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; PRECIS

RESEARCH PROGRESS REPORT

Title: "Annual Report: Automatic Informative Abstracting and Extraci. ," Annual
Progress Report, Office of Nuval Research, Contract Nonr 4440(00).

Authors: L. L. Earl and H. R, Robison

Background: This investigation is concerned with the development of automatic index-
ing, abstracting, and extracting systems., Basic investigations in English morphology,
phonetics, and syntax have been pursued as necessary means to this end, Experi-
mental indexing and extracting systems are now being developed.

Condensed Report Contents: Part I of this report documents several experiments in
automatic extracting and one experiment in automatic indexing. Nine chapters, each
from a different technical book, were used as the text corpus for all the experiments.
In the first experiment, an attempt was made to construct a seutence dictivnary of
syntactic sentence types, for distinguishing extract-worthy sentences, but it proved
unrewarding, Nevertheless, the results indicated that sentence typing might be used
in a screening process in conjunction with other extracting techniques. The later
attempts to combine syntactic and statistical criteria in the choice of extract sentences
and index phrases proved more rewarding. The sentences selected by the extracting
algorithm were representative and are presented for the reader to peruse. The noun
phrases selected by the indexing algorithm compared favorably with the back-of-the-
book index phrases. There is every indication that satisfactory back-of-the-book
indexes could be produced automatically, with post-editing to delete superfluous items.

Part [1 reports on the relationship between English word government and the problem
of multiple meaning in natural-language processing. A set of English words is dis-
cussed each of which has the ability to convey its various semantic meanings by the
use of certain common syntactic units such as prepositions. Because these common
syntactic units occur adjacent to — though not necessarily contiguous with — the word
whose meaning they specify, the entire complex (here called a semantic structure) is
computer-recognizable; thus the phenomenon described opens up the possibility of
teaching the computer to make semantic distinctions. The various syntactic units which
are used to make semantic distinctions are discussed separately and examples are
given. Because prepositions play an important role in making semaotic distinctions,
a section on prepositional semantics is included.

For Further Information: The complete report is available in the major Navy techni-
cal libraries and can be obtained from the Defense Documentation Center. A few
copies are available for distribution by the authors.
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FOREWORD

This report marks the completion of the sixth year in which the Office of Naval
Research has contributed support to research in the Information Sciences at the
Lockheed Palo Alto Research Laboratory of the Lockheed Missiles & Space Company.
During the first year of the program, a major part of the effort went into establish-
ment of a word-data base., The Eunglish Word Speculum, which has been distributed

tc ONR program participanis, illustrates the nature of this data base, In the second
and third years, this data base was exploited in the development of a computer program
for the automatic assignment of parts of speech to English words. Also during these
years, it was demonstrated how an English/Russian phrase data base can be used to
develop a technique for obtaining English indexes from untranslated Russian text. In
the third and fourth years, a new data base of sentences with assigned parts of speech
was created for investigation of the abstracting and extracting process. Also during
the third and fourth years, experiments in the compilation of a "sentence dictionary"
of syntactic types began, and compilation of English syntactic word government tables
began., These activities were continued in the fifth year, along with development of

a parsing program, the initiation of some extracting experiments on some technical
text, and an experiment in automatic indexing of a medical book. This year the
“'sentence dictionary' experiment was concluded, the extracting experiment was com-
pleted, and a frequency--syntax method of automatic indexing was conceived and tested.
Also during this year the concept of English syntactic word government was expanded,

' and compilation of the tables continued,

Part I of this report is concerned with the sentence dictionary and indexing and extract-

ing experiments, Part II is con.erned with the concerts of English word gove rnment.

The group at Lockheed takes this oppotunity to express its thanks for the continuing
support and encouragement given by the Information Sciences Branct: of the . .~e of

Naval Research,
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EXPERIMENTS IN THE USE OF SYNTACTIC
INFORMATION IN AUTOMATIC EXTRACTING
AND INDEXING
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Section 1
BACKGROUND AND THEORY

1.1 PHRASE STRUCTURE IN "SENTENCE DICTIONARY'" EXTRACTING

It would be very convenient for automatic extracting if a relationship existed bctween
the syntactic structure of a sentence and its significance or usefulness in forming an
extract. This would be particularly true if a "sentence dictionary," a dictionary of
syntactic sentence types, could be compiled and then a separation of significant from
nonsignificant sentences could be accomplished on the basis of these sentence types.
To test such a possibility, an experiment was devised for building a trial sentence
dictionary using part-of-speech strings to characterize a sentence syntactically, and
a previously formed index to establish whether a sentence was to be considered gig-
nificant or not. This experiment is described and documented in three previous
annual reports (Refs. 1,2,3). Thne results will be summarized in the following para-
graphs as background for the continuing sentence dictionary experiment,

According to the sentence dictionary hypothesis, a large group of sentences, as repre-
sentative of the language as possible, are to be processed, classified as "indexible"
or "nonindexible, " and assigned a syntactic structure. The hope is that when these
structures are sorted, or ordered, it will be found that like structures have like index
classifications. 1If this is so, and if there are not too many different structures pos-
sible in the language, the structures can Ye ordered into a "dictionary' of sentence
types, each classified as indexible or nonindexible, so that when other sentences are
assigned a sentence structure, a dictionary look-up can be used to classify them as
indexible or nonindexible. (The dictionary really need contain sentence types of only

one classification, either all indexible or all nonindexible sentences, )

1-1
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Testing >f the validity of the sentence dictionary hypothesis boils down to answering
two questions:

® Is there a system of syntactic classification which will separate indexible
from nonindexible sentences?
® Does such a system produce a manageable number of sentence types?

In the compilation of a trial sentence dictionary, several derivative and interrelated
questions had to be faced immediately.

e What sentences can be uged as a data base in constructing a sentence
dictionary ?
How should sentences be identified as indexible or nonindexible ?
What method of syntactic classification should be tried?
How many sentences must be used in the data base in forming the sentence
dictionary so that all, or nearly all, English syntactic types will be
represented ?

The initial answers tc these questions need not be the final answers. The experiment,
in fact, consists of working to arrive at optimum practical answers to these questions

so that the validity of the sentence dictionary hypothesis can be evaluated, The follow-
ing paragraphs give the answers adopted for the initial experiment,

¢ What sentences can be used as a deta base in constructing a sentence dictionary?

The sentence dictionary hypothesis depends on the further hypothesis that well-
formed English sentences in scientific exposition follow a finite number of syntactic
patterns, which will occur repeatedly in text, so that if enough text is examined,
the patterns will emerge. Thus the question concerning the number of sentences

to be chosen becomes more important than the sentence source, although it seems
obvious that the more diverse the sample, the more economically the objective can
be met. To choose text for the initial experiment, books were picked at random
f=am the Palo Alto Library of the LMSC Technical Information Center, and onc
chapter was used from each book. It was hoped that different books would refiect
different styles, and that using the running text from one chapter would give a

representative sample of the construction used by that author.
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® How are scentences to be identified as indexible or nonindexible ? Since books are

usually published with an index, and these indexes have long been accepted by the
public, it seemed simplest to begin by using these indexes in distinguishing whi ok
sentences were to be regarded as significant and, therefore, which sentence type
§1 were to go into the sentence dictionary as indexible. Sentences were designated
indexible if they contained a phrase listed in the index, and nonindexible if they d:

not. The difficulties encountered in making such a designation are discussed onj
pages 1 — 5and 1 — 6 of Ref. 1., *

T N B

How are sentences to be syntactically classified? It seemed reasonable to begin
classifying sentences into as fine a classification as possible, because the finer
the syntactic classification and the larger the number of syntactic sentence types,é
the greater the chance that a partition into indexible and nonindzxible types can bé
made. Therefore, the sentences were initially characterized as a string of part-
of-speech possibilities. Because dictionary look-up of words is costly, a study
the graphemic form of words was made, and an algorithm was devised to assign
part-of-speech codes to words automatically (Ref. 4). Figure 1 in Ref, 2 shows

sentences with their assigned part-of-speech strings, ~»

F—
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e How many sentences must be used in forming the sentence dictionary? Unfortu-

nately, this question and the third question, how the sentences are to be syntacti-
cally classified, are interrelated. The number of sentences which must be proc-
vosed in order to encounter nearly all syntactic types depends on the system of
syntactic classification used, and the practicality of a syntactic classification
system depends cn the number of sentence: types produced by the classification
o ‘ system, As with the other questions, the answer is really to a large extent the

| object of the experiment, but always there must be a starting place. Nine chapter:
. from nine texts, listed in Ref. 1, were used in the initial experiment; this sample'. '

o : of 3,216 sentences was thought sufficient to indicate the further directioas in which
. the experiment should proceed.
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The results of the initial sentence dictionary experiment are detailed in Section 2 of
Ref, 2, From these results it became clear that representing a sentence by part-
of-speech strings makes too fine a distinction between sentences, Nearly all the
sentences of the data base (3064 out of 3216) had a unique part-of-speech pattern.
Obviously, another method of classifying sentences had to be chosen to decrease the
total number of sentence types and to increase the probability of duplicate types, It
‘vas decided to try classifying the sentences according to their phrase structure, with
the hope that there would be a significant number of sentences of like phrase structure.
To do this, it was necessary to develop an algorithm for automatic syntactic analysis,
bazed on a phrase-structure grammar. The syntactic analysis algorithm developed
was based on the needs of this sentence dictionary application and of two other appli-
cations, as described in subsections 1,2 and 1.3 of Ref. 3. In all three applications,
identification of noun and verb phrases was of primary importance; the need for iden-
tification of higher level structures (such as participial and prepositional phrases and
claases) and of modification patterns had not yet been established. Since the identifi-
cation of noun and verb phrases and infinitives is basic, is a large part of the parsing
process, and is necessary for higher level analysis, it was decided to limit the first
parsing efforts to identification of these elements and to resolution of the role of
participles in the sentence,

Thus, the second experiment in syntactic extracting was to be cxactly analogous to
the first, except that the syntactic classification was now in terms of both phrases
and parts of speech rather than in terms of parts of speech alone. The structure of
each sentence was defined by the parsing program, BPHRAS, in terms of its noun
phrases, verb phrases, infinitives and gerunds, with the connecting function words
represented by their parts-of-speech strings, as shown in Fig. 1, The parsing
program, BPHRAS, described and documented in Refs. 2 and 3, accomplishes this
by grouping the words of the sentence into possible units and then resolving the con-
flicts among units until each word is assigned to but one unit and the sentence is
represented by a single string of elements, This means that a choice must be made
among alternative structures, a choice that is sometimes in error. The usual ambi-

guities are between noun and verb phrases, between infinitives and prepositional
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Accordingly —_— _ adjective-adverb
) — punctuation

with —_— preposition
Jelferson —_— noun phrase

, — punctuation

they —_— noun phrase

feel _— verb phrase

that — noun phrase (conjunction)
the

maintenance - houn phrase

of —_— preposition

a 1

competitive

iree 3 —_— noun phrase
enterprise

system J

is -— verb phrase

a

basic —_— noun phrase
requirement

for —_— preposition
continuing — present participle
a

democratic — noun phrase

government

Fig. 1 Sample Parsing Results
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phrases, and among different usages of participles. An effort was made to achieve
97% accuracy, i.e., to identify correctly 97% of the total number of elements (includ-
ing function words). A small sample of about 50 sentences was worked over until this
goal was achieved on that sample, and, without further modification, on about 125 more
sentences from the same text. This does not mean that accuracy will be that high with
general text, particularly since some errors are due to inaccuracies or inadequacies
in the part-of-speech program. Many of these were eliminated for the text in question
by adding such words in that text to a dictionary of words to be corrected.

With the parsing program ready to use, two other programs were prepared for the
second sentence dictionary experiment, one for sorting the new sentence structure
(phrase-structure SORT), and one for comparing the sorted structures to select
sentences with duplicate structures (DUPPHRAS). Development of these programs
was discussed in section 2.1 and 2,2 of Ref. 3. Section 3.2 of Ref, 3 documents the
phrase-structure SORT, but DUPPHRAS was not completed until this year and is
documented in section 3.2 of this report. The second sentence dictionary experi-
ment was completed this year and the results are discussed in section 2.1 of this
report.

1.2 PHRASE STRUCTURE IN FREQUENCY-SYNTAX INDEXING AND
EXTRACTING

In the early years of this contract, the first algorithm combining syntactic and fre-
quency criteria was developed for automatically selecting index items. This is
described briefly in the March 1966 Annual Report (Ref. 5). In these experiments,
the data corpus was reduced by selecting only certain structural items (subjects,
objects of verbs and infinitives, with genitive modifiers); then this reduced corpus
was subjected to statistical counts. An algorithm was developed, which, on the basis
of these counts, chose certain words for a first-level index, Then all larger struc-
tural items containing these words were included in a second-level index. This
algorithm was tested on five text excerpts, but because of deficiencies in the parsing
program (loopholes in parsing logic led to trouble every 50 sentences or so), it was

impossibie to pursue the experiment, Nevertheless, the results on the five excerpts

1-6

LOCKHEED PALO ALTO RESEARCH LABORATORY
LOCKHEED MiSSILES & SPACE COMPANY
A GROUP DIVISION OF LOCKHEED AIRCRAPT CORPORATION

¥

o bl

9




Eo o T T

R

promising, and proved a uselul guide in the development of present aigorithms for both

indexing and extracting.

In reviewing the early work, it was first of all obvious that a new syntactic analyzer
was nceeded.  Others in current use werc also unsuitable, being either too iimited,

too prone Lo trouble, too time-consuming or too indefinite in the assigning of sentence
structure,  Coneurrently developing needs in the sentence dictionary experiment led

to the development of a much simpler parsing program suitable to both purposes, as
deseribed in seetion 1.1, It was also clear in reviewing the early work that it is
indced desirable to reduce the text by syntactic criteria, both to eliminate the high-
frequency function words, which would otherwise need to be eliminated by a more
complicated statistical analysis, and simply to econc. aze on the frequency-counting
nccessary. Instead of extracting higher level elements, as in the earlier experiments,

it seemed simpler and very possibly more advantageous to begin by selecting all noun

phrases, excluding adverb and function words within the noun phrase. This is a good

place to start because it is more inclusive; later experiments can cut down to higher

level elements if that is desirable. To illustrate, all the nonfunction words of all

noun phrascs of scveral sentences have been underlined.

Note that besides reducing the text, this will reduce the possibility of introducing
adverbs, adjectives, and verbs which could be confused with significant nouns.
Luhn (Rel, 6), for instance, counted all words with the same first six letters as the
same, and worricd somewhat about confusing such words as "'differ, diffcrent, or
differently' with a technical word like "differential.' In this test, "differ" and

"differently' would never appear in the reduced text.

Frequency counts have been used both in extracting and in indexing techniques, and it
was decided to develop algorithms for both, based on the reduced text. The extracting
algorithm was developed first. The evolution of this algorithm is described in

section 2,3 of last years annual report (Ref, 3), The algorithm itsclf is summarized
in the following paragrapbs, Testing of the extracting algorithm is desceribed in
scction 2, 2 of this report, and development and testing of the indexing algorithm is

desceribed in section 2.3 of this report.
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( The extracting algorithm developed required seven steps, as follows:

1)

<)

(M

(4)

(5)

(6)

(7)

All the nonfunction words in noun phrases containing more than one word
were extracted from the text, with the text, page, and sentence number
from which they came,

This list was alphabetized, and a frequency count made of the words,

The feequeney counts were then ordered (descending order) and the differ-
ence from one count to the next was calculated and stored.

