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Abstract a structural way. It is this structural representationheat

than the apparently random tokens in the text, to make the
formation of belief, propositions and reasoning possible.
Unsupervised learning of the relations from text seems to

This paper presents a framework using Encyclopedia
texts to induce and generalize entities and relations ex-
isting in the corpus so that the extracted elements can be

used for processing more general text. We begin with be a good starting point of the previously stated difficul-
the general description of the sense model of the cor- ties in building comprehensive knowledge systems. Cur-
pus. We then formalize the approach of automatically rent state-of-the-art unsupervised learning methodohagy
extracting and structuralizing entities and relationsfro made some progress in this direction (Smith & Eisner 2004;
the corpus. Widdows 2003), but the major problem of overfitting and
unbounded error hinders the direct application of thisfear
Introduction ing approach.

I . . ) On the other hand, supervised and semi-supervised learn-
Reading is the universal method of working with texts and a ing have demonstrated the potential of exploiting the cor-

way of acquiring knowledge. In many subfields of Al such 5 with pre-tagged relations to enable a machine to dis-
as automated reasoning, knowledge representation and reagyer a large set of relations. (Zhao & Grishman 2005:
soning, *knowledge” are the major ingredient in building @ = chenet al. 2006) Existing works have shown that using a
machine with plausible reasoning mechanism. By building large data set such as the web corpus is able to obtain a huge
a coherent set of beliefs, reasoning can then follow. EXiSt- e of relations for applications such as web search. How-
ing approaches, in which the knowledge experts codify the oyer, the relations extracted are not structured and lazk th
knowledge and manually or semi-automatically enter into  jy«er_relationship. Also, it is still quite a challenge tteact

the system, seem to be the most intuitive way to build up & re|ations from text due to the inherent complexity of the nat
knowledge system from scratch. However, inconsistency in ;4 language. These complexities, such as anaphora, quan-
the knowledge from the experts, inconsistency of the back- ification, unbounded dependencies and in addition, noise

ground theory and the semantics of the formal logic frame- i, he Janguage data, make the process of building relations
work and the worst, the tremendous amount of labor hour .o the text more problematic.

in coding knowledge seems to be the bottleneck of making ¢y rrent NLP research and computational linguistic researc
the general knowledge system become a reality. Of course, yoyide an insight and formal model in explaining various
the most obvious solution is to let the machine “read” by it- types of linguistic phenomena. (Bresnan 2001; Pollard &
self, extract the knowledge codified in the texts and gather a Sag 1994) This explanatory power can provide’ part of the
coherent set of entities and relations from the texts automa  go|ytion in which the text, in syntactic form, is translated
ically. . . into semantics. In this paper, we demonstrate the feasibil-
When the machine reads the text, it has to form hypothe- i of ysing the linguistically sophisticated frameworkithw

ses about the relationships of different entities andimiat appropriate training data using an emerging corpus, talbuil

from the texts. Technically, it can be thought of & pro- ;'3 set of relations that in a sense, to structuralize the way
cess modeling a number of relations so that the concept ho machine may perceive the possible world.

and possible world coded by the text can be represented in Tpig paper is organized as follows: The next section con-
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of machine reading. One approach is to extract general rela-
tions and knowledge from Treebank corpus (Schubert 2002)
using pattern matching. The corpus is first parsed using a
statistical parser trained by the corpus. The resultinggmr
are matched against some hand-built patterns to extract the
predicate-argument relations of the sentences. Howeser, u
ing simple parse trees ignores the inherent complexities of
natural languages. Another method is to use psycholinguis-
tic motivated resources such as WordNet to extract and ex-
pand the set of relations (Cladt al. 2006) to facilitate
other inference tasks. Though it also gathers relations and
tries to form a set of proposition for reasoning, the target
corpus is not the general natural language text. The goal of
this work deviates from the goal of machine reading. Also,
it is doubtful whether the simple pattern matching in exttrac
ing and expanding relations in WordNet can be extended to
more general texts in which the genres and writing style vary
greatly.

