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ABSTRACT

This survey examines examples of well-established systems, advanced
systems and proposed systems for storing and retrieving scientific
information, and extends intc other areas with overlapping interests.
Some systems for managing national economic data are included as par-
ticularly instructive examples. In the sciences, the varying approaches
all aim to eliminate unnecessary duplication, to shorten the delay between
the discovery and the dissemination of new knowledge, to respond more
directly to the individual user, and to ensure workable connections with
industry, the universities, and government and other agencies. These
goals call for the efforts of systems engineers, electronic engineers,
behavioral scientists, communications experts, librarians and other
information specialists. Despite some interest in a centralized national
information service for the sciences, various considerations--largely
technological and socioclogical--seem to recommend decentralized,
discipline-oriented systiems connected by a national network.
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PREFACE

IBM Confidential

To give the Advanced Technology Department a better per-
spective for its activities in information retrieval, Dr. I'. B,
Wood was asked to prepare a report on the present status of
scientific information storage and retrieval systems. Dr. Wood
has done an outstanding job, giving the reader a feeling for a
wide variety of information retrieval activities, without creating
confusion. This report can serve as a guideline--showing how
IBM can help resolve the information management problem by
providing the necessary technology and overall systems man-
agement (the latter being nonexistent in most systems).

Urgent needs have forced government organizations and pri-
vate companies to tackle their own problems and find temporary
solutions. There is yet to be found a constructive way to assure
a brighter future for information management, and to prevent a
crisis which could be a great impediment to progress. There
are real opportunities for IBM to help solve urgent national and
international information retrieval problems by filling recog-
nizable market needs.

Some of these needs can be noted as one reads Dr. Wood's
report. One concludes, for example, that very large files--
random access and sequential, updatable and suitable for high-
speed search--are not on the market but are needed in numerous
information centers to make efficient automated searching pos-
sible. The Library of Congress represents one of the most
outstanding examples of this need.

Another great impediment to progress is the lack of low-cost
message communications for inquiry-reply traffic toe and from
information centers. The third but not least urgent need is for
an overall systems approach to assure systematic procedures
and orderly progress toward a successful solution of the infor-
mation management problem on a national and international level.

Emil Hopner, Manager
Advanced Technology
ASDD Los Gatos Laboratory
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INTRODUCTION

Scientific information retrieval is recognized as a national
concern (see the Weinberg report to the President, "Science,
Government and Information,”l)
for those prepared to design and implement advanced information-
handling systems. To appraise this opportunity realistically, we
must understand the advantages and limitations of the present and
projected systems for collecting, organizing and distributing
scientific information. To this end, we will {1} survey the spe-
cialized information centers now serving the scientific community
and examine several examples in detail; {2} describe the more
notable advanced systems already in operation, and some meth-
odologies being explored in small-scale pilot systems; and
finally (3) outline the major proposals for future systems.

, and as an imminent opportunity

Scientific research depends on outside sources for funding and
for specific programs, and may result in changes {e.g., new
products) which affect the national economy, military policy, etc.;
similarly, scientists rely on cutside sources of information and in
turn generate information vital to many extra-scientific interests.
For this reason, as Weinberg pointed out in his "Second Thoughts
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on Scientific Information Retrieval, 12 the problem is not an iso-
lated one, but has general implications for the social organization
of science. Scientific information retrieval must be viewed as
part of the larger problem of information management, which

can be described roughly as in Fig. 1. The dividing lines there
are arbitrary, but the approximate boundaries of the problem

can be seen, and the overlapping interests appear in something
like their real relationships.

In Fig. }, the first quadrant (I) represents the civilian
branches of government; quadrant 1I, the business sector; quad-
rant I1I, the military; quadrant IV, scientific research. Quad-
rants II and III invelve primarily private information, 1.e.,
proprietary business information and confidential military infor-
mation, respectively. The other two quadrants involve chiefly
wnat we might call public information (although some segments
coincide with classified information). Our main interest here
iz in the unclassified portion of scientific information--the facts
which are in the public domain and can be disseminated freely.
The problem is how to disseminate them more effectively. As
we will see, some information management systems designed
for other quadrants prove relevant to the problems of scientific
information, and some national networks established or proposed
elsewhere (in France and in the U, 5.5, R, ) suggest possible ways
of managing information in accordance with national purposes.