The percent of cach frequency count of ihe total of all frequency counts was
calculated and stored with the cumulative percent to that point.

Four points in the frequency count table were then calculated and the four
frequencies were ordered in ascending order., Of these, one was chosen

as the cutoff frequency. The second was taken if that point had a cumulative
percent less than an arbitrary value V2, If not, then the third point was
taken ir it had a cumulative percent less than V2, If not, then the fourth
point is taken. (Calculation of the four points will be discussed later.)

All frequencics lower than the cutoff frequency were discarded. The words
naking up the remaining frequency counts were extracted from the original
list and ordered (ascending) aiccording to their associated page ard sentence
number,

The word-sentence number combinations in this list were examined, and
sentences were located and printed from the text for ail sentences in

which:

(a) there were three or more high-frequency words

(b) there were two high-frequency words, if that pair had not already

occurred together in a sentence

Some of these steps need some elaboration. In step (5), four points within the fre-

quency count table are identified. Point 1 is the point at which the cumulative percent

point at which the largest differences in frequencies occur. Point 3 is the point at

H [ caleulated in step (4)] is less than or cqual to an arbitrary value V1. Poinl 2 is the
351
.

R

which the largest difference below point 2 occurs. Point 4 is that frequency cqual to
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or just lurger than the largest frequency divided by 2. Points 2 and 3 represcnt points
at which there is a steep slope in the frequency curve, Points 1 and 4 represent points
at which an arbitrary cutoff might be made.

Step (7) is necessary to reduce the volume of sentences selected. Taking sentences
with three or inore high-frequency words is similar to taking the highest weighted
sentences in schemes like Luhn's. Taking sentences with two high-frequency words
only if it is the first occurrence of that word pair is an attempt to pick up each new
idea, yet avoid redundancy in the sentences selected.
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Section 2
1969 — 1970 PROGRESS

2,1 THE "SENTENCE DICTIONARY'" EXPERIMENT

By the end of the 1968 — 69 year, the parsing program BPHRAS, the phrase-structure
SORT, and ihe compare program DUPPHRAS were complete except for the checkout
of DUPPHRAS. (See section 1.1 for theory and background information.) This check-
out was completed, and then the second sentence dictionary experiment was carried
out, in steps analogous to those of the first:

(1) The processed sentence files with part-of-speech assignments were reproc-
essed to form a file with the part-of-speech information replaced by phrase
structure information (BPHRAS program).

(2) The sentence file (or files) was ordered on the phrase structure information
(phrase-structure SORT).

() The ordered files were examined by computer to locate and print sentences
with the same phrase structure (DUPPHRAS program).

In this experiment, nine texts were processed by BPHRAS, and these were then
sorted together in two groups, one with five texts and one with all nine, (Refzrence 7
lists the nine books used; one chapter was used from each,) Again we were interested

in testing the validity of the sentence dictionary hypothesis by answering the questions:

® Is there a system of syntactic classification which will separate indexible
from nonindexible sentences?

® Does such a system produce a manageable number of sentence types ?

Therefore, again we were interested in the number of duplicated structures, the extent
to which they are associated with the same significance code, and any significant

trend in the type of sentence being printed out. Table 1 summarizes the same statistics
for phrase patterns which was given in Re{. 2 for part-of-speech patterns, Table 2
compares the resuits of all nine chapters for the part-of-speech and phrase patterns.

2-1
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Table 1
STATISTICS OF PHRASE PATTERNS IN TEXT

Number of Chapters in Data Base

Item
S 9

(1) Number of total patterns represented 22 35

by more than one sentence
(2) Same as (1), with a consistent code 11 15
(3) Number of duplicate patterns common 17 26

to more than one article
(4) Same as (3), with a consistent code 7 11
(5) Number of one-of-a-kind patterns 1840 3026
(6) Number of total unique patterns 1866 3061
(7) Ratio of the number of one-of-a-kind 0.982 0.988

to number of total unique patterns

Table 2
COMPARISON OF PART-OF-SPEECH AND PHRASE PATTERNS

Item Part-of-Speech Phrase
Patterns Patterns
(1) Number of total patterns represented 34 35
by more than one sentence
(2) Same as (1), with a consistent code 23 15
(3) Number of duplicate patterns common 12 26
to more than one article
(4) Same as (3), with a consistent code 5 11
(5) Number of one-of-a-kind patterns 3064 3026
(6) Number of total unique patterns 3098 3061
(7) Ratio of the number of one-of-a~kind 0.992 0.988

to number of total unique patterns
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These are disappointing results. Both levels of syntactic classification have failed

to separate indexible from nonindexible sentences. The first and most elementary
classification provided far too many sentence types, so & higher level of classifica~
tion — into phrase patterns — was tried. This was expected to merge some types,
reducing the total number. However, examination of Table 2 shows that even with the
phrase pattern classification there are still far too many unique patterns, and further-
more that the consistency of index codes is dropping with the number of unique
patterns.

Close examination of Table 2 shows that there are not significantly more duplicate
patterns when using phrase patterns than with part-of-speech patterns, although there
are a few more sentences representing each pattern, (The number of duplicate
patterns common to more than one article is up by more than a factor of 2, although
in numbers it is only 14 more patterns.) At the same time, however, the consistency
of index codes has dropped from 68% to 43% for all patterns and from 52% to 42% for
patterns common to more than one article, Note that the ratio of the number of one-
of-a-kind to the number of total unique patterns has dropped by nnly 0.004, It seems
fair to say that indexible and nonindexible sentences cannot be distinguished by
structure alone,

All that remains is to try tc evaluate the experiment from viewpoints other than that
of a sentence dictionary, There are some general observations to be made. One is
that over half (109 of 182 or about 60%) of the duplicated patterns are tities, and that
the rest of the duplicated patterns are short and rather trivial sentences. Tt is this
mixture of titles and trivial sentences which accounts for the inconsistency cf the index
codes, There are only 13 sentences i the duplicated pattern group which have an 1

index code and arve not titles.

Titles have been regarded as good extract materiz!; however, it may be that they are
really good index material and rather poor extract material. Compare, for example,
the title "Controlling Inflation and Ensuring Stability' with the sentence, "...Public
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concern about inflation enters into policy considerations about competition in two ways:
first is the influence of competition on inflation and on the competitive drive for
efficiency...." Compare also the title "Surface Processes in Liquid Polymer For-
mation" with ", .. The various biochemical theories of liquification fall conveniently
into three categories: (a) liquid arises in the cell wall by direct transformation of
other wall components, (b) liquid arises from precursors which diffuse centripetally
from their point of origin in the cambium and become incorporated into the walls of
xylim and phloem, (c) liquid arises from cytoplasmic precursors formed in differ-
entiating cells and is subsequently incorporated into the wall...." In both cases, the
titles seem better and much more concise inuexes to the subject matter; the sentences
seem to give a better clue to the style and point of view of the author while continuing
to convey the subject matter,

These observations point the way to two possible experiments. For one, an attempt
could be made to use function word counts or frequency counts to differentiate between
the titles and the trivial sentences whose syntactic forms turned up together in the
phrase structure experiments. This would allow titles to be picked up without requir-
ing any keypunched flag on titles, and would also allow automatic rejection of the less
meaningful titles such as "Results, " if that were desirable. For another, experi-
ments might be conducted in choosing sentences (or perhaps simply in preferring
sentences chosen by other criteria) which have the most complicated or the longest
phrase structure, on the grcunds that if the simplest scntences (other than titles) are
trivial, the longest will encompass the most significant ideas, or will be acting ina

summarizing capacity.

2.2 FREQUENCY-SYNTAX EXTRACTING EXPERIMENT

After the frequency-syntax algorithm was developed, as described in Ref. 3 and
summarized in section 1,2 of this report, it was tested on a chapter from each of four
texts, 1, 3, 7. and 9 of Ref. 7. Text 7 was used in the development of the algorithm

and so cannot strictly speaking be called a test case.

2-4

LOCKHEED PALO ALTO RESEARCH LABORATORY

LOCKH EED M1 SSILES & SPACE COMPANY
A GROUP DIVISION OFf LOCKMEED AIRCRAFY CORPORATION

TR TR




In Step (5) of the algorithm (see section 1.2), four points within the frequency count
table are identified. Points 1 and 4 represent points at which an arbitrary cutoff might
be made, the first the point at which the cumulative percent reaches an arbitrary value
V1, the fourth the point at which the frequency count reaches the largest frequency
divided by 2, Points 2 and 3 represent points at which there is a steep slope in the
frequency curve. The tests of the algorithm were eéch run five ways; each of the

four points was taken as a cutoff point, and a point was automaticaily chosen from
among them by the algorithm and taken as the cutoff point.

The results of this algorithm on the four texts can be evaluated in many ways. Table 3
gives some interesting statistics for the tests in which the cutoff point was chogen
automatically, The text number is the number of the text in Ref, 7. The selection
; percent is the ratio of sentences in the extract to those in the text, The coselection
‘ percent is the ratio of the number of selected sentences designated as indexible to the
total number of selected sentences. The acceptable selection percent is the ratio of
the number of sentences deemed acceptable (by the author) in the extract to the total

number of selected sentences, Sentences were deemed unacceptable if they seemed

trivial in content, if they contained unclear antecedents, or if they were redundant
with another better sentence or one marked indexible.

Table 3
SYNTACTIC-STATISTICAL EXTRACTING RESULTS
Number Number . Co- Acceptable
'g?t Cﬁiﬁir Sentences Sentences Sele‘ilxon Selection  Selection
. Extracted Text % %
1 Mao's 31 248 12.5 48.4 87.1
Strategy
3 Art, Life & 24 414 5.8 58.3 70.9
Experiment
7  Basic Public 18 479 3.8 66.7 95.0
Goals
9 Cell Wall 15 341 4.4 40.0 86.6
Dynamics
i
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In one of the texts, number 3, fajlure to identify the words "its" and "no" as function
words caused these words to occur among the high-frequency words, Fortunately,
because of the use of unique pairs or three or more high-frequency words {step (7)},
the results were not degraded unduly, although the acceptable selection percent is
lowest for this test, 'Its'" algo occurred among the high-{frequency words in text 1
and may be partly responsible for the high selection percent in that case, The co-
selection percent and acceptable selection percent are highest for text number 7 beca
it was used in the development of the algorithm,

The high-frequency words selected may be of interest and are given in Fig. 2 for eack
of the four texts. The extract sentences for two of the texts are given in Fig. 3.

The sentences marked by * are indexible; that is, they contain words found in the
back-of-the-book index. In the first 15 sentences of each text, the high-frequency
words within the sentences are underlined. In the '"Cell Wall Dynamics" text, nearly
all the sentences were chosen because they contained three or more high {requency
words., Note that the repetition of a high frequency word was counted as another
instance of a high frequency word. In the "Roots of Mao's Strategy' text, 9 cof the firé
15 sentences also were chosen because they contained 3 or more high frequency worddsi
though with 5 rather than 3 high frequency words retained, there are 15 rather than 6
possible word pairs.

The extract results shown in Table 3 and Fig. 3 are mildly encouraging. All four
extracts cover the territory of the text rather well and convey the subject matter and
tone of the text. For screening purposes, it is felt that the extracts produced by this
algorithm are quite acceptable,

Table 3 shows the extract statistics when the frequency cutoff point was chosen auto-
matically from among four points, each of which was also chosen automatically.
Tests were also completed in which points 1 through 4 were arbitrarily used as the
frequency cutoff point in step (5) of the sentence selection algorithm, The choice of
different points varies the number of high-frequency words selected in step (5) for use[§
in sentences in step (7), thus varying the selection, coselection, cnd acceptable
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% _ Text Chapter Name Word Frequency
] 1 Mao's Stretegy Chinese 74
% communist 58
- its 50
: world 45
communists 44
; 3 Art, Life & Experiment heart 35
i its 32
| blood 30
: science 27
: no 25
body 23
history 19
i 7 Basic Public Goals competitive 52
! economic 42
power 36
policy 33
public 29
(e prices 28
b 9 Cell Wall Dynamics acid 86
f' ) cell 64
H wall 36
i Fig. 2 Selected High-Frequency Words
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FU IS NOVU EASY TOVGURAST I UNDETTYVING MOTIVATIONS AND GOTLOOK OF THE LEADLRS OF ANY
MATOHNATION, ANB N SEELING 'LO DLFINE THE PURBOSES OF FiE CHINESE COMM LS THE

DICFICULOES AIE COMPOUNDED IV MANY CULTURAL, IDEOLOGICAL, AND HINTORICAT, HAUIUERS,

BOTH AS ASIAN NATIONALISTS AND AN COMMUNIS | HEVOLUTIONAIIES, MAO AND HIS FOLLOWERS
VIEW THE WORLD IN TERNMS WHICH ARE LIV LE UNDERSTOOD IN HIE WEST,

AND THLE QUFICIAY CHINESE COMMUNIST PRUSSHAS STATED BLUNT LY THAT NO SOLUTION OF ANY
INTERNATIONAL PROBLEM, ANY ASIAN PRORLEM IN PARTICULAK, IS PUSSIBLE WITHOUT THE PAR-
TICIPATION OF TUE CHINESE PEODPLE'S REPUBLIC,

THE HISTORY OF CHINA | THE TRADITIONAT, CHINESE VIEW OF THE WORJD, AND THE FORCE OF
MODERN NATIONALUIENM ALL PLAY A PART IN MAKRING TS A DRIVING FORCE IN PEKING'S PULICY.

UNTIL THE MODERN PERIOD THE CHINESE REGATRDED THEIR COUNTRY AS TIHIE CENTRAIL KINGDOM,
THE CENTER OF 'I1HE CIVILIZED WORLD, SURROUNDED BY STATES WHICH EITHER ACCEPTED A SUB-
ONDINATE TRIBUTARY HELATIONSHEDP OR WLERE CONSIDERED INFERIOR NATIONS QUTSIDE Tlll'. PALE
OF THE CHINA-CENTERED CIVILIZED WORRED.

ALTHOUGH THE OLD BASIS FOR THIS WORT.D VIEW [IAS FADED, MOST CHINESE, INCLUDING THE COM-

MUNISES, STILL HARBQIU A FEELING OF SUPERIORTUY OVER THEIR NEIGUDORS (A FEELING NOT

DISSDMILAR TO THAT WHICH MANY WESTERNENS HAVE FELT TOWARD THE NON-WESTERN WORLD IN
THE MODLERN PERIOD.) .
THE COMMUNIST PARIY'S VICTORY WITHIN CHINA WAS DUE IN NO SMALL MEASURF. TO ITS SUCCESS
IN APPEALING TO NATIONALIST SENTIMENT BOTH DURING THE WAR WITH JAPAN AND AFTERWARD.

ALTHOUGH NATIONALISI IS ONE OF TUE DRIVING FORCES BEHIND THE CIUINESE COMMUNIST ACTIONS,
TP IS CLEARLY THE IHIOLOGICAL CONVICTIONS OF PEKING'S LEADERS WHICH SHAPE THEON PRRESENT
VIEW OV THE WORED, MOLD THEIR STRATEGY, AND PROVIDE TME RATIONALE FOI BOTH THE ENDS
AND MEANS OF THIEIR POLICY .

