over 30 computer-based simulations
to teach and test '(3) clinical problem-solving. Each simulation of &
clinical problem includes many cases, but all cases within a simulation
share a common instructional strategy and focus on a general problem
such as jaundice, abdominal pain, or coma. The simulations were
+  developed in the Laboratory of Computer Science, a unit of the Depart-
- ment of Medicine, where professionals in medicine, computer science, -
end education work together on problems related to patient care and
" medical education. The cost to develop the library of corpputsr simula-
- tions is difficult to estimate precuely, but it is well over $300000
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" Development was possible because the simulations were created in a
.. facility where there were other: on-going .projegts. The development .
"< “costs cited are merely the incremental cogts to support staff engaged in
" the production and deyelopmental testing pf the programs,” .

. v

3.2- ‘Development of a Simulation - .
) Before an author develops a patient simulation, the author considers . -
" many factors- and makes. a number of determinations. The author -
defines the users, describes any prerequisites, describes terminal
) " behavior, defines measures of performance, and establishes minimum
levels of acceptable performance. Instructional objectjves guide the
.author in developing the program and serve as criteria for its evaluation.
Authors deyeloping programs to be shared by users at many institutions -
avoid sbgcial.proeedure-oriented programs and controversial content‘
because procedures and accepted practice vary from institution to insti-
tution. : ' o » .
After the authbr has determined whom he is going to teach with the
patient simulation, what students should be able to do after they have
used the simulation, and what kinds of patient simulations will help the
- - users develop the desired competencies, the "author -must select an -
instructional stratégy.or program format for the simulation. In selecting
an instructional strategy, tqe author considers the following: ) o

.o the p'prpose of the program (assessment, problém-s’olvlng practice,
continuing education); ' : ‘ -

LT e the audience (medical students with Iimited vocabulary, advanced
‘ " 3 < medical students or house officers with adequate vocabulary, of
- specialists with extensive vocabulary in limited areas); '

o the user's task (dfagnosis or. management of a chronic or acute
; problem};

e structure of the task (unstructured, as in the -diagnosis of a
complex probfem, or structured, ‘as in the management of an '
acute, well-defined problem); : C

e sequence of actions (critical of not important);
. e timeliness of actions (critical or not important);

\ e reaction of the simulated patient to actions taker_\‘ by the wuser.
' (patient static or dynamic); - :

e passage of time (oné encounter or multiple encounters); and

method of interaction (multiple-chbice, vocabulary list, or free
text). o . . N

‘ -

_.ﬂ
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If some cues are tolerable, the author may select a multiple -choice or
prepared vocabulary list for the.user to employ during |nteract|on with

. the program. It cueing ‘will weaken the program, the author may select
- either an extensive index or free text for user interaction. ’

The instructional strategy. selected will determine, to a great extent,
the amount of time required of the author in developing the patient
simulation. A program,author must specify the content and logic of the

program,  which means that he must describe how the program and

patient should respond to any action that may be taken by the user at
any and every point in the simulation. If the author selects a structured,
multiple-choice instructional strategy, the number of actions available

" to the user is limited, and the author’s job is mlmmlzed If the author

chooses an unstructured format in which the user may use free text and
type any response to the simutated case, the author must anticipate the

-response vand describe the actions to be taken by the program and

patient as a result of the user’s responses. In the latter case, the author’ s
job is complex and time-consuming. )

Many physicians do not want to learn about computers or computer
programming but do want to create patient snmulatlons MUMPS

. (Massachusetts General Hospital Utility Multl-Programmlng System)
. .""driver’’ programs permit authors to create and modify complex simu-
. lations without- writing MUMPS prograrth code by using a program

format or instructional steategy that already exists in the fdrm .of a
driver program. A driver is ‘a set of special purpose utility programs
designed” to execute a repetitive task. Definition: of the task is
independent of the data, but the data ""drive’’ or control the execution

of the program. Drivers redyce the amount of program code that must

be available on the system; one copy of a driver can be shared simul-

taneously by many users. A driver is slower on execution than a

specially coded program, but it is more economical than a custom-made
program in terms of reduced storage and a shorter time to create a new
simulation. The driver includes definition of options, format,
branching, and file structure of the data on which it operates. An
author who is not a programmer can develop content and logic, specify
branching, and enter his data base for a driver using an editor program.
An editor is an on-line author aid that elicits the data base and logic

_ from the author, checks syntax, and verifies that new data or modifica-
tions are consistent with the structure of the driver. The specifics of the

computer and the language it uses are transparent to the author.

The author also’ prepares program documentation for the user’s
manual, describing the program- and including illustrations: of
interactions and any supplementary visual materials that are needed to
operate the program. After the author has a rough draft of his
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~ simulation and associated materials, and the program is technically

correct and operates the way the author intended, developmental
testing begins. -

The -cycle of program testing and’ revision is repeated until the
patient simulation consistently produces the instructional objectives~
established by the author. For the first review, the author invites local
experts and members of the target population’to use the prbgram indiv-
idually. The author is present. when these users try the patient
simulation to observe their interaction with the program and to collect
comments and suggestions. The author notes non-verbal responses and
any apparent content of logic problems. For members of the target
population, the author administers measures of performance to
establish whether or not the target population meets prerequisites for
program use and whether or not the program achieves the instructional
objectives set for it. After collecting data and evaluating performance
measures, the author modifies the patient simulation accordingly. S/he
ray then invite the same or a different group of experts and intended
users to take the simulation, and s/he repeats the processes of data
collection and revision. : ‘

When the author is satisfied that the program functions properly and
meets the standards s/he has set for it, the program is released or made
available within Massachusetts General Hospital for use by its medical

_students and staff. They comment freely.on the content and structure

of the program, and their suggestions form the basis for further revision’
and refinement. Next, the program is released to Gountway Medical

rLibrary at.Harvard Medical School, and additional suggestions are

collected. The program is revised frequently -at each step. Next, the
author may arrange for field test by. inviting target popygations_at
remote ins\'ffution& to use the program and the performance measures
associated with it, - '

In many instances, a specialty board or nationally recognized panel
of experts has been invited to- review a new of revised patient
simulation. Sometimes, the members of the specialty board or panel
review the simulations together at Massachusetts General Hospital or at
their headquarters. At other times, individuals review the programs at
their .home institutions using the Health Education Network.- The
programs are revised to conform to recomrnendétions of specialty
boards. When national standards are revised, simulations are modified

_to meet the new standards.

When the program performs adequately to meet objectives setfor it,.
the program is released to the Health Education Network. Program™
documentation is sent to all users, and a notice is put on the'Network
that a new simulation is available. Users are asked to try the new

N . e .
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simulation and to comment on it. Comments and suggestions are
collected, and the author makes revisions to the simulation. A national
network of users Helps to keep the author informed of recent research
and publications related to his simulation, and .users’ constructive
criticisms are of inestimable worth in refining and updating programs.

As long as the simulation is available on the, Massachusetts General
Hospital computer systems, the author (or a designee) is responsible for
following and maintaining it. The author answers users’ comments,
keeps program content and “logic current with generally accepted
practice and revised national standards, and keeps references in the
program up-to-date. The programs undergo continuous revision as long
as they are in use.

4.0 MUMPS . - .

Development and maintenance of  the computer-based patient

simulations are facilitated by a powerful yet simple programming

. language, MUMPS (Massachusetts General- Hospital Utility - Multi-

~

Programming System). Program authors,do not need special training in
mathematics, electrical engineering, computer science, ‘or computer
programming to create patient-simulations in MUMPS (5). The language
is easy to learn and.use; people with no previous training<are able to
write and debug a basic‘MUMPS, program in less than a week with no
other aid than a MUMPS programming manual. Learning to use the full
intricate capahilities of MUMPS, however, and- to. use its associated
global file structure optimally takes time and practice. ,

MUMPS''is waell-suited to creating medical education programs
because it'is an interpretive system which provides program flexibility.
All programming is done on-line, and it is easy to detect and correct
errors. The corrected version -can be run immediately and tested.
Medical education Jrograms undergo changes continuously in the
process of their development and refinement, and MUMPS allows these
changes and additions to be made easily in operating programs without
hampering their use.

Currently, all of the Massachusetts General Hospltal simulations are
written in the hospital’s dialect of the MUMPS language (2). A standard

MUMPS language has been specified (13), and the hospital plans to .

convert its simulations to standard MUMPS. Versions of MUMPS also
run on Burroughs, IBM, Artronix, and Data.Seneral equipment aswell

- as on several models of Digital Equipment Corporation computers. A

MUMPS Users’ Group and a MUMPS Development Committeerexist to
facilitate communications among users and to promote Ienguage
commonallty for program mterchange

172 e
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The text processing capabilities and file structure of MUMPS make it
D jally suitable for patient simulations. The language provides
elaborate string or text processing featyres in addition to standard arith-

_ metic and Boolean capabilities. MUMF"%handles string data in symbolic
form and performs syntax 'checkini}by pattern-matching to determine
whether a string contains a predetermined sequence of numerics, alpha-.
betics, punctuation, or combination of tgpse. Strings can be assembled,

. disassembled, modified, or searched easily. MUMPS uses a common,
random-access file structure. Data files are stored in dynamic tree- 5 -
structured form. Nodes of the tree are referenced symbolically using

“N-dimensional ‘subscripts. Files are _created .and manipulated ~
dynamically, and space is allocated as it is needed. A datum in the file
can be changed without disturbing other data in the array. Together,
these features provide capabilities, which make it possible te?write
sophisticated simulations that are ea! to modify on a relatively

inexpensive computer system. -
An expetienced computer program ho is creating a patient
simulation may elect to use a driver but insert MUMPS code or call
other programs to pejform certain special functions: Most computer
-languages distinguish between programs {executable code)} and data.
They permit programs to create, reference, change, and éxchangedata——
but do not allow programs to modify their own-or other programs’
code. In MUMPS, a program may create, modify, or expunge part or al’
of its own executable code. A driver usually interpréts data and
executes the option indicated. When a driver finds MUMPS statements,
"it creates a program and executes commands. T .
" MUMPS simulations run at Massachusetts General Hospital on any of
- six PDP-9 and PDP-15 computers. Each computer has a minimum of
32K of core, a 3-million charactey fixed-head disk, and two 30-million
character movable-head disks. The interpreter uses 12K of core, and the
remajnder is divided into .20, 1K user partitions. Programs are core-
resident, and they are interpreted rather than compiled. Extended core .
., supports more than 20 simultaneous users on a single ‘computer. The
system supports ASCI terminals at the rate of up to 2400 baud
in-house. Systems are half-duplex and asynchronous. Average response
time is 0.5 seconds, but response time varies.as-afdnction of the task to
be performed, particularly as a function of disk activity and of the
number of other users of the system. Response time may be as long as
.2-B seconds when the system is loaded heavily. C .

5.0 SYSTEM FEATURES
v There are several features of the patient simulatjon system that
permit users to ask for and receive assistance. As the system has

P
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developed and become more- sophisticated, features avhich have been

.found useful have been: incorporated into new programs. Not all

programs have dil features, but some desirable system capabilities are
described below.

~The patient snmulatnons undergo constant review by their authors

"and users. ' Users communicat®éd with authors through a system

COMMENT feature; at any point in a program, the user may type the

* word COMMENT and follow this with a question or suggestion. After

he.has made the comment, the user returns to his place in the program

. saquence. Each day, both the comments and the names of individuals

m’aking them are printed for program authors. Authors review and
respond to comments individually by addressing their answers to the
individual users who made them. The next time the user logs on the
system, he receives a response to his comment. The COMMENT feature
provides authors with continuous feedback from users. The information
makes it easy for authors to detect and correct problems with program
logic or content, so it accelerates program development. Users find that
answers to comments make the simulations truly individualized,
personal experiences. Faculty at remote institutions appreciate having

" the programs fdintained and updated by responsible faculty authors at
~Massachusetts General Hospital.

‘zh

During the course of a patient simulation, the user may need . -

assistance; in this Case, the user may type the word HELP. The program
will ask whether he needs assistance with the format of his answer or if
he requires the kind of review and discussion of the patient’s problem
that a teaching physnman or consultant might provide. After the

_program provides the help requested it returns the user to his place in

the simulation. The user may call the HE LP function repeatedlv within
a single patient simulation.

Each call for assistance and the type of hefp requested are noted on
‘the daily output for program authors. When authors find many calls for
pr'ocedural assistance, they know that d|rect|ons are not clear. |f there
are numerous calls for medical guidance from the target population or
individuals with more advanced training than the target population, the
author may reconsider and revise the Characteristics or behavior of the
simulated patient. Alternatively, the author 'r‘n/a} enrich the kind of

.

medical guidance the program provides to usefs when they request
advice or consultation,

" Frequently, a user finds it necessary -to interrupt a patient simula- -

tion. Many users of clinical simulations have  responsibility for patients
and must terminate interaction with a simulated patient to take care of
a real patient. The user may type the word STOP at any point in the

‘simulation, and the program will end and print THANK YOU,

4
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‘At times, there are integruptions in the computer or the commum
cations network, an @ user may lose connection with the host
computer system. |f- there is an interruption in the patient simulation

/  either because the user typed STOP or there has been a technical
problem, the user may wish to RESTART the simulation at the point at
which he left it. A few programs give the user the option to RESTART
in the middle of the simulation, to go on to another case, or to go back
to the beginning of the interrupted. case.

When the patient simulation is long and complex, or in the case of
an interruption and RESTART, the user may wish to have a summary
of the findings to a given point in the simulation. To get this summary,
a few programs allow the user to type the word REVIEW, and the
- findings are printed so that he can review the data he.has collected
before he cdntinues the simulation.

6.0 SIMULATIONS AND THEIR USES. '

The simulations use combinations of static patient models for
_collecting information leading to diagnosis and management as well as
* dynamic models which represent a physiologic process or disease which

charges over time. In the dynamic models, the simulated patient
responds to actions taken by the user. Much of the program content is
oriented to emergency medicine. The simulations do provide guidance .
«-~and facts, but they emphasize problem-solving skills. .
Programs.are used in a variety of ways. Some programs are required;
others are recommended, and still others are available for ad. /ib use.
They may be used in donjunction with independent study. During the
past 4 years, more ‘than 150 institutions in more than 40 states have
used approxnmately 50,000 hours of time on the Massachusetts General
Hospntal system ‘fer medical education by accessing programs_through
the Network. Major users are medical students (68%) and practicing
physicians (18%); the remaining usage (14%) is by nurses, dentists, and
allied health personnel. Institutions who have access to the programs .
consist of medical schools (68%), hospitals (16%), national medical
* organizations {(11%), and physician groups (5%). Medical students in
“their clinical. training use the programs to practice clinical decision-
making. Practicing physicians use the prograrhs for self-assessment and
for continuing education. Many of the programs have been reviewed
and approved by the Harvard Department of Continuing Education for
Category | credits toward the American Medical Association’s
- Physician's Recognition Award. Potential users of computer-based
materials for licensure," certification, d reéer_tification are great.
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7.0 'NETWORKING: o L

Massachusetts General Hospttal has received many requests from
other institutions to share the patient simulations. Sharing educational
resources is a’commonly accepted academic responsibility, and sharing

. .the end products of federally-sponsored research and development is.
“implicit in grants and contracts. Sharing can be. accomplished in a
variety of ways. To date, Massachusetts General Hospital has found that
sharing through networking permits a small staff at the host institGtion
to provide its best, most up-to-date probrams to the most recrprents at
the lowest cost.

In networking, the program resndes on the computer at the
originating institution, and recipients are provided access to the
programs through a telecommunications network. The. originators
maintaip’ and update one copy of the program, and they" supply
recipients with extensuve documentation on the use of each program.
User documér\tatlon, as opposed to program documentation, changes.
less frequently and does not need to be modrfredaxtenslvély for each
" recipient. Recipients share the cost of program._ distribution, A small ~ /
staff at an originating or host institution can maintain and update an
entire library of programs and make these available to a wide audience.
Networking appears preferable to program transfer when programs are
changed frequently and the resources at either the originating or
receiving institutions are very limited. Costs to both the host and

- recipient are frequently less for networking than for program transfer
for an equwalent end product, .

‘ 7. 1 Host Advantages and Costs | . ,

There are several advantages to the host in networklng By provndnrm
/access to programs thramgh a network, the host fulfiii> his obligation
for sharing the end products of research and,development respuiisibly
and economically. Networking accelerates the development and refine-
ment of programs because many more people use and comment on
programs than they would if programs were restricted to use in-house.
Authors have extra incentive to keep -programs up-to-date and non-
parochial when they know their mdterials are used nationwide by an
audience of studen®s and peers. Documentation required for in-house
maintenance .of programs is relatively simple. A small staff at a host
institution can maintain a library of programs and provide access to
that library at a reasonable cost. * . ¢

Network host costs are for computer resources, commumcatrons
services, and personnel. Costs for computer resources may be fixed if a
portion of a computer is dedicated to networking, or costs may vary

-4
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" with usage if the computer is capable of serving others when not being
accessed by a user of the*network. Similarly, communications services
may be at a Tixed rate with unlimited usage of a fixed number of
lines, or they may vary with the locations of users, number of
characters transmitted, or total amount of usage {measured in time)..

- Personnel . are required at the host institution to maintain computer
programs and systems, develop and update documentation, respond to’
. users’ questions, and handle billing. Personnel costs to" pe'rform
maintenance functions are relatively low. Personnel costs to provide
_ network users with the technical, educational, and faculty development
support could be very high if the host provided users with all the
~ services from which users could benefit. There are economies of scale;
in general, the higher the level of usage, the lower the unit. cost to the .
host. : o C
7.2 'User Advantages and Costs . S
Network users enjoy. many_ benefits. "Accessing programs through a
-network permits people who have an interest in trying computer-based ‘
educational materials to do so without a large capital investment. The .
programs they receive are the most current available, and the recipients

", need 'not be concerned about transforming them for local computer
requirements. Network users do not require a‘local’ computer installa-
tion, technical staff, operation staff, or faculty commitment P update
programs. Users share the resources of a complex facility such as Massa-
chusetts General Hospital, ahd they have access to both the programs
and the people responsible for them. Networking also allows the
potential for fostering remote authoring of simulations,

.. Two disadvantages some users attribute to networking are cost and |
control.” Renting programs is often pegrceived as more costly than '
- running programs on a local computer system. H&\‘Never, cost considera-
tions tend to be deceptive because users usually consider'and compare
costs assuming that program transfer has taken place. Costs of trans-.
ferring and updating may well be greater than those for networking.
Then, too, users do not always compare COsts of ,equivalent end

* products. Massachusetts General Hospital has redundant’ computer
systems, can guarantee access through a reservation system, has a full-
time operations staff, has personnel on-call for eguca‘tional‘ and
‘technical assisghce, and has fagUlty who respond daily to users’
comments angrevise programs. Pr viding equal services at a remofe site
can be extremely costly, especially if the sole use of the compyfer were

Ry

for computer-based educational fhaterials. X _ Y
The other disadvantage to networﬁfr'lg t}\at some users perceive is . .
4 - lack of absO_Lq'te control over program content. Control is exerted o
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program dontent by ‘external sources such as nationally accepted

standards, generally accepted_medical practice, and—€omments from
users. Complete control over program contént could be exercised by
‘each using institution if MGH permitted remote authormg and allowed

each institution to tailor and store a copy of each program. However, '

gurrantly the ‘MGH avoids writing procedurally-oriented programs and
controversial material which tend to have little deneral appllcablllty
over,a range of msmutlons .

lnmal and ongoing costs \o network users include charges for
computer terminals, local and long distance communications, computer
usage at the host institution, documentation, other supplementary
materials, and assistance from host personnel. A computer terminal
must‘be compatible with the network to which it connects; not all
computer terminals ‘'will work on all networks. Some sophisticated

" terminals with capabilities to handle graphics, color, microfiche, film, .
_ slidés, and sound must be purchased gnd cost over $10,000. Basnc

alphanumerlc terminals can be purchaséd for under $2,000 and rent for
as litdle as $50/month Communications chargls may bé as high as a
long-distance call to the h0\ on a specially ¢ ditioned telephone line
or as 1w as a local phone Call to a network node on a regular phone
line. Charges for use of the host computer may be based on the time

that the-user is connected to the host's system, or they may be figured

on the amount of central processing unit used, characters transmitted,

oL storage required. Documentation and supplementary materials, sugh -

as slides or. tapes to be used in conjunction with programs, may be
provided to users or available at a'fee. The host usually makes staff
available for ﬁcall assistance to answer users’ questions. If the host
provides spechal services for \individual users, thel
charges for these services. - '\V

The costs to recipients for nef orking with Massachusetts General
Hospital are limited and under the user’s control. Prices for accessing

may be- additional

depend on the user’s minimum monthly mitment for usage and the
time of the day or'night the person uses the system. Users provide their
own_terminals, which rent for as little as $50/month, and pay local tele-
phone charges between their sites and ‘the neakest TYMSHARE nodes.
Users have timited liability and may change their levels of service or
terminate service on 60 day’s notice.

the programs range from $10/connect-l’f:.70 $4/connect hour; rates.

3 : \ '
‘8.0 SUMMARY - \ %

One of the most important goals of clinical med;cal educatlon is the

‘teachmg of the problem solving process The process is best taught in

-
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: \clinical setti,ngs', yet the constraints imposed by patient care and the

unpredictability of the clinical problems that will be availabie for study
may limit the effectiveness of such educational experiences. Computer-
based patient simulations can serve as a valuable adjunct to education in
clinical settings. Simulated clinical problems allow medical students to
receive uniform instruction by computer and to learn from their
mistakes in clinical judgment in a variety of cases witjpout risk of harm
or harassment to real patients, without undue repetition of materials
by their clinica) preceptors, and ‘without regard to the vagaries in

“clinical problems presented by. a particular patient population. Patient

simulations can also be used by graduate physioians ‘for continuing
education, self-assessment; and for certification and recertification.

The Massachusetts General Hospital has developed a series of -

computer-based simulations that stress the process of decision-making
and that supplement practice in clinical problem-solving, Programs are
written in MUMPS, a language~yell-suited to clinical simulations. The
programs, which are carefuily tetted and continually revised, are avail-

_able locally and througHout the United States via the Health Education

Network.

~
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by Charles Oleson

‘ INTERNIST
A Computer-based Consultatlon

Ao

1.0 INTRODUCTION

INTERNIST is a project being developed at the Un('aersity of Pitts-
burgh. The principal investigators on the project are Harry Pople, a

~-computer scientist/business professor in the Graduate School of
‘Business Admmlstratlon and Jack D. Myers, a University Professor in
the School of Medicine.

The primary objective of the INTERNIST project!to provide an
expert computer-based consultation capability for diaghosis of the

- diseases of internal medicine. In order to attain this objective the
“INTERNIST pragram would have to be able to:

® . work effectively. on cases where more than one disease is present
~ since this is true of many clinical cases;

e take as input. history, signs, symptoms, and lab data in any order;

® partition the .manifestations into coherent subsets in order to
focus effectively on the actual individual problems in the case—
in some cases this also requires that misleading mput be dealt
wnth as well s

" ® pursue through mterrogatlon further information about the case

in order to substantiate or dlsconflrm the impressions created by
the initial manlfestatlons S -,

An order to explaln how project staff attempt to satisfy these
requirements, this paper describes the structure of the medical data
base and INFERNIST programs and dlscusses areas slated for further

development. . .-
181 -
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:;'..,-,-20 DATABASE _ IR
The. INTERNIS‘T data base requires approxlmately 600 000 bytes of
- disk storage and Is ‘estimated to contain approximately 76% of the
,dium of internal medacme These diseases are incorporated ih a tree -
structure orgamzed tvptcally, according to orgari system. For instance,
.. LIVER-DISEASE is a top level node in the disease tree under which
- come HEPATOCELLULAR DISEASE, NEOPLASMS OF THE LIVER,
. CHOLESTATIC DISEASE etc. Similarly HEPATOCELLULAR DiS.
- EASE is broken down into HEPATOCELLULAR REACTION, TOXIC °
- HEPATOCELLULAR: INJURY, and ABNORMAL IMMUNITY HEPA-
"TOCELLULAR: INFECTION. HEPATOCELLULAR INFECTION is
. then-reduced to HEPATITIS A and B, INFEETIOUS MONONUCLE-
" OSIS and LEPTOSPIROSIS WITH HEPATIC INVOLVEMENT. These

last.are the terminal or diagnasis. level nodgs. The hierarchical structure
of INTERNIST files is illustrated.in Figure 1.

Associated with each of these diseasds is a list of manifestations that ‘
.describe. the disease. For instance, some of the manifestations associ-
' atqd with HEPATITIS A are JAUNDICE FEVER and VOMITING.

— — 1t

top level ) Liver Disease
0P ‘eve o olver Disease
Hepatocellular " .Neoplasms Cholestatic
Disease of the . Disease

- I i : » . Li\l’er _I_

. , I i
: Hepatocellular Toxic : Abnormat '
C Infection Hepatocetlutar Immuhity . X
e : Injury . 'Hepatoceliular :
. . . Reaction

—_ : L .
e 1
diagnosis level Hepatitis Hepatitis  Infectious  Leptaspirosis

- Mononucleosis with Hepatic

Invoiverment

Figure 1. Hierarchical Tree Structura of INTERNIST Diseases
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Two values are also assomated with each mamfestatlon under a

~dhuu “The first number is called the evoking strength, It is'a value

" from 0 to 5 which indicates the impact the manifestation has in causiftg

- clinicians to think of the disease in question. A value of 0 means the. -

‘manifestation 'is very non-specific and could be caused by any number -
‘of diseasés (e.9. FEVER) or indéed may require no explanation (e.g.

,‘ SHELLFISH INGESTION RECENT HX). A value of 5 means the

manifestation is pathognominic with the disease. In other words, if the

\Qﬂféstation is present the disease'is present.
second number is called the frequency. It has a value from 1 to

5 that indicates the frequency of occurrence of the manifestation in the
disaase. A value of 1 here indicates that the manifestation occurs but
infrequently in the disease. A value Qf 5 means that the mamfestatlon
is always present in the disease. .

With each of ‘the manifestations a number of propertles are associ-
ated . ‘

‘o diseases i in wh:ch the manifestation occurs
® import of the manifestation
® implications of the mamfestatlon /
- ® ‘type of manifestation, mcludmg source and costlihess

. The~f|r5t and most important of these is the list of diseases in which the
~-manifestation accurs. A second property, the import of the manifesta--

tion need be explained. So for instance, FEVER or-

tion is intended to be a measure of the degree to whiv the manifesta-
imports of 5 whereas SHELLFISH, INGESTION HX hé#s an import of 0.

- Another property which may be associated with a manifestation is a list -

of implications. For instance AGE GTR THAN 55 implies AGE 26 TO
55 and AGE "LESS THAN 26 are negative. The "type’ ‘refets to the
source-and costliness of the manifestations. The possibl® types in order

of costliness are history, sign, symptom, Lab, Lab1 and .Lab2. The - .
"prerequisite’’ property indicates manifestations which must.be known
to be positive {or in some cases negative) before the manifestation may

be requested. For example, before doing a liver bnopsy one should
know that the patient has sufficient platelets to stop any bleeding
induced by the blopsy

3. 0 THE PROCESSOR
The INTERNIST program takes the |n|t|al input mamfestatlons and

from these !vokes the diseases which potentially explain ‘them. It then . ‘
ranks the diseases accordmg to the degree to which they explain the -

183 V.
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nifestations and chooses the most highly ranked disease and ‘its
competitors.as the subject for investigation. A disease s considered to
be s competitor if, to 8 significant degree; it.and the most highly rapked -
disease explain the same subset of the ‘set of known manifestations.
o The mode  of investigation varies according to the number of
- competitor .diseases and the tevel of interrogation. Four alternative
modes are available: o C
" RULEOUT ‘ "
e NARROW .
e DISCRIMINATE - *
\1- e PURSUING

A ‘hgre are more than five diseases and_ the level is history, sign, of ’
symptom then the mode is lled RULEOQUT. If there are more than
~ five and the level is Lab, Lab1)or Lab2 the NARROW mode is used. If
there are between two and five diseases then the mode is DISCRIM-
INATE apwd if there is only one disease, but it does not satisfy threshold
“criteria, the mode is PURSUING. If it does satisfy the criteria then the
disease is concluded. . o '

" The type of questions asked depend upon the mode of investigation.
RULEOUT mode looks for high frequency _questions in order to elimi-
nate diseases by getting negative responses. NARROW and DISCRIMI-
NATE look-for manifestations which differentiate between.the diseases. - -
And PURSUING asks about manifestations which_strongly .evoke the
disease being pursued. ' : .