We can get some idea of the scope and magnitude of the scien-
tific information problem by looking at recent activity in a few
specific areas. In the physical and biclogical sciences alone,
according to a 1961 survey by the National Science Foundation, 3
more than 400 science information services had sufficient staff
and sufficiently comprehensive collections for literature search-
ing in their special subjects, The 427 agencies serve twenty-
four different branches of science as listed in Table 1.

Although each area has some relatively independent sources
of information, the branches of science are interdependent in
many ways. Each needs ready access to the others and to infor -
mation not primarily scientific. Research in psychiatry, for
example, as one of the medical sciences, could reach into litera-
ture (see Ref. 4 for a sample list of related drama, myths, fairy
tales, poetry, scripture}, An ideal system would make such
cross-references as easily accessible as the primary references,
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TABLE 1
DISTRIBUTION OF INFORMATION CENTERS BY NUMBER
PER BRANCH OF SCIENCE

Centers per

Branch Branches of Science

Documentation and Graphics

Food and Nutrition

Human Engineering and Management
1te 10 Materials-Nonmetallic (Inorganic)
Mathematics

Ordnance

Pharmacology

Aerospace

Agriculture

Architecture-Civil Engineering
Combustion, Fuels

10 to 20 Electronics, Electrical Engineering
Health

Mechanical Engineering

Nuclear Physics

Physics

General Science

Chemistry

Conservation

Materials-Metallic

Organic Materials {not including petroleum)

20 to 30

30 to 40 I Medical Sciences

Biological Sciences

40 to 50
Earth Sciences
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The size of a collection of specialized scientific information
affects both its usefulness and the feasibility of automation. As
more data is published on each subject, manual methods become
inadequate. The National Science Foundation identified a number
of advanced science information centers--services employing
some automated methods of storage and retrieval, and retriev-
ing information from as many as one million documents. Of
56 services active in the vears 1959-1961, 23 had fewer than
10,000 documents each; 15 had 10,000 to 25, 000; 12 had between
25,000 and 100,000. Three were in the next range, 100, 000
to 200, 000, and 3 others had 200,000 to 1,000,000 documents
each.

Since these studies, one important change has been the develop-
ment of a number of '"data banks'' in the social sciences., These
include archives which are '"limited to coded data accumulated
in machine -readable format...not simply for storage, but pri-
marily to facilitate analysis. 15

II, SPECIALIZED SCIENCE INFORMATION SERVICES

In this country and abroad, the older specialized science
information services are generally oriented toward well-
established disciplines or professions; newer services often
concentrate on a single emerging phase of a science. Nuclear
physics, for example, is covered intensively by one of the spe-
cialized centers described below., With increasing government
responsibility for scientific research (medical, military and
other), new and reorganized information services sponsored by
the government are developing into large-scale systems, as
will be shown.

A. SERVICEE IN THE UNITED STATES
1. ENGINEERING INDEX (New York)
Started in 1884, this is the oldest abstracting service of sub-
stantial size in this country and covers all fields of engineering

and related physical science. The abstracting staiff scans more
than 1400 journals, indexing only the more significant articles.
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A conference is usually entered as one abstract which lists the
authors and titles of the papers presented there. The number

of abstracts per year has risen from 36, 000 in 1960 to 51, 000

in 1964. The abstracts, classified into 249 fields of interest,
are issued weekly on 3 by 5-inch cards. Customers can sub-
scribe to complete sets of weekly cards for $1500 a year or
partial sets {for particular fields) at proporticnate rates,
Monthly and annual indexes containing all abstracts issued during
the period are printed for $250 per year {$75 for annual volume
only).

The Engineering Index does not provide other services, but
its depository, the Engineering Societies Library, performs
literature searches ($6 per hour); supplies translations {(quota-
tions on request); retains copies of all material abstracted and
supplies photoccpies of papers not available to readers locally.

