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Abstract— Many search engine giants like Google, Bing, Yahoo tends not to use morphological analysis when indexing. They tend to 

index the whole word with the use of some semantics. In this paper, improving retrieval from Arabic text is tackled. A number of 

techniques such as truncating, stemming, and morphological analysers have been introduced into to improve the retrieval 

performance in search engines. 
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I. INTRODUCTION 

Intelligent Search Engines is a search engine that tackles the problem of enhancing the precision and recall for retrieval of 

documents. The main techniques that they apply here are the use of subsumption information (or behavior based information) 

and the use of default information. The use of subsumption information allows for the retrieval of documents that include 

information about the desired topic as well as information about more specific topics [1]. Today, if Google was used and the 

word المدرسة was search for, very different results will be produced when searching for the word مدارسهم knowing that the two 

words mean the same. And this problem gets bigger, when searching for the word األكل the web search engine will not consider 

words such as مأكوالت knowing that these two words are highly relevant. 

The use of default information allows for retrieving of documents that include typical content information about a topic. The 

strict and default information are represented in an extension of description logics that can deal with defaults. 

While retrieving information based on the root overflows the user with a complete but less relevant set of results, the user of 

the stem based search not only retrieves results in lesser numbers but also the set of results is less accurate. 

Satya Sai Prakash et al, present architecture and design specifications for new generation search engines highlighting the 

need for intelligence in search engines based on intuition capturing. A knowledge framework has been built to capture and 

understand intuition [2]. 

The search engine was depicted by a simulation methodology showing behavior and performance. Simulation studies are 

conducted using fuzzy algorithm and heuristic search criterion after modeling the user behavior and web dynamics. 

Dan Meng, Xu Huang discussed an interactive intelligent search engine model based on user information preference [3]. This 

model can be an effective and useful way to realize the individuation information search for different user information 

preference. This model framework used some artificial intelligent methods and technologies to improve the quality and 

effectiveness of information retrieval. 

 

II. STATE OF THE ART IN MORPHOLOGY ANALYSIS OF THE ARABIC LANGUAGE 

This paragraph describes the structure of the Arabic language, although more emphasis is placed on those aspects which are 

important to information retrieval systems, such as affixation, morphology and derivation. This paragraph lists the state of the 

art in morphology analysis of the Arabic language and the state of the art in augmented search techniques. 

A.  Arabic Morphology 

Morphology is the identification, analysis and description of the structure of morphemes. A morpheme is the smallest 

component of a word, or other linguistic unit, that has semantic meaning. Morphemes cannot be split into smaller ones, and they 

should impart a function or a meaning to the word which they are part of. The root is the original form of the word before any 

transformation process, and it plays an important role in language studies. Morphology allows us to analyze an Arabic word and 

retrieve the stem, the root, the prefixes and suffixes. 
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For example, the word المدرسة in Arabic when undergone by a morphology analysis will result in Root as  درس , Stem as 

 ال and Prefix as مدرسة
Morphological typology represents a way of classifying languages according to the ways by which morphemes are used in a 

language. Arabic language would be classified as highly inflectional with stems being produced from roots based on several 

patterns. Each pattern creates a different semantic. 

In Arabic, additions to the root can be within the root (not only on the word sides) which is called a pattern. This causes a 

serious issue in stemming Arabic documents because it is hard to differentiate between root particles and affix letters. 

For example, for the root درس, adding the letter ا (infix) formed a different work such as دارس with a different meaning. It 

can be said that the researcher have introduced the pattern فاعل to produce the new word دارس from the root درس. 
Here, it is concluded that stems are derived from roots through the application of a set of fixed patterns.  Addition of affixes 

to stems yields words. In addition, words sharing a root are semantically (but not totally) related and root indexing is reported to 

outperform stem and word indexing on both recall and precision [4]. 

