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COMMUNICATION AND SECRECY IN SCIENCE

Rudolf Schrader

Modern science places an ever-increasing demand on the communication of its results, and one
of the mcst serious problems of today ia that of providing the professional worker with. speedy
access to the specialized knowledge in his field of interest. In fact, no research and development
programme can nowadays be initiated and carried out with some hope for success, without having
available gooat documentation. But therf is also a great danger that science as such fragments into
a number of independent disciplines which bear little relationship to each other, unless we are able
to cope with the "information explosion". While advancement in the science and technology of
documentation had been slow until relativwly recently, with the mechanization and automation of a
great many of its processes, progress is now fatrly rapid. Against this background, the AGARD Panels
for Avionics and Technical Information agreed to jointly organize a symposium devoted to the subject
of "Storage and Retrieval of Information".

When the planning for the symposium began, it was noted that several conferences on much the
same subject had been held during the last years, and Aýhe question was raised as to whether there was
indeed a need for another meeting of this kind. In examining tho) programmes of these conferences,
however, it was realized that, in the main, they had focussed attention oa those problems which are
of primary interest to the doc-imentalist. In fact, none of these conferences had offered much
opportunity to the scientist, as the user of scientific knowledge, to discuss his needs in the
fields of information processing and dissemination. For this reason, both AGARD Panals eventually
reached agreement to propose a programne which should fill this gap and should serve both professional
groups in a joint meeting.

As one may see from the programine, the symposium intends to demonstr3te how modern storage -nd
retrieval concepts assist the documentalist in the handling of scientific information, and the
scientists in audience are expected to express their views on a number of newly pioposed oesigris and
methods. But the scientists are also invited to the meeting as active contributers. I know that ill
a number of countries great efforts are being made to introduce the modern techniques of data
handling into the traditional fields of documentation and that promising results auf" expected in the
not too distant future, including automatic reading and language translation, based on the appli;ation
of modern compute.-s.

Hence, the success of the sympcsium will depend on the co-operation and joint participation of
both professional groups. To this end, invitations for the symposium have gone out to all AGARD
Panels and other scientists interested in ths subject, and I note with great apprfciation how many
of them have come, in addition to the great number of documentation experts.

As I have been invite;2 to represent at this meeting the scientist's point of view, I intend to
discharge my task in devoting my speech to a discussion of coammunication and secrecy in science.
In so doing, I recognize the important role documentation plays in the general process whereby
science advances and our scientific knowledge grows.

Early History of Documentation

Documentation appears to be almost as old a% man's interest in science and literature, and
among the earlie.st collections of manuscripts were archives attached to temples and palaces. The
great philosoph,.rs and scientists of antiquity were active collectorr of volumes, and Aristotle was
the first man known to possess a collection worthy of the name "library".

For many centuries, the library at Alexandria represented the intellectual centre of the
ancient world. It is difficult to give a precise figure, but it can be said that the number of
manuscripts collected from all parts of thu world and available in the library was very large;
however, it should be kept in mind that the papyrus roll of antiquit-y usually contained less
written matter than a modern book. The catalogues and classified lists issued by the library were
among the earliest experiments in bibliography.

Although the Romans made bxcellent use of technology, they did not particularly encourage scientific
advancement. As a matter of fact, the Romans were not scientifically inaglnativi, whereas they
demonstrated outstanding capabilities in such fields as jurisprudence, rJilitical and military affairs.
Science, therefore, remained Greek in naturd and spirit under Roman domination, and it was not until
the ..t ;:ntury of the republic that we hear of libraiLies in the capital. These libraries ceased
to collect a.ek writings when in the year 330 the capital w is removed to thc Bosphorus. Evontually,
the agoressions and ýntrusion! of the Germanic tribes swept away the classical learning from Italian
soil and, with the fall of Roma in 476, the ancient history of ducumse,.ation came to an end.

ehen Christian literatire began to grow, libraries became part of the ecclesiastical organizations.
The abbey of Monte Cassino fvunded in Italy about 529 was the first monastry in which a library of
religious work was establishe••. and this custom rapidly spread to all parts of the world. Monks
began to write, and the use of vllt. instead of papymus resulted in the roplacement of the ancient
roll )y the bound book as we know kt today.



The Renaissance brought about a gradual broadening of man's intellectual horizon and an ever-
growing desire for the collection of manuscripts and books outside the monastries. To satisfy this
desire, large public libraries were created in France and Italy. When in 1453 Constantinople was
conquered by the Turks, a full stream rf Greek scholars began to flow into Western Europe, and the
impact of Greek philosophy oa Latin Christianity producod a powerful surge of intellectual activity
and a keen interest in science. This development created a high demand for more and more books, and
it is one of the miracles of history that the printing press was invented almost at the same time
when Constantinople fell into the hands of the Turks. With the enormous increase of the scientific
literature, new plans for libraries had to be developed, and the modern history of documentation began.

Communication and Scientific Research

Science and techrology can only grow and blossom in an environment which provides for free
communication between scientists and for the rapid transmission of scientific knowledge to the
engineers who always strive for innovations and continuously wish to use new discoveries for
practical purposes. Even in the fields of defence research and development, progress depends on
the freedom of exchanging technical information. In fact, communication has always been a necessary
part of the scientific process, and there is today everywhere in the world a growing awareness of
it' trcreasing impoitance for the advancement of science: the more the body of scientific knowledge
grows, the greater is the need for communication, and the more communication is provided, the better
are scientists able to carry out research.

Until the latter half of the 17th century, communication was done by way of direct correspondence
whereby scientists kept each other informed about the work they were doing. At about this time,
however, scientific journals began to appear and to render a much better method of communication.
In addition, they offered an excellent means for publication and, in so doing, provided scientists
with opportunities to proclaim their discoveiies to the world, in an effort to get in first.

Today, the vast growth of scientific activity makes it difficult for the individual scientist
to kaep up with the ever-increasing number of publications. So much is nowadays published that he
is completely incapable of studying all paper@ which could be of some help to him in his own field
of research. This situation is often referred to as the "crisis in communication", and I share the
hope that in the not too distant future a moderr computer be designed whereby the steadily growing
flood of new scientific information is indexed, processed and assembled, in order to get us over all
the difficulties of this crisis.

But whatever computers will be capable of doing in calling a sciertist's attention to a piece
of scientific information which might be critical to his work, they will never be able to distinguish
qualitatively between a good paper and a bad paper, neither will they answer those crucial questions
which scientists are used to ask. For this reason and many others, open discussions among scientists
working in the same field - scientists who correspond regularly with each other and meet repeatedly
at conferences - will continue to play a major part in the communication process and hence in the
advancement of science.

When in former times the number of scientists was small, a scientific discovery was usually
the product of one single mind and emerged at one particular moment. Today, scientists are counted
in hundreds and thousands, and we are likely to find that, at any one moment, a good many of them
are engaged in the same piece of research and are about to publish much the same results. As a
matter of fact, there are almost always several laboratories in the world which, in the pursuit and
exploitation of new scientific ideas, move along the same lines of approach, and it is well remembered
how much rcsearch was done in parallel during the Second World War, when major parts of science were
regulated by the demands of military security and scientific communication was almost non-existing.

Imposing Secrecy on Science

In war, but also in peace, 3Cientific information of direct military impact must be controlled
by security regulations in order to prevent its premature leakage to an enemy. Hence this information
must be withheld from the traditional channels of scientific communication by some sort of classifi-
cation, ýind nobody, of course, would question the need that in the interest of national defence
certain kin6s of scientific information must be protected. In fact, military secrecy is necessary
and often vital to our survival. But in a real sense, it is bad for science.

Classified research is almost always in danger of suffering in quality, as this kind of work
is not exposed to scientific criticism to the same extent as research, which is done in an open
laboratory. Moreover, secrecy prevents ftee discussions which are so important for scientific
progress. Secrecy furthermore means that large parts of the scientific body are kept in ignorance,
at least for some time. It should be added that scientists carrying out research under condition of
secrecy are less likely to enjoy the overwhelming wealth of scientific ideas as their colleagues
working in a free and open environment. And as it frequently happens that a scientist fails to
realize the significance of his own findings, it becomes all the more important that scientific
observrtions be made available to others for further studies.
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Indeed, secrecy and great scientific thoughts cannot thrive together. Nevertheless, secrecy
is necessary and is often applied to scientific research for reason of national security.

But secrecy also piays an important role in industrial research. It is difficult to think of
a firm which devotes substantial funds to research and reveals scientific information gained at
great expense to its competitors. However, it seldom happened in the past that the leakage of
scientific knowledge caused a real loss to a company. On the contrary, the free release of basic
information has in almost all cases bean an advantage to all firms working in the same field of
manufacture.

Secret scientific information oftcn continues to remain classified, even if it has lost its
military values almost entirely and consequently does not become available to scientistj as rapidly
ai that of the open literature. It is therefore necessary that methods be introduced whereby
scientific informa'ion will not remain classified long after its secrecy has ceased to have military
significance. In my view, the proposal that some positive action should be required to maintain
classification after a certain length cf time merits consideration. Today, action needs to be taken
in almost all cases in order to obtain de-clcssification, since in present security procedures
classification is heavily favnured over de-classification. The access to classified information is
generally regulated by the criterion of "need-to-know". While this criterion can be easily applied
to information of tactical military value, it can hardly be used for information of scientific con-
tent, as nobody in this world is able to say precisely in advance which piece o.* scientific infor-
mation may or may not be of benefit to a particular research project. Because of a narrow inter-
pretation of the need-to-know criterion, it so happened -., times in the past thot an information
which was not availabla to a scientist at the right mo *.t has made the difference between the
success and the failure of a research project. It is therefore very important to ensure that the
criterion of need-to-know be intelligently used and not be allowed to hamper the free flow of
scientific information. But it is also necessary to set up some form of special information
service whereby those scientists who are entitled to see classified information are aware of its
existence in order to avoid costly and wasteful duplication in defence research to as great an
extent as possible.

Classification practices adopted by most tountries overlook the fact that a scientific
discovery made by one scientist can never be kept secret for any length of time, as one day, sooner
rather than later, the same scientific discovery will be made by another sciertist. %henever thit
happened in the past to a piece of scientific information which for security reasons was classified
and consequently not published in the usual way, it was in almost all cases the popular belief
that the information h..d been stolen by espionage. In reality, however, the information was
rediscovered, as nature and her laws are open to every intelligent mind throughout V entire world,
and no nation may claim a monopoly to be the only one with a capability of producing scientific ideas.

What do we gain by imposing secrecy on scientific research? C',viously, the main pr-!.e is time;
and thi. is probably all we ever gain in a~y scientific field, as we may expect to prolong the time
it takes our potential enemies or competitors to learn what we already know.

In fact, secrecy does not play a useful part in science, and security reulations should never
be applied to pure research and broad fields of basic knowledge. A!though the withholding of funda-
mental scientific information may occasionally provide short-term military aivantiges, in general it
is detrimental to scientific progress and for this reason should always be avoided.

NATO's Interest in Sc3.ertific Communication

With!n the Atlantic Alliance, the AGARD Technical Information Panel plays quite an exceptional
part in the sense that it is the only body of NATO which continuously deals with documentation and
its various probiems. Established by AGAFO in 1953, the Panel has launched a broad program in the
fields of aaronauiical publications, but has also served NAMTO in other fields of documentation,
whenever called upon.

At the request of the NATO Scie.ce Comaittee, the Technical Information Panel undertook in
late 1958 to study ways and means whereby the exchange of scientific information within the ,tlSntic
Alliance could be improved. As a result of these studies, the Panel recomended in March 1959 that
a documentation liaison unit be established, which should not perform functions usually provided by
an efficient documeata•ion centre but should keep in touch with research and dovelopmsnt activities
and supply. information to those scientists in the NATO countries who are in need of this information.
Initially, this recomondation met with great enthuslase, L~it was !aear-on cortidared d'.fficult to
implement, as a dr :umentation liaison unit of the kind envisaged by the AGARD Panel wrlI b: of
'ittle use in the case of classified information which by necessity must be exuhsnge, between
iations on the basis of bilateral agreements. Consequently, the idea of a documentaticn liaison
,.,It was dropped, with the understanding however that the subject of improved information exchange
amuny the NAT) countries be studied along other lines.

In 1962 the Technical Information Panel &Abitted to the Science CoKAiLeo a repOrt which
d talt with chz exchancie of scientific information in the defvrkce field. This report pointed to the
need that there shoulJ be at least on. defence oocumentation centre in each Imebir country of IMATO
and that c€un.tries without such centras should, as a matter 0' urgency, initiate their eetab!ish•ent.
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All defence documentation centres should be equipped with the most efficient information-handling
techniques and should endeavour to arrange the automatic release of all unclassified information to
the c:orresponding centres of the other countries. As fer as the exchange of classified scientific
information is concerned, the report recommended that countries having mutual interests in a giveui
field make bilateral arrangements. But pending further improvements and as an initial step, lists
of unclassified titles of classified information should be given widespread distribution.

The report of the Technical Information Panel was approved by t'ie North Atlantic Council in
June of 1963, and the governments of the member countries were subsequently invited to take such
action as they deemed necessary for the implementation of the recommendations. Recognizing the
significance of the issue, the Council furthermore agreed that work in the field of documentation
should continue, as indeed the communication of scientific knowledge within the Atlantic Alliance is
a problem area c: greatest importance to NATO.

In this discussion, I have referred twice to the NATO Science Committee and its Intereot in

documentation. How, I should like to call your attention to the Committee's report on "Increasing
the Effectiveness of Western Science", issued in the Autumn of 1960. Actually, the report was
written by a special stUdy group set up by tha Committee, but it reflects the Committee's attitude
towards the need for accelerated scientific progress in the Western world by means of enhanced
internptional co-operation. As one may expect, the report deals also with documentation, and it
appears to me to be of some significance in this context to mention briefly the main recommendations,
as they describe the scientific demands for improved methods in publication and documentation in an
aopropriate way-

The recommendations, as they are listed in the Committee's report, call for closer co-operation
in publication practicas between the chief editors of the main scientific journals; the proliferation
of scientific journals shuuld be discouraged; the activities of all documentation centres should be
co-ordinated, and a single international system of indexing should be introduced; authors of
scientific publications should be invited to supply, together with their papers, abstracts which are
to be edited according to specific rules and to be classified in accordance with a single and unified
system; the abstracts stould be published immediately; experienced scientists should be encouraged
to periodically review bioad fields of scientific research and to summarize their resulus in an
efficient way.

These are the main recommendations made by the NATO Science Committee when dealing with the
problems of documentation some years ago. They demonstrate the importance the Committee attaches to
these probhms. Needless to say, these rectrimendations are still as valid today as c. the tim- thaj
were written.

Science and Documentation

The critical review. of wide research fields periodically done by competent scientists serves a
valuable purpose in summarizing large portions of the availatle scientific literature. In my view,
this kind of work should be given more credit than in the past. If wisely done, it will certainly
assist us in our d$size to better cope with the ever-irncreaoing voltume of scientific publications.

As the selection and presentation of scientific information can only be carried out intelligently
by those who originate the knowledge, scientists mist nowadays devote greater efforts to these
activities than heretofore. As a matter of fact, research can no longer be regarded as being com-
pletely separated from the co-munication of its result., and scientists m-ist nowadays join the
professional documental.sts and accept responsibilities for the transmission of scientific infor-
mation to the same ex%dut to which they bear responsibilit., for research.

