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A procedure for the computer generation of a thesaurus from a set
of descriptors, manually assigned to the documents in a library, is des-

cribed.

Recognises only a quasi-associative relationship among descrip -

tors. The specific advantages of the thesaurus as an open-ended one, the
keywords derived from actual documents being the most helpful in retriev-
ing the documents, and as an aid in information search in the collection

are pointed out.
include keyword statistics, matrix
matrix using Tanimoto coefficient,

Computational procedures for generating the thesaurus
inversion,
automatic cluster analysis using mini-

calculation of similarity

mal-tree procedure, and compilation of groups and main groups of des-

criptors are given.

An algorithm for the graphic display of the main
groups of descriptors has been formulated.

The main disadvantage of the

procedure is that only a limited number of keywords can be processed

within a reasonable computer CPU time.

Points out that the procedure

can be applied to a library of 10, 000 to 20, 000 documents with a keyword
base of 1, 000 words using about 3 hours of computing time.

1 GENERAL CONSIDERATIONS

The basic prerequisite for the establish-
ment of an automatically constructed thesaurus
is the existence of an indexed corpus of docu-
ments. In the case of the library of the Zentra-
larchiv fur Hochschulbau, Stuttgart, there has
been available a corpus of 5, 900 manually in-
dexed documents (1). We suppose that, even if
the indexing has been done carefully it is still
a rather subjective work and we should use the
minimum of further assumptions to produce a
thesaurus, which we call, on account of its
iater-indexer inconsistency, a pragmatic the-
saurus (3), Defining thesaurus as an inter-
related list of key words of the area of know-
ledge which is under consideration, the question
can be raised how to limit the area of knowledge
ad haw to decide which key words do belong to
this area, since new branches of science develop
their vocabularies fairly rapidly and even chan-
ges of meaning occur as time goes on. A prag-
matic thesaurus such as ours implies some
basc assumptions. Firstly, we assumed every
document entered into the library is relevant
for this area of knowledge- Secondly, the manu-
dly assigned key words for every document are
taken to be the most relevant ones. Thirdly,
there is only one type of interrelation between
the key words, namely a quasi-associative re-
lation of every key word of a document to all
other key words of that document. Having
adopted these assumptions to a special library
you need but to do some machine calculations

and a thesaurus is almost ready, A procedure
such as this facilitates the up-dating of a thesau-
rus, whenever sufficient additional documents
have been entered into the library. A detailed
specification of the area of interest is not neces-
sary, since the indexed document collection can
be understood as a description of it. In addition
to that the list of key words need not - should
not - be fixed in advance. It should rather be
an open ended list, adding new key words when-
ever it is felt necessary. As to the meaning of
the key words, it can be taken that every key
word is defined by the content of the document
or documents to which it has been assigned in
the indexing process.

The main advantage of a pragmatic the-
saurus derived from actual documents is that it
will be a principal retrieval aid for those docu-
ments, and it will also aid the user to find appro-
priate combination of key words which would
give satisfactory retrieval results which he
expects from the system.

Further, a pragmatic thesaurus can be
a very good discussion basis for any conference
interested in establishing a thesaurus on a simi-
lar area of research. There will be no need to
argue by means of arbitrary examples made off-
hand by the participants of the conference, be-
cause a pragmatic thesaurus will contain an
adequate number of different examples along
with the frequency counts from which one may
draw conclusions more easily than from ficti-
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tious examples. The main restriction of the
approach described here, is the limited number
of key words which can be processed within
reasonable computer CPU time. We guess that
the procedures can he applied to a library of
some 10, 000 - 20, 000 documents with a key
word repertoir of 1000 words using not more
than 3 hours of calculation time.

COMPUTATIONAL PROCEDURES
21 Key Word Statistics and Matrix
Inversion

The library of the Zentralarchiv fur
Hochschulbau keeps all its documents with a
nummerus currens for identification (5, 7).

