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PREFACE

The Conference Board's Committee on a National Information System in
the Mathematical Sciences was established in 1970 as an outgrowth of earlier
activities of the mathematical community locking toward systematic improve-
ment in the information services available concerning the full range of
subject matter of the mathematical sciences.

The Committee is presently engaged in the preliminary planning of a
program designed to supplement the present primary publication activities
of its member societies, and other publishers, through improved and expand-
ed secon’~ry services which will provide better access to the primary lit~-
erature. As a basic component of this preliminary planning, the Conference
Board has commissioned Professor Howard L. Resnikoff to make an analysis of
systematic approaches to information storage and retrieval problems, espe-
cially as they apply to mathematical knowledge. With his dual experience as

a consultant in information problems and as an active research mathematician,

we feel he is especially quslified to develop a theoretical framework for
scientific information transfer applicable to the mathematical sciences and
probably to other fields as well.

The information system planning activities of the Conference Board,
including the preparation of this report, are supported by a grant from the
Information Systems Program, Office of Science Information Service, National
Science Foundation.

Robert M. Thrall

Chairman, Committee on a
National Information System
in the Mathematical Sciences

January 1971
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ON INFORMATION SYSTEMS,
WITH EMPHASIS ON THE MATHEMATICAL SCIENCES

PART I

1. An Information System should be the response to a pressing need
as well as a laboratory for future developments. There is ample testimony
to the need for an information system for the mathematical sciences (ISMS)
as well as for other sciences and indeed for many cther areas involving
the national welfare..

In general an Information System involves the storage, transmission,
and retrieval of information but insofar as the systems aspects are con-
cerned it is the retrieval of information that specifies the urgency with
which the other problems will receive g-:antion and funds. In the area of
the mathematical sciences a national information system will principally
and normally be concerned with the dissemination (including publication)
rather than the creation of primary information. Here we understand by
"dissemination" both general distribution of information which is not re-
sponsive to specific pre-existing inquiries as well as demand dissemination
which does respond ("on-line" or "off-1line") to specific requests.

Syctems of the first type are pasgive in that their users are typi-
cally not required to provide input to the system in advance of their use
of it. The active systems of the second type do require such input and
are consequently more precise in their response capabilities, more expen-
sive to use and mairntain; and slower to respond to the changing demands of .
users. Mathematical Reviews is an example of a passive system component
whereas the Mathematical Offprint Serviee and all on-line systems are exam-
ples of active components.

Active systems appear to have a significantly higher mortality rate
than passive ones in all fields of application, perhaps partly due to the
greater degree of investment--of time and effort if nct money--demznded of
the user. For instance, the oft-heralded desktop computer console demand
inquiry information system for use by executives of large corporations has
made no headway because, principally, of the unanticipated difficulty of
posing useful inquiries in addition to the problem cf framing them within
the rigid syntactic limitations imposed by the system. On the other hand,
although most of the information it contains is "noise" for any single
user, the telephone directory is one of the most successful and convenient
information access systems currently in use.

From this viewpoint it appears that the principal problem that must
be solved by an information system is that of providing the user access to
the comprehensive corpus of existing information that may be of interest to
him. The primary notion is that of geeess; the critical ISMS problem is to
design an economically viable system that will provide access at all useful
levels to the entire primary data base of the mathematical sciences, the
latter conceived as the collection of all journal papers, monographs, text=-
books, analyses, tables, working papers, etc., in all fields that use and
teach mathematics.




Access is a problem because the aichive is now large and grows rapid-
ly. We reproduce as Figure 1 a well-known graph illustrating the growth of
the number of scienti.fic periodicals and abstract journals [11. Each class
grows exponentially with time, at the same rate (approximately 57 per year),
doubling every 15 years. When the amount of information in tlie archive be-
comes larger than some "critical" quantity, it apparently becomes necessary
to introduce a new method for accessing the archive; for scientific period-
ical information this point was reached with the existence of about 300
journals around 1830, and abstract journals were born.

The figure shows that the number of abstract journals reached about
300 in 1950, which suggests that it is past time for the introduction of an
access system that will bear the same relationship (in the sense of size)
to abstracts that abstracts bear to jourunal articles. Indeed, the permuted
title index such as that produced by Caemical Abs.rocts Service functions
in essentially this way, and the interest of the Federal Government in
information retrieva! systems since 1950 could be interpreted as a response
to the need for a new level of access which will correspsnd to a third line
on Figure 1, parallel to the other two but intersecting “he time axis at
about 1950, as shown labeled "second order access system".

Data for this figure and a substantial body of additional evidence
show that the need for access is primarily--perhap< entirely--a function of
the 8i2e of the information base regardless of the ncture of the specific
contributions which constitute the data archive; hence, an organization of
information bases and access systems according to size considerations is
meaningful. The followiug sections explore this kind of organization in de-
tail for some of the more important traditional access systems and primary
information bases and discuss some of the more obvious implications for an
ISMS.

The nature of the information in the archive, of its contemporary
relevance, or of the probably specific utility of an archival document play
only minor roles in our study, for once a document has reached the archive,
having passed whatever admission tests may have been imposed, it is reason-
able to argue that a comprehensive access system should provide means for
finding it and for ascertaining the nature of its content. Moreover, this
view affords an important simplification for statisticai analyses of access
systems and their interrelations.

In an analogous way the library catalog card is a traditional access
system which does not pass judgments but simply records the presence and
grossly specifies the subject matter of each monographic item in the archive.
The unusually useful Reviews of Papers in Algebraie and Differential Topology,
ete. [2] compiled by N. Steenrod do the same thing within certain formally
defined temporal and spatial confines.

These observations are of more than passing interest because they
hint at the possibility, which we shall later show to be highly probable,
that the basic modular components of a large scale information system are
automatable.