Engineering Index has been working with the Engineers’
Joint Council on a computer system for mechanized indexing. 7
The Tripartite Committee, representing these two groups and
United Engineering Trustees, is preparing the organizational
framework for an integrated information system for engineer-
'll’lg.

2. CHEMICAL ABSTRACTS (Columbus, Ohio and Washington,
D.C.)

This service, begun in 1307, provides abstracts of all new
chemical and chemical engineering inforration, in publications
prepared at Ohio State University for the American Chemical
Society. The sources are journals, government reports, indus-
trial literature, and patents, American and other,

The basic Chemical Abstracts monitors 10, 000 publications,
and each bi-weekly issue contains about 8000 abstracts, The
annual number of signed abstracts has increased from 133, 000
in 1961 to 200, 000 in 1964, These entries are classified under
74 main subjects, and indexed by keywords and by author. Pat-
ents are indexed separately by number, and a patent concordance
relates corresponding patents of different countries. This ser-
vice costs $1000 per year, or half that for colleges and ACS
members. The collective index, issued every five years, costs
$1400 and includes a formula index.
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A supplementary semi-monthly listing, Chemical Titles {$50
per year), gives the tables of contents of 650 major chemical
journals. Permuted titles form a keyword index (KWIC) prepared
on an IBM 1401, and an author index is included. An additional
publication, the Ring Index, lists the chemical rings reported in
the world's chemical literature {11, 524 to date). Special litera-
ture searches are performed on request, prices hy quotation.

3. NUCLEAR DATA PROJECT (United States Atomic Energy
Commission, Washington, D.C.)

This center collects experimental data on nuclear energy
levels, related information in basic nuclear physics, and takes
the responsibility for correlating all reported data on nuclear
structures. The source material includes technical journals,
abstract journals, goverament reports, and fechnical corre-
spondence originating in the United States and elsewhere. Data
on a given subject is organized to keep a running account of
experiments and results reported. The data is summarized in
a form which permits the reader to survey quickly the sequence
of developments and the conclusions to date.

Table 2, for example, covers certain data on europium-152
(Eu-152).% As of December 1963, 164 papers had been published
on this subject, and new information is reported in an average
of two papers per month. The Nuclear Data Project digests all
these papers, analyzes the new data, and prepares tables listing
the significant results reported. Table 2 summarizes the find-
ings of experimenters measuring the lowest gamma energy in
the decay of 13-year Eu-152, As the measurement becomes
more precise, the observed values of 77| appear to converge at
121.78 kev.

This example shows how useful a scientific information ser-
vice can be, and how directly that usefulness depends on a staff
of competent specialists who can evaluate the accuracy, quality
and significance of information. In the case of NDP, the staff
prepares replies to technical questions from individuals in addi-
tion to surveying all pertiﬁent publications.

As summaries are updated, the NDP also issues Nuclear Data
Tables, Nuclear Theory Index Cards, Nuclear Data Sheets, and
lists of Radiations from Radioactive Atoms in Frequent Use,
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TABLE 2

TYPICAL INFORMATION SUMMARY
PREPARED BY NUCLEAR DATA PROJECT

Experiments
Reported*

¥, Energy (Kev) in Decay
of 13-Year Eu-152

Shull (1948) "
Cork (1950)°
Fowler (1956)3
Grodzins (1956)4
Bobykin (1957)°
Cork (1957)6
Nathan (1957)7
Anderson (1958)10
Romanov {1958) H
Hatch (1959)12
Mukherjee (1960)14
Marklurd (1963)15

123
121.8

121.4

122

121.77 T 0.1

122.2 £ 0.2
122

121.87 T 0.06
121.75 £ 0.03
121.79 T 0,03
122.1

121.778 T 0.006

*Superscript reference numbers identify the source of

information in each case.
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4, THERMOPHYSICAL PROPERTIES RESEARCH CENTER
{(Purdue University, Lafayette, Indiana)

