ACIT?2017

oo 3 ¢ . .
sEEG p ” ":’> The International Arab Conference on Information Technology aany
f’ (# ) 1
’{&-’:@ FIRST t% ﬁ‘,’ Yassmine Hammamet, Tunisia IEEEE&E wy
ersity O ity oot —_— =

December 22-24, 2017

ACIT2017

Semantic Elements Extraction based on Syntactic
Structure of Arabic Sentences

Raghda Hraiz, Mariam Khader, Arafat Awajan, Akram Alkous
Computer Science
Princess Sumaya University for Technology
Amman, Jordan

Abstract— Huge amount of data is uploaded to the Internet
daily, most of this data are a user-generated data. User-generated
data impose challenges in processing by machines because of its
unstructured nature. This paper proposes a new approach for
extracting semantic relations from Arabic sentences. The
proposed approach analyzes the syntactic structure of Arabic
sentences and recognizes its semantic elements. The proposed
approach consists of three stages: syntactic analysis,
segmentation and semantic relation extraction phase. The
extracted elements from the text are organized in XML format.
The proposed approach has been evaluated using a dataset of 15
sentences from AL-Jazeera website. The results have shown that
the proposed method is reliable and promising in extracting
semantic elements.
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l. INTRODUCTION

Huge amount of data is uploaded to the internet every day;
most of the data is generated on social networks [1], these data
are mainly unstructured (natural language text). Many
researches were proposed in order to enable machines to
process unstructured data; those researches included data
representation using logic, rules, frames, etc [2]. One the most
implemented representation is the semantic networks. The
semantic network is defined as a graphical representation of
knowledge, where concepts represented as nodes and their
relations as arcs. Semantic networks were used to represent
knowledge and to infer conclusions from this knowledge [3].

This work proposes a new approach for semantic elements
extraction between entities in Arabic texts using semantic
networks. The extracted elements are generated from the
syntactic structure of the sentences. The results show that the
proposed method is promising for Arabic semantic, as it works
automatically and does not require identifying rules at the
semantic level, which in general require identifying a huge
number of semantic patterns and rules. Instead of that, the
method relies on the syntactic level to define patterns and rules.
Which require defining less number of rules, and can work on
any text from any domain.

The rest of the paper is organized as follow; next section
presents the state of the related work in extracting semantic
relations for both English and Arabic texts. Section 111, details
the methodology steps. In section 1V, evaluation of the
proposed approach is demonstrated. Finally, section V
concludes the result of applying syntactic structure for
semantic elements extraction on Arabic sentences.

Il. RELATED WORK

Semantic Network has been presented early at 1966 by
Ross Quillian. It was proposed first as a general mechanism for
representing knowledge [4]. The semantic network has been
used in natural language processing as a knowledge
representation in order to represent the semantic relations
between concepts. It is form of directed or undirected graph,
where vertices represent concepts, and edges represent
semantic relations between those concepts [1].

Different approaches have been applied in order to extract
entities and semantic relations between those entities in user-
generated text. The most common methods found in literature
are pattern-based methods. A pattern is a template or a
structure of a sentence that describes how related words could
occur in it. Those patterns can be prepared manually by an
expert or generated automatically. In [5], Aldhubayi &
Alyahya have described three main approaches that are used to
generate semantic patterns automatically. Those approaches are
supervised machine learning methods, semi-supervised pattern-
based methods and bootstrapping methods. Supervised
machine learning methods extract semantic relations by
applying classification techniques on the dataset. For using
classification, a dataset of positive and negative test cases for
semantic relations is needed. However, preparing adequate
annotated test cases is expensive task and requires huge efforts
and human expertise. On the other hand, semi-supervised and
bootstrapping methods require small datasets of patterns of
defined semantic relations to begin the extraction process.

