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This 1s essentially due to, (1) a large

"i“i’ | < niili G

‘#ppeating 1 news papers, magazines and journals, and (i) the
mergence of rapid

in the form of e-books.

Jt3s proposed 10 deal with these challenges by developing an IE
mbu‘-ﬁ”l.itmyhummhpmofm
45 carzied out m two phases. In the first phase called FETCH,
documents relevant 1o the query under consideration are retrieved
using information retrieval (IR) technique based on the theory of
fuzzy sets” The use of fuzzy set theory helps in dealing with the
‘uncertanty due 10 mcomplete matching between the query and the
keywords present an the tepository of documents, The FETCH
phase 15 followed by BROWSE phase” in which the query and the
vetneved relevant documents are parsed n terms of structured
description grammar (S1DG), which has been specially developed for
the purpose of query answenng, This method of 1E is easy 1o
smplement and 1t provides fust and eastly itelligible snswer of the

‘Quary.
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Repository of . Dacuments
Duocumenits
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Rewneved
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Documents
Figure 1 Information exuraction sysiem
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Generation of Augmented Query |
Tlmmqhod of document retrieval is based on the fuzzy ww
“This is more realistic than those based on classical binary set theg
In fuzzy information retrieval (FIR), the relevance of index remsto
individual documents is expressed by relevance relaton :

R: XY €[0,1]

such that the membership value R (x;, y;) specifies, for each x; eX,
y;€ Y, thegrade of relevance of index term x; with document term
7; Hete X and Y are sets of terms, where X represents the query and
Y represents the document. The value of these grades range from 0
(no relevance) to 1 (full relevance). The grade of relevance depends
on many factors like (1) position of term y; in the text document,
() frequency of occurrence of y;in the document, (1) x;and yare
terms formed from the same basic stem word and, (iv) y, is synonym
of x, then the proximity of meaning of x; and y, decide value of

R(xp Y )

The eritenia (1) and (ii) as mentioned above are user defined and they
can be programmed in the implementation according to the uses
needs. The stem word criteria (iii) requires a table, which helps to
locate the stem word for a given word, and then the stem word is
substtuted in the original text before the retneval technique is applied.
Anather important relation for IR, based on criteria (iv) is fuzzy
thesaurus. A fuzzy thesaurus shows the relationships berween pairs
of words based on their centrality or degree of relevance. The structure
of a fuzzy thesaurus is,

<WC1> <W(C2> <RD>

where IWC stands for ward category and RD is relationship degree
between the words WC1 and I/C2. For g are typical case it can be

war, battle, 1
war, crime, 0.7

When relationship degree is zero,
thesaurus. The thesaurus can be (r
say T, defined over X 2

no entry is recorded in the fuzzy
eated as a reflexive fuzzy relaton,
- For each pair of index terms (%s x)eX?,
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mdnww shove 11 now illustrared
bere. A set of thive diffesent documents D, Dy, and Dy as given in

the Appendss s consdored. 12ach document s represented by a set
of heywords, which closely identfy the conesponding document,
The heywords hisve been chosen based on the mulnpliary of their
occurence w the dovument. The [ollowing four questions (queries)
pre considered whose answers Lie, possibly, in the set | D, D,. D).

£y Wiuch kang biad libersl palicy towands the religion?

Ly Who was the gueen of Jahangs?

Ly What aichiectures wore bt Ly Shab Jehan?

&y Wiuch Mughal kaogs had wnterest for am?