THEY ACCEPT LENINISM (LFNIN FOR MIFESERT-DAY COMMUNIS|'S IS A MORE IMPORTANT PROIPHET

THAN MARX) AND I'TS KEY DOCTRINES: THE IDEA THAT IMPERTALISM IS THE FINAL STAGE OF CAPI-
TALIST DECAY; THE STRIUSS UPON THE IMPORTANCE OF COLONIAL AND SEMICOLONIAL COUNTRIES

IN THE REVOLUTIONARY SUTIUGGLE AGAINST CAPITALIST COUNTRIFES; THE IMPONTANCE OF ANTI-
IMPERIALISM IN WORLD fEVOLUGTION: THE IDENTIFICATION OF THFE PROLETARIAT WITH A DISCIPLINED,
ELTTE, DEMOCHATIC-CENTRALIST PAITY WHICH MUST LEAD THE REVOLUTION THE YECOGNITION OF
THE POTENTIAL REVOLUTIONARY IMPORTANCE OF THE PEASANTRY; AND THE [DEA THAT IN LESS
DEVELOPLED COUNTRIES REVOLUTION MAY GO THROUGH A BOURGEQIS-DEMOCRATIC PHASE.

THE CHINEST COMALUNISTS ALSO ACCEPT MOST OF THE STALINISM AND ITS DOCTRINE ON THE TOTALI-
TARIAN ORGANIZ ATION OF STATE POWENR, ON STATFR-DIRECTED F.CONOMIC DEVE LOPMENT, AND ON
OTHER QUESTIONS SUCHH AS THE PRODRLE M OF DEALING WITH NATIONAL MINORITIES.

IN APPLYING MARXIST-LENINIST DOCTRINES TO THE CHINESE SCENE, TIHHE COMMUNISTS IN CHINA, AND
ABOVE ALL MAO TSE-TUNG. UAVE DEVELOPED IDEOLOGICAL FORMULAS WHICH MAY LEGITIMATELY

BE CALLED MAOISM, ALTHOUGH ThHE CHINESE THEMSELVES REFER TO THEM MERELY A3 THE THOUGHT
OF MAO-TSE-TUNG.

IT IS NOT POSSIBLE TERE TO DISCUSS ALL THESE DOCTRINAL CONCEPTS, O} TO TRACE IN DETAIL THE
PROCESS OV INTHHPRETATION AND ADADPTION TO WHICH THEY HAVE DEEN SUBJECTED IN COMMUNIST
CHINA AND ELSEWHERE WITHIN THE COMMUNIST BLOC.

THE CORCEIT OF THE UNITEFD I'R()\T WHICH PLAYFED AN IMPORTANT PART IN TIIE COMMUNIST
VICTORY WITHIN CIINA, IS OFTEN APPHIFD BY PEKING IN T8 STRATEGY ABROAD. ROTIIIN 118 RELA-
TIONS WITH OTHER GOVERNAMENTS, AND IN 1S RETATIONS WITIHL OTHUER GOVERNMENTS, ANDIN s
NONOFFICIAL, REVOLUTIONARY CAMPAIGNS TO MOBILIZE PRESENT OR POTENTIAL FOLLOWERS,

TO TIOS POLE COMMUNIST CHINA 1S ATTACHED BY WHAT THE COMMUNISTS LABEL AN INDESTRUCTIBLE
FRIENDSIP, AND, ALTHOUGH WITHIN TIE COMMUNIST BLOC PEKING HAS RISEN TO A POSITION OF
ASSOCIATE LFADERSIUP WITI MOSCOW, IT STILL ACKNOWLEDGFS THE PRIMACY OF THE SOVIET UNION,

HOWEVER TOPSY-TURVY THIS VIEW OF THE WORLD MAY SEEM TO PEOPLE OUTSIDE TIIE COMMUNIST
BLOCK, 1T {5 RIGIOLY UPHELD WITHIN THE COMMUNIST ORBIT,

Fig. 3a Extract Sentences: '"Mao's Strategy"
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* LIU SHAC-CH'L BAD WIITTEN IN 1948 THE WOLRLD TODAY HAS BEEN DIVIDED INTO TWO MUTUALLY
ANTAGONISTIC CAMPS. ON THE ONE HAND, THE WORLD IMPERIALIST CAMP, COMPOSED OF AMERICAN
IMPERIALISTS AND THEWR ACCOMUPLICES, THE REACTIONARIES OF ALL COUNTRIES OF THE WORLD,

ON THE QTUER BAND, THE WORLD ANTI-IMPERIALIST CAMP, COMPPOSED OF THE SOVIET UNION AND
THE NEW DEMOCRACIES OF EASTERN FUROPE, AND THE NATIONAL LIBERATION MOVEMENTS IN CHINA,
SOUTHEAST ASIA AND GREECE, PLUS TUE PEOPLE'S DEMOCRATIC FORCES OF ALL COUNTRIES OF THE
WORLD. . .

THE CHINESE COMMUNISTS FREL THIAT, AS ASIANS, THEY CAN AND SIIOULD PLAY AN ESPECIALLY IM-
PORTANT HOLE IN ALIGNING ANTICOL.ONIALIST AND NATIONALIST FORCES WITH THE COMMUNIST BLOC.

IN RECENT YEARS THE CHUINESE COMIMUNISTS HAVE MAINTAINED THAT A NEW WORLD WAR WOULD
RESULT IN THE UTTER DESTRUCTION OF THE IMPERIALIST CAMP AND THE COMPLETE COLLAPSE OF
THE ENTIRE CAPITALIST SYSTEM.

WORLD CONQUEST IN TRADITIONAL MILITARY TERMS AND WORLD REVOLUTION IN COMMUNIST TERMS
ARE VERY DIFFERENT CONCEPTS.

THE HISTORY OF THr ENTIRE COMMUNIST WORLD MOVEMENT HAS BEEN CHARACTERIZED BY TACTICAL
OPPORTUNISM AND ADAPTADBILITY, AND MAO TSE-TUNG, DURING THE LONG STRUGGLE FOR POWER IN
CHINA, ELABORATED A DOCTRINE OF FLEXIBILITY WITH A UNIQUE CHINESE FLAVOR.

® THE CHINESE COMMUNISTS HAVE SHOWN NO INHIRITIONS ABOUT INVADING TIBET AND DOMINATING IT
WITH OVERPOWERING FORCE, DESPITE STRONG OPPOSITION WITHIN TIBET AND HIGHLY UNFAVORABLE
REACTIONS IN THE OUTSIDE WORLD, BRECAUSE THEY REGARD TIBET AS CHINESE TERRITORY.

* SEVERAL OF CHINA'S FRONTIERS REMAIN TO BE FINALLY AND EXACTLY DEMARCATED, INCLUDING
PORTIONS OF 1TS FRONTIERS WITH INDIA, BURMA, AND OUTER MONGQIJA, AND SINCE 1942 THE CHINESE
COMMUNISTS HAVE EXERTED OUTWARD PRESSUIE AT SEVERAL POINTS ON CHINA'S PERIPHERY.

® THE CHINESE NATIONALIST REGIME, FON EXAMPLE, DESPITE ITS RELATIVE INTERNAL WEAKNESS,
ALSO CLAIMED TIBET, OUTER MONGOLIA, TAIWAN, AND CERTAIN TERRITORIES ON THE BORDERS OF
BURMA AND INDIA, AND IT, TOO, ATTEMPTED TO EXERT ITS INFLUENCE AND DEVELOP SPECIAL
RELATIONSHIPS, WITHIN THE LIMITS OF ITS CAPABILITIES, IN ALL THE AREAS ALONG CHINA'S
PERTFHERY .

* TO STRENGTHEN THEIR SECURITY, EXPAND CIINESE INFLUENCE, AND PROMOTE THE SPREAD OF
COMMUNISM, THE CHINESE COMMUNISTS HOPE, IN THE LONG RUN, TO FORCE THE WITHDRAWAL QF
THE UNITED STATES AND OTHER WESTERN POWERS FROM ALIL OF ASIA AND TO NEUTRALIZE THE NON-
COMMUNIST NATIONS, PARTICULARLY JAPAN, IN THAT REGION.

* QUITE OBVIOUSLY, PEKING REGARDS THE UNITED STATES, CURRENTLY THE ONLY NON-COMMUNISY
NATION STRONG ENOUGH TO COUNTERBALANCFE COMMUNIST CHINA'S POWER IN ASIA, AS THE MAJOR
ONSTACLE 710 BOTH ITS SHHORT-RANGE AND ITS LONG-RANGE AIMS AND, THEREFORF., AS ITS PARA-
MOUNT ENEMY.

YET, THF. CHIKESE COMMUNIZTS WILL CERTAINLY CONTINUE TO PRESS TOWARD THEIR LONG-RANGE
REVOLUTIONARY AIMS, NOT ONLY FOUR IDEOLOGICAL REASONS, BUT ALSO BECAUSE THE SPREAD OF
COMMUNIST REGIMES ACROSS ASIA WOULD PROMOTE THE IMMEDIATE INTERESTS OF CHINA AS WELL AS
THOSE OF TIE WORLD REVOLUTIONARY MOVEMENT,

* CHINA'S CONCERNS REGARDING ITS DOMESTIC SITUATION, TERRITORIAL CLAIMS, AND NATIONAL
BECURITY INTERESTS AS A MEMBER OF THE COMMUNIST BLOC, AND ITS DESIRE TO EXPAND CHINESE
AND COMMUNIST INFLUENCE IN ASIA THROUGH TACTICS OF PEACEFUL COEXISTENCE DO NOT ALWAYS
COINCIDE.

* IN THAT PERIOD PEKING, SEEMINGLY MOTIVATED IN LARGE PART BY ITS DESIRE TO SEAL OFF TIEET
FROM THE OUTSIDE WORLD AS WELL AS TO ASSERT CERTAIN TRADITIONAL CHINESE TERRITORIAL
CLAIMS, BROUGHT STRONG PRESSURES TO BEAR ON THE INDIAN BORDER,

* ITS FOLICY, LIKE THAT OF OTHER NATIONS, 13 SHAPED TO A CONSIDERABLE DEGREFE BY A PROCESS
OF ACTION AND INTERACTION BETWEEN ITSELF AND OTHER MAJOR POWERS, AND BETWEEN ITS
LEADERS* AMBITIONS AND THE STUBBORN REALITIES OF THE OUTSIDE WORLD,

FOR MANY YEARS TO COME, ASIA WILL BE CAUGHT UP IN A PROCESS OF PROFOUND CHANGE, AND
COMMUNIST CHINA WILL EXPLOIT THIS TURBULENT PROCLESS IN EVERY WAY IT' CAN IN "RDFEi« T0
PROMOTE BOTH ITS OWN NATIONAL INTERESTS AND TNOSE OF WORLD COXMUNISM.

¢ THE UNITED STATES IS UNAVOIDABLY ENGAGED IN A BASIC POWEHR STRUGGLE WITH COMMUN.ST CHINA,

AND THE CHINESE COMMUNISTS' ATTITUDE TOWARD THE USE OF MILITARY POWER MAKES I ESSENTIAL
TO BUILD UP THE NECESSARY MILITARY STRENGTH TO COUNTERBALANCE PEKING'S POWER.

Fig. 3a Extract Sentences: "Mao’'s Strategy" (Cont.)
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COMMONLY, THE CFLT, wALL IS PICTURED AS SCMETHING OF A FINAL REPOSITORY FOR CERTAIN

ALY

PHODUCTS OF CELLULAI METABOLISM,

]
DURING THE ACTIiVE LIFF OF THI ChLL, THE CIHANGING PATTERN OF CELL WALL CONSTTIUTION
AND ONGANIZATION IS A REFLECTIUN OF THE CHANGING PHYSIOLOGICAL SFATES AND BIOCHEMICAL
CAPACITIES OF THE PHOTUIPLAST.

OUR PRESENT CONSIDERATION OF CELIL WALL DYNAMICS WILL CENTER ABOUT TIHREE AREAS:
FIRST, CURRENT KNOWLEDGE AS TO THE BIOSYNTHESIS OF INDIVIDUAL CELL WALL COMPONENTS;
SECOND, THE PATTERNS OF CHANGE IN CONSTITUTION AND ARCHITECTURE DURING GROWTH AND
DIFFERENTIATION; AND THIRD, THF. LITTLE KNOWLEDGE NOW AT HAND ABOUT CHEMICAL REGULA-
TION OF CELL WALL FORMATION.

THE CHEMICAT. UNIQUENESS OF LIGNINS AMONG WALL POLYMERS AL1.OWS THEM TO BE DISTINGUISHED
FROM THE MUCH INTERGRADED WALL POLYSACCHARIDES, AN ADVANTAGEQUS PROPERTY.

(C) TRANSMETHYLATION AS IN 3,4-DIHYDROXY PIENYLPYRU.IC ACID * " * .DS (METHIONINE METHY L~
TRANSFERASE) 3-METHOXY-4-HYDROXYPIIENYL (GUAIACYL) PYRUVIC ACID.

OF PARTICULAR NOTE ARE SHIKIMIC ACID, A TRHHYDROXYLATED CYCLOHEXENE-CARBOXY LIC ACID
AND PREPIENIC ACID, 1-CARBOXY-4-HYDROXY-CYCLOHEXADIENYL-PYRUVIC ACID.

IN PHOLIFERATING TORACCO CALLUS TISSUE, SOME 25 PER CENT OF TOTAL CELL NITRGGEN IS ASSO-
CIATED WITH THE INSOLUBLE CELT. WALL FRACTION, WHEREAS NIN-PHROLIFERATING PITH WALLS
CONTAIN BUT 2 PERR CEXNT OF THE CELLULAR NITROGEN.

THE VARIOUS BIOCHEMICAL THEQRIES OF LIGNIFICATION FALL CONVENIENTLY INTO THREE CATE-
GORIFS: (A) LIGNIN ARISES IN THE CELL WALL BY DIRECT TRANSFORMATION OF OTHER WALL
COMPONENTS, (D) LIGNIN ARISES FROM PRECURSORS WHICH DIFFUSE CENTRIPETALLY FROM THEIR
POINT OF ORIGIN IN THE CAMBIUM AN BECOME INCORPORATED INTO THE WALLS OF XYLEM AND
PHLOEM, AND (C) LIGNIN ARISES FROM CYTOPLASMIC PRECURSORS FORMED IN DIFFERENTIATING
CELL AND IS SUBSEQUENTLY INCORPORATED IN THE WALL.

IT HAS ALSO BEEN SUGGESTED THAT ThkE PIT FIELDS OF THE WALL SERVE AS CENTERS OF CEL-
LULOSE SYNTHFESIS, BUT THE RECENT CONCEPT OF MULTINET GHOWTH SEEMS TO BE OF CONSDER-
ABLE VALUE IN RELATING WALL SYNTHESIS WITH CELL EXTENSION.

THE SYNTHESIS OF VARIOUS CELL WALL COMPONENTS UNDER THE INFLUENCE OF 3-INDOLEACETIC
ACID OR OTHER AGENTS HAS BEEN STUDIED IN SEVERAL TISSULES.

FUNCTIONALLY, CELJ. WALL LYSIS MAY BE ASSOCIATED WITH SEVERAL KINDS OF BIOLOGICAL
BEHAVIOI OR INTERACTIONS AMONG ORGANISMS. (A) RESORPTION OF FORMED WALL STRUCTURES
OCCUHS DURING GROWTH AND DEVELOPMENT.

