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ABSTRACT

This article tries to explain our rule-based Arabic Named Entity recognition (NER) and classification
system. It is based on lists of classified proper names (PN) and particularly on syntactico-semantic
patterns resulting in fine classification of Arabic NE. These patterns use syntactico-semantic combination
of morpho-syntactic and syntactic entities. It also uses lexical classification of trigger words and NE
extensions. These linguistic data are essential not only to name entity extraction but also to the taxonomic
classification and to determining the NE frontiers. Our method is also based on the contextualisation and
on the notion of NE class attributes and values. Inspired from X-bar theory and immediate constituents, we
built a rule-based NER system composed of five levels of syntactico-semantic combination. We also show
how the fine NE annotations in our system output (XML database) is exploited in information retrieval and
information extraction.
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1. INTRODUCTION

NE extraction is a widely studied subtask of information extraction. They are essential for many
natural language processing applications such as information retrieval, information extraction,
machine translation, strategic foresight, question-answering systems etc. Relatively little work
has been done on Arabic NE extraction and classification (especially rule-based systems).

Three main approches are used in NE extraction process: statistical, rule-based and hybrid
approaches. We want to show in this article how a linguistic rule-based system can provide very
good results for the Arabic language taking into consideration the linguistic dimension and
particularities of this latter (no capital letter, agglutination, no voweling). To try to solve these
problems, we use morpho-syntactic analysis to describe words, contextualisation to determine the
right context, and syntactico-semantic approach to specify the relations between NE constituents
(trigger words and extensions).

The paper is structured into four parts. First, we present our general background of Arabic NE
extraction and classification. Second, we describe the linguistic basis of Arabic NE analysis and
the Arabic NE structures and constituents; we also show how these latter are combined into
single and complex NE. Third, we give a description of our five-level rule-based system. Finally,
we expose the evaluation of our NE extraction and classification system based on the treatment of
two journalistic corpora, and show examples of the contribution of our system in the field of
information retrieval and extraction.
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2. GENERAL BACKGROUND

Three main approaches are used in NE extraction: statistical, based on large training corpus, rule-
based, and hybrid, which combines both approaches. We assume that a rule-based approach is
interesting in that it lies on a linguistic data.

NE are noun phrases with some linguistic properties. The linguistic approach, on which our rule
system is based, is essential for an efficient NE extraction system because it relies on linguistic
information: morpho-syntactic, lexical, syntactic, semantic etc. Linguistic information and
classification allow recognizing NE properties and characteristics such as:

- NE belongs to a predefined class (PERSON, ORGANISATION, LOCATION, EVENT
etc.). For example, Labgh &b <o 5e¥) usd ) al-ra’Ts al-’amryky barak 'Gibama => PERSON.

- NE is a determined noun phrase : For example, determination, by definite article or by
PN, is an essential characteristic of NE. M. Ehrmann [2008] evokes referential unicity to define
NE. This ‘‘referential unicity’’ is constructed by the definite article (morpho-Syntactic
information in Arabic) or by PN (lexical information).

- NE is caracterised by ‘‘constrained subordination’” : some syntactic extensions, such as
relative clause, are not compatible with NE structure.

- NE belongs to different lexical and lexico-syntactic types (simple/complex ;
descriptive/PN/hybride). For example :

Wbl @l oY) Gwi M al-ra’ls al-’amryky barak *Gbama (The American President Barack
Obama) => PERSON NE_Palitics.

The example, illustrates these types of constituent :
Descriptive NE : S »¥! sl al-ra’Ts al-’amryky (The American President)
PN > LL4S) L barak ‘Gbama (Barack Obama)
Ll *Ibama (Obama)
Our rule-based system takes into account these properties in NE extraction and classification.
Therefore, we used a set of lexical, syntactic, and semantic classifications to build correct
syntactico-semantic rules of our system. In other words, our method of NE extraction and

classification is based on the linguistic analysis and on the application of the linguistic
information describing different linguistic entities:

o Mopho-syntactic entities: we use Techlimed morpho-syntactic analyser, which is based
on the Arabic lexical resource DIINAR to determine word syntactic categories.
o Syntactic entities : our rules distinguish between differnent syntactic structures. The rules

are based on binary combinations inspired from X-bar theory (Chomsky, 1967)and from the
notion ‘‘immediate constituents’’ (L. Bloomfield, 1933).

o Semantic entities: we classified entities in different semantic classes according to
semantic relations. We have two types of classification :
o Simple entities : distinct listes of manually classified words (trigger words, words of

semantic fields, PNs). For example, 4seall al-gam‘iyya (association) is in the liste of
ORGANISATION ¢‘generic trigger words’’ ;ixbai®) al-igtisadiyyat (ecnomic) is in the liste of
semantic field of economy etc. To build lists of PNs, we used two ways : either exploit availale
lists in the web (names of countries, cties, first/last person names, names of geonatural locations
etc.) or a semi-automatique method based on Wikipedia dumps definition extraction ; for
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example : Y is an German scientist. To illustrate this, the figure below presents the results of
scientific person PN extraction from wikipedia.
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Figure 1. An example of the output of our rules designed for PN lists

3. LINGUISTIC INFORMATION

Our study deals with NE linguistic specificities and the elements involved in their syntactic and
semantic structure. These information highlight several levels of analysis.