Regarding this point, we cannot today see how to automate all of the
desirable features of existing access systems, but when these arc restricted
to special areas of the total archive which have a high degree of internal

1sistency ané a relatively small size, such as the mathematical sciences

Q
Ez l(:)archive, it becomes possible to consider the implementation of a highly
2 comated system which can serve both as an effective Information System for
o o e . . )
that area as well as a pilot project for the extension and development of
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national information systems of broader scope. 1In this sense we consider an
ISMS to comprehend two essentially disjoint components: a genexal component
concerned with the problems of access that are common to most subportions of
the total information archive, and a speciql corponent which addresses it-
self to those access problems peculiar to the mathematical sciences inclid-
ing, for example, access to tabular material such as tables of integrals or
series sums as well as the notational problems shared to some extent by the
other sciences., It is the general component which currently does most of
the work in an access system, as will be adequately confirmed by the statis-
tics for the total monographic information archive which will be presented
below. This will be obvious to anyone who has systematically used the
existing abstract journals, current contents journals, libhrary card catalogs
or (where generality of application is perfectly clear) line-printer-
produced permuted-title and related listings. Consequently it can be antic-
ipated that rhe general modules developed for an ISMS will have a high
degree of utility for other national information systems outside of, as well
as within, the scientific fields; and, conversely, some of the modules
developed for other information systems such as that currently in use in
chemistry will be adaptable for use in the mathematical sciences.

2. 1f indeed size is the motivation behind the use of access systems,
then it is important o determine the size relationships of the primary
archival material to tive various access systems currently in use and to
arrange these systems in size-ordered levels so as to discover whether there
are any potential access levels not now used but which could be used in an
ISMS. We rely primarily on [3] and [4] in addition to data developed spe-
cifically for this study.

2.1. First, consider the size of mathematical abstracts. From
a recent volume of Mathematicual Reviews we calculate the mean page length
of a mathematical journal article as approximately 13.8 (unnormalized)
pages, whereas the mean length of an abstract in thai volume is 0.45 pages
normalized to the page and font wize of the Tramsactions of the American
Mathematical Society as a standavd. Therefore the mean mathematics paper
is 30.6 times as large as the mean mathematics abstract.

2.2. Consider the type of index normally found at the back of a
book. For a random sample of 706 books with indexes drawn from the complete
shelf list of the Fondren Library at Rice University it appears that the
mean number of index entries per indexed book is 836. The average number of
text pages per book is 276.6, which implies, after appropriate adjustments
for variations in font and page size, that the average book is 31.8 times as
large as the mean index; details appear in {3]. lence a book index bears
the same size relationship to the indexed text as a mathematics abstract
does to its primary text. This observation zssumes significance when the
problems inherent in automating various existing access systems are consid-
ered, for indexes and abstracts belong to the same access level, but one is
relatively easily automated whereas the othar is probably unautomatable.

2.3. Next, consider the size of index entries. In a uniform

sample from an alphabetized combined list of the index entries from 79
books in statistics, the mean number of characters per index entry, inclu-
sive of pagination, punctuation, and internal space characters, but exclud-
ing the (two character) codes which specify the source book, is 33.6 char-
acters per index entry. This is of no directly practical interest for the
construction of an ISMS because index entries are themselves too small to
require access modules in the usual s@nse, but this example helps to delin-
eate the nature of the access model that could underlie an ISMS design, for -
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the one-letter Library of Congress class designation "Q" is indeed an exist-
ing access system which would be of utility in this context were the statis-
tics index terms amalgamated with index terms from books occurring throughout
the scope of the total library archive. The important point for us is that
once again we observe that the access system provides a compression of infor-
mation (with loss, of course) of a ratio of about 30 to 1.

2.4. The mean character length of titles of monographs represent-
ed in the Fondren sample [4] is 28.13 characters per title. We direct the
reader's attention to the fact that this random sample includes items from
all categories in the general library classification schedule.

2.5. Consider a more complex example which refers directly to
the access problem. It is usual to find so-called ''subject headings" at
the foot of library catalog cards which are intended to provide cross-
reference access to subject areas other than those associated with the class
number of the item cerresponding to the catalog card. There are nearly
93,000 subject headings in the Library of Congress standard list. A uniform
1/66 sample drawn from an alphabetized list of these headings shows that the
mean number of characters per subject heading is 22.3, which cannot be con-
sid :red as particularly close to 30. However, the distribution of subject
headings per catalog card as A2termined from the Fondren sample has a mean
of 1.2 per card; assuming that the distribution of subject headings per card
is independent of the distribut.on of characters per subject heading, the
mean number of subject heading characters per catalog card, including the
associated ordinals and space characters, is 29.16. Hence, the collection
of subject headings per card provides iz the meen about the same level of
discrimination above the one-letter Library of Congress class that is pro-
vided by the title (¢p. section 2.4); scmetimes the subject headings prove
a better guide to content thaa the title.

2.6. The phenomenon that the means of access level sizes are in
the ratio of about 30 to 1 is not confined to the access systems normally
associated with library archives and journal articles. Consider ALTEXT, a
recent text=processing higher level (macro expander) computer language [5].
Such a language consists of computer instructions which have two parts:

a generie instruction such as the GOTO of FORTRAN which specifies the gen-
eral function of the instruction, and certain other more particular compo-
nents which contain the details of data location and transfers. The imple-
mentation of a higher level language instruction consists of a sequence of
one or more '"machine language" or "assembly language' instructions; the
advantage of the higher level language is that it frees the programmer from
the burden of keeping numerous housekeeping details in mind at the cost of
lower (local) efficiencies in execution. This is another way of stating
that the higher level instructions act as an access system for the sequences
of assembly language instructions that are their implementation.

With this preamble in mind, we can examine the number of assembly
language instructions required to implement eack of the higher level in-
structions in & higher level language. For the generic instructions in
ALTEXT, the average number of assembly language instructions per ALTEXT
"macro" is 30.32 (including implementation of the "ALTEXT macro" which pro-
vides the interface with the operating system) for implementation on the
IBM 360/30 computer.

