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Abstract
Several researches developed optimized ontology-based semantic (OBSC) framework for English content. The methodology used in these approaches could not be used for Arabic content due to the complexity of the syntax, semantics and ontology of the Arabic language.
Existing methodologies do not work properly and efficiently with Arabic language. To correctly and accurately comprehend Arabic web content new concepts were developed, and existing methodologies and framework, such as the tokenization, Word sense disambiguation (WSD), and Arabic WordNet (AWN) were extensively modified. 
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1. Introduction

The goal of the proposed framework is to build a core system that can be used for many semantic applications, such as: Semantic Search Engines, Semantic Encyclopedias, Arabic Question Answering Systems, Semantic Dictionaries, etc. 
This framework can "understand" Arabic web contents using AWN ontology.
Most of previous researches and work tackling this dilemma depend mostly on information retrieval and statistical approaches that did not go deep into the semantic and context meaning, especially researches for Arabic language applications.
In the proposed framework new approaches, measures and algorithms to achieve Arabic web content semantic understanding are illustrated.
This paper is organized as follows: Section 2 illustrates the basic components of the OBSC framework. Section 3 is devoted to a short overview of customized Arabic Ontology. Section 4 describes the framework architecture and how the modules work. The last two sections conclude the paper, and discussed proposed future work.  



2. Framework Concepts

Arabic contents exist in many forms on the web – HTML, word documents, XML, PDF, etc. The main goal of the OBSC framework is to transfer any of these contents into conceptual structures that can be understood by the machine, and can be used in many semantic applications.
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Figure -1- OBSC Framework Architecture
)

The main components of the OBSC framework, as illustrated in the figure, are:
1- Tokenization and Indexing.
2-  Word Sense Disambiguation (WSD), based on Arabic ontology.
3- Measuring similarities between Arabic contents.
4- Clustering group of Arabic contents using previous measures.

3. Arabic ontology

The OBSC Framework uses the AWN that has been constructed according to the same rules that has been used in Euro WordNet. 
Each word is represented as a synset. Each item of the synset can be any type of the part of speech (POS): verb, noun, subject, adjective and adverb. For example: the word "شحن" has the synset { "شحن"  ,"نقل", …}. Each item of this set can be any POS. For example "شحن" can be noun or verb.
The sense is the exact spelling, (that gives the precise meaning,) of each item in the synset for each of the POSs. For example: the item "شحن" appears as "شَحْن" or"نقْل" when the POS is a noun; and appears as "شَحَنَ" or "نَقَلَ" when the POS is a verb.
This ontology was designed to connect the synset in explicit semantic relations; these relations can be (hypernym, hyponym, menonym, troponym, …)

3.1.   Customizing the Arabic WordNet (AWN)

The AWN was implemented by many authors; each of them uses different strategies to store the stem of each word depending on author’s algorithm. It was found that the previous AWN doesn't meet our needs, so a decision was made to customize the AWN using the following steps:
· Use a specific stemming algorithm to store the stems.
· Merge the AWN with Princeton WordNet (the English version) in order to find the translation of a word in English, when needed.
· Denormalize the AWN in order to speed the retrieval.
· In the sense list traditionally the word is stored with soft vowels (تشكيل). This leads to a problem because not all content is written with soft vowels. This issue was resolved by pairing the word without soft vowels with the word with soft vowels. 

3.2.   How to use the customized AWN

In order to enhance the proposed framework’s performance and efficiency the Arabic Ontology was transferred into a data structure referred to as the “Ontology data structure”, which can be loaded into the main memory. The following figure illustrates the Ontology data structure: 
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Figure -2- Ontology data structure
4. Framework Architecture
The OBSC framework has four modules:

4.1.   Tokenization and Indexing

In this module a list of words, from any Arabic content, is obtained and the stop words are eliminated. Then, each word is paired with its stem. the document properties along with the obtained list is stored in the “Tokenization and Indexing data structure”.
The word and its stem are used to retrieve all the synsets, in any part of speech, from the Ontology data structure.

We have faced two major problems with some of the Arabic plurals or conjugation. The first arose when the word is not found in any of the synsets of the stem, derived from the ontology. For example, the word "يشحنان" has the stem "شحن", but none of the synsets of "شحن" contain "يشحنان", another example, the word “سيشحن” is not found in any of the synsets derived from the stem "شحن".

This problem was solved by going through the items of the synsets, derived from the stem, selecting the word that most contained the word "يشحنان", using the synsets in Figure-2, the Synset"يشحن" will be retrieved.

This solution implied a second problem with the special plurals in Arabic, such as “جمع التكسير”. For example, the plural words "علماء", has “علم” as the stem. However applying the “most contained" algorithm will retrieve the synset for "علم", when it should have retrieved the synset for "عالم". 

