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Abstract We present in this paper an Internet search engine with focus on the Arabic language. To develop such a search
engine, we used regular document retrieval techniques and enhance them with a treatment on the semantic level of terms
found in documents. This semantic process is integrated in the search stage of the search. We evaluated the developed
system using several weight functions (Harman, Crofi, and Okapi).

Introduction

Today the web includes many Arabic portals (Aljazeera, an Arabic Television Channel, advertises
more than seven million (7,000,000) documents in its web site www.aljazeera.net, etc.) and several
search engines [1, 2, 3, 4]. In general, for any human language the market for sophisticated search
engines is still growing, and more so for the Arabic Internet.

The inefficiencies in retuning pertinent documents (inefficiencies in precision and recall, and in
response time [5]) are hindering the use of this fast-growing library that is the Arabic Internet.
It is therefore of extreme importance to the development of Arabic content on the web that more
efficient techniques and systems be developed. We believe that by incorporating techniques from
Artificial Intelligence and from Arabic word computational morphology and semantics, many of the
limitations could be overcome.

Indeed, the quality of a search engine depends not only on precision and response time but it
depends also on linguistic processes it may include. Kinds of problems we may encounter when
using search engines are: morphological variation and lack for considering the semantic level of the
language. However, current Internet search engines don’t take into consideration at the same both
the morphological and the semantic level of the language when searching for a specific word.

To develop search engines, document retrieval techniques are used. The aim of information retrieval
or document retrieval is to develop computing tools that allow users to find information that is
located in a great number of documents [6]. The user can ask for information in two ways:

* Individual (isolated, selective): the user ask the system using queries
* Persistent: the retrieval is known in advance

In this work, we present an Arabic search engine that integrates a semantic process. For this pur-
pose, the search engine uses terminological dictionaries of Arabic words.

In general, the process for document retrieval is done in three steps:

1. Indexing documents
2. Searching from a user request
3. Presenting the results of the search

In this paper, we will mainly focus on the semantic level of the language. We will briefly start
presenting the indexing step. Then, we will discuss how the similarity measure is used to develop
the semantic level of the Arabic language and how it is used in the search engine. Finally, we will
present some results of our experiments.

Indexing:

Indexing is at the heart of any search engine. Our model does not change a lot from the exist-
ing indexing methods (remove of empty words, etc.). It consists of representing every document
belonging to a Collection C with an array of terms. To each term, we associate a set of attributes
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(position of the term in the collection, the weight of the term in every document). In our approach,
we rely on the three most used weight functions (Harman, Croft and Okapi) to reflect the importance
given to a document. Let:

« C: be a collection of documents, C = {dl,dz,...,dN}
* V: be the set of all the existing terms 1n the index ot C.

The search procedure:
The stage of search takes place through a request in which the user formulates his demand. Among
the approaches used in this stage, we can mention [7]:

* Boolean approach: the inconvenience of this approach is that it doesn’t take into account the notion
of relevance of documents [8].

* The approach by similarity measure: this approach allows assigning to every document a score of
relevance [9].

If we note by Q = "gcl,xz,...,x » } a request, the score or the similarity value of a document d con-
cerning Q is:

3 F(x.d)
SQ.d) =
Z P, (xi )

F(x,d): is a function that represents the weight of the term x in document d. In our system the value
of this function is calculated from one of the three known weight functions (Herman, Okapi, and
Croft functions). Details that explain how our system is using these functions are outlined in the next
section.

The set of documents that answer the request Q is given by the following search function R [9]:

RiQ)={(d,,e)/d,e Cand a,= 5(Q,&,) >0 }
Documents R(Q) are ordered using the score S(Q, d).

Use of semantic:
Current search engines return documents that contain only the word w to search. However, some
other documents may be of interest because they contain semantically close words to w.

Example:
2 1
(ol ale tlgie SN dage VLo Bae (e aball () oS5 alaialy a3 degall YLl (ya alall ey
s 5yl Jlaml 5 4 5 ale ) ling adall Jlay Alaia V) 13 a8 (S0 Gl al)
Allad 3 gaf dlag) A slaa s il ) Al o ety 48l LS Lalal as ey 3l

For current search engines, searching the word “<khl” (Medical Science) using only the existence
of that word in documents, document! is more relevant than document2. However, document?2 is
richer in terms of words belonging to the medical domain 4 53l ¢l ja¥) A $¥) ¢ 28l (Medicines,
Diseases, epidemics, surgery). Hence, developing a search engine taking into account the semantic
level of words would be very interesting since it may help users retrieving documents with more
relevance.