This center collects, classifies, codes, and disseminates
reported information on a total of 30 thermophysical properties
of matter, tabulating the data to indicate the most probable
values of given properties of specific materials. The TPRC
collection consists primarily of abstract journals and govern-
ment reports, some of them classified; it includes all relevant
journals, periodicals, books, industrial literature, and technical
and scientific data available in other forms. Staff specialists
(including experts in thermodynamics and information theory)
search the literature and evaluate the accuracy, quality, and
significance of the data found. Consulting services include con-
ferences and contract research. For example, TPRC has under-
taken research on information retrieval for the National Science
Foundation. E

The cyclic searching system developed, which shows high
vield at relatively low cost, first searches abstracts for ""a"
years by subject classification, keywords and/or titles, Then
the citations in these Class A references are searched as Class
B references. When the plotted yield of useful references per
year falls off, at year "b,' a new cycle for the period (b, b+a)
yvears is searched in the abstract journals. The citations yield
a set for the approximate period (b, 2b). In an alternative ''cas-
cade' method, TPRC searches by abstracts, kevywords, etc.,
only for the first "a'' years, thereafter following citations, cita-
tions in cited references, and so on. By means of a mathemati-
cal formulation developed, TPRC can compute yield and cost
for these alternate searching methods.

The Center publishes these annual reports: Retrieval Guide
to Thermophysical Properties Research Literature {$120) and
Masters' Theses in Pure and Applied Sciences Accepted by Col-
eges and Universities ($6). The Data Book of "Most Probahle
Values' has been issued nonperiodically in three volumes, and
looseleaf additions are distributed as they are completed.

5. NATIONAL LIBRARY OF MEDICINE (Washington, D,C.)

Now operated by the U.S. Public Health Service {(Department
of Health, Education and Welfare), this was formerly the Army
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Medical Library and the Armed Forces Medical Library, and in
its earliest form, the Library of the Surgeon General (established
in 1836). In 1879, current medical literature was first indexed
on a large scale by the institutional team which produced the

f[irst volume of Index Medicus, This monthly publication now
contains references to more than 10, 000 articles per issue,

and an annual Cumulated Index Medicus is also published.

Since 1964, Index Medicus has been prepared automatically by
the Medical Literature Analysis and Retrieval System (MEDLARS)
which will be described in Section III. The National Library of
Medicine also performs literature searches in response to spe-
cific requests. Such services are expedited by the availability
of government communication channels -- the General Services

Administration teletypewriter network, for example, with termi-
nals in government hospitals, public health departments, etc,

6. CLEARINGHOUSE FOR FEDERAL SCIENTIFIC AND TECH -
NICAL INFORMATION (Springfield, Virginia)

As the central source for government research data in the
physical sciences and engineering, this Clearinghouse replaces
the Office of Technical Services (Department of Commmerce).

It reproduces and distributes all unclassified Department of
Defense research reports to the public and to DOD agencies and
contractors. Clearinghouse also keeps track of federally-
sponsored research in progress, and of sources of technical
expertise in the government. Data processing and reproduction
equipment speed the flow of the information from Clearinghouse.

Twice a month, Clearinghouse issues a listing called U. S,
Government Research and Development Reports (USGRDR) which
announces the public availability of reports on government-
sponsored research and development, and lists government-
owned patents released for public use. One part of this publica-
tion, the "Technical Abstracts Bulletin,'' covers reports released
by the Defense Documentation Center {DDC), and the second part
lists reports released by civilian agencies. Bi-weekly Technical
Translations bulletins list recent and scheduled translations of
foreign technical reports. Nuclear science reports, AEC engi-
neering drawings, and aerospace reports appear in separate
abstract publications issued by the AEC and by NASA, but can
be ordered from Clearinghouse.