Scientists often produce a certain amount of redundancy whien they pu;bli sh their work, and it
frequently happens that they issue for t', .ame bit of research several reports all of which seem
identical to the documentalist. There are reasons for this, one being that this is the way whex-by
scientista make their work known and consequently itand a better chance of gaining prestige and
stature in the world of science. The o6sential pcInt about publication is that scientists should
always be conscious of the right to publish, and, in my view, thei shnuld take full advantage of
this right, as they have indeed eometling to say to the worid worth consideration, whether it is of
pure character in the sense that it does not relate as yet to some ýnowt field of exploitation or
whether it is of a more prastical nature in a given area where the possibilities of material
application are already well recognized. Nevertheleas, the subjection to a kind of self-control
practiced by the authors of scientific reports will certainly help the docurentalists to overcome
at least some of their difficulties.

There is another point whirh is critical for a fruitful co-operation between the scientist and
the professional documentalist. ow should our young scientists be trained to make better u~e of
existing documentation facilities? When I was a student years ago, very little was provided in
documentation training, and we first became aware o. the existence of and acquainted with the many
problem involved -hen we started to do let-.rato-y work on our own. As by that time wo did not
inow how to handle documentation at all, ejch )f us began to develop his own method, so to speak,
and I believe that the lack of proper guidance in this field is often the cause for so many
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scientists today to prefer the setting up of their own documentation rather than to rely on the
official information services. There is certainly a great nt-ad for improvement, and I sincerely
hope that in the future universities will offer their students better training in documentation.

In conclusion, I should like to say that in my judgement the key to the solutions of the
great many documentation problems lies in a kind of co-operative approach, involving the symbiotic
activities of scientists and documentalists. Both professional groups must work together in an
atmosphere of mutual respect and appreciation, and it seems to be very important to enhance their
interplay. I trust, this symposium will contribute to this co-operation and will set an example
for many more meetings of this type to bo held in the years to come.
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The Suppliers Point of View

Introductory Paper by H.F. Vessel. Chairman, T.I.P.

1. General

In considering the need for this symposium, it was pointed out that in the last
18 months there have been more than six International symposia on much the same
subject. However, on examining the programmes, it became clear that, in the main,
they were of primary interest either to the documentalist or to the computer operators
and that the real customer, the Scientist or Engineer has not been allowed much time.
It is hoped that this symposium will fill the gap. The papers have been designed to
review the present services, to set down what may be possible in the near future and
to allow our customers to say what is needed. It is hoped that the Sc' ntists and
Engineers present will take their full part in the discussion and that , computer
engineers and documentalists speaking will concentrate on the "Service tt •ustomers"
rather than lose us in the thickets of computer programming or the forests Qf Indexing.

The following short notes are intended to form not only & background to the
specialist papers which are necessarily limited in number and coverage but also to
outline the task, the problems end the equipment available to the supplier, that is
the Documentalist or Information Officer.

2. N.A.T.O. Defence Documentation Ce res

The task of the National Defence Centre in a N.A.T.O. country is to make known
and supply to the country's scientists and sngineers the unpublished and sometimes
published literature in their field.

This is done in several waysg
(a) By supplying to individual scientists the new literature in their fields.
(b) By issuing accession lists, or,
(c) By preparing Abstract Journals of new material.
(d) By supplying relevant reports in response to an enquiry.

Further, the National Defence Documentation Centre has the responsibility of
making known, in other countries, the work of its own scientists and of arranging
exchange agreements for foreign literature.

3. Other Centres

In N.A.T.O, countries there are a number of documentation units apart from the
National Defence Documentation Centres. Each large research establishment will have
its own library or Information Agency and there will be the civil technical libraries
attached to Universities, Research Associations, etc. Methods of operation will
vary but the basic requirements as previously described apply but with a modified
emphasis. It Is highly desirable that tiare shall be collaboration betweei, all these
areas of documentation.

A. Typo of Aaency

The types of Agency may be described under four main headings although there is
usually considerable overlap of activities particularly in the first two.

Libraries

Libraries deal with published Information in the form of books, periodicals
etc. In most cases the records used for retrieval consist of the bibliographic
information (Title, Author and Publisher) and a broad statement of the main
subject.

Documentation Centres

The main task is the collection, announcement and dissemination of
unpublished report literature although published literature may also be processed.
The records are usually kept in a more detailed form and mvit Centres will make
subject searches, prepare bibliographies etc.
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Information An.lysis Centres'

These work in a specialised field, have direct access to working scientists
in that field and will provide advice and evaluation in addition to answertng
detail subject enquiries.

R•ferral Centres

Referral centres accept enquiries and refer them to the organisation best
fitted to reply.

National Defence Documentation Centres fall within the second category but may
extend into the other fields.

5. Mechanisation

Mechanisation is increasing rapidly and many Agencies are now using computers in
their operation. We shall hear of some of these in the later papers but a few words
on the need to mechanise are appropriate here.

Many documentary units are running very efficiently on manual systems and to
maintain balance we shall hear of the operations of one or two. There is a very
real danger that a manual system that is not operating satisfactorily will be automated
to improve its efficiency. The result is unlikely to be satisfactory for a poor
manual system will, when put on a computer, be even less efficient and will cost tenl
times as wuch.

In an organisatior the case for the computer generally rests not on retrieval
but on the other operations such an the preparation of Abstract Journals, Indexes, a
;onsiderablo number of Bibliographies or other such lists and finally on "House-Keeping".
House-Keeping will include circulation control, "security" check, stock control and
other similar functions. Retrieval will certainly be done, using the information fed
in for the other operations but this alnne is unlikely to be financially attractive
unless the operation is very large indeed or ic a "Selective Dissemination of
Information" (S.D.I.) operation with a considerable number of customers (S.D.I. of
course is a specialised retrieval search).

6. Indexing

Indexing is one of the most difficult problems in documentatior, for unless a paper
is competently indexed it is lost in the system. For some years sjhlect specialists
will be required in documentation centres for this work. Good men aie scarce and
expensive but as they are also required for abstracting and circulation recommendation
the indexing is but a small addition to the load. As abstracting becomes less
necessary and circulation is taken over by S.D.I. the pressure to develop mechanised
indexing will increase.

7. Newer Develcpments

A number of th-. newer developments deserve mention for not all Nill be known by
the large range of customers of aocumentalists.

Information Analysis Centres

!nformation Analysis Centres have grown up to meet the needs for detail
advice in specialls, fields. We shall hear of the working of several of these
and it is sufficient here to say that they are usually based on a University or
Establishment working in a specialised field.

Referral Centres

Referral Centres have rationallsed the practice of most documentary units
of referring some enquiries to other agencies better able to assist. They
accept enquiries, tranaftr them to the Unit working in the appropriate field and
monitor the rssults.

Selectiva Dissemination of InforMation

Selective Dissemination of Information is not new and a large number of Librarlcs
&nd 'nformation Units keep a "field-of-interest" register which is used to route the

*Sometimes called Specielised Information Centres
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new material. However, S.D.I. is the term now applied to the large operations which
are now possible by computer of which we shall hear. Basically S.D.I. is a retrieval
operation but the questions asked of the computer are "profiles" of each customer
defining his interests. The "profiles" have to be built up by allocating index terms
so that the search picks out the reports likely to be of interest to the particular
scientist. Difficulties arise in establishing and, in particular, keeping profiles
up to date and experience seems to indicate that the profile of a group of scientists
produces more satisfactory results than individual profiles.

Citation Indexing

Citation Indexing is comparatively new and is a computer operation producing an
index of all papers in which reference is made to one older publication. Thus a
scientist knowing one authority in the field in which he is interested can turn up the
author and title of all later papers which give thi original report as references.
The process is expensive and time consuming for not all references will be on the main
subject but in some cases it will produce papers missed by other searches. It is
certainly an additional bibliographic tool which in some cases will be very valuable
indeed. However, despite some claims, it cannot replace other methods of search.

Microform

Photography has been used for many years in relation to storage of documents.
Records on film, 35 m, 16 mm or cut film have been made to duplicate records for
security or for easy transmissior. Some systems too have been developed for storage
and retrieval. The important recent development has been the widespread use of micro-
fiche particularly in U.S.A. The standard American fiche is a sheet of cut film
6" x 4" containing 60 images cf approximately A4 size documents but the older European
systems generally used smaller fiche. Microfiche have the advantages of ease of
storage, postage and reading with relatively cheap equipment. At presen. however,
particularly in Europe, printing hard copy from them is difficult and expensive and
there appears to be more resistance from scientists to using them in a reader rather
than asking for hard copy. The microfiche Images are ot a scale of 1-18 or 21 but much
greater reductions are now being demonstrated. Any documentary centre of reasonable
size should have facilities for reading film and microfiche and for taking paper copies
of selected pages, that is they should have reader printers. The cost of the printing
of hard copy and the preparation of microfiche is still high and these tasks, for some
time, will probably be confined to a few centras in each country.

8. The Future

We shall hear of several new proposals which will influence the future and the
author will, therefore, merely set down those developments which he considers of major
importance.

Preparation of Reports on Tape

Apart from speeding up the Issueof reports which require re-drafting the final
tape :an be fed directly to a computer for dc-umentary processing. At the present
time an expensive process of editing and key punching is required to extract the
bibliographic data and present it to the computer.

Text Readino

Although more expensive than the above, machine reading of text typed on a
standard form in special type face will show advantages ovez key punching for those
reports where tape is not Available.

Tim Shaina

Time sharing on computers by making use of "dead" computing time occupied by say
print out allows 6 number of uiconnected tasks to be done almost simultaneously. As
a further extension tasks may be fed to the computer by telephone wires from a number
of remote terminals and the coded tasks stored unl ýhw computation time is available.
Wo shall hear of one or two of the documentary applications.

II
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Display Techniques

Display techniques are advancing rapic ly and it is already possible to
envisage the remote display of, say, abstracts in response to a subject enquIry.

Rapid Printing

On a more mundane level there Is a vers' real need for economic printirg at a
speed compatible with computer speeds. This and display techniques will no
doubt progress together.

Finally, it should be noted that for many years there will still be the need for
local information centres without much mechaniiation, although there will probably be
a tendency for them to rely more and more on the large fully mechanised central stores.

S9. Educition

The need for education of Information Officers or Librarl3ns in the operations and
in the customers' needs is now fully recognised and the recommendations are now being
implemented in most countries. Less well recognised is the need to educate the
customers in the many sources of information that are now available and the best ways
of using them. The author being a scientist (and engineer) converted to documentalist
is acutely aware of the deficiencies on both sides and hopes that the talks on this
subject will do something to remove the misunderstanding vhich still exist.

The Information Officer is anxious to assist the scientist but his task is made
easier and the result will be better if the scientist is aware of the documentary
problems. Some specific recommendations ares-

(a) In report writing use an informative title and include an abstracto some
100-20C words which fully describes the report.

(b) In making requests for documents be as specific as possible. Thus where the
request arises from a reference, quote originator, Report number and say
kiuthor. This gives sufficient redundancy to allow for a check against, say,
transposition of numbers. If the inf-rmation available is incomplete, give
everything there is and say "that is all available",

(c) In asking for a subject search, be as specific as possible and give an
indication of whether the search can be limited by date. If it is to be
a detailed search for obscure information give some advice on the type of
report which may contain it.

In case it should be felt that these recommendations are too elementary it should
be said that In the author's organisation some 15% of requests are incomplete and
either require a search on inadequate data or reference back. The delay, nuisance
value and increase of costs is quite considerable. Again, T.I.P. was asked to
prepare a bibliography on "Brittle Materials" and it was not until the work had started
that the author, by approaching the British Panel Member, ascertained that interest
was only in the Ceramics.



FOUR "NEW" SCIENCES: AN APPROACH TO COMPLEXIIY

Edward B. Montgomery
Dean, School of Library Science

Syracuse University
Syracuse, New York 13210, U.S.A.

An Extended Summary

We are faced with a growing complexity w'.ich has been a by-.product of

our progress, increased knowledge and our vast technological achi.evement3.

Like air pollution, we must learn tc cope with this by-product before it

leads to our destruction. And wi must learn to cope with it while we

acknowledge the need for still further research and development.

Research and development are being mass produced and automated, and

will increase. Increases ruch as these are of an exponential nature and

have the same effect as a chain reaction. A change in one discipline effects

changes in other disciplines which, in turn, may affect still others. Some

of Lhese chain reactions are short-lived. Others, however, contLnue branching

into many disciplines having large reproduction factors and short xeproduction

cycles making synthesis of new information very difficult.

This paper suggests a new approach to complexity and it is hoped that

it will effect progress rather than confusion.

This approach suggests organization and synthesis of four "new" sciences

which will allow a more certain comprehension of interrelationships of

knowledge leading to such phenomena as overpopulaLion and pollution.

The sciences which need development deal with information, communications,

systems and applications. None of these are totally new; they are being

implemented in varying degrees and in various combinations at present. Much

of the application of these fields is, however, on a small scale and is

accomplish&A through societies for cybernetics, general systems, etc. It is

recommnended that these sciences and their obvious parallel engineering fields

be explored, structured and pursued with increased breadth and support.

The interrelationships resulting from study and research are rather

unilateral and are generally confined to their parent discipline. Still,

there is greater realization of the potential of these interrelationships

outside the discipline giving rise to them.
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If we postulate the four logical scientific domains of kncwledge that

provide a continuum from infcrmation to its ultimate use, and further require

that these domains cross all disciplines at right angles to them, we should

add the now missing dimension to our ability to understand the potential

interrelationships of knowledge.

Information science is the first science we must consider. Tc see it

in terms of its many contexts, we must consider the broadest possible definition

of information. It does not matter if this definition agrees with a dictionary;

information exists everywhere. We could define information as the position of

all the atoms and moleculee in the universe and of all sets and combinations of

those atoms and molecules at any time.

Consider next how information op,ýrates--as a result of mai.'s knowledge

and reflections and as a recurring natural process. Information exists within

all of the organicms found in nature. Every cell of every organism co.cains

molecular information which defines and has determined the complete description,

make-up and functional spe'ification of that organism.

Wl.sn organisms reproduce, information about the one or two organisms giving

rise to che reproduced organism, is tramsmitteL in the reproduction process and

a new piece of molecular information is created in the process.

On the highest level of ccomplexity, man is acted upon not only by his

environment and his reaction to At, but reacts to his own feelings and thoughts.

As a result of these complex interactions, organisms contain information

transmitted frequently about the state of the organism and of the suŽý-organisms

or systems within the organism. For example, one's nervous system is under

the constant surveillance of the human body's sensing of the change of state of

the organs, the change of state of emotions and the change of state of thinking.

Information is also produced by the activities of organisms. Humans

observe, design experiments, create, think, feed and indulge in various activities

which increase the amount of information. In a scholarly discipline, this

increase in information is sought after in an organized and logical fashion.

Information itself is not sufficiently investigated as a scientific

entity. What information is, its roles, its contribution to the disciplines

is too frequently a by-product of disciplines with other goals than an under-

standing of information pir so. Information, its dynamics, the tools that elicit

it and with which we use it deserve a special science that can lead us, through

better understanding, to a far better use.

The consideration of a science of information leads to the need for addi-



tional sciences to cover the spectrum of this investigation.

-nformation in itself, however, is of little use. It must be communicated.

We must search scientifically for answers to such questions as: What is

communication? How does it take place? Why does it occur? What are its purposes?

and What forms of communication are there?