The general goal of complete machine understanding and
reading is still far beyond the current theoretical analgsid
computational capabilities. Recent development in compu-
tational linguistic, availabilities of new types of corplis-
guistic and knowledge resources and advanced in machine
learning, however, can have the potential to stretch the en-
velop of the state-of-the-art development of machineteela
language tasks.

In this paper, we advocate that a plausible approach in en-
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Reading

From Wikipedia, a free enciclopedia witten in sitmple English for easy reading.

| change this page [ higtory 1

Reading Is a town in Berkshive In England - see Reading {town).

Reading is away of getting information from something that is written. Reading invalves r
symbols that make up a language. Reading and heating are the two most common ways

information. Infarmation gained from reading can include entertainment, especially when rt
change this page histary

Yriting

From Wikipedia, 2 free encyclopedia witten in simple English for easy reading.

Writing is the act of recording information on a mediurm so that it may be read by others o
time.

The mediurn is usuzlly paper, though other permanent media, such as cloth and clay can

Terporary media such as television and movie screens can also be used to display writin
article | tak | | changethis page

Language

From Wikipedia, a free encyclopedia written in simple English for easy reading.

[ history |

Sorne people have tried to explain "language® in many ways. for example:

1. away of telling about things, actions, and ideas
2. aset of meanings common to different people
3. aform of thinking

4. symbols implying actions or inactions

5. any way of communicating

but human language is the key meaning of language’

abling machines to process texts generally is to “guide them Figure 1: Sample entries extracted from Wikipedia,
to read”. This means that we are neither giving any non- showing some of the link structures between “reading”,
arbitrary reading items to the machine to train them to au- “writing” and “language”.

tomatically extract the relations from texts, nor provigle
tagged corpus with pre-defined tags for the machine to learn

and extract relations. Instead, we are relying on some new Encyclopedia Text

type of corpus such as encyclopedia in which the texts are Encyclopedia texts provide hints and suggestions to the
tagged based on the sense relation. By exploiting the link- relationships between entities and relations to the world.
ages between different concepts in the encyclopedia, the ma They act as a foundation in which further information

chine gradually gathers a set of linkages relating diffeiren

between entities and relations can be generalized. Thés typ

dividuals and properties in which the machine perceives in of texts has the following properties:

the possible world, mirrored by the encyclopedia. To enable
the machine to “read”, rather than extracting relationgdas

1. Partial Sense Linkage: The texts are partially tagged

on the surface word orders running in natural language text, with relationships. Given a sentence within the text coypus

we have to rely on some sophisticated computational lin- some words within the sentences are linked to the senses in
guistic approach; HPSG (Pollard & Sag 1994) framework is which the words represent. The linked sense may be other
chosen as the major vehicle in converting the sentences into essays or paragraphs containing more detailed semantic
semantic representation due to its wide empirical coverage description of the given word.

Though the resulting group of relations is based on some

predefined corpus of encyclopedia, we believe that the rela- 2. Linkage Granularity: The links pointing to the targeted
tions learnt can be easily applied and extended to the other senses from a word should contain only that information
texts. about the senses, irrelevant information should be avoided

Characteristics of Text Corpus One recently available online encyclopedia is Wikipedia.

In this section, we explain the mechanism in which the rela- The senses are tagged and the link contains only the
tionships between entities, relations existing in the jbiss information about the sense as shown in Figure 1. In this
world can be extracted, induced, and generalized from En- paper, we will focus on the sense linkage inherited from the
cyclopedia texts. The generalized entities and relatiams ¢~ Wikipedia to induce and generalize entities and relations.
then be applied to other more general texts so that the whole

set of entities and relations within the possible world as pe Sense M odel
ceived by the reading algorithm can be expanded when more The sense model describes the macroscopic relations
text is being read. between different senses, pages and paragraphs within the



corpus. It also provides the mathematical foundation in de- Reading

scrlblng the mechar_llsm of entities and I’e'E_ltIOﬂS |nduct|_on From Wikipedia, a free encyclopedia witten in simple Enghsh for easy reading.