An unsupervised Relation Extraction method was proposed
by [6]. The developed system of this method discovered
entities and relations from Wikipedia documents. The benefit
of using Wikipedia was to utilize the clean and well-written
structure and contents of Wikipedia documents, especially the
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English content. The system of relation extraction included
three steps: text preprocessing and concept pair collecting, web
context collecting and dependency pattern extracting and
clustering Algorithm. In text preprocessing and concept pair
collecting step, the method scans Wikipedia documents in
order to extract concept pairs. Wikipedia was utilized because
its document contains “anchor-text”, which connects the
current article with its related articles. This method considers
the current document and any of its related documents as a
concept pairs and extracts any sentence containing both
concepts together. In web context collecting step, the system
will query Google with the concept pair; the result will be
processed to extract information about the relations between
the concept pair. This step was important in order to generate
well-defined and accurate relations. In the last step, an entropy-
based algorithm was employed to compare and rank all
possible terms, those terms were used to represent the relations.
The terms are all nouns and verbs extracted from previous
steps. In order to improve the quality of the relation, functional
terms were added by the system to the relation to make it
readable.

In other researches, relation extraction method was
developed for specific domains by [1]. In their research, a
method for discovering medical elements between entities was
proposed. In order to recognize syntactic entities in the medical
documents, the researchers proposed an enhancement on an
existing Medical Entities recognition system called MetaMap
[7]. The research included identifying the category of each
extracted name entity such as health problem, medical
treatment or medical procedure and then extracting the
semantic relations between extracted entities. The proposed
system defined the types of the semantic relations. There are
six main types: treats, prevents, causes, complicates, diagnoses
and sign or symptom of. In order to extract semantic relations,
the authors designed several linguistic patterns for each
semantic relation type. The pattern was determined based on
the selected sentences from PubMed Central articles. The
sentences were selected using UMLS Metathesaurus
knowledge and MeSH indexing of PubMed Central. The
linguistic patterns were compared with each sentence in the
corpus in order to choose the most suitable relation. The
proposed method had good results on a corpus consist of 580
sentences. The same authors also presented MeTAE, which isa
platform for extracting information from medical texts.

In their research Bollegala et al. [8] proposed extensional
and intentional representations of the semantic relations
between entity pairs. The extensional representation of
semantic relation was achieved by deriving all possible entity
pairs where this semantic relation holds. In the other hand, the
intentional representation was achieved by identifying a set of
lexical-syntactic patterns. The syntactic were used to construct
the semantic relations. In order to extract the potential entities,
the authors proposed an efficient single-pass extraction
method. The proposed method scans all the sentences in the

corpus once and work as a part of speech tagger and a noun-
phrase chunker in order to extract entities. After that, the
method apply a subsequence pattern-mining algorithm, which
discovers lexical syntactic patterns. The discovered patterns
were used to represent the semantic relation between two
entities. Finally, the lexical patterns were clustered using a
sequential co-clustering algorithm. Results of the patterns
clustering had promising results on the ENT benchmark
dataset. The experiments proved the applicability of the
proposed method on large dataset. The method was able to
classify 53 relation types correctly in a large online social
network system, with more than 35 million edges.

KNOWITALL is an autonomous system that was proposed
by [9]. This system was used to scan web pages and identify
concepts, relationships and facts. Specifically, KNOWITALL
relied on an expandable ontology and a set of rules. The system
has a domain and languageindependent architecture to fill the
ontology with new relations and facts. KNOWITALL was
developed to be scalable, where the modules ran as threads and
the modules communication achieved by asynchronous
message passing.

In [10], WOE (Wikipedia-based Open Extractor) system
was proposed. WOE is an open information extractor system. It
uses self-supervised learning to generate training samples, and
then uses those training samples to train an open information
extractor. The training samples are generated by matching the
attributes in Infobox (in Wikipedia pages) with the
corresponding sentences in the natural text.

Regarding Arabic language, there were few studies for
semantic relation extraction. The reason is that there are no
enough resources to serve such researches. In the research of
Lahbib et al. [11], the authors suggested a hybrid method for
extracting semantic relation from Arabic documents. The
suggested method incorporated statistical techniques and
linguistic knowledge for discovering semantic relations. The
method studied the relation between syntactic dependencies
and the semantic of the sentences. The focus was on noun
phrases, specifically, the following types of noun phrases:
adjective phrases, prepositional phrases, annexation phrases,
conjunctive phrase and complex noun phrases. After
discovering the relations between syntactic dependencies and
the semantic elements, the method utilized statistical
techniques to measure the similarity between semantic entities.
In order to evaluate the accuracy of the proposed method, the
authors tested it on vocalized text (Al Hadith) to reduce
ambiguity.