3.1. Lexical information

Lexical resources and information are the basic element in our NE recognition and classification
system. It provides morpho-syntactic and semantic information (i.e. classification) necessary to
our rule construction.

3.1.1. Morpho-syntactic analysis

We use an efficient morpho-syntactic analysis system based on DIINAR: a rich arabic lexical
database. For example, the word 4. is analysed as follows:
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<pos start="0" finish="0" content="4:%" group="word">
<interpretation>
<morphology category="C_NOUN" group="C_NOUN" lemma="_f%" root="i0" string="4ux" form="iu%" formy="4x">
<traitioun gender="Female" number="Singular" mode="Indetermined" case="Nominative"/>
</morphology>
</interpretation>
<interpretation>
<morphology category="C_NOUN" group="C_NOUN" lemma="44%" root="o%" string="4&x" form="4ux" formy="4u=">
<traitNoun gender="Female" number="Singular"” mode="Indetermined" case="Nominative"/>
</morphology>
</interpretation>
<interpretation>
<morphology category="C NOUN" group="C_ NOUN" lemma="lf%" root=".w" string="iix" form="ii" formy="4lu">
<traitNoun gender="Female" number="Singular" mode="Annexion" case="Genetive"/>
</morphology>
</interpretation>
<interpretation>
<morphology category="C NOUN
<traitNoun gender="Female" number="Singular"” mode="Annexion" case="Genetive"/>
</morphology>
</interpretation>
<interpretation>
<morphology category="C_NOUN" group="C_NOUN" lemma="_ls=" root="_s" string="iux" form="i4w" formy="4::">
<traitioun gender="Female" number="Singular" mode="Annexion" case="Genetive"/>
</morphology>
</interpretation>
</posﬂ

L ot T LA [P L RS LI ]

group="C_NOUN" lemma="lp" root="i=" string="iux" form="4swx" formy="4Lx">

Figure 2. Output of our morphosyntactic analysis of "4ux" (city)
This analysis constitute the base of our syntactic rules.
3.1.2. Semantic classification

The task consists in going beyond the morpho-syntactic analysis (on the word level) to a semantic
classification of simple lexical entities resulting in semantic meta-information. It is about a
classification based on conceptual and contextual analysis. That is to say, we classified the
linguistic entities involved in NE structure, in our linguistic rule system, according to different
semantic and conceptual relations. We put these trigger word lexicon into different categories
according to common semantic and conceptual criteria. For example, wds« (council), d=es
(association), 4 (committee) etc. belong to the same class ORGANISATION (a kind of synset
in WordNet lexical classification). This goes for the rest of classes: PERSON, LOCATION,

EVENT, ARTEFACT, SUBSTANCE TIME, NUMBER etc.

We subdivided these groups into morpho-syntactic sub-categories to distinguish “determined”
and “undetermined” trigger words so that we can use them to build correct syntactic entities. As
far as number is concerned, all the trigger words are singular.

Our semantic classification of these simple lexical entities is also based on their syntactico-
semantic properties. For example, s« majlis (council) and _»)s wazir (minister), have
respectively different NE extensions from 4l qunsulya (consulat) and <l malik (king).
Therefore, _ds= majlis (council) and 4l=# qunsulya (consulat) belong to different
ORGANISATION sub-classes since they participate in different rules.
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3.1.3. Syntactico-semantic information

Concerning the NE syntactic complexity, we have taken into account in our syntactico-semantic
rule construction, the elements mentioned above: the morpho-syntactic information and the
trigger words classification.

In addition, we have take into consideration:

- different syntactic structures and different phrases.

- immediate constituent analysis X-bar theory.

Our study starts from the principles that:

- Trigger words are the heads of the phrase followed by different extensions.

- Each NE class has attributes (a clearly defined lists of entities); and the category
ORGANISATION is in the center of NE extraction in that it has “function ” (classified NP or PP),
“person”, “location”, “law” etc (O. ASBAYOU, 2017).

- Complex NE structures are composed of many linguistic entities combined in a defined
order.

- NE class attributes are put in a well-determined distribution in NE extraction patterns.

In the syntactico-semantic level, we will also shed light on two important aspects : NE structure
constiuents and NE class attributes.

3.2. NE structure constiuents

NE constituents are crucial in knowing the linguistic entities that should be combined in our
extraction rules. The structure of NE is divided into two parts: trigger words and extensions.

3.2.1. Trigger word

Trigger words are the contextual entities in the head initial position of NE syntactico-semantic
structure. They do not only provide the context but also the first and basic classification
properties. We have taken into account different perspectives in constructing the typology of
trigger words:

A. Lexical approach
This approach aims to distinguish between:

o Internal evidence : they are inherent parts of NE and cannot be detached from them (E.g.
Labady) danill il gl (udsall al-maglis al-wataniy littanmyyat al-iqtisadiyyat (the National Council
for Economic Development)
o External evidence : they are not essential to establishing the autonomy of the NE in
which they are trigger words ; they are optional in the NE structure (E.g. < s s 443 madinat nyt
yiirk (The city of New York).