3. The examples in the previous section suggest that many existing
access systems occur in a level structure for which the mean sizes of suc-
cessive levels are in the ratio of about 30 to 1. so that the absolute size
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(in the mean} of elements belonging to level n is some fixed multiple of
KM where K 1is a constant nearly equal to 30. Before such an hypothesis
can be seriously considered the distributions of elements of the various
access levels according to size must be examined since the constant K was
obtained solely from a consideration of sample means. If the distributions
are multimodal, the mean might provide a misleading statistic; even if the
distributions are urimodal the mean may be both misleading and insufficieat
as a descriptor of the distribution.

In this section we show that all of the distributions in quest1on are
lognormal. Moreover, for access levels spanning the range from 1 to 1. 7x1013
characters, corresponding to 10 access levels, the distribution standard
deviations (which, with the mean, completely determine these lognormal
distributions) all lie within a narrow range. The distribution mean is
therefore essentially the only significant distribution statistic and effec-
tively determines the distribution.

Figures 2 through 6 illustrate the distributions corresponding to the
access systems discussed in section 2 on logarithmic probability graph paper;
straight lines thereon correspond to lognormal distributions.

It is pertinent to record that it is also known that the following
distributions are lognormal:

dictionary entries measured in characters;

sentence length measured in words;

gyllables measured in vowel strings;

words uttered in telephone conversations measured in
characters for equivalent written forms.

0f greater immediate significance and at the upper end of the size
scale, the distribution of university libraries measured in the number of
books held is lognormal. Figure 7 illustrates this for the 64 largest
university libraries under the hypothesis that there are 100 libraries
properly associated with that level. The one university library which de-
parts from the lognormal trend line to an appreciable extent is the largest
--Widener at Harvard University--which the model shortly to be nresented
classifies as a member of the next larger access level (K ) inhabited by
the National Libraries.

4. These data and others reported in [3] support the following model
for information access systems:

The distributions of items occurring in the various access levels is
of the form

- 2
1 e_ %(log X m)
xsv21

The distribution means are powers of some constant K nearly equal
to 30. There is not yet sufficient information to accurately fix the value
of K ; it is however suggestive and consistent with the data to assume

which we do in what foilows.
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The standard deviations of the distributions corresponding to the
access levels are all confined within a relatively narrow range when com-
pared with the range of size under consideration. Indeed, the standard
deviation, which in logarithmic coordinates is proportional to the slope of
the line in Figures 2 to 7, varies bigween 0.18 and 0.43 as the size varies
from about 30 charzcters to about 10"~ characters.

It may be worthwliile to note that the above form of the lognormal
distribution is not the most general, which latter is obtained by replacing
x by x-a ; for the access systems described in Figures 2-4 and 6-9 we may
take a=0 without significant error.

Define the level of a given information base to be the integer clos-
est to the logarithm of its size to the base K . Then the level of the
average mathematics journal article is 3, while its abstract and title are
of level 2 and 1l respectively. Typical access systems of various size from

level O through level 9 are shown in Table I, measured in characters through
level 4 and in books thereafter.

Table I

Access Level Structure

Level Size Conventional Name
0 . 1 char. Library of Congress Class
1 30 Title; Index Entry; Subject Headings
per. Catalog Card
2 874 Table of Contents; Abstract of
’ Mathematics Journal Paper
3 25,827 Book Index; Mathematics Jouranal Paper
4 763,203 Book
5 30 books Encyclopedia
6 874 Catalog for a Level 7 System,
Personal Library
7 25,822 Catalog for a Level 8 System; Seminar
Library (Mathematics Library)
8 . 763,203 "' University Library
‘9 22,557,422 National Library (Library of Congress)

Note that the Libr;ary of Congress currently holds about 16 million
books but 58 million "items", the latter 1nc1uding audio and visual records
and other non-book materials.’

If x is distributed lognormally, then log x is necessarily nor-
mally distributed. Our model implies that when the logarithm of size is
used as the variable in place of the size itself, the various access system
distributions are normal with equispaced means coinciding with the level
when base K logarithms are used. Moreover, the standard deviations vary
iittle from level to level. This situation is shown for access distribu-
tions for levels 'l to 3 obtained from the data described in [3] in Figure 8.
The relatively small amount of overlap of successive distributions supports
the notion of classification according to size and even according to average
size of a class of access systems of equivalent type. We stress that this
figure exhibits the normal distributions corresponding to actual data in the
sense that they ‘are constructed from the means and standard deviations of
that data, some of which are further exhibited in Figures 2 and 4.
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The intrusion of the lognormal distribution is not really surprising,
as the following argument shows. Consgider information '"states" S, consti-
tuting some inventory, such as the words of a language as they occur in a
large text corpus, or a large random sample of indexes or titles, ordered in
some convenient fashion. Let E(x) denote the "effort" required to utilize
state S, in an access system, and denote by p(x) the probability of
utilizing S, from the inventory. Following Shannon, the expected amount
of information per unit effort is proportional to

1= -] px) log p(x) / ] pGIE() .

If the access system is such that the expected amount of information per
unit effort is maximized, then maximization of I subject to the restraint
Z p(x) =1 1leads to the solution

log p(x) = ap + ajE(x)

with constants a; - This is a well known argument due to Mandelbrot [14].
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It remains to specify the effort function E(x) . If the states Sy are
words drawn from natura’ text and arranged in.ordar of decreasing frequency
of occurrence, then it 1s natural to argue, as Mandelbrot did, that E(x)

is proportional to log (x+a) with some small constant a . More generally,
we may suppose that E(x) has a Taylor series expansion about 0 in the
variable log (xta} . If E(x) be approximated by the terms through order
two in this expansion, it immediately follows that p(x) is a lognormal
function of x .

The logarithmic measure of information impact (not to be confused
with Shannon's "information") which is implied by this model is probably
related to the underlying phenomena responsible for the well-known (and
once again hotly debated) Weber-Fechner Law in psychophysics which asserts
that (psychological) response is proportional to the logarithm of physical
stimulus, as exemplified by the decibel scale of measurement of perceived
acoustic energy and the octaval musical pitch scale. This connection is
explored more fully in [3].