Other researches on Arabic focused on extracting special
types of relations. In their research [5] the goal of the research
was on extracting antonym relationships between nouns. The
authors designed a pattern-based bootstrapping approach based
on Arabic language corpora called arTenTen and a corpus
analysis tool called Sketch Engine. The method focused on
discovering the most frequent patterns surrounds antonym pairs
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in Arabic language. The evaluation results showed the ability
of this method to discover antonym pairs with a precision of
76%.

Despite the importance of semantic relation extraction
research, there are limited work and the result are not
satisfactory yet. In this paper, a new approach has been
presented. The proposed approach exploits the syntactic
structure of the sentences in Arabic text to extract the semantic
relations. The work will focus on ten different structures to
study the relation between syntactic structure and semantic
elements. There are several structures templates for Arabic
sentences, however for the purpose of this work; most ten
general structures were used as a template as it will be
illustrated in next section.

Syntactic : Semantic XML
vsis Segmentation relation |+ | e

extraction

assigned a tag to represent its syntactic role. Table 1 shows a
sample of the tags that have been used in this research.
Determining these tags is very important for semantic analysis,
because in Arabic, the syntactic tags are needed to determine
the specific type of the word science.

Table 1: sample of syntactic tags used in this research

Figure 1: Main Architecture of the proposed system

I1l. METHODOLOGY

This paper proposes an approach for extracting semantic
elements based on the relation between syntactic structure and
semantic elements of Arabic sentences. Arabic is a Semitic
language that has a rich and complicated syntax structure. In
order to study and analyze its syntax, a dedicated linguistic
science called “Al-Naho” was created, and this science helps to
reveal the semantic of the sentences [12].

According to “Al-Naho” science, the sentences in Arabic
may start with a noun (Noun phrase) or start with a verb (verb
phrase), where each type may have several orders. In this
research, a sample of ten templates (patterns) is analyzed in
order to study the ability of extracting semantic element
(entities and relations) based on syntactic structure. In order to
apply the approach, two preprocessing stages should be done
on the selected documents. Besides that, lexicons of synonyms
and name entity should be prepared. In this work, the
preprocessing stages and lexicons have been prepared
manually. In addition, a system was developed in order to
extract those elements automatically. The input of the system is
a document of natural language text and the output is an XML
file that contains the extracted entities and relations. Figure 1
describes the different elements of the proposed system, those
elements are: the input document, preprocessing steps,
semantic relation extraction and the XML output file.

The system consists of two preprocessing stages, which are
explained in next two subsections: syntactic analysis, and
segmentation.

The first preprocessing stage is syntactic analysis. In this
stage, each word in the input document has been analyzed
according to the rules of “Al-Naho”; those rules were extracted
from “Al-Rajhi” (-~=JY) book. In this stage, each word is

Syntactic role Tag Meaning

Jxie SubNP | Subject in Noun phrase
B Pred Predicate

and Adj Adjective

Jdeld SubVP | Subject in verbal phrase
e ik TmAdv | Temporal adverb

OSe oyl DirAdv | Directional adverbs

Ju Cnt Counterpart

4 Jsméa Obj Object

= vV Verb

s pul Gen Genitive

o Disc Discrimination

Js STT State

A A Prep Preposition

abe Cba Conn Conjunctive adverbs

For example, each noun in Arabic has specific type; the
noun could be one of the following (and many other tags) [12]:

e Subject, which might describe the person/concept who did
the event specified by the verb

e Object, which might describe the person/concept who has
affected by the event

e "lxin" (Subject in Noun phrase) which is the first word in
noun phrases, and the most important noun in the sentence