For the purpose of this paper, a word is any Arabic surface form, a stem is a word without any prefixes or suffixes, and a root 

is a word without any prefixes, suffixes, or infixes. Roots are the units from which words are derived. However, often irregular 

roots, which contain double or weak letters, lead to stems and words that have letters from the root deleted or replaced. 

B.  Incremental Substitution Method 

Incremental Substitution algorithm rose from the idea that every morphological process can be modeled in terms of the 

composition of regular languages. This method allows for an elegant description of all main morphological processes present in 

natural languages including non-concatenative ones, mainly Arabic, in strict finite-state terms. The aim of this method is to 

create a linear rending of the finite state terms [5]. 

Buckwalter transliteration was used to help in composing clear regular expressions. The syntax of regular expressions used is 

that of xfst, the Xerox Finite State Tool. 

The incremental substitution method works by [5] introducing a regular expression that enlists in a concatenative way all the 

morphemes (or rather, their lexical representations) which make up a word, in the order in which it should process their 

‘merging’ with the string obtained at each phase. The Introduction of a subsequent regular expressions process their ‘merging’ 

with any intermediate string previously obtained, according to the order of the remaining tags at each point, ‘erasing’ one tag at 

a time after its surface counterpart has been created and merged to the rest. 

Here, the method was able to give a linear rendering of what is assumed to be only a hierarchical representation or 

incremental creation of bigger building blocks from already elaborated ones. 

 

Running such kind of machine on an Arabic text input will produce an output of all the encountered root bundles classified 

by the patterns they were found in. 

C.  Concatenative Method 

This method is based on the concept that Arabic inflectional morphology uses prefixes, suffixes and infixes. This method 

tries to reduce the complexity of Arabic morphology using an approach based on discrimination trees and transformational rules 

[6]. 

This method is based on a computational model that handles Arabic morphology generation concatenatively by separating 

the infixation changes undergone by an Arabic stem from the processes of prefixation and suffixation [6]. 

In this method, stems generation are described as being derived from a combination of a root morpheme and a vowel melody; 

where the two are arranged according to canonical patterns [6]. 

This approach seeks to reduce the number of rules for generating morphological variants of Arabic verbs by breaking the 

problem into two parts [6]. The first part is decoupling the problem of stem changes from that of prefixes and suffixes due to the 

very little interaction between stem changes and the addition of prefixes and suffixes. Since we may have the infix ا as in فاعل 
and the prefixes and suffixes will be added in the same way independent of the infix inserted. فاعل becomes يفاعل or يفاعلون. 
Similarly if we have another infix leading to stem تفاعل we can have the same prefixes and suffixes added يتفاعل and يتفاعلون. 
This decoupling improves the space efficiency and its maintainability because the number of rules is reduced. The second part 

is simplifying the rules by isolating the different types of changes. 

This method mainly targets developing machine translation systems. The two-step approach significantly reduces the number 

of morphological transformation rules that must be written, allowing the Arabic generator to be smaller, simpler, and easier to 

maintain [6]. 
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D.  Statistical Method 

Building large-scale morphological analyzers is typically a laborious and time-consuming task. For example, MORPHO3 

was developed in 3 man/years [7]. The statistical method presents a quick method for performing shallow morphological 

analysis for finding the roots of words. The method is based on collecting statistics from word-root pairs for [8] building the 

rules of Arabic morphology that derives the roots from words, constructing a list of known prefixes and suffixes, and setting the 

probability that a rule will be used or a prefix or suffix is used. 

The Statistical Method uses a list of Arabic word-root pairs to construct a list of prefixes and suffixes, to construct a list of 

stem templates, and to estimate the probability that a prefix, a suffix, or a template would appear.  

The method then accepts Arabic words as input, tries to construct possible prefix-suffix template combinations based on the 

previously constructed lists and calculated probabilities, and outputs the possible roots [8]. 