Consequently in “the second \phase the mode! prooeeds_by ranking

the diseases, choosing a group of competitor diseases, selecting the '
“mode - of investigation, asking ‘questions, and then recycling until
: “criteria are gutisfied. When a conclusion is reached, linked diseases are
s . given bonuges; explained manifestations are ‘marked .“accounted for'’;
. and the progessor recycles. '

.
o

—

v

4.0 DIRE TIONS FQR DEVELOPMENT
 There are a number of directions in which the INTERNIST projéct
_~  might develop. Implicit in projget leaders’ goal for broad-based usé\of
" the .system for medical consultation ‘is access 10 it via computer
~ networks. By Ndyember 1977 such access might be available. inkerent
in this service wilt be evaluation of the system as it is being_used by .
. peoplé outside the framework in which it was develope s

Large scale usé of the programs through networks,

¢fand the resulting
evaluations, will contribute to ‘work on the system: nterfa}:e with the

o ase M
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user. Specifically project staff expect to make it easier for the user to
input manifestation names. Another potentially significant tangential

‘project will be to use the medical data base in conjunction with the

INTERNIST programs to provide educational and testing programs for
internal medicine. Of course, efforts in data base, development and
program refinement will be continued. :
in conclusion, it is. interesting to note that all of the research and
development work on INTERNIST over the past two years (1974-.
1976) has been done, via computer networks, at the SUMEX facility in -
Stanford. From the point of view of project staff this ability ‘to make

"+ viable the highly specific collaborafe use of large machines is one of
© the valuable capabilities of computer networking. - .
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by Edward H. Shortliffe

- 10° COMPUTER NETWORKING AND MYCIN

" Computor mtvmrking has been an important component of tha R
T ongoing research involving the MYCIN Program,- a :computer-based  *
project developed primarily at Stanford Unlversity, but also involving -
‘researchers’ in -Arizona, Massachusetts, and at_other sites acrogs the
oountry MYCIN is an interactive consultation system daslgned to help
physicians saloct antlmlcrobual therapy for patlents with mfectmns

1. 1 Characterlstlcs of MYCIN

" The program'’s novel approach to medical decmon making. models
clinical reasoning by using empirical judgmental knowledge, acquired - SRR
from experts, rather than formal statistical analyses of diagnostic or- N
therapeutic probabnlmes. The system’s design also includes faatures_ -

. intended to enhance its usefulness and acceptability to physu:lans such
as am ability to explain the reasoning behind its advace and automat&:al
\ w to correct spelling or typographical errors. .
.* Although the program focused initially on a discrete area of ihfec
: tlous disease therapy, the treatment of patients with bacteremia or
meningitis, its rule-based mechanisms shouid be generatly applicable as
the knowledge expands to include other problem areas of -
infectious disease therapy. The validity of MYCIN's bacteremia advice
- is being formally evaluated in late 1976. However, the program’s imple-
. mentation in the clinical setting Will ogccur only. after the knowledge
- base has been expanded to provide useful advuca ‘for 3 broad range of .
: inﬁctoous disease problems . . . '

e
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" ’1.2 Development of MYCIN -

As system development. progressed, the number of individuals
mterested in the project and involved ip its growth increased substan- |
tially. What began as a small projedt involving 4 or 6 physicians and
computer scientists has become an extensive collaboratian “of
. physicians, pharmacnsts, bnostatlstlcnans, and computer experts.
Furthermore, development of a system such as MYCIN requires
constant testing and feedback from interested ‘parfies that make up a
‘potential- user community. The program’s .existence on the SUMEX
_computer, accessible via both the ARPANET and TYMNET computer

~ networks, has enabled a large number.of individuals to test the program

and give developers their immediate comments regarding its strengths

* . :and limjtations. Not only has this interchange via networks generated a

widespread interest in the MYCIN'program but it has forced the
developers to provide program features that keep it from becomlng too
reglonal or provincial in character. -

The networks have also allowed true collab’oratnon at a»dnstance
For example, the current author, formerly actively. involved in the

. research at Stanford, has managed to remain involved on a day-to-day

basis despite his.move across the country. Slmple bpokkeeping’ tasks,

_such as message sending and receiving, greatly facilitate this kind' of
., collaBoration. Another senior |nvest|gato\) on the project has moved:

from Stanford to Arizona but is also able to remain involvedin system
development By using computer networking technoIOgy

20 _COMP’UJER NETWORKING FOR SYS:I'EM USE

A serious toncern .in the development of powerful computing -

systems for hospital use is the difficulty in packaglng the programs on
machines that are small enough to be purchased by hospltals Computer
networks may therefore provide important alternatives whereby

complex computer programs such as MYCIN (which currently requires .

ithe - computing power of a DEC PDP-10 when all its features are
enabled) may be mounted on a large central computer and shareg by
several hospitals -via modern communications equipment. Another
advantage of guch_a scheme is the ability to update and maintain the
progranZ’i data inh the central ‘resource on a daily basis rather than to

‘send oécasional. “‘updates’” to a n ber of peripheral small computers.
) [
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A Computer Program which -
o Ca‘aptures Clinical Expertise

by Stephen G. Pedker,'Peter S?olovits’,
Howard Silverman, William Swartout,

-~ and G; Anthony Gorry*.

.o

" About Digitalis Therapy and . ' K

'- -,_Provrdes Explanations of its
Recommendatlons |

. DIGITALIS PROGRAM

_ # tregtmenit of congestive. heart
iac errhythmlas i-attended by substantial nsk Studies.

\t-hm shown that 20% of -patients receiving the drug may develop

digitalis toxicity; among these' toxic patients the mortaltty approaehes

30%: Recently, a. computer program*
digitalis therapy has been developed whi

. two important respects. First, it const

.reflecting “the ppgrems knowiedga of

advise Yoctors concerning

differs from, earlier ones in"

ts aspatient-specific model, -
pharmacokmetm and special -

features.of the patient’s oondmon which may alter his or her response
to therapy. This model .is used to construct the initial dmpecom

_ mendations. Second, the program makes assessments of the toxic gnd -
" therapeutic effects which actually occur in the particular patien:n

to

formulate subsequent dosage recommendations. A clinical ytrial ‘was

. managed by clinicians on a cardiology se

perfarmed in which the program “féllowed” a series of patients

rvice. That trial demonstrated

the program’s ability to recommend appropriate therapy in acutely ill

. patients._ Eoch _patient who developed

toxicity ‘had - reeewed "‘jZ

" *Stephen G. Pauker,.M.D., F.A.C.P., F.A.C.C.,
at Tufts-New England Modml Cemer, Boston, Mass.; Peter Szolovits, Ph.D., is

. “ - Agsistant Proiessor of Electrical Engineering,

is Assistant Professor of Medicme
Labomory for, Computer Sehnee,

Massachusetts Institute of Technology; Howard Silvérmap, M.S. and WIlliem

Swartout, B.S., are slfiliated with the Laboratory for Comguter Sciefics, Masse-

. “chusetts Institute of Technology; and G. Anthony Gorryl Ph.D., is sffiliated

: with The Prognm for Heaith Menegement, Baylor . College of Mod_rcnm, Ho\n-
. tom, Toxn : .
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"ﬁzu\gh the program outlined above seems to be successful in \
- formulating dosage ‘recommendations, to be widely accepted, any,
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digitalis' than would have been recommended by the program. The
program anticipated e.ach episode of toxicity before it was recognized

"program which attempts to make clinical decisions must be able to
-explain’ its reasoning processes to the clinician. An explanation capabil-

ity provides several important benefits. First, physician acceptance will
be more easily 6btained if the clinician camassure him/ﬁé‘pe""lf that the "

program makes reasonable deductions and recommendations. Second,
an explanation feature may serve a-valuable pedagogical function.’
Students™or practitioners may-improve their own abilities by learning

expert. techniques from the program. Finally, the program’s ability to
provide -explanations can serve as & valuable debugging tool. Si .

explanations are producegi glish, the ¢linician can locate errors of
. medical knowledge, al gh a good programmer will still be required

to find other errors. ' -

2.0  EXPLANATION FACILITY OF THE PROGRAM.

To provide an explanation facility, a new version of the: rogra{n

-cited apove has been written in OWL, an English-based computer
_language being déveloped at MIT. The use of OWL allows the program
to provide English explanations of its reasoning steps. The program can

explain®oth the methads it uses and how those methods were applied

during a particular session. In~addition, the program can explain how it
acquiires information and tell the user how it deals with that informa-
tion either in general or during a particular session. :
~ Most explanations are produced directly from the code used in
prescribing’ digitalis, and from information which is generated by the
owL interpretey as # ruds. The ability of the program 't gransiate its
internal structure tp-an English.explanation is provided by structuring.
the program in semantically mean'mgful procedures (SMP). Each SMP
attempts 'to represent a single concept or idea that should be

. ‘meaningful to the ghysician using ﬂ\§ system. Just as a general idea may

A

-involve smaller, re specific ideas) so too a semantically meaningful
procedure may | c'omposld of more specific SMPs. As an example, the
procedure that checks f

excessively sensitive to the toxic effects of digitalis includes a call to a
procedure which checks for sensitivityrdue to hypoxemia. Because the”
program is organized in this way, the explanations prod'uced by the
system.tend to relate wedl to ideas with wwch the physician is already

-acquainted. Ny
190 S
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ln many current systems that ask the user a series of questlons a

problem océurs if the user wishes to change his or her answer to a

% previous guéstion. The system accepts the change, but must recompute

: all the ‘results computed subsequent to that question to insure that

',\ none of them are affected. Clearly, this’ may involve a considerable

* amount of unnecessary recomputation. By using OWd==sne can obtain

¢ the data structures- necessary to avoid this problem. The same mecha-

- nisms also allow answering hypothetlcal Quepies and investigating what

* the effect of ‘changing some answer would be on the therapy recom-
mendatmn

5.0 AVAILABILITY ©F THE PROGRAM

B i A éombuxer Program that implements the capabilities outlined abo;/e
" currently exists at MIT and can be accessed v:a natianal network
facilitiés of ARPA , . .

- )
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This set of papers. explores the roIe of computer networks in the ’

phvsrcal and chemical sciences, - Authors were asked to consider
‘matesials to be distributed, standards user services, technical staff, and
fmancual considerations with _particular concern about the n)odular
"_structures of programs and data being distributed. Papers included here
descr_lbe important issues relating to the use of computer networks in

the chemical and physical sciences and suggest how the sharing of ~

software and data bases might be accelerated. The potential role for
EDUCOM in._this process is also.explored.

~ The following recommendatidns of the Physical and Chemical -
_Sciences grqup at the Fall Conference are intended to heip the

EDUCOM Planning Council dccelerate the use of computer networks in
higher. education. By accepting these and related recommendatlons the
« Planning Council will well serve the community of physical and

" chemical scnentnsts as well as,beneflt by partncnpatnon of people in these

- with the communlcatlbn networks to define protoeols. In addition, the"
Plannlng Council should consider fundnng a pro;ect to” identify the,

disciplines. .

- 1. Processor to Processor Protocols. There is concern ‘that, in the

next few years, when ARPANET is phased-out, that other communica:
tion networks develop protocols for exchange -of files, including data
~and programs. Hence, we recommend that the Planning Council work

advantages of.exchanging files among processors. .o

c2. Cooperatlve (‘onstruct/on of Data Bases. There are several
examples where computer networks have enabled researchers at differ-
-ent sites to cooperatively construct access, and maintain data bases;

S-t@i-
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N .forexample,- in-the areas of earthquake, oif production,.and 9cpnqmic

research. We recommend that the Planning Council support one.or
more. projects, where researchers at different universities participate in

" building a data base using computer. networks. Two gregas',where .

" independent data coltection "activitie's exist today- are _thérrl\odyharhic
properties and geotechnical data. : S

3. Friendly Interfacés. We recdgnize that throuqhoutrthe physical

and chemical sciences many programs exist that require minimal work *
to create “friendly. interfaces’ fof usage on & computer network. The -

Civil Engineers, in particular, have been concerned with the problem of

testing software and upgrading programs for distribution,’ and would

welcome an opportunity to use computer networks as a neans for more
active communication among program contributors ‘and .users in ‘the
field. One pos’sibility, would be for the Planning Council to fund a small
project in which the Civil Engineers and EDUCOM prepare a. proposal

advised to work with other disciplines in a similar manner:

4. Bibliographic Informgtion Services. Information services such.as .

.

Chemical Abstracts have. been more widely availabte through magnetic

for a joint project to, be -submitted to NSF. The Planning CounciI\_'L’s-

-

tapes and communication networks. Yet, we are told that the level of

utilization continues to be relatively low. We recommend that the Plan-

ning Council consider projects to catalyze usage of these services in"

research and teaching. A second recommendation is that EDUGEM

EDUCOM member institutians. N

work with distributors -of these services to arrange for reduced rates for

Prof. Richard R. H,ugh_es, University of Wisconsin, wés particularly .
helpful in developing these recommendations by sharing his insights

concerning the workeand goals of the EDUCOM _Plari‘ning Council. His
contributiqns deserve special recognition.

s
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/ RDA (Energv Research Yand Development Admlnlstratlon)

| researcb community consists of eight multlpurpose laboratories, mare .
“'than a dozen single purpose Iaboratorles and energy research centers,
and-over 100 universities distributed throughout the United States (see
F;g 1). In addition, a large number of private contractorgunde(take
de@relobment and demonstration projects for EADA. The nature of
. ERDA’s mission requires the development of - Iarge scale modelmg'

- .syste analysis probrams, data bases, and hardware f-aciljties’. These
" “supply P werful comp tational techniques to a wide spectrum of .- ,
. .research act rom the investigation of the fundarpental laws of. &

-nature to energy polley analvsus Comﬁute( science research in ERDA ,
has created a variety of unique facitities, -ranging fram innovative
" computer hardware confrguratrons through sophlstlcated algorithm
developments, to high Ievel human-machine interface teghniques. This
research hds brought computatlonal and data management techniques
--to the ERDA commumtv which form the, basns for most~ of the
theoretical and experimental analvsns necessary for scientific research.’

Since the ERDA comrﬁun:tv is wude!v distributed geogfaphllfallv o

. has been difficult to provide the complete spectrum of computational
ang data ' management facilities equally to all researchers. Fhe practical

- .consequence has been, {n some cases, duplication of effort; or, n other'
‘cases, lack of c0mputat|onal ‘facilities. The expense |nvo|ved in

transporting specialized compu'er software among diverse operating”

systems is appreciable. It is widely acknowledged in the computer

science communltv that the ratio. of%software development costs ta:
1]
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o lnrdware costs is approaching four to\'one. »Yet even the smaller portron

g ‘of oomputinn coIts Qpecialczed hardware, is much too expensive to

! distribute on an equal basis to all. ERDA sites. T . achieve a balanced

~ distribution oi computer resources throughout the! {ERDA community,
one solution is D_d stributed computer network. ‘.

" There are several kinds of networks being developed today:. Among
these are the taJ' network, where one host computer controls all
"netwark activi n a centralized” corifiguration with all other nodes"
connected directly t6 that host. The most basic kind of star networks
consists of a large computer center supporting‘remote. job entry (RJE)
statjons and interactive terminat ports.. Most modern computer centers/
progvide this basic level of network service. The RJE's typically have,

rd readers line printers, and perhaps & tape drlve Interactive terminal .

. ports can be hardwired directly to the front end of the host computer,
s or provide dial-up ‘modems for remate access over telephone lines.

Another ;nterestmg_-conflguratlon is the homogeneous network, "
consisting of two or moye similar mainframes hooked together running '

. a single operating system. This .arrangement provudes multiples of theww
usual facilities.found'in a smgIe system, usually in a manner transparqnt
fo the user. This configurgtion can also be the center of a star network
_ as in_most commercidl tink sharmg services. v

© The most interesting and versatile configuration is.the heterogeneous :
distributed network, where Wifferent computing services are made, avail-
able to a distributed commuhity of users as in the ARPA network. This
configuration is somewhat more difficult to use, sthce the nodes may
have different operating syst ms, accountingwaléorithms and so forth,
‘but it does prowde access t unique resources, mcludlng hardware,
‘software, data bases, and perso nel. )

The ERDA Network Experl entation Project (1) was establlshed to

0 explore the use of distributed. tomputer-networks as a potential iong .
term solution to’ the problems of refiable access to unlque comptita- -
tional- facilities throughout ERDA The primary test vehicle for this
research is the ARPA network (see Fig. 2). ERDA sites:currently
connected to the ARPA network are depicted in Figure 3. Investigators
from each site use the ARPA network, and sometimes TELENET (a

a commercial “value added’* packet network), to access remote time

«sharing systems and .to transfer data files .between sites. This activity

, has been increasing during 1976, and has produced many examples of

uses of the netw0rk for conductmg scientific research (2).”

20 CAPABILITIES OF A DISTRIBUTED NETWORK

The lmportant capablhtles Jnberent in a distrlbuted computer
network are the sharing of unlque hardware softwere, data bases, and

- R > s
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’

personnel. The possibilities of remote scientific collaboration using -
networks are increasingly extiting as ‘the development of device
" indepéndent graphics systems, teleconferencing systems, and network

- mail facilities continues. The richer scientific enviconment offered by

networks should provide a new style of scientific fesearch in the near -

. fature. Some examples of these resources are given-lpelow,

2.1 Hardwate Resources _ ’

The 60 or so nodes on.the ARPA network offer a Wlde variety of
hardware capabilities which have never been collected in a single site
accessible to the general scientific community (Fig. 4}. These include,
for example, the ILLIAC IV parallel processor machine at NASA- Ames,’
the CDC 7600’s at LBL and BNL, IBM 370/195's at UCLA, ANL, and
RHEL for large scale computation. There are terabit mass storage

. devides available at CCA (the DataComputer), at LBL (the I18M Photo-

digital Chipstore), and at NASA-Ames (the Unicon device). Computer
output to microfilm 4COM) devices can be -accessed at several sites
{with appropriate arrangements for mailing the output back to the
user), providing high quality graphics output_fOr network users.
4

2.2 Software Resources

The cost of software development is often .four times the cost of °
hardware. One might expect that the standards for FORTRAN,.EL/!,
ALGOL, COBOL, etc. would obviate the claim=for unique software,
just as Esperanto was supposed to make Mr. Berlitz obsolete. For some
time to come, | foresee that network acgess of special software has as

" good a future as Berlitz. After all, the international standard ASCII

<Character codes have been adopted by every major computer manu-
'facturer except, of course, IBM, CDC, UNIVAC, and so forth. It is a

_ fact.ofife that really Iarge scale software efforts tend to take advantage

of machine architectures and ‘will thus be’ relatlvelv difficult to
tranQort, If they can be used over networks, there 1s.no need for trans-

porting. Figure 5 represents the concept of network access of special
softwars.

2.3 Datd.Bases $
The strongést case for distributed processing can be made for agcess

to unique data bases. Consider} for example, the very large data, bases
contammg the decennial census {on the order of 20 bitljon characters).
This represents a vast amount of data of interest to a broad spectrum of
Susers. To transport sidch a large data base to thousands of computer
systems is a horrible and wasteful task. ¥ew people ever require the:
entire data base Instead they need to sample freely from the data as
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the_need arises. Clearlx, if one could store the dat/h efflmentlv on one

" system, and provide easy and efficient access to' Il users,.a real savings

ih ‘time. and effort would accrue—perhaps even enough to finance the
dwelopment of human oriented query fanguages; high._ level network
protocoh archtval m torage devices, and othez' such developments
roqunred to make dlstai.nted networks funmon thly. Although a
somewhat smaller set of users dxists for, scientlan bases, $uch as the
elementary. partlcle data base, the. table of -isotofes, neutrqn cross
sectlons, and the physncal propertles data‘base the pnncnple is the
same. AL o .. R

> . -, . . ’

i e o BN

-
-" *

2.4 Research Collaboratlon . ', SN
Perhaps the most excntlng.consequencé of computer networks is the.

~

.
oy T

possnblhty of enhancing; research;:. collabetétnons by scientists from '

several |nst|tut|ons The ﬁeld of. hlgl’) .energy physics is partlcularly
gttected by this requirement, because there are, only a few Iarge partrcle
accelerators “available (such as Fermi Lab, SLAC/LBL, CERN DESY .
Rutﬁérford etc.). These machines must be used by all- expen;nentat'
physicists to do their work, and the expense and lengthy times involved
in most experiments demand that the work be collaboratnve Similar
statements ' obtain for magnetic fusnon energy devnces such*. as-
TOKAMAKs, TORMACs, Baseballs, and mirror machines. In order to
do physics expernments groqps from several “Institutions |om\ ‘their
‘efforts In setting up the experiment, taking data, and 4nalyzing the
data. The advent of computer networks linking the host computer
systems .of the home sites of Jthese researchers” has already had an

impact on the quality of reseqrch collaboration. When several sites are ‘

Involved in collaborative data analysis from a single experiment, it is
mandatory that good communication be established between the
groups, and that the analysis techniques are compatlble ang, accurate.
Heretofore, this function has been satisfied only through travel, tele-
phone and the U.S. mail. By sharing data, software, and comments
over networks, this process has increased the quality and timelingss of
scaentnfﬁ"gollaboratlve research. v

In othe’:. fields, the comparison of models will become practical over
networks, allownng consistency checks and model expanslon to become
feasible. Regional: enerdy: models can be hooked" together ta_form a
national model; local models can be "'aggregated” to provide ifput to )
regional models; and such matters as the appropriate units of quantities
can be decided upon collaboratively. These aspests, ingluding the
*4haring of mode! data bases, make computer networks an excltlng
medium for doing scnentnfuc research in the very near future?

203 k
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"5 50 EXAMPLESOFAPPLICATIONS [ .

The following examples - were tak.en‘ from experiments already
conducted or in the planning stage under the ERDA Network Experi-
mentation Project. The difficulties: involved havg been deliberately
Underrepresented for the purpoge of this illustrati n: These difficulties
fall mainly in the areas of low effective transmission rates and the lack
of adequate ‘system » documentation available. Nevertheless, the
examples serve to illustrate the potential of computer networks tor _
scientific research. S I

-

4

N . - 1
'?.1 Pactial Wave Analysis . ,
Collaborators ‘at Lawrence Berkeley Laboratory (LBL) and Ruther-
fard High Energy Laboratory (RHEL) are just beginning to_analyze
data on pp - 2 pi experiments at 16 different energies. The ahalysis
proceeds in a series of six more dr less distinct steps involving two net-
. work nodes_(LBL and’ RHE'li;)’ and another two potential nodes (CERN
and BNL) (fig. 6). The experiment proceeds &s follows: L
e /. Data is sent to BHEL from LBL gver the network, CERN:over
an RJE link and from BNL currently, by air mail.

Q

® ii. The first: phase of the analysis is carried out on RHEL's IBM
.360/195, producing a large set of coefficients for the partial wave
amplitudes. ’ A

® il The'ﬁle of coefficients is transferred to LBL- over the ARPA

network. At LBL, a cluster analysis program divides the solution

s set ‘into several groupg&This is a lengthy process requiring human

. judgement, so duting- thisrq_hase the collabomtots use network
mail facilities to communicaté on a daily basis.

® iv. The resuits of the chuster analysis are subjected to a continuity

fit program on LBL's CDC 7255;0 for further selection of solu-
, « . tigns. >

e v. These results are then transferred back to RHEL, where they-. )
are used as weak constraints for a pole extraction fitting program-
(to select resonance states). R .

o & vi. The final solutions are input to a graphics diS’play program at
RHEL. The displays are sent to LBL over the telnet connection
"« to a storage scope display terminal. , :

_Ciearly, step / is a potential network process, since BNL is almost ready

to conngct the central computer facility to the network, and the
amount of data contributed by each site is small enough to transmit
over the network. .
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. - |- N
in several of the steps, the potential exists for using available analysis
software wherever’ it exists on thd' -hetwork. For example, a cluster
analysis program developed by a chemist at LLL could be used for that

4

3.2 Track Sensitive Target Experiment ,
The Track Sensitive Target (TST) is (3) a perspex box of hydrogen

_immersed in a.negn-hydrogen bubble chamber at RHEL: The TST pro-

vides isolated protons for a pion beam to interact with, and the
outgoing gamma rays are detected by the neon-hydrogen chamber. This -
experiment was 3 collaboration between LBL, RHEL and Turino. .~
The film from this experiment was divided three ways, with LBL,
RHEL, and Turino each analyzing a third of the events (Fjg. 7). 1t was
hecessary to determine any biases produced by the three separate
analysis systems, sO close collaboration of results was required through- .
out the analysis process. The long delays inherent-in the postal system
(a minimuy\ of ten days).tend to produce t#ndesirable short cuts and
oversights. Using the network mail facility and the capability, of trans-
mitting graphics displays over the network, LBL: ahd RHEL were able
to maintain daily communication.’ In contrast, Turino had to'send two
physicists to RHEL for several months to complete their work. This
exercise, ‘which was one of the first research experiments carried out
over the LBL link to the network, demonstrates one of the most power:
ful applications of the network. |t does not speak, of course, to the loss
to the researchers of two months in the lovely Oxford country-side.

.

3.3 Mathematical Software Portability

The Numerical Software Group at Argonng has been developing
reliable, transportable mathematical software for sgveral years (Fig. B)
(4). The EISPACK package for solution of eigenvatue problems is
perhaps the best known of their efforts. During the development of
mathematical Yoftware packsages, considerable Afort goes irnto making
the software portable and accurate_ to a certain precision on several
machines (1BM, CDC, UNIVAC). By gaining access to other computers
via the network, this-task can be grgatly facilifatgd. The first effort to

" test this concept was a particular routine in the Minimization package,

MINPACK. The routine, Davidon’s Optimally Conditioned Optimiza-
tion Routine, was compiled and run on LBL's CDC 6600, and the
output transferged pack to Argonne for appraisal. It has been estimated
by the director of that project that the network would have saved up to
eight months in the development of EISPACK, and an even greater
potential savings‘existed for the development of MINPACK. v

- 206




Vo t . ' . ) '
s ' . . ) ) , ‘ ]
i " o v ' :
‘tJ" : ) . ) ' . ) ) ]
A \ ‘ \ v T odteiite

' .‘.r' v X ' 1

bl hamer

- ¢ ~ Withtrac "iémitiye target

ﬁ ., "% - '
" b . IR
a ‘ RN S
| optusummn K
" FIGURE 7. Stiantfc Collsboraion
a0 . L ‘

SIDNIIDS IWDISAHCD LA NS SHESOAMILIN B



! « ! N )
) |
; h ! | ‘ % :
. € |
. q4
. m o
a3
0 z ' :
: 5 |
o !
: m ‘
X .
e
. 2
| “
y O
- . m
7
i
{ l < .
| -- n- '
: o ~ |peucdl, , o
% v I - r
EISPACK] ' - . -
' ! 0 '
' | -, M
.’ K ] R ‘

L

)y by




- COMPUTER'NETWORKS IN THE PHYSICAL SCIENCES . 207

L

. 3.4 Gateways Between Networks : = K
_The Magnetic Fusion Energy-network (5) (MFEnet, forrherly called . :
“the CTRNet, Fig. 9) has been bstablished by ERDA to provide a central -
facility for the support of research in ‘this area. This star network
" provides access ‘to major participating laboratories and universities
throughout the country. Ho_we}}er, there' remain many s_iteé‘ with .
_-somewhat smaller MFE programs, particularly universities, -which do .
, not have refiable access to the MFEnet. e

e
Princetan Plosma
Physics Laboratery

o) CTR*C'omp'u‘ter Cenier (CT‘RCé)V E
s User Service'Center (USC) * = : N
* Future local sites (t\'/pica_l) ’ -

e -

L FIGURE 9. The Magnetic Fusion Energy- Natwork-

; A network gateway is a host having access to two or more networks,
.and which supplies the necessary protocol translation software.to allow
messages to flow from one network into(another (Fig. 10). An gxarhple
of such a gateway is the RATS (6) system developed by LLLf’RATS is
an ARPA network hpét, and through its dial-out facilities, has access to !
the MFEngt centered at LLL (as well as to commercial networks, such
as TELENET and TYMNET). - ‘ &

1{
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Network investigators at NYU and ANL (4) were able to garn e%c‘ss'
_"to the main MFE CDC 7600 ‘through the ARPA network.by using tha
: BATS gateway. Although this was done on a test basis only, it proves\

‘the feasibility-. of internetwork communication as a mechanism for’

'resom:ce sharing on an even broader scale. Clearly, any system which

supports more than one network has the potential of Imklng these
networks together for an even broader set of resources.

3.5, Teleconferenclng A o
The* PLANETJI teleconferencmg system (7) developed by the insti-

‘tute of the Future is belng used for daily communication by nearly a

dozen collaborative groups within the- ERDA community_ {Fig. 11).

- PLANET provndes a Hookkeeplng service for messages a survey or vote-

taking servnce, a review service, and several other handy features which .

make communlcatnon among large groups eagy. Since a printed tran-
Skgeript is always avanlable it far outweighs the teiephone conference for

‘3‘ many ‘purposes. A sample .of the groups uslng the teleconference facili-

40 THEFUTURE -

tles ncludes:3 .

N

® j. The ERDA Interlaboratory Working Group for Data
Exchange, mvolvmg researchers from eight Iaboratorles and
ERDA Headquarters, Ve

;'L. ii. Three p#nels on the ERDA Network Experlment PrOject

including people from six laboratories and universities, discussing -

the implementation, application, and objectives of_network use;

* & jii, An infernational group develooing a transportable data
management system {the Berkeley Data Management System);

&y, An international group developlng robust mathematlcal soft-
. ware. o

It is significant that these groups, which formerly met at most on a

- quarterly basis, are now keeping in-daily contact over the network. THe
facilities available to conferees include the ability to ente ’print files or

data files into the conference, collaborate on group reports, broadcast
results to all. participants immediately, communicate asynchronously
{at any time, independent of tirke zone differences), and to save tran-
scripts of the conference proceedings for further distribution.

¢
¢

There are several serious problems to be faced in existing networks.
Primenly, tHe transmission rates are too slow for many applications, the
heterogeneous operating systems are unfathomable to the casual user,

0y
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and the avallabrlnty of resources_is not well documented “fhe course of

computer: science research in networking must take all these impedi-
ments into account if networking is to ever reach its full potentnel to
 the scientific community, - -

The future of coppmunications technology seems partlcularly bright
today. The ‘use of satellites, helical wave guides, and the -like make
megabrt/second transmission a five year goal. Other possibilities include
the piggybacking of data, voice, video~and facsimile signals on’ high
bandwidth media. It seems ceglain that the large scalg use of high.
' bandwidth communication medra wrll bring the prlce to within reas‘onx '
able limits very soon. . -
~ The human-machme mterface -5 perhaps the most troublesome °

"= problem faced by yretwork researchers After many years, the ‘computer N
“isetill a variety of dumb. beast which simply refuses to bow to human -
~-languages. The availability of mtelhgent terminals, with local storage
and powerful microprocessors, can ‘alleviate this problem somewnhat,
but'what is still needed is the universal ]Ob control Ianguage (another
Esperanto). .

Machine-machine interfaces show some mgns of be:ng solved. The
international CCITT X25 (8) protocol is“an encouraging sign of
cooperation on this problem. Probably the next step is to interface
machine directly with the communication medium (when that rfedium

.wcomes capaple. of handling speeds comparable tqother peripgerals).

There is Jnucr;)work to be done to make distributed compuging
transparent to the user, but | am confident that the next few years will
" provide great strides in this direction.