A closely related phenomenon is discussed in [7] where it is shown
that the distribution of term usage from a manipulative index vocabulary
is lognormal for nine large document indexing systems, including the Uni-
term Index and a DDC (Defense Documentation Center) colleci:ion of 195,000
documents.

References [6] and [8] should also be noted; the former includes
data which suppecrt the viuw that the lognormal distributions of access
means and the logarithmic level structure of the model are consequences of
psychophysical properties.

5. Examination of the variance of the lognormal distributions of
the access systems studied shows that the various levels have only a small
degree of overlap, so tnat the bulk of the access systems which belong to
a given level in the structural sense actually lie within it in the follow-
ing natural sense: the base K logarithm of their size lies between
(n - 1/2) and (n+ 1/2) if they have a logical structure belonging to
level n (see'Figure 8). Because of this it is possible to introduce the
notion of boundaries between levels, which correspond to¢ sizes that are
2e (= 5.4) or 1/2e times the mean size of the levels. For example, a
book is a level 4 access system; its index belongs to level 3 in the struc-
tural sense. If a particular book index is larger than 1/2e the size of
the book, then it is too large to be properly called an index, and in fact
it does not function effectively as an index. Similarly, if it is smaller
than the book by a factor greater than (2e)3 = 160 , then it will function
more like a table of contents than an index.

The implication for the design of access systems is that the average
size of the access structures should be approximately 1/30th that of the
information base to be accessed for first level access, but in no case
should any proposed access system provide less than a factor of 5.4 compres-
sion, for then it provides access at esscntially the same level as the in-
formation base and one might just as well search the base directly.

Several different access systems may belong to the same level; for
instance, a book title and the card catalog subject headings asscciated with
it are two distinct access means that are the same size. Access is evident-
ly increased by combining several systems belonging to one level, but if
more than 5 such are combined, the resulting system belongs to the next
higher level (&t least) so it should be carefully considered whether the

X e a2
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the combiration provides as effective and economical access as & structural-
ly unified single access system belonging to the higher level. 1In this i
regard the problem of efficiently packaging diverse access systems to form :
one conglomerate system is critical. An example will help to clarify the
importance of this observation. The traditional library card catalog system
is a combinative system which includes class number, title, author, subject
heading, and some additional information. The catalog card system occupies
approximately 1/30th the volume of the library and therefore should function
as a first level access system; unfortunately, the conglomerate catalog card
only contains information corresponding to a second level access system.
Inappropriate selection and packaging of access information has led to a
situation where libraries traditionally and almost instinctively pay for a :
first level access system but obtain only a second level system. Such unde- '
sircble consequences of ignoring the level structure of access systems must f
be borne in mind in the design of an ISMS.

It is instructive to examine the recent collection of abstracts from
Mathematical Reviews in fields related to topology compiled by Steenrod [2]
in terms of the access model presented above. This collection contains ap-
proximately 6,400 abstract entries. First level access to the papers ab-
stracted is provided by the abstrects themselves. Second level access could
be provided by a list of the titles (and asscciated bibliographical informa-
tion to make retrieval possible) of the abstracted papers. Third level
access could be and is provided by distributing the titles (hence papers)
among classificatory headings. The model implies that 6400/K = 217 class- !
es would be appropriate; Steenrod has 290. Fourth level access could be
provided by grouping the classificatory headings into major classes; from
the model, 217/K = 7.4 , whereas Steenrod has 14 major headings.

B e e T ——

|

If Steenrod's 290 classificatory headings are accepted as the cur-
rer cly appropriate number for topology, then 290/K = 10 major headings
would be sufficient and 290K = 8561 papers could be classified by the
system operating at the mean of its level. All of these estimates refer to
means; if distribution boundaries are considered, then one finds that 6,400
should correspond to between 217x5.4 and 217/5.4 classificatory headings
and to between 7.4x5.4 and 7.4/5.4 major headings. Steenrod is neatly near
the means.

Figure 9 displays the distribution of papers per class. Observe the
generally lognormal nature of the distribution for that 807 of the collec-
tion consisting of the least populated classes, but note the significant
underrepresentation of classes with large numbers of papers uand the over-
representation of ~lasses containing between 17 and 25 papers. Steenrod's
introductory remarks coupled with the access model provide a useful expla-
nation for the variations which illustrates both the general applicability
of the model &nd the importance of basing the design of an access system
on a sensible model.

Steenrod states that he subdivided categories that initially con-
tained more than 30 papers; no reason for the choice of 30 is stated. 1In
addition to the overproduction of classificatory headings actually observed
in the data. a consequence of this procedure is to replace classes contain-
ing from 30 to about 50 papers (very few classes with more than 50 papers
remain) by pairs of classes of mean size from 15 to 25 papers, which results
in the hump in the distribution shown in the figure as well as the under-
representation of the more highly populated classes.

IEIQ\L(: It is clear from the data that Steenrod did not really subdivide i
every class containing more than 30 papers; 25% of the final classes :
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contair more than 30, and one class contains as many as 55. One is there-
fore led to question the util*tarian purpose effected by this purely conven-
tional and only partly implemented decision; it is clear that it cost the
compiler some effort which possibly might have been better expended.

Steenrod's compilation is unusually useful; other similar efforts
should be undertaken (some are now under way). The purpose of our discus-
sion Here is simply to provide a reasonable basis for asserting:

It is not easy to deviate substantially from
the stiructures defined by the access model;

and

! It is not wortlwhile to deviate substantially
from the structures defined by the access model;
nothing is gained for the effort expended.

PART 11

6. We open this part by stressing the inevitability of automation
in the processing of information. This applies with particular emphasis
to an ISMS. The following sections discuss some proposed ISMS access
systems from the standpoint of their. automatability and their connection
with the publication process.

It is by now well known that the general archive and its special
subsets such as the sciences and mathematics are growing exponentially
with time ([1}, [4], [8], Figure 1 above, and other sources too numerous to
mentfon). This growth appears to be tied to the gross national product in-
dicator (more accurately: gross world product) trend growth, with fluctua-
tions and systematic variations which may be of great importance and size
for certain special fields. It is essent:ial to understand that this growth
rate is, and for several hundred years has been, in general significantly
larger than the rate of population growth. It follows that in an era of
ever-increasing personnel costs it will not be possible to process the in-
formation produced by utilizing manual methods in a timely fashion and at
reasonuble--or at least stable--cost.