LYSOQZYME HEXOSAMINE-PEDTINE CHLL WALTL YIELDS SOLUBLE 'EXOSAMINE-PEPTIDES AND
HEXOSAMINE -MUHAMIC ACID DIMER (BACTENRIA, MAMMALS).

IN CONTRAST TO A DIRECT TEST OF THE PROPOSITION WHICH IMPLICATES A SPECIFIC ENZYME, THE
POSSIBLE PHYSICAL PARTICIPATION OF THE CEL!, WAL CAN BE TESTED MORE DIRECTLY, BY RE-
COUNSE VO A SUITABLFE MODEL FOR CELIL WALL SUBSTANCE.

CELLULOSE EXHIBITS ONE-TWENTIETH AND CHITIN ONE-SEVENTH THE ACTIVITY MEASURED IN CELL
WALJL SYSTEMS, WHEREAS PECTIC ACID AND METHYL CELLULOSE WERE FOUND TO EXCEED CELL
WALL PREPARATIONS 2 = 10-FOLD,

HENCE, THE NET ACTIVITY OF THFE CELL WALL MAY INVOLVE A COMPARATIVELY SMALL CONTR!-
BUTION FROMNM CELLULOSE ITSELF TOGETHER WITH LARGE CONTRIBUTIONS FROM POLYSACCHARIDES
OF LOWER MOLECULAR WEIGHT SUCH AS PECTIC ACID.

Fig. 3b Extract Sentences: "Cell Wall Dynamics"
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selecticn percents, Analysis of those tests showed selection percents for the four
points varying widely from 0. 2% to 12, 5%, coselection percents from 0 to 100%, and
accaptable selection percents from 75 to 100%. It revealed that the algorithm had done
a good job and had picked the best or next best cutoff point. Points 1, 2, and 3 showed
great variability in usefulness, but for these four texts, point 4 did not. It was chosen
by the zlgorithm in two of the four texts and was as good as the algorithmic choice for
the other two, Because point 4 is the most economical to calculate, this is an inter-
esting result, Since tests were made on only four texts, point 4 cannot be regarded

as dependable, but certainly it would merit further investigation.
2.3 THE FREQUENCY-SYNTAX INDEXING EXPERIMENT

When an algorithm for indexing using both frequency and syntactic criteria was
developed, it was found that many of the techniques used in extracting (see Ref. 3 and
section 1. 2 of this report) could be applied to indexing, but with modifications, Again
it was found useful to reduce the text to all nonfunction words of all noun phrases in
the text. This time, however, it was necessary to keep the noun phrases intact, since
it was believed that it would be such noun phrases which would be useful for an index.
For purposes of the frequency count, the noun phrases were broken up into their
constituent words as before, Once the frequencies are calculated, one is again faced
with the problem of the frequency threshold below which the words (and the phrases
from which they came) are to be discarded. The criteria used in the extract experi-
ments cannot be used here, because many more words should be included in the index
than were useful in choosing sentences. It was decided to try two threshold points,
the first to include down to the frequency corresponding to 40% of the total number of
words in the reduced text and the second to include down to the frequericy correspond-
ing to 10% of the number of unique words in the reduced text, (The first threshold is
like that vsed in point 1 of the extract experiment with V1 set at 40,) The following

steps were thus necessary for the formation of the index:

(1) All the nonfunction words in noun phrases were extracted from *:ie text and
stored with the noun phrase from which they came, and with the text page
and sentence number from which they came. A partial list of such words
and phrases, after alphabetization, is shown in Table 4,
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SLVemLIENIN
SIMVERIEENTH-CRNTLRY
SiItADOWS

ALLOW

BHAPL

SHEL,D

BHIPWRLCKED

SHUCK

S0k
WE
SDES
sicur
BIGNTHICANCE
MPLE
BIMPLE
BIMPLE
SNIPLE
SIMPLE
SwPLY
sNGLE
sInGLe
STTUATES
X

SN
SINTEENTH
SNP1LLTON
SKILL
SN

8lAB
SLIPTERY
810w
SMALLER
SNODBISH
ANOW
SOCILTILS
SOCINTY
BOLF.
BOMEWHAT
SURCERY
sonT
sounce
ouUnRCL
ROUNCH
SOURCF
SOUTIIWEST
BOVENCIGN
KOVLEULIGNTY
B1AN
SPANIARD
BPECIAL
SNECIAL

8 ECALTIFS
SULCIES
STECINUS
SPLCULATIONY
siteut
srtnY
ST
T
sULIT
BPINIT
SPIRIT
SPIRITS
srHuTs
SCINUTS
LIy cs
U EAMISH
STAGF.
STAGHS
STAKF.
STAND
STANDAID
BTANDING
STANDING
STANDING
START
BTATE
STATE
STATE
STATFMENTY
BTATURE
$VATURF
STEY
siFrp
sTrPS
STERJLF
STOMACH
STHEAM
TAFAM
STAFNOTH
ITREWN
STROKF.

Table 4

EXCERPT IFROM THE ALPHABETIZED LIST OF WORDS AND PHRASES-
EXTRACTED FROM ART, LIFE AND EXPERIMENT
(The 6 digit hexadeecimal number gives the text page and sentence number)

001w JEVI KL EENTH CLKIUNY
00N T NEVENTLE NTH-ULNTURY ENULAND
001 OH SMHADUWS

QO 0. SHALLUN GALLENLY
QOK 1L SIARE

QOC 104 ¥HEELS

901 306 SIIPW ILLCNLD LUROPEANS
BCHILT BHULK

Q0LJIVC SHUWED VESSELS
001508 1A VING SHUWN
00100 SHOW N

0ONJOA SIREMD Y

00101 SItIYI X
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(2) The list of words was alphabetized, and a frequency count of the words was
made.

o~

(3) The frequency counts were then ordered (descending order).

| (4) The percentof each frequency countof the total of all frequency counts was

i calculated and stored with the cumulative percent, up to the point at which

the cumulative frequency was greater than 40. This frequency was the first

threshold point, called VALUEA,

| (5) The frequency corresponding to 10% of the number of total entries in the
frequency table was calculated. This frequency was the second threshold
point, called VALUEB.

(6) The words and phrases corresponding to all frequencies down to VALUEA
were located and printed with their corresponding page and sentcnce numbers,

(7) Step (6) was repeated for VALUEB instead of VALUEA.,

The words were printed in alphabetical order and under each word were the phrases
containing that word, also in alphabetical order. Each phrase was followed bv the

|
|
|
! sentence and page number or numbers of all instances of that phrase in the text. If a
|
|

phrase has more than one page reference, these references will appear on the next
line.

L To test the aigorithm, a chapter from each of six texts (1, 3, 4, 7, 8, and 9 of

Ref. 7) was indexed by the program INDEX, Before evaluating the indexes, they were

. hand-edited to remove phrases or sometimes whole word and phrase groups which
were obviously low in information content. In all six texts, the index produced using
the threshold VALUEB was used because it was most complete, although it also required
the most editing. For the chapter '""Roots of Mao's Strategy' (from 1 of Ref. 7) there
were 95 high-frequency words included using the VALUEB threshold. Of these, 35
were edited out; a quick glance is usually all that is necessary to show that the

phrases subsumed under these words are low in information content. Words edited

out included such as "future, long, major, position, threat, vears.'" Of the 60 remain-
ing items, 34 were missing from the index produced using VALUEA as the threshold.
Words missing included such as '"bloc, economic, ideological, Mao, Peking, socialist,
Tibet."
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An excerpt from the index printout for ""Cell Wall Dynamics' is given in Fig. 4.
Phrases which have been edited out have a single line drawn through them, Words
which have been eliminated with all their phrases are crossed out, The phrase list-
ings are interrupted by numbers because, as explained above, if a phrase has more
than cne page reference, the pages are listed on the next line,

Evaluating the results of automatic indexing is always difficult. It is not the sort of
thing which can be objectively and precisely measured. Nevertheless, it is possible
to get a good feel for the usefulness and adequacy of coverage of an index. Since they
were better, only the indexes produced with VALUEB as threshold were evaluated,
After the automatic index of a chapter was edited, the remaining words and their
phrases were compared with the index items for that chapter in the back of the book.
Generally, it was the phrases of the automatic index and not the single words which

provided useful information, For example, 'concepts" by itself is not very useful,

but '"basic Marxist concepts' is, Names, such as "Japan,' are the exception to
this.

For each text, the items were counted which were found both in the automatic and

the back-oi-the-book index. Remaining items in the back of the book were then

counted, and also those remaiuing items in the automatic index which seemed especially
important to the author, These statistics are helpful in evaluating the automatic index
and are shown in Fig. 5. Along with them the number of total words and phrases in the :’ ]
automatic index are given so that the results can be kept in perspective, The figures -
given for the "Ceil Wall Dyramics' are for the regular index only. In the back of the
book there is also a special inack of organisms. There were 26 items in this index,
only 1 of which appeared in the automatic index. The organisms were usually men-
tioned just once and were not integral to the subject matter, so it is difficult to see
how an algorithm could be designed to pick them out,
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b b o

( Text Chapter Name RMS ETR OC BPG ALE CWD 1

Number items back-of-the-hook only 30 3 31 17 59 43
Number items automatic only 36 13 17 30 48 163 i
Number items common to both 19 8 34 33 38 50 !
Total number words selected 59 24 49 28 51 76 :

i Total number items automatic index 355 80 155 235 133 411

: RMS = Roots of Mao's Strategy BPG = Basic Public Goals

f ETR = Einstein's Theory of Relativity ALE = Art, Life, and Experiment

| I OC = Occupation and Careers CWD = Cell Wall Dynamics

Fig. 5 Comparison of Back-of-the-Book and Automatic Indexes

It is clear from Fig. 5 that the automatic index produces many more index items,

 § roughly from 1.5 to 7 times as many as in the back-of-the-book indexes. This is
partly because each item is likely to occur more than once under different words.
Thus "cellulose synthesis' will occur under "celluloge' and also under ''synthesis."
This occurs to a lesser extent in back-of-the-book indexes also and is more of a con-
venience than a drawback. Another factor is that an important word will pick up any

number of interesting though not always necessary items. Fur example, in "Roots
of Mao's Strategy,'" the word Chinese picked up 22 different noun phrases, among
them "Chinese national interests, Chinese communist approach, Chinese territorial

T R

Pp—

conquest, top Chinese communist leaders," etc.

} E Study of Fig. 5 will show that the automatic index picked up from 40 to 75% of the
: items in the back-of-the-book index (four of them 40 to 55% and two from 65 to 75%). |
In addition, it picked up many good items which were not in the back-of-the-book
indexes. it has an advantage over the back-of-the-book index in that it never misses

: a reference page. For example, in "The Roots of Mao's Strategy,' the back of the

1 : book indicates that "United States' is referenced on pages 82—83; the automatic index

shows it references on pages 73, 78— 83 and gives the sentence numbers on each page.

Perhaps the best way to show the kind of items provided by the automatic index and how
they compare with those in the back-of-the-book index is to show text with the items
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referenced by the indexes, This has becn dune for a portion of "Art, Life, and Exper
ment, " Fig, 6. Index items from the back of the book are underscored by a wavy line
and those from the automatic index are underscored by a solid line. Note that only
those proper names which are mentioned with high frequency have been included in the
program-chosen index terms. Thus Vesalius, Galileo, and Harvey are indexed by bo
but Leonardo, Copernicus, Titian, Darwin, Newton, Petrarch, Abano, Terme, Padua
and Charles V are indexed only in the back of book. In a bouk of this kind, either all

capitalized words should be included, or all names in a famous name dictionary should
be included.

It is the author's feeling that these results are very encouraging. There is every indi-
cation that satisfactory back-of-the-book indexes could be produced automatically,
with a human editor to cut out superfluous items. In fact, considering the variability
in quality of human-compiled indexes, the present algorithm produces a useable if
rather voluminous index, An addition of an algorithm to select proper names regard-
less of frequency would be an improvement. So also would the equating of worde with
similar stems in the calculation of the frequency of occurrziice of words, and this will
be the subject of the next experiment, It will also be interesting, though of more

uncertain result, to vary the syntactic criteria by which the text is reduced before
frequency calculations are made.

One very important potential use of a computer-produced index such as thig is in auto~
matic retrieval, The Information Sciences Laboratory (Ref. 8) has developed an
information retrieval system called DIALOG in which search is conducted by logical
combination of index items, with display of alphabetically near items to fucilitate

item selection. The form of the index produced by this algorithm (Fig. 4) would seem
to be especially adaptable to this system. Thus the use of these indexes in automatic
retrieval will be a subject for future research.
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80 (ar as s known, Andecas Vesallua, who distinguished Nmscl{ above all other Renalssance
anatomiats, had never read Leonardo's precepts nor ever scen Leonnrdo's practice In anatomical drawing,

But hig work looks a8 il he had been acting on that inspiration, which s only ko say that ieonardo epltomized

but did not causc the crossing of art 2nd sclonee In naturalism. Tho year 1345 8aw one of thosc publishing
coincidences which serve the history of tdeas as chronological pegs. 1t was the date both of Copernicue’s
On the Revolutiona of the Cel:stial Orba and Vesalius's On the Fabric of iz Human Body. But how different
in the anatomical treausce, rot only 18 subject matter but In manner and eppearance. The reader's eye te not
repelicd by the crabbed Go'hie Icitering of the North, but ls tavited by the bold clear typeface of Italian print-
ing. The evidence (- preacnted, not in forbidding trigonemotrical tabulations, but tn stunaing woodcuts of the
byman body, which are 80 clearly the work of an old master that thoy have been attributed (though most ten~
dontiously) to ﬂ(ﬂ And U tho aheets on which the great muscular figures posture gracefully ars placed
sido by slde, it is apparent Gt they arc displaying the physical structure of man agat.et & continuous
Ronaissanco landscape. Tha has ever beon Identified. It ltes in the countryside of Petrarch, near Abans
I:Ln::, not far southwest of w where Vesallus worked and taught. There he had access to Venics, and
© the wu: kshop of Tidan, L not to Titian himsolf. Like tho stylc of the Venstian school, the culture of the
Ronalssance wae already a Uttic (ull blown by 1643, But undor the encroaching shadow of the baroque, the
work of Veanitus established a permsnent regldence for maturalism In sclence, just as at the very last
tnoment of the ic'mllnnce, and ag its final triumph, the work olﬂc_w;l*“l;_c_g was to embody Platonism {3 phystca.
Tl sclenccs of life, therefore, find thelr placo in the scheme of a sclentfic revolution. The tmpres-
stoa s Aflicult o avold, howaver, that it was a subordinate place, Deeplitc the vory evident appeal of
Vesalius'e subject, or perhaps because of it, his achlevements were of & lower intellectual order than those
of Caparatevs or Galllco. Hls were not the 1dcas which changed man's conception of the world, or even of
bimself. tor did Gwsc of any blolagical scicntist before m Gencrally, the deepening of g;g‘g;ln the
physical sciences preceded the widening of fact, whoreas whe sciences of 1o developed Ln tho reverse order,
When the transformation ol&gg did come in tho ninctecnth canhiry = not till thent ~ It took the form, bound
o be something less than revolutionary, of an agslmilation of blology to the objective posture of phyefcs.

