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Abstract—This paper describes a three-level approach for
improving the Passage Retrieval (PR) stage in the context of
the Arabic Question/Answering (Q/A) task. This approach
proposes to use a semantic reasoning on top of keyword-
based and structure-based levels. Results of experiments
conducted with a set of CLEF and TREC questions show an
improvement of the Accuracy and the Mean Reciprocal
Rank measures. An example shows also how the re-ranking
based on the semantic score and Conceptual Graphs (CG)
operationsis even morerelevant.
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l. INTRODUCTION

Having a great amount of available information,
especialy from Internet, today's user needs in terms of
tools have changed and are becoming very challenging.
The Natural Language Processing (NLP) domain has
provided (and is still providing) various systems that
contribute to overcome such needs. Search Engines (SE)
and Information Retrieval (IR) systems remain among the
most popular ones. Although they are currently widely
used, SE and IR systems are no longer adequate for
specific user expectations. Indeed, the large lists of
snippets returned by SE are to be browsed by users. This
is a time consuming task, in particular in the case of a
specific search such as questions.

The goal of Question/Answering (Q/A) systems is to
extract precise answers to user questions. Questions, as
well as answers, are formulated in natural language.

Unlike languages such as English, Spanish, French or
Italian [9], the Arabic Q/A task presents additional
challenges to researchers in this field [4] [7]. This is
mainly due to the particularities of the Arabic language
(short vowels, absence of capital letters, complex
morphology, etc.). However, the Q/A process stages are
generaly the same, namely: (i) question analysis, (ii)
Passage Retrieva (PR) and (iii) answer extraction.
Concretely, a user question expressed in natural language
is to be analyzed. Many processes could be integrated at
this step: question classfication, Named Entity
Recognizing, keyword extraction, etc. After that, the role
of a PR isto retrieve and re-rank candidate passages that
may contain the expected answer. The latter is to be

extracted and returned to the user as afinal step of the
Q/A process.

Relying on the sequence of tasks described above, an
answer returned to the user could be irrelevant if
candidate passages are too. Actually, if documents
containing the right answer do not include keywords
of the question they will not appear among candidate
passages. |n order to overcome such problem a Query
Expansion (QE) module could be used. The module
extends the list of keywords to be used a the PR
stage to a larger list containing keywords related to
the question ones. This process has been classically
developed on the basis of morphological relations.
We have proposed in [3] a more advanced QE
processes using semantic relations between question
keywords and document keywords. For example, the
keyword 44 (land) has a hyponymy relation with
the keyword =Y (earth) which means that the
former is a specidlization of the latter. Therefore, if
the keyword o=,Y¥ is among the user request,
documents containing the word 4. could be also
relevant for answering the question. However, the
tasks related to the PR stage are even more
challenging. Indeed, Q/A systems are particular in
that the relevance required at the PR stage depends
not only on the existence of the keywords related to
the question but also on the existence of the related
structure. For instance, the answer of the question * ¢
§ U1 e dre guud A" (Who did build the city of
Marrakech?) could be expected in a passage whose
dructure is Similar to “ ... GiSI e 4w g, (... has
built the city of Marrakech...). Therefore, the
relevance of candidate passages should be higher for
the passages that contain the whole or the longest part
of the question structure.

We have integrated a structure-based process
among our QE approach for the Arabic Q/A task [2].
The evaluation of this approach has showed that the
candidate passages are re-ranked better with respect
to the user question. This means that the first ranked
passages are more likely containing the expected
answer structure using the original keywords or the
extended ones.

Yet even with our structure-based process, we do
not guarantee a complete success of our Arabic Q/A
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task. For example, while processing the question “ & W
foyadl daale”  we have the two following passages:
passage 1 “ud dne A dadell o jaell daale” and passage 2
“Lbl dite e 5 el dalid)l o afi ) daale”,
From the structure point of view passage 1 is ranked better
than passage 2 because it contains a high density of
question-related keywords. However, from the semantic
point of view passage 2 is the one containing the expected
answer. The system may better re-rank the returned
passages if somewhere it integrates a semantic reasoning
deciding that “4xle deale” (cultural capital) is different
from “4, ) Aeale” (administrative capital).