These questions can be expressed 10 tenns of thar keywonds, aso
called index texms Lo the cose of £, the keywords aic - ¢, = hing,
9, = liberal policy, ¢, = sebgon Thesclos,

ia'ﬂholpld
: ,Iﬂ" 0.6,07], (8 vector sepresentauon of 7))

& 09,0.6,07 are called the centralities of ¢,, ¢, ¢, sespectively. |

The centrilities indicate the presence of certam quabues, whose
computanens are modelled as computanon of fuzzy membership
degree The selevant part of the fuzzy thesaurus T) resincted o
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Next, by composing A, R, by equation (2), results in a fuzzy set
F|, which charactenzen the fuzay relevance of retneved documents,

F, = mavmin (A,°R) =07 04 02)

The fuzzy tetveval mariix Fy shows that out of Dy, Dy, Dy, the
dacument D| has hugheat relevance (ot the query Q. Therefore, the
answer 10 the question, ‘Which king had biberal policy owards
rebgoa?’, bes mostly i the document D,

Sumdarly, the quenes 0y, Oy, and Q) are processed and the results are
as given below

@, = (4, 92) = lqueen, Jahangu} = [0.8 0.9), ¢, = empress, ¢, =
biog, ¢ = hingdom, F, = (0.3 0.9 0.2]. F, shows that answer of
O, bes mostly i the document D,

O, = {architecture, Shah Jahan} = (0.7 0.9), ¢, = fort, ¢, =
museum, g5 = mosque, ¢, = temple, F, = (0.4 0.4 0.9], which
shows that the most relevant document foz Oy is Dy, and therefore
it has hughest possibility of praviding the answer of Q.

2, = (kg art} = (0.8 0.7), ¢, = paintng, ¢, = beauty, F = [0:1
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45 context fxee gramumar (CFG)*5. A CFG consists of 3 set of lexicons
ﬁmum.mdfnoducﬁonm,c@ofﬂld:ﬂpmxl
‘wuydwdymbdoofdwhnwcm be grouped ar ordered
together 10ie expressed ys,

G&=(N,T,5.»)

whete G s CFG, N s sot of symbals called non tesminaly, T is set of
terms i the language sentences, § (5 € N) i stan symbal, and Pis
set of producnon sules, Commonly used producnon rules for

constuction of English language sentences and non tenninals are
shown in Faguse 2.

Figure 3 shows the construction of the sentence ‘Akbar followed a
liberal policy for seligion’, thiough passing, makang use of these

NP = PropN | N | Dot Nom | Nam | NP PP | Psao
Nom = N | N Nom | AdjN

8= NpvP

8= Aux NP VP

S= VP

VP=V

VP = VNP

VP =+ VNP PP

WP N AP

PP = Miep NP

Figure 2 Cantext free grammar for English laaguage
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‘Atbar  followed 2 liberal policy for
l,- ﬁ‘;aA»t'. h“ rence t.m w.u ‘

rules. When the parsing tree of question and answer ses
matched, the corresponding matching part of question (;
erc), in the answer carrying sentence can be determined, whic!
provide the answer.

Sentence Representation using Structured Descr
Grammar

A method is proposed for information representation, and extraction
based on structured description grammar (SDG). In thus, the texe ¢
sentences are mapped into a transition graph or state diagramy as
shown in Figure A It shows seven rypes of sentences labeled K28
<++y 7, based on the number of wh-pronouns and their positionsin
the sentences. It may be seen that the structure explicitly showsthe
interroganions who, what, where, when and why. The poumd
these interrogations are invadant. Following examples demonstrate
that English language sentences structures map into the transition. 4
diagram of SDG. L

1. Akbar | followed a iberul policy for religion,
Who | What

2 Jahangie | married Nure Jahan,
Wha | What

3. Red fort |is|at Delhi,

Who | What | Where

Figure 4 Transition diagrum of sentence structure
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‘mor: than one sub quenes, §) sub answers for a query which are
ﬁhdi:*dmmhwdnﬂqhh
ke strucyures i the transmon dagram to generate the mswer, and
ad-mfwtqnay-ﬁ:hmh&uedhndﬁﬂe
dacuments can 2o be aggregated 10 fill up the slot ke structures in
ther transsion diagram to generate the single answer.