The disadvantageous comparison of the sclence of Uvlng nature b phyvica muat not bo pushed too far,

for tho material, if ¢t soro difficult, was et any rate more Lncohcrent. Nor were goneralizations lacking.
The movement of thought (rom Visallus's anatomy to Harvey's demonstration of the circulstion of the blood
18 a8 interesung for the evolu..onary structure of thooty as any episode in the history of stcs, The Umi-

tation of Harvey's achicvement was In its scope, not Its merit, In the theory of gravity Newton could unite

Keplor's planctary lawse with Gallleo's mechanics Ins mathematienl seience of matter in motion that encom-
parpsed all of physice. But the circulaton of the blood united only anatomy and physiology. This was ss near
as % could oome In generality gh!nl:u_ and it left innumerabie fragments of information and super-
stitlon strewrn acroas tho vast wastelands of medicine and natural history. unorganlzed by any oljective
concepts.

It (s, (ndecd, Indicative of the Inchoate nature of these subjects that the word 'M" hod 0 await
the nincteenth century to be culned. In tho sixteenth and sevonteenth conturios the subjects it was o embroce

scarcely had an Independent exdsterce,  Anttomy and physiology wers ruthor aspects of medicine than sclence,

and medicine was orlented more tuward nrt and therapy than knowledge.  Although human anatomy wae

Fig. 6 "Art, Life, and Experiment" Text Excerp* Showing Back-of-Book

and Program-Chosen Index Terms
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z studiod mare by analogy to animule than [rom cadavers, this pructicu was the source rather of error than of

N gomparative anatemy, which dota not antcdat, tre elghtoenth century. Nntural hl-wr; for its part, was
pursucd rathor In the spirlt of the bicd-walkeher or the morallst than the lavostigator. Etymologieally, the

term meana simple description of pature. Zoology woa the source of lablos, bolany nf medicinal herbe, and
) minoralugy of ores. Nor wie tho minoral us distinct tront tho entmal and vegetablo kingdotms as might be
sppoacd, tur 1ainorata wore thought of as bred 1n tho womb of tho earth 1o be rangod by specics in categories

of form.

In )l figlds the atub do w Aristoile and antiuity wns ambivalont. Thore was criticlem tn detail, and a

kind of ritual resentment of suthority, In part this was a wholesome striving for originnlity, an nsserton of
e tniperative of secing for oncecll. But mingled with this was the loss worthy element of jealousy that those
wnsure of themsclivos {ecl, lesa for the mistikes of euthority, than for the suporiority which earns it. There
tiquity nu is repr d by the law of flling bodies, but

was, 18 8 consequenco, no such clean break with
. t ¢ t
only » girding against it. For part of the difficulty tn binlogy wae that Aristotic's methods really did sult its
problems for a very long ime. Taxonomy. the classification of organigms, had to be the first step In order-
ing the millons of forms of life. Conslderations of purpose, the uloologcll analysis of function, dominated
blolog right down to Darwin. The attempt to answer the question vhy ? carried the biologis! much further

into his sclence than It did the physicist. or perhaps oné should say that it became an obstacle much later.

%or all theeo reasons, therefore, blology was the leas radical of the two great branches of acience, and o it

is, perhapa, tiat throughout history biologiets have been more Llikely © be men of humane tamper than have
thelr mathematical collcagues. whoso minds dwell o6 the abstract and the exact rather than on life and the flesh,

Vcnl(us‘um a somcowhat puzeling Ule. What tho epirit of his career actumlly waa is less clear than in
the caso ol anyono of comparable stature in the history of science. He was oorn in Brusaels in 1314 (nto u
family which had criginnted tn tho Rhenish twwn of Wasol (henoo the surnamo) and which had a Jong medlcat
tradition. He etudicd tirst at Louvain and then at Parts, where he Mted his toachera. Indeed, »e slwayse ex~
! ) preescd that violent scorn for his profcssora which ia likely to scem (at least in the eyos of their slarmed

siccessors) ono of the losa sttractive Renalasance conventions. He went back to Louvaln to submit his doc-
T TR s

S+ by A e e 17 b 4t

toral dissertation and on to Padus to complels his studies. There the degree of M. D. wag awarded him in
1837, and on the very next dny he was namcd professor of surgery by the Venetian Secats, He was then 23
years old. He taught for five or six years only, and published his course in 1543, Than, his great book In

arint and his reputation assured, he abardoncd anatomy and teaching to accept appolntment as court physician

1 the Empercr Charles V and to spend the rest of his lifc tending the ailments of that powerful and unhealthy
morarch, who felt more secure In Ignoring medical advice when Vesalius was by him to deal with the con-
suquences. Whether Vesalius (s to be counted a scholarly inquirer, therefore, or s careerist, ls s questiua
as difficult to avoid as to answer.

He wae, stany rate, a groat success ae ¢ teacher. In hwse oix years he worked out and put into
pracucn the tactics of anatomlcnl demonstration. Since his ime the subjcct has been corrected in many
detalls and sulordinated to a sclentific blology. Hut In {ts substance 1t has not changed essentlally.
Vesallus's book was not & work of {deas, Pechaps, Whercfore, there was no point in his contlnuing to teach
once it was printed, {or 1t put the Anatnmical theater Lotwoen covers. To the enueamish, indeed, Dut might

evon secm the bost place for i1, The tourist may etiil visit the old anatamicai theater in the University of

Fig., 6 "Art, Life, and Experiment" Text Excerpt Showing Back-of-
Book and Program-Chosen Index Terms (Cont.)

2-20

LOCKHEED PALO ALTO RESEARCH LABORATORY
LOCKHEED MIESILES & SPACE COMPANY
A GROUP OIVISION OF LOCKMERD AIRIRAFY CORPORATION \

PP =T TIR ™ M ANTRIVIAA ™ T 4 B 7 (o ORI R 15 . BimiS Sn ot




L ke

e m emm g -

-~

m, bullt only Gfty vecare aftrr Vogiliug Liught there. Tu is mu~h ag [t was then. But the term “theater”
la mislcadingly spacious, For the room {s a tny, airices plt, oval in form and scarcely thirty foot acrass.
Around the sldca run ahallow galleries tn which onc can barely stand, What must the atmosphore have Leen
when thoso woro packed with scorcs of awcating studente, sume of whom would surely falnt or vomit, ail
Jostllng and craning to sce down o1 the alab In their midet whore the profesect was dissacting the putrelying
ocadaver of some thicl or beggnr whe would have been notubdly unsavory evon whon alive.

The auccess of Vesallus's courso and of the book which ambodiod It was ded of threce elomante:
RIS TERERE

P

the authorlly of its information, the method of exposition, and tha systematic spproach. None of theso was
wholly novel, and Vesalius's esscntial contribution was the comprehensive skill with which he wove them Lnto
A corpus of aa'omical pragtics rather than originality tn any single datall or method, Vesallua himself made
a great polnt of Barnlnq anatomy (rom bodica rather than books. And it is true that Gresk humaniem In

antiquity and Chriatian teaching in the Middic Agos had crested a powerful repugnance for opening the human

body even i death. Neverthsless, Vesallus was far irom having beon tho first anatomist to look inside his
subject, Queon Ellzaboth atlowed the medical school st Cambridge three criminals a year, At the Univeraity

of Bologna thero was a standing rule In the fourtecnth century that the modical students mignt procure cadavers

for digsoction, provided they did not belong to peoplo who lived witkin thirty miles of Bolgm. Indeed, the
problam of the Inndoquate supply of bodieg, like that of their rapld d position, was a handicap but not an

sbgoluts obstacle © rescarch.

Fig. 6 "Art, Life, and Experiment" Text Excerpt Showing Back-of-
Book and Program-Chosep Index Terms (Cont.)
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Section 3
DOCUMENTATION

3.1 BPHRAS PROGRAM

Description: The BPHRAS parsing program is described in the 19€8 and 1969 reports
(Refs. 2 and 3), where there are sections on description, input and output format,
theory, tables, and flow diagram. This year some changes were made to BPHRAS to
produce output suitable for use by the INDEX program. Only the changes will be
documented here, The new output for the INDEX program is similar to that described
in the 1969 report {Ref. 3) added to BPHRAS for EXTRACT, but it contains in addition
to the word and its position, the noun phrase of which the word is a part. All words of
the text are included in the output which are nonfunction nonadverbial words and are a
part of a noun phrase. These are considered as candidates for selection by the

INDEX program.

New Output: Output of the index words is performed by a logical IOCS data definition
module called LLEIPO which in turn uses 10CS mode IJGFOZZZ, Records of 175
bytes each are put out on disk in a block of 1758 bytes. Each file contains the index
words for one file processed by BPHRAS. Each record contains information for 1
possible index word; the first 22 bytes are the ECBDIC representation of the word,
the next 2 bytes give the page number on which the word was found (birary, right
justified), the next byte gives the sentence number in which the word was found (within
the page, starting with zero), and the last 150 bytes give the EBCDIC representation
of the complete noun phrase containing the word, Both the word and phrase are

truncated or padded with blanks where necessary.

After BPHRAS is run, the possible index words must be removed troin the scratch
disk; they are sorted into alphabetic order and stored on mangetic tape. The record

format is not changed. The SORT control cards are given below.
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SORT Control Cards:

/7 JUH SORT WOND-PHRASE FROM DISK

/7 ASSGN SYSD06,X*192¢ SORT WORK _ R
/7 ASSON SYSO0S,x¥fei¢” T T 0 T

// ASSGN SYS001,4x°180" SORT OUTPUT

// ASSGN SYSONl,.xt*181¢

/7 ASSGN SYSN04,X'192¢ ~ SORT (NPI,T-8PHRAS INOEX OUTPUTFTLEA
77 1SSGN SYS004,X*19]1" :
7/ VOL SYSDO1,FILED N
2/ TPLAB YINOEX WORD FITE ~XRXXXXXAXXXKXXAKXXXN 68365 XXXAAX D053
0 ISLMSC?
7/ OLBL FILEA,*INDEX WORD AND PHRASE FILE', SO e
7/ EXTENT SYS0C4,094737,14,20,980 o
77 DLAL FILEW,*SORT WORK AREA',,0A
7/ EXTENT SYSN05,094737,1,41000,980 e o
// EXEC DSORT = T e
SORT FIELDS=(1422+A¢2691004A),FORMAT=RI,FILES=L,SIZE=3000
RECORD TYPE=F,LENGTH={1T75) : )
INPFIL [NPUT=D,BLKSIZE=(1750,X) : AR
OUTFIL QUTPUTaT,BLKSIZE=1750
OPTION PRINT,LABEL=(U,S) o _
END : ' ) T

Control Cards: The control cards needed for ouput onto the scratch disk are given
below:

// DLBL LLEIPO, 'INDEX WORD AND PHRASE FILE',, SD
// EXTENT SYS004, 094737, 1,, 20, 980

Flow Diagram Changes: Only the last page of the BPHRAS flow diagram given in the
1969 report (Ref. 3) is different (Fig. 7); it has been both changed and augmented and
will be given here by two new pages.
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Fig. 7 BPHRAS Flow Diagram (Cont.)
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Cloar NAPTT (able

400 bytes

1

Initialize pick up of

functions [rom

FUNCTION table,

8et R5 = no, of words
R8 = FUNCTION addreess
R7 = NAPTT-4 address

!

Bogin to form NAPTT table
from NAPT, to tnolude only
NAP, no TNAP,

{

Moave the NAP address from
FUNCTION table {R6) to TN
and R8

Yes

Is TN = 0?
No

--1’—'—Q. R7 = NAPTT-4? )
iNo @

< Are the NAP entry (R8) and Yes | Step R6 by 6 to the

NAPTT entry (R7) the same? | FUNCTION entry of the
pext word

{no 3

Step NAPTT storage to
noxt position (R7) and @0 llld\\;ordl been > No_ |
slore NAP entry (R8) into examine

this slot Yeou

Initialize NAPTT pick up;
set R6 = NAPTT

g 1
O Clcar the 150 byte phrase
buffer PHRASEB

1

Initialize word and phrase

buffer storagz. Set R6é = SAVEWRDS,
buffer for words, R7 = PHRABEB,
buffer for holding phrase, RS =

word index of the 1st word of NAP,
R9 = word index of {ast word

of NAP

to(29)

Fig. 7 BPHRAS Flow Diagram (Cont. )
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31
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@ <=

No

-—ILMuoe Rig by 1 for mm]
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Te the R8 word it or
no?

Move R8 word into SAVEWRDS
at R6 location and inlo PHRASEB
at R? location

8tep R? by R12 41

Put blank in at R?
and step RT by 1

Ie R7 higher than
PHRASEB + 149

Step R6 by 22 to
the aext slot in SAVEWRDS

Is R6 higher than savnwnnsua-n)!"

No

8t pRSbylloncnwrﬂ\A

and check if beyond
NAP (R9) /
e

Move an FF into
SAVEWRDS at Re
location

'

Fig. 7 BPHRAS Flow Diagram (Cont.)
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Step R5 by 4
next NAP

!

Is NAP = 0 i,

to No

all NAP?

€.,
have we ﬁnished>

Reduce the value

in COUNT and check =0 >

jlles

Close files

LLEIPOUT,
SENTFLO,
SENTFLI

Dump and exdt
END

No

@)

Note: 20 is found

to Does RS point to an FF,
signaling end of phrase ?

|

Imitinlize piok up and
storage into oniput buffer
R8 = SAVEWRDS
R1l = INDEXWBSB

!

fNo
Move 22 bytes from
R8 into R11 (word)

1

Move 3 bytes (sentence-page nos.)
from RECORD+5 into R11 + 22

|

Move 150 bytes from
PHRASEB to R11 + 25 (phrase)

!

Write INDEXWB out

[1

Step R8 by 22 to next slot | -

in SAVEWRDS

on the 18t page of the
BPHRAS flow diagram
(Ref. 2) and is the point
at which another sentence

is read and processing begun

Fig. 7 BPHRAS Flow Diagram (Cont.)
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3.2 DUPPHRAS PROGRAM

Description: The DUPPHRAS program examines a sentence file to select out, inter-
pret, and print all contiguous sentences which have the same phrase structure as

another adjacent sentence. In other words, it prints out all sentences with duplicate
phrase structure, The program works on & sentence file which is produced by BPHRAS

and then sorted into alphabetic order on the phrase-structure field and stored on
magnetic tape. The SORT routine (control cards given in section 3. 1) ;orts on a fixed
field of 100 bytes extending from the phrase structure field into the alphabetic field

of the sentence. This does result in the rare loss of a sentence in a group. For
example, in the unlikely arrangement below, the duplication of (1) and (3) would be
missed. Usually there are more than two in a duplicate set and this problem does

nct arise.

(1) NAP VBP PU KILROY WAS HERE.
(2) NAP VBP PU NAP PU THERE ARE....
(3) NAP BVP PU VERY FEW CAN DECIDE.

Input and Qutput: Input consists of a sorted sentence file on an unlabeled magnetic tape
as is described in section 3.1. The IOCS file definition module SENTFL reads one
record for each call, into the buffer specified in the calling sequence. Records are
blocked 2000 records to the block, and are variable in length. The record format is
described of BPHRAS output, section 5.3 of the 1968 report (Ref. 2).

Output is on-line on the printer. It is buffered, using an IOCS module called PRINT.
Register 3 is used to transmit the buffer location to the program. The first line

output for each sentence gives the sentence category in column 2 (I for indexible,

N for nonindexible), the page number in columns 9—16, and the sentence number in
columns 25—-32, The second line is blank, Starting with linc three, the codes showing
the phrase structure of the sentence are printed. Two kinds of codes are used, phrase
codes and word or punctuation codes, separated by blanks. These codes are listed in
the BPHRAS documentation, section 5.3 of the 1968 report (Ret. 2). After the struc-
ture codes, the sentence itself is printed.
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before running.

to beginning or middle of page before printing instead of just spacing three lines. A
47 FA stored at 28B8 will cause a transfer around the check and deletion of print of

Control: There are two switches in the program which can be set by a REP card

A hexidecimal 47 FO stored - at the address 28 FC will cause a skip

sentences identical to one already printed.