In the present paper, we describe our three-level
approach for PR in the context of Arabic Q/A. Hence, the
next section of the paper is divided into four sub sections:
Sub Section A presents a general overview of our
approach. Sub Sections B, C and D are devoted to
describe the keyword-based level, the structure-based
level and the semantic-based level. Finaly, we draw some
conclusions and present future works.

I[l. THE THREE-LEVEL APPROACH

A. General overview

As we have mentioned previously, the PR processis a
key issue of the Q/A system. We have seen also that the
structure and the meaning of the user question are even
important as well as its related keywords. Therefore,
efforts aiming to reach an efficient retrieving and ranking
of the candidate passages must focus on how to cover
these problem sides.

Thus, we propose for Arabic Q/A systems a three-
level approach for PR. Figure 1 shows its general
overview:

Keyword-based level
Retrievin (Advanced QE, Arabic WordNet)

a
. v
Structure-based level
(Statistica techniques, JIRS)

Relevance
Ranking < ¢

Semantic reasoning level
(CG operations, Amine Plateform)

\

Figure 1. The three-level approach overview

Figure 1 illustrates that the first level role is to
efficiently retrieve passages with respect to the question
keywords and the extended ones as well according to
semantic relations that exist between them.

A statistical method is used then in order to bring
up the passages with the highest density of the
considered keywords. The distance between
keywords represents another criterion of ranking.
Indeed, the passages are to be better ranked when
they maintain similar distances between keywords as
in the user question.

The final level is dedicated to the semantic
reasoning. It uses as input the filtered passages from
the second level and semantically re-ranks them. In
this level we consider the representation in terms of
Conceptual Graphs (CG) of the passages and the
question.

In order to evaluate our levels added value deeply,
we have carried out a few experiments. These
experiments use a set of 82 CLEF* and 82 TREC?
[22] questions manually trandlated into the Arabic
Ianguage3. Actually, we have trandated 400 TREC
guestions. However, since only 82 of the available
trandated CLEF questions are extensible using our
QE process, and in order to make a fair comparison,
we have considered the same number of TREC
questions. They are classified into different domains
(sport, geography, politic, etc.) and different types
(questions seeking for time answers, persons, places,
etc.).

The Yahoo and Google SE have been used at the
PR stage. The answer of each question is then
checked in the first five returned passages.

Two measures of the Q/A field have been considered:

e The Accuracy which is the average of the
questions where we find the right answer in the
first snippet;

e The Mean Reciprocd Rank (MRR). The
reciproca rank of a query response is the
multiplicative inverse of the rank of the correct
answer: MRR is the average of the reciprocal
ranks of results for asample of queries® [22].

In the next sections we give more details about
the components of each level together with the
results of its evaluation.

B. Firstlevel: keyword-based level

Thefirst level of our approach is keyword-based.
We have showed with examples [3] that advanced
QE could improve the number of relevant passages
retrieved in the context of Arabic Q/A systems. Our

! Cross Language Evaluation Forum,
http://www.clef-campaign.org
2 Text REtrieval Conference, http://trec.nist.gov

3List of questions available at
http://www.dsi c.upv.es/grupos/nle/downloads.html

* http://en.wikipedia.org/wiki/Mean_reciprocal_rank
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advanced QE uses the Arabic WordNet semantic
resource.

The Arabic WordNet® ontology (AWN) [10] is among
the most interesting Arabic resources available for Arabic
NLP researchers. The AWN ontology is a free lexical
resource for modern standard Arabic [18]. It is based on
the design and contents of Princeton WordNet [11] and it
can be mapped onto it as well as a number of other
WordNets, enabling trandation on the lexical level to and
from dozens of other languages. AWN is aso connected
to SUMO (Supper Upper Merged Ontology) [15] [16].
The SUMO is an upper level ontology which provides
definitions for general-purpose terms and acts as a
foundation for more specific domain ontologies. It
contains about 2000 concepts.