Information, communicated through a system, usually ham a purpose or applica-

tion. Thus, a science of applications following a science of systems is needed

to provide '.ull coverage of the information continuum.

Complete understanding then, requires a knowledge of: what information

is, how it is communicated, the systems used in transmittal, and ultimately,

its application.

Externatl information and communication actions of organisms inclide com-

munication on a personal basis, on societal, cultural, business, international

and many other bases. Among these, too, there are the needs for a better under-

standing of what communication is, what a system is and why it operates or is

applied.

The four sciences should not be limited to the interface with participa-

tion in the physical, biological and social sciences. These sciences of informa-

tion should transcend and tie together all activities of man, including all of

the disciplines, from art and architecture to zoological systems.

Because the conferees here are involved in communications and systems

work of all kinds, it is unnecessary to comment further about communications

and systems as broad scientific disciplines. However, we do need to know what

communication is and what a system is from a broad context so that we under-

stand their general properties and dynamics and can anticipate their by-products.

The fourth science dealing with applications should be more thoroughly

explained. For example, how does man apply the knowledge or the information

that he has? Most of the endeavors in our society pertain to the use of know-

ledge, yet one of the least perfect areas of scientific knowledge is applications.

A science of applications would embrace studies leading to understanding of how

man really uses information. This could lead to vastly improved functions of

all sorts. For example, education is the application--through a system of

coinunication--of the knowledge and the information man has. The and product

of education is the application of knowledge to all phases of learning--further

scholarship, a professional career or simply a fuller, better life. Yet, the

entire process of application is not very well understood. Do we really know

what learning is? The syst-ms called schools, althouqh they are improving,

are far from attaining achievement of the best educaticnal objectives because
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we lack knowledge of application.

Applications knowledge also has to do with the arts, and while the

present st&te of the arts may seem productive and satisfactory, one facet of

art is in the ability to apply, but what is applied and how it is applied are

not very well understood.

Our list of examples of the need to study applications should also

include questions of how man applies his knowledge of political, economic, and

social sciences to the relationships among nations. Here again, precision of

application knowledge, in fact what knowledge to apply, based on what informa-

tion, is an enormous problem man has failed to solve over tha centuries. Now

that some sciences have succeeded in applying their knowledge to the creation

of devices with the capability to eliminate man from the face of the earth,

our inability to discover, to communicate, to construct fail-safe systems of

society lead to the realization that our application of man's knowledge needs

even greater depth and surer progress.

A fifth science, which is not a new science at all, might be called the

science of science itself. Science can be understood so broadly that its con-

tributions ace not used for purposes that could harm or even annihilate mankind.

Scientists and technologists should provide fail-safe capabilities for their

creations, the ability to anticipate undesirable by-products as well as leader-

ship to eliminate those problems of the world for which man has been responsible.

This may seem naive and impractical to some. However, continuation of

the present exploitation of science and technology is truly naive.

Now, why is it that we speak ot new sciences and of new engineering areas?

We are aware that most of the activities we have discussed are subsumed under

existing disciplines such as liaguistics, information theory, systems science

and otler current activities of scientific and technological groups seeking

to unite their efforts to promote more general studies of these subjects.

The reasons why we speak about them as new sciences are: Information

has dynamic properties. That the pen is mightier than the sword is an old

manifestation of the power of information. Yet relatively little eifort has

been made to really understand information dynamics in terms of our present

needs. However, it is quite probable that the problem is now growing at a

rate beyond the capabilities of professional sucieties. The dynamics of

information, its communication and its ultimate application in the various

systems that exist or that have been created by man are the dynamics of

chain reactions.

We must create a synthesis that can include all uses of information. We



must plan for the most effective understanding of the good and the bad effects

so that we can begin to cope with the complexity that we are creating with the

increasing reactivity of chain reactions.

Out of such new organization of disciplines may come new horizons, new

approaches, new concepts and new capabilities that are needed for considered

growth and implementation in research and development of all fields.

If we consider the field of information science, it is quite probable

that a group working to develop information in one discipline may find resources,

methods and devices that will be useful in informtion-seeking in other fields.

Approaches and instruments that have been developed in scientific research

se'.dom stay in the narrow field for which they were created.

New principles, points of view, philosophies, definitions and specifica-

tions concerning information will be useful in many, if not all, fields. The

explorato)ry work on information in one field should provide insight, impetus

and working tools for others fields. This should offer lower costs in terms

of manpower and money. Of even more value than lowered cost in times of great

need, such as the present, there will be less time elapsed from initiation to

broad use.

Similar statements can be made about communication science, systems science

and the science of applications. Understanding of systems that resulted frcm

systems analysis, beginning with the aerospace field, has led to new approaches

in the many fields including the behavioral and life sciences. On the other

hand, as more ur.derstanding of the operation and communication of information

in the organs of animal organisms is achieved, new insights into social systems

will evolve. it is even possible that the fail-safe philosophy developed for

the operation of nuclear reactors could be translated into a method of inter-

national -ooperation.

The rtpertoire of illustrations of the possibilities of use of these

sciences is almost endless and will be limited only by the imagination and

creativity of the disciplines involved.

Research and development have reached a stage where the unit cost of

knowleCge anc productivity is increasing exponentially. An even greater expo-

nential applies to the need for increased research. Each new unit of knowledge

has an inherent interrelationship with another field. Many of these change

those fields so that they, in transmitting their changed states, create new

possibilities of interchange in still other fields. So while we are creating

more and more knowledge, we are also creating more by-products of that

knowledge. This can be considered as an exponential product of the exponential
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growths.

The ability of mankind to cope with the complexity thus created seems

to lag farther and farther behind the creation of new interactions. We cannot

slow down, we must increase our research efforts as well as our reflection

on its results.

We need to increase the ability to reflect, to think about, as well

as the ability to create more research at a lowered unit cost. The mass pro-

duction of research, in fact, the achievement of its automation, depends on

now concepts and now directions.

Hopefully, these now approaches provide a matrix for coping with

the problem of rising complexity.



IVA

AGARD SfhIPOSIUM ON STORAGE AND RETRIEVAL OF INFORMATION

MUnich 18/20 juin 1968

Les problames poses par le vocabulaire documentaire et lorganisation des dictionnaires et thesaurus

F. LEVERY - Ing~nieur Conseil d la Cie IBM FRANCE

Quel que soit le systL~me documentaire utilisA- (m~thode de classification traditionnelle

hi~rarchis~e, indexage A l'aide de mots-cl,6s ou de descripteurs), on suppose que le

m~nie langage docurnentaire permet, A !a fois de signifier correctement des documents

et des demancies de documentation.

Le prlncipe g~n~ral consiste A consid~rer qu'une demande peut @tre r~dig~e en d~crivant

le document esp~r6.

Cette hypoth~se suppose, en falt , qlio le demant!eur posst~de au d~part une bonne

connaissance du sujet sur lequel porte son interrogation. Dens le cas contraire, il est

oblig6 do faire eppel A une personne sp-6clelis~e cape.'le de "treduire" se question

d&une meni~re correcte.

11 est A noter que cette difficult6 6talt pretiquement surmont~e dens tous los syst~rnes

treditionnels utilisant une classification hi~rarchis~e.

En offet, lo syst~ine clessiflcatoire servait de guide au demendeur et lui apportait los

informations n.!cessaires pour posev corroctement sci question. L'organisetion hihrar-

chique pormetta.tt par aifrurs do fixer fý(c-Qement le niveeu do g6n~ralit6 d~atr# dens

los r~ponses.
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Il est certain que ces facilit4's nexi±-,tent plus dails les syst~ines documentaires qui

utilisent le langage naturel pour constituer les fichiers de recherche.

Lexpkrievce montre que Ale langage utilis6 par les demandeurs (langage du non-inform6)

est tr~s sensiblernent diff~rent du langage L.tIlis6 par les auteurs (langage de 1'infonti6).

La comparaison brutalf entre id liste des termes utilis6s par 'in demarideur et la liste

des termes utilis~s par un auteur risque d'9tre insuffisante et un grand nombre de

docximents pertinents peuvent 6chapper A la selection.

Vest la raison pour laquelle il convie~it d'tablhr des dictionnaires (ou thesaurus)

perinettant d'assurer les 6changes entre ie 'zocabulaire du non-inform6 et celui de

1'informO. Ces dictionnaires peuvent en fait 9tre utilis~s de deux mani~res diff~rentes

-ou bien au moment de la constitution du fichier ;il s'agit alors de rechercher, U'rtce

au dictionnaire, l'ensemble des notions susceptibles d'apparaftre dans une &ý,ndnrde

pour laquelle le document consid&r6 serait pertinent

-ou bien au moment de la s~icction 'Jocumentaire ;il s'agit alors de rechercher, grace

au dictionnaire, lensemble des notions qui ont Pu @tre utilistses par des auteurs et

rlui se cachent '.mplicitement derri~re les tenvres utilis~s par le demandeur (te.-nes

syiionymes, hi~iarchiques c'est A dire plus sp~cifiques ou plus g&nL&riques et

termes s~mantiquement voisins). .

Que ces dictionnaires on th(~saurus soient utilis~s A lentr~e ou ý la sortie, leur forme

ne varie gu~re. Le choix nrtre ces deux modes di-t.hisation d~~pend en fait de facteurs

pratiques
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Si2 e2 ombre de documents est grand vis A vis du nombre do demandes, ill y aura

itrtAutiliser le thesaunus A la sortie (fichier r~trospectif pevu interroge ),si

au cntrire lenombre des demandes est important pour un faible fichier, il y aura

int~r~t 6 utiliser le th6saurus d~s la mise en rn~molxe.

La constitution des thesaurus peut 8tre envisag(-e de plusieurs manit-res diff~rentes

-soit A priori et ceci est obligatoire lorsque le thesaurus intervient au cours de

l'indexage

-soit A post~riori lorsque le fichier docume,-,taire g~n~rateur du lexique est constitu6.

Cette derni~re solution n'est envisageable que Iorsque le thesaurus est utilis6 A la

sortie.

Plusieurs expe-riences ont perrnis de d~gager des m~thodes pratiques de constitution de

ih~saurus

-. r~cup~ration des associations cr66es pour linterrogation des fichiers

-comparaison des d~finitions

-exploitation des structures documentaires hi~rarchis~es etc. .

Ces diff~rentes solutions seront comment~es au cours de Iexpos6.

IL
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MECHANICAI. READIING

TRENDS AND DEVELOPMENTS IN CHARACTER AND PATTERN RECOGNITION

1. Introduction Lawrence A. Feidelman

This talk will describe the up-to-date developments in tK; fields of pattern and character recognition,
and indicate technical and economic trends in the near future. Character and pattern recognition represent
automatic techniques, employing mechanical and electrical devices, for reading of patterns which have been
placed on paper forms or films. Pattern recognition is the general term denoting automatic identification of
all types of patterns, Characteýr recognition specifically relates to the automatic identification of alphanumeric
characters and symbol patterns and, therefore, forms a subdivision of pattern recognition.

2. Definition of Techniques

Pattern re,!ognition can be defined as a technique for automatic identification of a given figure or
arrangement which is known to belong to one of a finite set of pattern classes. This figure may relate to a
missile launch site on an aerial photograph, a tumor identification on an X-ray, or an identification of resistor
and capacitor symbols on an electric circuit diagram. The automatic reading of patterns replaces the present
method of visually inspecting each film frame, which is a physically c;.hausting task prone to errors.

Character recognition is a technique for automatic identification of alphanumeric characters or
symbols. These characters or symbols have relatively clearly defined property characteristics as compared
with the general class of patterns.

The character recognition technique has beer implemented in a device called a character reader,
which is primarily a replacement for the keypu::hing and card reading operation. The character reader per-
mits printed, typewritten, or handwritten data to be entered directly into the data processing system from the
source document. In practical operation, this direct conversion is not always possible due to uncortrolled
data preparation conditions, and a retranscription of data via typing is necessary. However, the typing oper-
ation has proven to be faster, more reliable, and more efficient than keypunching, and requires fewer hours
of training.

3. Principles

Both clharacter and pattern recognition may be implemented into equipment in a similar manner; the
essential difference is the means for recognition of patterns. Figure I illustrates a general configuration foi
a pattern or character reader.

TRANSPORT
UNIT

SCANNER

UNIT

PROPERTY
DEFINITION

[IDENTIFICATION

RECOGNITION UNIT I
I '

COMPUTER ON- LINE
---- OR VIA MAGNETIC TAPE;

PAPER TAPE; CARDS ETC.

Figur, 1. Block Diagram of Pattern. ''nracter Itecognizer ;Wader
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The transport unit is a mechanical device for positioning the paper form or film by the reading station.
The scanner converts the pattern appearing on the form into some analog or digital representati %n using optical
or magnetic techniques.

The recognition unit, which is the heart of the system, extracts the significant properties from the
pattern, thus identifying it as belonging to a given class. The problems of property definition and identification
of general patterns are obviously more complex than just identifying a character belonging to a given charscter
set.

4. Application Areas

The application areas for character and pattern rec ,gnition are quite diverse. Character recognition
is business-oriented, and is directed toward supplying data to the computer more efficiently. Pattern recog-
nition is science-oriented, and is directed toward analyzing visual infc -mation which has little semantic value.

The following are examples of formats that can be read by character recognition devices:

(1) Embossed customer credit (5) Application forms
card information (6) Questionnaires

(2) Invoice billing (7) Mail

(3) Customer statements (8) Book titles

(4) Transportation tickets (9) Phone directories

Pattern recognition work has been most pronounced in aerial photograph interpretation, medical film analysis,
voice print identification, and graphics interpretation.

5. Trends

Awareness of both character and pattern recognition has increased significantly in the past year
basically due to the commercial acceptance of the character reader. Once considered a research device, this
reader is now taking its place in the data processing system. Therefore, pattern recognition, which has taken
secondary consideration, can now be given more technical attention. The future challenges to tCe scientist and
ergineer definitely lie in the area of pattern recognition.

While pattern recognition work is involved in property definition and determination of proper identi-
ficetion algorithms, character recognition work is based on increasing the reader flexibility, reliability, and
speed while reducing the costs to cover a wider area.

In this respect there are eight basic trends in character readers.

(1) Software

There is an upward trend to use a programmable unit for recognition
rather than to rely on special purpose hardware. Programmable units
increase flexibility; e. g., they can read forms having different character
fonts and field formats. In addition, the programmable unit can be used
for data extraction, sequencing, and manipulation to reduce the computer
load further.

(2) Recognition of Handwriting

The work being done on the recognition of handwritten characters can
be divided into two classes: handprinted and script. The ability to
read numeric handwritten characters aiready exists in the readers
manufactured by IBM and Optical Scanning Corporation. Recognition
Equipment has recently announced the capability to read handprinted
alphanumerics. The IBM 1287 Optical REader, for example, can
read handp inted numeric digits and five :alphabetio control symbols,
but the rigid set of rules emphasizes that the coivept is still quite
restricted in practice. However, reading of script characters is
only in the developmental stage, the Pos;. Office beLig the primary
customer.

(3) Context Recognition

Context recognition, a iong-range cffort to reduce reject and error
rates, is an attempt to simulate the human ability to apply conttextual
significance to characters or element• w%` 'h might otherwise be de-
void of meaning. When a person read&;, the legibility of individuai
letters, or even of individual wordt;, i not usually critical. htuman
beings "read" or perceivt letters within the context of the entire
word, and words within the context of an entire sentence. Conse-
quently, the reader easily identifies "-xr.xt" (where the "x's' reprtý-
sent g-arble), in the phrase "2231 South 12th Sxrxxt," as "Street"
even though only 50) percent of the letters are readable. This
identification is pos)ible because of the conditional dependency of
letters and words in human communication.

