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Abstract

Retrieving a most significant paragraph m a
newspaper article can act as a kaind of summanization It
can give the human reader some hints on the contents
of the article and help him to decide whether 1t deserves
a full reading or not It may also act as a filter for a
robust natural language understanding system, to
extract relevant information from that paragraph o
order to enable conceptual information retnieval

Taking a newspaper article and a base corpus, word
co-occurrences with higher resolving power are
identified These co-occurrences are used to establish
links between the paragraphs of the article The
paragraph which presents the larger number of links to
other paragraphs 15 considered a2 most stgmificant one

Though designed and tested for the Portuguese
language, the statistical nature of our proposal should
ensure 1ts portabilaty to other languages

1. Introduction

The advantages of using stanistical methods when
deahing with large volumes of text are known Namely,
their capability of facing any kind of subjects, without
fearing the most baroque syntactical structures, and
always producing an answer which, though varymng n
hability, 1s always more useful than “fail”

The scope of the present work 1s the use of
statistical methods to retrieve a most sigmficant
paragraph in a newspaper article The method we
prapose might help a reader 1n getting a quick glimpse
of the contents of a newspaper and deciing which
articles deserve a full reading It can besides facilitate
searches through journalistic text bases But we are also
interested on pruming the amount of text to be
automatically processed for robust understanding of
natural language This will enable conceptual based
document Tepresentation and conceptual infermation
retnieval (Mauldin 1991)

The process is based on retrieving the
co-occurrences with higher resolving power in each
document, using them to estabhish hLnks between
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paragraphs, and selecting the pa:agraph with more
Links to other paragraphs

Tests performed with the support of a base corpus of
about 500 thousand words were able to identify a most
significant paragraph in 7 out of 10 newspaper articles
We present, 1n annex, the results of some experiments
concerning one of the articles

2. Antecedents

. An 1dea borrowed from Information Retrieval, 1s
that a term will be so more relevaat in a docoment the
more frequently 1t occurs 1n that document, and the less
frequently 1t occurs 1n a base corpus

* Maarek {1992), followming other authors, considers
that using pairs of words as an indexing unit 15 more
adequate to information retnieval than usmg single
words Intmtively, 1t 18 plausible to admit that, for
instance, the pair [file system] 1s far more informative
than the words file and system taken i 1solation
Maarek aims at retneving pairs of lexically related
words In Enghish, 98% of the lexical relations occur
between words within a span of 5 words 1n a sentence,
1 e, the window to consider when extracting words
related to word w; should span from positition w~5 to
w+5 Maarek also defines the resohving power of a pair
1n a document d as

p= -»Pd lOg Pc

where Pg 15 the observed probability of appearance of
the pair 1n document d, P¢ the observed probabality of
the par i’ corpus, and -log P the quantity of
iformation associated to the pair It 1s easily seen that
p wilt be higher, the higher the frequency of the pair 1n
the document and the lower 1ts frequency in the corpus,

which agrees with the 1dea presented at the beginning
of this section '

Church and Hanks (1990) propese the application
of the concept of mutual information

.P(x,y)

I(x.y) = log, m



to the retrieval, 1n a corpus, of pairs of lexically related
words They also.consider a word span of £5 words and

observe that “interesting” patrs generally present a
mutual information above 3

Salton and Allan (1995) focus on paragraph level
Each paragraph 1s represented by a weighed vector,
where each element 1s a term (typically, word stems,
after excluding those 1n a stop lisf) The weight of each
term reflects (as usual) positively its frequency 1n the
document and negatively its frequency in the corpus
Using a measure of similanty between vectors and
applymng a simulanty threshold, one can define which
paragraphs are linked They then consider of central
mmportance the paragraph with the largest number of
connections to other paragraphs

The 1dea underlying the present work was to
integrate these 3 approaches and to apply the resulting
method to newspaper articles, with the purpose of
retrieving, 1n each article, a most significant paragraph

3. The propesed approach

As stated before, the method of Church and Hanks
identifies pairs of lexically related words So, for
instance, the paiwr {conselho seguranga] (security
council), with an associated mutual informition of 5.3,

can be considered as a potential indexing term, while -

the pairr {para al (to the), though 63 tunes more
frequent 1n our corpus, having a mutual information of
0.7, can be excluded We have then a criterion for
exclusion, that dispenses with the need for stop lists,
and that aims at assuring the existence of a lexical
relatien between the words of the remaimng paurs