B. Syntactic approach

As far as complexity of NE structure is concerned, the syntactic approach allows us to distinguish
between two types of trigger words:

o Simple trigger words: they are simple words functioning as heads of the NE.
o Complex trigger words : this class is the output of rules made up of :
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o Simple trigger words, which are heads of noun phrases, modified by nationalities or numbers.
This pattern concerns organisations (sl Csdaell al-maglis al-magriby) (the Moroccan
Council), events (6_rie 4walall 5 53l al-ddawrat al-hamisa ‘aSraf; >80 i34 al-mu’tamar al-
halygy) (The fifteenth session; Golf meeting), persons (Js¥) <l al-na’ibu alawwalu) (The
first representative).

o Simple trigger words (head) modified by a PN (e.g. L % (ulss maglis faransa France Council;
el 350 dawrat birlyn Berlin Session).

These elements simplify the combination of the trigger words and the appropriate NE extensions.
However, these trigger words are annotated as autonomous NE in case they do not have any
extension in context (e.9. >3 (udaall al-maglis al-halygy Golf council; Wi # Gsdse maglis
faransa France Council;c » 3,52 dawrat birlyn Berlin Session).

C. Semantic approach

In addition to the classification of trigger words according to referential classes (PERSON,
ORGANISATON, LOCATION, EVENT etc.), the semantic approach makes a conceptual
distinction between two categories of trigger words:

o Specific trigger words : their sense is rather specific and allows a fine classification (class
+ field). In other words, their head position is enough for a specific classification and the
extension is no longer used to refine the entity's annotation. For example :

b) 4l ashall 5 1a¥) &8 kulliyyat al-'adab wa al-‘uliim al-‘insaniyyat (the Faculty of letters and
human sciences) => (ORGANISATION NE_Science)

d) cballs d8all 35 wazyr al-ttaga wa al-ma‘adin (the minister of energy and mineral resources)
=> (PERSON NE_Politics)

o Generic trigger words : their sense is larger giving only the general class. For example :
a) =58 cudaal) al-maglis al-gawmy (The National Council)

b) dsall Luallall dakiiall al-munazzamat al-‘alamiyyat lissihat (the World Health Organisation)

c) AdUall A all S G iy ra’Ts al-wakalat al-ddawliyyat littdqa (The President of Word Energy
Organisation)

The generic trigger words in these examples produce the first level of classification (PERSON,
ORGANISATION, LOCATION etc.). NE annotations are specified by semantic field denoted by
the entities in the extension. For this reason, to refine our classification we use the extensions that
contain semantically classified entities (morpho-syntactic or syntactic). For example, in b) above,
the entity 4~ll (of health) determines the NP/PP field health, which is not denoted by the generic
trigger word 4<kidl (the organisation) but by the NE extension.

3.2.2. NE extensions

The NE extensions concern the morpho-syntactic or syntactic entities occurring after trigger
words, they, mark the frontiers of the extracted NE and specify their sub-classes. Studying the
extension is very useful in solving the problems of NE frontiers and classification.

. Morpho-syntactic extension :
a) Y Ludae maglis al’amn (the Security Council)
b) s i Mal-ra’ts al-rrisy (The Russian President)
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These morpho-syntactic extensions are either annexion (complement) a) or identification
(modifier) b); they have to be determined by the definite article.

The extension can also be semantically classified as in a) denoting the semantic field of security
and allowing for the NE sub-classification (ORGANISATION NE_ Security).

o Syntactic extension :

a) Noun phrase (NP): e.g. 4nla®y) 4wl uae maglis al-ttanmyyat al-igtisadiyyat (The
Organisation of Economic Development)

b) Prepositional phrase (PP): e.g. ¢! @8 bl Gudsall ra’Ts al-maglis al-wataniy lihuquq al-
insan (the National Council of Human Rights).

o Lexical extension : PN

a) Lebag) Al (Sae¥) i)l al-ra’is (al-"amryky) barak 'Gbama (The American President
Barack Obama)

b) JsSee JUMd ¢ La sari ¢ $arl diigul (Charles De Gaulle Street)

4. LEVELS OF SYNTACTICO-SEMANTIC RULE CONSTRUCTION

Our system is made of many levels of analysis. The output of the preceding level is the input of
its following one. The diagram below shows this structure:

[ Text = input Level O ]

1

7 N
Morphosyntactic :
| ) Level O Cutput 0 = Level 1 input
| analysis " B P
... o l
o I~ Level 1 Cutput 1 = Level 2 input
*
Level 2 Output 2 = Level 2 input
] +
Syntactico- " lai
semantic Lewvel 3 Cutput 2 = Level 4 input
analysis i 8
Level 4 Output 4 = Level 5 input
+
Level 5 Cutput 5 = Lewvel 6 input

Figure 3. the levels of our NE extraction and annotation

Level O applies the morpho-syntactic analysis which we mentioned above and which is the first
and basic step in our system. Then follows, as we have already alluded to in the pages above, our
syntactico-semantic rule construction composed of 5 levels. The posterior levels exploit the
output of the anterior ones.
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4.1. Levell

Level 1 contains a set XML documents each of which deals with particular type of entity.
Note: the syntactic entities in Level 1 are NPs with modification by adjective(s) (see the
examples below).