This method takes a list of word-root pairs as input. By comparing the word to the root, the method determines the prefix, 

suffix, and stem template. For example, given the pair 

 .as stem template ”فعال“ as suffix, and ”هم“ ,as prefix ”و“ the system generates ,(كتب ,وكتابهم)

The method then looks-up the prefix “و” in the list of prefixes. If “و” is not found, “و” is added to the list of prefixes with a 

number of occurrences equal to one. If “و” is found, then the number of occurrences of the prefix is incremented by one. And 

this frequency will then be used to calculate the probability [8]. 

After the lists of prefixes, suffixes, and templates are constructed, the probability to each item on the list is estimated by 

dividing the occurrence of each item on each list by the total number of words [8]. 

This method will have an Arabic word as input, it will generate all possible prefixes and all possible suffixes and thus all 

possible stem patterns and will test these with the probability tables to output the most probable prefix, suffix and stem pattern 

and thus yielding the most probable root(s) [9]. 

E.  Unsupervised Learning Method 

Another approach that was proposed for performing morphology, in general, is the use of unsupervised learning techniques. 

Goldsmith proposed an unsupervised learning automatic morphology tool called AutoMorphology [9]. 

This method takes a text file as its input (typically in the range of 1,000,000 words) and outputs a morphological analysis of 

most of the words of the corpus; the goal is to produce an output that matches as closely as possible the analysis that would be 

given by a human morphologist. The method performs unsupervised learning in the sense that the program's sole input is the 

corpus; the program will not be provided with any dictionary or morphological rules particular to any specific language [9]. 

At present, the output of the program is the correct analysis of words into morphemes, though with only a rudimentary 

categorical labeling. The technique that this method is based on invokes the principles of the minimum description length (MDL) 

framework, which provides a helpful perspective for understanding the goals of traditional linguistic analysis. MDL focuses on 

the analysis of a corpus of data that is optimal by virtue of providing both the most compact representation of the data and the 

most compact means of extracting that compression from the original data. It thus requires both a quantitative account whose 

parameters match the original corpus reasonably well and a spare, elegant account of the overall structure [9]. 

This system is advantageous because it learns prefixes, suffixes, and patterns from a corpus or word-list in the target 

language without any need for human intervention. However, such a system would not be effective in Arabic morphology, 

because it does not address the issues of infixation, and would not detect rare prefixes and suffixes. 

F. 2.6   Morpho3 

Morpho3 is a morphology analysis tool developed in the year 2000. Morpho3 was built to overcome challenges faced by the 

leading market tools Sakhr and Xerox [10]. 

Sakhr’s Arabic morphological processes is considered till now one of the best tools that serves this purpose and many 

archiving and intelligence agencies depends on this system. 

Nevertheless, Sakhr disadvantages are the patterns for Arabic derivations in Sakhr are fixed and and the statistical 

disambiguation in Sakhr suffers from lack of updates since the statistics are built from using one corpus ran once in time to 

produce the table of statistics. 

On the other hand, Xerox is another well-known morphology analysis tool with the disadvantages that the patterns for Arabic 

derivations in Xerox are fixed and Xerox has no disambiguation mechanism. 

The study of both systems leads to the development of Morpho3. Morpho3 allows the use of any pattern with any Arabic 

word. There is no fixed set of patterns for a specific word. Morpho3 algorithm operates the following steps [10] extract all 

possible prefixes, extract all possible prefixes, extract all possible suffixes, match the possible prefixes with the possible 

suffixes, extract all possible stems, dissolve the stems into roots and patterns and at last select the highest probable root/pattern 

(statistically). 
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G.  Augmented Search 

This is the classical method for semantic search techniques where the search keywords are simply augmented with their 

synonyms, relevant keywords or similar words. The search is then performed using an OR operator to link the augmented 

keywords [11]. 

In this method, ontological techniques are used in a multitude of ways to augment keyword search, whether to increase recall 

or precision. In the following, a variety of approaches is presented. 

Many query expansion implementations utilized in keyword search make use of thesaurus ontology navigation as a step in 

query expansion. Particularly utilized is the large WordNet ontology [20] for English language, defining synonym and 

meronym sets for words. A meronym denotes a constituent part of; for example, a finger is a meronym of hand.  