But not all pairs of lexically related words are good
indexing terms of a document The pair should also
meet the requirement of being relevant m the
considered document The method of Maarek proposes
a measure of the resolving power of each pair m the
concerned document, thus enabling the selection,
among all the potential indexing terms, of those that
are relevant in each document For instance, {estados
umdos] (united states) has a high mutual information
(8 1) but 1t can be of little relevance 1n an article about
the liberation of prisoners by the Serbs of Sarajevo
(p=0007) The expenments carried out pomt to a
threshold of the resolving power around 001 We
consider as relevant in a document only the pairs with a
resolving power above this threshold

When the same parr occurs in different paragraphs
of the same document, links can be established between
those paragraphs At this point, we only consider pairs

that were not excluded in previous steps (mutual

iformation 2 3 and resolving power 2 0 01) Though,
each hink 1s not limited to pairs of words In fact, the
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wider the hink, the higher 1ts relevance Afier
processing a document, we often get overlapping pairs
For nstance, 1n an article where the expression dos trés

‘antigos beligerantes (of the three former contenders) 15

used repeatedly, the following pairs were retrieved

[trés beligerantes]

[antigos  beligerantes)
beligerantes)!

{dos

By observing the overlap of these pars the very
document, a single hink can be retrieved, 1n the form of
the tuple [dos trés antigos beligerantes)

Adapting the method of Salton and Allan, we can
formulate the hypothesis that the paragraph with the
larger number of links to other paragraphs would be of
central importance 1n the document

In summary, the steps of the proposed method are

e1n a base corpus, compute the frequency of each
word and the frequency of each co-occurrence,
considering a window spanmng from position w-5
to w+5,

oto each document compute, similarly, the
frequency of each word and each co-occurrence, '

eexclude, from the co-occurrences identified 1n the
document, those presenting a mutual information
or a resolving power under the defined thresholds
(Ax,y)<3orp<001),

stake the selected pars and group the overlapping
ones, the resulting tuples (pawrs and groups of
pairs) occurring repeatedly n different paragraphs
establish hinks between those paragraphs,

ehypothetically, the paragraph presenting a larger
number of links to other paragraphs will be of
central importance in the document

It should be noted that this preposal, compared to
Salton and Allan’s, has the advantages (at least mn
theory) of avoiding the use, always arbitrary, of stop
lists2, and of basing the calculations exclusively on the

" tuples that are relevant i the document, instead of

using the heavy vectors containing all the terms of each
paragraph We don’t have, so far, enough data to make
any claim about the comparative quality of the links

1 paurs {trés antigos] [dos antigos], though considered relovant,
didn't score enough mutual information to be selected

2 the relevance of a word depends on the context, so, we prefer
not to a prion exclude any word, by sending it to a stop st In
fact, some of the tuples we retneved as relevant include words
that would otherwise be part of such a list An example 1s the
parr (ndo alinhados] (nonaligned) where the word ndo (not)

though quite significant n context, would be excluded via stop
Ist



4. Applying the proposal

The base corpus was mitially bult with news from
Lusa news agency, 1n a total of 216 319 words Later,

news from "O Pdblico” newspaper (about 90 000

words) and more news from Lusa were added, and the
total reached 537 085 words The consequences of this
enlargement will be discussed 1n the next section

Expermments were made with 10 articles from "O
Piblico", that didn’t belong to the corpus

Both the corpus and the documents were subjected
to a very elementary pre-processing, which basically
consisted of

econverting all uppercase letters to lowercase

e converting all numbers to NUMERO (NUMBER)?

¢ climinating all non -letter characters

Words or co-occurrences not present in the corpus,
if occurring 1n a document, would lead, respectively in
the computation of mutual information or resolving
power, to dividing by 0 or to log2 0 To prevent this

situation, 1n such cases, and only for calculation
" purposes, the document is added to the corpus By
doing so, though, the mutual information becomes
- overestimated For instance, the pair [na eslavdéma] (1in
slavoma) occurs 3 times in an article As eslavéma
doesn’t occur 1n the corpus, the article 18 added to the
corpus, for calculation purposes only concerning this
pair The result 1s the presupposition that, despite the
quite low frequencies of eslavémia and [na eslavomal,
almost every time the word eslavémia occurs 1t 1s
preceded by na, the mutual information of the pair
being then artificially raised

To overcome this overestmation, 2 additional
mutual information thresholds were defined
~ e1f one of the words (or both) doesn’t occur 1n the
corpus, 1t must be I(x,y) 2 10,
-.e1f both words occur 1n the corpus but they never
co-occur, 1t must be I(x,y) = 8