There is now no viable argument rhat suggests that the trend growth
rate for the primary archive in the mathematical sciences will decrease
within the next 50 years. From this remark it follows that automation of
the automatable aspects of the archival publication, processing, and access
systems is inevitable because the unit costs of computation are deereasing
g exponentially with time at such a rate as to offset the increase in the size
: of the archive itself and the associated personnel cost; Figure 10 displays
how recent costs of computation have changed with time. Conversely, the non-
automatable current methods of processing information will inevitably disap-
pear as they one-by-one become too burdensome, costly, and inefficient as
users of the limited amount of available human effort. Hence it is important
to maintain an ongoing program of research and pilot-project experimentation
to successively and successfully automate the important existing information
: processing functions and to devise replacements for those that cannot be suc-
i cessfully or economically automated.

Q
[EIQ\L(: In this regard it is worthwhile to examine the nature of abstracts of
scientific papers more closely. We have already observed that an abstract
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is a first-level access system. Abstracts are always written by trained per-
sonnel; Lowever, the degree of competence of the personnel is neither uniform
nor assessable by the abstract user. Abstract pceparation is costly, and, as
the ratio of partly machine-authored archival information to total informa-
tion increases, abstractors will increasingly come to abstract machine pro-
duction at the expense of their own creative production. The direct labor
costs of abstract preparation are increasing. We cannot see a long future
for the abstract as currently prepared by, e.g., Mathematical Reviews, al-
though it is now the only available first-level access system covering any
substantial portion of the archive in the mathematical sciences.

There does not now seem to be much hope for automating the production
of abstracts. The only automated schemes which stand a chance of being
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economically viable and of any use at all must extract information from the
primary text. This assumes that there are word sequences in the text which
could be extracted and then woven together to produce something which con-
tains the essential information available in an abstract, and it is probably
possible. The difficulty, which we think is insurmountable, is that the re-
sultant product will in general belong to the same size level as the text
itself although it will not contain more information than a first level ac~-
cess system. This, because the text redundancy which is usually eliminated
by the abstractor and which accounts for as much as 75% of the non-symbolic
text, cannot now and is unlikely to ever be excizable and reconstitutable in
an economical way. This does not mean that an abstract journal would not be
of significant temporary use in such fields as applied mathematics which

| currently lack any first-level access system; but, abstracts of the type dis~
cussed just cannot be viewed as a long range solution to the first-level ac=-
cess prohlem.

It has been proposed that authors supply abstracts with papers, and
some journals currently require this. There are several defects associated
with this process which may nevertheless have significant value as a first-
level access system. One of the most easily remedied problems concerns the
size limitations imposed on the abstract. In most cases abstracts should be
requested to occupy space approximately equai to 1/30th of the primary text
of the artiele. A substantially smaller abstract cannot in general adequate-
ly reflect the content of the paper and will therefore function as an access
system belonging to some lower level, which will bury the paper. We think
that if the paper is worth publishing, then it deserves representation in
the access systems at the proper level.

A second defect is more subtle and ultimately of greater import. An
i author may be the last person to recognize what if anything is of real
value in his paper; a competent reviewer probably does better although he
cannot foresee what use future generations may wish to make of the content.
It would be worthwhile to study the systematic variations, if any, that ex-
ist between author-composed and reviewer-composed abstracts.

A final remark in this regard: in order that author-composed ab~
stracts provide an adequate substitute for services such as that currently
provided by Mathematical Reviews it will be necessary to have a common inter-
national policy on author abstracts adhered to by all of the major journals.

7. There are not now any systems of first-level access to journal
papers other than abstracts, but others are possible, and one of the goals
of an ISMS development should be to define and evaluate them.

We will describe one possible alternative. It was noted above that
the book index is a first-level access system to the text of the book. Back-
of-the-book type indexes clearly can be constructed for papers. This is not
normally done in the mathematical sciences or other fielids, probebly because
of the great effort required and because there is no systematically pub-
lished joint index compilation, but this situation can now be changed because
papers can be indexed automatically. Salton [12] has recently described the
state of the art of document retrieval using key-word type methods. Here we

; will describe an alternative procedure which does not rely on key word lists

Q and therefore is in principle capable of identifying new significant informa-
Ez l(:‘ tion in a timely fashion. One elementary algorithm of this type, designed
e for application to general text (and whose effect on such input is presented
|2 as the index to [4] can be adapted for use on the non-symbolic portion of
L the towt of mathematical pabers. The result of apolvineg this alsorithm (by

P NN



Q

ERIC

Aruitoxt provided by Eic:
|

v 20

21

hand simulation) to the text of a 12-paze paper from the Transactions of the
Ameriecan Mathematical Society is shown in Figure ll; it is inadequate but
promising. Two encouraging facts are that this algorithm could provide in-
dexes as a byproduct operation on the data tapes used as input to a photo-
or electronic composition system at low additional cost, and that the index
produced by the algorithm is of just the proper size.

Some of the defects obvious in Figure 11 could be eliminated by
adapting this completely grneral text algorithm to the peculiarities of the
vocabulary structure of the mathematical sciences, but this is of secondary
importance. Of major significance is the inclusion in the algorithmic in-
dex output of all of the pertinent terms which indicate the principal con-
cerns and tools used. Diligent improvement of this primitive system or
some alternative automatic indexing scheme should lead to the production of
a first-level access system for inclusion in an ISMS which would operate as
a byproduct function of the publication process. As was the case for ab-
stracts, the impact of foreign publication and the possibilities for coop-
erative efforts must be explored.

Although the first-level access provided by index terms is inferior
to that provided by abstracts in certain respects, index term access systems
have some advantages not available to abstracts. It is possible, for in~-
stance, to amalgamate indexes to a number of papers or books and thereby
provide specific access to all items conrcaining a specified term or terms,
some of which would not normally appear in the title or in an abstract of
the paper.