o Document 1 : Simple (morpho-syntactic) and complex semantically classified NPs and
PPs with modification by the adjective(s). For example :
E.g.4tl deliali(the handcraft)=> NP IDENIFICATION_Economy
= oun fikld (economy) Determined+ Adjective_Determined = NP_Economy_Determined
E.g.4tl deliall(the handcraft)=> PP IDENIFICATION_Economy

I

= Noun field with pcl (economy) Determined + Adjective Determined =
PP_Economy_Determined
Lulall Aelialidlaall (the local handcraft) =>NP IDENIFICATION_Economy

= NP _Determined + Adjective_Determined = NP_Economy_Determined
E.g.  “inlldelialils. (the local handcraft) =>PP IDENIFICATION_Economy

= PP'EW(I)R'/_DIetermlned + Adjective_Determined = PP_Economy_Determined
Document 2 : Simple and complex syntactically classified NPs and PPs with modification
by the adjectif(s).
E.g. 4wl aasll(the sustainable development) => NP IDENIFICATION
L1

= Noun_Determined + Adjective_Determined = NP_Determined
E.g.4lxiud) 4all(the sustainable development) => PP IDENIFICATION
= |_Determined + Adjective_Determined = PP_Determined
o Document 3 : PNs

E.g.0fse sedd (Vladimir Pouting), 2= sl ! (Ibrahim Said)

= Person_PN/unkown word + Person_PN/unkown word = PERSON NE_PN

o Document 4 : Definite Description

E.g. xall daladl(le Moroccan king)

= rigger! word_Person_Politics_Determined + Nationality_Determined = PERSON
NE_Politics

o Document 5 : Groups of people (Populations)

E.g. s 3l (the communists); 48 4Y! (the africans) ; S Y aciaall (la Société américain)
SieY) aaindll (la société américain) => Triger word_Society + Nationality = PERSON GROUP
NE

o Document 6 : ORGANISATION NE

E.g. diiwdl Ll 23¢3(The Independent Higher Committee)

= Trigger word_Organisation_Determined + Adjective_Determined = ORGANISATION
NE

= ORGANISATION NE + Adjectif _Determined = ORGANISATION NE

o Document 7 : LOCATION NE :

- Listes of the countries/cities/rivers/mountains

a) < _aall (Morocco), Wi (France) => LOCATION NE_Country

b) cw b(Paris), kLY (Rabat) etc. => LOCATION NE_City

- Syntactic compositinal entities :

a) 48 3l 4n sl 20l (The south-eastern frontiers) => LOCATION NE

b)SLtdl el 5¥) alall(The Japanese Olympic Stadium) => LOCATION NE_Sport

¢) <l 4334 (the city of Talsint) => LOCATION NE_City
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o Document 8 : EVENT NE

a) bl il (the National Congres) => EVENT NE

b) 4l s¥1 al¥(the Olympic Games) => EVENT NE_Sport

C) &)V A8l =)l daaY) lislsall (Iraki-iranian Security Negotiations) EVENT NE

d) LY Al jaisall (theJordanien Environnemental Congres) =>EVENT NE_Environment
e) <l gui (Tsunami) => EVENT NE

o Document 9 : NUMBER NE

a) 4wea (cing), 145,058 54 (vingt six) => NUMBER NE

b) 25% ; Ll & osued (fifty percent) => NUMBER NE_Percentage

C) W oxd®U  (three million dollars) => NUMBER NE_Money

o Document 10 : DATE NE (E.g. 1988 W 15 (May 15th 1988)

. Document 11 : HOUR NE(E.g. @8 4ued s 430 e Ll (Five past eight)

. Document 12 : ARTEFACT NE

a) Sesd #(Volkswagen) =>ARTEFACT NE_Car

b) sl o5& (the Constitutional Law) => ARTEFACT NE_Law

o Document 13 : SUBSTANCE NE (E.Q. pseli ol 337 (the potassium substance))
. Document 14 : LIVING BEING NE  (E.g. S salud) b s (Salmonella))

We note that, in Level 1, we extract and classify two types of entities:

1) Entities with identification (base (trigger word)_Determined + modifier(s))_Determined
2) Pure PN : to extract pure PNs we use lists, that we have constructed using web databases, and
trigger words.

To illustrate the results of Level 1 we suggest the following two sentences, in which different
colours mark different entity classes and sub-classes recognised in this level by our NE
recognition and classification system:

Sentence 1:

S . PSR o s BRI RN SIESNED 6 5 e SRR <
Sentence 2:
Gl ded o e (a1 (e o glals il )yl “w}ag\ L Lol ol s U <

| 48U IS

A 5 RREEIRE BRI aa Luaasaly

Note : we obtain this representation, in which different entities are highlighted with different
colours, by applying a XSL style sheet to the XML results (the user selects and ticks the classes
and sub-classes that he wants to be highlighted). We do this for two reasons : for best visibility,
and for concision and clarity (XML document of the two examples above makes 6 pages).

4.2. Level 2

In Level 2, we apply the second step of entity combinations using Level 1 results to extract two
types of phases: NP with annexion and PP composed of the prepositional proclitic J /li/ and NP
with annexion.
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4.2.1. NP with annexion

A) Syntactically classified :

E.g.3uasll &l bl jnsi g o (the support and management of original initiatives)

=> NP ANNEXION

B) Semanticaly classified: E.g.