(TN

e “” (predicate) which give
"l1i"(Subject in Noun phrase)

information about the

e "J" (State), which describe the guise of the subject when
the event happened

o "o (Adjective), which is a property of the previous noun
in the sentence

e '"Jud" (discrimination), which describe the previous
mentioned noun or verb, used to mention its type and
eliminate ambiguity

A. Segmentation

It is a very hard to deal with the whole document while
extracting semantic relations. In this phase, the input
documents are segmented into sentences. The segmentation
process in this stage is done based on syntactic structure of the
sentence. A set of words is considered a sentence if it form a
complete sentence from syntactic perspective, for example the
sentence ‘alall e (the scientist died) is considered a complete
sentence because it consist of a verb and a subject and the verb
is Intransitive verb. Whereas the sentence ">L) Al ole ™ (Khalid
informed his father) is not a complete sentence, because the
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verb “xle” is Transitive verb that requires two objects
according to the Arabic syntax rules [12].

Extracting semantic elements

The proposed semantic extraction approach work as follow,
first, the system parse the document and process each sentence
individually by comparing each sentence with a set of defined
rules (which will be discussed later). If the sentence matches
the rule, the semantic elements will be extracted according to
that rule. Finally, the semantic elements will be saved in XML
file.

The two lexicons needed for the purpose of this work are a
name entity lexicon and synonyms lexicon. The name entity
lexicon is required to provide the semantic meaning of the
sentence. For example, name entity is important to recognize
that “Syria” is a country not a person name and “Microsoft” is
an organization. In addition, name entity is important when
multiple words are used to represent the same entity such as
“Hashemite Kingdom of Jordan” and “Jordan”. The second
lexicon contains the synonyms of the words. This lexicon is
important when several words have the same meaning. For
example the words “Lad «‘Ui= means live, so instead of
recognizing them as two different relations, the system will
check the synonyms lexicon and if the two words are
synonyms, the system will consider them the same relation.

The XML file consists of three main elements, entities,
relations and attributes. Entity is an independent concept that
represents person, organization, country, etc. Relation is a link
that connects two related entities together, this link should have
name, and may have place and time. The attribute is a property
of entity or relation that adds extra information about it. The
main difference between the attribute and the entity is that the
attribute is always related to an entity. The following is an
example of the semantic elements:

Sas b Alul QS seall Allall Ll Call

“The well-known scientist Al-Shafee wrote Al-Resalah
book in Egypt”

In the above example, there are three entities (Al-Shafee,
Al-Resalah Book and Egypt). The first entity has two attribute
(well-known and scientist). There is only one relation in this
sentence, which is wrote. Wrote relation connects Al-Shafee to
Al-Resalah Book. This relation will be added to the first entity
(Al-Shafee), which will be used later to connect it to the second
entity. The extracted relation also contains place and time, the
time in this example is not stated so it will be empty, and the
place is Egypt.

To extract the semantic elements a set of rules has been
defined, which are discussed next. Each rule consists of two
parts: syntactic template and processing steps, where each
template is used to determine the processing required on the
tested sentence. A syntactic template is a sequence of tags that
are used to define the syntactic structure of the sentence. Each

sentence will be compared with the syntactic templates, if a
sentence matches a specific syntactic template, the rule
corresponding to the matched template will be fired. If a rule is
fired, the preprocessing steps according to the syntactic
template are applied to extract the semantic elements from the
sentence.

The following illustrate the analysis of the ten rules
corresponding to the syntactic templates, the tags are according
to table 1:

e Template 1 > {"SubNP","Pred"}

If the sentence contains two words tagged as “SubNP”
followed by “Pred”, the first word will be added as an entity to
the semantic graph. The second word will have two choices;
the first choice is that if there is an entity that represents the
same concept, a new relation will be added to the entity of the
first word and will be connected to the second one. The second
choice is that if the second word does not represent an entity
(does not have its own attributes or relations), the word will be
considered as an attribute for the first entity.

o Template 2 > {"V" "SubVP" "Obj"}

If the sentence contains three words tagged as “V” followed
by “SubVP” and then “Obj”, the system will search its pool for
the second and third words. If any of these words does not
exist, the system will add it as entity. Then it will create a
relation in the entity of the second word, and connect it to the
third word. The name of the relation in this case will be the
first word.