In the encyclopedia, each page describes a particule

concept in which the words represent. Each particular pag Reading 15 also the name of towns in Berkishire, England and Peonsylvania, US4,

can be thought of representing the sense of the word. [ -3¢#feadng ftown] and Reading {Pennsyhanie)

any pages, there are a number of paragraphs, describing Reading i a wiay of getting information from something that is written. Reading invalves recagnising

particular aspect of the senses. In each paragraphs tleere ¢ the symbals that make up a language. Reading and hearing are the two most common ways to get

a number of sentences where in some of these senténces | infarmation. Information gained from reading can include entertainment, especially when reading fiction
L . . ! lar hurnor,

words within these sentences are tagged with relationship =———=

to the other encyclopedia page These relations can b Reading by people is mostly done fram paper. Stone, ar chalk on a blackboard can also be read.

summarized as follows: ’ Computer displays can be read.

Reading can be something that someone does by themself or they can read aloud. This could be to
L benefit other listeners. It could also be to help your awn concentration.
Definition 1: (Sense Model) oy

Proofreading is a kind of reading that is done to find mistakes in a piece of writing

Given a sensg;:

pi = <{paragraph;;},{insense,}> See also (edi]
paragraph;; = {sentence;jr} » Book
sentence;jr, = < {wordijrm}, {relation,} > e
Figure 2: Sense model of the entries of Encyclopedia, show-
ing the relationships between page, paragraphs, sentences
For a wordword,jm: and words
U}O’f'dijkm = DPm, if a link eXiStS, pointing from the For the paragraph:
current sensg; to the targeted sengg,. And, paragraphy; =
) < {sentenseiiu, ..., sentencei14 }, {relation, } >
word;jxm = 0, otherwise. paragraphys =

< {sentenceia1, sentenceias }, {relation,} >
paragraph;; The paragraphs within the sense
sentence;ji,: The sentences within thewragraph;
word,;km:  Words within the sentences.
relation,: Relations extracted from the senteneetence;;y.
Detailed description on this attribute

will be given in next section.
insense,: The set of senses pointing from Our Proposed Framework

other senses to this sense. Our proposed framework consist of three main phases: ex-
traction, induction, and generalization.

For the page:
p1 =
< {paragraphii, paragraphiz, paragraphis, {insense,} >

Example Consider the example in Figure 2, there are EXxtraction
three paragraphs within the sense “reading” and ten senseThe first stage involves extracting the static relationsnfro

links within these paragraphs. the corpus. The relation is static as it only contains thalloc
information of the relation, without linking to the other
Letp; be the sense of the page “reading”. _ entities and relations within the corpus.
sentenceir =< {Pinformation, Dwritten}, {relation1} > \ye adopt the feature structure notation to describe thietrip
0, if otherwise due to the underlying extracting mechanism from linguistic

sentenceyiy =< {Psymbols: Planguage +» {relationg} > framework. However, any notation that shares the following

0. if otherwise mentioned properties can also be used.

sentenceins =< {Phearing }, {relations} > Definition 2: (Extraction Structure Model)

0, if otherwise Given a sentenceentence;ji, € paragraph;;, the relations
sentencei1s =< {Dentertainment, Pfiction } {relations} > are extracted withelation, as shown below:

0, ifotherwise <<

sentenceior =< {Ppapers Pblackboard }» {Telations} > relation;

0, if otherwise argroley : entity,; word;y : words;
sentenceizs =< {Pcomputer }, {relationg} > argroles : entitys; words : words;

0, if otherwise argroles : entitys; words : words;

>>



The relations mentioned are extracted from the parsing
result of the HPSG framework. The relation tuple is resided
in the SEM content of the feature structure of the parsed
sentence.