~ . . . b o ~
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Computer Netﬁorkmg
i Chemlstry " L -

1 0 INTRODUCTION

This EDUCOM session is a sequel to the Fall ‘72 EDUCOM Confer
ence “‘Networks and Disciplines.”” The proceedings “(1) of that ,
conferenee contain the paper “Networklng and Chemistry’’ replete with~
: a stereographic picture of a molecule and a viewing device! Accordingly
this paper constitutes.in part an update spanning the elapsed four years.
Also during this period the American Chemical Society (ACS) formed -
_.the Division of Computers in Chemistry’ (COMP}. The 18 symposia

- COMP has since organized include one on Computer Networking and

: Chemlstry Published proceedings constitute a recent primary reference.
-for all aspects of that subject except for commercial information
services. \ »

- in ‘order to'give some perspectwe to those mterested in- computer -
networking in chemlstry, itis tmportant to present an overview. The
point has been made that the.importance of a discipline-oriented focus
in- computer networking- has not been adequately recognized (1) and
“indeed should be emphasized as the third dimension of what has been

- vjewed as a problem only along two dimensions, namely, those of
computer network technical support and administrative structure (3).

Chemistry is an experimental science, based on the laws of physics,

described using the language of mathematics augmented by the graphics
-of molecular structure, and dealing with bulk matter from a molecular -
rspective. Hence the computer in” all its manifestations, plays an
important role ‘in all of chemistry. Indeed a commemorative 13¢ U.S.

- Postage Stamp issued in April 1876 as part of the ACS centennial cele-

. IR T T D
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2.0 'ACTIVITIES IN COMPUTERS IN CHEMISTRY

Six selected computers. in chemistry activities highlight impdrtant -

21 Amencan Chemicai S/()cllety Computer/Based : -
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bration dep|cts a collection of chem;ch‘l flasks agalnst a background of
punched paper tape. a

ko)

s

issues related to the use of networks ‘and suggest how the §har|ng of

software and data bases m|ght ba accelerated.
’ /

Service and Activities

First, one must recognize the American Chemical Souety (ACS)
The ACS is 100 yé€ars old, has 110,000 members, and has a long history
of effective and modern service to its members and to society:as a
whole. Only three relevant ACS activities are described here. .

.A. ACS Chemical Abstract Servuce (CAS), an operating subsidiary of
the "‘ACS, is a $25 000,000 per year operation. It examines 14,000
different primary journals published in 125 nations, patent reports
from 2Q countries, monographs, books, conference proceedings, govern-

ment research reports and university theses, all of which generate more
" than 1,500,000 items per year in 50 fanguages, and of which about 25%

contain information of interest to chemists. CAS produces about 1,500
abstracts .per day in machinable form including appropriate code for
retrigval. The process includes use of am algorithm for taking a com-

- puter graphics terminal image of a molecular structure and incor-

porating it, with redundancy checf«ng, into the baS|c CAS File. A

N steady stream of corresponding , computer readable rnaterial is

distributed via.magnetic tape to CAS Information Centers al¥®ver the
world as-well as to end users. Computer readable services delivered via
magnetic tape that are listed in the 1977 brochure “Information- Jools™”
published by Chemical Abstract Service include: : .

® C.A. Condensates (weekly)
«® C.A. Subject Index Alert (biweekly)
"® C.A. Service Source Index {Master file update quarterly)
® - Chemical Biological Activities (biweekly}
® Chemical Industry Notes (weekly)
Chemical Titles (biweekly) v
Ecology and Environment (biweekly)
Energy (biweekly) -+
Food and Agricultural Chemistry (biweekly)
. Materials (biweekly)
® Patent Concordance (two volumes per year)
_® Polymer Scnence and Technology (biweekly)

o 216
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In addition CAS has designed, and is using the Chemical Registry .
System whereby a unque udentuflcataon number. js assigned to every
known" compouny indexéd to a supporting file. Ovef- 3,000,000
substances have been registered and the number |ncr§ases at the rate of
300,000 per year. . > N “é :
There exists a tremendous gap between “this huge and important
-.resource and the potential user commudity. Educatign Ofﬁ?otenttal
users as well as the cost-accountung and techmcal prob¥ems of access are
all Mgnlflcant barriers (4). to the realization of that potential.
At ACS headquarters in *Washington, D. C., a majof demonstratcon
preject, CEDS (Continuing Education Delivery Sys&ms) is mtenuged to
go beyond the hitherto very successful ACS efforts using audid-tapes _
and traveling short courses. 'CEDS is an attempt to use computer
augmented dnstruction via a national commercial computer n ork. Ay
comprehensive syfvey of the CEDS inténded audienge, the industrial
bench chemist, fevealed seven ‘areas of interest. It is anticipated that > -
establoshme 6f a computer network dellvery system for comtinuing
education will, lead to expansion of that delivery systern t9 |nclude .
remote data access as well (4).
The ACS Divlsion of Computers in Chemistry (COMP) ¢ame into
- being in April, 1974, xth several objectives including (1) to serve as a
forum for computatio chemists and (2) to serve as an interface
'between Chemistry- and Computer Science and Engineering. Relative to
" the thrust of this EDUCOM session, COMP’s national symposia have -
included_-""Program Certification and Transportability”, “‘Computer
Networking ang, Chemistry’’, and “Algorithms for Chemical Computa-
"tion"’. In order to improve the chemistry/computer technology inter-
face COMP 'is in the process of affiliating with the Amencan Federatlon
of Information Processing Societies (AFIPS).

N
2.2 The NIH-EPA Chemical Information System (CIS)

The National Institutes of Health and the Environmental Protection
Agency have undertaken a cooperative project, the creation of the Mass
Spectral Search System data base {(MSSS). As the Federal Government
cannot be in competition with the private Sector and as-. products
- broducéd using public funds are in the public domain, NIH and EPA
negotiated with ‘commercial time-sharing companies to make MSSS

d " available to geographically distributed scientists. The MS§S effort now
‘ffl gerves 125 separate organizations in North ,Qrmenca and WeXtern Europe
-1 daily. In 1976 the NIH-EPA provides a variety of chemic information -

services in. addition 4o MSSS. Fourteen data bases and application
programs are now part of CIS, and seventeen different organizations in.
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Y six countries have committed manpéar and/or monies toward the

expansion and malntenance of CIS (5)

.

2.3 “The Natjonal Resource fOr.nComputation'

in Chemistry (NRCC) . =

' Ever since September 1951 when a group of quantum chemrst '
nt“zed.)

at Shelter Island in Long Island, there has been a growing orga

_ sipterest in and_ concern about the role of computers in chemistry. In

May 1970, the then® recently formed National Academy of Sciences-
National Research Coungil Committee on Computers in Chemfptry
-organized a Conferénce on .Computationgl Suppogt of Thegretical
Chenistry (6). The proceedings of that conference, dlstrlbuted nation-
wide as a-National Academy of Sciences report, carried a desailed
descnptlon and recomm"endatlon for creation of a Natlonal R&ource
“for Computatiohjn Chemistry.* -

Both the Enerdy Research and Development Admlnlstratlon and the
National Science oundatlon became interested in the concept of an.
NRCC. in 1976 fou RDA laboratories are now generatmg proposals
to become the NRCE site. Those proposals are due 3 Décember 1976

“and it is expected. that within one year Phase 1 of the NRCC will be

v

started (7). One of the aspirants is Argonne National Laboratory whith
contains the. Argonne Code Center, an ERDA-wide compUte\a'program
exchange and information center for computer programs and systems .
developed in ERDA program areas. As that Code Center is likely to
play an lmportant role in one of the NRCC's principal functions,
program certification and transpﬁh a brief summary of its functions,
organization and activity is given as a footnote (8) :

The importance of access ta NRCC by’ geographlcally dlstrrbuted
remote users has been stressed repeatedly at each step in the evolution
of the NRCC concept. An important; consideration has been thé fact
that no Unlversnty has oMpus thre Iargest and fastest scientific”
computer extant. Only the federally- sponsored Iaboratorles enjoy that
privilege.

lndeed as was revealed at a recent National Oceanic . and Atmos-
pherlc Administration (NOAA)-sponsored. briefing of ‘cognizant federal
agencies by computer vendors, even the scattered federal laboratories
-may not be able to tap the potential of computer technology because

a

LY

the vendors are rio’longer wr_lllng to invest large sums in research and

* The proceedings of that conference 8is0 included a comprehensive article on the

ARPANet ezﬂmmng beth the feasibility end relévance of con;putor network-"

.ing, a describtion of a corresponding Europeen effort elready in operation

{CECAM) any a list of concerns about thé impact of such discipline-orientéd ’

unt’eu on university computer centers. "

¥
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. dcvolopmont for - a hvgh risk market. Scientific computers 100 times

- mora powerful,than the CDC 600 may be technologically feasible by

~ 1980, but a moreaohored organized analysis and demonstration

" of need will be required by Mﬁ and the U.S. Congress before funding

L) mllzc that potential. will made available, \?he NRCC, and other

~ similar discipline-oriented_grassroots demonstratiens of relevancy and
" need, can play an important role in bridging. the credibility gap that .
now Cxasts between Congress and super computers. 4

‘2 4 The Quantum Chemistry Program Exchange (QCPE) ;

QCPE was created many years ago at indiana Umversltv and was
. mmally operated with some federal support as a minimum-level
program exchange. QCPE became self -supporting via an NSF grant in -
.. the early seventies. The testing done to programs contributed to QCPE
-is minimal. Under standard mocedures the program is run. with ‘author
provvded sample input at a -presumably compatible computer center, .
and QCPE staff compare the actual output with the corresponding
‘author supplied sample output. QCPE has hundreds of members from "~
all over the world. in addition to exchangmg progragns, QCPE serves as
. a communication network via its newsletter and other publications. As
an indication of the trend toward compf&tty of programs used by
_chemnsts a recent analysis of the 16 programs requested :mest often
--"during the first 10 months of 1976 (from the QCPE program library of
about 300 programs) showed that they were complex major systems.
The most popular of them is Gaussian 70 (QCPE #236) developéd by
John Pople and collaborators, a program that consists of over 13 000
svmbohc cards.

2, 5 ]ournals That Support Computatlonal Chemlstry .. _

Coincident with the creation of ACS's COMP Pergamon Press -
announced "Computers and Chemustry, an International Journal" Its
guide. 1o contnbutmg authors includes the statement:

"In general, complete programs wnll»not be published, but
FORTRAN .or ALGOL sub-routine listings will be welcome
to afford a clear illustration of the algorithm.”

. In addition, the ACS publication, The Journal of Chemical Documenta
tion, formerly the principal- vehicle for publncatlorv of articles .of
primary concern to the ACS Divisign of Chemical Literature, changed
itt name to the Journal of Chemical Information and Computer *
Sciences and broadened its Editorial Board to span the full range of
computational ‘chemistry. Simultaneously the Division of Chemical
Literature changed its name to the Division of Chemical Infosmation in
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an attempt to emphasize more the computer -refated aspects of chemical
information handling. The ACS Journal of Chemical Education has
published over 200 articles or notices dealing with specific algorithms
supportlve to chemistry including: a reference to avallabrlntv of the
supportmg computer programe

26 The National Scrence Foundatlon (NSF)

The ‘National Science Foundation is an agent of change for science

"~ in the USA. Within the NSF, however, the transition from channeling
federal support for all computer-based discipline- -oriented enhance-
ments through a single NSF office to working directly through the
- appropriate dlscrplme -oriented NSF programs has moved slowly.

N Computer-based actrvmes in the disciplines directed to problem -solving |
"and decision-making hds moved much more rapidly. Consequently-
insufficient funding for computer-based activities in chemistry is avail-

able. An NSF anachrorism {9} which continues to inhibit advances in
Chemistry, is the  continued low-financial-level activity of NSF's
Information Science Division without a concomitant thrust evolving in

the NSF discipline-oriented programs. ' ) . '

B

3.0 CONCLUSIONS AND.RECOMMENDATIONS ‘ ’

“In the process of accelerating the sharing of software and data bases,
EDUCOM might assume several possible roles.

e Study the CIS petwork as a model of inter-institutional coopera-
tion lnvolvmg government Iaboratorles industrial faboratories and
“higher eduCation.vis & vis “the most obvious and least. sensitive
computer- -network-sharable resource namelv, published data

e 5xpand the EDUCOM facrlltat/ng network in order to mcbrpor
te more-of the ‘on-going computer-network related chemistry,
~ activity, partlcu_lquv access to CAS material.

- ‘e Promote 3 better coupling between professional societies and
higher education .in the use of computer augmented continuing
education delivery systems.

" Encourage. discipline-oriented curricular revision to incorporate

design and.use of data bases, access to them; their linkages to and
o modula(seatron of computer programming; particularly given the
growmg movement to chemistry department owned and oper-
ated complete general purpose computer systems:{10).

T Explore the credibility gap regarding the need for larger and
faster computer hargware and the role of the U.S. Congress omMB
and the computer vendors. Co o

s ’
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.. Examine the relevant activities of the NSF and NIE and make
correspondmg recommendatlons

L Cooparatlw efforts with hlgher educatlon ele?vfhere particularly
(given that international ‘networking is already here, would be in
. order (10) as the USA presumably leads the world in the design,
manufacture and appl:catlon of computer technology

.
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Computation in Chemistry’’, J. Chem. Info. and Comp. Scr 15, 137 (1975). .

8. T‘he functions of the Argonne Code Center include:

(1) Collection, review, testing, packaging, maintenance, and dissemination of
f‘/‘-computer programs and program documentation in USERDA program areas.-
{2) Preparation and pubhcatuon of program abstracts.and bibliographies of
computer programs:
i (3) Compitation and preparatnon of the USERDA Computer Program
" Summaries report.
(4) Answering of inquiries concerning computer programs and the»r apptica-
" tion; training and assisting in the implementation and effectuve use of library
programs.
j . {5} Maintaining communications and exchange agreemeénts with other U, S. and
‘foreign computer program information centers.
(6) Designing and implementing storage, transmussuon and retrieval systems
for the Center’s information resources.
{7} Initiating, encouraging; and assisting in the devempment of standards and ..
practices to facilitate technology transfer.
(8) Coordinating proposed acquisition of non-government software by
. USERDA offices and contractors.
(9) Maintaining the American Nuclear Society Mathemaucs and Computation
Division’s benchmark problem files and compiling reparts describing the
collection,

During the Center’s existence, over one thousand program packages have been
- *processed for inclusion in the Center library. These packages, while primarily .
written in FORTRAN, included FLOCO, MAD, RPG, PL/1, and COBOL
programs as well as a variety of assembly language routines. Programs pregared for
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- more than twenty different computer systems have a some time been reviewed
- for inclusion in the Center's library. The collection currently numbers over 850
Owver the past 13 years methods end means_for promoting effective program
interchange have been investigated and developed including program documenta-
. ,tion standards, packaging guidelines, and ;oeommonded progiamming practices.
" "Much of this effort has been in cooperation with .thé European counterpart, the
OECD Nuclear Energy Agency Library, representatives of associsted “registered
instaliations”’, and the Amaerican Nuclear Society. et :

In a single year, fiscal 1973, the Center staff responded to over a thousand
requests fgfxBrogram.. package material or authorizations for use of library
programs!’ About- 300 installations including USERDA offices, ERDA and other

_ government contractors, universities, and industrial ‘establishments have filed
Computing Facilities reporgs and appointed r:ﬁx’ematives to serve as their liaison"
in theCenter's registered installation programi,,a program designed to foster tech-
nology transfer of ERDA-funded software development. ’

9. Public Law 864-85th Cgngress, Title iX, Nationa! Defense Education Act of
. 1958, establishing within the NSF a science information service. This very
small part of NSF activities wes created by g separate act of Congress and has
survived intact as an administratively distingt unit gven though the remainirig
structure of the NSF is slmost continuallyteing revised. . .
10. P. Lykos, “Computer’s Role in Undergraduate Chemistry Curricula”’, 1978,
" 1585 pp. Report, UNESCO, Paris. " g .
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. by Robert L. Schiffman

R ' ' and David M. Jubenville®
; ' - .
Engmeermg Software a1
Coordmatlon
‘e ‘%u
10 INTRODUCTION . K

In raeent years, the engmeermg professlon has successfully
integrated a new tool to facilitate analysis and design. The computer is_
a sophisticated tool with significant potential. to aid thg engineer in.
problem solving. It has been successfully employed on many projects.
Currently, however, under-utilization of computer techniques is more
the rule than the exception (4, 8, 20, 21). In great part, this lack of use
is due to the engineer’s slow development of comnuter applications.

An engineering ‘software community can be defmed as an aggrega-
tion of individuals, institutions, and/or industrial establishments which

“have a common interest in engineering software. Several interest areas

within the commuhity are well defined. Other aréas of interest are
underdefined, overlapping, or newly emerging. No attempt is made here
to rigorously defme the various ehtities in the software community and
their complex interrelationships. Rather, a fundamental model of the
community has been constructed to demonstrate the role of the organi-
zation within this commumty

A model of an engmeermg software commumty is illustrated in
Fsgure 1.. The entities defined: in this model are users and potential
users, program_originators, engineering professional committees, profes-
sional coglputer standards committees, the computer and information

<

* Robert L. Schiffman is Professor of Civil Engineering and Associate Director for
Ressarch, Computing Center, University of Colorado, Boulder, Colorado,
80309, U.S.A. David M. Jubenville is Research Associate, Computing Center,

- University of Colorado, Boulder, Cf)loradq, 80309, US.A.
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e ‘Aoomminces ) _ .
“ - o *o. Qrogram
o : ' originators
o — : / -
computer  (A—ns SOFTWARE .
scientists. ORGANIZATION | - }

' ' disciplinary
engineering
professional

' . - committees

- users and : St
* . potential’ .
v users o ;
- . . N ° . -
Figure 1. An engineering software community

these groups has different needs. ‘ o .
Software users and potential users are concerned with broadening
the usé of computer-based techniques. They are well-equipped to define
potential areas of application, demonstrate the need for modifications
te current computer practice, and provide valuable informafion derived -
from first hand experience.® _ : . _
Publication and distribution of engineering software is the: prime
“concern of many program originators. They must be informed of soft-
_ware needs. They also must be kept abreast of the latest developments’
in- the computer and information sciences as these developments affect

scientists (software engineers), and a software organization. Each of

* the production of useful programs. [n addition, they must be aware of

the activities of the professional computer standards committees with - -

respect to the establishment of hardware and software standards.
Engineering professional committees serve the engineering software

gommunity by formally defining needed engineering software, and by
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°

' ',dotermlmng the elements of software which have professional utility.
- These committees form a bridge between the computer professional

and the engineering profess»onal For.example, the Computer Applica-.
tions Committee of the Geotechnical Engineering Division of the
American. Society of Civil Engineers has published documentation and
distribution standards for geotechnical engmeermg computer programs .
(7, 25). :

Professional computer standards committees establlsh the minimum
current level of computer programming standards er the software

" community. For example, the Ameriéan National Standards Institute’
{ANSH) prepares and publishes a variety: of hardware and software

standards such as a standard for the FORTRAN language (1, 2), The’
counterpart international standards group is the International Organiza-
tion for Standardization (1SO). This group. has adopted’ FORTRAN
standards which are similar to the ANSI standards (16). The standards
set by these groups are widely accepted and-can be viewed as a mini-
mum base standard for computer language. '

The computer and informatidn scientists (software. engineers)
contribute expertise in new computer-based techniques to the engineer--,
ing software community. These techniques cover a variety of areas

,/"mcludmg numerlcal analysis, programming techniques, and algorithm

verification. In addition, software engineering concapts and methodolo-

gles are being used to assist the process of software coordination (11,
12) by providing software tools and procedures that analyze programs
for software coordination attributes. .

The functional areas discussed above currently exnst in the englneer
ing software community. That is, engineers use and write computer'
programs, and professional engineering and computer standards
committees are functioning. However, minimal communication among
the various community mterests has |n'h|b|ted the increasg of computer
utilization. .

There have been a series of studies in the United States to in,vesti-
gate the desirability and feasibility of a national effort in software coor-
dination (3, 8, 11, 12, 13, 21, 22, 27, 29). These studjes have
recommended the establishment of such a natiopal effort, and have
indicated that it would be technically feasible. t

It is postulated that an organized engineering software coordination

' effort will benefit the engineering profession by stimulating the use of

computer-based techniques and facilitating the exchange and use of
engineering software. It is further postulated that the coordination
effort 'should be on a subdisciplinary basis, e.g. geotechnical engineer-

. |ng An organized disciplinary coordlnatlon effort will productively
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channel efforts into areas of common interest and create a mechanism
for the formal dissemination of software and related information. '
- : - . ) .

2.0 - SOFTWARE COORDINATION FUNCTIONS

. An engineering software coordination effort could include a variety
of 'software coordination functions related to specific user requirements
and/or software attributes. The following functions: are considered

. essential:

R

Information exchange
‘Review

Verification o
Distribution . -
Enhancement C ' ‘
Maintenance

Education -

o Development

" A software grganization would probably Undertake one or tjvo o
these functions' during its early development. The mature Soktwa
e

" organization will actively pursue each of the functions and exten

scope of its investigations in each area.

2.1 Information Exchange , .
“The most basic function of a software organization is information

\ exchange. “The software-organization coordinates information exchange

between software originators and users. First, an information abstract -
for each software package (program and dqcum’entation) is prepared by.
the author and maintaingg by tpe softy re organization. Then, the
abstract serves several purposes for the potential user: .

e Awareness. The existence of a progrgm and its 'documentation is
made known. '’

» Applicability. The applicability, including Iimitatiori's,'of the soft-
+ ware in solving engineering problems is clearly defined.

e Availability. The conditions of availability and administrative
restrictions on the software’s use are stated., . '
. ’
2.2 - Review ' ' -
" The review function requires that the engineering §oft\’ival'e organiza-
tion and/or the appropriate pr ssional committees review software
and associated doc tatioh;?&@his‘ review process, which fosters

2'2 6
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interaction within the ‘sof'tware community, ‘engineerin'g software
" organizations and professional engrneerlng committees must consider
the following attributes:

L

L Capablllty The - algornthms utilized by the program must be
-appropriate for the problem which the program solves

. L] -Complerenoss. “The program .must fully reflect the problem area.

. } v Documentation must completely describe the algorithms used.

- Documentation ' must be available for each” stage of program
development.

e Credibility. The_ability of a program to perform as advertised
v must be established. Establlshlng credibility includes venfylng
-, that the code correctly translates the algorithms.

® Proof. A mathematica! argument sometimes can be developed to .
_ « demonstrate that a program will perform a defined function.
- Within the .criteria of proof, a program must execute correctly
(6, 10); Program proof can be either formal or informal. Engi-' .

_— neering software is not generally amenable to formal proofs. It.is -
' necessary, however, that software be quality assured, by empirical
v testing, to provide a high level of confidence in the |ntegr|ty of
: the software . -

® Reliability. The ﬁree of stability demonstrated by a program-
. over a long period of time. A reliable program will - function
properly for a tong time (9, 31).

® Usability.- Software must be easy to use. Thls implies condltrons

~ for both. the program' ‘and its decumentation.. Input/output must
be simple ahd straight forward. The program must be fully docu-
mented both |nternaIIy and externally

. Intended Use. The extent and content of software documentatron

is dependenton the intended use of the sofMarekDocumentatlon
. requirements may be minimal for a program written by the
! person who is its exclusive user. At the other extreme, documen-
tation must be extensive for software developed for a general user
community with access to a variety of computers.

® FEstablished Need. Software must fill a well-defined . and stated
engineer’s need.

In|t|ally, "the review process would be performed exclusively by
englneers wrthln the subdiscipline of the software/ However the mature’
engineering "software - organization would add software engineering
d|mens|ons to thé review prooess In an advanced stage of review, the
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software organization or its consultants would apply 8 set of software-
..t'ool's (24) to each program to analyze each of the attributes mentioned

- ‘e -
*
1

© 2.3 . Verification .. .
.. Program verification {quality assurance) is the most important -
" function of a software orgenization. Through this function, the user 6f
a software package can be assured of the integrity of the program and’
. documentation, and of ity applicability to a given. engineering problem.
“ The verification fyhction is an advanced review procedure. Verifica-
tion of a software package by an engingering software organization

would indicate that tg:dﬁ'rogram and documentation have fully\attained_ :

all the attributes defiried under *‘Review, " L
The verification praéss must be complex and lengthy.-An engineer-
_ing software organization’ must establish stringent rules for the verifica-
tion function. Certification would have to have legal standing ‘and

absolute, professional credibility. < o
2.4 Distribution L e : .- . o
“ The distributidn function, unlike the previously described functions,

requires that the engineering software organization maintain a.program.
library_and have access to 3 hardware resource. In addition, the,soft-:

‘ware organization must have software and programming experts who
will maintain the fibrary programs in a form readily implementable on
a ’Var-i'et:.:f\-c‘qvpu'ter systems. There.are two attributes to the distribu-

tion function: ° . & !

e Dissemination. A mechanism must exist for the software organi-
zation to accept the program and related publitations, store the
software package and distribute it to users. This mechar’ﬁsm
should be clearly defined and-maintained (7, 17, 29)..

e [mplementation. A distributed program is most usejuf-when itis.
*  readily implementable on a specific target machine and operating
system. Since the software organization cannot.be expected to- -
" have direct access to all hardware types angd operating systems,’
achieving this capability implies that a means exists or can be
found to make programs portable. :

'
©

2.5 Enhancement - . i , .
The engineering software organization ought to maintain an active -
computer science staff to improve library programs. Program enharce-
ment would include modification of an ingoming program A0 render it
adaptable, portable, and consistent in style. Continuing dification in

o - e,
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Y response to user needs would aIso be aecomplnshed by the program

-

enhancement staff. o

® Adaptability. Programs andvdoc‘umentation should be constructed
so that adaptation to suit a user's needs can be accomplished with
a minimum of programmmg effort (11, 23). e v

° Pormbllfty. The program made avallable to a user musy be
constructed so that the code can be moved from machine to

- machine with a minimum of programmingeffort. Program porta-
. bility should be thoroughly documented (5, 23), and should

- ~address five distinct aspects: the portability of the source
language syntax and semantics (i.e., FORTRAN, COBOL, etc.);

" the portability of arithmetic operatlons (i.e., precision); the
portability of the ‘operating . system commands necessary to

. > invoke information flow. within the system (i.e., thejob control

- -language); the _portability of. the run-time operatlons used in an

. operation (i.e., the system routlnes used by an" application

program); the portab:l:ty of .the data flles which the -application
program reads, exercuses, and updates

] Style Program and documentation style-is contlnually ‘subject to
rewew and modification (18, 19,32). .

K. M’od‘ fication. Any program of sighificance and the associated
documentation will require-medification during its life. Modifica-
“tion generally involves improvement of program -capabilities, .
completeniess of = documentation, algornthmlc _changes, or
increesing code eff:cnency

.

2 6 Malntenance, o o
To fulfill the maintenance function the software organizdtion must
notify software users of* changes in a. program or its dochﬁntat:on

r'lnmally, the organization will 'simply act as an ‘intermediary” between'

authors whG maintain’ their programs and"the program’s users. At a
mature stqge of development, many of the software changes will occur

‘wrthln the software organlzatlon Two types of malntenance can be
defined. ) -

& +

® External. External maintemance consists of checkmg errors and/or
enhancements in the capabllltres algorithms; and code which
originate within the user *cbmmunlty Valid errors are flxed and
the program changes are reported to the user community.

' 24 Internal, Internal marntenanoe ‘consists of |mplementlng and
, - reporting program #nd/of documentation chamges which result
W \‘rom the enhané’ement process The maintenagce originates

' V B
. )
. . . i . .
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within the software orgamzatnon and is reported to the user
community. .

2.7 Education L o
-, There are two attributes to the education function:

. ® Consultation. A’ mechamsm should exist which permits a user to
ive adequate, decisive advice on the use and operatlon of a
%ram Ideatly the user should be able to communicate with

e software organization by telephone wsing his own' language.

'tructlon The software organlzatlon should provide materials
d an educational opportunity for all interested parties from
wovice user to expert. Special texts, pnntede‘matenals %nd short .
- courses, should be ut|||fled in this effort.

.

Development CL T cor

 natural process in the evolution of a software coordmatlon effort
will be the development of new software. There are two attributes to
-this function: ‘ ' ~of

i
..

,/0 - Engineering goftwgre. A coordmatmg orgamzatnon will be in an
,{:"f excellent positiorf to develop needed programs or to Mareas
. of needed development

e -Software a/ds The Ceasnbnhty of performance of the coordmatlon

functions descrlbed above wi II jepend upon the ava||ab|||ty and

.. usability of a vanety of softviite aids (14, 24, 30). The tasks’ of

coordination, |f performed by human labor alone, would be

inordinately tume consuming, costly, and subject to substannal

potent|al error. Thus an automated pgpcedure, as free of human

labor as possnbfé is requnred Software whlch analyzes software

~can fulfill this objective. The recursive nature of s6ftware permits

a software aid to automat|ca|ly test the permutations and combi:

5‘ . nations inherent in tested programs with speeds and accuracy
wh|ch are beyond human capabilities.

Thus a vital function of sqftware coordination is the development of
new, and the adaptation of existing, software tools whijch have ut|||ty
_in the cdordination process.

ﬁ is essential that software development ‘be control|ed by |nd|vudua|s
W|th disciplinary “engineering expertis Furthermore, 'the process of
software development must be perforied in the context of the coord-
ination funcfions described abové. o :
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-3 Q0 STRUCTURE OF AN ENGINEERING
v SOFTWARE ORGANIZATION

" An onginoering software coordination effort requlres an extraordin-

sy smount of interaction - between the- engineering subdiscipline

- involved and the $oftware interests of the community. The complexities

... Invalved dictate.that the scope of software being coordinated should be _

limited to. spacific engineering subdlsciplmes {8, 29).In addition, the

software organization should be nationally or reglonalfy based. This-

structure will permit easy communication' and aliow the so are

organization. to operate efficiently with regard for the drfferehoes in

“software and engineering practice. .