For every key word, there is a peek-a-boo card
carrying the numbers of the documents to which
this key word has been assigned during the
manual indexing process. The information on
the peek-a-boo cards have been key punched
coding the key words with a number. The sta-
tistical evaluation came up with two tables con-
cerning the key word frequency and the indexing
depth. The graphic display shows that most
key words have been used between 20 and 400
times. The indexing depth shows that on the
average a document has been indexed with 4 to
12 descriptors. Because the representation of
all document numbers per key word is a matrix
it was necessary to make a matrix inversion to
get all key words per document.

22 Associate Relationship

It is assumed that there is an associa-
tive relation between every two descriptors
(= Key words), whenever they have been assign-
ed to one or more documents  The reduction
of all possible types of relations to a single one,
not distinguishing between them at all, is the
reason why we call our thesaurus a pragmatic
one. In spite of the fact that true semantic ana-
lysis would be a very useful thing, there are up
to now no computerized systems known, which
would do this for a real library. Even intellec-
tual thesaurus construction is a very hard and
time consuming task, so that many authors
have not specified the type of relation between
key words for manually compiled thesuari (8).
We checked our procedure against the recom-
mendations for the establishment of monolingual
thesauri (3) and found it to be within the rules.
The associative relation between two descriptors
is understood to be independent of the sequence
and of the context of possible other descriptors.
All pairs of descriptors have been checked even
if the combination of some descriptors do not
make sense. ,
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23 Calculation of Similarity Matrix

The similarity matrix has been calcu-
lated on the basis of the Tanimoto coefficient for
which is a function of the frequency of the des-
criptor A and the frequency of descriptor B
and of the frequency of the two descriptors taken
together C.

TANIMOTO COEFFICIENT
C

A+B-C

= FREQUENCY OF THE DESCRIPTOR A

REQUENCY OF THE DESCRIPTOR B

FREQUENCY OF THE DESCRIPTORS
A AND B TOGETHER

A
B
C

The calculation of the similarity matrix
was the most time consuming one, because
450, 000 combinations had to he checked whether
there is a common frequency C different from
zero and some 45, 000 Tanimoto coefficients
had to be calculated. Since the necessary com
puter time of one and a half hour was not availa
ble for a single job, the symmetry of the simi-
larity matrix has not been used, to make a re-
start of the programme easier without passing
all the results calculated up to the breaking
point. The input data, namely the inverted file
could be kept within the core memory putting
always three integer numbers into one word
using a MASK/SHIFT subroutine. The com-
plete similarity matrix has been printed out, the
coded key words written in plain text along with
their absolute and relative frequency counts.
According to suggestions of lvanova (4) only
those descriptors should be assumed to be re-
lated whose Tanimoto coefficients sum up to
half of all coefficients of the same line. Wedid
use an approximation to the proposal of lvanova
putting all those descriptors into one group,
which have a Tanimoto coefficient greater than
the mean value of that line. The result of this|
procedure was a list of as many overlapping
groups as there were descriptors. A manipula
tion was made concerning the very rare and the
very frequent descriptors. All thirtyeight des
criptors appearing once and six descriptors
appearing more than 500 times have been deleate
from the analysis, such that there were left 710
descriptors A similar recommendation has
been made by Salton for the SMART system.
The list of the resulting 710 descriptor groups
corresponds to the alphabetical lists in tradi-
tional thesauri, except that this list does not
distinguish different types of relations.
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24 Automatic Cluster Analysis

In general, there is a systematic part
ad an alphabetical part in every thesaurus.
The systematic part describes the area under
consideration by means of some subsets of the
keywords. The automatic procedure for clus-
ter analysis can be divided into those which
produce separated clusters and those which
produce overlapping clusters. Since in our
cae the alphabetical list of descriptor
groups is already overlapping we decided to use
the minimal-tree procedure which divides all
keywords into exactly separated groups The
nare of the minimal-tree procedure derives
from the fact that a matrix of distances has been
usd in the original work (6), choosing the mini-
md distance between the words. In our case
we had the similarity matrix as a basis, so it
is obviously the maximum of the similarity
which corresponds to the same procedure. We
have kept the name inspite of using the opposite
measure.