Example Consider the entry in Figure 2. For the first
paragraph, “Reading is a way of getting information from
something that is written. Reading involves recognisirig ..
some of the resulting static relations extracted are:

<< is;argroley : Wreading; argroles : t1,argroles : ta >>
t1 :<< get;argrole1 : Winformation >>

t2 :<< is;argroley : something;

argroles : Wyritten >>

<< Recognize;argroler : Wreading; argroles : tz3 >>
t3 :<< make;argrole:r : Wignguage >>

<< Get; GTQTOlel * Whearing; 117"97"0162 . Win formation >>

<< include; argrole; : ta;argroles : Wentertainment >>
ty :<< Gain;argrolel : Winformation;
argroles : Wreading >>

These extracted relations represent the local relatipsshi
between the entities and relations within the sentences. In
the extracted relations, there are some parametet likeat
represent the case in which a relation fills the role of other
relations.

Induction

After extracting the static relations from sentences, e n
step is to link the different entities and different relatio
from the extraction phase.

The most intuitive approach is to find all the relations and
entities with the same name and linked them together.
However, this approach does not work. Like normal texts,
the texts within the encyclopedia also contain incoherent
relations in which the same set of entities exists in a mutual
exclusive set of relations. For example, it is common to have
3 entities named;, es, e3 existing inrelation and negation

of this relation. This is due to the fact that the encyclopedi
texts are edited by different authors and at different imsta

of time and space. Thus, they may not use the completely

Algorithm 1: (Induction Phase)

Letrelation = ()
Givenp; =<{paragraph;;}, {insense,}>
Letrelationse r = {Relation Extracted from; }

ForVinsense € insense,,
ForVword.gys € sentenceqg
andsentenceqp € paragraph
andparagraph € insense
andwordagys = pi
Generateelationne, from sentenceqssy
If relationye., is consistent withe € relationge
relation = relation | relationeq,
setrelationney.argrole, = p;
end if
end loop
end loop

Figure 3: Algorithm description of the induction phase

as shown in the previous section. The newly generated re-
lations will be compared against the set of relation induced
for the current entry by the level coherency. This step is
necessary as the texts within different entries may contain
inconsistent information and relations. The filtering siep
performed to minimize the level of inconsistencies within
the set of relations. The appropriate argument role of the
newly generated relation will be set to point to the current
entry. The resulting grouprelation, contains a coherent
set of entities and relations as induced from the encyclope-
dia.
The level of consistency is measured by whether the newly
generated relationelation,,,,, contradicts with any of the
relations in the current entrnelationge ¢ The current algo-
rithm uses a simple matching method to filter relations. For
example, if the current entry contains the text “Reading is
mostly done from paper ..." is checked against the incoming
entry containing the texts “Reading is not done from paper
/. The incoming relation is filtered out. More sensible
method should be based on how different the entities in the
argument role between thelation,e, andrelationge s
of the same type of relation. In our current framework, we

consistent set of words and concepts to describe things. Theadopt his simple checking method since we are still explor-

link structure of the encyclopedia provides an invaluable
evidence to resolve this issue. Instead of taking a global
view of relations and entities, we take a partial view of
entities and relations in which the relations between two
closely linked pages are induced first.

By executing the induction algorithm as shown in Fig-
ure 3 on every entry in the encyclopedia texts, each page
will contain an extra setelation containing consistent re-
lations from the other entries to this entry. The step of Gen-
eration will be executed based on the extraction mechanism

ing this research topic.

The result of this step will be a set of relationg/ation,

with each element containing an appropriate argument role
pointing to the current entry.

Example Following the figure as shown in Figure 2 and
consider the entry from “school” containing the sentences
“For example: writing, reading, and calculating numbers
(maths). Many schools also teach arts such as music and
art.”

The sentence is first translated into the relation tuples,
relationne,, and then matched against the entry “reading”.
As the entry is consistent, it is added to théation. The



appropriate argument role otlation,,.,, will point to the
entry “reading”.

Generalization

The induction phase groups different entities and relation
into relationships as modeled by thelation set. How-
ever, further generalizations on these extracted relatoa
needed.

The generalization phase, as shown in Figure 4 can be
thought of deducing the cross-cutting properties in the in-

duced entities and relations. The generalized items act as

the basis for further general reading tasks.

