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CHAPTER 2. LITERATURE REVIEW 

This chapter includes details of the literature review done in conjunction with this 

research. The material reviewed can be categorized in to three categories: 

1. Literature relating to technical enablement of Unicode and/or Sinhala 

computing infrastructure and development tools 

2. Literature that are pure linguistic documentations/publications 

3. Literature relating to solving some problem in multilingual computing 

domain such as this research 

The first type of literature was essential in designing and developing the application to 

overcome various technical challenges that were encountered during the design and 

implementation stage. The second type of literature was mainly to derive the substring 

replacement rules and to gain knowledge of the linguistic domain. The third type of 

literature helped to generate ideas on the methodology and approach to be taken in 

achieving the objective of this research. 

2.1 Unicode/Sinhala and Other Technical Literature 

This category of literature was essential in developing the intended system. Some vital 

information were extracted from or learned through these materials. Some of the 

development framework articles were instrumental in overcoming the challenges 

faced in implementing the search application. 

In-depth details of Sinhala Unicode character set and associated standards can be 

found authored by a group of scholars in University of Colombo School of Computing 

(UCSC) (Samaranayake, et al., 2003). This document contains all the Sinhala Unicode 

code points ranges for vowels, consonants, signs and vowel modifiers. It also contains 

details about special features and how several code points are combined to form a 

single letter.  The design of the Unicode Sinhala characters, specifically the consonant 

and the vowel modifier being two code points, was instrumental on designing 

character replacement rules of this intelligent search application. 
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A similar article on representation of Sinhala in Unicode (Dias, 2004) had very useful 

information. In addition to the code points, it had details about special ways of 

representing the ‘Yansaya’, ‘Rakaaraansaya’, ‘Repaya’, semi consonant signs and 

conjunction letters. This article also has many examples of how letters and words are 

built combining Unicode code points. These were very useful in determining how to 

replace characters and substrings in various areas that has special Unicode 

representation such as mentioned above. A lot of information about the ‘zero-width-

joiner’ is also available in this article. 

A very useful collection of information about how to enable Unicode has been 

compiled by Harshula Jayasuriya (Jayasuriya, 2007). Although the web page is 

targeted to Linux environment, it has information about Sinhala databases and various 

development tools that are relevant to any environment. Very concise steps are given 

on how to do things with references to more detailed resources. This can be 

considered as a very good hub of information. This was specifically useful in setting 

up the multi-lingual database. Harshula is also the author of the Sinhala collation 

sequence patch to the MySQL database. Although this collation sequence was not 

available with any release of MySQL at the time of implementation, his documents 

were useful to set up the standard Unicode collation sequence, which sufficiently 

handled Sinhala collation as well. 

MySQL reference manual (MySQL AB, 2007) was also a useful source in setting up 

the multilingual database and setting up JDBC connections with the application server 

together with connection pooling facilities. 

A technical article from Sun Developer Network on developing multilingual web 

applications (Lindenberg, 2003) was a very resourceful reference. This had detailed 

description on using UTF-8 encoding on Java web applications, enabling multi-lingual 

features, localization features, tag library support & limitations, locale settings in a 

very implementation oriented manner. This information was crucial on overcoming 

several hurdles during the development of the application. 

JBossRules (Drools) was the rule engine that was used to implement character 

replacement rules of the search application. All word generating logic was handled 

through the rule firing mechanism of JBossRules. The JBossRules documentation 
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(Proctor, et al., 2007) was a vital resource in implementing the search application. In 

addition to the details of using & configuring the rules framework, this has in-depth 

theoretical details of rule engines in general, knowledge representation and the 

internals of the algorithms used, with graphical illustrations of their workings. The 

rule engine is based on the Rete algorithm.  

Rete algorithm (Forgy, 1982) is considered as a very efficient pattern-matching 

algorithm for implementing production rule systems. The algorithm is designed to 

sacrifice memory for increased speed. Performance of Rete is theoretically 

independent of the number of rules in the system (Wikipedia, 2007). 

2.2 Purely Linguistic Literature 

This category literature was reviewed in order to expand the linguistic domain 

knowledge that is much needed for a research of this nature. The character 

replacement rules to generate similar words with slight differences were derived by 

analysing the possible differences of spelling of the same word. In order to do a proper 

analysis, the theoretical knowledge as well as general usage of words in the Sinhala 

language was essential. It is mainly because in general usage the correct grammatical 

form is often relaxed in the Sinhala language. 

Prof. J. B. Dissanayake’s “මානව භාෂා  ෙ ශය” (Dissanayake, 2005) is an ideal 

resource that caters the requirements of this research. It covers a wide variety of topics 

such as how Sinhala words have different forms of spellings, about slang words, about 

words that came to Sinhala from different language origins (such as Pali, Sanskrit,  

English, Portuguese, Dutch, etc.), how languages evolve with time and how usage of 

words change from place to place. The book details how pronunciation had affected 

alternative ways of spelling the same name. There are many examples given in the 

book. Hence, through analysis of these words, patterns about how a letter or a 

substring can be replaced with another were derived. Several rules for the system were 

derived by analysing the contents of this book. 

