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Abstract The study of automatic abstraciing is a vital and practical informaticn processing task in natural
language processing, and becomes an important problem in domains such as Internet information retrieval. An
approach based on corpus proposed by this paper provides an integestion of the advantages of linguistic analy-
sis based methods and those based on statistics. In essence, the basic idea of corpus-based method is at the ex-
pense of the cost of analysis outside the system to gain the efficiency of the algorithm inside the system. The
algorithm given by the paper implements both keywording and abstracting while the former is based on a hier-
archical dictionary and the latter on the corpus.
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The study of Automatic Abstracting is a practical but difficult branch in Natural Language Processing. and
becomes an important problem in domains such as Internet information retrieval. Its aim is to cover the full
‘source text’ of a document and generate a brief and hopefully intelligible statement frem i1,

In fact. the research of automatic abstracting began in as early as 1530s. The first experiment on automatis
abstracting was reported in a paper by H. P. Luhn published in 1938, All subsequens work reporied uwp tu
about 1970 was based an Luhn’s ideas and relied mainly on the word-irequency methods!™?while the later worck
was based on the clue phrase methods'®*) and methods using domain-knowledge™™* or based on natural lan-
guage understanding™™.

Obviously, abstracting methods cennot rely simply un gross siatistical evidence, and it is gradually desired
that they can rake into zccount the syntactic and semantic characteristics of the language and the text, Unfortu-
nately, abstracting method based on linguistic analysis is usually time-consuming and then not sujtable to be
used by practical systems at present.

The merhod based on corpus proposed by this paper provides an integration of the advantages of the meth-
ods based on linguistic analysis and those based on statisties, First, the processing of the corpus is separated
from the run time of the system, and then the syntactic and semantic analysis can te conelucted deeply withaut
impairing the performance of the system. Secondly, the statistical evidence extracted fram the analysis of the
corpus supports the suceinctness and efficiency nf the ahstrarting algorithm. Thirély. Natural Language Pro-

cessing Engineering including automatic abstracting needs the support {rom the analysis of realistic language
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material.
In essence, the basic idea of corpus-based abstracting method is at the expense of the cost of analysis out-

side the system to gain the efficiency of the algorithm inside the system.
1 Overview of Automatic Abstracting

1.1 Extraction-based abstracting

Research of autometic abstracting up to about 1970 was concerned with methods for producing extracts.
that is, sets of sentences selected to provide a good indication of the subject of the document. The general ap-
proach is to examine each sentence, locking for clues to its importance; to compute a score for the sentence
based on the clues found; and then either to select all sentences whose score exceeds some thresheld, or to se-
lect the highest scoring sentences, up to a certain total. The sentences are then printed in their order of occur-
rence in the original rext.

Many distinct types of clue to sentence significance have been tried, for example, the frequency of key-
words, the title keywords, the location of sentences, syntactic criteria, the cue in the sentences, the relation
criteria, and so onf"/,

Relizble automatic abstracting methods, hawever, must take into account the syntactic and semantic char-
acteristics of the language and the text. They can not rely simply on gross clue evidence of sentences.

1.2 Artificial intelligence based abstracting

Artificial intelligence based or linguistic approach performs a full syntactic (even semantic) analysis (a
parse) in order to join the individual words of a sentence into phrases, phrases into clauses, and so on, In prin-
ciple, a compact representaticn of a document could be achieved using a combination of syntactic and semantic
criteria.

A full analysis generally requires extensive or detailed semantic knowledge to be handled explicitly. For in-
stance, DeJong’s FRUMP system[® analyses news articles by instantiating slots in one frame of a set of prede-
fined frames. When the analysis is completed, a script is used to generate & summary of the information held in
the relevant frame. In Rau’s SCISOR system™, detailed linguistic analysis of a text (or indeed of several inter-
related texts) results in the construction of a semantic graph, which is convenient for intermediate storage. A
natural language generator may then produce summaries from the stored material.

It must be understood that these abstracting systetns are oniy capable of processing texts within a very nar-

row domein, whose characteristics are predictable and well understood.