The technique is simple. All function along the same basic scheme: first, the keywords are located in the ontology, then, 

various other concepts are located through graph traversal, after which the terms related to those concepts are utilized to either 

broaden or constrain the search.  

In other related algorithms such as those mentioned in [11] and [12], terms are expanded to their synonym and meronym sets 

using the boolean OR operations available in most search engines. While in Clever Search [13], a particular meaning of a word 

in the WordNet ontology can be selected, resulting in the clarification text of that meaning being added to the search keywords 

via the boolean AND operator. This method is more restrictive in terms of search results. In the ontology navigation phase, the 

implementations differ mostly in which properties of the ontology are navigated and which terms are picked. 

A very simple manner of augmenting traditional keyword search results is taken in the “Semantic Search” interface [14] of 

the TAP infrastructure. Here, in addition to a traditional keyword search targeted at a document database, the keywords are 

matched against concept labels in an RDF repository (W3C’s Resource Description Framework). Matching concepts are then 

returned in addition to the located documents. The paper also sets a continuation of the search similar to the one described in 

[13], where, if multiple concepts match the keyword, the user can select his intended meaning to constrain the search. Here, 

however, the idea is not to expand search terms, but to use some procedure to classify the actual documents as pertaining or not 

pertaining to concepts, and constraining results based on that semantic annotation. 

[15] describes an algorithm for locating additional information relevant to a query given a starting set obtained via text search. 

First, traditional text search is applied into a document collection. Then, a process of RDF graph traversal is begun from the 

annotations of those documents. The intention is to find related concepts such as the writer of the document or the project the 

document refers to in a general manner. 

The traversal is done by a spread activation algorithm, for the use of which the arcs in the ontology are weighed according to 

general interestingness. This is calculated by combining a specificity measure favoring unique connections in the knowledge 

base, and a cluster measure, which favors links between similar concepts. 

In an information retrieval environment it is well known that the relationship between a query and a document is determined 

primarily by the number and frequency of terms which they have in common. Unfortunately, words have many morphological 

variants, which will not be recognized by term-matching algorithms without some form of natural language processing. In most 

cases, these variants have similar semantic interpretations and can be treated as equivalent for information retrieval application. 

In order to overcome the morphological variations of the word, a number of tools have been introduced to the information 

retrieval environment such as truncation, morphological analyzer, prefix and suffix removal and Boolean operators. 

Truncation supports searching on word stems. The use of truncation eliminates the need to specify each word variant, and 

thus simplifies the search strategies. The truncation technique is particularly useful in natural language information retrieval 

systems, where word variations are uncontrolled. There are two or three types of truncations: right-hand truncation (suffix 

removal), left-hand truncation (prefix removal) and middle truncation (infix removal). It is also useful for alternative spellings 

[16]. 

The idea of truncation, as [17] states, is based on the fact that, for information retrieval purposes, what matters is the basic 

concept represented by the first few letters of a word; the ending represents the syntactic function or some other subsidiary 

property, and is a positive nuisance if it prevents corresponding ideas being matched to one another. Hence, if the endings can 

be removed or transformed, variant forms can be reduced to a common "stem" and thus treated as equivalent. 

Morphological analyzers for Arabic have been developed for various purposes. They differ in many ways. Some of the ways 

in which they differ are outlined in the following sections. Generally speaking, the existing Arabic morphological analyzers can 

be broadly divided into two types or categories: rule-based approach and statistical approach. 
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III. CONCLUSIONS 

In the paper, we gave a review of the current augmented search algorithms reported or published till today. For information 

retrieval, the problem is to analyze the information needs of human users into its consistent concepts or facts, from the 

particular point of view of that user (searching language). Unfortunately, words have many morphological variants, which will 

not be recognized by term-matching algorithms without some form of natural language processing. To overcome these obstacles, 

a number of tools, such as truncation, Boolean operators and recently intelligent search agents have been introduced to support 

information retrieval systems. 
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