These limts are not definitive They were suggested
by the experiments carried out, which were though too
few to ensure their defimtion with certainty

- The articles analyzed in those expermments are 1n
average 500 words long Pre-processing and frequency
calculations are obtamned through gawk commands
(Unmx) The calculations of mutual information,
resolving power and the filtening of co-occurrences
through these cnteria are mmplemented mm C

3 the choice of reducing all numbers to NUMERO has to do with
.the kind of documents under study, In texts about law, for
instance, the distinction between Law 12/86 and Law 47/95
may be important

Nevertheless, given the experimental nature of the
system, optimuzation was no main concern Searches in
the file containing the co-occurrences of the corpus
(22 MB) are sequential, this source of mefficiency
being only pallated by previously sorting the

. co-occurrences by decreasing order of probability In
what concerns the article presented in Annex A (441
words), pre-processing, calculation of frequencies and
sorting takes about 5 seconds The calculations
nvolved 1n selecting and sorting co-occurrences take
‘about 8 munutes* By the characteristics of the
implementation, this last tume 1s directly proportional,
among other factors, to the amount of words n the

~ corpus and to the amount of unknown words that occur
1n the document

Out of the 10 articles that were analyzed, the
method we propose achieved the identification of the
most significant paragraph m 7 and was clearly
mustaken 1n 1 In the remaining 2 articles, there doesn’t
seem to be, mtuittvely, a most representative paragraph
This wntmtion 1 the evaluation of the results 1s
necessanly subjective :

Notwithstanding the very small number of articles
mnvolved 1n this test, 1t may be curious to compare our
results with those that would be obtamned by just
picking up the 1® paragraph of each article, or even

both the 1% and the 2™ paragraphs

8t,
# of articles vrovesal | 18 ‘23‘;
retrieves a most
sigmficant § 7 > 6
existance of a most. 2 2 2
| _signuficant § 15 not clear
the § retnieved 1s not a 1 3 N
most significant one :

5. Discussion of the results

The proposed method ignores a series of basic
questions, namely

Lemmatization

All the calculations are made without any attempt of
unifying plural forms with singular forms, different
conjugations of a same verb, etc Nevertheless, 1t
doesn’t look clear that new links, obtained by grouping
words that, though sharing a common stem, were 1n
fact used 1n distinct forms, will necessarily increase the
performance of the system Wounld 1t make sense to
unify tribunal de familia (court that deals with family
cases) with tribunal famihiar (famihar court)? And

4 ymes measured in a DECstation 5000/200
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diretfos do homem (human nights) with direifo dos
homens (law of men)?

~ Anaphora resolution

Though the umfication of the anaphor with the

antecedent, 1In most cases, makes obviously sense,
anaphora resolution would require a complete analysis
of the text, totally outside the scope of thus proposal
Curiously, 1n the only experiment that was made of full
anaphora resolutson, the number of links between
paragraphs substantially increased, but the paragraph
retrieved as most significant - the first - was no longer

the one obtamned by intuition - the second’ - (refer to-

r¢su1ts m the annex )

Unification of synonyms, hyponyms, hyperonyms

The same arguments presented about lemmatization

can apply here The expermment of umfying nitials
with full names - eg ONU ¢« Nagbes Umdas
{UN ¢ Unmnted Nations) - stmple to do wath the belp of
a thesaurus, gave simlar results to those of applying
anaphora resolution

Size of the co-occurrence window

The window spanming from position w-3 to w5,
defined for Enghsh language, may be not the most
"adequate to Portuguese No further expermments were
performed with other sizes of windows

Indexing terms

The resolving power criterion aims at assuring that

the seiected co-occwrrences are relevant m the

document being analyzed A manual indexing could,

nevertheless, choose other terms, possibly even foreign

.to the document In fact, 1n an article describing a coup
there may be references lo derrube de governantes

(overthrowing of rulers), tomada do poder (taking the

power), without any explicit occurrénce of thc

“expresston golpe de estado (coup)

We present, 1n annex, the results of processing a
docurnent using the mmual corpus (216 319 words) and
the augmented one (537 085 words) In what concerns
the co-occurrences that were selected as establishing
hinks, one can notice the exclusion of [da ONU]} (of the
UN) 1n the 2nd case (in the 1st case 1t already presented
a mutual information very close to the threshold) All
~the other selected co-occurrences remam, and ther
ordering m terms of resolving power 18 also preserved
The paragraph retricved as central 1s the same Both