The advanced QE processtries to take benefit from the
advantages provided by AWN, namely: its openness, its
interesting structure as ontology, the research carried out
using other WordNets, etc. The global QE process uses, in
addition to the morphological QE, four of AWN semantic
relations: synonymy, definition, hyponymy and
hypernymy. Figure 2 illustrates this process.

‘i Concept |4

_| Global Expansion !V

| Morpholoaical OE |

Semantic OE

1 - Concept supertvpe

2 - Concept synonyms

3 - Concept subtypes

4 - Concept definition

Figure 2: Expansion model to be integrated with a Q/A system

The usefulness of our QE process has been proofed by
experiments. In these experiments different Google and
Yahoo SE have been used and sets of CLEF and TREC
guestions have been tested. Table 1 shows the results.

TABLE 1. KEYWORD-BASED EVALUATION RESULTS

Google Y ahoo Y ahoo
(CLEF) (CLEF) (TREC)
" no
no QE QE no QE QE QE QE
Accuracy | 29,26% | 32,92% | 1,22% | 7,.32% 5(;22 6(;25

MRR 10,15 11,25 0,99 325 | 204 | 2,88

* no QE: without using any QE process

> http://www.globalwordnet.org/AWN/

As we can see, using different kind of questions
and different SE, the accuracy and the MRR have
both been improved when using our QE process. For
instance, using QE with CLEF question we have
obtained 7,32% (1,22% without QE) as accuracy and
325 (0,99 without QE) as MRR. The high
performances of the preliminary experiments (using
Google) is due to the fact the evaluation process was
manual unlike the other experiments (using the
Y ahoo API which allows a larger number of requests
per day than the Google one). For example, in the
manual process we can identify answers composed
of more than one word. For example, the answer of
the question “$UST o jaall 5 5al dpaldl dadll als L7
(What is the value of the Moroccan book award?) is
“7000 LY. If a snippet contains for instance the
expression “ ¥ 52 <a¥i 4au” the answer is considered
correct. More details of these experiments could be
foundin[1] [2].

C. Second level: structure-based level

The first level improves the accuracy and the
MRR. The ranking of the passages is almost based
on the number of question (or related) keywords they
contain. This could be useful for smple IR needs.
However, the context of Q/A is different. Indeed, at
the answer extraction level, the structure of the
question isto be considered.

To do so, we have chosen the Java Information
Retrieval System (JIRSY) as PR module. JIRS is a
language-independent PR system which has been
aready adapted to a few non-agglutinative European
languages (such as English, Spanish and French) as
well asto the Arabic language [5].

The re-ranking of the retrieved passages is based
on a distance density n-gram model. In [5] authors
explain the idea of this model which gives more
weight to the passages where the most relevant
guestion structures appear nearer to each other. In
[12] some experiments were carried out to re-rank
snippets obtained with Yahoo in order to return the
most relevant ones containing the answer.

We have evaluated the second level using JIRS
on the top of our QE and Yahoo. Table 2 shows the
obtained results.

TABLE 2. STRUCTURE-BASED EVALUATION RESULTS

Y ahoo Y ahoo
(CLEF) (TREC)

no QE QE no QE QE

Accuracy | 1585% | 1951% | 2,7% | 10,81 %

MRR 5,46 7,85 0,67 4,53

As we can see, with respect to the automatic
evaluation the use of our QE based on AWN

® http://sourceforge.net/projects/jirs/
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together with the structure-based re-ranking using JIRS
gives the best performances in terms of accuracy (19,51%
and 10,81%) and MRR (7,85 and 4,53).

The obtained results are not the same for the CLEF and
TREC questions. This may be due to the longer structure
of the considered TREC questions (€.g < sw s s Sl axe oS
fAailall 4y 500 dlal) Leale (5 535 3) compared to the CLEF
questions ones (e.g fséss )2 2 0«). Nevertheless, the
gain in terms of accuracy and MRR is highest for the set
of TREC questions. JIRS may improve PR even more
with questions whose structure islonger. The differencein
performance between TREC and CLEF questions should
be analyzed more in depth.