This remark leads to the further observation that it may be of some
utility to index abstracts and then amalgamate the index terms together with
their bibliographical references. A primitive experiment of this type [10]
has been performed on a sample of 50 abstracts taken from the Amnals of
Mathematical Statistics; Figure 12 exhibits one abstract aid the index to it
that results from an applicaticn of the primitive algorithm to the text of
the abstract. With the exception of symbolic material, which was excised
from the abstract and replaced by the symbol "#" , the index entries are
representative of the subjects discussed in the abstract. Figure 13 exhib-
its part of the amalgamated index for all 50 abstracts. It would appear to

be profitable to- pursue this direction of increasing access at the second
level.

8. Previous sections of this proposal have argued that an ISMS must
be as automated as possible and that the data base upon which it operates
must be compatible with other interfacing information systems. These re-
quirements imply that the duta base must be in machinable form.

There are liabilities as well as advantages to large scale machina-
ble data bases; the costs of acquisition, storage, and processing are high
and can normally only be justified if some form of generally distributable
hard copy is a product of processing the data base. Interactive on-line
information access systems can therefore only be practical if they operate
on a data base that is several levels below the primary archive; the recent
study of R. L. Van Horn [13] is implicitly of this type. Regarding data
base acquisition, a significant fraction of the current primary publication
in the United States of materials in the mathematical sciences could be ob-
tained as a byproduct of the composition process; this problem is discussed
in section 9. Because of the rapid growth of the primary archive, the prob-
lems of retrospective conversion which may now appear to be enormous will
impose a decreasing burden on the system as time passes. Therefore a
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automorphic form 1
discrete groups
algebraic differential equaticn
horocyclic group’
upper half plane
* algebraically dependent

automorphic function
classical modular group
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fundamental domain
meromorphic functions
multiplier system
rational function
analytic continuation
compact real Jordan algebra
constant multiple
differential operators
explicit expression
Fourier expansion
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FIGURE 12. AUTOMATIC INDEX FROM TEXT OF ABSTRACT

project of conversion of selected portions of the retrospective primatry in-
formation base to machinable form which systematically and uniformly works
its way back through time, recording only that data necessary for specific
lower access levels, should form part of an ISMS. Steps in this directicn
are already under way, and should be extended. For example, the Citation
Index Project under John Tukey's direction has already compiled a cumula-
tive list of titles of articles in statistics which includes more than
25,000 papers and most of the retrospective material. It is a remarkably
powerful and efficient access system when presented in permuted form, high-
ly superior to non-cumulative listings such as the bi-weekly Chemical Titles.
(but note that the annual production of papers in chemistry is at least 100
times greater than that of the mathematics represented in Mathematical

Reviews).
Q
EE l(: 9. Material currently processed for publication is converted to ma-
rar v enc I chinable form at least twice in many publication systems. If portions of

it ssuch as titles and other bibliographical information: abstracts provided




TR

23

24

HAIN EFFELTy 34-0357¢ 40—
17

22
MAIN EFFELTS
AQOLTIVITY GF, 34-0357
MAIN PURTIONs 40-18537
MANN-WHITNEY-WILCOXON TESTSy
34-0355
MANUCA PROBLEM, %0-0721
MaRGIMAL OENSITIESs 40-~0724
MARGINAL DISTRIBUTIONG 34-
0355¢ 41-0323
MERGIHAL HOMUGENEITY
HYPITHESIS UFy 40-0724
PROBLER OFs 40-0724
TESTS F y 40~0724
WAIKOV KERNEL CRITERLOMy 40~
2219
HATRIX ARGUMENT
BESSEL FUNCTIUNS JFs 34-
0358

MARIMAL DISTANCEy 40-2213

AANIMJIM OIAMETER, 40-2217

MAKIMUN INFGFMATION
CAPERIMINT, 40-2219

MAXTMUM LIKEL IH300, 40-1856
METHUO DF, 33~1502

MAXINUK LIXELIHDIO cSTIMATEs
34-0358

YAXI%UM LIKELIHO0O E€STINATES
ASYMPTOTIC NIRMALLTY UF,

49-2217

WAXINUM LIKELIHOOD
ESTIMATION, 33-1502

MAXIMUH LIKELIHDOD
HISTSGRAMS, 40-1856

MaXIMUM NJMBER OF FACTMRS,
40~-0720, 40-0723, 40-2217+
40-2213

MAKIMUM NUMBER OF POINTS,
40-0720, 40-0723, 40-2217,

218

40-2
MCGILL UNEVEKSITY, 40-2218,
40~2220

MEAN UF LOGNDRMAL
VISTRIBUTION, 40~1850
MEAN VECT!Re 40-1357
MEAN ZEROy 40-2217
MZASURES
SEQUENCE UF,s 41-0330
MEASURES OF ASSOCIATION, 33~
1430
MEASURES OF INFORMATION, 40-
2219