Question Answenng System

Once the selevant document 1s retneved for the given query, the
quesuon answenag eysten (QAS) extracts the answer from the
sebevant document®. The vanous modules of QAS are shown in
Faguse 5. 113 inputs are the question and the most relevant retneved
documents. The questuon processing 1s in three stages parsing,
keywords expansion, and named enuty (NE) tagging The NE
wdentifies the type of enuty as shown in Table 1. The parser idennfies
the askang pownt (who, what, when, etc) in the question. The terms
w0 the guesuon sentence sre expanded through thar synonyms so
that there 1 s maximum marching between the terma i the question
and those i the potennal answer sentence. Each input sentence
from tie cedevant document 1s slso first parsed by the parser | and
then the NTs are tagged Finally, the marchung i performed bereeen
the keywords in the question and in rext sentences (rom the
document. At the end, the answer of the query s extracied

Query _.__”_M o0y Torme

| rpasissan

fhsuagh
D) o) B
.
Fhany e
Lasabass Xesecr
Gsturstisa e
\pawss
* w Wh
Jioid fogmat
Daabasc
Lt
dot af
Relevam attnd Tonedy
Ducuments 1 aggmng

Figure 5 Question answering sysican (QAS)
Table 1 Wh-pronouns and their answer 1) pes

Wh-pronouns Ansver Type (1ohen of NE)
Whe PLERSON
What ACTION, STATUS
When TIMEE
Where PLACK
Why REASON
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Once the document through fuzzy set based [R i decded, o
required o determine the senfence m the relevant document, which.
contzns the answer. The followmng discusson demonstmres how
w0 locare the most probable sentence, which 1 likely ro carry the
the religion”. Here the NE or asking pomt is ‘whuch”. To provide
matching between the terms m the question and answer sentence, all
the terms m the question senfence are supplemented by therr possible
synoayms’. Ths is mdicated by the block ‘question rerms expanson
through synoayms’, m Figure 5. Therefore, after expansion, the
queston becomes as follows.

Asking pomt : { NAME )

Keywords : { king | rule | empire, iberal | open, policy | rule | nomas,

religion }
While creating the keywords list, the stop words — a, the, an, on, m,
towards, erc are dropped so that the matching is carmed out for
nouns, and verbs only. Here, the asking pomnt ‘which’ is of the type
NAME as it stands for the name of somebody or some thing. The
set of words from the asking-pomt as well as from the keywords set
are matched agamat the potentml answer sentence or fext passage
the selected relevant document. For selecnon of best answer sentence,
the density of the marching words in the answer sentence is the
major conuderanon. The marching from the relevant text document
i carned out by sentence matching, or by keeping a fixed window
uze of text in the text document,

Let us now answer the questions 2, to Q, far whach the relevant
documents have been determimned.

O, Which lung |l liberal policy towarda the rebgion?

Through FIR, it has been determined that the relevant document
cotresponding 1o this query s D, Next, using the keyword marching
techaaques a3 discussed above, the putennal answer carrying sentence
1 determuned, which i, ‘Akbas followed a hberal policy for religion’
The ‘which king' has same unphcaton as ‘who'. The quesaons and
snswen are given below, as per sentence type 7 of mansiuon graph.

Who | Wha
¢, Which kung | bad bberal polbicy towards religion?

Aas, Akbar| followed a bberal palicy for religion

By companng the transiuon graphs for the quesnon and the answer
sentence, 1 15 casy 1o see that the value of who block in the answer is
'‘Akbay’, which 15 answer for &,

@y Whao was the queen of Jahangi?

The relevant document corresponding to this query is D,, and the
potennal answer carrying sentence is ‘Jahangir marned Nur Jahan',
Through the synonyms table, the word ‘queen’ in the question
sentence 15 changed to ‘maraed’. Sim:larly, the syntax of the sentence
15 changed 1o conform the syntax of the question. Finally, the block

17

&



e matching of question and answer sentence is ghenty, |
.&“fﬂwnmiedmjnhng‘r? o
Ans,: Nur Jahan | was mlm'edtojlhlnp'x:
Thu shows that the answer of the question Q, is Nur Jahan.
Q,:mllthipumumhﬂlby&nhjlhm?

present pasuve voice, before the matching is carried out. The answer
Ceoying seatences, in the form of sub answers, are distributed in the
dtmmLquuummdmnupoadhgpotmﬁnlmswucnming
scntences, deteomined by text matching are given here.