E.g. A Ul L) aea - (the support of foreign investment)

|

=> NP ANNEXION_Economy

E.g.4bai®y) &l joladll aaalii o shai(the development and support of economic initiatives)

1
=> NP ANNEXION Economy

4.2.2. PP composed of the prepositional proclitic J/li/ and NP with annexion
A) Syntactically classified :

E.g. SA,J.A;JI\ abah.adl\ ,):.‘-.'ﬁlj @eﬁ-ﬂl(of support and management of original initiatives)

L |

B) Semanticaly classified

E.g.  Abla®¥ &l bl aalii sy ol (for the development and support of economic initiatives)
[ | | | | !

These types of phrases, which can be ORGANISATION/EVENT EN EXTENSIONS, are
extracted in Level 2 because they can have in extension NP with identification obtained in Level

1. We can illustrate the results level with the output of our system using the same example
above:

X
83l )

e dasi g o (a sadl) 13g, ISR

4.3, Level 3

Level 3 uses the results of the precedent levels to extend NP and PP with annexion, which can
have NP with annexion in extension obtained in Level 2. For example:

A) Syntactically classified phrases

10
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a) NP with annexion :
(Aaenslt) fwﬂ\l Os3é w3 (the ajministration of the populaire revolution affaires)
b) PP composed of the prepositional proclitic J/li/ and NP with annexion :

(Bamill) 5,50 535wl (la gestion des affaires de la révolution populaire)

B) Semantically classified

a) NP with annexion :
sl dabdl (538 s (the management of local tourisme affaires)

b) PP composed of the prepositional proclitic J/li/ and NP with annexion :

c)

Adaall dalandl t el (for ?he management of local tourisme affaires)

Illustration Level 3 :

NP and PP with identification (Level 1) and with annexion (Level 2 and 3) correspondent to
attributes after ORGANISATION and EVENT NE trigger word discussed above.

4.4, Level4

In Level 4, we extract and classify the following entities by combining entities attributes and
trigger words:

. PERSON NE
PERSON trigger word + PN = PERSON NE_(Field)
a) Y s | gl % Lt )1 (The president Frangois Holland) => PERSON NE_Politics
b) CpliE &l AL 5l A (the physician Albert Einstein) => PERSON NE_Science

The combined entities/attributes are extracted and classified in Level 1.

. ORGANISATION NE

In this level we combine ORGANISATION trigger word (Level 1) with attributes after this later
(i.e. attributes after trigger word) (Level 1, 2, 3):

ORGANISATION trigger word +NP = ORGANISATION NE_(Field)
sl ¢y slaill A 5(the International coopération Agency) => ORGANISATION NE

11
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ORGANISATION trigger word + PN = ORGANISATION NE_(Field)
oealal) dens iivs(HOpital Mohamed V) => ORGANISATION NE_Healh
ORGANISATION NE + “Fonction’’ attribute = ORGANISATION NE_(Field)

Cebaill (Al dess dusss 5a(Mohamed VFoundationfor Solidarity)=> EN_ORGANISATION

This rule extends ORGNAISATION NE with pure PNs by adding “‘function’’ attribute
(generally realized with PP with proclitic d /li/).

For illustration, we can see the results shown by the processed following sentences:

[ EPSTTIO LL i e sl Al i PR o e DE g ) i U]
IRCTIF WA RENPOTION .| JUINIPRRWLL:. 1305 A8 )l sall (el (ulaa ) 8

o EVENT NE

EVENT has the same attributes as ORGANISATION. However, EVENT is distinguished by
“date”’and “‘number’’. Thus, EVENT NE is composed of EVENT trigger word followed by
EVENT attributes:

EVENT trigger word +NP = EVENT NE_(Field)
daliuaall 4pa3ll i 5a(the Sustainable Development Forum) => EVENT NE

EVENT trigger word + PN = EVENT NE
gkw Jlac) (Hurricane Sandy)
—

Generally, the PN corresponds to the location of event or the PN of the event organiser.
EVENT trigger word + Number = EVENT NE_(Field)
ie aal )l Suill (the fourteenth meeting)

EVENT NE_(Field) + SN_Field = EVENT NE_(Field)
Sl adaill b N jaise (Riyadh Conference on Higher Eduction)

EVENT NE_(Field) + Location= EVENT NE_(Field)
Sy alidll J ol s yeall(the Marrakech International Film Festival 2015)

EVENT NE_(Field) + Date = EVENT NE_(Field)
2015 iS) s ldll J o) ol yeall (the Marrakech International Film Festival 2015)
C |

L —

45. Level 5

In level 3, we extract the following NE classes by combining ‘Person’’, ‘‘Location’’ and
“Law’’ attributes with the corresponding entities:

12
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. PERSON NE

PERSON trigger word (simple/complex) + ORGANISATION NE_(Field) = PERSON
NE_(Field)
a)oy! 3l b sllulaalls (the president of the National Council of Human Rights)
L | => PERSON NE_Society

b) dalall 45 )»ﬂ e\ad\ )n-»d\(the Société Générale Managing Director) => PERSON
' => PERSON NE_Economy