10
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7. CORPORATE INFORMATION RETRIEVAL SYSTEMS

In large corporations engaged in engineering research and
development, centralized information retrieval systems typically
contain internal reports, patent disclosures, publications re-
leased to the public, and reports received from external agen-
cies. The more up-to-date systems maintain interest-profiles
for all subscribers, so that computer searches on new entries
can automatically prepare bibliographies to match user interests,
The documents indexed may be kept available on microfilm or
may be identified by number for reirieval as printed copies:
internal reports by Company number, external by Clearinghouse
number. Duplicate magnetic tape reels may be distributed for
local searching at regional centers within the corporation. To
request a search on a particular subject, the user can specify
a set of keywords and their logical relationship. If a computer
search of the local tape is not enough, a supplemental search
can be undertaken at the company's main information center.

B, FOREIGN INFORMATION SERVICES

Two information services outside the United States are of
particular interest to us--one because scientists and engineers
in this country continue to rely on it; one because it is more
extensive than any yet developed in this country. The first,
Science Abstracts, has becn published in London since 1898 by
the Institution of Electrical Engineers in cooperation with other
scientific societies. Monthly abstracts are issued in two parts:
Section A: Physics (averaging 26, 000 abstracts per year}), and
Section B: Electrical Engineering (averaging 16,300), The
entries, organized by the Universal Decimal Classification
system, are indexed by subject and author in each issue, and

in an annual cumulation.

This service still provides the most thorough abstract cover-
age of general physics available to American physicists, In 1964,
Science Abstracts summarized work in some 800 journals, more
than 100 of these being abstracted completely. Additional ab-
stracts represented papers prepared for approximately 115
conferences that year.

11
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The second non-American service of special interest is the
All-Union Institute of Scientific and Technical Information
{(VINITI), Moscow, U.S5.5.R. 10 First organized in 1952 by the
U.S5.5. R, Academy of Sciences as the Institute for Scientific
Information, VINITI now is responsible for keeping Soviet scien-
tists informed about progress throughout the world., VINITI is
part of a well-developed system which includes a large network
of technical information organizations--84 at the national level,
94 regional bureaus, 4000 local bureaus, research institutes
and production facilities, and more than 16, 000 technical
libraries.

In VINITI, a permanent staff of 2200 publishes abstracts con-
tributed by more than 20, 000 reviewers; operates the Electro-
modeling Laboratory, the Laboratory for the Mechanization of
Documentation, and the Department of Scientific Methodology in
Information and Documentation.

VINITI publications organize the available scientific informa-
tion in several ways: Referationyy Zhurnal (Abstracts Journal)
consists of abstracts of world-wide scientific and technical
literature, bibliographic citations of patents, monographs, and
proceedings, and book notices and reviews. Ekspress Informa-
tsiya selects non-Soviet research publications of special interest
and presents them in the form of detailed abstracts of abbhrevi-
ated translations. In Itogi Nauki (Scientific Achievements),
retrospective studies are published to explain the state of the
art in special subjects. In addition, bibliographic cards are
prepared and disseminated to various organizations in the Soviet
information network,

III, ADVANCED SERVICES I[N OPERATION

Two kinds of advanced scientific information storage and
retrieval systems are of special interest: complete systems
which represent the latest technology and methodology, and
pilot systems developed to test methodologies or to demonstrate
feasibility.

12
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A, OPERATING SYSTEMS

Among operating systems of substantial size, four can be
taken as representative, showing various ways computers can
help retrieve information, or prepare indices and bibliographies.

l. DEFENSE DOCUMENTATION CENTER (DDC) (Ariington,
Virginia)

DDC provides a central service in the Department of Defense
for the interchange of scientific and technical information. Both
classified and unclassified documents are indexed in DDC, but
the unciassified ones are now distributed through Clearinghouse.
The Defense Documentation Center is the successor to the Armed
Forces Technical Information Agency (ASTIA)} and continues the
AD report index. DDC started in 1963 and now includes more
than 600, G00 documents.

Computer services make it possible to do these things auto-
matically in the DDC system:

a. Validate need-to-know ("authority to ask'’) and check security
clearance.

b. Control inventory and initiate document printing orders,
¢. Account for all documents.

d. Prepare indices.

e, Check incoming documents for duplication.

f. Identify documents without catalog numbers.

g. Answer reference questions,

h. Prepare bibliographies and print out lists of report numbers
or copies of bibliography cards. General bibliographies are
prepared periodically; "demand" bibliographies in response to
specific requests. I'or the latter, the computer searches on
keywords within an indicated subject field.