Control Cards:

// JOB DUPPHRAS

// ASSGN SYS002, X'180'

// OPTION LINK, DUMP
PHASE DUPPHRAS, ROOT
INCLUDE
PROGRAM DECK

/*

// EXEC LNKEDT

// EXEC
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to EOFROUT

on EOF

-
on EOF| RECRDA buffer

Read a
record into
RECRDB buffer

Not EOF

Put RECRDB + 8,
the number of
English words

in RECRDB,
into R8

Open SENTFL, pmm]

[ Sct switchcs R8+ R7 = 0 ]

Read a reoord from
the sentence flle into

le R7 =07

WJ‘

Read a record into
RECRDA buffer

Set F71 =0

Put RECRDA 48, the number

{uto R8

of English worde in RECRDA,

!

Multiply R8 by 5. ls
R8 then lower than 2567

No

Yes

Yes

bﬂld R8 with 2566

1

Compare R8 bytes of RECRDA +8

RB byles of RECRDB +8 to see if the No

phrase string is the same. Are
they equal?

with

Yes

(2)
(e 707 )

Branch to subroutine
DSUBL1 to print

the sentence in
RECRDB

Branci. to subroutine
DSUBI1 to print the
sentence !In RECRDA

$
‘0@

Fig. 8 Flow Diagram for DUPPHRAS
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Btore regivters R6 thru R§
Load R9 w:th the address
of the bu{fer of the sentence
to be printed

1

8Switch set before running
to cheok for duplicate
sentences or not, le it
set to check?

Yes

Clear R8 and sct to &
timea the number of English
worde (NW), 1. e., length of
phrase structure field

)

Losd R5 with length-1
of the sentence field

(record length-10-5 NW)

!

Set R8 = SNW + 9 or start
of the sentence fleld relative
to beginning of buffer

!

Load R6 with RECRDA + R8
and R7 with RECRDB +RS, the
actual locations of the
sentences to be checked

Yea/ 14 RS < 2567

Set RS = 254

1

Compare RS bytes at
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set to midp buffer ‘ o
ﬁi‘:-c: ? } Mave R6 bytes from
1 - ls R - 0? R7 to lat byte of 1/O
Bubirect 103 pulier (maves phrade
from N8 codes)
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R Ko
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T
: 8xip o Channel 1
! o | ' Print ccatents of 170 buffer
{a !lne of phrase coded)
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given by REGH) (R3)

1

Move the Bm byle {rom
sentence butfer 10 ond
byte of print buffer,

This ia the category letter
TorN

Space ) lines

location of the genterce
itaelf (aentence buffer
location + 4+ 8 NW)

‘ Load R with the

Take the page number
from Lhe 6Wh and 7P Lyre of

sentence bufler, coavert
decimal and move (nto §
byte of print buffer
v byre ofp Lotd RS with the lenglh
* of the sentcnce nself
{record lengwn -3¢ - SNW)

Take the ecntance numhber

from the 8% bysz uf Move Fb byies
ecnience bulfer, cunvert from R7 to Yea m )
No ‘1

to decimal and move
1o 251 byte of print 170 butfer
buffer t
Maove 110 bytes from
! Print 1/C R7 to 1/ buffer snd
bulfer (last arind it

Print Lhe cateyory, page line of sunience!
and sentence number, theo
space 2 lines i
I Clear the 1/0 buffer
ieelure M- RI
end return
Clear the 1/0 tuffer ret i

Step R by 110 and
sutirsci 110 fram RS
Loed AS with SNW and
RE with 6 NW-1 (NW = no, of
Englieh words In Lhe sentense}

1

Losd R? with the address
of the phrase codes .

{ -l

Call subroutine
DELBI (o print the
sentence in bulfer
RECRLA

to print the sentence

in buffer RECTNB
T—_———v:.-‘
1

Closo filea DHINT, SEXTT). |
Dump core and exit

i
- |
Call subroutine 1:“U'B} l

L]

END

) Fig. 8 Flow Diagram for DUPPHRAS (Cont. )
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3.3 INDEX PROGRAM

Description: The INDEX program produces an index from text that has been previcusly
processed by the parsing program BPHRAS. One of the outputs of BPHRAS is a list of
all the words in the text which are found in a noun phrase and are not functional or
adverbial in character. With each word is the complete noun phrase of which is is part,
This list i8 sorted into alphabetic order and stored on tape for use by INDEX. (See
section 3.1,) The INDEX program performs a frequency count on these words, and
then calculates 2 possible frequency cutoff points, A and B. All words with a frequency
of A or greater are then printed out, and underneath each word are all the nvun phrases
which contained that word, with their page and sentence number. This process is then
repeated for all words with a frequency of B cr greater. Theory and choice of cutoff
points is discussed in section 2, 3.

Input: Input comes in on magnetic tape on SYS008, See New Output in the BPHRAS
decumertation, section 3.1, for a complete description of the input, Input ig accom-
plished through the IOCS definition mudule LLEINDI which in turn uses IOCS module
IJFFZZWZ. The input tape is actually r<~ wice, first for calculating frequency
counts and then for selecting the actuai inucx words/ anc phrases chosen,

Outpui: The index words are output on the printer in alphabetic order. Under and
indented from each index word are the noun phrases containing that word, also in
alphabetic order according to the fi. * word in the phrase. Within the grouping of

phrases under an index word, a phrase is only printed once regardless of how many
times it may have occurred in the text, If a phrase contzins more than one index word,
it will appear in the priatout once under each index word. Teo the right of each phrase
is a number rerresentir.; the page and sentence number where the phrase appeared.

If t"- - rase appeared more than once, these numbers are continued ontc the next

line or lines, interrupting the printing of the next phrase. The last three digits are the

sentence number within the page. The first 9 digits give the number K+s, where K

ol i

is a constant which indicates what text this came from and s is the sentence number.

For examnple, 10025 indicates sentence 25 in the text whose constant is 10000.
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Printing is accoraplished with an IOCS definition module called PRINT which in turn
uses 10CS module IJDFCYIZ, Printing is buffered, 10CS-program communication is
via register 3.

Conirol Cards:

: // JOB INDEX
// ASSGN 5YS008, X '180*
: // ASSGN SYS008, X 181" F
// OPTION LINK, DUMP
PHASE INDEX, ROOT
INCLUDE
Index binary deck
/*
// EXEC LNKEDT
// EXEC
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to

Open LLEINDI and
PRINT

l

Read a record (LLEINIDM)
into the buffer CURRENT

!

Move CURRENT into HOLD

1

Initialize frequency oount

Set R3 = COUNT
R4 = 1 for frequency CGUNT
R5=R6=0

V

Read a record (LLEINDI)

EOQOF

into CURRENT and check
if EOF

jnot EOF

Are the 18t 22 bytes of Yes
CURRENT and those of HOLD

identical ?
lNo

8iore R4 (frequency count) at R3

HRore RS (beginning record #) at
R3+2

Step R3 (COUNT address) by 4
Step R6 (entry count) by 1
Move CURRENT into HOLD
Step RS by R4 and set R4 to 1

]

I3

Fig. 9 Tiow Diagram fer INDEX Program
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Cluse LLEINDL 7
Set 117 to froquency at R, multiply

N by 100 amd divide by R4 (NWORDS)

Bet EOY te uranch IND17
Storc 7+ ] at RS

henceforin

1

. Reat 13 and HS

2 2

Step 4 by R? end etore at
Btore R in ENDCOUNT
Stcp RO by 1 and store 5+ 4, Store Rl at RS+ 8
NENTRIES ‘

’ Step RS by 12 to the next
3 NT - 13 by
Ordcr the 4 byte entries PERCE tddress and by 4

et frea:
in the COUNT table fo the next frequency
into deacending order

i ls R&, the cumulative &, Yes
Optionally dump the higher than CUTPCENT?

COUNT twble No

1 —Yﬂ—ﬁm leas than ENDCOUNT?

Intudslize for summing atl

the (requency counts, to be No
stored in NWORDS, Subtract 4 froin R3 and
oei Re¢ =0

atore in VALUEA, frequency
R3 = COUNT for which cumulative 1 = e
i CUTPCENT .

Add [requency count at R3
to R4 Find the COUNT address of the frequency
j for which the percent of unique words 18

an arbilrary value CUTP2Z. setat 10,

Store 1n VAULUEBR

No Step R3 1o next entry and VALUFB COUNT + (NENTRIFS*CUTP2%¢)
test at end of COUNT table 100

Tranafcr VALUEA to VALUF 1o hegin
to form an lodex with VAILUFRA
Initislize for calculating T and cumulative IIPRNT ’ -
% of vach frequency up to an arbitrary point Calculate (VALUE-RCCOUNT)/44 1)
: st which cumulative % = CUTPCENT, set a1 to give the 4 of entries to be retalned.
; 40, Thie T 1e the F of the towl frequency 8hould thim vatue be > 100, sct to
count. 100
; 8et RS = PERCENT for sioring 3'¢
T3 = COUNT f(or picking up {requencies i
R3 = 0 for holding cumulative T
Tranafer that & of cntries from

COUNT to table RETAIN. As the

full word entries sre transferred,

exchange hall worde so that

the record number ia first and

the {requency second +

Gu to ORDF.R suhroutine to order AF TAIN
in deacending arder

}

8et R4 (o point at lowert record. ¢ .
the last eniry in the ardered RETAIN
table

ha et et o bas s adiali

e e

T
'

o @O

Fig. 9 Flow Diagram for INDEX Program (Cont, )
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CONL
St PHESENT - 0. Open 11 EINIY [l(rad a record into CURRENT ll
to re-road the tapgk and aciect bder words
| ;lll."» ' Branch to the PRNTPIRS subroutine
Load I{5 with (rccord #-PRESFNT) to print hath the phrawe and
arul H6 with (requency. R4 in slresdy e corresponding sentence and
sct and ta uscd to pick up HETAIN entry page number, if the phrase is
Kiving record ¢ and frogquency unique, or juxt the sentence and
page number uf it in the same
i phrase as previous
Store % In SKAPN and R6 in READN *

Douhle apace the pnnter
Reduce RG and test end of :
phrauce for this index word
T\'el :

Print the page-sentence
numbera remaining in the

l ftead R4 records (Lo skip) EOF, @ REFER buffer
i IND? i
Add PRESFNT+SKIPN+RFADN
Head @ record with an EOF q oo . o »
inadex wonl It CURRENT :|qu|:.-[ l‘"":.r,'(:;;‘,'l""l and

Steee the addrean W CFIL " o .
In PRPUG Gor the PRN NS ::I'I'I':,‘ ;nl:’hfr‘:,:f,-’;\‘,k’:.;,
subrouline Initialization U-4) ’ ’

e i No
Clear SR i CITESTINTEIND el
i ‘ Yes

Move Lhe 18t 22 Ly'cs (ls VALUE - VALUEA?

of CURRFNT into the 1/0 ™
buffcr and print. This ve

printe the Indcx word Mave VALUER Into | Dump and exit I
Value to {nrm an Index

 m—
with VALUER End

Close LLEINDE
and PHINT

[Save the word In HOLDWD ]

Single space the
printer

Branch to the PRNTPHNS
No_ | suliroutine 10 print the )
- phrasc amnd the corvespond -

Close TLEINDL and

Ing neatence -page humber
PRINTY, LLFINIA -

munt be re-upened
o rewtod and rercad
the jiulen word tipe

. < & higher than 1

Yie

Reduce RG by L

Branch to the PRNTPRS aubroutine to
print the phraac sod the corccaponding o CS1PUNT
sentence and page number, 1 this e a

new phirase, (Mherwiae juat add -t
acnience end page number to & buffer .
to be printed when full

Fig. 9 Flow Diagram for INDEX Program (Cont.)
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Yoo

Yos

Bubroutine PANTPHRS

Btore regiater 14
Clear print buffer
120 bytce at reg, 3

1

1s the phrase identical
with the word, 1. e,, 22
bytes at HOLDWD = 22
bytes at CURRENT 4387

T

1e the phrasc the same ao
previous phrase, {.e. .

130 bytes of HOLDPH =

120 bytea at CURNENT + 287

=

Load R18 with current
address in REFER buffer

Is R)C - REFER?
No

Print REFER buffer with
references to previous phrase

|

Clear REFER buffer and
vet RLS and PRPHIE to REFER

!

Move 120 bytes of current
phrase from CURRENT + 38

to print buffer and aiso
to HOLDPI buffer

!

Pick up page numbar,
oonvert to decimal,
unpack into print
buffer and mask out
sign (9 bytes)

L

!

1

Pick up scntence number,
convert to dechinal, unpack
into print buffer and mask
out slgn (J bytes)

1

Print phrase and phrase
reference

RETURN Print REFER
o{ Restore veglster 14| buffer with a
and return line of references
to this phrase
PRPH1

Pick up page number
convert to decinal,
unpeck into print
buffer and masa

out efgn (9 bytes)

1

Pick up scnience number,
convert to defmal,

unpack into print buffer
and mask oul sign (3 bytes)

[ Store a blank in print buffer

8tep R153 and PRPH1S by 13 bytes to
next slot in HEFER buffer

1a R16 higher than
REFEN+119

Fig. 9 Flow Diagram for INDEX Program (Cont.)
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TRV WY |

Subroutine ORDER

Calling Routine: DAL 14, ORDER
4 byte addrcses of table
2 byte parameter = no, of entries
2 byte parameter = no. bytes/
entry max = 20

| store registers 10-16 1n savEQ |

Load R12 with addrese of i
table to be ordered - lst comparand
R15 with no, of bytes/entry .
R10Q with ending address of table = R12+
(R15'no, of entries)

!

Subtract 1 from R15 for EX inatructlonaJ

ORD3 j

Set R11 to address of 2nd
comparand = RY2+R16+1

1s R11 < R107? _
Yen

Compare R15+1 bytes Y N
at R11 and R12 addresses. L3
18 value at R11 higher?

}Yeo

to

ORD2

Exchange the valuea at
Ril and R12 using TEMPO
to store onc temporarily

[gfep R11 address by 1+ RlS]—»——

Ie R11 < RIN?

E!t.ep R12 addresa by 14 Rlﬁ]

to

1s R12 < R107?

RETURN

Reetore registers 1016
and return

Fig. 9 Flew Diagram for INDEX Program (Cont.)

3-17

LOCKHEED PALO ALTO RESEARCH LABORATORY
1LOCKHEED M) 31 1LES L SPACE
A GRCUP DivISION OF

COMP ANTY
(OCE™EET AIRCEAFT COWPODRATION




{ 3.4 FREQUENCY-SYNTAX INDEXING PROCEDURE

To obtain an index of a text using the INDEX program, the following steps are
necessary:

(1) 1If the text already exists as a file with parts -of-speech assigned to each
word, this step can be skipped. Otherwise, the SENDIC program must oe
run to form a sentence file for each text., SENDIC is described in the

1967 report (Ref. 1). To run, SENDIC cards containing the iuput sentencee

(see RSENTR for format, which is free-form), preceded if desired by a
page card, must be read in through the card reader., The sentences with
the assigned parts of speech will be output on tape.