2 Design of the Algorithm

The algorithm given by the paper implements both keywording and abstracting while the former 1s based on
a hierarchical dictionary and the latter on the corpus.
2.1 Keywording

The basic method of keywording in our system is using a hierarchical dictionary to classify the document T°
within a domain D, and then selecting the key words of the document depending on their importance to the do-
main I} and the document T.
2.1.1 Hierarchiczl dictionary

In the hierarchical dictionary used in our method, the classificatior of a word w within all the domains Dy,
D;,... D, 1s described as follows:

wil(Dyvg) s (Dyagidee e s (D) b (1)
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where D; denoting a domain is a real number whose integer part Hierarchical
denotes the super hierarchy and decimal part denotes the sub-hier- - Key wording|” mf??onary
Documents ! Index Base

-4 Abstract Corpus

Fig.1 General swucture of the algorithm

archy. For example, the domain computer nerwork is 11. 12 where
11 represents the domain computer. g; denotes the belief of the

I
classification of w within the corresponding domain and

_F. Do
gi= Flw) '

where F.(D;) is the frequency of w within the documents of domeain D, and F (w) is the frequency of w within

2

all documents.
Or g: can be determined by the occurrence of w in corresponding dictionary I,
0, if 7 doesn’t oceur in the dic. D,
g:=<1, if w aceurs in the dic. D), only; (3>
#, if w occurs occurs not only in the die. D,
Here 0<a={1.
2.1.2 Classifying the document
Assuming the document 77 is a set of words oecurring within it, that is
T =20, :wss.ev 2 W} (4)
then the classification of T into domain D; is determined by the classification of w; into D;, and is described by
G,
2 (8w (DX N(w))
G== ) (5>
Z Nw,)
=1

where N () is the number of cceurrences of word w; within the decument T.

2.1.3 Weighing the words

As Luhn stated in one of his early papers™!, the frequency of word occurrence in an article furnishes a use-
ful measurement of word significance. It is further proposed that frequency data can be used to extract words to
represent a document. In our method, the information of domain is also considered besides the frequency to de-
termine rhe weight of words.

Therefore if the domain of the document is £, the weight of word w,; (0<Cfs<{m) is described by Wg (ze:) :

Tg (i) = g, (DD XN () s (87

where g, (D) is the classilication of w; in D.

Finally select the words with n-highest values of Wg (1,) as the keywords of T.
2.2 Absiracting

There are three main steps in abstracting: (1) analyzing materials in the corpus and extracting the statistic
information, 2} determining the weights of sentences in the document, and (3) generating the abstract. The pro-

cess is shown in Fig. 2.

Analysi
mechanism

Key words

T '
—= Smfal }—A’Documen%’(}eneraﬂonFAbstract

Fig. 2 Corpus-based abstracting

In {act, step one is separated from the algorithm and is included here to describe the algorithm clearly.
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2.2.1 Analysis of materials in the corpus
The corpus used includes 2 000 abstracts (and corresponding documents) of technique reporis or papers,
totally about 280 000 words, and 140 words per abstract. The analysis of the corpus consists of three steps:
(1) Extracting ‘abstract words” (depending on their occurrence frequency mainly). Abstract words includ-
ing abstract verb, noun, adjective, adverb and phrase are those having nothing to do with the specific subject of

the document, but commonly accompanying explicit statements about the subject.

Table 1 Occurrence times of several common abstract words

Abstract words Attribute Occurrence times
deseribe verb 596
include verb 369
address verb 04

goal noun lic
approach noun 207
effort noun 86

in detail phrase 24
based on phrase 222

be compared with phrase 64

Abstract verb: There zre about 100 abstract verbs, including scme verb phrases such as account for, at-
tempt to, consist of and so on. The verbs with high frequency include describe, include, show, pre-
sent, introduce, review, propose ete,

Abstraet noun ; These nouns consist of paper, repoert, thesis, project, effort, etc. which denuvte the docu-
ment itself, and purpose, goal. result, feature, advantage, etc. which denote the features of the docu-
ment.

Abstract adjective (adverb): New, mejor, important, brief, and rapidly. particularly, significantly and so
on.

Abstract phrase: For example, in contrast 1o, in order to, in detail, in particular ete.

(2) Forming ‘sbstract items’. This step is changing abstract words depending on their syntactic and se-

mantic characteristics and then focming the corresponding abstract items, For example,

(@ absirace word ‘include’ must be changed to abstract items ‘include (s)(41", ‘be included” and ‘includ-
ing’ for these different items have different weights;

@) abstract word ‘give’ is changed to ‘he given’ only and deleted witl ‘giving®, ‘gave’ etc. for the latter
ones are sementicaily less important to the abstract than the former one;

(@ abstract word ‘describe’ directly forms the irem ‘describe’ without any change for any forms of ‘de-
scribe’ are semantically important to the abstracts.

(3) Determining the weight of the ahstract items.

Let the weight of zbstract itern o be W, then

N,(A)
N.(DY'

where N, (A4) and N, (D) respectively denote the occurrence times of v in al! abstracts and all documents.