Document after Synonyms Name Entity
preprocessing lexicon lexicon

Read a sentence
from the document

I

Check if the tags in the sentence match
the tags sequence in the defined Rules

!

Extract entities, attributes and relations
according to the matched rules.

I

Store the result in the
XML file

Figure 2: Main Steps of the proposed system after preprocessing

e Template 3 > {"V","Sub","Prep",”Gen”}
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If the sentence contains the following sequence of tags
"V""Sub","Prep" and ”Gen”. The system will search for the
second and forth words. If any of the two words does not exist,
the system will add it as an entity. Then the system will create
a relation in the entity of the second word, and connect it to the
fourth word. The name of the relation will be the connection of
the first word and the third word.

o Template 4 > {“SubNP”,"V","Preb",”Gen”}

*this rule will be fired if the word that has the “Gen” tag is
found in Name Entity lexicon as place.

In case the sentence contains the following sequence of tags
“SubNP”,"V"." Preb " and ” Gen”, the system will search for
the first and forth words. If the words not exist, the system will
add them as entities. Then it will create a relation in the entity
of the first word that connects it to the fourth word. The name
of the relation will be the concatenation of the second word and
the third word.

e Template 5 > {"SubNP","Adj"}

If the sentence contains two words tagged as “SubNP”
followed by “Adj”, the first word will be added as an entity to
the semantic graph. The second word will have two choices;
the first choice is that if there is an entity that represents the
same concept, a new relation will be added to the entity of the
first word and this added relation will be used to connect the
first word to the second one. The second choice is that if the
word does not represent an entity (does not have its own
attributes or relations), the word will be considered as an
attribute of the first entity.

e Template 6 2> {"V","Sub",”Obj”,"TmAdv"}

If the sentence contains the following sequence of tags "V",
"Sub", ”Obj” and "TmAdVv", the system will search for the
second and fourth words. If the words are not exist, the system
will add them as entities. After that, the system will create a
relation in the entity of the second word; this relation will be
used to connect the second word to the fourth word. The name
of the relation will be the first word in the sentence. A new
attribute will be added to the relation, the name of the new
attribute will be the third word.

o Template 7 = {"V" "SubVP""Obj" "TmAdv"}

If the sentence consists of the following sequence of tags
"V","SubVP","Obj" and "TmAdv", the system will search for
the second, third and fourth words. If the words do not exist,
the system will add them as entities. Then the system will
create a relation in the entity of the second word; this relation
will be used to connect second word to the third word. The
name of the relation will be the first word. The fourth word will
be added as the time of the relation.

o Template 8 > {"Pred","Adj"}

If the sentence consists of two words tagged as “Pred”
followed by “Adj”, the system will search for the first word. If
it does not exist, it will be added as an entity to the semantic
graph. The second word will have two choices; the first choice
is that if there is an entity that represents the same concept, a
new relation will be added to the entity of the first word and
will be used to connect the first word to the second one. The
second choice is that if the word does not represent an entity
(does not have its own attributes or relations), the second word
will be considered as an attribute of the first entity.

e Template 9 > {"V","SubVP",”Obj”,"Stt”}

In case the sentence contains the following sequence of tag
"V" "SubVP",”Obj” and "Stt”, the system will search for the
second and third words. If the words do not exist, the system
will add them as entities. Then the system will create a relation
in the entity of the second word, this relation will be used to
connect the second word to the third word. The name of the
relation will be the first word. A new attribute will be added to
the relation. The name of the new attribute will be the fourth
word.

e Template 10 > {"V","SubVP",”Obj”,"DirAdv"}

If the sentence contains the following sequence of tags
"V""SubVP",”Obj” and "DirAdv", the system will search for
the second,third and fourth words. If the words do not exist, the
system will add them as entities. Then the system will create a
relation in the entity of the second word, this relation will be
used to connect the second word to the third word. The name
of the relation will be the first word. Then the fourth word will
be the place of the relation.