In [12] authors have showed that the performances
provided by JRS are more likely better when the number
of processed passages overpass 1000. In our experiments,
we have just considered the first 1000 passages.
Therefore, the performances of the structure-based level
may be even higher if the number of considered passages
is greater than 1000.

So far, the accuracy and the MRR have been improved in
the keyword-based level and even more in the structure-
based level of our approach regardless the questions
nature. Even though, the relevance ranking of the
candidate passages should take into account not only the
structure side but also the semantic one. Indeed, our aimis
to ensure that the expected answer could be extracted
efficiently as much as possible in the first passage.

In the next subsection we describe how the semantic
reasoning level could allow usto reach thisaim.

D. Third level: semantic-based level

The idea to use semantic reasoning process in NLP
tasks is not new. In [8] author has adopted it for Machine
Trandation. Nowadays, various domains of NLP are
concerned by semantic reasoning: Information Retrieval
(IR), Word Sense Disambiguation [17], automatic
acquisition of knowledge [21], etc.

The semantic reasoning to be used in our third level
requires the choice of a good technical platform which
allows such reasoning for the Arabic Ianguage [6]. We
have adopted the Amine Platform. Amine’ is a Java open
source multi-layer platform dedicated to the development
of intelligent systems and multi-agents systems [13]. In
addition to these characteristics, Amine has been chosen
due to its features, namely:

e The choice of the right knowledge representation is
one of the key elements of a semantic reasoning
process. The Conceptual Graphs are among the
formalisms which could be used for representing the
meaning of a text formulated in natural language. A
Conceptual Graph is a directed graph of nodes that
correspond to concepts, connected by labeled and

" http://ami ne-platform.sourceforge.net

oriented arcs that represent conceptual relations
[19]. In Amine, the CG formalism is used for
knowledge representation. The CG formalism
has the advantage to be close to natural language
and can be manipulated by computers.

Amine is aso a modular environment which
provides. (i) an Ontology layer: we use this
layer for manipulating the AWN ontology; (ii) an
Algebraic layer: in addition to the elementary
and the structured data types, this layer provides
also various matching-based operations (like
match, equal, unify, subsume, compare,
maximalJoin, generalize, analogy, etc.); (iii)
dynamic and basic ontology processes and (iv)
Knowledge Base (KB) support.

The ideaisto re-rank the filtered passages at the

semantic level, i.e. try to find among them which one
is expecting to represent the answer of the origina
guestion. In order to do so, we perform the steps
showed in Figure 3:

(i) Since we consider only factoid questions at this

level, the question is mapped onto an expected
answer which in turn is trandated into a
corresponding CG: CG-EA (CG Expected
Answer). For instance, for the question L;r—\@aua\
SuaL Y mha Lo Akis wereplace “ o4l 7 with *

and add it at the end. The expected anSNer is:
((X K} QAJY\ C_la.u.\ e 4l h\ cm ». For other
5|mple types of factoid queﬂlons the following
transformations are to be performed:

$Q s o > theexpected answer is« X s Q»
(WhoisQ?-> QisX)

¢ Q * L > the expected answer is «X » Q »
(What isQ? > QisX)

£ Q ol > the expected answer is «X & Q »
(InwhichQ?-> QinX)

¢ Q 3. > the expected answer is« Q »
(WhatdidQ?-> Q)

Question N Expected Answer > CG-EA
antic score
e (p1)
! Generalization
P1 sub CG1 : N (CG'Pl,CG'
1 1 : :
! b !
E E ! Semahtic score
1 | : (pi)
; , Generalization
Pi sub CGi ! "
1 > L—p (CG-Pi,CG-
passage E EA)

Figure 3. The semantic reasoning level
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(i1) For all filtered passages.

- We dtart by selecting the text using delimiters and we
trandate that text to a corresponding CG-Pi (CG
Passagei).