In order to use the semantic level of a language during the search step, we developed terminological
dictionaries. To each term x; € V' is associated in the dictionary:
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Semantic
lhe (Ii )= {.if!- AP } internet
L 2 &
search
We replaced the search function for the term x; with the following function: R(x;, l‘ile ,l‘iz9 ,..‘,l‘l.k9 ) engine
0 : represents the importance given to terms {t. t ot } for x; in the search runction. In this
U PR Y
case, the similarity measure is given as follows:
k
F(x)+0xY F(, .d)
S 1,70 st ),d) =
P.(x)+ Y P,
j=1 23

In order to evaluate our model, we used the following three similarity measures:

e Harman measure : the F(x, d) has the following value [10] :

F(x,d)= p.(x)x f,(x)
With:

p.(x)=—log( n(x)/N)ad f, (x) = 28 0a(x)+ 1)

log( L, )

- n(x) : the number of documents containing x.
- N: number of documents in collection C.
o0 . .
- d s the occurrences number of x in document d.
- L, :thesizeofd.

e Croft measure: the F(x, d) has the same value that Harman, with:

fa(x) =k + (A= Fk)*o0,(x)

K is a constant of importance of x in d. The best results are given by K=0,5 [11].

e Okapi measure: F(x, d) has the same value that Harman, with:

N —n(x)+ 0.5

o, (x)
n(x)+ 0.5 ) fa(x) =

Ld
o X +
a (X) .

p.(x) = log

L: the middle size of a document of C.

Experiments and results:

To evaluate our approach, we used a collection of 100 documents and four terminological
dictionaries. The index of this collection is built in such a way that each term of this index is
associated to a set of attributes (width of the term, position of the term ...).

We then varied the value of @ for each of the three similarity measures listed above and calculated
the precision for every value of @ and every measure (tablel, table2, table3)
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Table 1.
Evolution of
the precision
according

to theta by
using Okapi
measure
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Table 2.
Evolution of
the precision
according to
theta by using
Croft mea-
sure

Okapi measure:

0 0 03] o04] o0s5]| 06| 07| 08| 09| 1
N=5 | 80% 80% 60% 40% 40% 40% 20%  20%
N=10 | 70% 80% 20% 40% 30% 40% 40% 30%  30%
N=15 | 60% 67% 27% 40% 20% 27% 27% 20%  20%
N=20 | 45% 60% 25% 35% 20% 20% 20% 15% 15%
N=25 | 36% 60% 28% 36% 24% 24% 20% 16% 12%
N=30 | 30% 60%  34%  40%  30% 27%  24%  20% 17%
N=100 ] 9% 18%  10%  12% 9% 8% 1% 6% 5%
Okapi

12 —&—theta=0

1 B3 ——theta=0.1

theta=0.2

s —¢—theta=0.3

5 —¥—theta=0.4

£ —@—theta=0.5

—+—theta=0.6

theta=0.7

theta=0.8

5 10 15 20 25 30 100 theta=0.9

Figure 1 theta=1

Croft measure:
0 0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
=51 80% 80% 60% 40%  40% 40% 20%  20%
N=10 | 70% 50% 40% 30% 40% 40% 30% 20%
N=15| 60% 47% 40%  20%  27% 27% 20% 14%
N=20 | 45% 40% 35%  20%  20% 20% 15% 10%
N=25| 48% 40% 36% 24% 24% 20% 20% 16%
N=30 | 50% 44% 40%  30% 27% 24% 24%  20%
N=100 | 15% 13% 12% 9% 8% 7% 7% 6%
Croft

12 —o— theta=0

—m— theta=0.1

theta=0.2

3 —5— theta=0.3

% —%— theta=0.4

—e— theta=0.5

—+— theta=0.6

— theta=0.7

5 10 15 20 25 30 100 — theta08

theta=0.9

Figure 2

theta=1
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Harman measure:

0 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
N=5 80% 80% 80%  80% 60% 60%  40% 40% 20%  20% 20%
N=10 | 70% 70% 70% 70% 40% 40% 30% 30% 10%  20% 20%
N=15 60% 60% 67% 54% 40% 34% 27% 26% 7% 7% 7%
N=20 45% 50% 60% 50% 35% 30% 20% 20% 5% 5% 10%
N=25 36% 48% 60% 52% 36% 32% 20% 20% 8% 8% 8%
N=30 30% 54% 60% 54% 40% 37%  27% 27% 17%  17% 14%
N=100 9% 16% | 18% 16% 12% 11% 8% 8% 5% 5% 4%
Harman
0,9
—&—theta=0
0,8 B3
——theta=0.1
0,7 theta=0.2
0,6 theta=0.3
S o5 —¥— theta=0.4
% 0
2 —@—theta=0.5
04 ——theta=0.6
0,3 theta=0.7
0,2 theta=0.8
0.1 theta=0.9
' theta=1
0
5 10 15 20 25 30 100
Figure 3
theta=0.2
1,2
1
.S 0,8 —&— Harman
2 06 —— Croft
0,2
0
5 10 15 20 25 30
Figure 4

The graphs 1, 2, 3 show that the best results are got for @ = 0.2. The graph 4 shows that the number
of relevant documents returned by Okapi measure is greater than to the one of Croft and Harman.

Conclusion and perspectives

We presented in this work an Internet search engine with focus on the Arabic language. The devel-
oped search engine integrates regular document retrieval techniques with an enhancement on the
semantic level of terms found in documents. We evaluated the developed system using several
weight functions (Harman, Croft, Okapi).

Semantic
internet
search
engine
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Table 3.
Evolution of
the precision
according

to theta by
using Harman
measure

Figure 1.
Comparison
of three meas-
ures (Harman,
Croft, Okapi)
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The best results are given by the Okapi measure and for § = 0.2. In this work we supposed that all
terms of dictionaries have the same relevance @ It would be interesting to calculate a specific rel-
evance for every term in the dictionary. Then, these dictionaries (with specific relevance for each
term) have to be used in the indexing stage instead of the search stage.
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