IV. EVALUATION

In order to evaluate the reliability of the proposed approach,
a set of 15 sentences have been chosen from Aljazera website
as a data set [13]. The used test data set is shown in table 2.
The output of the system has been compared with human
expert analysis results. According to the human analysis, the
dataset contains 14 entities, 37 relation and 14 attributes. The
proposed system has correctly identified 13 entities, 9 relations
and 9 attributes. The system was not able to recognize all the
semantic elements. The reason for misidentifying the elements
was that the used templates in the system do not cover all the
syntactic templates of Arabic sentences. In addition, the system
failed when the sentence contained multi-word expressions
such as "wie &l ", The system has also failed when the text
contained similes or metaphors. Additionally, the current
representation of the rules needs to be improved in a way that
is capable to handle larger number of templates. The rule
representation can be improved by creating special type of
finite state transducer that can parse the sentence and generate
the output efficiently.

The following two examples show how the system
performed in semantic elements extraction. Example one
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shows a sentence that have been analyzed correctly by the 1| ol Aall &am 50l ey Cagaall s gl (8 glumia (sain plle (5 ) gill 53 3020
system. The system creates an entity tag in the xml output for 5 s el o T, Tl i 1o
the second and fourth word according to template number R
three. According to the templates rules, the system created a 3 i el LS Al
rele_ltion that connects the entity of the second \_Nor(_j with fthe 4 Tl Tl 0 Sea T 3 1908 ele 5 3ull LS dame 07 oo 32 2ana 35
entity of the fourth word. The name of the relation is the first die Al iy (o O b Lemaas doa 3 uY gl s s
and third words as mentioned in rule number three. 5 ST, AT
Example 1: 6 3 B e (o el A A e Bl oS o5l o
| TAEV_s o5l SUDVP_A:Prep_eluYl 2t s dxsla:Gen_ | 7 P RO A B SV P VG N F L TP RVOA | PRV BV
Meaning: 5l
| AL-Banoree graduated from Dayobond Islamic university | 8 Lot e 5 (5 padiSllols ) 5il dana g deal sl gl e alall 3l LS
9 gl 8 Ay el TGSl 2y s Raalas 3 0231920 le 35
Output: 10 Agigll (slaa 5o dakalia 8 Jgoaly Yl Aaalall 3 13U (5 5ill Jee
<Entity name=""¢s_sull "> 11 SRSl (B s il s Gl s e caila ) caigl) elale danaa Gl i
<Relation connected_to=" 43w}l 2 520 Azl " name="4 z ,33"/> . - — — —
< [Entity> - ~¢ 12 A EgaTl ey JA s 3 Aty 55 5l Gl T o S
<Entity name=" 233w} iy 50 dadls /> 13 Tniglh 5 Jall 3 LY s L pall 2l o Gumiliall 00 (00 43 S5 5y
14 Faiiall (ge apaall e alal) 4885 22y
Meaning:
15 DY) by oy daals B AT
<Entity name=" AL- Banoree ">

<Relation connected_to=" Dayobond Islamic university "
name=" graduated from"/>
</Entity>

<Entity name=" Dayobond Islamic university "/>

Example two shows that the system has not succeed in
extracting semantic elements. The reason was that the input
sentence has not matched any template in the system.

Example 2:

e85V Aiel) gla e &y p2a:SUbVP_:Preb_alxll:Gen_s:Conj_g>ball:Conn.

Meaning:

Indian Mardan Directorate is known by its
Science and righteousness

V. CONCLUSION

In this paper, a new method has been proposed to extract
semantic relations from Arabic text. The proposed approach
exploits the syntactic structure of the sentence to determine the
semantic elements. The method consists of three phases,
Syntactic analysis, segmentation and semantic relation
extracting. The results show that the proposed method is
promising for Arabic semantic, as it works automatically and
does not require identifying rules at the semantic level, which
in general require identifying a huge number of semantic
patterns and rules. Instead of that, the method relies on the
syntactic level to define patterns and rules. Which require
defining less number of rules, and can work on any text from
any domain.

Table2 : The used test data set for semantic elements extraction

‘ Num. ‘ Sentence
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