- We calculate the semantic score for the passage Pi by
performing the generalization operation (provided in
Amine Platform) between CG-EA and CG-Pi (the
method is explained |ater).

(iii) We re-rank the passages by sorting their semantic

scores.

This approach is similar to the one presented in [20]. In
that approach, since no structure-based level is used, the
number of passages to consider, and hence to trandate
into CG is very high. Fortunately, in our approach the use
of JIRS allows to downsize the number of passages to be
trand ated.

Let us show with an example how the described approach
could improve the relevance of returned passages in the
context of Arabic Q/A systems.

Let us consider the TREC question: (sd= 4k el ¢ o
$ua Y =l which means "Where is the h|ghest point on
the surface of the earth?". Using the Google search engine
(which provides longer passages) we have the first six

passages below:

TABLE 3. THE SNIPPETS RETURNED BY GOOGLE FOR THE CONSIDERED
TREC QUESTION

ID | Rank Passage

N 3 ol mials el ) Ay
e 8848 i 5 Dhagll Jlon (b o i1 b Cym
@E@&‘Oﬂ‘ﬂjle}ﬂ\ck“gﬁ
Pl 0585 oY) gl Sle ddads (aidl iy ¢y
el bmall a8 Y, L adl i
B (sl ana L sl

bl e i ki) e )Y e ddads JS

...Leellu.uﬁoio&a‘ii}; lsas Jsh b

b e 3k Caia g Jal oo adl 83 o agall

@ siuall (e edy eipaae ) gliag =)

O D) Lgie A " Janl 85 U uladl)
e Ak L;gv-

H}‘&J\)}j‘&uﬂ)&‘ch&uﬁl’_ﬂm;

o cada c.nuu\_\umlauuua\_uw 232

s gl )Y maay it:‘jw e Dl ol

3 GV ol s AES iy wiay Y G sl ) 52

e o gd .zl o (gl laaall aly

‘u}ﬂ\gj@h;\ ¢lillaw 8 Javally Guadl)
Llddha el ) Joat

P4 | 4

457\.&).’:\55)#0)50)_9&@&)}“%\5)
48 sl OIS L el gl ) 0S8 e L
(0t ) sl allall 38 o (b o Y1 U
el Jsa G V1A ja L oY) dss s
m@@ﬁujmgggm\yumg
Lo dulaill ) 5Y) )5ela 5., oS 20.3 (A £ 5Y)
sl U 0 oY) o e e sbS il ) it

O

LY o] o 8 8 Al 8305 e

J b iy sadl b e | 5ie 8846 o8

oY) mha e daa Jshal of &85 5 ¢ Llegl)
gl B Slise

The ranking of the passages above is provided by
Google. Aswe can see, the passage "p6" contains the
answer which is < i) Jx> (the Everest mountain).
Therefore, it is the most relevant passage in the
context of a Q/A task. Let us see if the use of JIRS
PR system could improve the re-ranking of returned

passages.

Table 4 shows the new ranking of passages with
the structure score between each passage and the
guestion (this measure is calculated by JIRS).

TABLE 4. THE JJRSRE-RANKING RESULT

1D Structure P e

Score
& Oihi mial 5 el ) L=yl
S PN FUWGS O JUITENPI g ]
Al e e i 8848 i i LBl
PL 067 [cpa V) mhaw 8 ki e o sSiellyy
oY) s e A jais) Ly
Laaall Hoa a8 Y, el 8 05
@l ) Gl ania Lo s ol 3 galed)

s e o Al 34k e
s e | e 8846 ¢ 55 LY an
P6 063 |0l @dlsly ¢ Liegd) Jua A aiy jaddl
Sbise 58 )Y mhae o dis bl