5 n fact, in this article, central mormation seems to concentrate .

m the 2 inial paragraphs, the 2nd reflerating most of the
formaton introduced by the 1st Tha 2nd refers the 2 actors
{UN and NATO) whose achons will be analysed fatter This
may suggest some preference aganst the 1st Anyway, sach
one of these 2 paragraphs can be conswlered as
ropresentatve of the text
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corpora are though quite small Nothing mndicates that -
the results would stand a more substantial increase of
the corpus

We also tned to ﬁnd out how far wtab,hsﬁmg hnks
could help 1n identifying a structure of the text The

" structures cbtamned, by connecting iteratively each new

paragraph to the one with more links 1n common, are
not conclusive In some cases they are close to a
possible mtuitive structure of the text, while 1n other
they diverge considerably The structure obtamned for
the text in annex was among the most plausible '

6. Conclusion

The methodelogy we- propose integrates the
concepts of mutual information associated to a parr of
words, resolving power of that parr 1 a document and
estabhishing of lmks between paragraphs of a
document, with the purpose of retrieving a most
representative paragraph

The methods we use are purely stabstical
Nevertheless, notwithstanding therr simphicity, the
rough sumplifications referred 1n the previous section
and the exiguousness of the corpus, the results seem
quite interesting The hability of these results 1s though
hmated by the amount of tests that were performed and
by an evaluation based on the wtwition of the anthors

Probably, an increase of the corpus and the
refinement of the process with some, even elementary,
lingrustic criteria, would benefit the performance

Though designed and tested for the Porfuguese
language, the statistical nature of this methodology
should ensure its portabihty to other languages
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-Annex A - Results of the experiments, relative to one of the target newspaper articles

Full text of the article, the selected co-occurrences (relative to the larger corpus) are underlmed

Capacetes azms vio ser protegidos pela NATO
ONU aprova nussgo na Eslavéma

O Consctho de Seguranca da ONU  decidm
segunda-ferra & noite estabelecer uma admimstragio
transitéria, apolada por uma operagio de manutengio
da paz, na regifioc da Eslavéma Onental, fltimo
terrtério no mtesjor das fronteiras admunistrativas da
Croicia amda controlado pelos ndependentistas
sérviog

Para a mussdo, com a duragio prevista de um ano,
¥80_ser dispombilizados inicialmente até cinco mul
capacetes azms, com regras de envolvimento limitado
mas que poderdo beneficlar de uma protecgio da
NATOQ Esta operagdo, j4 designada "Admunmistragio
Transiténa das_Nacdes Unidas para a Eslavéma
Orniental” (UNTAES), for aprovada por unanuudade
pelos 15 membros do Conselho de Seguranca

Trata-se da primera decisio concreta para a
aphcagio do plano de paz destinado a esta sensfvel
regiic da Crodcia que faz frontewra com 2 Vorvodina
sérvia, apds o acordo do passado dia 12 de Novembro
entre 2 Croficla e representantes dos sérvios locas,
conclufdo 3 margem das conversagbes de Dayton
(Estados Umidos) sobre a Bésnia-Herzegovina

A admimistragfo transiténa da Eslayéma Oriental -
atravessada pelo Dantibio, himate natural entre a Sérvia
¢ a Crodcia e o grande eixo fluvial da regifo, incluindo
nas ligaghes com a Hungria - var ser confiada ao
diplomata norte-americano Jacques Klesn, antigo
oficial da Forga Aérea dos EUA ¢ que se tornard numa

(O Pubhco, 17Jan96)

espécte de "governador” deste férul termiério, cerca de-
cmnco por cento da superficie da Crodera Na quabidade
de admimstrador provisério, Klem- possu autoridade
méxima sobre as componentes civil e militar da oy
daONU :

Desde meados de Dezembro que 2 ONU ¢ a NATO
decidiram "repartr” a sua mtervengiio na ex-federagfio
jugoslava A Alianga  Atldntica  desempenha
actualmenté uma fungSo determinante na Bésnta, ao
dmgr a operagdo "Esforgo Concertado”, enquanto a
ONU mantém o comando das operagBes na Crodcia e
Macedéma Esta decisdo do Conselho de Seguranca pde
oficialmente termo & fracassada Operagio das Nacdes
Unidas para o Restabelecimento da Confianga na
Crodca (ONURC), cujos efectivos foram retirados na
sua quase totalidade durante o ano passado, na
sequéncia das ofensivas malitares croatas na Eslavéma
Ocidental, em Mao, € na Krajmng, em Agosto