Although context recognition is not %et soJ)histicated enhough to he-
comnie a major factor in a recognition scheme, it can IK' used as a
back-up method for identifying illegible characters. The most obvious
advantage of this technique lies in its iitential to identiiy a complete
word in which one or more characters may present serious recWmition
difficulties.
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(4) Off-Line Versus On-Line'IOne of the benefits of OCR ir placing the input per pheral device off-line
(in most cases). The on-line card reader has slowed down the computer
and has, in some cases, required a separate computer for preprocessing.
The trend of character readers is towards indepencent off-line units

producing magnetic tapes for computer processing.

(5) Speed

Another, but less critical, area of developmental emphasis in character
readers is speed. Reading speed it; presently limited by the amount of
time required to mechanically move the document pust the reading station.
The overlapping of the reading and transport operatims is accomplished
by using storage tubes (i. e., vidicon scanners) or by reading "on the fly."
Speed can also be increased by using form controls which perform selective
field reading, and skip blank spaces. The reliability of the character
reader not only affects Jts accuracy, but also has a significant impact on
document-reading capability; actual reading speed is obviously affected
if a document must be read more than once.

(6) Improvements in Reliability

Naturally, reliability in the form of low error sid reject rates is a prime
consideration in all the development work being done on character readers.
One approach to reduce these ratses is to improve the resolution of the
scanning units and thereby increase the number of sample points from which
the equipment can make an identification. Philco-Ford Corporation is using
a cathode-ray tube that has a resolution of 2000 optical lines, and even better
resolution can be expected in the near future.

The reading reliability of the character readers, in terms of reject and
error rates, has improved substantiLlly due more to the source documert
preparation control, typist training, proofreading, and spectid checks
within the character reader than to the recognition logic itself. The
reject rate for in-house form preparation is presenity two to three
percent. Based on improvements in preparatica, this reject rate will
drop significantly to below 1 percent in the next five years, and error rates
will fall to below 0. 5 percent. Keypunching error rates are presently 1. 5
percent.

(7) Cost

Present commercially available character readers are designed for large-
scale operations (more than 10, 000 documents per day), in which cost cat-
be justified. There is, however, a definite need for a low-cost single-font
character reader (approximately $20, 000) which could read fixed-format
single-document types. In view of the recent character set standardization,
it would appear that a trend toward such a device is now likely.

(6) Remote Scanners

The use of remote scanners connected in a time-sharing configuration
with a centralized recognition unit is %ithin the state of the art and can
be expected soon.
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Non-Numerical Mathematics and Data Processing

F. KrUckeberg

1. Non-Numerical Mathematics

Many problems of modern mathematics are non-numerical in structure. It is a simple matter to
calculate the path of a rocket numerically, based on thu theory of differential equations. This
subject properly belongs to Analysis. On the cintrar , the topological structure of cyclic satellite
orbits is non-numerical. It is possible to classify types of orbits topologically.

There are mathematical areas which conta¼i no numerical components as, for example, graph and
network theory. With the help of these theories, comiplicated problems of strategy can be analysed.
In the theory of games, graphs allow an irtuitive grasp of the problem to be readily achieved. There
is a close correspondence between graph theory and logic. Graphs can also be described in terms of
Boolean matrices. With this, a link to algebra emerges. A special topic in algebra is Group Theory
which can be used for the investigation of graphs. The importance of Group Theory is, however, much
greater than this and more general. For example, one can with the help of groups, describe the
symmetric properties of elementary particles.

Many problems in geometry are non-numeriral in nature. Hilbert's research oi the founG(!.,'-ns of
geometry are especially worthy of note here. A further important subject in mat'iematics is logic.
This topic is, at present, being very actively pursued. It is possible to prove that large classes
of problems can be solved without direct consideration of the individual problems through the
utilisation of very broad logical generaliti.es. An extention cf this idea leads to the new topic of
model theory. Modern mathematical theory is becoming ever more generalised and distant from the
classical world of numerical analysis.

2. Non-Numerical Data Processing

The field of non-numerical data processing is so large, if one regards it with full generality,
that no list of subjects can be exhaustive. We can merely cite several important new efforts without
prejudice to the large number of others not mentioned.

Group Theory

it is possible to store finite groups in the core store and all group operations can be described
in subroutines. In this way it is possible to manipulate groups in computers. For example, all sub-
groupsý can be determined automatically and even more complicated problems of group theory can be
solved very conveniently. In this domain, it is certain that very interesting new results will be
obtained.

Graph Theory

Very complicated graphs can be stored in the computer, and the structure of •he graph can then
be investigated. It is possible, for example, to determine the shortest connection between two nodes
of the graph. Further, cyclic sub-graphs can be discovered. Such questions are of the greatest
practical interest. Tecnniques, including signal-flow graphs, flow graphs and k-trees allow one to
obtain a clear intuitive picture of the functioning of a linear electrical network, after which
analysis is much easier. Knowledge of the graph in topological network analysis eliminates many time
ccnsuming mesh and node calculations. In the chemical industry, the flow of material can be described
by these methods. This is of considerable importance for the solution of management problems in such
large factories. A large German chemical factory is, at present, actively using this technique in
its daily operation.

Games Theory

It is well known that it is possible to programme a computer to play a complex game like chess.
Since the theory of games is of the greJtest importance for scientific management and logistics, game
playing in the computer becomes a very serious occupation indeed. This application of the computer
will be, in future, one of the most important. It is planned that German government practice will
be strongly influenced by these methods in the near future.

Translation

Machine translation is of considerable importance due to the continued growth of international
scientilic exchange. It would seem that the pessimism expressed bv a number of authors concerning
the possibilities of automatic translation is unwarranted. It is merel, a matter of time until this
method has reached a usable degree of perfections. Successfil attempts at Russian-English trans-
lation have delivered satisfactory results for scientific and technical texts. A Russian-German
translation project is being carried out in collaboration with the Deutsche Forschungsyemeinschaft
(German Research Asaociation) and the University of Saarbr4Jcken.

i -1/
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Pattern Recognition and Enhancement

The recognition of shapes is a very difficult and interesting problem whose solution has many
applications. The problem can be divided intv two parts. One is the decision as to which class out
of a large number of possibilities a given well defined pattern belongs (character recognition, for
example). The other is concerned with improving the definition in patterns which are greatly dis-
turbed by extraneous influences and, given a limited number of classes, deciding into which such
patterns most probably fall. For example, in the later category, in collaboration with the
Rheinisches Landesmuseun4 Labor fUr Feldarchgologie, a project in the enhancement of buried
archaeological monuments seen in the results of surface geophysical measurement is in progress.
Although the method requires much numerical manipulation of the date, the end result must be presented
in a form which enhances the ability of the human eye to distinguish faint shapes in a noisy field.

Form, pattern, structure, logic trees, graphs, language, algebraic manipulation, all of these
are but a few of the non-numerical problems which are yielding to t.a attack of non-numerical
mathematics and data processing, giving new results in areas where hitherto insurmountable difficulty
prevailed.
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EFFICIENT TRANSFER OF TEXTUAL INFORMATION

James W. Altma.
American Institutes for Research

Pittsburgh, Pennsylvania

PROBLEM

The need for efficient transfer of Information from authors to potential users hardly re-
quires belaboring. Yet, three central problems remain:

I. Text-sensitive tasks of scientists and engineers have not been delineated
and analyzed In such a way as to define clearly their requirements for
textual information support.

2. Methods have not yet been established which permit characterization of text
in terms which support generation of a technoligy for efficient transfer
of text to users.

3. Little concentrated effort has gone into attempts to establish lawful re-
lationships between text-sensitive tasks and textual characteristics.

It is the purpose of this paper to review some of the findings already available concerning these
issues and to suggest ways in which they might be resolved. Three principal phases of textual use
are discussed: (1) screening, (2) gaining and maintaining awareness of a scientific or technical
field, and (3) application of text-mediated information. These phases have been somewhat arbitrar-
ily chosen; a reflection of a well-mapped domain of human behavior is not implied, for such mapping
has not yet taken place.

SCREENING

Document screening can be conceived as occurring in three principal waves. The first wave
involves selection of a set of documents from the total body of scientific and technical text, the
phase perhaps currently containing the most dysfunctions between textual information systems and sci-
entist-engineer needs. This paper, however, does not attempt to review the current status of docu-
ment retrieval schemes. Rather, a distinction is drawn between recall systems and non-recall systems
and some of the salient features of each discussed. In addition, one approach is explored which
seems to have promise for clarifying the underlying logic of document retrieval systems, as well as
practical implications for improvement in retrieval, particularly automatic, of documents. The sec-
ond wave involves selection from the set of initially cons!dered documents those that are to receive
serious scrutiny or, in other words, the compilation of a bibliographic listing of some sort. The
merits of attenuated representations of documents for this phase are recognized. The third wive in-
cludes the reading of documents and selection of those parts that will be remembered or applied.
This wave is Inextricably entwined with maintaining awareness and application,

GAINING AND MAINTAINING AWARENESS

A comparison is made between the textual requirements for gaining awareness of text for an
immediate and specific purpose and those for maintaining current awareness. Concerning the latter,
several studies are cited which demonstrate the utility of attenuated text (abstracts and extracts)
In comprehending the essential meaning of scientific and technical articles. In addition, it Is
noted that differences between comprehension from full text versus comprehension from attenuated
text tend to be maximal for text of intermediate complexity. That Is, comprehension levels from
attenuated and full text tend to be most similar where comprehension from full text is either very
poor or very good. Mention Is also made of the relevance of the comments concerning the screening
of documents for a specific purpose to maintaining general awareness. Just as specific requests can,
at least theoretically, be scaled according to some set of underlying dimensions which structure the
field, so also might an individual's general Interests be similarly scaled. Documentation having
single multidimensional scaling might then be brought to his attention on a regular basis.
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Gaining specific awareness usually requires greater detail than Is provided by abstracts
or extracts. According to the findings of one study referenced In this paper, an average loss of
30 percent (across a number of scientific and technical fields) resulted from efforts to use exten-
sive descriptive abstracts as a source of specific facts. Interestingly, neither the extensive ab-
stracts nor briefer abstracts brought about a time saving over the use of full text for fact retrieval.
Although this Inadequacy of abstracts and extracts for specific applications makes it tempting to
conclude that the original document is required In most cases for such purposes, some notions which
suggest that such a conclusion may be premature are presented later In the paper.

Some considerations pertaining to textual analysis are presented, followed by the relation-
ship of text characteristics to levels of application. Included in the discussion of textual analy-
sis Is a description of the operations involved in the procedure of breaking scientific and technical
text Into elements called "textual units." A description Is also provided of the criteria Involved
In the testing and improvement of the uniformity of textual units resulting from this procedure, the
categorization of these units, and their arrangement In convenient spatial configurations which re-
flect the apparent temporal progression of the author's writing. Major types of textual units are
defined, In addition to idealized configuratloais of units for deductive, empirical research, and de-
velopment studies. This characterization of text is then used as a basis for relating It to levels
of application, arbitrarily limiting levels to these four: (1) reflecting simple awareness, (2) re-
flecting sophisticated awareness and/or collation, (3) reflecting analysis and synthesis, and (4)
reflecting evaluation. Following a description of each of these levels, it Is noted that any given
application Is likely to have relevance to only a selected sub-set of the entire set of W re or less
independent logical strings of textual units in a given document. The final point made is that given
highly accessible and facile information systems in the future, it Is not inconceivable that a pro-
spective user would be selectively exposed to only those strings of textual units having likelihood
ot belng relevant to a particular application and in an order most consistent with his scientific and
technical task--with subsequent units in the string being presented on demand.

QNCýULSIO

Based on the various findings and arguments advanced in this paper, the following conclu-
sions are suggested:

I. In the preparation of original text:

a. Some of the extensive attenuations which have been accomplished in
text without measurable loss of information suggest that there may
be considerable reduction yet possible in the volume of text gen-
erated through more rigorous attention to the preparation and mon-
itoring of publication standards. This prospect seems particularly
rich when it is recalled that the attenuations were accomplished
on articles in published journals, which tend to ba among the most
terse of scientific and technical text.

b. The traditional ordering of text to parallel the logical sequence
foil-wed by the investigator may be less than optimum for the in-
dividual who uses text. More optimal orders of presentation for
use should be sought.

c. The delineation of textual units in the process of preparing text
for storage and retrieval may serve as a powerful aid to efficient
textual transfer. Its potentials should be investigated.

2. The structuring of phenomenolrgical fields by the methods of multivariate
analysis and related rational processes should be explored as an aid to:

a. Retrieval of documents on the basis of specific queries.

b. Selective dissemination of document lists to match individual
interests.

c. Characterization and retrieval of individual textual units as well
as whole documents.

3. Abstracts and extracts show promise as efficient aids to maintaining cur-
rent awareness of a field. Only a rudimentary technology now exists
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concerning this issue. That technology should be strengthened by
greatly expanded empirical studies of the characteristics of atten-
uated text which make it a suitable substitute for full text.

Information systems to date have concentrated almost exclusively on
the retrieval of whole documents. Work should be initated on de-
termining the feasibility and value of retrieving individual textual
units and strings of related units.
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ON-LINE INFORMATION STORAGE AND RETRIEVAL

Prepared for the

AGARD Symposium on
"Storage and Retrieval of Information"

For Session 3 - The Evolution of Current Methodology

18-21 June 1968
Munich, Germany

Noah S. Prywes
The Moore School of Electrical Engineering

University of Pennsylvania

This paper reviews briefly the components of a total storage and retrieval system while
referencing relevant developments.

The storage process described in this paper includes all the functions which take place in
libraries and information centers from acquisition to tht placing of the documents in the reposi-
tory. This process, which includes indexing, cataloging and vocabulary maintenance, demands a great
deal of time and expertise. In any one of the large libraries or information centers there are
thousands of monographs and serials that are waiting to be catalogued and indexed. The-c often lay
unused because of the dearth of competent cataloguers and indexers, especially those ex srt in par-
ticular subjects and languages. The increased amount of material whicn is being circulated soon
may require substantial increase in staff. Staff with this competence is extremely scarce; low
salaries discourage young people from library work. For these reasons the storage process tends to
constitate a serious bottleneck.

On the retrieval side, evaluation tests indicate that libraries and information centers
operate at a low, almost inacceptable retrieval effectiveness. The library user requiring specific
information is overwhelmed with information, much of which is irrelevant.

The mechanizing of procedures in an information center or a library does not need any more
justification than the notion of mechanizing any other industrial, conmercial, or service function.
The premise of this paper is that automatic storage processing and on-line retrieval are competitive
in effectiveness with manual procedures. The automatic procedures are not especially complex and
they can be readily applied.

The automated storage processU.g discussed here includes the following steps. Citations
and sometimes abstracts cf incoming documents are first transcribed into machine readable form.
Natural language processing of title and abstract results first in a concordance of stem words. The
concordance may hlso provide information anout the frequency of stem words. I,. a semi-automatic
process, words may lt omitted, added, or various relationships established between words to form an
open-ended thesaurus. Then, based on this thesaurus, the incoming documents are automatically in-
dexed. Finally, an automatic process may be applied which generates a library classification system
for the collection. Such a classification then represents a scheme for placing documents on shelves,
in microforms, or in the computer, as appropria.te.