However, the facilities which comprise a software coordination

-affort could be organized in gevers#t ways. 1f organized on a disciplinary

_ basi, each facility would represent a particular, professionally identi-

- fiable aspect of engineering. For example, the software organization

- tould be specific to structural engineering, geotechnical engineering,

earthquake éngineering, etc., as--relatively unique branches.of civil ~

.- enginesring. |f organized on the basis of hardware, each facility would

maintain software ‘implementable on the hardware of a particular

, manufacturer. *On a geographlcal basis each facility would be located in .

a particular part of the nation or region served by the overall organiza- -

. tion. Fimally, if organized on a functional basis, each facnllty would
“perform one of the functional ‘tasks. For example, one facility might
-distribute |nformat|on while - another might perform software '
maintenance.

To be sugcessful, a- software coordmat\on effort must interact
closely with the-englneermg profession, it serves. A passive software
library effort, even though it may use the ‘most sophisticated tools of
the computer sciences, will have a minor influence on ‘the engineering
professions if it lacks professional engm‘éermg identification (3, 28).
On the other hand an exclusuvely englneermg organization will not be
-able to provide its community of users with the software engineering
expertise required to properly and efficiently coordinate engineering

. software,

Interdisciplindry activities wnthm the engineering professrons “and
between computer scientists and engineers are desirable. They are only
feasrble however, when such interactions contribute to their respective
professions, and when these ¢ontributions are mutualy desired and
gccepted. Developments in network technology could be helpful in
promoting interdisciplinary- aspects of engineering software coordina-’
tion (15, 26). Networks could provide message switching capabilities
which would: enhance comﬁnumcatnon .The use of distributed data-
bases and on Ilne access to a varlety of hardware conflguratnons ‘and

oes (e




[ “ R
. . \ D

/. program libraries, could relieve many of the probfems associated. with T

- portabllity - and adaptability. -in addition the - linking, of disciplinary’ 3
© ..canters, vis a.network, could enhance interdisciplinary coaperation.

. 'Networking would also provide for efficiencies by removing duplica:

- .tigns of effort in those’ areas which are common to.two ,o,r_’mon '
“sngineering subdisciplines. : ;. ' '

Cay

L] . ’ : A

" 40 FINANCIAL ASPECTSOF . .~
. SQFTWA_RE CQORD)NATION’ L. ‘
Engineering software coordination involves two fundamental finan-
cial questions. How much will it cost to operate a coordination organi- .
zation? How will the costs be paid? e .
-Operational costs of an engineering software coordination effort are
dependent on several factors. First, the costs will be directly propor:
tional-to the number of coordination functions uhdertaken and ta the
extent to.which the 'organization engages- in each- f_qn(:tion. Other - :';
- factors related to the cost of operation are the size of he user base, the
. number of software items beirfg_coddihated,_ and the technology avail-
able ‘for software:coordination. An exclusively labor intensive effort
. will be significantly more expensive than. an-effort which relies heavily
on-software aids. L : . - S .
~ There are two widely divergent views concernipg the financingof an
engineering software effort. The first view hiolds that since the engineer-
ing profession benefits from software coordination, the profession
should bear its cost (27). The other view holds that software coord_ina-
tion enhances national productivity, and therefore it is a valid activity
for._government sponsorship. Proponents of this view argue that since " .
most engineering software is developed in the course of government R
sponsored research, the government has a céhtinuing responsibility to
- promote its use by sqpporting coordination (3). ' e e
Traditionally, software coordination has been an add-on cost to
development. Thus, at this time, costs associated with softivage coordi-
nation are a significant percentage of the expenditure for development.
in addition, coordination costs are often more visible than the cost.of
development, which is often buried as a small percentagé of a larger
project. This real, or.apparent, imbalance is a transiency. As software is -
developed with a view- to coordipation, the activities, and thus the
costs, Fequired to bring the software to astate amenable to coordina-
. tion will be significantly reduced. in addition, costs will be reduced as': .
. - the coordination process evolves from reliance on labor to Teliance on
* machine procedures. - ' - ' ~ -

. ' N
te v - R4 -’
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. Despite.individual views on the ideal method:of financing, evidence

-..10 date indicates that engineering software coordination cannot be

. totally supported by engineering users. This situation will exist until the - -

" volume of computer use increases to a point that the costs of coordina-
“tion can be recovered. )

~

-5.0 THE GEOTECP[NICAL ENGINEERING

" SOFTWARE ACTIVITY : ,
~ The Geotechnical Engineering Software Activity (GESA) was estab-
lished at the University of Colorado Computing Center on January 1,) Co

- 1975.. GESA is a voluntary, nonprofit, pilot program to test the’

- operational feasibility of software coordination within the geotechnical

‘engineering community. GESA as established to test the hypothesis,
ststed previously, that professfonaily based software could be success-
fully coordinated by-a joint .gffort of -engineering and computing
professionals operating within afomputing environment ’ '

-GESA develops, collects, enhancas, distributes, ud - maintains
computer software items which have professional utility. Internally
 developed software is maintained in a machine idependent and adapt-

_sble form and distributed at the cost of reproduction,” Software
contributed td GESA is reviewed and enhanced. Th¢ enhanced software.
may be returned to the contributor or maintainefl and distributed by
GESA. 1 o . )

GESA has undertaken most of the coordination functions of an
engineering software organization which were discussed above. Briefly,
these functions are: informatiop provision, review, enhancement, distri-
bution, mi'qtenanco and development. Information Is provided to
potential users in_the form of detailed abstracts of all the software and ,
documentation in the GESA library. Reviéew Is performed by’a
combination of examinations by experienced geotechnical engineers
‘and the application of software tools developed by computer scientists,

For example, software is used to analyzewcandjdate programs for the
adequacy of the accompanying test data (14). If the analysis indicates -

* that the test problems incompletely exercise the ‘code, the GESA geo-
technical engineering staff and the author collaborate to develop
complete test data. Distrlbu't'ion is accomplished by supplying card
decks, magnetic tapds, or perforated paper tape according to the
standards established by the Committee on Computer Applications,
Geotechnical Engineering Division, ASCE (7). Enhancement Is accom:
plished by creating an adaptable,. portable, and stylized program.
Adaptabifity is ‘provided by manuaily separating the input, output,
slgorithms, and date structure of the .program. .In ‘'addition, a main

, 233
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~

program li'usod as an executlvdto call subroutines within the structure
program. This modularization provides facile adaptability to a user's
needs. All programs are checked for machine dependencies. Software

tools are used to identify and convert non-ANS| standard FORTRAN *

constructs (24, 30). Non-portable constructs outside the ANSI subset

ere determined by careful hand examination. Machine depepdencie; are

eliminated or replaced with parallel machine dependent, code. Machine
dependent code is clearly commented for machine or operating systems
applicability. Pgogram and documentation style are checked and
modified when ssary. . B

‘ Mllnwﬁ is performed by GESA in concert with the author for

“programs-di buted by GESA. Programs distributed by their authors
' sfter GESA efihancement are maintained by the authors.

GESA 'prog'ram development has been primarily in the areas of

- consolidation and settlement. Some analytical software tools have been

adepted and modified for GESA use (14, 24, 30). o

" An analysis of the costs associated with eighteen months of GESA
operation indicates that the coordination functions can be divided into
fixed and variable cost areas. a ’

E Approxlmntoly 40 ‘percent of the ﬂtotal operational cost is overhead
that is evenly divided between fixed and flexible costs. Fixed overhead
eonsists of mechanisms to undertake the coordination effort like

- clerical and administrative procedures, that are relatively inflexible.

Flexible overhead costs vary slightly with the size of the organization.
Information exchange, distribution, maintenance, and education will
increase with the- size of the coordination effort.” However, the
economy of scale is small. ‘ :

The remaining costs associated with the GESA coordination effort
are variable and can be divided into two categories. Software review,
‘verification, enhancement, and development comprise approximately
30 percent of the budget. Preparation of documentation comprises the.
final 30 percent of the budget. Software and documentation costs are
almost directly related to the number -of programs w involved
in the coordination effort. :

~ Caretul examination of the information above indicates that further
increases in the GESA budget will significantly increase the productiv-
ity of the coordination effort. Assuming overhead costs remain
refatively static, it is estimated that a 50% budget increase will approxi-

matolv double productivity.

Development of mon_sophlsticatbd software tools would further
incresse productivity. For example, the single most time consuming.
element in the GESA pracessing is the preparation of documentation. .

o231
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Appropriste self dbcumontlng software for engunemng softwafe would

~ significantly increase productivity.

The use of software tools is critical to the process of coordlnat:on.
In addition to increasing productivity by reducing the time of process-
-ing, there are functions such as verification which cannot be accomn-
plished without software aids. The use pf these aids provides a
substantial tnqmm in the overall qual:tv of geotechmcal engineering
software.

-6.0CONCLUSION . .

An- objective of englnoenng software coordination is to raise the
level of software preparation and testing in the engineering professions.
The sccomplishment of this objective will permit users to economically
secure and implement quality programs. It will also provide authors

- with the tools necessary to produce quality programs. The production

-and. use of quality software, in turn, will facilitate the solution to the.
myriad problems’ ‘associated with verification and certification of
engineering software, This -will increase the use of computer-based

-
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T

Aspects of Software”

Chemlcal Bngmeenng

~

1.0 INTRODUCTION

" This paper describes experleneos in usmg computer networks for

" coursework in chemical engineering and in developing new systems for

usage by the chemical engineering profession. It is intended to provide
background mformatlon for a discussion .to consider methods for .
aeeoloratlng the sharlng of software and data.bases.

/

- 2.0 COMPUTER NETWORKS FOR COU RSEWORK

To the author’s knowledge, the use of computer networks ln chemi-
cal engineering courses has been coordinated solely by the CACHE
Corporation. .

" 2.1 -CACHE Structure .

CACHE, Computer Aids for Chemical Ehgineerlng Education, is & -
non-profit corporation whose Board of Trustees is comprisod of twenty

sities in the United States and Canada. Its goal is
dinate the introduction of dlgltal computati
nnrlng education.

" CACHE was originally organlzed in 1969 as a committee within the

accelerate and coor-
into chemical erigi-

| -professors. CACHE has representatives at app}umauly 160 univer-

" National Academy of Engineering. In 1971, the commuter received

Funding from the National Science Foundation:(10). By 1976, the last
year of NSF support, CACHE had reached a self-supporting basis, and
the non-profit CACHE Corporation was established.

238 ’
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‘ 2 2 ,Large-Scale Systems Task Force

The Large-Scale Systems Task Force, one of several CACHE task
- forces, began its work in 1971, Its objective was to find a mechanism
for chemical engineering departments to share large-scale programs and
data bases for simulation and design of chemical processes. Durmg 1971

* the groups developed plans for on-going activities.

2.3 CACHE Guidelines for Large-Scale Computer Programs

In 1972, the task force prepared “CACHE Guldelines for Large-
Scale Computer Programs’’ {1). These guidelines were intended to help
in the evaluation and selection of potential programs. The first section -
of the report considers desnrable features of -large-scale programs and
offers guidelines concerning execution cost, data input (free format),
program- dbutput (annotated) and error messages. A second section
‘considers program standards which are to follow “CACHE Standards
for FORTRAN Computer Programs (2)" (prepared in 1971) with
exceptions such as: 1) Programs may exceed 32K words;. 2} Mixed-
mode expressions are permissible; 3) Magnitudes of constants are not
restricted, etc. The earlier standards were prepared.for.distribution of
small FORTRAN programs {(approximately 1-500. statements) to be
run on many computers. The 1972 guidelines were to apply to Targe-
scale programs (e.g., 80 000 statements) to be run on a single network
computer.

Additional sectnon; provided for evaluatuon of documentation, for
program installation and maintenance, for provudmg consulting services,
“and- for review of programs when determining their applicability for

" coursework. ! '

As the “Guidelines fo?large-Scale Computer Programs’’ were being
completed and evaluation of potential programs began in early 1973,
the task force turned its attentuon to a search for comnvmncatron
networks.

2.4, Search for (\Zoinmunié{ation Networks

“Four networks '~ were considered: ARPANET, INFONET,
CYBERNET .and United Computing Systems {UCS). CACHE represen-
tatives were repeatedly discouraged in attempts to arrange for usage of
ARPANET by students from 30-40 schools. In 1973 ARPANET was,
still in its early stages of developmment, and network administrators were
more concerned with the problems of interconnecting computers for
research. After carefully examining INFONET, CACHE rejected it
when the task force. learned that FLOWTRAN (the most promising
program) could not easily be installed on UNIVAC computers. Both
CYBERNET and UCS were eyaluated in detail.

¢ .
N
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To eid in the selectlon of computer networks the task force.pre- ..

-

.24 CACHE Guidelines for Computer Networks
. The CACHE guldellnes concentrate on the host computers and

communication networks. In a first section, authors considered desir-
‘ -eble features for host computers: 1) simple sign-on procedure; 2) reli-

accounting. system; 3) remote job entry for communication with

‘ "tv writet terminals, 4) printing and mailing sefvnce, 5). avellebillty of -

pered"’CACHE Guidelines for Computer Networks (3)" in 1973..

systems programmers for system maintgnance; 6) well- documented«/

literature; .7) costs comparable to unlverslty computers, and 8) a8

. history of reliable performance.

»  The second section of the guidelines con5|ders desirable features for - -

communication networks, such as: 1) 300 bits per second transmission
,speed for typewriter termindls; 2).2000 bps transmission speed for card
reader-llne printer terminals; 3) cost less: than standard telephone rates;
" 4) access without typmg-m a computer, and 5) a local phone call for at

y .;»Ieest 30 chemical engineering departmems who expreseed interest - an

- ‘Usjng a program.
It should .be-mentioned that these guldellnes were prepared to heIp

the task force locate a computer network suitable to house a large-$cale, N

.batch program for computer-elded desngn, such as FLOWTRAN

2 5 Monsanto Grant

In the Fall of 1973, "Monsanto Company arranged to make
FLOWTRAN available for chemical engineering courses. FLOWTRAN
(FLOWsheet TRANslator) .is a computer system for simulation of
chemical processes in,the early stages of’ process design. The Monsanto
grant included: maintenance of the program on a single computer by

. Dr. Allen C. Pauls, and 7,000 dollars to aid in providing user services
R covenng secretarial assistance, telephane costs, computlng fees, prepara- -

* . tion of text materials, and organization of a user group. :
T « force welcomed this grent as FLOWTRAN was 1udged to
be the mgst satisfactory. program in meeting the “CACHE Guidelines

for |.arge-Scale Computer Programs.’’ it had been used previously by )

engineers at epproxlmetely 70 chemical companies.

2.51 FLOWTRAN Simulation — An IntYeduction

I the Spring of 1974, Monsanto conducted a three- day workshop

for the' CACHE Task Force to teach the basics of FLOWTRAN. Task
. force members’ concluded that the Monsanto User Manual ‘was poorly
"‘f.orgahized for student use end launched a pro]ect to Prepare. text
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kN mmrial to introduce computer-aided design concepts in the chemical"
"1 . engindering curriculum. Professor J. D. Seader and W. D. Seider teamed
77 with Dr. Pauls.to write FLOWTRAN Simulation — An Introduction (9), -

" which was completed in August, 1974, printed in Ann Arbor, Michigan

. and- distributed by Ulrich’s Book Store Over 1,300 copies have been

' ,distﬂbutad in two years.

©

. 2.52 Selection of United Computmg Systems (UCS)
in mid-1974, the CACHE task‘ force decided to install FLOWTRAN
" on- UCS. Because ‘UCS was avdilable to more chemical engineering
+departments for the cost of a lodal phone call, it was the logical choice.
UCS offers a COC 6600 system with back-up computers. It also pro-
. vides 300 bps communications in over 100 cities for the cost of a local
phone call, and 2000 baud- communications across the United States -
_using a toll-free .number (800-821-7660). Charges -for use are $15.00.
and $10.00 per connect hour, respectively, computation costs that are
roughly comparable to universjty computer centers. However, they are.
not directly comparable Bue a complex charging algorithm Jnvolvlng
"' CPU time, memory used and ,channel time. UCS agreed to waive the
.. - charges for storing FLOWTRAN ($660 per month), if CACHE spent
<. $16,000 per year, and to charge only $3,000 for storage in the everit of
zero utilization. In addition, UCS has a mail service that permits users ’
to submit card decks and recdive printed output by mail. .

| 2 53 CACHE Use of FLOWTRAN on UCS

" In-the Fall of 1974; to. assist new FLOWTRAN users, Prof. R R.
Hughes prepared CACHE  Use of FLOWTRAN on UCS (7). This docu) .
ment shows UCS procedures for. exedutmg the programs: in-
FLOWTRAN Simulation — An Introduction (9) and describes proce-
dures. for entéring F LOWTRAN programs’using typewriter terminals

. and scanning files to retrieve selected portions of lengthy output files.

Cltis an -iffbortant’ manual that conceritrates most of the information -
concerning UCS, required by FLOWTRAN users, in a single document. .
J’he CACHE task force on network use concluded that such a docu-

_ ment is a requirement for any computer network to be well used by
professors and students. :

. .

/
2.54. Workshops-and User Groups
The task force decided to require professors to attend a four day
workshop to learn approaches to ingroducing computer-aided deslgn
methods in courses, and keeping costs reasonable. By late 1976, four
- workshops have been held, attended by 79 professors. . ‘

241
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A Wser Grou (5), co-chaired by Profs. J. Peter Clark and Jude T.
Saifimerfeld,~rBets bjannually. Activities of the User Group jnclude
~ publication of F LOWTRAN News” three times yearly, preparation of
" a book of problems and solutions, an Instructors’s Manual, and organi-
zation of technical sessions at AIChE (American Institute 6f Chemical

" Engineers) mestings.

Ed

2.55 Consultmg Networks

~ The User _Group has organized a consulting network to, in as rnuch
as possible, . msulate Or. Pauls from simple questions concerning
« FLOWTRAN. Six professors who cover six different sections of the
country serve as ﬂrst contacts for other professors who have questions.
The organization js:

o

.- Section . Consul’tant - School
Northeast” W.D. Seider Pennsylvania L
‘ ‘Mid-Atlantic JP.Clark * Virginia Poly. o
v Southeast J.T. Sommerfeld "~ Georgia Tech.
‘ Great Lakes . R.S.H. Mah . Northwestern
Midwest R.R. Hughes - Wisconsin
West J.D. Seader Utah

‘When these consultants capnot answer a questlon, they contact Dr.
Pauls. Fortunately, FLOWTRAN runs reliably, UCS is extremely reli-
able, and the document’qu;\ prepared by CACHE answers manvques-
* tions. As a result, the consultants receive very fewﬁlls .

.

2.56 _Use of FLOWTRAN through CACHE

"Usage figures are given in Figures 1-3. Figures 1 and 2 show detailed
school-by-school utilization in 1974-#5.and 1975-76. This information
has been sumimarized in Figure 3. [t.is interesting to note that average
expenditure per ‘school ($780) and average cost per student ($39)
held constant over the first two years. In 1976-77, CACHE Trustees’
project that 35 schools {out of a possible 125) and 700 students (out of
a8 possible 3,000) will use FLOWTRAN. The rate of growth of use
should increase as the cost .of communications decreases and univer-
sities become accustomed to ut:l:zmg programs on external computers.

-

2 57 Experience wjth ucs

UCS service has been outstandmg Itis avanlabllf around.the clock. In
* addition, sales personnel in many cities have beep helpful in providing
information for new users. . :

= 242
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., 'Disadvantages are that connect- cha’ges -are very h'\;h and the
accbunting system. is not sufficiently /automated. Currently, usel
schools: specify the- max\nmbm dollars to be spent and UCS is respon-
sible for. invalidating an account when funds have been expended, '
However, this procedure is -not automated and it i posslble for a
school to exceed its _allocation before UCS discovers the sltuation.

N Although ucCs does not hold the schools liable for overexper\dltures

. -and the schools agree to momtor usage_ carefully, embarassmg situations
heve arisen. - o 5 .

.

26 New Programs

In 1975, the CACHE task force turned its attention to mstallatlon
.of new programs One program of particular mterest that models *for
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o R 197475 . 197576 |
No. of schools ' .20 . N
Monies spent " $15,700 . $21,700
Avg. per school - 8785 ‘ . 7 $175
—ApproX. no. of . v : . ‘
students _ 400 . . 560 .
Avg. cost per (. L. ‘
—stydent Y. . 839 ~ .$39 .
Book sales ~900 ~400
-—|.  FIGURE 3. Summary of FLOWTRAN Usage 197476

automatic synthesis of separation flowsheets, was develgbed by Roger
a .Thompsan, a graduatestudent at the University of Calitdnia, Berkeley. .
In Novernber 1976, he task force is negotiating with companies to
develop a university version that will accompany a. proprietary ifdus-
trial version. The CACHE Trustees believe that.it is advisable to work
with programs that are well-maintained for - usage in industry and appro- -
priate for instruction in chemical engineering. They conclude that only .
well- malntalned programs can be used suocessfully in: course work and
that usage by industry assures good maintenance.

3.0 NEW COMPUTING SYSTEMS .

Professor Warren D. Seider and Lawrence B. Evans are coordinating -
a new Energy Re¥earch and Development Agency résearch project
entitled “Computer Aided Industrial Process Design.”” The project is '
centered at the MIT EnMoratory and Chemical Engineering
Department under the direction of Prof. Evans, with a subcontract at , -
the University of Pennsylvania under the dlrgctlon of Prof. Seider. It
began in June 1976 and is scheduled for three years with fundlng pro-
jected at 3.3 million dollars.
" The goal of the project i§ to develop an advanced computing system
for process englneenng The system will be used for analysis of 1oss||
energy conversion processes and energy conservation in “industrial
processes. The tools deveioped by the project will be used by procsss )
engineers in the chemical industry, at unlversltles and workung for the >y
government. .

N2 7
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v F— 'Ia 3’ , B
3 1 Problems with Exlstmﬂ Systems. .

There : are several problems w:th exrstmg systems, three of which are

v consudered here .
‘.. Thoy are_not pub//cly avat/ab/e Even in those cases where Sys

tems hav‘ been marketed suocessfully using service bureaus “and

computer networks, their’ utility is limited because portions of

the source code are not provided for examm%:‘n and alteration
by the engineer or installation on an in-house computer.

o The sykte,n)s are large, seif-contained, and somewhat cumbersome.

s di It to ex‘tract_ portions of the systems, modify them,

.

and tailor them to specific applications. Large systems for com-

puter-aided design are often too extensive to be executed on

- small computers and not sufficiently modular to permit decor- * -

position mto subsystems, that can be executed independently.
" e Lack of /ntegranon Most of today’s systems were developed

indépendently. The net result is that programs for process simu-

lation, equipment design, and ecopomic evaluation often do-ot

share common data. Often they do not use the same program

' modules for estimation of physical properties. This is usually the
" by-product of insufficient modularity and does not promote
program-sharing and integration. S

3.2 Chalerge -

The challenge in developing a next generatlon system is to create a
) framework that permits: easy insertion of program modules into large
systems, and data records into data bases, on network gofnputers; and

utilization of program modules and data records on,mini-computers.
» Three recent papers discuss system structures with emphasis on data
structure and programming language (6, 8, 10). Bepause space does not

- permit a technical discussion of these aspects o?s@stem design mter-

ested re‘w’ should consult these papers. S

Theliresults of experiments thus_far are encouragmg, and indicate
that it will be posslble to develop a frarnew0rk “that meets the challenge
above. With this in. mind, consider some of the practical aspects of

) dlssemlnatmg program modules (and systems) and data records (and the
‘bases). :

3.3 Center for Process Industry Computmg

Probably the best mechanism for at:compllshmg a dussemmatlon.

mission is to concentrate a staff in.a “Center for Process Industry
Comfputing.” The existence of sych a center is assumed in the next

." sections. . ' y

ra
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.3 31 Standards - ’ o

.\' ,‘

\J\

To facilitate easy. drsserhlnatlon standards for program modules an
data records will be developed utiljzing existing standards as. guldehne
. For progrem modules, standards will include, “for each program
" language, restrictions to permit easy transfer of programs among
puters. Documentation requirements will also be specified and
tlude descriggions of: 1) data to be supplied; 2) “algorithms rmple-
mented 3) assumptions; 4) linkages to subordinate modules,
to.be prmted 8) executlon tlmes 7) memorv size; and 8) in
of error messages. :

Standards for data record§ will specify data formats -to permrt easy
. «transfer of data among computers. Documentation will include descrip-

tions of: data source, range of applccabrlrty (e.qg., temperature Qnd pres-' ’
surevranges), and error estimates. :

oo

3.32 Dissemination Vehrcles : o v

Two. dissemination vehicles are envlsroned the mailg for small
collections of datd records and program ‘modules, as well as-data bases
and problem-oriented languages; and communucatron networks for
access to thegé resources on distant computers. ‘

Because oblem orrented languages and information fetrreval sys-
tems contain extensive word-processing programs for. translation, they

) " aré not easily transported. These systems are often accessed using com-’
. munication networks. However component parts, such as program
- modules and data records should be more easily transported.

3.33 User Services - . ' .

The provision of user services is especially important due to wide-
spread geographical distribution of users. The mix of services should
ipclude person to person servicecs, .on-line automated setvices; and
printed materials (4). Workshops and indivi€ual('consulting will be’

" particularly important’ to assist persons in influstries where modeling

technologies are not commonly used. The center's staff should work

. through vendors, industrial associations, consultants, and sooh, as well
as directly with users. Technical Jpersons should service users and sup-
pliers of data and programs, match system resources to yser needs
provide system marntenance and develop new systems : _ 2

3.34 Financing the Dissemination Operatlon

Founders need to develop.-an ongoing mechanism for flnancrng the
dissemination operation-such as a- compensation-for-services structure
cvand guidelines ‘for setting usage fees and provrdlng royaltres to supplrers

* of data and programs, .
I 5
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"The federa| government wi) Provide funds 1o Create a framework

. that permits Companies to insert ang acquire data ang Programs, and to
* develop standafd;,_ user services, etc., that will:facili_tate di_ssemination .

of the data and programs.

4.0 SUMMARY L o

R B "CACHE Guidg”r_\p_: for Large-Scalg Computer Programs, CACHE, 77 Mass,
: nbri . 02139,

"2, “CACHE Standards for FORTRAN'Cdmputer Programs, CACHE, 77 Mass."
i 2139, .

-3. "CACHE Suidelines for Computer, Networks, CACHE, 77 Mass. Ave,
Cambridge, Mass. 02139 - .. ] , o

4. "*Support Services for the Remote User in a Nationg) Computing Network,”

: EDUCOM,YPrinceton, New Jersey, 1976. : <

Engineering: l. System’ Structures,”» submitteq to A/Che Journat fo_r publi- .

cation, available fro_m authors,

7. Hughes, R.R., Cacke Use ofFLOWTI_fAN on UCS: CACHE, 77 Mass, Ave, _

8. Joseph, B, LB. Evar;i, and W.D. Seider, “Ap Advanced Computihg System
for Process Engineering: . The Use of a Plex Data Structure,” submitted
to A/IChE Journal for publicatiovaailgble'from authors,

10. Seider, WD, LB. Evans, g, Joseph, E, Wong, ”Roming of Calcu’l-ational
Modu_les in Process Simulation,” available from authors, 1976.
11. Seider, W.D,, L.g. Evans, ang AW, Westerberg, "Computers in Education:

How Chemica Engineers Organizeq the CACHE Committee, EDuUCcOM.
8ulletin, g, 2, Summer, 1973. ' :
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erview: Administering - -
mputer Networks :

\ . :
! ! " ’ - ».. . N . * . -~
n Part V, papers explore. the ways in which computer networks
have. been used to advantage by university @omputing centers to
ass the diversity, richness, and quantity ‘of services that are made
available to the user community. Problems addressed include organiza-
. Management,  control, ‘user services, econdmics,’ privacy and
‘security,. and the" buyer-seller - interface. These probléms must be
‘thought through and resolved before network cah be-an‘effective means
‘far the exchange of computer resources. - ‘ ,
. Papers have been contributed by representatives of four different
‘types of successful networking activities that have achieved substantial
success in resource sharing:'To represent single server cooperation, ‘the
‘Harvard-MIT Experience is described; for multi-server cooperation, the
ARPANET . Experience; for private regional cooperation, the Dart-
mouth NERComP Experience; and for public regional cooperation, the
state network experience of the Hlinois Educational Consortium. These.
papers describe the ways in which various problems of cooperation
were addressed and resolved and the' success and potential for each,

partic.:'ar type of network.’
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Chapter 27

B ~

,_ ¢ "Rejidﬁa‘l Coopera-tion'_: e o
,'gﬂmou‘th-NERComP‘ o
ience . ¢ o »

EGIONAL COMPUTING

- nearly twenty. years Darthmouth College has maintained a high :
.of commitment to the goncept of regional cooperation in com- . -
9. First, as a member of the steering committee of the New
Regional Computing Center (prodecessor of NERComP) and as
"M.LT. computers from 1957 through the early 80's; then, asa
povider of computing services to regional colleges and -secondary
ichoots under a succession of NSF. grants (1967-1972); and independ-
from 1871 to the present, through- the Darthmouth Educational - o
haring Network and “the NSF supported NERComP network. - - °
factors motivated Darthmouth to participate in these regional
n the early days, as one of the majority of “have not” institutions,

needs for computing resources were met by NERCC's offering at >

-

1864, with ‘the support and encoursgement of the Federal
nment through the National Science Foundation, éasy-to-use,. _
-purpose time sharing, with the simplified BASIC language, was
oped -at Dartmouth. It is no secret that computer scientists at
outh believed, with missionary zeal, that this approach offered
best; means of integrating computing into the college curriculum!
e public funds were instrumental in the development of BASIC and
sharing, coll@ge. represantatives felt that they should maké thiese
™ widely available. Dartmouth computer center staff were also .