(2) Run the BPHRAS pregram to obtain the possible index words arnd their noun

phrases, which will be stored on disk. (See section 5.1 and aiso Ref. 2 and
Ref. 3 for BPHRAS writeup,) The BPHRAS input and output are given below,

with the relevant items starred.
* Tape unit 180 — The sentence file produced by SENDIC, containing
sentences with the parts-of-speech assigned to words.
Tape uvnit 181 — A zceratch tape for output of a sentence file containing
sentences with a phrase structure assigned.
* Disk unit 191 or 192 — A scratch disk for output of the passible index
words and their noun phrases,
(3) Sort the words and phrases from the scratch disk onto tape, as described
in section 3.1 of this repcrt. The input and output here will be as follows:
Disk unit 191 or 192 — The scratch disk with possible index words and
noun phrases put out by BPHRAS,

Tape unit 180 or 181 — The above words and phrases sorted into alpha-

betic ordcr of the words.
(4) Run INDEX to select and print the words and phrases of the index. INDEX

is described in section 3.3 cf this report. The tape output of Step {3) is input

5 to the program; the index words and phrases come out on the printer,
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Section 5

INTRODUCTION

One of the major problems in natural-language processing is the problem of
multiple meaning, that phenomenon in which a single word or word group shows itself
capable of assuming a variety of semantic meanings., This paper discusses a set of
English words, each one of which is able to convey its various meansings by the use of
easily recognizable and adjacent syntactic structures such as, say, prepositional
phrases. Indeed it is mcre accurate to say that among this set of words semantic
meaning is generally inseparable from the word plus its associated syntactic structure.

The computer-detectability of these words lies in the fact that the associated
syntactic structures which pinpoint a given word's semantic meaning almost always
consist of a small group of prepositions or other function words which, by virtue of
their smaill number and their adjacency to the word whose meaning they specify, are
readily detectabie by computer algorithm.

This set of words whose semantics is syntax-linked is itself a subset of another
set of words. Words in this larger set are called '"government' words. The word
"government" derives from the ability of these words to iiapose constraints — usually
syntactic — on words surrounding them. The original intent of the word-government
project was syntactic in nature; however, as compilation proceeded it was realized
that in a substantial number of cases there was a linkage with semantic meaning.
Therefore, before the subject of syntax-related semantics can be discussed, it will

be necessary to review word-government,
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Section 6

WORD GOVERNMENT

Human language can be viewed as a vehicle for describing relationships. When
a dictionary identifies a word as possessing a certain part of speech, a relationshin
is in fact being defined. Thus denoting hit as a transitive verb means that it requires
a direct object. The relationships denoted by parts of speech are binary in nature
(I hit the ball). While words possessing word-government aiso define binary relation-
ships, in general such words define relationships between three, four, and, occasion-
ally, five clements. In more conventional grammatical parlance, government words
are words capable of governing two or more objects,

Word-government can be seen in the following sentence: I believe in his ability

to pass the bar exam.

Believe governs in his ability. But note that ability also governs the infinitive
io pass. Hence there are two instances of word-government in this sentence which
itlustrate how a network of government-linked words may be established.

Believe governs other words and phrases besides the preposition in. Some of

these words and phrases are: I believe him, I believe that he will come, I believe

he will come, I believe what he said, I believe in what he said. The relationship

between believe and the elements which it governs can be conveniently shown in the

following arrangement:

believe vt S
vt (that) + clause
vt what + clause
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vi in8

vi in what + clause

vt S/ {(tobe) S
where vt denotes a transitive verb, vi denotes an intransitive verb, S denotes a sub-
stantive, and the parentheses indicate that the use of that and to be is optional.

In the same way the government relationships of ability and comparison are

shown below:

ability n inf

comparison n of S/ with S
n of S/ to S
n between S/ and 8
n of S/ and S

where n denotes a noun, S a substantive, and inf denotes an infinitive,

Following the Ramo-Wooldridge nomenclature [1]) , the governing words (believe,

ability, comparison, etc.) will be called primaries. The elements governed by the

primaries (S, that + clause, in S, etc.) will be called seconaaries or secondary

patterns. Thus the phenomenon of word-government deals with two sets of English
words — the set of primaries and the set of secondaries — and the relationships between
the two sets. Primaries are nouns, verbs, adjectives, and, occasionally, adverbs.
Secondaries are usually prepositional phrases, clauses, a particular form of the
verb (e.g., the infinitive fcrm), and certain case forms of nouns (especially important
in Russian),

The primary-secondary relationship can be readily seen in these arrangemecents.
If the secondary pattern contains more than one element, then the el2ments of the

pattern are separated by slashes.
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When seconcarics occur on one line, they are compatible with cach other; that is,
they may all oceur together in a given sentence, Secondarics on diffcrent lines, as with
comparigon, are incompatible; one or the other, but not both, may be associated with
their primary in a given sentence,

The following examples show that primaries may be nouns, verbs, adjectives,
and adverbs.t The designation, vip, of amuse denotes an intransitive verh whose

pattern (at S) occurs only irn the passive voice.

Primary Part of Speech Secondary Pattern

depend vi cn S/ for 8

vi on S/ inf

vi on S/ tobe S

vi on CJ* + clause
transiate vt S/ from S/ into S

vt S/ from S/ to 8
associate vi 3/ with S

vi S/ to S

vt Px/ with S**

vt Px/ with S/ in S

vi with S
transformation n of S/ from S/ into S

n of S/ from S/ te §
immune aj to S

aj from S

aj against S
careful aj of S

aj witn S

aj inf

aj CJ + clause
enroute av from 8/ to S

av for S
amuse vip at S

*CJ denotes a conjunctive, a term used by Hornby [2] to represent
the set of interrogative adverbs and pronouns (how, what, when,
where, who, whom, whose, why).

**Px denotes a reflexive pronoun ¢himself, herself, etc.).

T1It is often necessary to use inflectional forms of the primaries given in the word
government table, For example, although "at 8" is ziven as an entry for "amuse,"
the intlectional form "amused'' must be used for this, «.g., "amused at the book,"
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The original intent of the word-government project was purely syntuctic in
nature — to compile a list of English primaries and their associated secondary syntactic
gatterns. For example, in the original compilation the government patterns for

elevation and incidence appeared as

elevation n of S/ to 8
incidence n of S/ in S
n of S/ among S
n of S/ on 8
n of 8/ upon S

However, as compilation proceeded it was realized that in a substantial number of
cases the secondary patterns tended to be linked with semantic meaning. This phe-
nomenon became so pronounced that it was finally decided to recompile the word-
government listing and attempt, where possible, to associate secondary patterns

with semantic meaning. In the recompilation and i., the examples which follow, seman-
tic meanings are denoted by arabic numerals placed to the left of the secondary. Thus

the patterns for elevation and incidence now appear as foliows:

elevation 1 n ofS
2 n ofS/ to$S
incidence r ofS8/in8

1

1 n of S/ among 8

2 n ofS/onsS

2 n of 8/ upon$S

where elevation (1) 1s synonymous with height (except in the architectural sense)
The building has an elevation of 1, 000 feet.

But elevation (2) describes the action of raising

The newspapers announced his elevation to the peerage.

Incidence (1) is similar to occurrence.

They reported a high incidence of suicide in Sweden.
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Incidence (2) describes the act, manner, or fact of falling upon or influencing,

The incidence of light on a reflecting surface can be measured
by precise instruments,

The compilation of the English word-government listing iz sufficiently advanced

(about 70% complete) to allow an estimate of the final size of the dictionary. There

will be approximately 8000 primaries; an average primary will have five secondary
patterns associated with it. Thus there will be ap) roximately 40,000 distinct entries

{an entry being a primary plus one secondary pattern) in the dictionary.
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Section 7

SEMANTIC STRUCTURES

A semantic structure is a word-government complex (i.e., a primary word plus
its agsociated secondary patterns) in which the secondary patterns are used to convey

semantic distinctions in the primary governing word., The previous examples, elevation

and incidencc, are semantic structures.
7.1 PRIMARY AND SECONDARY ELEMENTS

Nouns and verbs make up well over 90% of the primary words functioning in
seniaitiv siructures, One-syllable verbs in particular possess a very wide ''semantic
spectrum' but here, too, we will see that the secondary patterns are extensively used
to convey mganing.

In the set of semantic structures, adjectives may occasionally function as the
primary word

intent 1 aj ] (e.g., an intent young man...)

2 ajp on S (e.g., he was intent on murder)
where aj and ajp denote attributive and predicative forms of the adjective. The incidence
of such adjectives, however, is quite small compared to the number of nouns and verbs.

It is the secondary pattern, distinguishing as it does between the primary's
various meanings, which plays the key role in a semantic structure. Common second-
ary patterns which serve in a seman.cs-distinguishing role are single prepositions,

combinations of single preposition. certain forms of the verb (e. g., the infinitive),
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and the relative pronoun that, In addition to these common sccondary clemonts, many

other types of secondary patterns occur in semantic structures, They arc discussed

in the next section.
7.2 EXAMPLES OF SEMANTIC STRUCTURES

The various types of semantic structures will now be discussed in terms of their
characterizing secondary patterns. The government dictionary has only been compiled
through P so none of the examples given fall in the latter part of the alphabet.

Befcre beginning, however, it would perhaps be helpful to illustrate a word-
government structure which is not 4 semantic structure. All transitive verbs have,
by definition, the following pattern

verb vt S
where, as before, S represents a substantive, Now when a preposition is compatible
with this basic trans.tive pattern, the new pottern may only define morc preciscly the
original meaning.

thank vt S
vt S/ forS

He thanked his friend.
He thanked his friend for the favor.

buy vt S
vt S/ for S

He bought a book.
He bought a book for three dollars.

The cdditional information supplied by the prepositions does not cause any

semantic alteration in the basic meaning of the two verbs, thank and buy.
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The pattern S/ prep $: In the following cxamples, semantic rlteration does take

place with the addition of the indicated prepositions.

| index 1 vt S
; 2 vt S/ under 8§

(1) He indexed the book (i.c., he prepared an index of the book)

(2) He indexed the book under 'medicine' (i.e., the book was catalogued under

'medicine’)
: administer 1 vt S
2 vt S/to S

(1) She needs someone to administer her affairs (i.c., to manage or direct
her affairs)

; (2) He administered the pill to the patient (i.e., gave or dispensed it)
: head 1 vt S

2 vix S/ for S

2 wvix S/ toward S

2

vix S/ into S

(1) He heads the company. (i.e., He manages the company)

(2) He headed the ship for (toward, into) open water (i.e., He pointed the ship
for open water)

The dots ir. the patter of head indicate that the word-government dictionary contains
additonal patterns which have been omitted as not being relevant to the present

discussion.
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7.2.1 Single Prepositions

The above pattern, S/ prep S, is very common; however, single prepositions
may alsn function alone as semantic discriminators.

extract 1 n from 8
2 n of S

Extract (1) is: a passage which has been extracted from some text, Extract (2) is:

that which has been obtained, ususlly by crushing or pressing.

keep 1 vi from §
1 vi 8/ from S
2 vi at S
3

vi to S

Keep (1) means: to prevent, keep (2) means: to perserve or to maintain at, keep (3)

means: to continue meving in a specified direction.

The use of single prepositions as semantic discriminators is especially evident

in one-syllable verbs as we will see below.

7.2.2 Infinitive

The infinitive (which will henceforth be denoted in secondary patierns as '"to-inf')

is a frequently used semantic discriminator in secondary patterns,

habituate 1 vt S
2 vt S/t S
2

vt S/ to-inf
Habituate (1) means: to frequent a place, habituate (2) means: to acclimate.
indisposed 1 ajp 0
2 ajp to S
2 ajp to-in{

where ajp denotes a predicative adjective and 0 denotes lack of a pattern. Indisposed (1)
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means: to beill (i.e., He is indisposed). Indispused (2) means: disinclined (He is
indisposed to do any work today).

intend 1 vt to-inf

2 vt S/for S
Where intend (1) means: to have (a purpose) in mind (I intend to finish the job);
intend (2) means: to be destined for (Th- house is intended for his son).
entitle 1 vt s/8S
2 vitx S/toS
2 vix S/ to-inf
Entitle (1) means: to name a book, a play...(Somerset Maugham entitled his first book

Liza of Lambeth), Entitle (2) means: to have earned, to have coming (His accomplish-

ments entitle him to a vacation. His accomplishme:i: entitle him to take a vacation).
Another type of infinitive, the so-called "bare infinitive' [2) may also play a role

as a semantic discriminator.

vtx to-inf

vix bare-inf

vtx S
vtx S/ to-inf

dare

O = =

Dare (1) means: to be brave enough to do something (He cared to sail around the

world). With the bare infinitive the "to" is dropped (He darcd sail around the world).

Dare (2) means: to face, to take the risk of (He dared the rapids). Dare (3) means:

to challenge (He dared his enemy to attack). '

Reflexive Pror;uns

Reflexive pronouns — denoted by PX — may serve as semantic discriminators (in
the pattern below D denotes an adverb).
vt S8/t S

1
2 vtx PX/ DD
2 vtx PX/ with S

deport
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Deport (1) means: to send someonc out of the country. Doport (2) means: to behave

(He deported himself badly).

disengage 1 vt S/ from §
2 vitx PX/ from S
Disengage (1) means: to separate something from something else. Disengage (2)

means: to disassociate oneself from something or someone.

establish 1 vt S/in S
1 vt S/ at$

2 vix PX/ as S
Establish (1) means: to set something up, to found something. Establish (2) means:

to prove oneself to be something.
7.2.4 That + Clause

That followed by a clause is a frequently used semantic discriminator.

of S/ into S

of 8/ to 8

of S/ (that) + clause
by S/ (that) + clause

admission

== N -]

1
1
2
2
As before, the parentheses indicate that the use of that is optional and, in fact, if that

is not used, then the clause assumes the role of semantic discriminator. Admission (1)
means: being admitted into or to something. Admission (2) is: a confession,

Other examples of that + clause are listed below.

grant 1 vt S/ 8
1 vt S/toS
2 vt (that) + clause
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Where grant (1) is: to bestow and grant (2) is equivalent to: given that (I grant that

he is intelligent...)

gather 1wt S/ from S/ to S
2 vt itogether) S/ into 8§
3 vt S

4 vtx from S/ (that) + clause

Here gather (4) means: to infer (I gather that you will be at the party).

insinuate 1 vix S/ into S
1 vitx PX/into S
2 vt (that) + clause
2 vt to S/ that + clause

where insinuate (1) is: to gain admission or someone's confidence by stealth,

Insinuate (2) means: to suggest something in an unpleasant manner.
7.2.5 Gerunds and Participles

Gerunds and present participles, denoted by g and PR, respectively, occasionally
find use as semantic discriminators though their use is not common.

defer 1 vt G/ until S

2 vi ;.o S

where defer (1) means: to postpone (He deferred writing the letter until...) defer (2)

hear ) S & S/ PR

2 vt S/ about S/ from S
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where hear (1) means to perceive sound with the ears (He heard the car coming),
In the following example both gerund and present participle occur in the same

set of patterns.

bargain 1 i with S/ for S
2 vi on S/ PR

2 vi on G

where bargain (1) is: to haggle, and bargain (2) means: to anticipate (We didn't

bargain on John coming when he did).