The interactive man- camputer retrieval process, which follows the storage process, offers
the best potential for improving retrieval effectiveness to the point where information storage and
retrieval systems become really useful. This interactive process has a number of aspects. An *ndi-
vidual can ccc=unicate with a central comsuter through a remote terminal "on-line", i.e., where the
terminal is continuously monitored by a central computer. The computer deletes, changes and analyzes
the queries and retrieves information in "real-time", compatible with the normal working speed of a
human. To fulfill these functions, the computer must have a storage capacity of billions of charac-
ters with fractional second access to any information.

In the interactive retrieval process the user may suacch thesauri, clossification schedules,
catalogues or the documentts in a manner very similtr to that employed traditionally in libraries;
however, with far less effort and much greater speed. lie may for instance reference documents by
title, author, publisher, citation. subject, or browse tarough citations or abstracts of documents
on a coron subject, r' . ed together in the memory cf the computer.

Metnods and Irocedures like those described in th:s paper, such ats content unvLlysis, COn-
cordance aund thesaurus preparation ,o0 Indexing, whi.ch require merely clerical procedures, have tben
proposed for centuries. They hnve been opposed by those who b"elieve thut rmuual processing of the
docume:nt has a "quality" superior tu algorithm~ic proce3sing ' sod on selection of word. from tie
a ostract or even from the title. T'he m•uual appeoaco has a tuimber of !Lncillary PuositionLs that ar<
contested here. For instance, the ma:!ual approach also conveys the notion that the subject term
vocabulary needs to be cottrolled, a:d tVhat only highly competent persons in specific areas should
exer,,ise ludgment in regard to addine tesus; these posJtionr: are contradIctory to the !i-pronI•ti
th-s paper. The objective of the procedures descrlbe, here is to io away witl much of .. e vocabo-
hlr-, mainte-ýince work currcrtly prevalent, especoully the notes ',nd i:.strurtions directed to ind-ex
ers andi cataloguers whic'h would not 1e rc-qu.red in :ý automa•ted systeu.
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TDCK CIRCULAR THESAURUS SYSTEM

by J.A. SchUller - TDCK.Neth.

Paper presented during the Symposium on Storage and
Retrieval of Information.

Joint NATO AGARD Avionics and Technical
Information Panels.

Extended Summary

As an example of a manually operated documentation centre

a descripticn is presented of

1. the organization

2. the functions

3. the systems

1. For the organization I refer to fig.l.

The centre falls directly under the Minister of defence.
An advisory council consisting of four members advises the

minister, at his request or on their own initiative on

TDCK-policy matters. Three of the members are high-ranking

university trained officers of the Navy, the Army and the

Airforce and the fourth member is the director of TDCK.

The personnel strength is 63 pecple.
Following the scheme of fig 1. we see at the lefthandside

the technical divisions and at the righthandside the special-
library department and the administration division.

The technical division, subdivided in sections, is manned by

scientists and technical engineers, in total 25.

2. The primary functions of TDCK are:

2.1 To collect, evaluate and store new scientific information

from all over the world, which may be useful for military

purposes in general.

2.2 To be well informed of highly specialized information-

sources in and outside the country.

2.3 For use available information for giving assistance to

those scientists technical investigators and officers,
who are involved in solving problem in research, technology,

education, management, military sciences and other fields of

military interest.
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SA dcumentation centre is a model for applied efficiency.
IVs charge is to use available informatlon to inhibit costly

duplication on the one side and to organize the transport of

information in a broad sence, on the other side.

On fig. 2.a table to sources of information ih shown, a list

which is intended to remind our information officers of all

sources available at TDCK which shauld be consulted when, far

instance, a selective bibliography has to be compiled.

If, for example a bibliography on "Inertial Navigation Systems"

has been requested 18 different sources will have to be

consulted according this schedule, all of them packed with

information and all of them using their cwn indexing system.

This last remark suggests one of the reasons why TDCK does

not feel like using a ccmputer for its ovrn system; some 35 other

systems would still have to be scanned in a conventional manner.

Requests put to TDCK can be answered in four different ways:

a. by making available a selection of reports or articles;
b. by making available a selective bibliography consisting of

titles and abstracts - all well indexed and crossreferenced;

c. through the production of a literature search report or a

state-of-the-art report, in which also verbally obtained

information is included.

3. The systems in use at TDCK.

For defining the contents of the literature and for specialized

retrieval search TDCK is using two different systems:
Namely the UDC (Universal Decimal Classification) and the

TDCK-Compact System.

Apart from these systems, a source index is kept for retrieving

reports, papers etc. according to their issuing organization,

an institute, a laboratory et:. Part of this activity is

mechanized by a lectriever, which is an electrically driven

push-button file selector.

When designing the TDCK thesaurus, we ccnciously sought to

obtain a combination of:

1. a systematic subject set up;

2. alphabetical arrangement of dascriptors;

3. coordinate indexirg princIple;

4. mutual relations and facets; and finally

5. visible directions display. ¶
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Figure 3. is showing an example of a very simple circle scheme.

Notions which are related to each other and which can be placed

in the familiar family-tree pyramid, ara placed en cencentric

circles; that is to say we have simply made a plan view of

our tree, because on a circle we have in practice, about

five times more room than in a pyramid structure.
Arrows, fanning out in all directions, are used to display

relationships between concepts.

The word at the centre of each circle scheme is the descriptor

of a special descriptor-field.

The following rules are in force:

1. The thesaurus consists of descriptors;

2. Each framed descriptor appears only once in the system;
3. At the input, coding will start from the centre of the circle,

following an arrow until the wanted descriptor has been reached.

In one circle more than one radius may be followed.
4. All descriptors encountered will be noted down. When a

descriptor from another circle scheme has to be used, we can
"borrow' such a notion and add it to our circle-scheme outside

the ultimate zircle, in which case we do not use a frame.

5. New descriptors have to be defined by the subject specialist
concerned.

6. On the retrieval side the circle-schemes will always be used.
The user (a specialist in the field)will be led automatically

to the pertinent descriptors, once the appropriate s(. 3me has
been selected.

7. The thesaurus, as a one-language technical index, can be

translated.
The use of homonyms or synonyms is avoided. The word
"measurement", for example, will be used in several descriptors,
which could reai:

measurment of time, measurement of distance, ballistic

measurement etc.

In all 376 circle-schemes have been designed to date.
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MECHANISED SYSTFMS

by

N. E. C. Isotta
European Space Research Organisation, Paris

INTRODUCTION

Until not very long ago, perhaps only about four or five years, the authors
of most papers on mechanised systems of information retrieval, would be mainly
concerned with one of two things, and these were in very gereral terms, either
the necessity for the justification of the commencement of a machine system, or
an attempt to prove that having started such a system, the results were worthwhile
or at least as good as expected. Nowadays, the atmosphere in these matters is
rather different since most people, and by this I mean both the customer and the
supplier, have realised and accepted the need for mechanical methods of handling
large files.

THE MACHINE VERSUS THE PROFESSIONAL

There is certainly complete acceptance of the fact now, that documentary
processes are particularly amenable to mechanisation in what are often known as
"business activity" areas. Such areas may be fairly easily defined; they include
operations which can theoretically be performed without the direct intervention
of professional labour, even though such labour may have been necessary initially
to establish the operational procedures. These will include such matters as stock
control, catalogue or index printing, preparation of announcement journals or
accession lists, the establishment of "field of i'terest" registers etc. The
most important activities remaining which still require professional attention are
therefore document analysis for input, question analysis for retrieval, and re-
trieval result evaluation. Speaking rather heretically, primarily as a documen-
talist, and not as a user, it seems to me however inevitable, that even these areas
must eventually succumb to machine treatment, simply because of the sheer weight of
material involved, in conjunction with the increased effectiveness of the machine
systems available.

MACHINE INPUT

The main problem area for many years has been the one of getting the
documentary material into the machine. Keyboarding in one form or another has
remained essential. Technically speaking it has been possible for some time to
arrange for input to be made directly to a computer without the necessity for such
keyboarding operations. Economically however, such systems, which are normally
accompanied by very large workload capacities, have not been justifiable in
circumstances where the capacity would never be fully taken up. This is therefore
still one of the most expensive, time consuming, and error ridden parts of an
integrated machine system. Opticil scanning could be a solution if standardised
print formats were used in document production, in order to avoid an intermediate
keyboarding into such a standard type script.

COOPERATIVE SYSTEMS

The ESRO/ELDO Space Documentation Service based on an exchange arrangement
with NASA, is one of the first ventures of the kind where the agency receiving the
machine system i.e. ESRO/ELDO, is also responsible for the provision of machine
input to the system operated by tne supplying agency i.e. NASA. This has under-
lined the problems mentioned above and has certainly indicated the enormous
advantages which could be gained if greater standardisation in this area could be
achieved.
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MACHINE OUTPUT AND USER REACTION

It is clear that in spite of the advanced computer age in which we live,
there has been a general diminution of standards of production resulting from
the use of computers, and many of the users of machine document systems are
accepting this with reluctance. The computer manufacturer's philosophy until
quite recently has been that the advantages inherent in machine processing in
respect of time saving, and capacity, have outweighed any disadvantages apparent
in the final machine product. In my view, they have been totally wrong. The
manufacturers of such things as detergents can teach the computer manufacturer
a great deal concerning "eye appeal" and "packaging". There are known cases
where the cost of the package is greater than the cost of the contents; one
specific example outside the detergent field, is the can of water supplied on
certain European flights. Even now upper and lower case computer output is a
rarity and is often associated with some other extremely expensive offline
printing machine. However, by now, the user too should have become somewhat
more sophisticated in his reaction to the current standards of computer print-
out. He should make the best of what is available since it is a retrograde
step to interpose between the computer output and the user, some intermediate
manual stage, be it editing or the improvement of appearance of the output by
some other printing or reproduction process. I feel sure that what must be
aimed at, is a completely satisfactory direct computer output; but certainly,
in the meantime, the user must overcome his prejudices, although at the same
time he should be sufficiently vocal to indicate that the result is not really
pretty enough to encourage him to make the greatest use of it.

DIRECT USER ACCESS TO THE MACHINE

This must of course come. A habit which is, I think, engrained in most
of us after centuries of the existence of libraries, is that of browsing. This
is something that the machine has been tending to deprive us of, since somehow,
wading through a computer listing is not quite the same thing as browsing through
a shelf of books. It is now possible however, to approach a similar situation
by means of direct interrogation of the machine file using a remote visual dis-
play console. The ESRO/ELDO Space Documentation Service hopes to have such a
capacity available initially for its own analytical staff, early in 1969,
closely following a NASA lead. Ultimately such consoles would be installed at
strategic points throughout the European network of ESRO establishments, thus
enabling the user to go direct to the machine as and when he feels like it.
For some time it has, I think, been apparent that future development would be
in this direction. It is essential that the future of machine information
retrieval is not designed around the capabilities of the first and second
generation computers with which the technique was born. Joint effort on
the part of the supplier, i.e. the documentalist, and on the part of the
user should soon achieve the desired result.

&
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An Introduction to the Study of Cost Effectiveness in Information Systems

Professor J.N. Wolfe
University of Edinburgh

The following is a brief summary of the programme to be covered at the AGARD Conference in
Munich.

Large sums are spent each year on information services in each of the NATO countries. As an
example, the United Kingdom alone spends about 50 million pounds each year on library services only.
We have now no reliable and consistent statistics for the amount spent in other NATO countries, and
in particular, we lack information on the amount spent on information services other than libraries.
The OECD is in the process of attempting to collect this information and the study is underway under
the direction of the Studiengruppe of Heidelberg, Germany.

We know however that the total sum being spent is sufficiently large and growing with sufficient
rapidity to present a serious economic problem. This economic problem has several aspects. First,
there is the question of how much otight to be spent on information services in general. Secondly,
there is the question of how rapidly this sum should grow. Thirdly, tnere is the question of the most
appropriate division of expenditure among the competing types of information service which might be
offered, and fourthly there is the question of the most appropriate organisation of information
services both within a single country and between countries.

These sorts of questions may have seemed to be of only academic interest during the last decade
or so, for there has been general agreement that the volume of funds available for information services
has hitherto been too low, and funds have been expanded with considerable rapidity. During this period
too there has been rapid technological change in the information industry. There are now many more
technically developed candidates for absorption of information funds than was the case even a decade
ago. As new techniques pass from the laboratory and pilot stage into the world of practical possi-
bility the question of economic viability and value for money becomes a very real and pressing one.

It was in this context that the Office for Scientific and Technical Information in the United
Kingdom, acting in collaboration with the OECD, decided to undertake a study of the economic aspects
of information systems. The study w' commissioned from the Department of Economics in the University
of Edinburgh, and involves a large team of workers Including five full-time economists and a full-time
information officer, two accountants, two statisticians, and five part-time economists. The work has
been underway for approximately four months but will not be completed until the end of the calendar
year 1969. One aspect of this work which is already rather far advanced is an economic study of the
library system and particularly the public library system in the United Kingdom. It is proposed to
publish very shortly a volume of essays on this topic. Most of the papers involved are quantitative
and econometric in character and it would be difficult to summarise any of them briefly. I would
however like to mention here two papers in particular which seem to me to offer considerable interest.
One of these is a paper by Mr. Ralph Young on the Forecasting of the Demand for Library Services in
the Public Library sector by econometric means. This paper provides what I think is the first
attempt to offer a quantitative forecasting technique for library demand which is not simply an
extrapolation of past trends. Mr. Young shows that even at this early stage of analysis it is
possible to forecast the appropriate level of library provision in a general way at least with
considerably improved accuracy. This technique has been applied, as I say, to the public library
system but I think that it offers considerable possibilities of extension to library systems within
private firms oz government agencies. Another paper of some interest is that prepared by Dr. Jacob
Moreh which examines in a statistical and econometric way the problem of economies of scale in
library services. Dr. Moreh attempts, and I think for the first time, to go below the level of
simply comparing large groups of dissimilar libraries with one another on the basis of an average
cost figure. Such a procedure, while common enough in practice, is of course statistically
exceedingly unreliable. Dr. Moreh on the other hand utilises techniques made familiar in production
function studies to examine the cost functions of operating within the public library system on the
basis of a variety of independent variables including number of branches in each library system, the
number of employees, the number of volumes, and the volume of ancillary services such as gramophone
record issues. While his results are not yet completely analysed, they do seem to indicate that the
popular belief in economies of scale in the library world may be somewhat over-simplified.

Before moving to some account of the larger economic study now underway, it may be useful to
provide some introductory observations on the nature of cost effectiveness studies in the context of
inforMdtion and library services. It will be recalled that cost effectiveness techniques were given
substantial development by work undertaken on behalf of the United States Department of Defence
largely in the Rand Corporation of Santa Monica, California. PUt in the simplest way, the notion of
a cost effectivemSs study is an attempt to discover tne relative magnitude of costs and benefits
accruing from alternative forms of expenditure. More concretely, the early studies involved assess-
ment of the relative cost per ton of bomb delivery for example. The essence of a cost effectiveness
study is the reduction of the benefits of alternative task systems to some kind of commensurable unit.
Once this is done the problem becomes merely one of comparing the alternative task outputs with
their costs.
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Looking at the matter in another way, we may see the cost effectiveness study as simply an
improvement on the more normal cost study. The traditional cost procedure involves an examination of
the costs of two alternative tasks. But clearly costs are not a sufficient determination of which
task provides the best outcome. We must consider as well the benefits achieved in each outcome.