W= 7

Several common abstract itemns are listed in Table Z 1o show that the weight of an item is decided by its oc-

currence times in both the abstracts and documents.
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Table 2 Comparison of weights of several common abstract items

Abstract items Nu(A) N (D Weight of ircms
describe® 596 655 0.91
be given 287 338 0.85
be mcluded 83 80 0.79
include (5)(d) 199 398 0.50
including 107 497 0.21
be presented 508 A65 0. 0¢
propose” 180 202 0. 89

In Table 2, verh™ = {(verb, verb-ing, verb-s, verb-ed, verb-en) . verh™ =werb® — || {verb— noun!. For exam-
ple, propose” includes propose, proposed, proposes and proposing while describe” includes describe, describes.
described . describing and description.

2.2.2 Weight determination for sentences

The aim of determining the weight of sentences is to select the ‘key sentences” from the document. The
key sentences can be defined as the sentences reflecting the main subject of the document, or with a close rela-
tion to the main content of the document. The former ones usually include abatract items while the latter ones
include keywords of the document.

Therefure, the weight WS of a sentence s; in the document T can be described as follows;

WS ()= 2IW Ge3 - W, (kD ®
where W(w,) and Wg(k,) denote respectively the weight of abscract item t; and that of key word £, in the sen-
enee.,

Based on above calculation, a key sentence 1s defined as the sentence whose weight is not 0.

In fact, the location of the sentence also influences its weight. In view of the essential difference berween
the location weight and the word weight of a sentence, the influence of location over the weight of the sentence
15 reflected within the process of abstract generation.

2. 2.3 Generation of the abstract

Generally speaking. the sentences within text parts like ‘introducrion’ or ‘conclusion” are usually more
important to the subject of the document than others. And the first or the last sentence within a paragraph is
usually the mast central 1o the theme of the document. In our system, the information of the relative location of
the sentence is reflected in the generation of the abstract.

First, if the document includes the parts like ‘introduction” or ‘conclusion”, then select the sentence with
the highest weight in turn within these parts until the length of the abstract L is reached.

Else calculate the average p of the weights of all key sentences, and select the first or Lhe last sentence
within every paragraph with a weight more than p unti the length of the abstract L is reached. If the length of
the result abstract LA is still less than L, then select the L-LA key sentences with highest weighrs.

All selected sentences are then printed in their order of occurrence in the original document, The length of
the absiract is decided by the compression ratio and specified by the system or the user.

2.3 Algorithm

The algorithm for abstracting {including keywording) is given in Table 3.
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Table 3 Algorithm for keywording and abstracting

input; the document T, the length of the abstract I;

output ; the set of keywords Keyvwerds, the abstract Abs;

for every domain 1;, calculating the elassification G of T in Di:

for two highest values G, and G, if Gi2»G,, then Domain (1) :=D;;

else if |Di|=|D;| then Domain (T);= |Di|;

else Domain (T) . ={D;sD;};

for every word w;, calculate the weight Wg{w:) depending on the Demain (733
Keywords = {w;|Wg(w:) > threshold} ;

if T includes the text part ‘introduction’ or ‘conclusion’ , then Scope; = {introduction, conclusion} .

NS U R W

for every sentence 5; it Scepe, calculate the weight WS {s,), and go to (12);

else Scope : =T, for every sentence s; in Scope, calculate the weight WS(s);

9. for key sentences £5;s£52s... 1 Bsps (WS (Es) 20, 1555 p), calculate the average Ave of ks (15155003

10. for every sentence Zs; being the first or the last one of paragraphs; if WS (/50> Ave, then Abs:=Abs U {ls},
Seope. =Scope— Abs; if Length {Abs)<L and Scope7=@. then goc tc (11), else go to {12):

11, Abs:=Abs{ {5 |WS(s)=Max(W8{s5,) ), 5 Scope|, Scope;=Scope— {51
if Length({Abs)<CL and Scope7¢, then go 1o (11D, else go o (12,

12.  for all sentences in Abs, print them out in their order of occurrence in T,

o

3 Conclusions

In fact, the automatic abstracting system described by the paper is one part of the system MIIRPS whose
main aim is recognizing, classifying, abstracting, translting and managing the Internet information. Within MI-
IRPS, the Information Recognition System transfers the HTML files into pure texts, so the abstracting system
is concerned with the pure text (sometimes including the location) information only.

The algorithm given in the pzper implements both keywording and abstracting while the former is based on
a hierarchical dictionary and the latter on the corpus. It is hoped that the work described here can contribute a

little to the research of Automatic Abstracting, Internet IR, Databzse Managing, and Library Digitizing.
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