2. MEDICAL LITERATURE ANALYSIS AND RETRIEVAL SYSTEM
(MEDLARS) (Bethesda, Maryland)

In operation in the National Library of Medicine, MEDLARS
is a relatively unsophisticated computer ~-based system which indexes

13
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reports and compiles abstracts. Coordinate indexing and Boolean
searching are the principal techniques, 12 and the throughput of the
system is considerable: it is currently processing 700 documents
a day for the world's largest biomedical library. Now accessible
by computer are 200, 000 documents (this represents the number
of accessions during 1964, when the present computer-based
system began operating).

The system 1is designed for three major compile~-and-print
tasks, preparing (1) the Index Medicus, a monthly listing of
medical journal references and abstracts (currently, 14, 00C per
issue), (2) recurring bibliographies, periodically updated, on
cancer research, heart disease, mental health, etc. and

{3) demand bibliographies. The major impetus for computer -
based mechanization of the files came from interest in the latter.

In the present system, literature anajysts classify the subject
content of each article by assigning descriptors from the library's
controlled list of medical subject headings (MeSH). The computer
{(Honeywell 800) processes the input paper tapes with the MEDLARS
{magnetic) dictionary tape to produce two magnetic tape outputs:
CCF (Compressed Citation File) for the retrieval sub-system,
and PCF (Processed Citation File)} for the publication sub-system.
In the retrieval sub-system, reguests for bibliographies are
received by telephone, mail or teletype. A search specialist
determines the proper keywords and the logic of the search,
and the search request 1s punched into paper tape. Requests
are batched and compared with each entry in the CCF tape, once
cr at frequent intervals if continuing interest is indicated in the
subject.

In the publication sub-system, cards are punched specifying
which sections of Index Medicus are to be prepared each day.
The report selection cards are fed into the H-800 output module
which searches the PCF tapes, sorts and edits the material to
prepare another tape. This tape is the input to the Graphic Arts
Composing Equipment (GRACE), an off-line photo-composer
which prints 300 characters/second (from a font of 226 characters)
on positive photographic film or paper nine inches wide. The
film is automatically processed, then inspected and sent to the
printer who prepares the plates.

In addition to its primary objectives, MEDLARS was designed
to be open to improvement and extension. It might, for example,

14
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be expanded as a national, decentralized medical bibliographic
system., Two possible methods are being compared: it might

be desirable to (1) increase capacity and provide remote input/
output facilities, or (2) distribute duplicate CCF tapes to region-
al centers. 5 It may also become necessary to store and retrieve
graphic images of textual material, if the present manual micro-
filming system {Xerox Copy Flo and Xerox 914 Copier) becomes
overloaded. As more journals are published and must be indexed,
it may be necessary to automate the records of serials (periodi-
cals) and prepare catalog cards for them on the GRACE equipment,

3. SCIENCE CITATION INDEX, INSTITUTE OF SCIENTIFIC
INFORMATION {(Philadelphia)

The Institute for Scientific Information maintains a computer-
based file of citations of science articles. The basic file, alpha-
betic by author, lists citing authors and citing references for
each source author. Every source item is identified by code as
an abstract, letter, technical article, etc. The citations are
published in gquarterly print-outs, an annual cumulative index,
and a source index with each volume (cost: $1950 per year,
$1250 for colleges).