Let us take an extremely simple example drawn from everyday life. Supposing we wished to
determine which was the wiser purchase, an orange or a lemon. We could easily determine the cost of
the orange and the cost of the lemon. The question of which of the two fruits provides the better
buy for money depends however upon what we wish the fruits for. If we are anxious to obtain a given
quantity of Vitamin C, for example, it may well be that the lemon provides the better bargain. If our
object is to provide a refreshing morning drink, and we wish therefore to maximise the sugar content
of the citric juices, then a different answer may be obtained. We cannot therefore tell which fruit

it would be worth our while to purchase until we determine the objectives for which we are purchasing
them.

With this introduction in mind there should be little difficulty in unaerstanding the procedure
which is being adopted with respect to cost effectiveness in information services. The first part of
our job is to determine cost for alternative types of service. This presents certain features of
difficulty because of the fact that information services, like most public services, do not normally
keep accounts upon what is called a functional basis. That is to say, the accounts of most infor-
mation services take the form of a list oi expenditure by name item of expenditure. That is to say
labour, materials, rent, heat, etc. They do not normally assign these expenditures to the manifold
functions which an information service in fact attempts to achieve. It is therefore necessary to
recast the accounts of the information services in functional form before any serious further work
can be done.

One of the basic difficulties here is of course the assignment of overhead costs to the various
alternative functions. We have to ask for example what proportion of the time of a head librarian
ought to Le attributed to Mls work as head of an information service as well as of a library service,
in a unit which offers both library and information services. Similarly we may ask what proportion
of the cost of heating an information centre is to be attributed, let us sa', to the preparation of
abstracts on the one hand or to the preparation of translations on the other. It will be clear that,
however much care is taken, there will be a certain measure of arbitrariness in such calculations.
It is our object not to eliminate arbitrariness entirely, but rather to reduce it to manageable

proportions.

One important issue is the extent to which information services Eray be added to existing
library activities at lower costs than information services can be provided, in a purpose-built
organisation. On the one hand we might expect that the sharing of certain overheads with a library
would produce lower costs in the integrated operation. On the other hand the greater expertise
which can be developed in a specialised and purpose-built organisation may conceivably offer economies
of substantial importance. This balance between economies of scale and economies of specialisation
is, as everywhere else in industry, an important question deserving the most careful examination.

The central core oT our method consists of evaluating two particular types of situation. The
first is a situation in which an old type of Information service is to be superseded by a new type.
This situation provides alternative information on costs and also provides information on the change
in value of the service received by changing over between the two systems. An alternative approach
consists of examining situations in which two alternative types of information service exist side by
side. For example, we may have certain organisations which utilise an advanced information service
while other organisaticns utilise an older style of information service. Here costs and effectiveness
may be compared on a cross-section basis. It will be understood, however, that in this case there
may be expected to be a substantial amount of extraneous information introduced because of the possi-
bility of underlying quality difference between the units using the technically advanced information
service and those usi.ng the technically less advanced information service. The final part of our
work consists in evalvating the services provided by alternative information systems. This is clearly
the most difficult part of our job. It is difficult partly because previous attempts to deal with
user requirements and user needs have not been directed specifically to economic investigations.
There is a fundamental difference between technological criteria of efficiency in this context and
criteria of economic efficiency. Ideally, one would like to obtain estimates of the impact of the
information service on the productivity of the workers receiving the information service. In
practice this level of productivity is likely to be very much influenced by extraneous factors.
This is a particularly damaging point if we are dealing with cross-section studies of a particular
industry which has different information services in different firms. We are likely, I think, to
find that good information services are In fact characteristic of technologically advanced firms,
and if this is the case any attempt to correlate efficiency with information services is likely to
give us too optimistic a result. When we deal with changes in information services affecting all
the units in an industry, we have, I think, a rather more practical proposition, although here we
will, I am afraid, be hmered for some time yet by a shortage of instances. I would expect,
however, that as the number of information services examined increases, a statist.cally reliable
result may eventually be approxima ted.

There are alternative methods of obtaining effectiveness measurements from information services.
Some of these consist of sampling opinion about efficiency. Others consist of jotaining objective
characteristics of the functioning of the information service. I would rather, however, leave a
further consideration of this particular problem to discussion at our forthcoming meeting.

Kr
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SELECTIVE DISSEMINATION OF INFORMATION

Melvin S. Day

Deputy Assistant Administrator for Technology Utilization

National Aeronautics and Space Administration

Washington, D. C., U. S. A.

Today's scientist and engineer who attempts to keep aware of current developments in even a
limited area of interest encounters a real problem in the growing number and size of the abstract
journals that he must review. One successful approach to reducing literature-review efforts is
Selective Dissemination of Information (SDI). SDI applies computer technology to tne task of
providing a personalized current awareness service.

In the past, libraries have provided patrons with a current awareness service by circilating
copies of current documents of particular interest, by distributing library accespion lists, and
by routing current issues of abstract journals. The usefulness of such methods is limited by
inconsistent selection or by excessive volume of material announced. For the great majority of
scientists and engineers, a more formal and efficient ser `ce is necessary to alert them to current
documents of specific significance.

In describing SDI, it is essential to refer to the mechanism of the SDI operation and especially
to the relative costs and efforts involved in the many different SDI systems that can be designed.
Potential users should participate actively in the design of information systems and be able to
demonstrate the cost effectiveness of the service receiv d.

SDI services have been initiated by many organizations, both in the United States and Europe.
NASA has operated several types of SDI program since 1963. These have been distinguished by
volume of input and by size of user population. During 1967, 875 users received, four times each
month, announcements selected from the current issues of Scientific and Technical Aerospace Reports
and International Aerospace Abstracts. Input to the system during 1967 thus consisted of a total of
63.700 aerospece reports, Journal articles, and conference papers. The users received a total of
800,000 announcements, selected according to their specific interests, an average of 19 per user
per issue of the abstract journals.

Principles of SDI

SDI is a current-awareness tool and results in the selection and announcement of current documents
having a high probability of interest to the individual user. The fundamental element in selection
is the computer comparison of two data files. One is the file of bibliographic data covering newly
received reporto. These data include subject index terms, authors, corporate sources, supporting
agency, contract or grant numbers, etc. The other file contains the users' interest profiles,
which in essence are equivalent to bibliographic search strategies. The interest profiles consist
of selected bibliographic data elements, such as subject index terms, related by the common AND,
OR, or NOT Boolean logic expressions. Other methods of relating terms are possible; e.g., by
assigning relative weights to each term, a certain minimum total weight of matching terms then
being required before a document is chosen for announcement.

The interest profile is thus a rational set of terms !.n the same technical language useO by the
document indexers. Structuring an interest profile may require considerable skill. As an example
of profile complexity, a potential user interested in supersonti transports would not be satisfied
if only the term Supersonic Transport were placed in L,_ profile. Documents specifically on the
Concorde might be indexed to the term Concorde Aircraft and not to the general term Supersonic
Transport. Other concepts of possible interest would be clear air turbulence, soýnic boom,
international law affecting civil aviation, or basic engineering problems involving supersonic heat
transfer, superson.c flutter, or supersonic wind tunnels. In preparing, the interest profile the
user should also consider whether he desires t, limit the total number of anrounc-ements to him.
How can this be done? It can be done by limiting the number of terms !n the pro:file, or by
restricting selectton through the use of Boolean AND or NYr relations, or by arbitrarily cutting
off the prlntout at a prescribed number.

Experience has shown that in structuring their SDI interest prfiles mst a lentists and
engineers require -cnsiderable help from professional re!'erenc'e analysts who, are famillar with the
authorized vocabulary terms and the indexing pratit,-es and patterns. I should point out that the
suc,'ees of an SDI program is direýýtly related toý the quality of the user profiLes.
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Beside the interest profile, additional features essential to an SDI program are:

1. A standard form for announcing the selected documents.
2. A method for requesting a copy of the announced document.
3. Routine feedback by the user to provide a quantitative measure of the performance of

the selection process.

Types of announcement form

Nuimerous forms have been designed for announcing selected documents to users. A card type of
form announces each report or journal article as a unit record, a listing type prints the
announcements continuously on sheets.

Cards are supplied to the user in the majority of SDI systems. Typically the card is the
standard electronic data processing (EDP) card. The card may present a full abstract of the
selected document or merely a bibliographic reference. If only a document reference is presented,
the index terms may also be printed out to add to the informativeness of the title.

01. Vf I

ne~~ I a ho MUN Doaner PW) SC ' *

r,/s
r. o. so SMal of' t tiave own Befor ............ ........ a

kin,.,',. • zm+,,Of No kIreat lm ........ ........ .............. •..1

_• C or= ...... L .........

2. Respod by C ouA t- eo COlOte b-"

•LReturn Of al lrd to your l1lra•y.I

Fig. 1. NASA two-card SDI: announcement.

The SDI document announcement appearing on the card may be computer printed, or it may bc
duplicated, as by offset reproduction. Offset reproduction pe•'-.+s full abstracts to be reducýed
in size, and presented on a single card. A disadvantage is the need for two operational procedures.
The computer first punches a card with the user's name and address and a document Identification
number. After sorting the cards by document number) abstracts are reproduced on the appropriate

c•rdo by offset.

Notification car-do are comnmonly designed so that a stub may be detached and returned by the user
to request a copy of the document or to express his evaluation of the announcement as feedback to the
system.

The user's address and the abstract need not be printed on the sawe card. NASA's first SDI
program, op~erational from December 1963 to January 1966, pr,,vided the user with two cards for each
announcement (Fig. 1). One was an EDP card punched with the user's name and add7--ss and the

document number. Presccred blocks could be punched out to express the user's evaluation of the
announcement. The second card was not computer manipulated, but presented the full1 offset-printed
abstract of the selec'ted document. The_ two cards for an announcement were inserted Into a single
window envelope for delivery to the user. A vertical perforation allowed the abstract card to be
converted to a 3 x 5 inch file card.

Cards are very popular with the SLI u.ers, as he may file those of particular Interest in a
personal• dealF-dr.wer file. Costs of A cart-type system ann dependent on . mw factor, ut might
fdup li the range of $100 to $150 per user per annum for n large volume of inatt toferenbes; e.g.,
the total anederence (apooxsmtely 65,000) In Scientific and Technica Aerosr ce op erorts ceu e

Th cmutrfis pnhe cr vt teusrs am ndadrs ada oumn ietiiato



XI1
Itnternational Aerospace Abstracts.

Less expensive than cards are computer-printed listings of selected bibliographic
references. The abstract may be printed out if it is on machine-readable files,at the expense of
added computer use mnd increased bulkiness of the announcement package.

NASA's present system, in effect since February 1966, is an adaptation of the simple listing.
A three-copy, no-carbon-required form is used (Fig. 2). The computer-printed references of course
appear on all three sheets, together with the user's name and address. When the user marks his
evaluation or document request he simultaneously marks all copies. The original may be retained,
one of the copies is used to fill document requests, and the other copy is returned to the system
operator, who tabulates the responses as a measure of system effectiveneis.
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Fig. 2. NASA list-type, three-part SDI announcement form.

Costs of a list-type system depend on the information presented and the computer and design
factors, but might fall in the range of 60 to 70 per cent of the card-type system.

User feedback

Optimum SDI service consists in assuring that as high a percentage as possible of the
announcements he receives are of interest to the user. Furthermore, these relevant announcements
should be as high a percentage as possible of the potentially useful documents in the file. By
tabulating the user's interest evaluation, the operator can identify those interest profiles that
need improvement and thus optimize the system. In NASA's SDI experience, an average of 75 percent
of the announcements are of intertst to the user.

Trend toward standtra pfled

SDI systemo tailored to indlv;'tual users are very costly for providing information to large
numbers of users. Each nre user adds t, ,, rz-qzilred computer time. User turnover and changes

r

S.. . . .. . . . . . .
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in intereot can be high,; taus, updating the user profiles can be a constant activity.
Professlonal assistiU ice in structuring interest profiles also increases with the number of usel.

A solution with great Iromise is the standard inter.est profile. Instead of profiles tailored
to a particular individual's interests, a s, les cf profiles selects announcements according to
subject topics. The u-er receives copies of the comlp.ter-printed topic notification listings that,
in combination, best cover his specific Interests. As a consequence of transferring much of the
over-all effort from computer operations to the relat-vely inexpensive operations of traditional
printing and sorting, thii3 type of service 1.a much less expensive per user than is SDI.

NASA/SCAN " -C = "-Notification . . .. "" 03-04
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Fig, 3. NASA/SCAN notCfLcaCon listing.

Typical of the standard prof~le type of curront aw'Ar-:ness service is the NASA/SCAN (Selected
Current A eroepaz'e Notices) Program. A sample notifiLation listing is illustrated in Fiý. 3.
3CAN is ; d,!veiopme &tal program with a limited pma'ticipati,,n at present, bift it offers the

1<)ssbility of providinlg a selective current awareness service to possib:ly tens of thousands of
aerospaoe scientists and engineers. Its C overage is the same as the iA/SDI program; i e., the

current f4iles ,)f Sclentiftc ani Technical Aerospace Rerorts and Interns. .1 nal Aerospac:e Abstracts.

SCAN off'ers great flexibility in addLng .ýr deýleting týýpi_,s And in molif'ying the scupe of tL~pi-s
through profitle changes. For example, SCAN topiCs Ln,-'lude SuCersonic T-aC I, Clear Air

l'urbulence., and Aircraft Noise and Sonic Boom. '.he fi•rst provides broad coverage, while the others
meet the needs of users with opecifi. Interests. JCAV topics -an overlap in coverage and announce

the same document under a number of appropriate headings, permitting the uber to match elth(r
ape.-ffL., or broad interests by a minimutr •.f ný-tlf'ctttl~n listings, SCAN optimization is

acmLobhed by studies of' topl, output and by brief questlunnaires requesting user _"ýMments .,n
their needs for new tCp-,? .,r Sodifi.Cat.C n of exist.inrg .

3C,',3 apprears to be the path that _,urrent awareniess service will take t,ý provide 8erviý-e t,- large
numbers _-f users. Several U. S. Governm~ent en,ies are testing progCas much like SCAN. rojected
cotst for large-scale XkN programs appeur to lie In the range tf $10 to $2C per user per annum,

15CC??.5. 5 CSCCC C~lut CC?. SCC??



again depending on the details of the service provided.

Computer programs for SDI service can be written by an organization that has the requisite staff
and computer facilities. Programs may also be available from computer manufacturers or
associations of users of particular computers. For input, bibliographic data on computer tapes are
increasingly available from professional societies and commercial firms. SDI service itself may be
purchased from societies and firms that will match files of reference data against SDI profiles
supplied by the customer.

Future developments

The coming generation of SDI users may have direct access to a computer through the Mnnsole of a
remote interrogation station, with his SDI announcements displayed on a screen rather than being
printed out as at present. NASA has underway a continuing study of remote interrogation of large
document data files known as RECON (for rem-'e console), in which it is planned to incorporate an
SDI direct display (.upability. Even further in the future, the increasing capability of computers
to organize raw data, together with advances in content analysis of documents, may permit the user
tu be alerted to new information rather than to merely a listing of relevant documents, and to
display information in its order of significance. The ultimate goal is the enhancement by these
means of all the SDI user's capabilities to contribute to the advance of science and technology.
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INTERACTIVE INFORMATION PROCESSING

By far the greatest part of the experience in interacting directly with computers comes not from
experiments in information retrieval or transfer but from use of computers in preparing computer
programs and in solving scientific and engineering problems. The earliest digital computers were
programmed on line, and there has always been a bit of on-line-programming and "debugging"
(elimination o-ý program errors), but not until the advent of multi-access computing, based on the
technique of "time sharing", was it possible for large numbers of people to work as a matter of course,
day after day, at somputer consoles. Now there are several hundred experienced console users at M.I.T.
and many times thLt number elsewhere.