7.2.6 Adjectives

Adjectives — denoted by A — are not common as semantic discriminators though
like gerunds and participles they are used on occasion.

fade 1 vix S/ A

2 vi into S

where fade (1) means: to cause to grow pale (The sun faded the shirt white) and fade (2)

means: to grow pale (Night faded into day).

extraction 1 n of S8/ from 8§
2 n A~

where the dash in the second pattern indicates that the adjective is to be used attribu-

tively. Extraction (1) means: removal, while extraction (2) usually signifies origin
(He was of French extraction).

feel 1 vi of 8
1 vt S/ with S

4 wvi A
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where feel (1) means: to touch, and feel (4) describes someone's physical or mental

state (I feel good).
7.2,7 Conjunctions

Sometimes the conjunction and serves a minor role in semantic discrimination

though this seems to be in a subsidiary role to the prepositions petween and among.

digscriminate 1 vt between 8/ and S

2 i against S

where discriminate (1) means: to make, see a difference and discriminate (2) means:

tn treat differently.

7.2.8 Complete Examples

Many of the preceding examples were incomplete having been edited to emphasize
usage of the particular type of secondary pattern being discussed. The following
examples give complete sets of semantics-discriminating secondary patterns and are
typical of the way that the patterns are used. In these examples the semantic meaning

is listed to the right of the pattern.

deliver 1 vt S/ toS..........to take something someplace
2 vt 8/ froms8 to rescue
2 vt S/outofS) **° scue, save
g ‘\;:x g X/ ofS) ... to give forth in words
4 vi NM......... ....to help in childbirth
5 vt /upS/tos .
5 vt JoverS/tos]* .to surrender, give up

NM in the fourth pattern denotes an animate noun. It should be noted that the category

of animate noun is not, like the categories of other secondary elements, a syntactic
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category. Thic is the only nonsyntactic category used so tar in compiling the gcvern-
ment dictionary. In deliver (5) the slash which precedes the prepoaitions denotes a 1
*floating'* adverbial particle which may either follow or precede the substantive,

: We backed up the car.
We backed the car up.

skl

He took off his coat.
He took his coat off,

Verbs which allow this type of structure are actually two-word transitive verbs subject

to the transformation i 5
Nl V1 Av N2 = Nl Vt N2 Av

and must be distinguished from intransitive vexrbs with prepositional phrases. These

two-word verbs are a common occurrence ir the word-government dictionary.

determination 1 n ofS/byS............ determining or being determined _
! g : gi{ g; glofn gf rereeeen calculation, finding out ]
g 2 g§ g; :ﬁ;t“_f clause} ...resolution, firmness of purpose

The preposition of can follow most ~ though not all — nouns. When of is used to describe
the possessive relationship then the noun which is the prepositional object of of is nor-
mally transformed into the possessive and placed in iront of the lead noun (e.g.,

""John's determination to succeed' rather than "the determination of John to succeed").

: In the word-government dictionary the possessive of* is placed in the secondary pattern
| for the sake of consistency — because al. the other prepositions have been placed there,
|

following the primary governing noun which they modify.

™,

*Like most prepositions, of can describe a variety of relationships of wlich the pos-
sessive is but one, This is discussed below,
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engage

1
2
2
3
4
5
5
6
7
8

Note that engnge (7) and engage (8) coincide; there does not appear to be any syntactic

vt
vt
vt
vi

vip

vi
vi

vip

vt
vt

S/ as 8/ to-inf . ..hire, employ as

g; {gfiﬁf ....... to undertake

in 8/ with S, ,....to participate, take part in
toS...iiiieinne. to promise to marry
glltis} . .to be occupied with

LDYS tiviienn.. . .to have the attention drawn Ly
S to attack

S «+eaeaoto fit into, to fit together (esp.

means of distinguishing between the two meanings.

head

1
2
2
2
2
2
2
3

533388

vi

vt

of machinery)

S ... +««+..t0 manage something, to be at the top of

S/ for S

S/ toward S
S/ into §
for S
toward §
into S

...to move :n the direction indicated

Joff & ...... ...to get in front of so as to turn aside
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The phenomenon of syntax-related semantics becomes egpecially evident among the

one-syllable verbs. These words are especially important because it {g difficult if not

impossible to converse or write colloquially without them. The patterns for fall are
typical of the many patterns this class of ve1b may govern.
fall vi 1 from S/ to S/ onto S

vi 1 from S/ to S/ into S

vi 1 from S/ on S

vi 1 from S/ upon §

vi 1 out of S/ to S

vi 1 out of S/ into S

vi 1 out of S/ on 8

vi 1 out of S/ upon 8

vi 2 down S

vi 2 among S

vi 2 around S

vi 2 against S

vi 2 toward S

vi 2 through S

vi 2 off 8

vi 7 back/ before S

vi 3 back on S

vi 3 back upon S

vi 4,2 behind S

vi 5 behind on S

vi 6,2 down on §

vi 8 for S

vi 9 in with S

vi 10,2 shortof

vi 2 in

vi 11 of

vi 12 on S/ to-inf

vi 12 to S/ to-inf

vi 13,2 through

vi 14,2 under S
The numbers which follow the part-of-speech symbol denote the following semantic
meanings:

(1) To drop from a higher to a lower place

(2) To drop against, among, etc. an object or group of objects
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(3) To have recourse to
(4) To lose ground
(6) To become in arrears of
(6) To r-llapse, fail
(7) To retreat
(8) To be attracted, to love
(9) To agree, to meet
(10) To fail in
(11} To decline
(12) To become responsible
(13) To miscarry
(14) To be classified
But even the fourteen meanings found for fall seem r.iniscule compared with the seventy
meanings of get most of which are syntax-related. Get is listed in Table 1. Go has

108 meanings, the largest number found so far.

7.2.9 The Semantics of Prepositions

We have now seen how the secondary government patterns can act as determiners
of their primary word's semantic meanings. But what about the semantic content of the
secondary elements themselves? Do these elements, like other English words, par-
take of a variety of meanings? And if they do how does this affect the foregoing dis-
cusgion of semantic structures?

The fact is that prepositions, by far the most common elements comprizing the
secondary patterns, are indeed polysemic. A preposition not only connects an ante-

cedent with its object, but also establishes a specific relaticn between the two. For a
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Table 1
FORMS OF "GET"

1 vt S/from 8/for 8 32 vi NP down

1 vt 8/8/for 8 33 vt /down S

2 vt §/from § M vi in/through 8
3 vt §/at S/for 8 34,36 vi in/by 8

4 vt S/to-inf 34 vi into S/through 8
5 vt §/to 8 34,36 vi into S/by §
6 vt S/from 8/to 8/by 8 36 vi in/DT

6 vt §/from S/to 8/on 8 37 vt /inS

7 vt S 38 vi in on S/with §
8 vt S 39 vi into S

8 vt what + cl 40 vi off/with 8

9 vt S/in 8/for 8 40 xl off/PR

9 vt S/at S/for S 40 vtx  Scff/with 8
10 v P/—--/it 41 vtx S off

10 vix S 42 vt /off S/to 8
10 vix what + cl 43 vi {up) on 8

11 vt S/S/for 8 44 vt S on

11 vt S8/S/t S 45 vi on about 8
12 vi to S/*at S 46 vi on with §

12 vi in S/*at 8 46 vi on to S/by §
12 vi into §/*at S 47 vt /out 8

12 vi in on §/*at S 48 vi out S/on S
13 vt §/through S 49 vi out of 8

13 vt 8/in § 50 vi out/

13 vt S/into 8§ 61 vix 8 over (with)
13 vt S/off (of) & 52 vi over S

13 vt S/onto 8 53 vi through S

13 vt S/up S 50 vt S/through 8
13 vt S/A 50 vt S/by §

13 vt S/on 8 66 vi toS

14 vt 8/with S 66 vi together (with) S/for S
16 vi about § 67 vi together (with) S/on S
16,16 vi wround § 68 vt S together
17 vt /across S 59 vt Jup S/at S
18 vt /vcross 8/to S 60 vi up/from 8
19 vi ahead/of S 61 vtx PX up

20 vi ahead/in 8 62 vi to-inf

21 vi along/with 8 63 vi A

22 vi at s 64 vt S/A

23 vi away/with S 64 vt S/PS

24 vt S away/from S 65 vt 8/to-Inf

25 vi away with 8 65 vt S/PS

25 vi by with § 66 vt P/(D)

26 vt /back S/from S 66 vt P/in S

27 vt 8/ (back) to S 67 vprp S

28 vi {back) to 8§ 68 vprp to-inf

29 vi by S/with & 89 vix PR

30 vi down/from § 89 vix to PR

30 vi off §/at S 70 vix 8/for §

k1 vi down to S
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given preposition, this relation may vary with the result that a single preposition
describes a variety of different relations between the antecedent and object. Inan
interesting discussion of the subject, Newman [3] examined the common prepositions
beginning with "A." As an example of the lacrge numher of relations in which a common
preposition may participate, at, in Newman's study, is shown as able to describe
fifteen different reiationships between antecedent and object!

The different functions of the preposition are sometimes distinguished in the
goverament listing by simply creating another secondiry pattern,

Thus, hire could be listed as

hire verb S/ for S/ at$
However, for S may be used in two different ways in this pattern.
We hired him for farm work at three dollars an hour.

We hired him for three dollars an hour.

This double usage would be better reflected by creating another secondary pattern for
hire
hire verb S/ for S/ at$
S/ for 8§
Newman distinguishes different prepositional relations by superscripts., Thus the
above pattern might be written as
hire verb 8§/ for2 s/ at® S
s/ for' s
where for and at (hypothetically) possess a spectrum of relationships &nd in this

spectrum
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[01‘2 = reladonship of purposc

relationship of price

for7

ats

relationship of price
This type of nomenclature would permit very precise definitions of the secondary
patterns., Patterns whicl at present appear identical will be seen as distinct. Thus
hire vt S/ forsS
admire vt 8/ for S
might become
hire vt S/for' s
admire vt S/ forS S

(We hired him for farm work. We admire him for his bravery.)

The ideal solution would be to denote each preposition in the government dic-
tionary with a number (as Newman has done) which specifies the nature of the relation-
ship between object and antecedent. Unfortunately, no such complete description of
English prepositions exists. The compilation begun at the patent office was never
completed [4], Therefore, while the importance of prepositional semantics in pre-
cisely defining the secondary patterns is recognized, this feature has not yet been
added to the government dictionary.

Let us suppose, nevertheless, that prepositiona! relationships have been defin:d
(at least insofar as it is possible to do so) and that these prepositional meanings have
been incorporated into the dictionary. Thus for hire

hire vt 8/ forg S/ at5 S

vt S/ for S

.
.
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Such a structure will provide a very precise definition of word-government and will
also provide a data-~-base especially amenable to computer sorting. From such a com-
puter examination, many aspects of word-government which thus far have remained
hidden may reveal themselves. For example, it is the author's intuitive opinion, after
compiling several thousand primaries and their associated government patterns, that
only certain prepositional relationships participate in the government phenomenon.
For example, out of all of at's fifteen meaning-relationships, perhaps only five or six

occur in government patterrs.
7.2,10 Function Words

The specifically named words in the secondary patterns (e.g., the prepositions
as opposed to the substantives) belong to the set of so-called *function words' whose
frequency is so high that they are assumed to be without significance. Function words
have received short shrift from information scientists who tend to regard them as a
noninformation bearing matrix in which is embedded the "'real stuff'' of language. This
view, while popular, is by no means universal. R. Pages [5] has stated ". . .the linking
terms of a message are not simply a sort of conjunctive tissue surrounding the
‘telegram' ... but form a considerable part of its very substance.”

More specifically, Wallace {6) has shown that diffcrences in the frequency rank-
ings of function words and other high frequency words were sufficient to allow the use
of rank order of common words as a satisfactory means of classifying a given corpus
of text as belonging to either the field of psychology or the field of computer science.

Meadow [7] has described a hypothetical processor which, by selecting from a

piece of text the ten more frequent words and then comparing them with a previously
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prepared list of common words for various natural languages, is able to determine the
particular natural language in which the text is written. The comparison list for the
various languages is restricted to certain types of function words — articles, pronouns,
prepositions, and conjunctions,

Bratley and Dakin, at the University of Edinburgh, are working on a limited
dictionary for syntactic analysis, many of whose entries consist of certain verbs whose
government properties are used to detect semantic ambiguities [8].

The phenomenon here called '"word-government" is coming to.be recognized as
vital to an understanding of natural language processing. Thus Pagés has said [5] of
verbal government: "... statistically the verb is a more polyvalent predicate than
other parts of speech (especially adjectives) and extends its influence to a greater
number of arguments. It is perhaps on account of its polyvalence that it generally
carr‘es .,, common indications concerning the whole of the sentence: time, including
time-aspects, character of assertion, modality of assertion, eventual negation ...."

Tesniere [9] has formulated a theory concerning the importance of words in
which words are considered more significant in structurally more subordinate passages.
And this polyvalence, this structural subordination, are in fact generally manifested

by use of certain kinds of function words, especially prepositions.
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Section 8

CONCLUSION

Two principal ideas have been demonstrated. First, there exists a set of
English words each of which utilizes certain associated syntactic structures to convey
its various semantic meanings; because the associated syntactic structures are
signaled by casily recognizable and adjacent function words, these complete structures
may readily be recognized by computer algorithm. Second, the phenomenon of semantic
structures discussed here demonstruates that function words also have a semantic com-
ponent, that they are used by their particular governing word to help the governing
word convey its various semantic meanings. In fact, the use of function words as
semantic discriminators raises a most interesting question: are function words so
common precisely because they are needed by the language to discriminate semantic
meaning ?

As far as practical applications are concerned, the word-government dictionary
should prove valuable to grammariuns, both traditional and transformational, for it is
a rich source of information not generally found in dictionaries., For example, the
government dictionary lists those verbs which, though considered transitive, cannot
be transformed into the passive voice; the dictionary also denotes whether a given
verb's syntactic pattern occurs in the active or passive voice (e.g., amaze + at occurs

only in the passive voice).
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It was, of course, always hoped that the word-government dictionary would prove
useful in natural language processing. The most immediate intended application at
Lockheed Information Sciences Laboratory is to provide Ligh-level automatic indexes.
In such an application, the governing word will be linked, by means of its secondary
patterns, to textual keywords and phrases thus establishing a network of relationships
between the governing word and the keywords occurring in the jovernment pattern,
Beyord this, the word-government dictionary appears to have unique applications in
the automatic rewording of sentences and as a detector and resolver of certain kinds

of sentence ambiguity.
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13 ABSTRACT

Dart I of this report documents several experiments in automatic indexing. Nine chapters,
each from a different technical book were used as the text copies for all the experiments.

In the first experiment, an attempt was made to construct a sentence dictionary of

syntactic sentence types, for distinguishing extract-worthy sentences, but it proved unre-
warding., Alogrithms developed to combine syntactic and statistical criteria in the choice

of extract sentences and index phrases proved more rewarding. Extraci sentences and index
noun phrases from several texts are presented for the reader to peruse. Therz is every
indication that satisfactory back-of-the-book indexes could be produced automatically, with
post-editing to delete superfluous items.

Part 1I reports on the relationship between English word government ana u.. *problem oi multiple
meaning in material language processing. A set of English words is discus.:-d,each of which
has the ability to distinguish among semantic: meanings by the use of certain syntactic units
such as prepositions. Because prepositions play an important role in making semantic
distinctions, a‘section on prepositional semantics is included.
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