MEUDIAN TEST, 34-0355s 40-
2216

MIHLER?S JOENTITY, %0-0724

MELLIN TRANSFORMS, 40-1850

METHOD OF MAXIMuw
LIKELIHO0Dy 33-1502

METHOOS OF BLYTH, 40-185%9

MICHIGAN STATE UNIVERSITY,
40-0723

MINISAX CONFIUENCE
PAOCEDURESs 33-1482

HININAX RESK CRITERIONs 40~
2219

MINIHUN OLISCHIMINATION
LNFORMATION ESTIKATION
PRINCIPLE DFy, 40-0724

MINIMUM DISCRININATION
INFORMATIUN STATISTICs 40-
0724

MINEMUM MZAKR SQUARE
ESTINATORy 41-0329%

MINIMUM HUMBEKs %0-2217

MINBAUM VARIANCE ESTIMATIR,
40~0721

MIRRUK TMAGESs 34-0355

M1SCLASSIFICATION
ERRORS OFy 40-221%

%JUEL 11 ANUOVA
COMPUNENTS IKy 40-0720

MONOTONIT FUNCTION, 3%-0357

M°NTE CARLO, 33-1502

MuNTE CARLO POWZR
COHPARISONSs 40-1857

MULTI~COMPORENT STRUCTURES
RELLABILITY FUNCTIONS JF,

33-1480

MULT1DINENSLIONAL CUNTINGENCY
TABLEy 40~0724

HULTIPLE REGRESSION, 34-0357

MULTIPLE REGRESSION OF

\} NADDITLVITYs 34-2357

MULTIPLICATIUN ALGORITHM,
40-1857

BULTEPLICATION OF K=
STATISTICSy 40-1357
MULTIVARIATE CASEs 40~0721,
© 40~18B58

MULTIVARLATE FAMILY, 41-0328

MULTIVARIATE NJRMAL LINEAR
HYPUTHESISy 34-0358

MULTIVARIATE REGRESSION, -

0356
HULTIVARIATE STABLE
OLSTRIBUTIONSs 40-1860
MULTEVARTATE STATISTICAL
ANALYS1S, 40-1860
MULTEIVARIATE STATISTICS
NONCENTRAL OISTRIBUTION
PROSLENS [Ny 34-0358

N=2 NEGREES OF FREEOCMs 40~
222

NEYMAN ALLOCATION FORMULA,
41~0328

NUN RANOOH, 33-14B0

NON-LENTRAL BETA VARIAALE,
40~0720

NON~IOENTITY TRANSFORMATIONS
NUMBEX OF 40-2215%

NON=NEGATIVE CINSTANT, 33-
1480

WON-NEGATIVE DEFINITEs 40-
1860

NON=PARAMETRIC ALTERNATIVES
CLASS OFy 41-0329
NUN-STEADY STATE LAPLACE
TRANSFIRMS, 40~1856
NON—-STOCHASTIC PREDICTORS,
40- 1857
NOHADMITIVITY
MULTIPLE REGRESSIIN OF,
34-0357
NONCENTAAL OISTRIBUTION
PROBLEMS IN MILTIVARIATE
STATFISTICSs 34-0358
NONCENTRAL UISTRIBUTIONS,
34=-0358
NUNCENTRAL MULTIVARIATE BETA
O1STAISUTIONs 34-0358
NONNULL OISTRIBUTIONS, 40-

0722
NONPARAMETRIC ALTERNATIVE,
34~0355, 34-0357
NONPARAMETRIC TESTS, 40~2216
NORMAL ALTERNATIVES, 34-0355
NORMAL CASEs 40-lB58
NORHKAL ulSYRIBOTION, 40~
0722~ 40-DT23¢ 4D-1857s 40~

1860
NORMAL DISTRIBUTIONS

CLASS OF, 33-1506
NORMAL MEANS, 40-1859
NORMAL PIPULATIONS, 40-G722
NORMAL RANDOM VARIABLE, 40-

NORMAL THEORY LIKEL IHODO
RATIO STATISTIC, 40~-0721

NURMAL THEURY CIKEL LHGOU
RATIO TEST SVATISTIC, 40—

NORMAL THEORY T~TESTy 40—

NURMAL=THZORY TECHNIQUES
BCOY OFe 40-1853
ROBUSTNESS OF y 40~1858

NULL 0ISTRIBUTICN OF

LEHHANNYS TEST, 40-0722

NULL OISTRIQUTIONS OF WILKS,

40-0721

NULL HYPOTHESIS, 40-0722

NUHBER UF ORAWS» 40-2213

NU;BER 3F 10LE SERVERS, 41~

032
NUMBER UF NON~IOENT ITY
TRANSFORHATIUNS, 40-2216

NUMBER OF SERVER3, 41~-0328

NUMBER OF SUCCESSESs 40-0720

NJHMBER OF VARIATESy 40-0721

NUMBER SUCCESSESs 40-0720

NUMERICAL COMPARISONS, 34-

0357
NUMERICAL ENAMPLES, 40-0722

NUMEROUS EXAMPLES, 40-1860

0

ONE-UIMENSIONAL EMPIRICAL
PROCESS CONVERGEs 41-0330
ONTO ITSELFe 33-1480
OPERATIONAL CHARACTERISTICS,
40-2219
OPT IMAL ALLOCATEIN, 41-0328
OPTIMAL ALLOCATION PROBLEMS ¢
41-0328
OPTIMAL OESIGNs 40-1858
JIPTIMAL HISTOGRAM, 40-1856
OPTIMAL STRATIFIEQ SAMPLING,
41-0328
JPTIMUM ALLOCATIONs 40-2219
OPTIMUM BESY LINEARy 40-0723
OPTIMUR BLUE'Ss 40-0723
OPTIMUM NON-PARASETRIC
STATISTICSy 40-0722
ORDER
ABSOLYTE CENTRAL MOMENY
OFy 40-G721
ORDER A3SOLUTE CENTRAL
MOMENTy 40-2721
ORDER STATEISTICS, 40-0723
LINEAX COMUINATIONS OF,
40-2217
SET OF, 40-0723
OUVERALL AVERAGE OF SUBSAMPLE
MEANSy 34-0357

P

P=01MENSIUNAL SPACE, 40-2217
P-DIMENSIONAL VAREATE, 41-

0323
P-VARIATE OISTRIBUTION, 40~
1857

P=VARIATE NORMAL
POPULAT JONSy 40~2216
PAIR OF INTESSERS, 34~0355
PAEAS
INDEPENOENT IN, 34-0355
PAPER GENERALIZES, 34-0355
PAPER TKEATS, 40-2219
PARAMETER SETy 40-2219
PARAMETRIC CLASSES oF
ALTERNATIVES, 41-0329
PAST UBSERVATIONS AVAILABLE,
34-0356
PHASE O13TRIBUTION, 41-0328
PHASL SERVICE TIME
DISTRIBUTION
CASE JF, 61-2323
PITMAN EFFICIENCY, 4U-1BS7
. CUNCEPIS OF, 40-1858
PITMAN ESTIHATOR, 40-1859
PUINT OF INCREASE, 34-0355
POINT OF VIEds %1-0328
PUINTS
OISTRIBUTIONS JFy 33-1506
MAXIMJIM NUMBER DF; 40-
0720+ 40-0723, 40-2217,
40-2218
PUINTS IN FINITE PRUJECTIVE
GEOMETRY, 4U-0720
PUINTS IN FINITE PROJECTIVE
SPACEs 40-2217¢ 40~2218
POPULATION MEANs 34~0357
40-2218
PUPULATEON S1ZEs 40-0720
PUPULATION TOTAL, 40-2219,
41~0329
PCPULATION VARIANCE, 34-0357
POPULATION VECTOR, 40-2219
POPULATIONS COARRESPUNOy 40~
5