‘2514
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FH

mqtivated' to share .résources with north country neighbors, .as had
others at the college throughout the 200-year history of Dartmouth

. College. - d‘//— )
_ Additional funding by the fedefal government guaranteed the early

. success of the regional consdrtium. Dartmouth continued to support

this cooperative effort, which had been initiated and sustained with
public funds, long after those funds were exhausted because the college
felt a moral obligation to do so. C : .
As the center gained experience with-.regior'\al sharing, another
motivating factor emerged—the enrichment of the computation center
and its products as a tesult of relationships with regional colleges. There
were two kinds of enrichment. First, ‘there was product enrichment.
Programs developed by regional users were added to the Kiewit library,
and documentation was developed and improved to meet the needs.of

. remote users.- Staff .also improyed skills in. planning, managing, and

Ama,'n'tgining an economical communications. network, which led tc
inc>eased accessibility and reliability of the systems. . -
There was- also financial enrich/meng. Outside revenues enablec
Kiewit Computation Center to add staff to support the remote user
and to invest .in software development and documentation whicl
further improved the product.‘This revenue became an essential par
" of the funding of computing at Dartmouth and benefited all of th
members of Dartmouth’s community of users. ‘ ;
. ’ !

-

2.0 THE DARTMOUTH-NERComp RELATIONSHIP

Dartmouth’s institutional commitment to, NERComP has bee
strong in recent years, When Dartmouth speaks of NERComP, it
" with the interest and concern of a “majar stockholder.” At present, f
example, nearly 85 percent of all services distributed by NERComP a
supplied by Dartmouth, and a large portion of the corporatiot
accumulated indebtedness is to Dartmouth. A chronological review
the parallel development of the Dartmouth Regional Network and't
NERComP network points out the mutual successes both have realiz
and indicates why problems have arisen. . " '
In 1966 Dartmouth was one of eight institutions in the Uni
" Gtates Which operated a general-purpose time-sharing system. At tl
time Mount Holyoke College and several secondary s¢ ools W
already using time-shared cb_mpUting services supplied by(Dartmo
via private telephone lines from Hanover. By 1966, Dartmouth |
ceased to be a user of NERComP’s M.L.T. services,. although i
other: colleges in-the Boston area continued to use those services

952
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: 1987 the federal government supported the establishment of -
Dartmouth’s regional consortium,
“'In 196869, Tom. Kurtz, then Director of the Kiewit Center at
-"..Dartmouth, was a member of the NERComP steering committee, which
P '/thet time was “‘considering incorporation.’’ Meanwhile, Dartmouth,
. Ythrough the National Science Foundation financed regional network,
- was. already providing time-sharing services té 2,000- students at 11
Lcolleoes throughout New England.
- . By 1970-71, NERComP served nine unwersltles in the Boston .area
over three dedicated Dartmouth "ports.: ! These NERComP members

| _used* 800 terminal hours during that fiscal year. Thg:;sm: year,

- Dartmouth’s . consortium served over 3,000 students whose terminals
were connected.to the Dartmouth Time- Sharmg System D ) for a
total of nearly 28,500 hoursr
 Figure 1 shows the parallel growth of Dartmouth reglonal activities
and NERComP network activities between 1970 and 1976, Despite
the exhaustion of federal support, use of DTSS, as measured in **

used by off-campua educatlonal users. Today about 25% of this off
. campus use is by NERComP members using 14 dedrcated DTS ports,.
Dartmouth personnel are active on the Board of Directors and on
. of the advisory committees of NERComP, and Dartmotith's tethgical, -
< -staff has worked closely with NERComP staff in planning, designing
- and maintaining the data communication facilities of the network. -Over
the years, many institutions, and tens of thousands of college students,
.have received their introduction to computing through the D@rtmouth
. and NERComP networks. This initial experience.has also spawned
many local time- sharmg systems and several mini-consortiums in New
England. Although the seeds, which were sown as terminals across the
Northeast, -often grew .to maturity in the form of cost-effective mini-
computers instead of the terminal clusters which had been envisioned,
this end result achieved the goal of integrating compunng into college
curricula in New England on a large scale.

The - Dartmouth- NERComP relationship came fuli-circle in 1975,
when a Dartmouth chemustry professor made use of M.1.T.’s IBM
370-168 computer for research which could not be done economucally
on the Dartmouth system.

While Dartmouth and NERComP are pleased with these successes,

" mutual ‘experientes have not been witheut prablems. Dartmouth, as the
major ‘‘stockholder’’ and supplier of the NERCorﬁP netwo
-umqqe knowledge of these problems
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3 0 NERComP'S ‘0OBj ECTIVES . ‘

©, Robert Gibbs, who has been NERComP’s Executive Director since

late sprlng 1976, succmctly identified NERComP’s primary musslons

s To connect members to appropriate member-suppllers -

e To &upport member-users and member-supplners once these
connections have been made

He also mentlon/gd educatmg members, consultmg wrth members
and conducting research on their behalf. ‘ v

Dartmouth staff are confident that Bob knows where NERComP"
should be heading, and what needs to be done t6 move in. that direc-
tion. However, there are problems which impede NERComP’s progress.

- Consider ‘them within the framework of the missions of NERComP:

3.1 Financial Problems °

The first -obstacle to' the accompllshment of these objectives is
insufficient fu ing to staff NERComP adequately. Moreover, there is
no solid financial investment on the part of all NERComP members, no
equity in’ the organization; no sharmg of risks; and thus, no common
financial stake in the successes or failures.-

Dartmouth and other major New England. mstrtutlons have made
significant investments in NERComP's operations, and are committed
to the concepts of networking and -resource sharing. However, this
commitment and these risks are not shared equitably by-all members.

. To |Ilustrate this lack of firm commitment one need only examine
NERComP’s membership roll. Out of-nearly 50 members listed in the
1978 NERComP proposal, only 34 are included as members m"
November 1976 and, of these, only 23 are “active.” Of these “active”’
members, only 13 participate as users, suppliers or distributors of the
NERComP network. Among these 13, however, are some of the most
prestigious institutions in New England. However, even among these

major institutions the level of éommitment varies conslderably
Dues paid to NERComP by the membership amounted to less than

~

$20,000 last year. In comparison, many institutions pay as much as

$10,000 per year in dues to the EDUCOM Planning Council on Com-
puting in Education and Research, with no greater-guarantee of a
tangible return. Like the investment in the EDUCOM Planning Council,
the investment in NERComP is an investment in potential. As Bob
" Gibbs points out, “NERComP was organized ‘by and for’ the member-
ship,” and the ‘membership should fairly share 1he expenses and the
rlsks -
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". probable distributor, is not formally committed to marketing the ser-

. orin its self-defined sales "'territory.”” Nor i#'Dartmouth equipped

’ the purchase of off-campus computer power by Dartmouth’s on-

‘situation cannot be allowed to continue. TN

THE DARTMOUTH-NERComP EXPERIENCE 257

© 3.2 Marketing = !

There are several serious problems to be overcome before the mar-

.keting objective can ‘be accomplished. .First, members must define -~

specific responsibilities. Much thought and effort were devoted to.the . -

' -definition of the NERComP marketing structure. NERComP Central o

was to assume responsibility for identifying marketable products and

- _for developing promotional materials_and' documentation. The Distri-
_ buters, or Supplier-Distributors, were to market these unique products
- in their territories. But in fact in 1976, suppliers and distributors are

not seihng! There has beén no acceptance of the marketing respon- .
sibility by /the distributors. The lack of a formal commitment, com- .
pounded by the. absence of a financial investment, fosters little concern. -
among distributors for the success of the marketing venture.

As an example Dartmouth, a major suppher of DTSS services, and a .

vices of other NERComP suppliers either on the Dartmouth camp

so Kiewit staff do not possess detailed information about othefs’ pro-
ts, nor have they established policies and procedures

campus users. ,

“Unless a formal prdposal is 'submitted to Kiewit/ staff are u'nhkbly'to
address’ these questions. Furthermore, unless Dartmouth.knows that.all

" other member-suppliers are willing to accept'sumllar proposals the
college is unllkely to acceKtsch a proposal.

This lack of defined resppgsibility, along with the lack of acceptance
of responsibility, places an overwhelming burden on NERComP Central
personnel who must sell door-to-door simply to survive, and thus
cannot attend to their primary tasks of roduct |dent|f|cpt|on and
promotion. e

A second problem has been competition hetween NERComP and its °
members. NERComP suppliers have not entdred into a formal agree- ‘
ment to grant NERComP the exclusive right to market computing -
services in New England. As a result there has been overlapping effort; -
and sometimes direct competition, bétween NERComP_Central and'its
suppliers. With total marketing resources as scarce as are, this

#inally, NERComP services an unstable g:lientele. The principal bro-’l
duct being marketed by NERComP is DTSS general-purpose - time-
sharing services. Experience shows that the mini-computer is a deadly

 competitor to this kind of service. It is unusual for DTSS Inc. to keep a
customer for more than two or three years before the customer is

257



"288 THE DARTMOUTH-NERComP EXPERIENCE -

7
il

convinced that there are economical advantages to acquiring an in-
27 house time-sharing system. _ R
’ Onoe the financial ills of NERComP are cured, the next highest
. priority. should be an all-out effort onlthe part of the organization
\ to identty the network’s unique products and promote them widely.

NERComP.must develop a stable clientele for .unique_applications to

- insure predictable and significant income to offset the hiQh\o_vérhe'ad

oo -as_sqclatod with the fickle, experimental, short-term user.

733 The NERComP Connection - g A
i+ Despite problems that beset the technical staff of NERComPy. the
present network is" more cost-effective than Ma Bell’s offerings, and

T

" Telenet cannot compete with it in the ,New England area. NERComP - -

is studying its emerging role in data communications where it acts as
a coordinator, facilitator,” or connector as often asit does as an opera-
tor. A ressonsble expectation is that at some time in the near future,
. the data communications expertise and services required by New Eng-
© © |and educational institutions can all be provided by NERComP. ‘

3.4° Support ‘ S
The problems of remote user services have.received much attention,
- perhaps too much, at the current,stage of NERComP's development.
The NERComP model suggests that user services will be distributed,
that is the distributor will provide the interface to the’user. Dart-
._‘mouth’s approach to remote user services is to provide an easy-to-use
coduct which: is _virtually self-supporting and is backed up by complete

" NE mP's primary efforts should be directed  toward establishing
standards for product quality and evaluating each product offe by
suppliers to insure ‘that they will .be easy to use and to sqpporte. A sub-
stantial investment of resources and effort at the beginning of preparing
these products for the marketplace will significantly feduce the effort
and expense required, on the part of the distributor, to support them. -
Since the network is communications-oriented, and, ‘since the tech-
nalogy is there, there should be no reason why existing facilities cannot
be utilized to provide user services directly from the supplier. This

capability would also reduce the burden on distributors and would .
.increase their willingness to market the product.

NERComP’s efforts should also be directed toward coordinating °
a thorough review of the major suppliers’ plans for applications and.
7. software devefopment. The potential rewards for eliminating duplica:
/ ~ tion of effort are great, and significant economies could be realized.

258

entation. Such a product can be easily supported by distributors. - '



Ly

PR iy

THE DARTMQUTH-NERComP EXPERIENCE 1259

" 4.0 NERComP’S VALUE ADDED

> In its new role as’ connector, faclhtator or even matchmaker
NERComP must give more thought to compensation for value addqd to
network products. Originally several schemes were considered, all of -
which were some variation of slicing the (revenue) pie. None of the- ~

models considered produced a slice large enough to satisfy all recip- -
ients. This is still an area of discussion and d:sagreement :

NERComP will perform many important functions for which there
is no immediate return for effort expended: for example searching for
new applications to meet known needs; developmg promotional mate-
rials; _coordinating seminars; and recruiting new members. The _cost of .
these activities should be financed using income fromﬂmrshlp dues, .
and such financing should be viewed as stralghtforward and necessary
Submdlzatlon . .

. When NERComP provides communlcatrons ;effvrces to members, the

full "edst-of-such _services should be recovereq from the users of those
services. When NERCo}nP provides combuter services, compensation,
should be réceived at rates equal to those published by the suppliers of

.  the services. Bulk discounts on the-sale of these servjces to NERComP
should leave a margin to cover the costs of providing the services, and

.- ‘NERComP should receive some percentage of the revenue generated to
< cover its" marketing costs When NERComP provndes consulting ser-
vices, consultlng fees should be paid. When NERComP m,stalls commun-
.lcatlons equipment, it should be pald an installation fee. All network
participants shuld receive fair compensatloq for all services rendered.

However, network bureaucracy should not restrict members from -
'entermg into other mutually satisfactory. agreements to .accomplish
resource sharing. NERComP shouqd\:r_ovrde an atmosphere conductive
to many kinds of agreements, al which fall under the NERComP
“umbrella.”’ . P ’ >

To prot'gcthBRComP’s interests, suppliers should agree not to enter
_into any agreement with another college or university in New England,
unless that institution is already(or is willing to become) a member of
NERCOmP. Furthermore, perhaps NERComP should be entitled to the
same percentage of revenue generated from such agreements as from
agreements where it is the principal marketing agent. The point is that,
when NERComP Central's resources or facilitaties are, not used
NE RComP s compensation-should be mlmmal
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5 0 SUMMARY

In thls paper, the author suggests that the business plan which guides
. NERComP's future operations should include: -

é A substantial financial investment and equutable nsk shanng by
aill NERComP members.

e ® The formal acceptance of marketmg responslbnlmes by suppliers
o - and distributors.

® The adomlon of an. agreement by all suppliers whiéh gives
- NERComP the exclusive right to-distribute computing serv:ces_
throughout New England under the NERComP umbrella.

e A formal redefmstlon of NERComP’s role-in the network, and a
i re-ordering of pnormes Emphasis should be placed on product
development. and ref:nement promotion, commumcatsons and

. " support in that order.

As a major supplier of services through NERComP, Dartmouth holds
these expectations for the future: :

e That NERComP will continue to locate new. users for DTSS
services augmenting Dartmouth’s missionary effort.

® That NERComP will continue to offer the opportunity for small
institutions without on-campus computing systems to meet their
diverse computmg needs.

® That NERComP will emphasuze the |dent|f|cat|on and marketmg
of unique, qual:ty computlng seryices.

® That NERComP will assume an active rcgle in the coordination of
o systems and applications development in New England to avoid
~dupl|catlon of effort. :

«+ ® That NERComP will gradually assume responsibifity for pianning,
- , proyiding, managing 2nd maintaining data communications’
“ facilities for New England’s educational’ mstltutlons -and for
mterconnectlon to national networks.
® That NERComP will continue to plan and coordmate discipline-
oriented seminars. and conferences.

Dartmouth is encouraged by the initiatives takert by NERComP’s
new management in the second half of 1976. Kiewit is no less com: "
mitted today than in the past to the.concepts embodied in the
NERComP organization. Both feel confident that, with the assistance -
of a financially sound NERComP organization, they can continue t6
have agubstantial impact on the integration of computing into college
curricula, and, at the same time, economically meet all of the
g¢omputing needs which arise on the Dartmouth campus.
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by Robert G|bbs

Networking froma -~ -
Regional Perspective

1.0 INTRODUCTION' ' ‘,
"‘NERComP is an actién-oriented agency for promoting the sharing of

acadomlc resources, especially computer resources for educatlona] pur-
‘poses in Higher Education. The agency serves higher education in New

-

. England and operates for the benefit of its membership. NERComP has

. approximately 40 members, the majority of which are active in some
capacity as suppliers, users, or advusors Seven colleges are supphers and
" .two act as distributors.

2.0 NETWORK GOVERNACE

. The direction of NERComP is by and for the membershlp Membor
. schools appoint Institutional Representatives who, in turn, elect a
Board of Trustees whlch determines the policies and objectives of .
'NERComP. ‘Elections are held annually. From the Board of Trustees an
Executive Board, a Finance Commitige, and.a Planning Committes are.
drawn ‘that meet monthly. As Executive Director, the author imple-
ments and executes the policies of the Trustees, manages the daily
_affairs of the organization, and makes recommendations to the Board
. for improvements.

.NERComP staff presently consists of four people besides the Execu-
"tive Director. Staff conduct the principal activities of marketing, con- *
‘nocting and supporting member institution educational . computing

Ivities. One staff member is concerned with network operations and -
maintenance, one with uwwrvicas, one with marketing, and one with
ldministrntlon . N : L
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3.0 NERComP FINANCES .

. The network is wholly supported by dues from members and by the
margin between agency costs, for the agency computer and data link,
and revenue from charges to users. Some revenue is also derived from
grants and grant activities. Total revenue is approximately $300,000 per
annum. As a not-for-profit organization, NERComP attempts to recover
only costs from revenues. Since its founding in 1967, the agency has
progressed toward a self-sustaining level while concurrently expanding
the list of suppliers and conducting research and development in com-
munications techniques and equipment. ' L

In 1976, NERComP. is phasing-down from an NSF supported User
Services and Research grant and attempting, to become wholly self-
- supporting. This grant permitted the network to piornieer and imple-
ment the resource chaining concept whereby an interested and capable
member takes on the responsibility of servicing local users and acts as a
distributor for the network. Essentially they extend the agency’s capa-
! " city as a distributor. . T

4.0 THE IMPACT OF NERComP

Staff believe that the impact of their activities is to minimize the
costs to members_of modernizing curricula and attaining computer
literacy. .

To a major supplier school such as Dartmouth, NERComP brings
efficient distribution of computing power and effective use of staffing.
The NERComP switching center at Wellesley, Massachusetts concen-
trates 11 - 22 lines onto ore line to Dartmouth at Hanover, New
Hampshire, using tailored hardware and software that imitates in part

" the operation of a Telenet TCO. By using NERComP services, the
Dartmouth system can communicate with NERComP users in the same
manner as with other Telenet users. The switching cehter provides.
error control, auto baud, and graceful degradation whenever the user
loads exceed line capacity. The agency also provides users services
support either directly or via the previously mentioned distributors.
SO Because NERComP has automated concentration to DTSS and
‘ manual switching to many other systems, it offers the service of con-
nection upon demand to the system of the users choice. Port sharing
and port contention are features of this switching equipment. Thus, the /
combination of features and some line\timers permit. the network to .
. offer a unique services, overflow hourly\ratés in adgjtion to part and
- micro rates. NERComP has built timers for specific users which permit
them to have the advantage of having dedicated ports and occasionally
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overflowing to shared ports on an hourly basis. Terminal speeds and
- types range from 110 to 600 baud.

5.0 NE‘RCo’mP ACTIVITIES
The principal activities of NERComP are:
Marketing
. Connecting -
Supporting
Educating .
Consuiting _ )
Research .

The network actively solicits potential users for its many suppliers.

In addition to connecting users and suppliers, either dlrectly or through

the NERComP switch or through lines shared with others, the. agency

supports user services by providing the hand-holding assistance required

not only for terminakand line operation,.but also for software use. Over

. 1,000 individual users use the network every month and receive Hot
+. Line Users Services on demand.

The agency also conducts seminars and workshops espec:ally on uni- *
que services, such as IMPRESS and PLATO. Staff continue to research.
alternate methods of communications, such as STDM and TELENET,
and negotiate compensation with suppliers and establish rates for users..
At member institution’s request, staff will advise and consult on com-
munications matters and do installation work. NERComP is also a
clearing house for vendors wushlng to sell communications equupment
at a group discount.

Most of the agency’s actions in arranging user supplier hookups
follow guidelines established by the advisory groups which. were estab-
lished with NSF funding of research into user services. These groups
were: A Governace Committee which identified relationships and
responsibilities for suppliers, distributors and users; and a User Service$
Committee which defined the requirements for effective delivery ‘of
user services. These committees acted to create policies required for the
resource chaining concept which we have now’ implemented.

In 1976, NERComP has two distributors both of ‘whom support
DTSS services. One distributor is Yale University. The other is Bates

. College. The communications link to Yale is via Telenet, to Bates

. via the NERComPR.gwitching center. These distributors provide support
to local schools. 3

. To guide the staff in multi-faceted dealings with schools which, on
one hand may be a supplier, and on the other a user of another
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supplier, the results of the work of the Governace User Servnces and -
"Technical Advisory Committees are avaﬂable The organizational prob- -
“lems NERComP management faces range from matching suppliers and

users in-a complementary yet not competitive fashion, being properly.

compensated for the services NERComP supplies both the suppliers and

~ the users, and for implementing cost effective communications links.

NERComP management has .attempted ‘to reduce the problem of

'competmg with - NERComP suppliers by holding periodic suppliers

-

. meetings to outline central office business plans, to. catalog unique
software and to identify agency prospects, and by altering the method ’

of charging for services to preclude any favoratism to a particular

-supplier. In the case of Dartmouth, NERComP has & de facto estab-

lished territory in Higher Education for colleges not et connected to
Dartmouth. In the .case of other suppliers and distributors the territory
is not as well defined, and the few instances where central office activi-

" ties overlapfwith the supplier are handled by negotiation.

The economics of the network, as presently configured and at the
present revenue volume, are growing stronger. Approximately 40% of

‘

the suppliers standard charges are required to  cower networking -

" expenses. This would usually be paid by the suppher as a fee for ser-

vices. The remaining expenses are borne by revenue from dues, grants
- and additional fees paid by the user.

_ ]
6.0 LOOKING TO THE FUTURE

The basic challenge ahead of NERComP is twofold: the simpler, to
deliver academic computing to the remaining have-not schools; the

other, to uncover, catalog, promote and deliver unique services to any -

and all users. The agency must genérate enough revenue growth to keep
ahead of the rate of transfer of simpler services from time-sharing to in-
house computing, or, alternatively, to find cheaper costs of communi-

cating and interconnecting at a rate faster than the decline in costs of -

small systems.

A paradox of NERComP's success in sharing is that as user experi-
ence grows so does the demand for in-house computing. The cycle is
completed when the minicomputer user {nee time-sharing user) returns
to NERComP to acquire some. of the sophisticated unique applications
and to sell available bread and butter BASIC to the uninitiated. As the
need for a sharing agency such as NE ComP continues, the agency
functions in-a manner similiar to a library provndmg access and refer-
ence to methods and solutions. At NERComP, however, the text is
never missing from the shelf but is always there waiting for the next

LN
seeker.
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.
The search for unique products leads NERComP" staff not only to

deal with specific disciplines but also to consider sources of supply far .. -

outside of New England. The agency is challenged to act as a catalyst
for discipline-oriented groups by bringing together foremost partuc-

" tioners and their findings wnth newcomers. In academic computlng,
~ NERComP also sees the challenge of acquiring superior software r'esi-

dent outside of New England, either by transfer or through communi-”
cations links. Through constant interaction with institutions of Higher
Eudcation in New England, NERComP is able to determine not only
the demand for certain softwaré but also the capacity of local suppliers
to deliver. Small colleges with under-graduate science courses now have

“an opportunlty to gain access not only to the best in New England but

also to software such as the PHYSICS DIALOGS developed at-the Uni-
versity vof California, Itvine, CA. This software, which operates on a

~_ Sigma 7, could conceivably be brought to New Engiand via NERComP.

Also- excellent, but unpublicized, capabilities ||ke MACSYMA on the
MULTICS system at MIT should be brought' to the attention of afl
network members. To determine the value of such specialties network
staff make use of those members who- act as advisors to NERComP
who have special talents or interests. For instance, what better way to

‘determine the desirability of MACSYMA for the,have-not schools than

by having a mathematician at a small rural New England, College test it
and give his opinion. The test by the remote probably ultlmate user is
an acid test. This cooperation by the members of NERComP contri-
butes to the strength and vitality. of the organization, It is in the best
spirit of resource sharing that our'members contribute time and advice.

In conclusion, NERComP is an action-oriented agency dedicated to
academic resource chaining of computer resources; is organized to iden-

h tify and measure the. demand and syupply for resources is equipped to

interconnect supplier with user; and is qualified to provide user services-
support.
J
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o, AR by Guy Ciannavei -

. Smgle-Sewer Cooperatlon
" in Computer Networking:
.The Harvard Experience

-

. . L,

" 1.0 INTRODUCTION

The Harvard-MIT arrangement under which Harvard purchases IBM
370/168 compuiting services from MIT, is now starting its sixth year of
operation. Within the-first quarter of 1977, | expect that Harvard will
fgtmally announce its intention to continue the arrangement for year

mber seven. .In the computing business, seven years is a fairly long

ime and this factor of longevity alone leads one to the conclusion
that Harvard and MIT must be collectwely doing something right.

. In ®rder to help gauge the true dimensions of that success, however
one must point out that not all of the computing needs of Hdrvard Uni-

. versity “are satlsfled by the arrangement with MIT. Moreover, a very
significant 'portlon of Harvard’s computing needs are satisfied com-
pletely independently of the Harvard Computing Center.. To better .
understand‘ why this is so, one needs to know how Harvard is organized
and where the Harvard Computlng Center fits withm that orgamzation v

- _2 0 HARVARD UNIVERSITY ORGANIZATION FOR -
.~ INFORMATION TECHNOLOGY

7 The pr‘lmary product of Harvard Universlty is education. Thit educa-

tion Is produced by ten separate graduate schools and'one undergrad- -

uate college. The deans of each of these schools operate with complets «

autonomy in academic affairs and with no less autonomy in fiscal

affairs (which comes. as a surprise to Jmany people). The déan. of each

school is responsjble for the financi.a .stability @f his organjzation. He
. . . : 3

I
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dischargés_this responsibility first by generating revenue via tuition and

_other fund-raising devices and thern by eXerting strong controls over the
manner in'which those funds are spent-by his faculty. '

The unive?sity does provide many'cenftrally-managed services to the
various schools:, However, none: of these services are provided free of
charge. Some of; these services exist a8 natural monopolies like per- \
sonnel administratien, student billing and the. university police, There
are qther central rvi~ce§, such ag\the printihg office, which do not \ '
enjoy monopoly statys and must compete with external sources. Com-
puting is a centraily Yprovided service’ that must compete both with
external sources and with internal do-it-yourself effortsL\

The Harvard Compiting Center is. the duly constituted central.
source of supply of col puting services. The center is operated as a |
branch of the office for ipformation technology (O1T). The Office for
information Technology” is part of the financial systems organizatio
which is headed by the vice-president for financial affairs.

The primary mission pf OIT,:is to provide advice and guidance fo
all areas of the university in technological methods for processing and -
conveying information. In those, areas where OIT perceives an L_mﬁ ed
need-for services, it may provide for the production of those services by
the establishment and maintenancé of operational- facilities. /OIT
currently is the organigationdl home for thrée such operational facili;
ties whose seﬁice,s are available to all areas of the universjty on-a fee-
for-services basis. One is the video services center which supplies and
maintains a large inventory of video programs and devices. The second
operational facility is the applications: development group, whi ,
sists of a staff of approximaiely 35 systems analysts and compyter pro-

o

. gramgners. The third service organization in OIT is the Harvafd Com-

puting ‘Center. Harvard University’s highest governing body has/assigned
*OIT the responsibility-for the coordination of all computer ac ivities at
Harvard. The mission of the computipg center is to provide those com- *

'puting services for which OIT perceives-an otherwise unfilled feed..

1

3.0' THE HARVARD COMPUTER CENTER

“The internal organization of the Harvard center is not s gnificantly
q‘ifferent from any other .college computer center. The staff of 80
’pérs"ons collectively p‘rovides‘ the full range of classic compu ing center
-services. The staff is compartmentalizéd into six functienal groupings:
‘systems programmin'g;, maéhine operations; data preparation; data
control; user services; and an accounting and billing office. The systems
programmers maintain the IBM 370/145 operating system, and the
Harvard end of the MIT, Interface Link. They participate in analytic
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studies for future planning, and they provide a full range of user assis- .
tance services including development of user documentation and the
conduct of user tra-ir}hgjourses'in rogramming languages and available
* packages. Their user assnstance/fjmctlon_s require extremely ciose com-
" munication and liaison with thelr counterparts.at MIT, singe the major-
ity of Harvard users who need aslstaupe are using the MIT CPU.

The Harvard Computer Center organization is somewhat unusual
since almost half of the staff is involved in functions subservient to
administrative applications. The, data preparatjon and control groups
are almost wholly dedicated to the business end of Harvard' Adminis-

_ tration, The computing center, then, lis both research oriented .ana
administratively dedicated. 0.

The center runs an,IBM 370/148with a VS1 operating s_yg\em. Tﬁis
computer is-used to process most‘arvard’s administrati produc-
tion jobs while snmultaneously serv s a remote job entry devnde to
MIT's IBM 370/168. The 145 has three card- readers, 348K of core,
4 tape drives, 4 mountable disks and four 1100 line- -per-minute printers.
The remote job entry function to MIiT's 168 is performed by an IBM-
produced HASP workstation package. Two other remote job entry
stations at Harvard tie in via leased lines -directly to MIT's 168. A
REMCOM 2780 is- located at the center for behavioral sciences at
William James Hall. The other, a Data 100, is on the Boston side of the
river in the Harvard Medical area at the Harvard School of Public

" Health. These stations afe operated with financial support from the:
computing center but without the benefit of the computing center’s
managerial control. All revenue collected from users of these remete

-stations, for 168 services accrues to the computing center. These Sta-
tions do not access the 145,

The services of the .center are available to all organizational com- -
“ponents of the university and affiliated bodies such as the teaching _
hospitals and other non-profit organizations. The center does almost all
of the central administrations’ computing as we, as‘most of the admin:

.« istrative applications required by the various fyculties. There is also a
large mass of research-based computing and this work represents the
bulk of Harvard traffic with MIT. The most commonly used language
over the MIT link is FORTRAN, and ‘the most popular packages are
DATATEXT and SPSS.

~

4.0 THE LINK TOMIT |

Users of the center fepresent each of the schools’ all areas of the .
central administration, and the affiliated teaching hospitals. In dollar
terms, central administration spends the most providing 42% of total
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revenues on the center, with the Faculty of Arts and Scuences runmng

_second at 20%, On the MIT 168 Link alone, however, the places are

" reversed with the faculty in 1st place at. 24% and Central Administra-

" tion running second at 20%. It is interesting to note that, on the Boston

~ side, of the river, the Schoo| of Public Health, the Medical School, and

“the Teaching Hospitals provide collectively' 26% of the 168 dollar

" volume while providing only 16% of the center's total revenue. School

faculty representation j e trivial level only at the schools of dentis-

" try and divinity. O(ffﬁe total revenues earned by the center, only 17%

derive from federal contracts and grants, while 25% of the 168 com-
puting is federally based. T

. The decision to assign work to e:ther Harvard s 145 or MIT's 168 is
made in every case by the usér. The computnng center provides advice
and counsel only. Of course, ghe decision is seldom a difficult one, since
* the 'service characteristics of the two’ machines are so markedly dif-
ferent. The 168 will turn the average job around in twenty minutes; on
the 145, twenty.minutes of ﬁegotnat:qns may be required with opera-
tions personnel to establish whether the |ob wull be run before, or
.during, the third shift. .