Nos termos do acordo assinado em Dayton, esta
regido deverd ficar totalmente desmilitarizada 30 dias
apés a nstalacio efectiva no terreno da forga da ONU,
¢ prevé-se um perfodo de transighio méximo de dois
anos, findo o qual & regiio deverd regressar 80 controlo
efectivo da Crodcra Para os especialistas militares das

Nacdes Unydas envolvidos nesta operaglo, a tarefa mats
dificil consistird em convencer 0s cerca de 20 mul

milicianos sérvios fortemente armados a entregarem as
suas armas e aceifarem o regresso da astonidade de
Zagreb A regifo
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Co-occurrences repeated n the document, with I(x,y) 2 3 (possible links)

p

0031037
- 0025119
0025119

0025119
0022752
‘0020184
0019714
0019371
0017277
0017277

0017277

0017277
0 015837
0015168

0 026902
0 026902

0 026902
0 023081
0 020263
0020018
0019778

0019371 -

0 018465
6 015589
0015387

Iy}

3001719
11 344917
*9 70337]

*3 887126

- 5355113

4 854552
8907315
4 967027

10 076007

*4 257144

*4 107468

*3 266078

12 078945
4065371

10 807156
*9 554176

*3 889618
5305673
5054372
9 199451
5095578
6 565658

*4 193060

12 012423
3 317080

p - resolving power
10x,y) -~ mutual information
fa(x,¥) - frequency of pawr X,y in the document
* pairs ehiminated by overestimate adjustment (cf secion 4)

fi(x,y)

5
3
3

w NN N RN WWWWW

w

BN NNDNWLWWW

(0

4474
Q
52

1758
151
1006
35
1006
16
61
1006
561
6

73

143

4352
325
2351
121
2351
54
2351
18
169

1)

99
10
0

g
70
53
7
)

5
T4

0
16
10

354

947

fx,y)

82
0
0

0
i0
37
47
56

SO QO

[ =]

2t
88
106
113

18
21

56

X

da
eslavéma
admimistragao

na
conselho
das
nages
das
crodcia
Tegido
das

entre
capacetes
vio

eslavﬁma-
administragio

na
conselho
das
nacdes
das
crodcia
das
capacetes
vao

y )
ohmn © of the UN
onental East Slavonta
wansnéa  fransiiory
administration
eslavéma i Slavonia
seguranga  Security Council
nagdes of the Nations
umidas United Nations
unidas of the Unmited
s€rvios Croatia Serbs
deverd region should
eslavénia  of Stavortia
crodcia between Croatia
azms blue helmets
ser will be
corpus 216 319 words
oriental . East Slavoma
tansitdna  transitory
admmstration
eslavéma n Slavonia
seguranga  Security Council
nagdes of the Nations
usudas Umited Nafions
unidas of the Umted
- 8ETVIOS Croatia Serbs
eslavéma  of Slavoma
azus blue helmets
Ser will be

corpus 537 085 words

- fo(x) - frequency of word x 1n the corpus
1.(y) - frequency of word y 1n the corpus
f.(x,y) - frequency of pasr x,y m the corpus



Matrixes shovmng the number of hnks between paragraphs, and structures cbtamed by connecting each new
paragraph to the preceding one with more links m common The connections used in the oonstmcnon of the
structure (cf section 5) are s:gnaled inbold face ... .

without anaphora resolution da ONU < das Nagdes Umdas with full anaphdrg resolution

) (of the UN < of the Unuted Nations)
$§ 1 2 3 4 5 6 % § I 2 3 4 5 6 X § 1 2 3 4 5 6 %
1 2i11]1]110{ 5 tp b3 f1j2|21179 1 5 5{4[4]119
212 -10j1]2j1] 6 213 01212111 8 A3 114]313]|16
3(1/0¢-.10]0710¢ 1 31110 0]0}j0}1 3i3|1 1213[3]12
411]110}--1010] 2 4121210 111] 6 415142 214 |17
511]2{0l0f 1| 4 512(2]|0]1 1] 6 5[(41313)12] .j21]114
6(0]1101011 2 6|1]1]0]1]1 4 6413|342 16
 mbwifive structure without anaphora resolution da ONU «» das Nagéies with full anaphora resoluion
1 ! Unmdas 1
"/_.-'1\ g 1 A
2 3 ] 2 3 e
2 2 3 4 5
AN AN 3 |
4 5 4 3 VAN
| 4 3 6
6 I
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