1859
PUSITION INTERMEOIATE, 34—
0355
POSITIVE CONSYANT, 40-18%9
POSLTIVE OEFINITE, 34-0348
PUSITIVE OEFIMITE MATRIX,
40-1856
POSITIVE NUMBERy 40-2216
PUSITIVE SOLUTION, 40-1859
PUSTERIOR COVARIANCE, 41~

a328
POWER FUNCTIONs 34-0355s 34-
0357

PONER FUNCTIDNS DF TNO-
SAHPLE RANK TESTSs 34-0355

PRE-EMPTIVE RESUHE PRIURITY
SERVICE 0ISCIPLINE, 33-1%02
PREDICTIONS
ERRORS OF, 34-0358
PRELIMINARY REPORT, 40-2220
PRELIMINARY TEST, 40-2220
PRINCIPLE OF MINIMUM
CISCRININATION INFORMATION
ESTIMATION, 40-0T24
PRIORI KKOHWLEOGE, 40-0722
PRIORITY LEVELs 33-1502
PROBABILISTIC CONVERGENCE,
402218
PROBABILISTIC PSEUDO~METRIC
SPACEs 40-0722
PRDCABILTY
ZONVERGENCE INy 40-1359
THEORY OFy 34-0355
PROBABILITY DENSITIES
SAMILY OF, 40~0722
PROBABILITY DENSETY, &n-LESD
PROBABILITY FIELOS, 33-1480
PROBABILITY MEASURES, 40-

2219
PROBABILAITY CF RANK DRDERS,
34-0357
PROBADILITY SPACES
FANILY OF, 40-0722
PROBLEM GF MARGINAL
HOROGENEITY, 40-0724
PROBLEM OF SYMMETRYs 41-0376
PROCESSES
CLASS OFy 40~-1856
PRODUCT Q1STRIBUTIONs 34~
0355
PRCOUCT MEASUREs 40-2218,
40-2219
PRODUCT PROBABILITY
MEASURES, 41-0329
PROOUCT SPACEs 33-~14%0
PROOF OF AOKISSIBILITY, 40-

1859
PROPERTIES OF INTEAEST, 40—

0722

PROPORTION OF SUCCESSESs 40—
0720

P51 TESTe 34-0355

PTH ABSCLUTE CENTRAL MOMENT,

40-0721

QUAORATIC MEANs 40-185%

QUANTILE PROCESSe 40-2217

QUANTITATIVE SITUATIONS, 33-
1480

QUESTIUN OF M-WAY MARGINAL
HOMOGENELTYy 40-0724

QUEVE SIZES, 32-1502

R

AANNOM MATRICESs 34-0358
AANOUM UBSERVATIGN, 40-2217
RANODY SAWPLE, 34-0355, 40—

RANDUM SEMPLE OF S[2€y 33~
1502, #0-0123
RANOOM SUM DF EXPONENTIAL
RANOOM VARIABLES, 41-0328
RANOOM VARIABLE INVARILANT 1IN
GISTRIBUTION, 40-2216
RANODM VARIABLESs 40-0720s
40-0122, 40-%856, 40-1859
RANOOX VECTORy 40-0722
RANODMNESS
LACK OF, 33-1480
RANOOMNESS IN FINITE
SEQUENLESy 33-1480
RANK EGROER, 34-0357
RANK OROER TESTS»s 40-1857
RANK OROER TESTS STATISTICS,
40-0721
RANX CQROERS
PROBABILITY OFy 34-0357
RANK STATISTIC, 40-1857, 4i-
0329
RANK TESTy 34-0355, 34-0357,
40~1857, 40-2216: 41-0329
RANK TEST OF LINEARITY
VERSUS CONVEXITY, 40-1857
RANK-CRDER TESTs 41-032%

TNy

L ERIC

Full Tt Provided by ERIC.

FIGURE 13. CUMULATED AUTOMATIC INDEX FROM TEXT OF ABSTRACT :
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by authors; extractive index terms, etc.) are required for ianformation re-
trieval systems, they are normally re-keyboarded yet again.

It seems clear that significant cost reductions in the publication
process and in all access system operations that utilize the primary text
material in some way could be achieved if multiple keyboarding were avoided.
Savings will be greatest if primary material is keyboarded but once. This
implies that preparation of the original typescript should result in a ma-

i chinable version as well. The machinable version--contained perhaps in a
magnetic tape cassette--could be sent with the typescript to journal edito-
rial offices; editorial modifications would be performed using a display
screen and contact-pen terminal. Composition, utilizing either mask-
generated characters (e.g., Photon or Linotron systems) or the preferable
digitally-stored character generating techniques (Videocomp), would proceed
i without further human intervention. Since there would be no keyboarding of
i material after the author-stage keyboarding (which includes of course neces-
sary options for author corrections and required manuscript revisions),

: there would be no introduction of typesetting errors with a consequent de-

: crease in typesetting and proofreading costs and in the interval between ac-
! ceptance of a manuscript and its appearance.

i One of the goals of the ISMS development program herein discussed
should be tc study the economics of such an automated composition system.
With the use of a common electronic composition machine, common computer
software, and (possibly) a specially adapted digital character generator
capable of producing the large symbol font typically required in mathemat-
ical publication, it should be possible to achieve a reduction in page com~
position costs.
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