Since the preponderance of'iobs processed by the 145 are adminis-
trative -production jobs, the regularly recurring production cycles lend
themselves to a high degree of advanced scheduling. Most of that work

“ is shepherded through by the center's staff of data control technicians.
The occasional 145 individual user, therefore, most often finds a long.
line of big jobs waiting ahead of his/hers.

It should be noted that on new administrative applications and pro-
jects still in the development or pre-production stages, programmers
normally will submit all their debugging runs‘to MIT’s 168, capitalizing -

.on the vastly improved turnaround and justifying the possibly costlier
service with offsetting savings in programmer productivity. After an
application has been proven ready for production, it will be transferred
to the 145 if running costs are lower than on the 168. Some debugging

s not done on the 168. The vast majority of Harvard's general account-
.ing programs were originally developed under the DOS Operatmg Sys-
tem on an 1BM 360/30°that was formerly operated in the comptroller’s
office. Since the 168 does not have a DOS Emulator, none of those jobs
can qualify for 168 processing.

In addmon there are considerations of security and prlvacy which
tend to prevent certain sensitive applications from being run on the
MIT machine. Such sensitive applications include the hourly payroll,
the weekly payrojl, the semi-monthly payroll and, .of course, the
monthly payroll. - ‘
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" The 145 is also :b('y(ated for use as backup to the 168. With the
~ exception of DOS j any job that will run on one machine will also
* run on the other. The Harvard Computing Center has developed a pro- .
_ gram ‘called SCAN that translates 168 ASP job control language to-
0OS/VS JCL. Fortunately the 145 has had to perform a. backup role
only rarely, but occasionally during thirdshift. hours, when MIT service
is not available, the 145 will process urgently needed device: -indepen-
dent jobs that otherwise would have gone to the 168, This.is never
" done, however, without the specific consent of the-user.

1

'5.0 THE COMPETITIVE ENVIRONMENT .

Perhaps the most significant single, unifying characteristic of- the '
" Harvard user community is that it iis free to acquire its services any-
where it chooses. Indeed there are grqﬁps who purchase services from
external ‘sources completely independently of the center. For example, -
the college’s chemistry department buys much of their computing from
Columbia University, and the astronomy department uses heavily a
CDC machine at the Smithsonian Astrophysical Observatory. The
: undergraduate college and the business school operate their own inde-
pendent’ medium size computing facilitiés which satisfy most of their .
aducational computing reqyirements, The computing center, therefore,
-operates the gompetition with the whole world, except MiT’s 168.
— Msd previously, the Harvard Computing Center provides
. its services on a strict fee-for-service basis. It is constrained to recover
--all of j rating costs from its users. There is no subsidy or other
flnancnﬁmw the university. The center
pays its own rent, heat, electricity, telephone and )anltoTa“l‘bmr“'Fhe\
only services that it receives free from the university are personnel
administration, accounting services and, of course, general mahagerial
guidance. The center operates on a genuine full cost recovery basis, The .
_schedule of prices charged for its services is intricately detailed so as to
-attempt to spread the burden as equitably as possible among users, con-
sonant with the services they require. This results in a muiti- -page
catalogue of services and prices whuch usually overwhelms the first-
- time user. v
Working under these rules w:th no subsidy, complete cost recovery
and competition with the world, - financial  considerations tend to play
.an. overwhelming role. in the process of deciding in what manner the
computing center will produte computing services. The build-or-buy
decision leans strongly on the fiscal facts of life. This is where MIT
~ comes into the picture. The Harvard Computing Center has been able to
; 'buy wholesale services from MIT at a cost lower than the cost of
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building comparable services in-house. Although genter management

. continually window- shop for substitutes, they have found none who
appear able to compete with MIT.

One of those wmdow-shoppmg—excurs&onmsukod-m-an—auaﬂgea_
ment with Princeton. Center management had determined that, for
some CPU-intensive jobs, the Princeton ‘retail Prices were significantly
fess expensive than MIT rates. The center did establish the link with
Princeton, announced the service to "Harvard users, and prepared for
the rush., The rush never canfe. Not one user has ever requested that
his/her |ob be run at Princeton. That experience has tadght center
management that lower prices alone are not sufficient to cause user
migration. Obviously the combination of providing only over-night
service and requiring users to convert job decks to the Prlnceton con-

+ . -ventions were strong irfhibiting factors. )

The MIT arrangement on the other hand in add tion to its generally o

~ favorable structure, provides an attractive combnnatron of speedy ser:

vice and stability. Any job that worked on MIT's*370/155 in 1971 will
~ work today on the 168, with faster turnaround and, for the Harvagd
. user, alowerunit cost. 4 .

The Harvard-MIT arrangement operates ugﬁer a written agreement
which is re-negotiated annually. For this year Harvard has agreed to buy
monthly mmlmums of 168 servuces approxrma1e|y as follows: )

e 30 hours of central procassor time :

o e 25 thousand kilo byte hours of memor'y
10 million tape &disk 1/0's
75 hours of disk use
90 hours of tape use.and .
8,000 devicg units ' . -

All of this WI|| reqiire, at Harvard an input of 4 million cards re-
*ﬁultnngM million lines of print-oltput, dlstrnbuted across 12,500 .
batch jobs, and 600 hours-of- TS0 terminal connect-time. These para-
meters constitute the minimum monthly “profile. “Actual mmwull
exceed this minimum guarantee, and there is a schedule of unit pricp y

decrements for corresponding increments in-tsage.
The amount that Harvard pays to MIT represents approximatahy ong -
third of the total cost that the center expends to distribute ‘hese ser-

* vices to Harvard users. The ‘end cost of the Ha vard user is |n no case
any higher than that which would be paid by a MIT user for the same
job. Also, the Harvard user is paying Iess for t71e average |ob riow than
he or she would have paid 5 years ago. " ‘

. Although financial considerations have been or great impgrtance in
the decision making process . for contmued renewal of the MIT -
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nrnngamont there are also other considerations. For example .Harvard
- could quit the MIT sérvice and upgrade the 145 to a larger machine.
This would give the.Harvard center a small reduction in overall oper-
ating costs at the expense of drastically increasing turnaround time for )
-former 168 users. It is the considered’ opinion of center management, .
howovor, that most users would not appreciate a 5 or 10% cost savings -

" if the waiting time were to grow two or three times longer than tha’t to
- which they have become accustomed. e

* * .An additional consideration of no less |mportance is stabiluty for
Harvard users. The program conversion effort required to move to ‘the
. 370’s was highly traumatic for the Harvard community..In the. Ppresent .
hompetitive—onvkmment in -which the Harvard- Computmg Center—--__
operates any similar mandatory conversnon would result in Iarge scale :
migr_a/ti’oj of users to other sources of supply L . ‘

MMMARY

__Harvard prefers to use MIT- prowded computmg servnce for three
" major reasons; low cost, speed and stability.

MIT ‘has proven capable of providing eminently satlsfactory turn-
around time, and MIT's recent long-term commitment to the 168 .
augers well for future maintainance of performance at no increase in .
hardware costs. The long term stability of MIT's servnc& has been o
-excellent. There may be sqme clouds on the distant horizon, however.

MIT does plan to move to a virtual operatlng system, MVS, and they

plan to implement the JES2 control language. Center management at -
Harvard perceive a resulting adverse impact on stab|l1ty Hopefully, any \ £
irritating effect from-that change will function like the grain of sand &
aroung which the diligent oyster builds a shidy pearl. s
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3 . . by J R. Stejnberg

Single Serv_ér Cooperation®
_The Supplier's Viewpoint

K : . . . - .-

. . o i

3.0 THE MIT IPS—ACADEMIé Aub RESEARCH e
-~ COMPUTING GENTER» L7

The MIT Academic and Res‘earch_Co puting Canter serves tw
roles; it is both a supplier of computing services to Harvard and
NERComP and“a distributor of computing services, to the MIT. com-~
‘munity. The fact that the center is both a supplier and a distributor is

" a very important consideration. A brief description of MIT facilitlel\_
and sarvices, that product #hat the center distributes and suppligs may
be useful to put the suppller/dlstrjﬁutor role in context. .
' ¥ The Cgénter operates two large-scale computer systems. The Honey-
well 618Q provides the Multics time sharing sejvice, and an IBM System.
370 Model 168 provudwl -processing batch service and a time-
sharing service. MIT users are-fairly evenly divided between -the two ~
systems. There is some preponderance in numbers on the System 370
side, but very few users are ambidextrgus, that is, able to use either
system with equal proficiency a.:d*; Although MIT Inforfhation
Processing Services staff distribu rvices on both systems, as a sup-
plier IPS proviges System 370 services lalmost exclusively. Although
"IPS has been encquraging bothHarvard and NERComP-to broker
Muitics services to their commudtip’s, this is a fairly' recent devolop-
K mom,and there is not e-great deal of activity yet.
MIT-IPS is tied inta three networks. The System 370 is. tjed into
.- both the NERComP netwoﬂ{“qn_d the Telenet network, thesgecond.as
2.\ part of EDUKET The Multics system is tied into Arpanet an lenet.
Eith}f v/atom%i accessible through standard dial-up. telaghone Imos
. from nnvwhm in the world. - : ;

i
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The System 370 also has several direct lines connecting it to remote .

" printer/reader stations. One of these lines runs through campus to the

East Campus computing facility which is a Data 100 remote terminal:
(There is also a PRIME computer on this site and plans exist for tying
it intd the S/370.) Through a coaxial cable connection, and IP§ runs,
the terminal at 9600 baud using homegrown ng#dems which do not
actually modulate or demodulate.

N

The System 370 is also. tied in directly through two mechanisms to
the Harvard University Computing Center which is approximately five
miles away. One is the leased 40,8 kilobit telephone line using the Bell

-~ 303 package on each" end. The other is a 40.8 microwave connsction

between the William James Hall at Harvard, Harvard's skyscraper, and
Building 39 at MIT, the building.tﬁat houses the computers. The micro-
wave link is a'linefbf-sight,i:sh-to-dish connection. Since one of these
high speed kilobit connections is actually in use at any time, the.other
functions as a spare or backup. In addition tothe data transmission
band, the microwave facility has capacity for several video channels,
and these are used fairly frequently for telecasts between the two uni-
versities. : ' .

.

Finally, leased lines between the MIT System 370 and the other
remote stations at Harvard and the System 370 also provides a facility
for dial-up service to remote entry stations. Dial:up service is used by
stations that have too little usage to justify the cost of the leased line,
i.e., Tufts and‘?randeis Universities. , .

»

2.0 DIFFERENCES BETWEEN MIT AND HARVARD
USER INFERFACES =

The System 370 operating system is 0S/370 MVT ASP with the
time sharing option [TSO). Although both the MIT communities and
Harvard communitied are run{uing using the same operating system, in

 many ways the user terfaces to this system are different for the two

communities. For example, the separator pages that surround thé user’s
printed output have different formats for the two schools to conform’
to the different filing procedures used by the separate dispatching areas.
At MIT the output is filed by jobname, actually a sequential number
produced by the use of prepunched jobcards. At the Harvard Univer-
sity Computing Center the output is filed by programmer nae. There-
fore, on Harvard jobs, the programmer name.is printed in lafge stencil
like letters along the edge of the separator sheet. For the output of TSO
submitted jobs, MIT has adopted this Harvard convention even though
staff still file:output by jobname. - /' ) ' :

., v
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M_m 2 numbor of wch differencas in the user mtorfaces. the
Haivard user runs at different prices than the MIT user; the Harvard
r uses a slightly different account identification card than the MIT

lowed to use; and so on and so on. It is important to
fher that both eommumtles are using the same operating system,
it .an operating system that has been heavily modified to preserve

both the MIT and-the Harvard ldentmes It is almost safe to say that
" there is no reason for xhe Harvard users to suspect that they are using .

_someone elses computer.

In some places, the users’ interface is the same for bith communities
where IPS would rather it were not. However, it was too difficult to
change. For example, at the end of each job’s printed output there is
norma gy an Announcements Page, a page which contains important

- 1notices such as changas in operating schedule, short course anpounce-

ally prepared, using a TSO program, by the person.most generally
responsible for the area concerned. If that persan does not recogmze,

" that both communities will be reading the same notices considerable
' confusion can . result. This problem is amplified somewhat because most

IPS staff are involved only, or primarily, in the distributing function.

3.0 MIT-IPS ASSUPPLIER .
MIT is supplying computing services to a diétributor, the Harvard

University Computing Center, not to the Harvard users directly. -
- .Consequently MIT does not supply user consulting, user documen-
" tation, or even printed output. The MIT-Harvard arrangement is

. actually a very simple model of the chained resources network t

NERComP has been developing. Because of the-geographical con I-

. tiints, user services are best distributed to the Harvard community by .
the Harvard Univérsity’Computing Center, just as IPS dMtributes those
' sorvices to the MIT community. =
- So what are the things that IPS supplies to’ Harvard Univarsity Com- -
.~ puting Center? IPS does maintain a numbeys-of application programs on
“ fhe system that are used by the Haryard community, just as Harvard

maintains-a number of application programs which are used by the MLT

'community Aﬁhough MIT malntalns mgkt of the compilers, Ioaders . .

uur, the Harvard user’s account number is of a different format than
S the MIT user's; the OK2RUN checking process, though similar, is
by '-sllmuy different for-each user and the checking s done against two .
s diffégent lists; the Harvard user and the MIT user Bhve different sets of -
, loged procedures; the Harvard user can specify a number of service

ruquirement indicators which set prices as well as job priority ‘which the

Jnents, changes in software packages, and so .on. These notices are

Lt
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systemn utilities, etc., the Harvard Computing’ Center does maintain
-COBOL and the associated COBOL-TSO tools. MIT-IPS maintains:
“-the operating system, and is responsible for the squipment associated

- with the central processor, sslection, operating, maintenance and the
_‘physical environment in which it runs.. '

3 Contractual Arrangements - e
* ".in these aress, where MIT-IPS provides a direct service, that most of

- . the dialogue and problems occur. However, it is interesting to note‘that

"~ these seqvices are not included or even mentioned in the final agreement

which Harvard for the provision of computer services. That agreement

_ specifies guaranteed minimum annual expenditures and estimated

.- monthly usage where usage is measured by dollars expended at MIT
L rates. . : i

The agreement between Harvard and MIT is quite intaresting for

a number of reasons. Remember that Harvard .and MIT, at:first, were - . .

- partners in this venture and shared equally the cost.of the central
" facility in which the central processor was an IBM System/370 Model
~156. Note that sharing in the cost of the central facility, was for both
MIT and Harvard expense in addition to the cost for all of the ancillary
 facilities incfuding the online printers and card readers, the dispatching
area, the user consulting and documentatign functions, etc. As a result
of the different cost bases and the different Wiage bases, Harvard-and
MIT arrived at different charging rates for their users. Since users found
it difficult to understand why the same sarvice on the same machine - -
. had different prices at the different cepters, both MIT and Harvard staff.
spent a lot of the first year explaining.” . : . .
After about one year of:a;partnership arrangement, MIT realized .
‘thag a larger machine was necessary, particularly if TSO services were to
be 'o_f.fered.' At that time, however, Harvard felt no need for expansion
and was not willing tb share the cost of a larger central facility. Accord-
‘ingly, the economic arrangement was -changed although much of the
spirit of the partnership still remains. Many of interface changes reflect
those early qu'thership days and, of course, set precedents for the
future” - o S
~ Having decided that they did not want.to share the cost of the larger
central ‘facility, but were still interested in; retaining the service, Harvard
agreed to set its fair share of the cost for the coming year, directly on
. the original partnership cost. Both institutions assumed that re’
* would be no. large-increase.in Harvard’s usage, and that the standyrd
measure of their usage would be MIT dollars. For this amount of usa
Harvard pays a guaranteed minimum with additional surcharges if the
monthly, or dnnual, usage exceeds certain leeways built into-the profile. .
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:‘ 3.2» Mutual Trust and the Spim of Partnership - '-

""" Thibre are several sarvices that MIT provides Harvard like- systems

. mﬂnunlneo ‘and developfnent, operations, and some applications

" maintenance and development. What guarantse is there to Harvard that
. these 'services are up to scratch? What guarantee: is there to MIT that

- Harvard won't demand more or better of these services than IPS is
‘willing to provide? The answer is, and some people would laugh’at
this,_ mutual trust and the spirit of partnership. Examples of this trust -

' e console privileges MIT aliows the Harvard Center, and the use of
‘the advanced scheduling service 'indicator that provides -them an
extremely high job priority.- Abuse of either of these privileges ¢ould
seriously impact MIT's access to the syitem Conversely, they trust

~ MIT-IPS with titeir tapes, their disks, and of course, their jobs, Harvard

" sssumes, and reaso‘nqbly so, that MIT will maintain these services at a
reasonably high level. . “Of course, MIT does have an additional respon- L

~ - sibility to its own community in these areas. MIT assumes that Harvard
will not make demands on these services:that are inconsistent with their
financial contribution. It is very much an article of falth and pretty
much of a gentleman’s agreement. Does it. work?.

In each of the service areas a certaif amount of dwlogue must be
maintained between people prowdmg the funcé%ﬁ at MIT and people
providing the scm:lar function at Harvard Perhaps the most continual
dislogue is at the operations level. ,.meof all, there is a hotline con- -
necting machine room to machine !ﬁlpm Whenever something unusual
is going to happen at the central faclht;d?aeratlons makes it a pointto
use the hotline to notify the. ard™L ting room operators.
Conversely, whenever Harvard 15,@)14 toq&aé;n unusyal demand on
the system, the Harvard operatdisia ," & machine room operators
at MIT. Whenever there is trouble aki er end"\the hotline is busy, of
course. 1n addition to the hotline the X e other day“fo—day operational
lines of communication. Harvard. has ,}anpr,sarvm which dellvers
and picks up in the MIT machine room abguuf&ﬂr times a day. Part oj

. this delivery servica usually, mciudes stgnfw& ity hg:out tapes and disks. .

.- Consequently,’ another daily, eomact occufs i g0 the tape hbranans L

" in both installations. R St N

. There is also daily.’ operatogng! |evc| mterfaoe petween the user

e aeeounu»offaees of the“two centérs.' Although Harvard can, and does,. ..
. ragigter batch users htb the sysum beeauso they hm a separate - . -
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OK2RUN list, TSO maintains only one registration list. The MIT user ° -
" accounts office must be informed whenever Harvard wishes to register
" a new TSO user. There is also communication if anything happens to go
wrong with the accounting metering files. These files are a common set
of records used by both centers to keep track of usage and to bnll their .
users. - .
Harvard's systems programming staff’s main function is the support
of the VS1 system for the 145. However, as systems programmers they
. do have some ideas of how the operating system at the central facility.
could be modified to improve service and, they are.more than willing
to share those ideas. They also maintain some parts of the operating’
. system, particularly those parts-associated with the COBOL compiler
» and the Harv'a;d catalogued procedures, and are quite involved in the
review of specifications for the MVS system which MIT is now imple-
menting. The.interface between MIT system programmers and Harvard
system programmers is busy.
At the appl/npatlons programmer level and at the user services level,
there is also some communication. ?ﬂ share.information about prob-
lems and changes and occasionally caflabotate on assisting a user.

3.21 Formal Management Consultation' .

_ Perhaps, the;most important |nterface is at the management level.

There is a_ Wie Iy meeting of the management “of the two centers

scheduled, though lately this meeting has gftually been held. only

about monthly: At this meet‘ng Harvard usgally will bring up com-
_ plaints' about system reliability,- operating prpcedures, equipment

failures, and all of those things.about MIT services that they. feel have
‘not been up to snuff. MIT representatives will complain about the
weather, the economy, the government and geperally try to explain
why problems have occurred. These my etings a?so provide an oppor-
tunity to share problems, and sometirﬁEs solutions, and occasignally
‘to> plan. Often these meetings are used as a vehicle for arguing out
differences in philosophy and priorities. Although, without an arbitra-
tor, these debates are often not revolved or even scored.

4.0 PROBLEMS

What are the problems in an arrangement such as this one? Although
MIT is both a supplier and a distributor, most of the MIT center’s staff
are primarily concerned with the distributing role. They tend to think

“of e Harvard Computing . Center as a strange ‘and demanding user. -
There is occasionally some resentment when things must’ be done -
: d|fferently then they. would like because of Harvard's involvement.

. . 278 e

e~ { N . ‘ ;

O

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

. THE SUPPLIERS VIEWPOINT 281

.
N

' This shows up, for example; in our review of the MVS specific-ations. '

s

Harvard and MIT have different priorities agd quite different views. of '
their users. Because of this they have quite different views of what the
system should look like and what changes are tolerable and whlch are
intolerable.

Originally there was also considerable user resentment. Somehow or
other if the syst was down or turnaround was bad-or anything at all
wasn’t just right, the MIT. users were convinced it was the fault of
the Harvard usage. | expect that the Harvard users had some choice
words for MIT as well. After a year or so, however, the 'arrangement
came to be accepted and IPS staff now hear few complaints from users
about Harvard's use of the system.

Another problem, of course, is the additignal work required to main-
tain the separate interfaces. The brunt of(this work is carried by the
systems people, though it occasionally reaches down into all levels.
Clearly™he perceived need to preserve e identities of both eénters "

does create problems. i : : © .

.Other problems occur in communications. Occ‘asiona"v operators
forget to tell Harvard that MIT is planning on scratching a library until

- after they've done it. Sometimes Harvard neglects to tell MIT about a

* vard felt quite st

large number of jobs coming through that must be finished that
evening. Perhaps it weuld 'be more truthful to classify this problem as
an awareness problem rather than a communications problem. Certainly
the communications lines have been set up, but staff on both sides of
the river sometimes find it difficult to remain aware of each-other's
needs. This relates again to the fact that most of both staff are in the
distributing function not the supplying function.

Suprisingly there is some competition between the two centers for a .
common customer base. This is hardly a day to day problem, but there
has been at least one occasion in the past, with a third party involved,
when this became a ve% serious’ problem Fortunately,. it was also a
problem which could be straightened out and was. -

In the area of standards foMperformance, there afé occasions when
MIT is willing to settle for a lower level .of ‘performance than Harvard.
A recent case ir\gomt has been the reliability of the tape drives. Har-

ngly that too many tape 1obs w\re having difficulty
while MIT felt that performance in this area was more than satisfactory.
The upshot of this, and hopefully the upshot of most such disputes,
was a raising of the level of performance and reliability in this area.
(The customer is usuallv right, dnvwav ) o
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5.0 CONCLUSION .

It’s an intergstingarrangement, sometimes a trying one, butcertainly .

 economically advantageous for both institutions. If Harvard and MIT
. had it to do over again they'd probably want to do some things differ-
ently, but probably wouldn’t. - , - B

&Y
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employees. The state upiversi'ties' provide'additional staff s'upport ona
Protracted Or as-needeqd basis for 'speciffc studies or p‘rograms. i

3

20 FORMATION OF 1ECCs ' y

In September, 15572, the thirteen Minois state univ'ersities,_through
their foyr governing Boards, eéstablished the Hh‘nqis Educational Consor-
tium for Compu_te_r Services (IECCs). The Creation of IECCS wag in
res'ponse to the recommenda‘tions -Made by the inoijs Board of Higher
Eudcation and the Hinojs Depar'tment of Finance to the Joint Council
on Higher Educatio, which includes the four governing Bpards’ execy-



- BT L .

. »

S e )
. 284 PUBLIC REGIONAL COMPUTER NETWORKING

’ 1

E Th‘e'lexpres's purpose of |ECCS-was tO advance ;he‘deve\opmem and
. use of comput\ng technolody a_nd"gnformation systemsin institutions of
“ . higher education in order tmacﬁigw':e improved ,managemem and more '
effective education, " 10 achieve improved cost etficlency, and’ tO . o’
h strengthen and enrich the ublic_universities’ compﬁt‘ationa\ capébi\ities :
vin support of their educational missions and operations. = ° ’ .
In its first.two years of operation, {ECCS explored the viability of’
cooperative programs to deliver computing'services. Studies gerformed

<

under the auspices of. \ECCS provided a clearer perspective of the

desirability, of” resource sharing and cooperative programs. During this
. p'sriod’,ltwo networking service were created by the state_universities.
N, | Cooperative, Compute'r Center Was established py one of the four -

. governing Boards’ (the Board’ of Governors of the state colleges and

* _uni\:ersities) to consolidate administrative and instructiona\ computing

' services At three of 115 'unive:s{ijes.- Also, the University of lWinois
. _consol'idate\d' administrative €O puting at its three campuses. In addi- .
., .‘tion'to performing several studies, \ELCS: ¢ . “ -
« Developed pilot grograms 10 give several of the‘state.-universit‘ﬁas'
remote access $0° thé computer center at the University of :
Iinois at Urbana;Ch‘ampaigf\.' SR T h
® Facilita’ted the transfer o‘f'computer_equipment pecoming mar:
" ginally useful at one university. to other educétiona\ institutions
where ahe’ benefit was greater and the cost relatively less. Pro-

ceeds from the transfer were credited 10 the or'lginél owner
ce lease costs of new equipment.

’

e “Acting 3s purchasing gent for several state universities in ac-
oo quiring™ omputer software, training aids, and support equipmeht'
+ whére . CO mon needs could be iden_tiﬁed and bulk discounts
) cqu|q be r'\ggqﬁ_amd. . ) .
g e Explored financing .of computer equipment lease/purchfése for
T ‘uf\iyersitieé as an a\ternat’we' to renting of jeasing the equipment
from commercialvendo_rs. R R oo
e Fostered plannir_vg among several state universit'ies for establish-

’ . ment of 3 shared facility for "\_nstruction and research computing.
. _ : . g

. 030 TRANSFORMATION croM 1ECCS TO 1EC

A'broadene,d scope of Consortium activities was reflected in amend
ments 10 the corporation's Articles of |ncorporation which becam
_etfective April, 1975. The corporation's name was chgriged to th
Winois Educational Consortium, (}EC). The expressed purpose of \E
is to support and advance the co\lective'activities of nstitutions !
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I

"hidm education in the sta
» " managemént.

) IEC has encouraged, ahd assisted in ostabllshing, mterunwers:ty
.. cooperative programs leading to more cost effective delivery of services

- _through resource sharing, collective purchasing ahd economical fi-
_'nancing.arranQOments i is supported by membership dues, service

. fees and grants. Fees are charged by 1EC for established services'such as _

’ Ioasmg Members’ dues support program developmentand 1EC’s role as
hcllltator and coordinator. Facilities and personn ‘are prowded by

' members as required for specific activities.

" An July, 4976 IEC was recognuzed by the’ Internal R venue Se(.vﬁ:e

. ’ b

of ‘lllinois as a means of improved

“ reversal of the IRS's adverse tuling of May 1974 -and. the re ulf of the -

Consortlum Nourt actlons which began in 1975

P

‘the mbnagement of'several specialized state university service functions
supporting their. educational missions, Dunng the fiscal year 1975
719786, 1IEC concentrated in six areas.
' -,
\ 3\1”\Qpnsultant Serwces '
ln conjunction with the professlohal staff of the state unwersltles,
IEC has provided-. consulting -services to member schools in the opera*

yvidéd assistance with acquisition of used computer equipment and
.ha§ profitably disposed of members’ used equipment traded-in for
(_' > newer eguipment, Through its dealings with the State umv’jsntles, IEC
i s With vendors
‘ u;};nd produ s well as members’ plans to release or a & equipment.
“Ihis ‘informati as been used to the benefit of-sdvaral member
.dmversntles ‘ Loem ‘ :

300400 termlnals during calendar year

» expectqto acquure an addmon
en useful IEC has also been useaas

1977: WheZ:he arrangement

- of mini-c put,ers co puter fperipher.

- computer software and
faudlo—w;ual‘ tranpnng aad or

mbers.. — ' -

283.

-

IEC expects to effect evolutuonary, though not dramatnc changes in

( ';ion and management qf academic’ computlng facilities. 1EC has also .

a
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S

_ Carbondale School of Medicine. Over a five-year périod these partici-

chasing
- _thirteen state university campuses, jofned together to judiciously

.

7

. versnty campusas fave vdluntarily formed an’ advusory councnld} the

_ exlstlng facilities and conditions of operatlon is an essential prerequisite®,

“collectively bid increased from the

v

3.3 Computer Equipment Leasing \‘ o
{EC expanded its leasing operations by purchasing severdl computer .

* gysteams which had been leased by manufacturers to lllinois state uni- 3

versities. These include an IBM 370/158 leased to Southern lllinois

University-Carbondale, an IBM 370-145 leased to the Cooperative

Computer-Center, an IBM 370/145 leased to lllinois State University, a

Hewlett Packard 3000 leased to Sangamon State University, a Data,.

General Eclipse $/230 leased to Eastern lllinois University, and a Digital
", Equipment Corporation PDP-11 leased to Southern lllinois Umversnty-

pating uniygrsities have estimated five-year savings of over a million
dollars by leasing this equipment from I|EC rather. than Ieasmg the

oqulpment dlrectly from manufacturers a
3.4 Cooperat rchasing . - ¥ - .
- During F collective purchasmg activities were focused on

. Ia_nm:g/and operation . phases. The IEC Pur-
isory Council, coffiposed of the purchasing directors of the

expand (from 7 to 24) the list of generic commodities for which there
was. an indication of service and monetary advantage through collective

75 level of $1.1M to $2.9M. The
timing of the procurement_schedules was also greatly improved. In
FY75, the four governing boards of higher education “adopted common
purchasing p?ocedures dev'eloped under 'the auspices of IEC. Amentded
resolutions providing for a further commitment to collectiverpurchasing
were adopted by the four governing boards during July, 1976.. :

_procurement. In FY786, the',dollq'ipxpendntures ‘for commoditigs,
F

3.5 Computer Services Advisory Council X
The directors of computer ceriters_that provide services sponsored
ﬁumanly from state appropriations to the thirteen lllinois state ‘uni-

Consgzuum s president. Among the current activities of the advisory
councdl is the development of a DnrectorY of Computer Services. Mem:
- bers of the advnsory coundil agree that some identifiable body ot s)(j

dards and practice, designed to help an mstltutlon etermine its actual )
computing heeds and mveasyre the capability cijots present resources,

would be of sngmflcant value to bothr university éfficers and computing -
center, managers. It is also reconglzed that adequate knowledge of

for any effdrt at coordination ‘or planm . By taking the, initiative to

develop an apprapriate reporting system, he Council hopes to prevent
., A T s . ’ . - .