PERSON NE_ (Field) + PERSON_PN= PERSON NE_(Field)
Oty §sial b dldaalliasi a3l w3 andl(the president of the National Council of Human
Rights Mr Idris EI Yazami) => EN_PERSON_POLITICS
gi):‘h o3 2l ci‘ui}” Ce;.u @L)Laumlj

ll

We have also the following rule, in which ‘‘person’’ are combined to it corresponding class of
EVENT:

PERSON trigger word (simple/complex) + EVENT NE_(Field) = PERSON NE_(Field)
aldll Joall (ES) ye Ol yew 3_p2a(the director of Marrakech International Film Festival)
| =>EN_PERSON_ART

. LOCATION_BUILDING NE
Here we combine “‘/ocation’” attribute to its corresponding ORGANISATION NE.
LOCATION_BUILDING trigger word + ORGANISATION NE_(Field) = LOCATION NE
_(Field)
Oyl B8l Ak glludaall jis(the Headquarters of the National Council of Human Rights) =>
LOCATION NE_Society
oyl 3 ;sdl b sl i (the II—Ieadquarters of National Council of Human Rights)

. ARTIFACT_LAW
Concerning LAW NE, we have the following rules :

LAW trigger word (simple/complex) + ORGANISATION NE_(Field) = ARTEFACT
_LAW NE _(Field)
Ol Bgial b Jldaall Y o 5l@l (the Rules of Procedure the National Council of Human
Rights) => ARTEFACT NE_LAW
oti»i‘;“ 35l @.L.,LJ;]H b il

“Law’’ attribute of ORGANISATION before trigger word is combined with ORGANISATION
NE.

LAW trigger word (simple/complex) + NUMBER NE = ARTEFACT _Law NE
131 &, o8l (Law number 131)

13
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ARTEFACT NE_Law + NUMBER NE = ARTEFACT _Law NE_(Field)
125 a8 oY) dae ) 3(the Security Council resolution number 1325)

In the two preceding rules, we combine ‘‘number’’ attribute of Law to LAW entities.
EN_ARTEFACT_LAW _(Domaine)+ DATE NE = ARTEFACT_Law NE _(Field)
1948 430131 &8 o) (Law number 131 of 1948)

“Date” attribute is added to LAW entity.
ARTEFACT _Law NE _(Field) + NP/PP_Context = EN_ ARTEFACT Law _(Field)
@ Nad) Jad) sy 3laiall 1976 (s ke 25 8 734l 63 -76 a8 a5 e(Decree No 63-76 dated March
25th 1976 relating to the etablishement of immovable property registry)

c;)&fld\ ol Gy Galaidl) :\976 ke 25 & F3all 63 -76 &) e

J
I

NP/PP_Context means an NP or PP marked by a context such as the trigger word (sl=isl) (relation
to) in the example above.

The following example of our system results is an illustration of Level 5 output:
NSRRI DA LRGP T ISPICEN IS oY | 5 51 jall Ol 1325 a8 ) (Jsall (oY) (udaa )

5. EVALUATION AND APPLICATION
To evaluate our system of Arabic NE recognition and classification we used two corpora:

- ANERCorp (available in http://users.dsic.upv.es/grupos/nle/?file=kop4.php) this
corpus is available online ; it contains 154 674 words accompanied with its manually annotated
version which facilitate the comparaison with the output of our system. This manual annotation is
made of four classes: «PERSON », « ORGANISATION », « LOCATION », and
« MISCELLANEOQOUS ».

Table 1. Results of our Arabic NE recognition system in ANERCorp

class NE in the | correctly annotated Recall Precision | F-measure
corpus NE
PERSON 3309 3195 96,55% | 90,68 % 93,52 %
ORGANISATION 1855 1752 94,44 % | 92,40 % 93,40
LIEU 4008 3709 92,53 % 96,46% 94,45

of FPA articles. The results obtained by the treatment of the corpus are as follows :

French Press Agency (FPA) Corpus : a corpus of about 30 000 words which we made up

14
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Table 2. Results of our Arabic NE recognition system in French Press Agency (FPA) Corpus

Class NE in the |Correct annotated NE| Recall Precision F-Measure
corpus
PERSON 1267 1144 96,60 % 93,46 % 95 %
ORGANISATION 881 807 95,45 % 95,95 % 95,69 %
LOCATION 2523 2344 94,96 % 97,82 % 96,36%
EVENT 91 74 91,20 % 89,15 % 90,16 %
TIME 387 378 98,96 % 98,69 % 98,82 %
(DATE/HOUR)

NUMBER 753 741 98,67 % 99,73 % 99,19 %

As we can see, the results are very good. In addition, the system is efficient in the process of NE
classification and sub-classification in that we note very few errors in the output classification
and the results of fine-grained annotations are excellent. These results show the importance of the
linguistic approach in NE. The text below shows an example of our system’s annotations. The
different colours highlights the diversity of the extracted NE sub-classes.