The most widely usad interactive computer systems are two almost identical systems using IBM 7094
computers and a supervisory program called the 'Compatible Time-Sharing System". Connected through a
telephone switchboard to the 7094 computers are about 2C0 consoles. Most of the consoles are merely
typewriters, I shall assume that your console is a typewriter. What you do first depends upon the
kind of work you have before you. The most trivial thing to do --- and therefore a good .ntroductory
task --- is to write a memorandum. The computer will make it easy for you to correct typing mistakes
and to effect editorial corrections, and then type out a "clean copy" of your memo.

You call the writing and editing program tyset by typing "typset", and then you type the name
you want to give the file you are going to create --- for example, "jsmith".

The computer then types '"W1720.2" (whicn means "Wait a moment." and "It is now 2/10 of a second
past 17:20 o'clock.") and then "ROCOO.2+CCO.1" (which means "Ready" and "You have thus far used 2/10
second of processor time and 1/10 second of drum-core transfer tine.") and then "Intit" (which means
"I am r-ady for input from you.") You start to type the memorandums

To: J. 11. SmittA
.space
Subjczk:
@Subject: Plans for Improvement of planning Strategy
.space

Next Tuesday is the last day for J##to submit your ideas

Tha character :/) ordinarily means to erase a character. The character (@) ordinarily means to
erase a line. The control word ".space" means to skip a line. Your memorandum therefor stands ass

To: J. R. Smith

Subject: Plans for Improvement of )lanning Strategy

Next Tuesday is the last doy to submit your ideas

You notice that you forgot to give the date and that you need to capitalize the "p" in "planning".
i'o go into "edit mode", you press the carriage return key twice. The computer thereupon types "Edit".
You are supposed, of course, to know the control words (or characters), only a few of which appear in
this example. You type; "1 Dates June 15, 1968" (the "%' meaning "insert"), press the carriage-
return key, and then, for format control, type ".space". Then, realizing that ye' want to center the
date, vo'i type "t" (for "go to the top of the file") and".center" (for "center the next line").
In order to capitalize the "p" in "planning", you type "I plan" (for "%ocate the character string
'plan'") and "c /plan/Flan" (which changes "planning" to "Planning") and presb the carriage-return
kay twice to )o back to the input asdoe and complete your memo.

And when you have completed the typing --- and have corrected all your mistakes --- you file the
memo by typiri "file Jbsmith". The computer types "Wl735.1" and thar. `RC113 + XA,." You type
"runoff sasith", The computer waits for Yov to put a fresh sheet of paper into the typewriter.
You press tna carriage-return key. ccmp.-'ter types the memo perfectly at 15 characters per secori.

- .. . . . -- -t.-.... ..... .• . ... . - ~.~ -.... . . . . .-• ' ''" t



xIv/2

Such are the mechanics. They are very convenient if you want to prepare a long paper and don't

type well.

One of the main aims of Project MAC has been to see what kind of a community would grow up around

malti-access computers with rich and growing software resources. The system now has over a million
words of public programs and over 6 million wo.ds of private programs. Let me illustrate with a few
examples: A Mathematical Assistance Program mbkes transformations, and solves equations for you.
It handles algebra, trigonometry, differential equations, Fourier and Laplace transforms, and so on.
It plots graphs. You do not have to know all about it to use it: it asks you questions until it
"understands" your problem.

Another program solves even quite complex problems in symbolic integration.

ADMINS facilitates the preparation, maintenance, and use of data bases.

TEACH teaches computer programming.

UPS is a large system of programs for interactive, incremental simulation and modelling. It
provides a language in which you can defino objects or entities and specify their properties and the
relations. It lets you set into mo ion the situation thus described and make its behaviour unfold.
It records the history and prepares summaries. It lets you intervene at any time to modify anything
you like.

The On-Line Community

The foregoing paragraphs described a few of the hundreds of programs of the accumulated software
resource. By using their programs, each user of CTSS can take advantage in his own work of pertinent
efforts of his predecessors and his colleagues. An accumulative process is beginning to operate also
in the domain of data.

Through computer-facilitated human interactions, a new kind of research community is arising at
M.I.T. It is of course only in an early, formative stage, but there is little doubt that something
significant is happening.

As the local cn-line community has emerged from concept into actuality, the idea of a broader,
geographically distributed community has taken form in the minds of several people. This idea involves
ir.ter-cornecting several multi-access computer systems and combining their communities of users into
a super-community. When geographically distributed computers and information networks come into
being, their impact upon the process of information transfer may be great.

Some Conclusions Based on Project MAC's Experience

During its five years of operation, Project MAC has explored more fields than I can sumnmarize,
but let me, nevertheless, attempt •o state some conclusions pertinent to information storage and
retrieval:

(1) The computer turns information into a dynamic, living thing.

(2) Everything one does in an active informational environment is "complexity limited".

(3) Man-computer interaction is the most hopeful approach to the mastery of informational
complexity.

(4) Even with the help of on-line interaction, it will take cooperative on-line teamwork to
achieve significant solutions to the "big" problems of science, technology, industries, cities, nations,
and alliances.

(5) The basic thing in the user's concept of an interactive informatlon system is the "name space"
of the filing (i.e., memory or storage) system.

(6) Although the term "time sharing" has achieved wide currency, the sharing of processor time
is not fundamentally important. Much more important are memory sharing and communication. The aim
of multi-access design should not be to make each user think he has a computer ill to himself; it
should be to i~mrse each user In a cooperative, 'nteractive, computer-tbased community.

(7) The importance of controlled access to files can hardly be overstated.

(8) The importance of fast interaction makes itself felt when a problem gets comolex.

(9) In a community with many interests, the "general-purposeness" of the general-purpose multi-
access computer system has real meaning and significince. The system must lend itself to a great
variety of applications and serve as ready. host to diverse subsystems. Generality and open-endedness
cost something, of course, but Pirojet 4AC's experience indicates they are well worth it.

5 (10) Reliable operation is vital and --- since the reliability will not be perfect --- effective
"bocx-up" arrangecants and recovery procedures are vital, also. Before they will invest their main
!ntellectual capital in, or entrust it to, a multi-access computer system, people have to be confident

t. that tho %yvteo.o will be aviilable when they want it and that it will not lose their valuable programs

ai.d data.
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Interactive Information Retrieval

Project TIP uses the facilities of the 7094-CTSS multi-access systems. The main TIP data base
is a growing collection of bibliographic data, presently from almost 100,000 journal papers in the
field of physics. The TIP programs are programs for processing the data in ways formulated by the
user during his interaction with the system. Using TIP, you type in lower case and the computer
types back to you in all capitals. To explain what some of TIP's abbreviations mean, I shall insert
comments in parenthezqs.

tip (You type "tip" to evoke the TIP progranr
W1019.5 (Wat. It is 10:19 and a half.)
TYPE YOUR REQUESTS.
search annals of physics v.26 to v.28
find title pion not aLhor boyl'ng J.b.(Find all articles with titles containing "pion"
except those by J.B. Boyling, whose work you already know.)
output print title a i and 1 (One-letter abbreviations are adequate for the TIP words
such as "author", "identification", and "location". You could just as well have typed
" o p t a 1 1" to instruct TIP to type as output the specified information about the items found.)
go (Go to work, TIP.)

ANNALS OF PHYSICS
VOLUME 26
VOLUME 27
J384 V027 P0C79
DEUTERON PHOTODISINTEGRATION AND N-P
CAPTURE BELOW PION PRODUCTION THRESHOLD

PARTOVI F.
CAMBRIDGE, MASSACHUSETTS
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
LABORATORY FOR NUCLEAR SCIENCE AND
PHYSICS DEPARTMENT

VOLUME 28
J384 V028 Poo34
,ANALYSIS OF THE PHOTOPRODUCTION OF POSITIVE PIlONS

HCHLER G.
SCHMIDT We
GERMANY
TECHNISCHE HOCHSCHULE KARLSRUHE
INSTITUT THEORETISCHE KERNPHYSIK

(No article meeting the specification was found in Volume 26. One was found in volume 27. One was
feund in volume 28. "J384" stands for "IANNALS OF PHYSICS". If you ask for "pion you will find "pions",
also --- but ,.ot if you ask for "pion*".)

The examples exercised only a few of the TIP commands, but it may have conveyed a notion of how
one works with TIP. The TIP commands may be combined in many different patterns. Users develop
ingenious strategies for filtering out irrelevant articles without losing the ones they want.

While some TIP programs make searches and print lists, other TIP programs take notes on how the
system is used. The data thus collected are periodically analyzed, and modifications and adjustments
are continually made. TIP has developed through a process of guided evolution.

A bibliography, two review articles, and a catalog of the books in the Student Center Library
have been prepared with the aid of TIP, and it is now being used to prepare a catalog of the journal
and periodical holdings of the M.I.T. libraries.

Most of the work done thus far with TIP has been hampered by the slow pace of typewriter output.
,e are looking forward eagerly to cathode-ray displays.

Interactive Information Transfer

The purpose of Project INTREX is to conduct experiments that will clarify design objectives,
methods, and techniqlues for information-transfer systems of about 1975. Emphasis is placed on the
word "experiments".

Experiments have been planned in four main areas:

1. bibliographic access,
2. physical access,
3. fact retrieval, and
4. network integration.

Thus far the project has concentrated on the first and second.

A|



Bibliographic Access

The purpose of "bibliographic access", of course, is to take the user from a nebulous idea of
what he wants to the accession numbers (or equivalent identifiers) of the documents that will satisfy
his requirements. Most of the INTREX effort towards that end is centered upon a computer-based
'augmented catalog" that will approximately contain 50 "fields" of information about e9,ch of approxi-
mately 10,000 documents in materials science and engineerings journal articles, theses, and reports
as well as books. With so many kinds of information it should be possible to deternmine which kinds
are helpxul enough to warrant inclusion in an operational system. Much of the work of selection of
the 10,0W0 documents is being done by the research people and will serve in the planned experiments.
Consoles will be located in the Materials Science and Engineering Center and the Engineering Library,
and the experiments will be conducted within the context of actual use.

Physical Access

Bibliographic access must of course lead directly to physical access. Limitations of the present
technology make digital storage and processing of a library-sized corpus uneconomic. The course being
followed by Project INTREX is therefore to hold the substantive documents themselves in a non-digital
microform storage system associated with the computer, and to use the computer to execute their
delivery to the user. Images of the pages of the 10,000 documents are being made in microfiche, and
a computer-controlled subsystem for picking out and scanning selected pages is being constructed.
Plans call for experimental investigation of such interrelated factors as the speed, the form, the
resolution, and the cost of physical access. By varying the parameters and making measurements of
preference and performance under conditions of actual use, optimal engineering compromises will be
approached and design objectives for operational systems will be formulated.

Advanced Experiments in a Library Context

Looking beyond the experiments with the 10, COO-ite=i collection in materials science and
engineering, Project INTREX is conducting design studies that postulate a corpus of a million
documents. At the same time, the M.I.T. Engineering Library is being reconstructed in such a way as
to provide for simultaneous operations in conventional and computer-based modes. Card catalogs, book
stacks, reading tables, microform equipment, and computer consoles will be brought together in an
arrangement designed for advanced experiments in an operational library setting.

Synthesis and Prospect

Throughout MAC, TIP, and INTREX, and indeed throughout M.I.T., there is a feeling that a great
and fundamental change is taking place in the way men relate to information. The force behind the
change is the computer, of course, but it is not the same computer we have known these last 20 years.
It is the computer cast in the new role of the moldable and retentive yet dynamic medium --- the medium
within which one can create and preserve the most complex and subtle patterns and through which he can
make those patterns operate (as programs) upon other patterns (data) derived from nature or the works
of other men. In that role, the computer will change the very nature of libraries and information
systems.
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Man-Machine Interface

W. HMndler

The problem of man-machine interface can be traced back to the development of
combustion- and steam-engines in the last century. The rather clumsy push-buttons
and levers of the initial period were largely replaced by switches and relays with
the introduction of electric power. Human interaction with the machine took place
nainly during the primary power.-push. Subsequently only minor corrections in the
amount of steam supplied or the number of resistors in operation required human
intervention. In general man-machine interaction was thus confined to checking
power supply and motion of the machine.

Apart from the development of nuclear energy data processing techniques may well
prove to be the most essential invention of our century to affect man's environment.
We may therefore legitimately inquire as to the present state of man-machine
interface and its possible future trends, not stressing however, any more or less
accidental technical realizations.

The first computers designed more than 20 years ago were very much characterized
by the notion of entirely predetermined computational processes set off by a single
starting signal. Some years later the computer was equipped with additional
switches, among them so-called selector-switches for guiding the course of the
programm along alternative pathways.

At first the inventors themselves who were intimately tied to their creation
operated the system. Soon other people came to use the machine and accomplished
their work on the basis of a start-button philosophy.

Frequently there resulted a feeling of utter resignation in the face of the
microsecond. The user could hope to trace computational progress only in a very
crude, overall manner, perhaps merely with regard to the beginning and end of his
job. However, noteworthy efforts were made repeatedly in the attempt of re-
establishing a somewhat closer contact to the ever faster growing computer.
Suitably installed loudspeakers, for example, provided a means of global
monitoring.

With further increase of speed it became necessary to exclude direct customer
operation in favor of batch-processing thus saving costly computer time previously
wasted on tedious input-output procedures. Trained people undertook to devote their
endeavour to the task of empirical scheduling. In this manner the problem of man-
machine interface found a somewhat fictitious solution; the real user rarely came
to see the computer or press any of its buttons. Man-machine interface was
restricted to a rather small group of trained personnel.

Consequently customer and computer were alienated from each other, a small group of
technicians - the operators - providing their sole common tie and most flexible but
entirely human interface because man is still the most adjustable and adaptive
instrument.

The disadvantage of the method described is due to missing the rather vital
exDerience of observing the machine do your assignment. If you get an error-message -
say on sheet 2 of your programm while debugging at the console you still have a fair
chance of achieving your objectives quickly. If on the other hand you are kept at a
distance from the computer you may well ta.-e weeks to accomplish the same end.

This kind of disproportion can be corrected in our days by allotting a substantial
number of consoles to various permanent customers. Certainly the computer-frames
still remain outside the user's field of vision. Yet he will be in touch with the
machine's essential responses to the task he posed. Certain disturbing effects,
for example sharing the same central unit with numerous other customers, should
pass unnoticed by him. To be sure, typewritten or t-letyped communication is only
one of the present possibilities and - having originated in a pre-computer-age not
necessarily the most efficient one.

Presently we are investigating new forms of contact with the computer. Prime
importance must be attached to the development of CRT-display methods which permit
almost instantaneous transmission of mixed-mode text or picture information
eliminating the need of tedious waiting for carriage return or line feed motions
of printer or teletypewriter. Via display-screen the computer is able to offer
alternatives to be chosen effortlesuly and swiftly with the aid of a ligntpen,
for instance.