3 ¢ L;U\A PP

o kil lae )Y e ddass JS
S 1388 5 ¢ ) a5 J s Jad alalii e
Oe il 83 o agall, L Lel) it
oY) gl o Ak Ca g Ja
13els copaae ) gliss
o) op QS Ly iy Y oy pall 6 58
b o sl Tzl iy 3 (Y
b buall (uelll Jilie a85 b,
S ey e all (& edas 3 ‘u\..u
Lo Ak Jlef
Ay AV e a1 e e i
it Al oty ala¥) 038 s i ¢
die s i)Y iy i g i Y)
b_yiaa 38 5 geay ayY) L 1)
el glis ) OsSa Jia Gla 457 o ki
el oY) O 4 pag il OIS
O35 (e 5) Cuadlls allall S 5
Jss G ¥l &8 pa L g J s
lalae e Leaal se COMIAL (el
e 15 29.3 (b g oY) Ak A Lgle
oV @i L Apkadll )Y 5ela 5
e B )Y whs e e sl il

e

P4 0,49

P3 0,39

P5 0,29

The passage which contains the expected answer is
now in the second rank after using JIRS as PR
system. The first passage contains also the answer but
the second passage is the easiest to be used at the
answer extraction stage. Our am now is to
investigate whether this passage will be ranked as the
most relevant passage using the semantic reasoning
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based on the CG representation.

Let us now represent the expected answer in term of CG.
The following is the Linear Form of the considered

passage:
CG-EA : [4kii]-
-attr->[ ],
-ada>{u=)Y],
<-agnt-[o&]-fi->[ple o 5ede]

Note that Universal concept represent the answer (referred
by X previoudly). Table 5 shows the CG representation of
each (or part of) passage returned by JIRS.

TABLE 5. CG REPRESENTATION OF RETURNED PASSAGES

Passage

CG

dal e adl S35 i agall
s e Ak Cans

Ssse ) lins a1

[cb~)-

-agnt->[(aae],
-inOrder->[Proposition

[;.L.a_j] -
<-attr-[A5d]-dla>[ chaws
o= ]

i ) e st Jial
038 au yi ¢ dday Al e
el ald s alaY)
&

[Jsia]-
-agpt->[ﬂ\~.‘ - X]<-attr-
(o= gl
-ala>[Ada Al
[ A- )
-agnt->[ 3l : X],
-atitr->[ ] -attr-

P4

oy @iy Y o pall o) 2
i 3 GV ol s A8
s e (g sall Tl

[c«‘}m]_
<-agnt-[eai]-
-bi->[AS ; X];
<-agttr-[Universal :

&

[c«‘}m]_
<-agnt-[eiai]-
-bi->[AUS ; v];
<-attr-{ = Y]

[ALS : X]<-differentOf-
[4LS: Y]

Lo dladll ) 21 ) ek
Ge saslS all oV adin
O e Ju paY) s

(G-
-agnt->[Proposition =
[Dsek]-
-agnt->[ ‘)\y‘y\
Adaslly,
-fi->[Proposition =
(e -
-ila->[Integer : 1000]-
attr->[ e sLS],
-min->{ua Y
]
]

[Adas]-
(& Al 8 AkE el -attr->[ e ],
pg | &5 LY o ) Jan Al ~attr->[Aad]-
ol e e | i 8846 <-attr-[da>:
el Jln o8 05 Cans A);
-alar>[Aslill]
jmialy Jlef Y dilayy | [&8A4-
T i
L lagd) Qi (8 o il A <-attr-[ e A 1 de],
P ol oo 8848 s 5 -in>Y kel
s ol 0555 iy s | g VNS
oY) mha b e ]

In order to use the CG operations supported by the
Amine Platform, we have considered the part of
AWN ontology that covers the concepts of the
returned passages and the expected answer as well.
The concepts which do not exist in AWN are added
manually (for instance the concept type aukall )l Y1 is
manually added). Figure 3 is an extract of the
ontology.

E=m1 Ontolosw icmnowrbe decBase GLIT — E - Whia
= =l = Parameter=s  Mode Lanauaoa

i o Gl <08

| —=ntologyw Editors

Using the Amine Platform we have calculated the
generaization between the CG of the expected
answer and the CG of each passage. Table 6 shows
the result of this operation.