Such a system requires no staff of experts to select keywords
and classes. This is the unique feature of citation indexing: the
authors of published articles do the coding by their choice of
citations, and therefore the system emphasizes not what has been
published, but what publications have been found useful. The
citation index is concept-oriented, i.e., organized on the basis
of the relationships of concepts in the source and cited papers.
The basic file is continuously updated and automatically re-
indexed. Whenever a new article is listed, the lists for all its
cited articles are updated. One can go either forward or back-
ward from a given reference to trace the development of a
special segment of science,

At present SCI covers only medical literature thoroughly;
engineering and physical science are covered only in part, but
this method makes very complete coverage possible, Whereas
the leading medical abstracting service covered 110, 000 docu-
ments in 1963 and 200, 000 in 1964, SCI covered 1, 000, 000 in
1964 and expects to cover 2, 000, 000 in 1965. When SCI covers
all current journals on a given subject, a negative search is
conclusive,

15
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An auxiliary service, Automatic Subject Citation Alert (ASCA)
prepares individual print-outs for subscribers interested in
specified subjects or authors. These print-outs are prepared
automatically during the computer processing of the weekly
additions to SCI, and cost the subscriber $2 per citation, $20
per author, or $100 per year.

4, FRENCH ECONOMIC INPUT-OUTPUT TABLES

France has developed techniques for processing economic
data in a large-scale information system with multiple sources
and with cooperative, not coercive, controls. Government,
industry, labor unions, teachers, and other social groups coop-
erate in collecting and analyzing pertinent data, and on the basis
of this data, help draft plans for national economic development.
This system interests us for several reasons: its success in
keeping complex data current and usable {(in the form of com-
prehensive input-output tables); its balanced sponsorship, gov-
ernmental and private; its practical appeal to the enlightened
self-interest of all participants in the national economy.

Taking a middle way between American and Russian approaches,
French planning seeks to '"indicate" what public and private
groups can do to improve national productive efficiency and
social welfare, without dictating what any business or person
must do. Such planning has also been described as being not .
so much indicative as active; 12 1. e. , many decision makers are
associated with the preparation and revision of economic pro-
jections. The substantial work is done by 25 Commissions de
Modernisation, 20 of them responsible for particular sectors
of industry (iron, non-ferrous materials, chemicals). The other
five have horizontal or cross-sectional responsibility for certain
areas: labor, finances and general equilibrium, regional devel-
opment, research, and productivity. Fach Commission consists
of 30 to 50 members from three general groups--public servants,
business leaders, and labor leaders. These Commissicn mem-
bers are joined by other interested citizens in study groups
assigned to particular problems. Altogether approximately
3500 people participate in these activities, and their decisions
and recommendations are carried out by the Commissaire
Général du Plan Masse assisted by a small administrative staff
(about 100 people).

16
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In the input-output tables, the data gathered is "'stored' in
highly concentrated form for what might be called real-time
analysis (in contrast to the usual delayed access to such data).
These tables are prepared by the Department of Economic and
Financial Research (in the Ministry of Finance) from statistics
furnished by the National Institute of Statistics and Applied
FEconomics {(INSEE). The tables are calculated twice a year as
the basis for short-term forecasts--in May, when the National
Accounts Commission meets, and in October, when the appro-
priation bill is being drafted. These forecasts are based on
figures for the prior year and relate to the current year and the
next year so the input-output tables are adjusted accordingly. 16

An input-output table prepared by Leontlef for the United States
in 1939 was similar except that it treated foreign trade separately;
the French tables account for foreign trade within each industry sec-
tor. {(Except for agriculture, the French have found that changes in
technical coefficients--i.e., the relative positions of different sec-
tors--have been due to specific technelogical changes in production.)

Guided by these widely available and well-publicized tables,
French technical economic planners develop proposals in con-
sultation with private and public interests. The method may be
a promotional stimulus: the planners provide information on
market capacity and this information raises incentives to invest
or adapt production in new directions, Or--a second method-~
the planners may arrange for government-business consultations
to encourage agreement on specific objectives and targets. The
tables are useful in many ways: the technical coefficients in the
input-output tables help market analysts in private firms esti-
mate markets; bankers check the forecasts before approving
loans for bhusiness expansion, etc,

B, PILOT SYSTEMS AND METHODOILOGY STUDIES

To test proposed methodologies and help specify the require-
ments for future mechanized library systems, some pilot systems
have been designed and are in operation. SASIDS, for instance,
is 2 computer~conirolled system for disseminating abstracts
sclentists prepare for each other. Another pilot system, SMART,
can store one set of documents under several different classifi-
cation systems, and compare retrieval speed and accuracy, A
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third system is called the Library of the 21st Century, and is
a pilot model of the services projected for future libraries.