To solve this problem, the algorithm was modified by adding a rule that if the retrieved item exactly equals the stem, the most contained algorithm will not be used, and all the synsets of the stem will be returned.

Thus the developed algorithm for this module can be summarized as follows:
· If the word was found in the synsets derived from the stem then return the found synset.
· Else if the word was not founded in the synsets then use the “most contained” algorithm and return the synset unless the synset is the stem word.
· Else the word was not found in the synsets and the “most contained” algorithm returned the stem word, then return all the synsets of the stem.
 
The output of this module is passed to the next module in the OBSC framework: the WSD module. In the WSD the best sense, based on the POS for the Synset(s) we have retrieved, is selected.

4.2.   Word Sense Disambiguation (WSD)

Each word, from the content document may be associated with one or more synsets. This will lead to an ambiguity in analyzing the content.

For example: the word "عالم" will retrieve several synsets, such as:
"علم"،"عالم"،"يعلم"،"معلومات", etc.
Each item in the synset can be associated with five parts of speech. Each POS is associated with many Senses. For example: "عالم" as a noun can be "عالَم" "عالِم"، so we need to disambiguate the synsets based on the best sense.

The implemented algorithm, to achieve disambiguation, transfers the content from a list of synsets to a list of senses to get the conceptual content.

The WSD process is based on finding the closest and most appropriate meaning of a word in a specific context.  The Micheal Lesk’s algorithm was used as the basis of the WSD algorithm.

Lesk’s algorithm uses the dictionary to solve the WSD. 
“The Lesk algorithm is based on the assumption that words in a given neighborhood will tend to share a common topic. A naive implementation of the Lesk algorithm would be:

1. Choose pairs of ambiguous words within a neighborhood
2. Check their definition in the dictionary
3. Choose the senses as to maximize the number of common terms in the definitions of the chosen words” (1)

Thus, using the Lesk’s algorithm, the meaning with the highest count is the closest to the actual meaning in the context.

This algorithm has a major performance problem as the number of words in a sentence increases. In addition, “dictionary glosses are often quite brief, and may not include sufficient vocabulary to identify related senses.”(2). 

An effective algorithm that does not rely solely on the dictionary details of the word was implemented. This algorithm takes the full glossary of the parents and children of the desired word in the Ontology. To reduce the processing overload we will examine K words around the word we are disambiguating without any redundant recalculations.

The modified WSD algorithm 
Input: list of N words represented by synset(s).
Output: list of N Senses (conceptual content).
Lookup: search in the Ontology data structure instead of a dictionary.

The process to get the desired output is as follows:

Step 1
A window of K words is created: up to three words before the word being disambiguated, and up to 3 words after. Thus K is between 4 and 7 words. For example, if we are disambiguating the word “قطر” K has 7 words, the 3 words before the focus word, and 3 after. However, if the focus word is “مدينة”, then K has 4 words: the focus word, and the 3 subsequent words.

	سكانها
	عدد
	يبلغ
	قطر
	عاصمة
	الدوحة
	مدينة


 (
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Figure -3- An example of how the slide window works
)









Step 2 
For each word in the slider window we prepare full detail for each Sense of this word by obtaining the definition, Hypernyms, Hyponyms, Menonym and Troponym of the words the slider window.

These definitions are concatenated into one string for each sense of each word.

Step 3 
Starting with the string of the first sense of the focus word, the stop words are eliminated, and then the string is split into words. 
For each word we count its occurrence in the strings of the senses for the other words in the slider window. This count is weighted based on ZIPF’s law. Once we calculated the weighted count for all the words for this sense, of the focus word, we add them and associate the number with the sense. 
the same steps are repeated for the remaining senses of the focus word. 

ZIPF’s law assumes that the length of a word has a negative effect on the usability of this word, so each calculation which consists of consequent words with length N will have the N2 effect to the final result.
For example: the word "أبت" is weighted as 32 = 9, but the word "أب ت" will be weighted as: 22+12=5.

Step 4 
Since a weighted count for each sense of the focus word is obtained, the sense with the highest weighted count is selected. 
The resulting sense has the highest probability of being the correct one from the context. Furthermore, we have the correct spelling and part of speech, and even the translation of the word in English.

After the focused word is disambiguated, the slider window is moved forward to disambiguate the next word (return to step2) until the sentence is finished.
4.3.   Measurement of related similarity between two conceptual contents 

Input: two conceptual contents.
Output: related similarity ratio.