YWho | What
2y Shah Jahan [built what architecrures ?
Ans, He | built Taj Mahal at Agra.

Ans,. He |also bult the fort at Delhi, named as, Red Fort, and a
mosque named a5 Jama Maspd.

When the queston Q, s matched with Ans,, and Ans, , the answers
e

-TajMahal at Agra

- Fort at Delhy, named as Red Fort

- A mosque named o5 Jama Masjid
2y Wiuch king had interest for art?

Here, the documents 2, and D, are equally relevant, having a degree
of gelevance 0f 0.7 in each. The potential answer carrying sentences
from these documents are now given along with the question.

2, Which king | had Interest for urt?

Dy Ans;: Jahangir was 8 highly learned man bui he did not have the
utellect of lus father.

He | was lover of art and justice.

Dy: Ansy Under Shah Jahan | the art of painting also developed
sagnificantly

Dy: Ansy: Shah Juhan | gave hiberal patronage to artists

The wh-pronoun which here is similar 10 who, and therefore the
transiion diagram part of Who is used here, In D, Ans,, the word
Juhangu is subject and the word ‘art’ appears in the sentence, hence
“Jahangir’ is one unswer. In Dy: Ans,, ‘Shah Juhan' is the subject and
the word ‘art’ also appears in it, hence ‘Shah Jahan' is another answer,
Similarly, Dy : Ansy, results (0 an answer ‘Shah Jahan', Merging the
above three sub answers, the complete answer is,

Jahangr,
Shah Jahan,

18

hmdnh‘ghatmdommmtdoanqtcmuh the
information required for answering th_e question, the documeny o
next lower relevancy is taken for extracung q:e answer. The ik
of keywords in the question with those in the potential answer
sentence are ranked, and the highest ranked text phrase is selected fo
the purpose of answering, The ranking is determined by the fom,'.‘
criteria, (i) primary ranking is based on the percentage of qQuestion
keywords found in the potential answer sentence, (u1) secon
ranking is based in the order the keywords in t.he answer appear in
comparison to the order of those in the question and (ii1) whether
the keywords match exactly or their vaniants match in the question
and answer sentence.

CONCLUSIONS

The paper presents a new process of question-answenng from g
repository of NL texts. The process is carried outin two phases. I
the first phase the relevant document is chosen based on theory of
fuzzy sets, and the second phase generates the answer of the qQuery 8
from the retrieved relevant documents. It may be seen from the i |
illustrative examples that the technique outlined in the paper can be
used for the generation of complete answer of a query from one of
more relevant documents.
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APPENDIX
Keywords| = [ \kbar, religion)

Dacument Dy: Akbar was a great administrator, 1lis administration steove f‘k"‘
the welfare of his people irrespective of their religious beliefs. He hag
council of ministers and high officers to assist him. The ministers were 3
heads of different departments, ‘The revenue source for the Mughals werg
from land and trade, Akbar followed a liberal policy for religion. He believed
that every religion was basically good. He used to hold talks with the leadess
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g Thum, b excreparsied the ponciples of all the religroms d found

M&mwdumﬂmmw-u
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Keywords,=(Shah Jahan, Mughal architecture, art}

Document Dy : Shah Jahan was a great general of his ome. Shah Jahan
wguynhuwmﬂculmofﬁmm}k
built Taj Mahal 3t Agra, the new city of Dell, which he made his apetal He
also built the fort at Delhi, named as, Red Fort and a mosque, named as Jama
Masjid. He built finest gardens. Under Shah Jahan, the art of pamnng also
developed significantly. Shah Jahan gave hberal patronage to arbsts
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