In the past most transitions to advanced techniques have been marked by their
initial tendency to duplicate already existing acnievementý. using the new means.
dut when we employ the display col5soles mentioned we will have to do some
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fundamental rethinking. Evidently the flow of information out of the computer can
be speeded up well beyond the limits hither-to known. We must ask for the maximal
amount of information per unit of time and the optimal manner of presentation best
suited for processing by the human user.

There are several distinct categories of representation:

alphanumeric text
black and white shading
scaled shading
colored pictures
moving pictures.

They may occur on the screen separately or in different combinations with each other.

Determination of suitable quantities or qualities of information is exceedingly
difficult. Many partially subjective factors are involved. Our judgement will also
depend on the particular topic under consideration. Graphic representations may be
of insignificant value when applied to codes of law or administrative regulations.
Alphanumeric text on the other hand is inadequate for describing processes of
industrial production or technical design. If you interpret the list above as
ordered according to quality it may be valid perhaps in a majority of cases but
certainlay not in general. We are still short of experiences in many specific areas
of application. This gap should be filled soon by means of well-planned experiments
and numerous measurements separating objective from subjective components wherever
possible.

Another important aspect must not be disregarded. Up to now most display applications
have been of a rather static nature in spite of some rudimentary attempts at making
computer-controlled movies. Usually considerations have centered around the effects
of single pictures rather than taking account of the complete sequence of textual
and graphic information as a totality meant to establish dynamic contact between
user and machine.

Lately a great deal has been said about lengthy waiting times leading to disturbed
contact and distracting the user from his task. Conversely an excessive reaction
speed of the computer may "overfeed" the user and cause in him what the psychologists
call a "mental block".

Situations of this type are quite conceivable and have indeed been observed already.
Some people prefer punching th.ir program on tape or cards before feeding its
presumably final version into the computer. They tacitly assume the computer expects
reactions without delay and seem to feel pressed for time. Reasonable programming
for time sharing systems should avoid creating this feeling.

So far I have mentioned a number of mainly psychological factors influencing man-
machine interface.

In contrast a rigid and formal access to the subjeut is opened by the mathematical
theory of automata. Here the user is coisidered to be a finite automaton in the
sense of a working hypothesis. Finite automata are capable of occupying a finite
number of states. On reception of an input symbol they pass in a well-defined manner
from one state to another emitting an output symbol. Present-day theolries however
are still inadequate to cope successfully with the formidably large number of states
actually existing in both the computer and the human organism.

We may expediently conceive the notion of a telescoping sequence of successively
refined structural levels one inside the other in order to facilitate the analysis
of our subject matter. For example take Runge-Kutta integration of differential
equations. The method may be interpreted as representing a certain state either of
man or of the machine. A close-up view of the algorithmic procedure would of course
analyse this state into a manifold meshwork of iimpler ones. "Runge Kutta" in turn
is a refined state relative to the coarser level containing the state of - say -
"Numerical Analysis". Transitions from refined to coarser 'ructures are reflected
for instance algebraically by chains of homomorphisms.

Within the fr~mework of present-day theory the automaton is called upon to establish
equivalence class.$q of patterns (for example the class of all syntactically correct
sentences of a 'a.gua~e) or - less ambitiously - perhaps to make decisions regarding
the membership of a given pattern to one of those classes. Another part of the theory
is devoted to the design of a suitable series of experiments for determining the
initial state of a- automaton. These invesritations can and shoulJ be extended to
the reciprocal effects of two automata on sach other - their dial,)gue - and to the
mutual interaction of many automata - their communication.
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The axioms and conclusions of mathematical theory will depend on the fundamental
concepts underlying our comprehension of man-machine interface.

One view is dualistic. It treats the machine as man's conversational partner with
special abilities for solving certain problems. The other view can be called
monolithic and teleologic in a way.

Man and machine are thought of as a single integrated system organized for the
purpose of solving a problem or mastering the environment.

The latter notion is unfortunately subject to severe practical limitations because
we still possess too little knowledge of how information processing takes place
within the human nervous system.

Once deeper insights into these mechanisms have been gained we stand a good chance
of constructing very effective man-machine interfaces on the basis of the concept
last mentioned.

k. ... . . •? • i • °
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STORAGE AND RETRIEVAL OF INFORMATION

The user - supplier dialogue

EDUC ATI ON

by Felix Mebesny
B.Sc., F.I.Inf.So., F.I.L., A.L.A.

Head of Group Technical Intelligenoe Service
The British 11ominim Co. Ltd.

ABSTRACT. The author discusses the educational requirements for users and suppliers of scientific
and technical information and the steps taken to provide professional education for various levels
of attainment.

The very magnitude of the problems connected with the information explosion is such that
several approaches have to be made in the attempts towards overcoming them. Whether we use such al-
most meaningless figures as

1. that the worldts output of scientific and technical articles
is of the order of 1,000,000 per annum;

2. that the number of periodical titles in the disciplines of
science and technology incrcases by two every day;

3. that about half of the world's literature in those self same
disciplines is written in languages other than English (which
for the purposes of this argument includes American English); or

4. that the periodical literature increases at a compound rate of
approximately 6-7% per year,

we are still left with the almost irrefutable fact that all of ns, users and suppliers alike, are
gradually becoming submerged by this flood of paper. Although the argument of quality of the liters.-
ture is being ignored in such discussions, it is obviously becoming increasingly difficult to cope
with the output of the world's presses. This tendency - which is certainly not new - has led over
the years towards more and more specialization, both in the user and supplier of the specialist
literature. This has led on the one hand to the emergence of the information scientist, and on the
other hand to, albeit, isolated endeavours to train the user in some of the more elementary forms of
the techniques employed in coping with the literature.

The term 'information scisnce' - though of comparatively recent origin - has
acquired in this short space of time several shades of meaning. Therefore in order to define the way
in which the term will be used in this paper, the activities embraocd by the definition so given in
the Articles of the Institute of Informaitlon Scientiste should provide some guidance. These are:

(1) abstracting, 1-eviewing progress and other similar technical writing;
2 translating ecýentific and technical writings;
3) editing such writings as emerge from (1) and 12) above;

(4) indexing, subject classification and retrieval of scientific and
technical information;

(5) searching scientific and technical literature, preparing bibliographies,
reports, etc.;!

(6) providing scientific and technical information 'md tendering advice thereon;
7 dissemination of information and liaison and field work for that purpose;
(ES) research on problems in information work.

It is obvious fcom this recital that a professional information scientist should combine a considerable
knowledge and skill for the proper execution of his work; normally this knowledge is obtained from
courses of study while the skill should ".s derived from appropriate practical experience such as work
in an information departewt. In okder to attain a corporate membership in the Institute of Information
Scientists it is thus necessary to provide evidence of both the required knowledge and skill; thus for
Membership a candidiate would normally be expsetee t' possess a science degree ar4 to have worked at
least five years in an Information department.

In training the user to enable him to •ieal competently with the documentation of his ape-
cial suhiec Oield 4t would be unwise to rim at such a high degree of profeabionalim; firstly, a
doqailed training programe would turn the user into an information scientist and thus divert his
from his own special field; secondly, it would be wasteful to impart knowledge and expertise of which
a considerable amount would never be required by a specialist user of the literature since the full

training of a documentalist involves matters relating to severs] disciplines; and thirdly, the time
generally available for such training of tUe user is not sufficient for more than a somewhat raper-
ficial approach to the many problems of information storage and retrieval.

Therefore the few attempts that have been made to fuimliariae the scientist and technolo-
gist with proper means of using his subject literature require careful study to elicit their useful
and successful features. The .-esulto of these courses are, however, not qtite so easy to establish

^46w-
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most of them have only been conducted for a few years and it ts tbus still too early to quantita-
tively assess this criterion.

Before entering into a more detailed discsusion of the courser available it In, st beo stated .I

perhaps somewhat shamefacedly - that information on such educational ventures in not very easy to COWe

by; it appears that tLe disctpline of Inforfbation s hience do not too wll provided cith means of
keeping its practitioners informed an whati going on elsewhere. Although there are many periodicals
and even abstract jornals in the fields of ltbraianship, documentation, information science etc.
their coverage ou tht educational front is not too extensive. It was for that reason that the
Federation Internationale de Docmuntation (71.)), the (British) Office for Scientific and Technical
Information, AsUb and the Institute of Information Scientists organised in 1961 an International
Conference on 2ducation for Scientific Information Work. The proceedings of this conference were
p•ialished in Septenber 1967 by FID ar.d its 33 paper's tried to survey the international aeons by
foousing on the activities in the most important countries. That this attempt was not 10* successful
can be dedooed from the fact that there were no contributions from the USSR and that the Indian delegates
did not attend the conftrence and thus take part in the discussions. However, these Conference
Proceedings seem to constitute the moat comprehensive review of the activities in educating users and
suppliers of scientific information.

Zraning of user

The user's training can be initiated at two levels: either before he graduates or
aftirwards.

Training at the undergraduate stae is frequently very difficult because most of the

syllabi are so crowded that it rmquires considerable persuasion of the university authorities to devote
w• of that precious time to such peeApheral subjects as documentation. Furthermore there is still a
great deal of that old belief that every scientist knows - or at least should know - the litarature of
his own subject. This fallacious attitude ignores completely any subsequent developments in the subject
field and its literature or the use of modern techniques in dealing with it.

Training at the post-graduate stage, on the other hand, is likely to ensurl that the
recipient is in the proper frame of mind to accept the training as by then he is more mature and more

seae of his needs with respect to dociu .ntation.

1. Undergraduate traini: in the United Ingdom organized training of
students is conducted at the Universities of Liverpool and Bradford
where the universit 2 authorities took the initiative, and at a series
of six universities (Edinburgh, Lndon (University College, and
Chelsea College of Science and Tec.. logy), Oxford, Warwick, and York)
where the Office Lor Scientific and Technical Information is arranging
for some 500 students to receive an information service and some
instruction in its use.

2. Postsra 2 tr..aJit the main centre for education in the use of
literature at that level is undoubtedly the National Lending Library
for Science and Technology, at Boston Spa, Yorks. where courses lasting
about 10 working days have been run since 1965. A specimen timetable
for such a ciurse on the use of scientific literature is given in
Appendix I.

A more recent deveijaent is now be4ng supported by OSTI whereby retrospective
searching of the medical literature ay means of the MEDIARS technique (MEDical
lgterature Analysis and Retrieval &etem) will be nade easier by providing
facilities for consultation with specially trained liaison officers. Five such
officers - at Newcastle, London, Edinburgh and two yet to be appointed - will
help users in the formulation of search profiles and will advise on availability
and capacity of this computer-tape index. Uourses are also being held at the
Hatfield Uollege of Tecbnolog.

Tho education of the librarian, information scientist, &ocunentalist, etc. is perhaps
seominet better organized than that of the user. Nevertheless, there are today so many different
avenues of training towards producing a qualified information scientist thav this plethora of facilities
may create an impression of diffusion and even confusion. In order to reduce this seeming' y unmanageable
pile of information into soee state ef order it may be advisable to claasify these data according to the
type of supplier to be produced:

1. Idbrarian:

a. Chartered: organised full-time courses of two years duration are provided at several
library schools which are housed within colleges of further education,
pelytechnics or universities.
Recent developments towards creating a degree in librarianship (as opposed
to a post-graduate qualification as is provided at University College,
London) under the aegis of the Council for National Academic Awards have



led to the setting up of such a course at Newcastle to commence in the
autumn of 1966. Other such courses are likely to comnenoe with the
following academic year.
Another scheme now un'ýer consideration by the kBri tiah) Library Association
is to permit graduates to aemas a number of credit points (say 30) so
that they may become registered as chartered librarians. These credit
points can be obtained by attending apesified courses and by posseelsng
relevant professional qualifications ke.g. linguistio, legal, oempute-
technology).

b. assistants it was felt some time ago that a qualification of a lower level of
competence than that of the chartered librarian ehbuld be provided
for those plople having to interrupt their professional life -
especially married women - or thosenot sishing to attain the higher
professional status. Towards this end, a Library Assistants Certificate
has been proposed; this scheme will be adminiatered by tho City and
Guilds Institute of London.

2. Information scientist: since 1961 a post-graduate course has been rulA at the City University
in London (forwerly the Northampton College cf Advanced Technolegy).
This vwo-year course is run twice weekly (two hours each) to enable
studenta to attain an entrance qualification -'or the corporate
membership of the Institute of Information Scientists. A post-graduate
one-year full-time course was started in 1963 vhioh, since 1967, will
lead to a .'Ac. degree.
Similar courses have been running at the University of Sheffield
Postgraduate School of Librarianship and Information Science since 1964.
At present this one-year co'rse leads to a Diploma, but from October lb9
will lead either to a X.Sc. degree in Information Studies or in Librarian-
ship.

Owing to the previously mentioned faat that abou% half of the world's literary output by
scientists anm technologists is written in languages other than Eglish and that maw of the readers
of such writings are only too rarely qualified to comprehend those foreign languages, it is obviously
important that the -:-ppliers of information should possess sme& proficiency in handling foreign
language material. Therefore many of these courses lay considerable stress on such ability and even
include some training in foreign languages in their syllabus. In the M.Sc. course at the City
university one examination paper is devoted to testing the required level of proficiency.

ihile the foregoing survey has been directed largely to activities and developments in the
United Kingdcl it should not be thought that the rest of the world is standing still. Indeed, as
R. T. bottle, has shown, similar schemes for training the user are in operat n or being planned in
many countries of Europe (to which his survey was confined) and in Australia

In the user-supplier dialogue which forms the theme of this symposium it is essential that
each party should understand and appreciate the basic requirements of the other; this can be achieved,
inter alia, by proper teaching and training in the elements of storage and retrieval of information
for which usually too little tire is available in the over-Crowded timetables during the university
courses. The few endeavoura described above are hopeful omens that the need for a deeper understanding
is being more widely realized.

References: 1. BOTTLE, R. T., Proc. intern. Conf. Edc. noi. Inf. Work, 196b, 59-69.

2. SOMMERFIELD, G.A., Chem. in Britain, 4(2), 71-73, Feb., 1968.

3. 3OTTLE, R. T., J. chem. Educ., k(l), 3-6, Feb., 1966.

4. WARD, J. L. (ad.) Library services for ohemists. Royal Melbourne
Technical College Press, 1960.
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The uoe of saientific literature - A course for research students

Time

1 2.00 p.m. Tour/deosription/service 1 of the National Lendling Library for
Science and Techniology (in particular Reading Room and Staff
Litrary).

2 9.15 a.m. 4uides to published information

1. Serials: Current awareness tools
Abstracting journals
Indexing journals
Annual reviews

Review serials

10.30 a.m. 2. Tools Xro student's specified interest
39.15 a.m. 3. Reportas Indexes

10.30 a.m. 4. Books: Theems
Annual Reports
Yearbooks
Monographs
Technical dictionaries
Language dictionaries
Encyclopaedias

Bibliographies

4 11.15 a.m. Language problems

5 11.15 a.m. Record Yeeping

6 11.15 a.m. Information bursaux

7 11.15 a.m. Keeping up with currerzt literature

11.15 a.m. Library resources in the U.K.

9 11.15 a.m. Films: The National Lending Library for Science and Technology
National Library of Medicine, U.S.A.

10 11.15 a.m. Criticism and discussion of the course

Time not devoted to lectures will be spent on literature searching.

(N.B. As can be seen from this schedule use is made of the few films available on this topic).

Source: J. Doc.P22(1), 22-32, Mar., 1966.
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