Algorithm 2: (Generalization Phase)

From the induced group of a particular sense:
relatione., of p;

roley = (), rolea = 0, roles =
Telset - (Z)

ForVr € relation,ew,
if p; € {argrole, }wherex € {1,2,3} then
role; = role, |Jr
end if
if p; € {r} then
if r Isnot duplicate then
relser = relset Jr
end if
end if
end loop

Forrole, wherez € {1,2,3}
tuplenum, .
val = tofalnum:) + (iﬁfﬁzzzz
Define class:;, wherec, contains
the tuple< R, roley, role,,val >
wherex # y andx # z
end loop

tuplenum..q;
totalnum..;

)+ (i)

Forr € relse;
tuplenumg + tuplenum,,
totalnum, totalnum,,

Define class;, wherec, contains
the tuple< role,, roley, role, >
end loop

val = totalnum,

)+

tuplenum )

Figure 4: Algorithm description of the Generalization
Model

Categorization Function:

The role of the categorization function is to deduce
how similar two entities are within the possible world of en-
cyclopedia. After executing the generalization phaseheac
sense will have three new classes containing the informatio

tuplenumgy
totalnum,

valzZ( )

where tuplenum, is the number of occurrence eble,
within a particular sense; and

Let totalnum,, is the number of occurrence odle, within
the corpus.

These values measure how representative a pointing
entry is with respect tp;. A more representative pointing
entry means that within the corpus, or within the structure
of the world spanned by the corpus, the pointing entry and

p; are more frequently related with respect to other entries

with a less value and will be used in reading more general
texts.

Extension with new text documents

In encountering the more general text, in which, unlike en-
cyclopedia, no sense linkage exists. All the information a
particular algorithm has is the surface order of the words
within the sentences and the paragraph information.

Using the similar strategy of the induction phase, the basic
unit of processing in handling the general text is a pardgrap
and the notation of the paragraphs, sentences and words are
defined as below, except the words now have no linkage in-
formation. Also, the senge is undefined as the paragraph
now contains a lot of different senses, some may be conflict-

ing.

Algorithm 3: (Extension with new texts)

Assumeparagraph, is being processed:
ForVsentence,, € paragraph,
Extract the set of relation} from sentence,y,
Forr € relation
ForV known entities withinr,
Check whether and
the relations in theelation collected in
generalization phase are consistent.

If relations are consistent,
add this relation to the appropriatelation e,
end loop

For unknown entities,
Form new relationrelation,qq CONtaining
these entities.
If relationgqq cONtains some entities
existing in the corpus
Build up a new link from this relation
to the target entities.
end if
end loop

end loop
end loop

of how they are related to other senses. These relations can Figure 5: Algorithm description of the Extension Phase

be of the three argument roles or in the relation. A value for
each tuple is calculated based on the following formula:

The extension algorithm as shown in Figure 5 tries to
expand the current encyclopedia knowledge base with the



newly processed text. Theoretically, by processing more
texts, the base will become larger and can cover more re-
lations and entities in processing.

Conclusions and Future Work

In this paper, we presented a mechanism in which different
entities and relations from the real world texts can be col-
lected and related in a systematic way by exploiting the on-
line encyclopedia. Through tracing the sense linkages and
the underlying texts, the entities and relations existimg i
the world is gradually built up. These relationships betwee
the induced entities and generalized relations are reflgcti
the way the world is structured and thus provide a ground
for further reasoning and inference mechanism. Though the
more general mechanism of reading raw texts is still a great
challenge to be overcome, we believe a structured knowl-
edge base of the world built up with mechanism as proposed
by this paper can provide more sensible and accurate rea-
soning performance when performing general text reading.
We will continue the further development of the model de-
scribed here. We will investigate a more complete algorithm
in dealing with more general texts with the relationships
of the entities and relations induced from the encyclopedia
Also, the feasibilities of utilizing the external links dfe en-
cyclopedia entries to further improve the set of entitied an
relations will be investigated so that an larger set of &t
and relations can be grouped for further processing.
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