4
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tho spplication of arbitrary ad hoc standards by persons unfamiliar with
: irements of computing in an academic environment. To sup- .

these objectives, the advisory council will develop an appropriate

" studies at the state supported universities, and compile the results into,a

L X

"Directory of Computer Services. .This standard reference document

which will cover a broad range of subjects, from institutional mission tg-
equipment configuration,, will be updated penodlcally. The current .

configuration of state‘funded computer sgstems at the state umvers‘itles
~ that will be méluded in the Dnrqctory is shown in Figure 1.

’
- -

. : Canaou.da.tl_d Adninis trativ ~.
Computer Conter e\s -~
U of 1 MEDICAL ROCKFORG" \ ... NORTHEASTERN
' 16 ' \ - — cmcaco oG
NORTHERN ILLINOIS " 7571
: (LY CHICAGO CIACLE
. of IMEDICAL CENTER

> GOVERNORS STATE.

Caopc'é' (ve Compute}(
sl

Uof -MEDICAL PEORIA-
360/

370/145

o : . ILLINOIS STATE.
) OjborJ”s SN

T F360(79, o1 LuRBANA €HAMPAIGN

4 HP 3000+  _ SaNGAMON STATE

WESTERN ILLINOIS

PDP-11/45

suuéownpsvms 2707135 _

Med- TLLOimmis Campu.tea :
- Cooperative .

e

SIL-CARBONDALE ———370/158
ARBONDALE ——=—

GOVERNING BOARCS

a BOARD OF GOVERNORS OF STATE COLLEGES AND UNIIEGSITIES
. BOARD OF REGENTS

~ BOARD OF TRUSTEES-SOUTNERN ILLINOIS umveasnv
©® BOARD OF TRUSTEES-UNIVERSITY OF ILLINOIS

of -questions facing academic computing administrators, conduct,

’ .o
EASTERN ILLINOIS |

ro
FIGURE 1. IEC Mémber Universities Computer Configuration -
~ ‘y
— . . [
. . i
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. 3.6 Mid-lllinois Computér&pere’ltive (MICC) ©
' MICC (Mid-lliinois. Computer Cooperative) is a cooperative activity E
= ; onﬁting pnder the auspices of IEC sponsored through a Higher Educa-
tion. Seven of IEC’s thirteen employees are MICC staff. MICC initially
provided remote time sharing computer services for. instruction and -
research programs_at five state universities (Sea.Eigure 2). In February,
1975, MICC began providing services from a Control Data Cyber 72
computer system located at Southegn inois University-Edwardsville.
_ FY76 was the first full academic year in which the system was oper- '
ated. Monthly system use was daubled compared to the first semester -
. of operation in FY75. Southern 1ifinois University-Carbondalé became
“the sixth member of MICC in September, 1976. Governors State
.7 University, Chicago. State University, ‘and Northeastern Wlinois Univer-,
sity will join MICC early in 1977 (the administrative computing require-.
\ments of these three universities are supported by the Cooperative
‘Computer Center). Continued growth ‘in service offerings to current
and new members is expected (See Figure 2). : c :
MICC was established on the premise that certain types of computer. ‘
) services, such as interactive timesharing and fast turnaround batch pro-
. ¢essing could be provided most effectively and economically to séverak
. universities on a coopera ive t_)asis. Although tHe technical feasibility of
a conruter netw0rk"oyjhis type had been previously established, ‘there '
were rg@izational arid administrative problems to be overcome. If was, -
decided that.these problems could be best solved if direct, centralized °
funding of the network was provided during the first crucial years of
" operation. T . e =
The sfynificance of ""Cooperative” in the title of MICC signals the
~ "the significance of the organizational ahd administrative problems to be
' overcome. First, the MICC is a non-legal entity and all actions such as -
. — hiring personnel and contracting for hardware are handled by 1EC.
* Second, since the member institution furnish the campus user coor-
dinators, the MICC Neu ork Managen, must w.ork with a major per-
sonnel resource over Whiclh he has little Hirect control. Thirdly, none of
the member institutiong yere forced join.ﬁf"they can satisfy their
users- locally, they may withdraw frgm the cooperative. The members -
generally agree to the_cbncept'of economy of-scale and, therefore have
accepted the responsibility of retailing computing resources to educa-
. tional institutions in their marketing area; there are over 100 higher
education institutions in” lllinois. Lastly, the members ggnerally agree
~ that the syccess of the cooperative wilPbe based on the richness of soft-
.ware/courseware avéi|ablg_ and they have .initiated'&coperative software
“sharing efforts. la fatt, the first MICC User Conference was held three '

. _' months prior to delivery of the hardware. -

| ... 286 b .
S S e s LA

Ty .

O

ERIC

Aruitoxt provided by Eic:



4.’ . PUBLIC REGIONAL COMPUTER NETWORKING 289 -
“. - ~
N R }
| . s N W
i
.
\9 Ry
- >
S e :
Qs
\ ' 4
.
) o . 9
i K
= Members in 1976

= Potential Members, +
. [:] = Board of Go\;ernors_

Bastern lilinois University

Western lllinois University
: O = Board of Regents L .
_ . INinois State University .

A\ ‘Sarigarmose State University - *

i
A ° . ’

R U : _
O = Southern Nlinois University Board .+ 7.

‘Squthern. lllinois University — Edwardsville

'PIGURE 2. MICC Member.and Potential Members 1976
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v Each state unjyersity that elects to jpin MICC makes substantial
tontributions to. this prdgram.:One or two staff members from .each
university serve as representatives on the MICC Operating Board, the
governing and Ppolicy making body’ for the- Cooperatwe (Figure " 3).

In addmon each school provides released time for a professional stdff
. - ‘member to act a¥ interface between MICC and‘computer users on the -
focal campus. Physical facilities for the MICC operation are provided by
.7 - _SIU-Edwardstilfe. Several of the member mstltutrons have also elected
. to purchase computer services from MICC in addition to the basuc level
' - of suppart® which is currently provrded without charge. -
The program is supported over a '31/2 year period of direct fundlng
'to |IEC {January, 1975" through June, 1978). Supplemental allocations.
will be provuded to member universites for, FY 1978-79 to allow them
to continué-receiving the basicslevel”_of computer services and purchase
additional services through a contractual arrangemerit with IEC. The
3 1/2 year penod of centralized funding is intended to 4ilow MICC, and
its member. umversmes to reach a’level of stability sufficient to.con- * *
tinue to serve its members. To reach such a level of stabllltv MICC
must pursue three major areas of development

» * Operat/ona/ matunty of the Cooperat/ve un mechanical, technucal
- and procedural activities. . )

A}

L Matunty ‘of the member insttutiens, i.e., 1) informing users”
about the resources available and |ncorporanng the use of these
resources into user academic programs, and 2) developing a
management philosophy regardmg the - use of locally con&rolled

. and remote shared resources.

, ¢ Maturity of management and admimistrative polrcues and-proce-
dures necessarv to allow for smooth operatron of the Cooperative
aftervthe. termination of centralized fundqng

.Prerequisite. to the success of MICGC-is the establishment of an organ-——"—
'rzatronal structure that deals with a dynamic evolution of technology to
stipport cost-effective computer services. The optimum method of pro-
viding a full range of computatronal support for sgveral institutions is
a mixture of distributed and centralized facilities (See Figure 4). Opera-
tions best handled locally will be provided by individual institutions.
-Operations in which srgnlfrcant economies of scale can be realized will
be centralized with costs shared by several schools. When institutions
~provide specialized services not available at other member institutions

The “basic level”’ of support is defined as the access and use of system re-
sources through seven asynchronous and one synchronous ports and-the cen:
tral staff support for the maintenance of the network and the mpfementatnon
and coordination of software

O
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FIGURE 3. Structure of IEC/MICC
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e efficiently. centrajized; those services will be”  +

tnade.available to the other mgmbers through the MICC net®ork. -

FTE NI On Campus
On Campus > Computér
7 Students ' ’
. : . ]
. BOG. : - ) /
LEWU 9112 . 1BM 360/50 ;
. WU 13815 - 1BM 360/50
CSU 4,149 . -
CGSU - 2,27 IBM 370/145
UNE 6,319 . St IBM 360/50
o v 35,666 L
BOR ' # : .
- IsuU 17,777 ' "|IBM 370/145, | ¢
NIU- 18,463 | IBM 360/67 .| .
ssu 2073 T ; - " HP 3000
. : . 38,313 ' .
SI1U ‘ )
C 19,087 - v IBM 370158
- E 9.529 . \ I1BM 370/135
o - / : 29516 T
: : T 1 49¢ .
. FIGURE 4, Profile of MICC Member Universities - ’

The primary, objettive of MICC is to p
sharing'computer services 1o edu,ca'tngaI. in
reliable time sharing-computer hardware anc

, coordi‘bafe‘s the development and implementation of application soft-

rovide cost-effective”time-
stitulions. MICC provides
{ system resources. MICC

~ ware packages by individual institutions t8 be'shared by all user institu-
tions. Detailed ‘cost accounting and résource utilization systems are

.'/<

©,in 1976.

being refined to aid the determination of coste
efficiency for the delivery of servic

ffectiveness and system
es. MICC’s success will be measured

by the extent to whichk costs of operations are recovered by charges to -

usérs® and. by, the lev

el of incorporation of MICC services into user
/

academic programs, Figure 5 and 6 illustrate user participation in MICC

.
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1.0 THE ARPANET AT MIT |

The ARPANET (Advanced Research Projects Agency NETwork) is, -
- by .any measure, a success of. the(fir;t order at MIT, This paper deals -
with the ARPANET at MiT as it pertains 20 the Information Procedsing

" Serbices '(IPS), user community at MIT; rather than, the technical

. setts_and logs in to a co

« aspetts of how ‘th¢’ ARPANET works. Whereas the ARPANET has been-

i operation at MIT for more than five years, the author has only been
involved with jt for ,the past two-years. He must admit to an adolescent
“infatuation with'the\ARPANET: he is agimpressed today as he was two
years ago each time He sits %)wn at a terminal in C,a.m.bridge, Massachu-
] mputer it Cambridge, England or when he .

consults with a user from Lawrence Livermore Lab(')ratqrv who.is using

- MIT Multics over the ARPANET. ‘

.

Until recently the Laboratory for Computer Scienoé (LCS) at MIT, _
formerly Project MAC, acted as the primary interface for all users of
the ARPANET at MiT. That responsibility now belongs -to the User

) Services staff at the IPS, Responsibility was transferred ‘10®IPS for two -

" reasons: first to allow the pefsonqe} at LCS to concentrate on research

projects kather than the everyday problems faced .bv‘ most users; andl
secénd, ‘to ‘offer more immediate service to ARPANET users who need
hélp or who have questions about how to use the ARPANET. After all,
the primar'y function- of a user services staff is to know what is avail-

able where it is, and how it should be used. *
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" The areas to be discussed in this paper are:

e User.Services. what, if- any, un'ique problems do ARPANET users
Lot -~ ¢t . -
raise; . 7 . '

" . e_ Privacy of Information. how private is the sinformatibn users
. entrust'to the ARPANET; '
" e, Financial Arrangements. there is no such thing as a free lunch.

-
.

2.0 USER SERVICES e ,
User Support is a top phority item with the ARPANET. There is a
 wealth of information available about the ARPANET, ie., what soft-
ware is available at the®variols sitesas what the various protocols look -
like, who to talk with at any particular site when a problem arises, etc.
However, there is a lack of speci‘ficﬂdoéumenfation available about the

* use of particular sites on.the ARPANET. *

b

At the top of the user support structure is the Network information
Center (NIC), housed at Stanford Univertsity, which serves as coor-
.dinator for the c ection-and dissemination of.infatmation about the
ARPANET. iIn support of, the ARPANET user community, the’NIC
. pubHsI‘iés_, among other dgcuments of a more technical natdre, :

e THE ARPANET DIRECTORY. a directory.-of users and sites on
the ARPANET ' : )

e, THE ARPANET REéQ‘UR_CE HAK/D,B&')OK.a a very complete
compendium of- the resources gavailable 10 the ARPANET
community- ' .

[4 ' . !
° '_NICNOTES. inﬁorr%al newsnotes which are distributed-on-tine by
the NIC to the Liaison and other interested personnel. *

. In addition to the publications supplied by the NIC, there are also
online reference files majntained by the NIC which are accessible to all
~ ARPANET users. The most useful of these online files is a version of
the Resource HahdbooK available through the NIC/QUERY program.
Complete instructions on how -to reference ihis information is con-

tained in the ARPANET Directory as well as in the Resource
Hand k. ’ : o

In addition, members of the Network Liaison Group (NLG) act as
advisors to ARPANET users, and to the NIC, on technical matters.
Every ARPANET site specifies one individual to act as that site’s
Liaison Officer and, as such, to accept respo’hsibilitv to keep the NIC
updated on the hardware and software available at the site as well as
'personnel-,'ohangqs that affect the ARPANET. The .Liaison is also

.
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-expected to keep local users informed of network-related matters. Since

Liaisons are the chief source of information about thé ARPAN ET, they

" represent a very valuable network resource.

Obviously, the NIC has-dene its best to see to it that the users of the
ARPANET are provided with the best support possible. The quality of _
support offered at any particular site depends ‘upon the Liaison and

managt_\ment'a't that site. ,

CMIT offers .exceptional user support to all’ of its users, and
ARPANET users are no exception. The Multics system has a variety of

“ online-user- aids: a complete online facility for the retrieval of all source

code for any non-proprietary pr m.installed on the system: an
online HELP facility, which describés the over, 400 commands and sub-
routines available on Muitics; and an-online consultant. Tpe online
consultant is a ‘member of the IPS technical staff who is available to
answer questions for at least six (6) hours a day. Usually, somicone is
signed on asiconsultant 12 to 15 hours per day. . :

The. online consultant is prepared to answer questions from novice
users as well as the most sophisticated user of the system. In addition

to the online consulting facility, there is an online trouble reporting -

system' for reporting bugs found in programs installed on the*system.

- System bugs are usually fixed or new code supplied for compiler prob-

lems within 24 to 4B hours. There is also an online graffitti file avail-
able for the airing of gripes, general inquiries about software that might
be available in a private library, etc. . -

. Network users do not pose any unique probléms to User Services at
MIT. The network users’ question are generally no different from those
posedt by any other user. However, there are some areas that can cause-
problems. Althougt ser services personnel can teli netwdYk users
where to find something on .the ARPANET, they cannot usually give
instructions on how to use the particular package or how to use the
host operating system. With so many operating systems available on the
ARPANET, ‘it is about impossible for one user consultant to be familiar
with all of them; never mind the specific intricacies at any particular
site. Figures 1, lists the sites on the ARPANET as of July 1976." Infor-
mation ,on each site computer system is often available at the NIC or
through the site Liaison. ‘ A .

A user problem pérticular to MIT is location of the TIP {Terminal
Interface Processor) quite a distance from the computer center. Because

denied access is rather inconvenient:

. .

.-

.
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MANUFACTURER R . ‘
COMPUTER QoP2SYST HOSTNAME HOSTADGR  STATUS
” (Dec)
. . »
i . s . ‘
BOLT BERANEK AND NEWMAN. NC
PLURIBUSs PU MOFFETT -PLUR BuS 109 Doto encrvplel
PLURIBUSe  Put NUC - SECURF 67 Doto encryoter
PLURIBUS. v SDAC-CCP 39 Sewsmic ¢ata preiesso’ -
BURROUGHS CORP . .
B-4700 MCRY © GUNTER-ELF 13 Prncipet, USER
8-6700 - 14 TENEX 15  Perphrera pro.essd”
WLIAC -V - 14-TENOX 15 Precipatl i RVER
148 - ELF 79. . )
148 - TENEX 143 . Ny
*  CONTROL DATA CCR?P
CcO0C-3200- - sNWC 33 Commurcabons conlic:er
« CDC-6400e" StSAML L 34 Commyncoliors cortro er
COC-6500 SLGPt FawC 33} Pencpo. USER
CDC- 6603 - B8, 122 Pencpa., LSRR, Ue
COC- 6600« SESAME LB . 34 Peoncpor, SERVER .
CDG-66CC cehe ! 53 Precpo, USIRL
. L Up Wwenter 76
* CDC-7600 - BN 122 Parcgorn USER. WD 7
CDC-7600 BXY ¢ 1BL T 34 Prec pay SERVER
CULLER/HARR'SCN, N
MP32e - Chin : 182 Cormmuncotons contva.er
MP32A ’ - CHit 182 Perpprerc 2o ef
AP90 - CHiz 182 Speecn processd’ N
. . ¢ /
» 4
DATA GENERAL CORP . : .
RCu-~-50& - ROCHESTER 82 (aommuncaten corteoier
ECLIPSE - ROCHESTER N g2 Peorcpu., e .
NOVA 800« - LPARC vaxC 32 Commur. colon cortroter
NOvA 800« - PARC - GATE WAY 96 internct protola
. . resecrc”
NOVA 1200 - SRi~ A1 11y Precpz, WSER
oigiTaL couement kore
PP - 1e - peN- ' D 237 NCT. testg ang
. . - d-ogrostcs
POP-6 - . MIT-Al 134
POP-6 - Su-A 1
‘POP - Qe - LCNOON . 42
POP- 10 <A CEC 'Q/S0 Cvu -104 78 % Pregpo, o ied SIRVET D
ppP-10 «A DEC 1G/5D CVo- ok . 14 Pincopa., . grea SiRa7
POP- 10 KA DEC 10/50 HARV-"S . 9  Prrcpor, Cortne SERVIF
H-716 - - NUC - SECURE 67 - .
INTERNATIONAL BUSINESS MACHINES
© 360/40- 00S/360 NORSAR-4CA © 41 Pancipol USER, “
360/40 DOS/360 NORSAR-4CS 233 Procpol,-USER,
v : Up winter 76
360/40 0D0S/360 SDAC-DP 103 Pr.ngpol, USER
360/40¢ DOS/360  SCAC-NEP 167 Priezopat, USER
~ 360/44~ DOS/360 SJAC- 44 231 Prrcpol L led
use ~-PS SERVER

. = gos!.Commﬂev (e, o comou'f.' oliccred to on M?)
FIGURE 1. Computer Systems on ARPANET, July 1976
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F= G
360/44. " USC-PS _ uSC-44 23 Principol, Limited -
L . SERVER
+360/67+ - '1SS/360 AMES-67 . 16 Principol, SERVER
360/91. OS-MVT - UCLA-CCN " 65 Principol, SERVER
360/195 0S ~MvT LONDON . 42 Principot, SERVER " N
370/158«  0S-mvT RAND-RCC .7 Principal, SERVER .
370/168¢  vM-370 L .« 10 Principol, SERVER 4
| 370/195¢ ¢ OS-MvT ANL 55 Pnnci.pO'. SERVER
XONGSBERG VAAPERFABRIKK - ..
SM-3 - NORE 105  Principol, USER
SIGNAL PROCESSING SYSTEMS e M
SPS-41 00S BBN-SPEECH- 1 50 Speech Processor
SPS-41°* 00S " 1SI~ SPEECH 1 22 Speech Processor
SPS-41 00S -1 202 Spcech Processor
SPS-41 00S SRI-NSC11 51 Speech Processor
SPS-41 . - . SuU-A} 11 Speech Processor .
' UNIVAC - - R
1108 - NUC - SECURE * 67 Principol, USER
. ' Up Winter 76
VARIAN- ASSOCIATES
736 - ANL . 55 ~Communicotions contsgller *
XEROX gORP. : : , ’ i
MAXC TENEX * PARC-MAXC 32 . Principal. Limited
} SERVER .
PDP-10s ki DEC 10/50 N8S-10 19 Principol, SERVER
PDP-10e i DEC 10/50 RUTGERS - 10 46 Principol, SERVER
POP- 1D+ KA DEC 10/50 Su-At 11 Principal, Limited SERVER
PDP-10« KL DEC 10/80 Su-aA ) 11 Principal, Limited SERVER
.POP-10 KL DEC 10/80 DEC . 137 Principol, USER
. . 3 L Up foll 76
‘POP-10 KL DEC 20/40 oOtc 137 Principol, USER .
Up Foll 76
POP-10. KA TS MiT=Al_ 134 Principol, Limited SERVER
PDR-1De KA TS MIT - DMS 70 Principo!, SERVER -’
PDP- 10+ K( 11§ SMIT=MC 236 Principol, Limited SERVER
POP-10s kA 1S MIT -My 4 198 Principol, Limited SERVER
PDP-10+ KA TENEX BBN-TENEX + 241 Principol, SERVER
PDP-10+ KA TENEX BBN-TENEXA ° 197 Principal, .miteg SERVER
N ~ PDP-10w KA TENEX BBN-TENEXS 49 Princ.pol, SERVER :
. POP-10s KA TENEX BBN-TENEXD 13 Principot, Limileg SFRVER
' POR-1Ds. KA TENEX BBN - TENE XE 5  Principol, Limited SERVER
‘PORP- 106 KA TENEX CCA-TENEX 31 Principat, SERVER
[ POP-10e ki TENEX 14 - TENEX 15  Principol. SERVER
POP-10 KI TEyEx 148 - TENE X 143 Principal, Lim-ted SERVER
PDOP=~ 10 KA TENEX . OFFICE -1t 43 Principal, SERVER
! POP-10 KA TENEX MOFFETT -ARC 45 Principai, Uimited SERVER
POP-10 KA TENEX SR Al RN -1 Principal, Limited SERVER |
PDP - 10e Ki TENfX SUMEX - AN 56 Principal, SERVER
' . Oual processors
POP -10s I TiNEX USC-£Ty 215 Principal, SERVER
PDP 10 wA TENEY USC-1Se 86 Princopol, SERVER
- POP-10s ¥I ifNFX USC -isig ’ 244 Prircipol, Lim.teq SERVER
PDP~10e¢ KA TeNRX UsSC-isic 150  Principal, SERVER :
POP- 10 A i yEx USC -iSip 214 Principa!, SERVIR
PDP -1 1. ’ HAWAIL- A{OHA 100 Communicat.ons controter
e . Up Winter 76 *
POP - 11e - B~ TN x 143 Cammunicqtions caortrolles
POP- 114 LLF NCSL o 117 Termino! concentrator
POP~11e ELF NSA 57 Termingi concentiglor

. FIGURE 1. (contd.)
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Be-11e . ELF

POP1 Yo C; mmep Hydra CMU- 11

poPi1te  ELF
PDP yNIX

POP @i/ 10« ELF
POP-NT¥/100 ELF
POP 'n/\l’)- [
PpP-11/20 ANLS
POP 1 \/2o$m

PO 1/35. ELr 5

* lppf-vi/ags -

PDP-11/40¢ ANTS,
- POP-11/400 ANTS,
Pﬁp 11/800 BLF

pop- 11740 EL
/PDP~11/404E
PoP-.u,(Ao.

“UCLA ~VMM.
POP-.11/400ELF
PDP-11/400¢ LLF

JA-ELF
ARPA

AMES - 11
ASL
SRI-CBC1!
a2 CAC’
"Su-0SL-
. -

GUNTER-ELF

CeE’ BFLVOIR o

€E BRL

*" " ARC-RD

NELC-ELF
SRU-PKT1

.

ARPA-XGPIT

SCRU-ELFDEVEL 54

206

-
92

. 208
12
130

12

120

Y
1220
27

29

-~ 2

S
, 243

‘BEN-S@BLECH-11 ~ 50

CCAHSP
L cdsI-xGP1t
+ NYY
oT-11S
UNIX
SRi-ARC
SR-NSC1!Y

:PDP#11/40+ RSX-11M ‘SRI-IAT1
: RSX1 1 -MUNJX® :
PDP-11/4Cs ELF.DOS, uce
. RSX! . 1-MU
PDP- 11/404 TOPS £0AN DEC

S PDP-11/45¢
..PDP-1 \/45- ANTS ELF
UCLA *- VMM, UNIX

- PpP-11/45¢ ELF
POP-11/45¢ ELF -

, PDP& 11 /850 ELF
POP - 11/45 BPGS

ppP-11/45«ELF or

SU-Al -

UCLA-ATS
.

AMES- 11,
BN

LA .
11— SDCECH\ v

-1

RSX-11M

“ppP-11/485 ELF
PDP- 117450 ELF

PDP-11/45¢ RSX~ 110

PURDUE
SCRL-ELF -

HASKNS

POP-11/45¢ RSX~11M  EGUN o
UCLA - SECURTY - 129

PDP —41/45¢ UNX

PDP-11/50¢ ELF LL-ASG 108
PUP-11/50¢ RSX-1iM  MCA 110
. * -
PDP-11/50¢ UNX % ILL-NTS 76,
PCP~11/70s UNIX RAND - UNIX 7
PDP ~ 15« DMS ARPA - DMS 28 -
PDR-15 - SRi-Al 66
- . - L4
HONEYWELL INC .

H-316¢ - - BBN-NCC .40
He 61800 MULTICS MIT-MULTICS 6
H-6180¢ MULTICS® RADC - MULTICS 18
MULTICS MIT-DEVMULTICS _44

H-68/80¢

223
52
~ 58,
89"

179

RS

v 115
98

137
11
+

208
22

59
22
202!

. ..o8
*- 118

20!
53

fLFR&D »
Porollel processing’
research, Up Winter 76 °

‘Experimentol mochine

Pnnc\pcl User .
Tl Wm\er J&

./Q controller .
Mcqlcpe rmoss. dgtc dump

t¢rminal concentrolof
internet protocol
resqorch

Cymminicolions controller
~griphero! processor
‘Tyreinol. ccncenkvc\cr
. Terminol conccnkrc\cr .
Front-end vesecrch lcr

NSW )
1/O controlier v .
Pocket ‘rodio reseoich -
Spcech compréssion
Se|sm|c input processor
Penpherc| pvccesscr
Communicotions cont

IR

Terminal concentrotor,

Simulotion gnd stondords
Termindl concentrotor
Speéch compeession ©
Speech ond grophics
p?okccol fesearch *
Speech onqurcphlcs
protocol reseorch .
Commuynicotion gonfrolier
Termino! toncentrotor
Network onolysis ond
maodeling
Cammjunicatian contratler:
Provndes occess to

a™

grophncs de!ces ~
Termino! contentrotar .

Speech compress:on
Speech compvgss:cn
.
'(crmmcl concentrator |
Speech understonding ond
frontend dsec'uh
Sheech unt)erslor‘omq Z
Cdmmunicotion controier
Principol, User ’
Terminol ccncer\(rclc'
Communicalion cQntrotier.
Front end reseorch
Termihul concentrator,
Frontend reseorch ’
Principo!l. SERVER
Principo!, Limited SERVER

_Peripherol controlier

NCC prototype

Principo!, SERVER
Principol. SERVER
Principol, pmiked SERVER

FIGURE 1. (tontd.)
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P
. - .
N .
. & . . Q
IDENT. ™. GROUP NAME - © CCQRDINATOR
v . . .
ASG ‘) | ANTS Support Group Keltey, K C (KELLEY® LL-NTS)
- .
s LG Computer Bosed instruction O'Sultivan, T (O SULLIVAN@.S1) . s
” Croup - .
M Py . -
=~ Cancon *Computer Assisted Forber. D J (FARBER®:S!)
e S | HuMmon® Communicotion : :
. . A |
" EROAY - Energy Reseorch ond' Estrin, G (Estrin@WiT ~Muitics)
K 'Develzgr:\enl Agency . . .
. EWG EIf Folldwers . “Retz, D L (RETZOSRI-A)
- ..’
- 06 . ™ imioc Interest Grodp Bellevile, R L (BECEVILLE®'SIC)
i B . |
- WWG Intgrnotional Network 4 Borber D (KIRSTENDS))" \
4 . Working Group - C— ' R
“INWG! Internotionol Packet Boroer. D (KRSFTENGIS!) R
. . . Nelwork Worwag Group ) . :
INWG2 internotonol Pocket : Borber, D (K:RSTEING S1) *'
Networw Work ng Group - :
: e 3 ' ) .
TTOKWAC Knowsedge Wo'nsm\p", Nortor, J C (NURTCN@O: F ZE-1)
‘ . Archtect Comemyue iy . : :
L4 . - .. :
NALCON Novy Loborotory (rrputer L Brgro L F O (BRGNC. cﬂiiﬁ:
< .. Networx - . : )
. N
. . N
. NU-‘S-‘O‘.SDP& Network Sporsors Crouee Cicror. R (UCACOLESIS® S)
N . .
NGG Neiwaew Cropmcs Group Mererer, ST (LCMONMT-CUS)
NLG #Network Lo sen Group Ferer, £ ) (Ft N.ERBOFF CL-")
. * IS .
* 'NMC Netwdrk Measurement Croup Nay'or, W £ (NAY. QRSB S0}
@ . .
NSC Networ« ‘Speecn Compresson Kan~, it f (AN ST o
: o S .- ' .
% - X £ .
° NSW 3" Natoher Soltware Worssh Poste . J 8 {(P0S 41 ®.S8C)
’ uroup . . T .
NWG Network Wors.ng G'o,m Postel, J B (0S89 (O
1y ° . hd .
PRC Pocuet Rad-o Group Feonx, = (NALCEYS:)
. PN P OTENE X Croop Bouyrton, * o (BOYNTON
v SURG Speeck -L‘« . Wo oL (o wg-a i3 ?
. Researcr 0
WPUG . v TP Uses Group Wolden, D C (WAL ZEN@BSNG)®
h A
TG TENEX Reseorch Group Buscht el 4 O (§URCHFIE L BOEN)
UNIX UNIX intergst Group Holm F{STEVE@ILL- NTS)
. .
WDBWG Wectner Doto Bo-e Urderwood, R (UNDERWOOD®@'4 - TENEX) ¢
Working Group
XiC3 xic 3 Konr, R £ (KAMN®.SIC)
- .
; o ! . NOTE  Tre romes gwer gbove 0fe rol.cors dered tO be c compele “shrg of gi spec.o’
[4 iqlerest gralps on the Arpanet - .
4 ‘ '. Tl
- ’ - 0
* o FIGURE 1. (contd.)
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Support of the network software is excellent at MIT. The biggest
problem facing User Services at MIT, and probably everywhere else on
.the net, is the lack ‘of clear documentation and general support from
the varigus network sites. User support is not as complete at all
ARPANET s"(tes assit is at MIT. The solution to this problem fies with
the local Liatsons and focal users. Sjnce a local organization is apt to be
more responsive to the heeds gf local users, there should be consider-
ably more interaction between Liaisons than there -is at present. Theg
ARE.%!:I(ET user c'orr'munitv should put,more. pressdre on their local
‘LiaisoMs to epsure that their support needs are.being met. ~ -

<

-

3.0 SECURITY OF INFORMATIQN_O__N'THE ARPANET

-  How secure is the information that a user entrusts to the
ARPANET? Security often depends. upon the host. The communica- -
_ tions subnet will ensure that message$ are deliyered to the proper host,
and the: non-deterministic routing of the individual pa'ck\ets provides
"some degree of security 10 the subnet. At that point it is the respopsi- .
bility of the host to insure delivery to the proper user. File security is
the exclusive responsibility of the individual hosts.
" MULTICS is probably the. most secure computer system on the pet-

) work. In MULTICS all inferfation is owned:ex'clusivélv by its author,
and the author must determine whether anyone else can have access to .} o
thae information. Access to’ infarmation can be gained only vxh_g?} the- =

. author explicitly allows . i}. ‘Besides providing .a ‘security system that.