INOPPRF PR PIVTAEAL UL ) i 0eY) G0 gaaad] Aalall ) LTl s PR ORESTERR A TR |

WIS & S e o o) ST L Sl il ¢ i o bygm b i)l 4ne
G G G o) 1A gl Gl Sastiall o S (5 e O Aas) p3le) iy s L Aia g 50
py =iy (o3 ﬁ puaaill ¢ gia o M hgs (B aasll gl Jlade S0 oY1 dA goay " ¢ gl

& ol iy Jaaiilly (510 ol s o " i Sy andse e (la B JBs | daall SAN o 5lS /s 22
Al sall 2 geall 8 Al clilladll ) 3okl (5 a " Al licas o Sia iyl Sl i Ley by
@5 022y 3 INWNETORON . o) a6 AT L (o) sl il Ml gy acis "l W) (o5 sil) ol & gl
(s il TERRONEIIPIN 2,5 oo ) ac i Wiy ¢« 2011 I / s e Cuailic 2io EUEOREARER -, i< 5Ly (50
G O ¢ JHpl ) e sl b g (3 U - dend RS aae b - ol phas (S5 2uYL Aalld
Claliial ) Ala¥l ¢ bygw & gl s 3855 Gusll Gl ssmall po Clialie o 2l Suige (8 3nse il
e ol Ll 8 ASHLaall W 5 geall g g 13 G yla Sl " Al Aalu) (e ASLadl)
<l shaill o3 3l [l 48 Hliie " (5 jSanll HLAN INA e iy o (S Y ADSRIAEEN U o) S0 Ly ¢ plaa)
BB oL BRI ¢ ook S Jlia ) o A s EETRSTRERIDIAN ol &0l 4d il (o3 85l 8

) s Gual ina jaise B Ll d adil o IEBRYIRICTERSRIRIEY 165 | A Jas i (g0 0 5Sie
LY 4y ) sgand) ™

Figure 4. Example of automatically annoted text

The style-sheet colours represent different sub-classes set up in our classification. Generally, the
different colours reflect the diversity and the richness of the sub-categorisation in the system. For
example:

- PERSON NE_PN / PERSON NE_Politics / PERSON NE_Economy / PERSON
NE_Security etc.

- ORGANISATION NE_Politics / ORGANISATION NE_Economy / ORGANISATION
NE_Security etc.

- LOCATION NE_Politics / LOCATION NE_Economy/ LOCATION NE_Security etc.

- EVENT NE_Politics/ EVENT NE_Economy / EVENT NE_ Security etc.

Each class is sub-categorised into the 13 fields and we note no error in our results as far as the
sub-categrisation is concerned.

The followind example shows the XML output annotation of the two first NE in the text above:
s padld s ) sl (The russan president Vladimir Putin) =>gNE.Person.Politics
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kpos start="0" finish="0" content="0s g sl Guiiins
<interpretation>
<morphology categohy "C_NOUN™ group— 'gME .Person.Politics"™ lemma
="oei5" root="lslu" string="o0" Form="_w0" formv
="oui5" >
<traitMoun gender="Male" number="Singular" mode="Determined"

case="Accusative"/>

<proclitic category="C_PCL_N" string="J" formv="I">
<traitNoun gender="" number="" mode="Determined" case
="Accusative" />
</proclitic>
</morphology>
<morphology category="wNationalityMasculin" group="gME.Person
.Politics" lemma=" " proot="" string="_=2'" form=""

formv=""/>

<morphology category="gNE.Person” group="gME.Person.Politics"

lemma="_tw:2:" poot="" string="_2=2:" form="" formv=""/>
<morphology category="C_NOUN" group="gMNE.Person.Politics" lemma

="2Z5" root="_55" string="_I2" form="_I." formv

IONETON

<traitMoun gender="Male" number="S5ingular"” mode="Annexion" case
="Genetive" />
<proclitic category="C_PCL_N" string="-="
<traitNoun gender=
/>
</proclitic>
</morphology>
<properties category="gNE.Person.Politics"
.Politics" lemma= root="" string="_se:3s _w;;ll ad

S - 1 o A
0" Forme" o | ,|u

formv=""="">

group="gNE .Person

ot Formy=""005 St Bl >

<traitMoun gender="Male" number="S5ingular"” mode="Annexion" case
="Genetive" />
</properties>
</interpretation>
</ pos>

Figure 5. Annotation output of the NE (5 st sra (o s 5l) (s )

D3 paY) L gl Adlal) Y) s (the president on the intelligent sevice Bandar lbn

=>gNE.Person.Security

"" number="" mode="Annexion" case="Genetive"
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<pos start="0" finish="0" content="_Y &=l L0 O jlatuyl ud
ctalie o paia™ >
<interpretation>
<morphology category—”c NOUN“ group="gMNE.Person.Administration”

lemma=""_=2" root=" string="_02" form="_w1." formwv

=" i3>
<traitMoun gender="Male" number="Singular" mode="Indetermined”
case="Nominative™/>
</morphology>
<morphology category="C_PN" group="gNE.Organisation.Security"
lemma=""2=20" poot= " formv
=I'I-Jn’l')‘

(IRT] - N R I TR T

string="2/_=58.9" form="
<morphology category="C_NOUN" group="gMNE.Organisation.Security"
lemma= root="-<c" string="%1" form="%i:c" formv
="zl

s

>
<traitMoun gender="Female" number="Singular" mode="Determined”
case="Genetive" />
<proclitic category="C_PCL_N" string="J" formv="11"3
<traitMoun gender="" number= mode="Determined"” case
="Genetive" />
</proclitic>
</morphology>
<morphology category="C_PN" group="gNE.Organisation.Security"

lemma="%2 =" root="" string="ir=u" form="" formv=""/7>
<morphology category—”c NOUN" group="gME.Person.PN" lemma="_s"
root="_+" string="_Y" form="_2" formv="_12">
<traitMoun gender:”Male” number="Singular" mode="Determined"
case="Accusative" />
<proclitic category="C_PCL_N" string="J" formv="1"3
<thaitNDun gender="" number="" mode—"Determlned" case