10
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TABLE 6. RESULTS OF THE GENERALIZATION OPERATION

Passage Generalization (CG-Q, CG-P)
2 [Aea]
3 [Aaa]
4 [J=§]
(O akag -
5 -attr->[ e ],
-adla>[uaY)]
6 [A.Lm] <-agnt-[<aa]

Two measures for semantic comparison could be
considered: semantic score which is concept-based and
relational similarity. In the current work we consider only
the first measure. Indeed, relational similarity requires a
relevant relation hierarchy in the considered ontology. The
current release of AWN does not provide such pre-
request.

For calculating the semantic score we use the following
formula[14]:

SemanticScore(P) = Y (weight(ci)*(ci,r(ci)))/ X (weight(ci)

cieC

Where C is the collection of the concepts of the passage P,
weight(ci) is a weight assigned to the word related to the
concept ci of the graph CG-P and B(ci,n(ci)) is the
distance between ci and its projection in the generdization
graph between CG-EA and CG-P, it isdefined asfollows:

B(ci,n(ci)) = 1 [if type(ci)<type(n(ci))]
B(ci,n(ci)) = 1-min(5(type(ci), type(n(ci))),5)/5
[if type(ci) > type(n(ci))]

Where 3(type(ci), type(n(ci))) is the number of nodes
between type(ci) and type(n(ci)) in the ontology.

We use aso the same weights proposed in [20] namely: 1
for verbs, 0.8 for nouns and 0.16 for adjectives and
adverbs.

Let us calculate the semantic score for the passage p6:
the CG of this passage contains the following concept
types (we|ghts are between parenthesis): ik (0,8), el
(0,16), 4 (0,8), J=» (0,8), 2l (0,8). Then, we identify
the projection of each concept type in the generalization
CG. For ingtance, mn(*ll) is =¥l In AWN the latter
concept type has 4.4l as a direct subtype. Thus, in this
case type(cy) = type(n(Cy)) and 5(type(cl), type(m(cl)))=1.
As aresult, p(cln(cl)) = 1-min(1,5)/5 = 0,8. Applying
the same process to the other concept types, we get:
Semantic Score(P6) = 0,66.

Doing the same for the five other passages, the semantic
scores are:

11

e Semantic Score(P1) = 0,29
e Semantic Score(P2) = 0,04
e  Semantic Score(P3) = 0,20
e  Semantic Score(P4) = 0,19
e  Semantic Score(P5) = 0,26

Table 7 below shows the new ranking with respect to
the semantic score obtained.

TABLE 7. RESULTS OF THE SEMANTIC RE-RANKING

ID

Semantic
Score

Passage

0,66

Jon dd o Al 3 ki e
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SUise n gaY) mhas e e J skl

Aol A

P1

0,29
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8 (gl (yann Lo i 8 sl
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Ay &8 uﬁﬁw\ DYl eeha 5‘
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W O
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0,19
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As we can see, according to the semantic score
measure the passage P6 is re-ranked as the most
relevant. This passage is the one containing the
expected answer. Moreover, the passage P1 which
also contains a part of the expected answer is now
ranked in the second position.
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I11. CONCLUSIONS

In this paper, we exposed and evaluated a three-level
approach dedicated to the PR task in the context of Arabic
Q/A systems. The semantic reasoning level integrated on
top of the keyword-based and the structure-based one tries
to improve even more the performances of the PR module.
Conducted experiments show that our approach is
adequate in order to overcome challenges related to the
PR stage of Arabic Q/A systems.

As future works we keep on enhancing our approach by:

e Automating the semantic reasoning level module.
This step concerns also the automatic extraction of
CG representation from pattern structures to be
identified from the passages. The use of a syntactic
tool could be intended.

e  Conducting corresponding experiments
e Covering al CLEF and TREC questions

e Integrating more enriched releases of Arabic
WordNet. In this context, and from our experiments,
we have noticed that:

0 Many concepts are not yet included in AWN. We
had to manually include them in the ontology.

0 More efforts have to be considered to propose a
more refined hierarchy for “Relation” types. That
is why, we were unable to consider the
“Relational similarity” in the calculation of the
semantic score.
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