" limits access to information stored on it, MULTICS offers a complete
backup -and retrieval system to its users. Data on MULTIES is automat:
ically backed up on a regular hourly, daily and weekly basis. Any
information that has resided on, the system for-three consecutive hours
will probably make it to one of the backup tapes and be available for .
retrieval for at least three (3) months and for as long as {12) months. = '

. 3

s

40 FINANGIAL ARRANGEMENTS REQUIRED FOR
ARPANET PARTICWATION |

-Membership in the: ARPANET reqi]ifes an initial invesfment of
. $40,000 to $100,000 with annual charges in the area of $20,000 to
$35,000 for maintenance and additional ARPANET privledges. How-
- ever, that rather high fee gives an institution and its user community ac- .,
“ cess to a wide variety of unique resources:, the ILLIAC IV for large -
amounts of. matrix arithmétic and array processing; the interactive
graphic‘s at the University of Utah; the MULTICS ‘system,; the -
© MACSYMA system at the Agticifical ‘Intelligence Laboratory at MIT,

’

nnn ’ ) .
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- etc. A need My of these unique resources can provide as significant
amount of justification for ARPA membership. :

:» The ARPANET has been a success at-MIT; a number of users come
in to use MIT facilities, and a number of users go out to use other
facilities on the net. As'users come and go from around the worid on a
daily basis, yse is steadily growing.
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Senior Regearch Socnologls!
E.T.S. .

Rosedale Road

James B. Conklin, Jr.

Director

CIRCA, Rm 411 Weil

University of Florida

Gamesvnlle FL 32611 e

. eyt

Ruth Corrigan
Director of University Libraries

. Carnegie-Meflon University

Schenley Park -

- Pittsburgh, PA 15213

George Cowan
Data Base Manager

| University of Quebec

Postal Code 8888 T

. Montreal, Canada H3C 1T8

803



S ‘ APPENDIX A 307

. ‘
‘,,Ar 4 »
"Frances Bardello Craig - . George Ember
Network Servjces Consul(ant R Chief Librarian Service S
Carnegie-Mellon University - Canada Institute for Scientific
5000 Forbes Avenue . and Tethnical Information
- Pittsburgh, PA 15213 L ‘ National Research Council of Canada

. ! ’ Ot(awa Canada K1A 082
. ‘Carlos A. Cuadra. : :

Genyral Manager . . James C. Emery
" System Development Corpora( ion President - .o ,
° ¢ Search Service . o EDUCOM. . .
* 2500 Colorado Ayenue '~ . _
Santa Monica, %5)406 T “Epstgin .
Mail Stop 5142/ - irector ,
: : . T, /BALLOTS'Center
'* Effa Dalton ' © SCIP-Willow . .
EDUCOM B i Stanford Untversity

i _ g Stanford, CA‘94305
"~ _Pierre Deslauriers” - _ o
Project Officer for University Libraries '\Dnawd J. F?r:” Nications D .
qonf Of Rec‘ofs & Pflncipal Of anager o pplications EVE'Omen
Harvard Office for Information Technologv
Quebec Umversnv 1730 Cambridge S )
2 Complexe Desjardins, Suite 181F Camb Zm rl\lnze02(1r§g( -
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Camden, NJ 08102 - Cambridge, MA 02138 . |
. ‘ - 4

306 o

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

. L .t

-
.30 APPENDIX A

. M( |

Michae! Maione .
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Louisville, KY 40208 -

Robert C. Miller . .
Director of Libraries - | -’ !
Univetsity of Missouri—St. Louis ~
8001 Natural Bridge Road

St. Louis, MO 63121

1 il
Ronald F,Miller i .

Director .
*. NELINET :
New England Board of ngher Education
« 40 Grove Street - o

_Wellesley, MA 02181

Lveslie Mi||s. o .. : *y
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Pitisburgh, PA 15261

A .

i

Dallas, TX 75234 -

. 308

: APPENEyX A 3l

Beverly O’'Neal
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Office of Medical Education AGO069
U. Conn. Health Center
Farmington, CT 06032

(203) 674-2403

“Term: 1976-1978

Charles S. Tidball, M.D., Ph.D.
Director of Computer Ass;sted
Education

-George Washington University Medical .

School

- Ross Hall 257

2300 Eye Street, NW

‘Washingtoh, DC 20037

(202) 676-2869
Term: 1976-1978

‘ Charles M. Goldstein

Chief, Computing Technology

" Lister Hill National Center for

Biomedicpl Communications
National Library of Medicine
8600 Rockvitle Pike

‘Bethesda, MD 20014

(301) 4964441
Term: 1976-1978

Martin Kamp, MD
Chief of Academic Computing Services
tnformation Systems (76U)
Room 76 University Hospital
University of California
San Francisco, CA 94122
(415) 666-4546. '
Term: 1976-1977

Robert C. Hickey

Assotiate Vice Chancellor of Health
Professions

University of Pittsburgh School of
Medicine

Alan Magee Scaife Hall

Pittsburgh, PA 15261 L e
(412) 624-2845 '

Term: 1976-1877
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+ - 1976-1977

Weston D, Gardner, M.D.

Protessor of Anatomy

Medical College of Wisconsin

6561 N. 15th Street

Mitwalikee, Wisconsin 53233
(414) 2725450

Term: 1976

Harvey S. Long

Instructional Systems Consultant
18M Corporation .

10401 Fernwood Road

-Bethesda, MD 20034

(301) 897-3261

“Term: 1976

W;lham C. B8rown
3ad Informatnon Science Section

tional Research Council of
Canada .

M-50 Montreal Road

Ottawa, Ontario

CANADA KIA OR8
(613) 993-2484
TELEX 053-4134

. Term: 1976

Ruann E. Pengov

The Ohio State University

College of Medicine :

3190 Medica! Science Building

333 West' 10th Street .

Columbus, Chio 43210 °
~(61445 4229063

Term: ex-offici

Barbara 8. Farqyhar .
Laboratory of Computer Science

- Gray 1323

Massachusetts General H'ospltal
Fruit Street -
Boston, MA 02114
(617) 726-3924
Term ex-officio

Y
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" College of Dental

Medicine o
Medical University of South Caroliha
80 Barre Street - :
Charleston, SC 29401

. (803) 792-3211
Term: 1976-1977
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OFFICERS OF THE HEALTH.
EDUCATION NETWORK, INC.
FOR 1976:

President
" Robert G. Votaw.
Secretary
Barbara B. Farquhar
Treasurer . . ’
Charles S. Tidball



" .APPENDIXD
.-+ Available Programs at

S Massachusetts General Hospital .

** Programs that use a MULTIPLE CHOICE format: - i .

Arrthythmiss . - . 1. Simulates pments with vamty of
. - . ) common rhythm d isturbances; task is
. to dlagnosq and nage arrhythmia.

O.Ode:ARR 2. Target pop: med students in clinical
yrs; physician continuing education’

nurses in ICU's.

. T 3. Avg timeé to complete 1 sequence is
20 min.

4. - Four "patients” ingase file.

Cardiopulmonary Resuscitation 1. Simulates patient who may have
S suffered ‘cardiac arrest; task is to
resuscitate patient. :

code:_CPR 2. ‘Target pop: med students in clinical
) C years; physlclan oontunumg educatuon'
v _ . nursas in ICU”

3. Avg. time to complete 1 sequence is
15 min,

~

" 4. Five "patients” in case file; shbsequent *
cases vary randomly

HVportonsive Emeérgencies 1. Simulates patient with sever hyper-
. ) ‘tension; task is to evaluate and treat
patient.

2. "i‘arget PoOp: med students in clihical
code: HYP R _ - vears; physician continuing education.

3. 'Avg time to complete 1 sequence is
15 min. R

4. Three 'patients” in case file; subse-
quent cases vary randomly )
Hypertension management’ 1. Simulates patient wit'h hypertension;
: ’ task is to manage patiept.

. 2. Target pop: med students in clinical
code: HTM - ) physician continuing education

3. Awg time to complete 1 sequence is
‘ ) _ 15 min.

4. Four “"patients” in case file (several
. New cases being prepared)

Idiopathic Respiratory Distress 1. Presents ¢ases and information on
in the Newborn - : general neonatology and RDS and on
. pulmonary physiology

AR 7Y
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Programs which use e VOCABU LARY:

‘Abdominal pain

BN
. code: ABD

" code: COM
. .'GI'IBIecd Lo
cbdg:GIB

A,

Pediatric Cough and Fever

’

code: PCF |
Traums .
K code: TRA
. v, .

O

ERIC

r
Full Tt Provided by ERIC.

1.

Target pop: all students of the neonate ,
_ Avg time to complete 1 saquence is

15 min. .

18 "patients’’ in case fif;s

Simulates patient with chief com- N
plaint of abdominal pain; task is to :
diagnose complaint

Target pop:-med students in clinical
years and beyynd :

- Awvg time to complete T seqjuence-is— =

20 min.

Eight "patients” in case files

Simulates comatose patient;. task is

_to diagnose and treat cause of coma

Target pop:' med students in clinical
years; physician continuing education

Avg time to complete 1 sequence ise
25 min. .

Thirty-three “patients” in case files
Simulates patient with Gl bleeding;

task is to diagnose and manage cause -
of bleeding

Target pop:fmed students in clinical
years and beyond

Avg time to complete 1 sequence is
20 min. :

Fourteen "patienis" in case files.
-

“Simulates child with cough and fever;

task is to diagnose cause of complaint

Target pop: med students in clinical

_ years and beyond ‘

Avg time to complete 1 sequence is
20 min. )

Forty-five«"patients'_’ in case files

Simulates patient who has sustained
muiti-system trauma; task is to:identify .
and treat immediate critical problems

Target pop: med students in élinical
years o

318' o



, . \ .
. ' - 3. time to complete 1 sequence is
. _ n. R .
. o 4. Seven\"patients” in case files?
- . = L E . Lo .
s Jaundice . 1 Presenty case. history of patient with
: o jaundice; task is to determine cause of
- code: JAU jaundice .
4 T 2. Target po “students, prior to ¢
clinical yea I .
- X 3. Avg time to\ complete 1.sequence is .
if 25 mjn. - - -
. . _ 4. Six “'patients” file - ‘

+ " Joint Pain - _ g © /1. Simulates patieny with ' acute’ joint
. o o Pain; task is to dlagnose cause of the
. - code:JOI + joint pain and begi ent

2. Target pop: med stydenty in clinical
. :yrs, physician  continuing \‘education
.., 3.7 Awg time to complete \one c‘a\se is 25
. min,, . .
, . o A\
’ 4.  Twenty “patients” in case Yjles N\ -
- Hypertension Diagnosis * 1. Simulates patient with ne\ ly d\agF
i . . nosed hypertention. .
. codé:.yBP 2. Target pop: med students in ‘clinical
' ) ’ years, physician continuing edu ation
3. ' Avg time to complete one case is
© 25 min. '
- 4. Ten "patients” in case files *

| . .

Programs which accept NATURAL LANGUAGE input:

Diabetic Ketoacidosis 1.

{ - . code: DKA 2.

"

4.

"Experimemal Trauma Case - 1.
code: TRE 2.,

Simulates'patient in diabetic comé;‘_

task is to manage “patient’s’’ condition
until stabilized

Target pop: med students in clinical
vears; physician continuing education.
Avg time to complete 1 sequence is
25 min.

Initial pt conditions: set;
“depends on user’s management

course

.

Simulates patient with muiti-system
trauma; task is to diagnose and manage
immediate problems

Target pop: med students in clinical
years; physician continuing education

ERIC

Aruitoxt provided by Eic:
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°

Other programs:

‘Cardiac Simulation

. code CSM

-

.Digoxin Dosage Advisor .

1

Y

code: DIG

Du;ugs in Renal Failure

code: DRF

Anticoagulant Simulator

.code: ACS

N7

. Avg time_to complete case Jis 30 'min.

One “patient” in case files

Simulates cardiovascular system.

Target pop: students of cardiovascular
physiology. ot

Avg. time 1o compiete 1 sequence is
25 minutes, * ’

User changes cardiac variables by
entering new valves.

Computer suggests“;‘z-{easonable dose
of digoxin to administer . based on
patient data.

~ Target pop: pharmacists; med students”
" in clinical years; physician gmlinuing

education.

"Avg. time to complete 1 sequence is.
10 min.

User anters values for patient variabies,
Compnlér advises user on administra
“tion of drugs to patient with impaired
renal or hepatic function. '

Target pop: med students in clinical
years; pharmacisl,- physician continuing
education.

Avg. time to complete 1 sequence is
10 minutes. .

User enters values for patient variabled. ..~

Simulates patient taking anticoagulant;
task is to k.eep prothrombin time in
thegapeutic range.

Target pop: med students (2nd
through 4th years).

Avg. time to complete 1 sequence is
10 minutes. - -

User gmers'dosage of anticoagulant to
be given for each day.

320
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L : o 7
S ¥ '
¢ NEW PROGRAMS
' sy
- Digitalis Taaching Program ’ ) } .
' Cod.e: DTP 1. Presents information on digitstis, and o

’

questions users’ retention and under-
standing of this information.

. . : 2. Target pop: Med students |n clinical
years; phvsncnan ccntmumg education

3. Average time to complete entire
program is 1-2 hours, but it is designed
N\ to be taken in sections which take

- 15-20 minutes to comp Iete
Lab Test Simulator Program . ’
Code: LAB - B N Give patients - history and physucal
‘ : exam information; user orders lab tests
toward duagnosmg the cause/causes of
o . the patient’s svmptoms

2. Target pop: Medical students in clmucal
years: physician contm;/ng education.

( ' 3 Average time to complgte 1 sequence
o : i is 30 minutes.’

4.  Two "patients” in case files.

-
.o .
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APPENDIX E
: . : _ CAl Courses —
. T -~ Subject Listing

" THIS INDEX LISTS ALL OHIO STATE UNIVERSITY COLLEGE OF *

MEDICINE CAI COURSES (RELEASABLE AND .RESTRICTED) :
WHICH ARE CURRENTLY OPERATIONAL. (REPRODUCTICHP

OF PRINT OUT)
. C b T
. - . K
TorIC CAI COURSE
ABBREVIAY JONS ABBREV
ABDUNEN, ANATONY OF GANATY (SEC 2)
ACEVOME, TESTING FOR PAMADY - (SEC D) *
ACID=BASE BALANCE ABEL .
S . T » ACIBA
7 .. PCHEMI .
. SERAS ‘
ANATORY R
ABDOMEN ABANG .. )
i . GANATI (SEC 2)
A#s - LOWEX "(3)
ARTERIOR ABOOMINAL. WALL . GANAYI (1)
BACK : ‘GANAT" 1 (B)
BONES L DIETAN (C) -
BRAIN VESALT (C)
B . SITIN
CARDIOVASCULAR SYSTEM ODIETAN (M)
-., CCNUR (1) ,
OIGESVIVE TRACT =~ . DIETAN (C ¢ D)
ELBOW . . ELBOW
ANTEARACHIUN . EL30W (C € D)
* BONE LANDMARKS. ] ELBOW (A)
BRACHIUM e ELBOW (B) -
' VASCULAR ‘SUPPLY .- ELBOW (E)
VEINS ) .. VEINS (A)
ENDOCRINE SYSTEM . DIETAN (I) °
. : R . ENDO °
ENDOTRACHEAL INTUBATION INTUBE (B)
EXTRFMITIFS S
\ LOWER GANAT] Ya)
. o VESALI (B)
LOWEX *
v v DIETAN (B)
UPPER " GAMATY (T7)
* = : VESALI (A)
¥ £LBOW
: HANAT
" DIETAN (8).
EYE GANAT: (10) .
N OPHTHA . -
- GENITAL . : SEXED .
GLUTEAL REGION GANATY (4)
Y. HAND . : HANAT
HEAD GANATY (9) ] -
HEART . CLNUR (1) =~
MIP . : LOMEX (1)
INTESTINE DIETAN (F)
322"
| I .
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LY

CMICRART AL
alSCrES
NE ELANW JNINT
‘AR SHNLLAFR ININT

~ECK :
nEQVNUS SYSTEM
NEHRN .
PELVIC, CLINTCAL Exan
pEILYLS .
SKULL
spInaL Xnan’
TEAm [NNLOCY
THARAX :
VE NS :

ANESTHENTCS

ANGTOGRAPHY

ANKIE, ANATNMY NF .

APOENNIX, NISEASES NF

ARQRHYTHMIAS | N

~ * aTR1AL
HEARY ALNCK
VENTRICHIL AR

AQTERTAL SYSTRM

ARTERINARAPHY

qastC PATIENT (A%

N

~ 9

ALNNAD PRESSURE .
ral, GENEQAL INTRANNICTINN
r_unmvur,m_n

thmlcuvlumnga WERYC[HE
’

C1.NSEN neAYMAGE QYQTF S
N
CCRAMIAL MERVES

ATASETES .

NiarNASTIC }Eﬁ]( -
o

.

nteT P pMMTING
NIREST VE SYSTE™

PILNT (2
CNIFTAN (A)
ELANW L.
! sHNAT
GAMATL 9) N
OTETAN ()
NEURN
GaNATL (5)
GANAT (&)
CSxIL .

VESALD (0)
GaMAT2 (1)
. GaMATL ()
- VEINS (8)
’ AGENT
ARANG
LIWEX
‘pHASFG

. §TR1PS (R)
STRIPS ()
VENTAR, STRIPS (a)
ARANG :
. ARANG
N AGNNT
SI6NS
QEVIFW
VE NS -
HREME . M
SI6NS (M)
cal
CasF 1
CASFE 7
CaSF 9.
RESCHE
RESTHP
PAC ARE
STRIPYL ‘
sTRIPS . .
STRNKA *
SHNCK
VEINS
VENTAR °
PILNT (R)
CCMIIR i
CyYTFRaH @
NIETaN (H) ©
ran(n
RANTFC
. RATTLE o
pTILNT (4 1NV}
QI L
annt .
pintal
pamani
gEann
gnz1ns’
Ranin
anTEr L
SERAR
NPEME
NRAL
VE NS *
THEQM
ENNNS
A1 TRACL
NIFTAN
. EANNS
ANTRN

1
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DISEASFS OF TnEANMTS - PILNT (3
Ann CHELNeEN . A=THE EETIIS AMN NE dAQN -
' R-CNMGFMITAL NFFFATC
- . . C=NEVEI_NPMENTAL NICNRNERS .
. . . s N=NTSNANFRS NF MIITRITINA aAnD - il
HYORAT NN .
E-ACCINENTS (T@auMs 4vn PATgANG)
. . ‘ ¢ F=TLIMEQS &MN THE CHELN
"NALRS PILAT (<)
IERTEEE : . AGENT -
. ) PRYNEN
NENTISTRY ) nRaICa ’ Lo
’: ) NRPAIN
i L . PHaQua
AT
- TRETPA
. ELECTRNCARNINGRAPNHY STRIPY . : .
T En2YuES . ' Enzies - o0
Ce . GANAT? (A} 4 P
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e . C. . CasE A .
’ : : : PLLAT
: . PILAT (&) .
. 1] A=EMONCR 1NN NGY
N : ot HoAT IN-RASE wECHAMTGMS
. NEIETAN (1)
o ENAN -
‘,l‘nnTﬂAr_MFM‘~[MT||>MHQ~ R CINTHRE : .
ESNoHARNC P . PLLOT (4 (a))
4 TFIRCT atn . . aMEAtn .
RASTROINTESTINAL SYSTEN priar (&)’
: . : b L PTLNT (9 ‘ ' :
. TA=CCNPMArINE B s
. RoTHE STOMAGK 3N H1)EA T
. ) C=THE SMALI RANEL, SILDIEFSTI(M
AMN WAL ARSNAPT [N |
) N=THE OLAn © 7
. . . . . E=THNE 4 JuER
L - F=TWE PANCIRAC AMN w]) JANY TWEE
. N ’ : naMAT? (4) L
GEMET IC S R PILOT (x) .
L ) A N B .p[,_ny‘(n [ERR] . )
PHEUATALMRY e " PILATY () : Ut
: ¢ ' PLIAT (1)
- ) A=REMORINWTMTAND THE QES rFLL
. . P RO NARHEATIOM ANA Al EEATWR 1} [Qa
. - . . HRNERS :
- . FedvEi N[ B CMEMTS IHRAMILIC YTERY
vy N Nel VeBUNUSTIC L AR NTCEAGES
. - (LTSI R & FRLYY Y
LI o : FofLNCTINAL NISEASES B [ o)k
I HRRANS. R a
. . F=InsMnmnsEmMaTALNRY |
HISTALNIRY ’ M L WEST .
SMESTOLACTCAL TECHVIONES | Tnens
CIMEFATIIMIG NISEAGES . CasE &
’ P N bl : PILOT () ) ,
: i . A=RASIL AOMSIOERAT[NING A ¢
g . o, L e . Mol HEMDTHEQAPY = [Nl ZATION 2
’ - C~MAINR AMATNMICAIL KRINIPFNGS |5
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LAWINNL NGY ] !

INTEST IMF

KINNEY

LNGART THAS,

LIVER' ' .
MATH

MENTC AL RFELORNS.

MERTCINE . NHCLFAR - 1
MEDICInNE, SNC1AL 2 PREVFNTIVF

MICRNATNLNGTE WECHBNTSMS

MUISCILNGKEL ETAY, CYSTEA

MOSCLES - -
NEQUAIIG SYSTEM
CEMTR AL _
MISAIL AR NN DEI[PHFRSL
NHCLEAR wFNIGINE
NII'QIY[HHI

na/nyYN
.
.4
APHTMAL WM ORY )
. ' i
APTNMETRY .

n{!uﬂoaqnlcg

- -

PATHNLNGTE MELHAYTSMS

PENTATRICS

[da]
puAIMACNILANY

-

PHYSICS . NIICLE AR ///

PHYSTNLNGY
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epiNt &) . .
NIETAN (F) .
LNIFETAN (6)
REVIFW (R}
niFTan (F)
MaTH L ey
MFNREC a
AL
pILNT (TY .
PILOY (%) '
a=MlrQNATAL ANBTOY
HeMINRNATAL GENETERS .
Q-“lﬁﬂnﬂlﬂt AGENTS UF NISEBNF .
N=NTSIMERCTIAN AMD STERTLLZATION
PILAT (1.2) : ‘
GAMAT2 13)
wNR QM
PLFTAN (R)
ATFTAN -0}
pr Nt (M
PLAT (W)
NNCTRC .

PILOT &)Y

NATFR S

ARTAX

[YRLI]S . ’
LI
CaSF 2
9||~I')Y 1)
PLILNT &Y
wmaTAMTE FOMSTAEa8T IS

8- 1,
: V. NEVELORCENTAL YIRS
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A T, REMT AN T 108
Eod 7. EY24LT. o

(= Ve p LANAMT AWENPL SIS
'«'. foRrIuN 8 (F THF
Eunnar -

nemEast PYl LES .

1R, LIWFR S TTYT R

GamATY -

CASF A .

FLnnnS . —_

NPHTHA )

QENEYE N

REVIFW (RH)

netTnNm

NPeCLT™M

rasF 3

LiIMRIIH \

ARTRAC

paNgMX 7

prLNT a1}

. A_]mﬁ_a-\wgﬁ]n\. ann DFPALR
aornuRENTT L NISEASF
c-n:r.m-;_uAnvr- PRI ESSES
N=NFOPILASTS

PENS
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REVIFW (0}

AGEMT

TRUIA#]T

VEINS .

PGYMEN

MaTH
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PHYSIN

£mn0

NOTRN
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PHYSTNLNGTr A, CHEMTSTRY

PRIMARY CARE
PSYCHIATAY

PSYLHOLNRY | |

QESPIQATINNS -
SEXIIAL NYSFUNCT TONG
SEX ENUICATION
SEYNAL, RESPOMNSE

. SWNCK

SK 1w

|

STaINING
STATISTICS
SIQEERY .

)

TEMPEQATURE

TEn»iunLﬂGv =
MENTIr Al ARRREVIATINNG
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PCHEM]. .

REVIFN (F) S

SEXEN (N}

SHNCK

STRIPY

THERM i .

NIITRN ’

PHEM]

NNEATHY : '

CASE-S

GRANIP

PILNT (N .

A=INNIVINNAL AND GRNUP ~HlimaN : \
PrnGinaL REWAVINR 19 -

RePSYLMNLOGICAL, NEVELNPMENT 34

C-LEARNING AND MNTIVATINN 19

N-mAN'S SENSORY WNRELN R ‘

E-TWNQACTA MENPAS 4%

F=n1annnsTIr METHANS

faMatT? 17T .

LA LY

LN

RNTTLF
INTHRR .
PACARF (STNP SMNK[MG SFRT[OM)
RFEVIFwW
S1AMS ({0 .
SEXED () : .
SEYEN .
SEXEN
SHACK -
PILAT (&)
A=SKIN AMD CNMMECTIVF TISSUFRS
R-SYFIETAIL SYSTEMS |3
GaMAT2 (2} : .
Tnans -

. duensT

‘(‘,SMT
aSSESS
ANTTLE
ounaTLs
INTHRE
nRTQACM - .

PRNS MK ’
VETINS (8,R,f) .
REVIEW (SERVICF MNNE - £)

aaraky

"RASIC PEQCEPTHAL CNNMCEPTS PRRCEP .

LARNTNVASCHIL AR
ORSTETRIC
. MENIGAL
URINALYSTS
VEINS
vITaL SIAMS @
Han Ny

CVTERM R

NATERM

TEPwS : !

[IEE TR )

VEING

SIaNS -

rasE 4 -
E=THENRIFS NFE NEVEL NLMENT 14 4
F-CAPSHLE CASES 14

PILAT (&) .
A=THF SCNPR NE ARNNRMAL PSYCHN-

Lnny .
A=CLASSTFICATINN NF PSYCHIATRIC
SYNNRNME -

C~THF NMATIIRF NF CANSATION
N=PSYCHIATRI[ SYNNRNMES
E-NISNRNERS OF CHILNKOON
E-€AA11IATINN AND TREATMENT
G-PHARMNACOLNGIST MECHANISMS
H=PSYCHIATQIC CASE CAPSULE
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- P SE
- RANINLDAY aND NUCH FAR
MEDICINE

RANTATINN THERAPY

AENAL EXCRETNRY SYSTEM

QEPRDOULTIVE SYSTEM

RESPIRATNRY SYSTEM  ©

VITAL SIGNS
UROLOGY

O
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1-PRACTICE INTERVIFWING
SIGNS (R) . .
NICTEC

QanTEC s

rRANID : -
1NNTZE
PILAT 1M
PILAT 12Y
a-CLINTICAL ASPECTS
R=[NTRINSIC RENAL DISFASE
C-SYSTEMIC NISEASES AFFECTING
THE K INDNMEY
N-RENAL VASCULAR O1SEASE 8ND
WYPFRTENS 1NN
E-aNATAMIC 4ND SURGICAL DISORPERS
F=N1SEASES OF THE MaLE GeNnTaY,

N TRACT
PILNT (&) -
a- 1 ANATAMIC CﬂNSIDFRAT‘ONQ
Vv L. NEVELNPMENTAL
© . ANOMARIES
Re 1V, RENIGN TUMDRS
T. MYDMAS,

C= V., MALIGNSNT NFhPLASNS
" 11.. CARCINDMA DF THE
ENDDMETRIUM
n-vll, GENERam PRINCIPLES
7 18, LNWER A4BDOAMINSL PAIN
e1LNT (L) - S

- GaNAT2 % 9)

ASSESS
P1LDT ()
PILNE (Y)
A~VENTJILARY nEFErT< NUE TN FauLTY
PIILMONARY AND THnRAcxc MECHAN -
[SMS
R-MISCELLANEDUS DI1SEASES DF THE
i, G
[ n:sv|aaTnnv EFFECTS OF INFEC-"
TINNS
D-RESPIRATARY ASPECTS DF svsTEulc
NISEASE NR nls‘AsE 0F DTHER
SYSTEMS
SIGNS . .
CASE & ’ - v