"oy

="Accusative" />
</proclitic>
</morphology>

Figure 6. Annotation output of the NE lalu o i jael) daa sendl dalad) <l JLASN) ()

The output in this figuer shows that the NE ctalu o 3 el 433 saad) dalall <l JLaiuY) Gy is @
person NE (gNE.Person.Administration) into which a secutity organization NE ( delall <l jLasisy)

43 udl =>gNE.Orgnasation.Security ) is embedded.

We exploits the output of our system of NE extraction and classification in both information

retrieval and extraction:

- Information retrieval : the search engine uses the output of our system of NE extraction
and classification to contextualise the query. The follwing figures show some aspects of the

recognised NE contribution in information retrieval :
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Techlimed Named Entity Visualization Module

Selector Search Corporal

Click on an entity to get the occurences of the two entities in the copora

el 5e91

Techlimed Named Entities Visualization Module

Selector Search

~ EIEIED

Click on an entity to get the occurences of the two entities in the copora.

i o Y1 o 30 o e (A b5 g e o YD (g O 1 30 5 k3 o5 2 [ S e

Jiad g s

il gl gl Akt 555 [ 5 >+ A Siee B e\ b (35S A ity

Sl e Oe e A b o (53 LI (sl g Laa Y B lesde 35S 31 B Ty 0

Figure 7. Research engine contextualisation of the query sl (=¥ (the international security) with NEs
extracted by our system

The displayed results associate NEs with the query (the diagram on the left of the screen), and
highlight NEs in the text in the right side. In addition, the search engine uses the NE classification
to filter by classes and subclasses. We can see that we can filter by class (ex : PERSON,
ORGANISATION, LOCATION, EVENT) and by field (Politics, science, religion etc.) (figure
9).
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Figure 8. Search engine filtering by Person class and sub-classes
- Information extraction : Techlimed has also developed an information extraction

application using the output of our NE extraction and classification system. The figures bellow
show the contribution of our NE recognition system in information extraction :
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Data Process & Search Module

> Techlimed

1 e

t 3 Page: 1sort = + Zoomautomatique * Current file: Mofa2A2iA.pdf

Tgho ¥ Bt s buadh File number Subject
Mofa2A2iA b pgs sic Juob

Content Language

saatdl 4yl Y1 Ay
¢ g Arabic
2005 et 19 1 (4320
Description Configentiality level
Low A
Administration Name/Position of the signatory
bl &3l )l - sl Soone

Fle opening cate Attached document

330/54/212 4 5 No date - No .

A g A 2 e Attached document name
i No date v

Jsdoll pusesll £52)
o e Jalis g g 2002/02/11
192005 pubaawst

Correspondance number
24
n Type of correspondance
= Internal >

Country External sender name

Basiall dypall OV dgs - Nothing selected 2
Country2 External recipient name

Badiell dupall SlyleYl dgs v Nothing selected b
Keywords Internal sender name

Nothing selected v Nothing selected VG
Comments Internal recipient name

Nothing selected v Nothing selected -

Figure 9. Information extraction based on our NE extraction and classification

6. CONCLUSION AND PERSPECTIVES

Our system highlights the importance and the necessity of the linguistic approach in NE
recognition and classification. The morpho-syntactic analysis is based on DIINAR with is a rich
Arabic lexical database. The syntactic rule construction is based on the binary combinations
inspired from X-bar theory and from the notion ‘‘immediate constituents’’. This necessitates
different levels of rule construction (Level 1, 2, 3, 4, 5). The semantic classifications of NE
constituents lie on the semantic relations of synonymy, hyperonymy and semantic fields. And the
syntactico-semantic rules take into account the notion of NE class attributes. These linguistic
information (morpho-syntactic, syntactic, semantic, and syntactico-semantic) are essential in our
method of Arabic NE extraction and classification. The output of our system were exploited by
Techlimed in both applications information retrieval and extraction. The obtained annotations are
integrated in the systems of indexations for an efficient information retrieval and extraction. The
output part of speech will also allow us to develop the project of establishing relations between
the different extracted NE using verb classification. That is to say, argument/predicate
relationship can then be extracted and classified. We have already stated this task. The following
sentence extaction and annotation by g.Relation.Contact (the first sentence in the text above) is
an example:
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- - R —

<pos start="90" finish="80" content=""08% _sea el en s LAl

2l T - b i e g | A/ sy BB 3

- - [ -

< Lo
e g AT D

i

<properties category="g.Relation.Contact"” group="g.Relation

.Contact" lemma="" root="" string=" <5 oo &
CR 0 aedl s gl CONPY Gl a3 ety s lerdtls

sSoge B DA ual L™ form="C afs OSs el 2
s omel gl o v .Y Lol ™ formv=""_=1

o oaal gl G 5% />

In addition, the obtained annotations can be exploited in the ontology enrichment.
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