The minimal-tree procedure is started
with an arbitrary descriptor. A second des-
criptor is picked up out of the group of descrip-
tors of the first one, so that the second one has
maximum similarity to the first. The third
descriptor has to have the maximum value of
similarly to one of the predecessors, and is
linked correspondingly The procedure has to be
continued until all descriptors have entered the
tree exactly once. The tree obtained by this
procedure is independent from the starting point
as to the sum of all similarities which have been
entered into the tree. To cut the minimal-tree
into pieces it is recommended to use an arbit-
rary level of similarity which should be sur-
passed unless a branch of the tree is not to be
at of (2). A series of trials showed that an
appropriate level of similarity is hard to define,
snce too low a level does not break the tree
into a sufficient number of fractions, some
being very large, others being very small. The
number of fractions increases as the level of
similarity increases at which the branches stand
the cutting trials, but unfortunately the size of
the fractions decreases more rapidly so that
a number of single descriptors were found to
foom clusters of their own  To finish a first
version of our thesaurus we decided to cut the
minimal tree manually using the mean value of
dl similarities as decision aid. | will return
to this point at the end. The arbitrary division
of the minimal tree could be made such that all
fractions are almost of the same size. We have
23 so called main groups each containing some
JO descriptors, which is a quickly scannable
size. The definition of our groups and main

groups is analogous to the facet and semantic
classes in traditional thesaurus work.

3 COMPILATION OF GROUPS AND
MAIN GROUPS

This part of the total procedure is
mainly for output purposes. It produces lists
of all groups of descriptors indicating the
number of the main groups within which a des-
criptor can be found. This scheme of reference
among the descriptors will be of great use to
one who is trying to retrieve documents on the
basis of key words but has not found the pro-
per key word combination to get the relevant
documents. Using the references he can
change his key word combination step by step,
always checking the statistical neighbourhood
of any key word. The list of main groups has
been printed along with two selected key words
which may be some sort of intuitive represen-
tatives for the main groups, This method too
has to be replaced by some better, objective
method when a revision of the thesaurus is
made. To make the clusters of the main
groups easier to read a graphic representa-
tion has been produced by the program des-
cribed in the next section.

4 GRAPHIC DISPLAY OF THE
MAIN GROUPS

The graphic display was not a principal
aim of this thesaurus project, but the practi-
cal value of such a thing is well recognised.
Therefore, the program necessary to do this
has been designed to be as easy as possible,
not striving for the gain of computer and plot-
ter time. The algorithm is based on an equi-
distant grid with limitation in the direction of
the one axis. The difficulty was to find a free
place for every point which has to be entered
into the tree such that a line could be drawn
not creating ambiguity concerning previously
drawn lines. This has been solved by the
selection of 32 points which could never pro-
duce confusion. Whenever there was a big
cluster there has been an auxiliary routine to
escape from that part of the area all filled up
with points. This escape could be made check-
ing the vertical lines at left and at right for
the nearest free point. Obviously this drawing
procedure could not represent the similarity
by the geometric distance. But the measure
of similarity stronger than the mean value has
been made visible by double lines between the
descriptors. The main groups have been
drawn in separate pictures as well as all to-
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gether, representingthewholeminimal tree

5 CONCLUSIONS

* The procedures described here have

enabled the automatic construction of a prag-
matic thesaurus for a given medium sized
special library. This thesaurus will be a
valuable retrieval aid for the same document
collection from which it has been derived,
Since the collection has been manually indexed,
this thesaurus cannot be an indexing instru-
ment except for erroneous misuse of key
words.

The procedures for the construction
allow for some manual steering of para-
meters and cut-off values. Besides they are
also objective procedures which can be re-
peated whenever necessary, producing an
exact mapping of all the meanings of all the
documents within the library. The basic
assumption that manual indexing can be a
good starting point is assured through the
fact, that it is easier for an expert to say
this is a valuable book for that library and it
should be assigned these descriptors, which
can be read in the title or the table of contents
or the headings, than to ask an expert or expert
conference "Which are the key words of the
area of knowledge which you are experts in" ?.
The automatic indexing of documents can be
expected in the future, but there is still a con-
siderable amount of work to be done on both
sides, linguistic and computer research. We,
therefore, hope that automatic thesaurus con-
struction is an aid for people looking into libra-
ries to find the information they need.
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