1. SASIDS - STOCHASTIC ADAPTIVE SEQUENTIAL INFORMA -
TION DISSEMINATION SYSTEM (NASA Project, University
of California, Berkeley)

In this information exchange, 70 scientists and engineers
prepare brief reviews of current articles they find valuable,
These reviews are assembled and distributed weekly to all par-
ticipants. The particular emphasis in SASIDS is not on the
quantity of information, speed of dissemination, or degree of
automation, but on relevance to the user: how to make sure
the subjects covered match his changing interests., The quality
of the information, i.e., the value to the user, is the test of
the system, regardless of retrieval speed, storage capacity,
etc. A successful system must be sensitive to both interest
and disinterest on the part of the user.

To explore ways of keeping the system content relevant, par-
ticipants both prepare and evaluate the abstracts. They mark-~
sense cards to indicate which reviews they found valuable, rating
each on a scale from zero to 1.0, These evaluations provide a
source table from which a computer program prepares a
customer -reviewer correlation matrix, In this matrix, P(i/j)
is the probability that scientist (j) is interested in the article
that scientist (i) puts into the system. Being stochastic (i.e.,
it selects information on a probabilistic basis), the system
generates a random number between 0 and 1 for each abstract
sent in and compares that number to an 'adaptive' parameter
to decide who is to receive the material, The scheme is adap-
tive in this sense: an initial parameter, Pij =1, is assigned
as a link between member (i) and member (j). When an abstract
is received from member (i), it is sent to (j) with probability
Pjj. When {j} assigns a rating (0< R <1) to the abstract,
parameter Pjj is modified by the formula Pi; =4 Pyy + (1 - uj) R.
(Currently, uj = 0.8 for all members.} The sequential nature
of this process is evident,

This mutual interest parameter tends to stabilize between any
two people while their interests remain stable, but is expected
to shift as their relative interests change. The present goal is
to maintain contact primarily in the areas of greatest interest,
and to find ways to avoid distributing items of marginal or
doubtful interest.
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2. SMART (National Science Foundation project, Computation
Laboratory, Harvard University)

The SMART system is designed to process English texts and
search requests (i.e., natural language input) without prior
manual analysis, and to identify for retrieval those items of
information which are similar according to specified criteria.
Programmed on an IBEM 7094 and operating as a storage and
retrieval system (since June 1964), SMART is also an instrument
for evaluating retrieval systems. The system incorporates a
large number of syntactic, statistical and semantic features, and
is designed for repeated change and adjustment. In this it anti-
cipates the man-machine environment in which the information
requester will be permitted to keep modifying his search reguest
until he is satisfied. In this sense, SMART can simulate the
retrieval environment,

To compare and evaluate different ways of handling the same
set of documents, the system can vary the technique for deter-
mining information content; can change the criteria for matching
items of stored information--or keep the same criteria but relax
or tighten them; and can specify the request in different ways.

Under the control of a programmed supervisory system and
chained together in FORTRAN II, the SMART subroutines can
manipulate language data in several ways significant to the or-
ganization and retrieval of information. The system can convert
original text into a series of hierarchical concept numbers,
which in effect replace library or other file classifications., It
can compute term correlation from co-occurrences within sen-
tences, and compute term and document clusters from term
co-opccurrences within documents of a given collection., Further,
the system can analyze syntax and compare texts by structure-
matching procedures. These procedures are applicable to any
problem whose data can be represented by graphs, whether the
purpose is to match organic chemical compounds or syntactically
analyzed sentences.

Four basic tables supply the notation by which information is
identified. ({(a)} The alphabetic stern dictionary supplies each
word stem with a number of syntactic and semantic codes,
{b) The alphabetic suffix table supplies syntactic codes for word
suffixes., (c) The numeric concept hierarchy represents various
relations between semantic categories. (d) The phrase dictioﬁary,
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