This module allows to determine the similarity of two contents. The two contents are preprocessed using modules 1 and 2 to obtain the conceptual content (list of senses). The process to get the related similarity ratio is as follows:

Assume the two contents are: C1 and C2.
· The length of C1 is m (m: the number of concepts in C1).
· The length of C2 is n (n: the number of concepts in C2).

To measure the similarity between C1 and C2, the similarity between any two concepts in these contents should be measured first. This process is based on calculating the distance between these words in the Ontology.
P.Resnik stated that “however the path between two nodes is shorter, these nodes will be similar “ 
The Wu & Palmar measurement law was used, which is:
Sim(s,t) = 2 * depth (LCS) / [ depth(s)+depth(t) ].

Where:
s, t  : are the source and destination nodes (sense) being compared.
depth(s): is the shortest path between the root and the node s.
LCS: is the common parent of s, t.
The process uses the following steps:

Step 1:
Building the semantic similarity matrix R[m,n] for each pair of concepts contained in the contents, where R[i,j] represents the semantic similarity between the concept i in content C1 and the concept j in the content C2 , thus the R[i,j] will be the weight of the path that connects i and j using the Wu & Palmar measurement law.

Step 2:
After building the previous matrix, the similarity between the two contents has to be found. This problem is similar to the calculation of the highest sum of weighted Bipartite Graph where C1 and C2 are the sets of unmerged nodes.
The used algorithm needs to take into consideration processing speed. Practical usability of this framework requires fast determination of the similarity between two contents.

For example:
	موجب
	عدد
	الدائرة
	قطر
	

	0
	0
	0
	0
	الدوحة

	0
	0
	0
	0
	عاصمة

	0
	0
	0
	0
	قطر


C1: يكون قطر الدائرة عدد موجب.
C2: الدوحة هي عاصمة قطر.
R[m,n] is:

These contents have no similarity.

 (
Figure -
4
- 
The similarity matrix 
after
 using WSD
)The value of this approach is that it adds intelligence to the calculation of similarities. Approaches that do not use all the steps included in the OBSC framework often result in misleading or incorrect similarity measure. 
For example, if we use the same two contents, but do not use WSD, the resulting matrix will be:

	موجب
	عدد
	الدائرة
	قطر
	

	0
	0.14
	0.73
	0.67
	الدوحة

	0
	0.12
	0.46
	0.43
	عاصمة

	0
	0.62
	0.77
	1
	قطر


 (
Figure -5- The similarity matrix without using WSD
)


Sum of the maximum values per row = 0.73 + 0.46 + 1 = 2.19
Sum of the maximum values per column = 1 + 0.77 + 0.62 + 0 = 2.39



It is obvious to any reader that, in fact, the two contents have no similarity, and thus, 65% is definitely wrong.

4.4.   Clustering
 
Input: Conceptual contents.
Output: Hierarchal Clusters -based on the previous similarity measurement- contain these contents.

This module has several promising applications, all concerned with improving efficiency and effectiveness of this OBSC Framework. Some of the more interesting include:

· Finding Similar Documents;
· Search Result Clustering;
· Guided/Interactive Search;
· Organizing Site Content into Categories;
· Recommender System;
· Faster/Better Search.

K-Means has been considered the standard within clustering and still remains a very strong player in the field.

The research found that K-means clustering algorithm has several limitations:
· Cannot determine the optimal number of clusters K;
· Randomness of selecting the centers of the clusters;
· A hard and non-hierarchical cluster.

The advantages include:
· Definite and good upper run-time;
· Simplicity;
· Near linear which yields good performance.

The Bisecting K-means algorithm for clustering was selected because it has the same advantages as the K-means, but resolved the main disadvantages.  

Bisecting K-means added:
· The ability to generate the optimal number of clusters;
· Flexibility and hierarchy, 

The randomness of selecting the centers of the clusters was resolved by replacing the cosine the Bisecting K-means uses with the similarity ratio from module3, the first center is selected randomly; the second center is the content with the least similarity with the first one. 

These steps are repeated as we progress through the hierarchy.

5. Conclusion

Using all the previous steps, The OBSC framework can be used for building many semantic applications such as: dictionaries, QA systems, Encyclopedias and others…
To test this framework we developed an Encyclopedia and named it Arapedia which has the ability to add any content from the web, or any written content from other sources. It offers many services like translate any disambiguate word to English; show all related contents to the current content; as well as semantic search for contents. For example: the result of searching for"معدن الذهب"   will return contents bases on “ذهب” as a noun meaning gold. Other approaches may return content such as "ذهب الرجل ", in which “ذهب” is a verb meaning to go.

6. Future Work

· Expand the AWN to enhance the results of the framework. 
· Adding to the framework a Morphological and lexical analyzer. 
· Expand the framework to facilitate machine learning. 
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