A relatively smaller book written about the variation in the Sinhala alphabet and 

vowel modifiers titled ‘ ංහල අ ෂර මාලාෙ    ෙ ද සහ    ව ග’ (Binaragama, 2001) 

was also reviewed to gain knowledge about the rules of Sinhala character 
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substitutions. This book introduces the Sinhala alphabet, its categories and very 

concisely illustrates the rules of possible alternative letter combination in place of a 

particular letter combination with adequate examples. This book is easier for reference 

in contrast to the previous book, which is lengthy and descriptive. The book also 

focuses on alternate combinations for semi vowel signs and special forms like 

‘Anusvaraya’, ‘Rakaaraansaya’, conjunction letters and other vowel modifiers. 

Another small book titled ‘ ංහල ෙ ඛන   ය’ (National Inst. of Edu., 2001) was also 

reviewed. This book also gives various examples of different forms of character 

usages and alternative ways of spelling the same Sinhala word. The book identifies 

few inconsistencies that may occur when attempting to write some English words in 

Sinhala. These can be considered as useful rules as any user can make such common 

mistakes. In this book and the previous book, the given words are often not proper 

nouns. However, because the rules are given with several examples, one can derive 

the appropriate rules for any word including proper noun words.  

2.3 Literature in Multilingual Computing Domain 

Although there were several fuzzy name search techniques researched in various 

languages, there were no previous research found related to Sinhala spelling 

correction or any type of intelligent search using Sinhala language. However, there 

were few research material regarding transliteration, various multi-lingual conversion 

and ordinary search using Sinhala. These materials were reviewed and were useful in 

getting ideas to the methodology and approach that was adopted to embark upon the 

problem addressed by the research discussed in this dissertation. 

During initial stages of the research, the sub problem was on how to decompose a 

word in order to apply replacement rules. One option was to break up a word in to 

syllables. A rule-based algorithm for syllabification of Sinhala words was found by 

Weerasinghe et al (Weerasinghe, et al., 2005) at Language Technology Research 

Laboratory (LTRL) of UCSC. Although the approach of syllabification was not taken 

forward with for the search application, it provided useful information.  

The paper on Grapheme-to-Phoneme conversion (Wasala, et al., 2006) by the same 

authors of LTRL was useful although it is not directly relevant to our research. Some 
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ideas on how different character replacement could be done based on the sound were 

derived during initial stages of the research based on this article. Initial evaluation on 

using International Phonetic Alphabet (IPA) was influenced by this and previous 

works of LTRL. 

Several research papers about fuzzy name search or phonetic name search in other 

languages were reviewed. The oldest technique to overcome spelling variations is 

Soundex. This technique, which was developed for English initially (1918), removes 

vowels, some consonants, and duplicate letters from words and assigns numerical 

values to characters based on the algorithm. The strings are matched based on the 

Soundex code. Oshika et al explains the shortcomings of Soundex, especially for 

multilingual names (Oshika, et al., 1988). In their research, they have proposed 

Hidden Markov Model (HMM) based name search techniques for a few languages. 

Although the HMM approach is different from the approach of this dissertation there 

is a similarity in their linguistic rules and the character replacement rules in this 

dissertation (Oshika, et al., 1988).  

Soundex has been tailored to several languages (Aqeel, et al., 2006) and also several 

improved techniques based on the same principles have been developed. However, 

they too share some of the problems of Soundex. Pfeifer also explains problems of 

Soundex and describes more complex successors of the same technique such as 

Phonix (Pfeifer, et al., 1996) and compares results of these techniques and their 

combinations in searching proper names. Horng-Jyh et al describes about a hybrid 

fuzzy name search approach, which is a hybrid of around five techniques (Horng-Jyh, 

et al., 2006). 

Sinhala transliteration project of Hiroshan (Weerasinghe, 2006) was useful resource as 

he has worked with names of persons. Patterns and concerns regarding personal 

names as well as some character replacement rules were derived from his work. In 

addition, some tips on handling UTF-8 in Java were obtained from his 

implementations. 

The dissertation of the companion Tamil transliteration project (Balamurali, 2005) 

was reviewed as well. Several special character replacement rule patterns for Tamil 

names could be derived from his findings. Although the spelling differences that are 
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mentioned in his report are of Tamil names written in English, similar corresponding 

rules are true even for Tamil names written in Sinhala. 

Two generic Sinhala search engines were reviewed. The Google Sinhala search 

(Google, 2007) and SinhalaSearch.com (SinhalaSearch.com, 2004) allows searching 

Sinhala web sites using Sinhala input strings. As explained by Sandaruwan 

(Gunathilake, 2006) Google can search any web page encoded in Sinhala Unicode, but 

SinhalaSearch.com in addition to above, can search pages written in legacy Sinhala 

fonts as well. Both of the above engines do not include any intelligent search features 

for proper names as addressed in this dissertation. 

A very similar research to that of this dissertation had been published recently (in July 

2007) by Singh et al., which discusses about a fuzzy text search for languages using 

Abugida script (Singh, et al., 2007). The Sinhala script, which is derived from Brahmi, 

belongs to Abugida category as well. This fuzzy search claims to take care of spelling 

variations and retrieve information fairly accurately. The approach of Singh et al was 

to use some computation technique developed by them called ‘Computational 

Phonetic Model of Scripts’ (CPMS) to calculate the phonetic similarity between two 

letters. They also use several other computational functions to calculate a fuzzy 

measure of similarity between two strings, they call this the ‘surface similarity’ of two 

strings.  

Singh’s Computational Phonetic Model of Scripts contains a meta alphabet denote the 

arrangement of letters and a stepped distance function to calculate the orthographic 

and phonetic similarity between two letters. Surface similarity is a mathematical 

function of the two words that are matched, the alphabet, set of orthographic features, 

set of phonetic features and a distance function for calculating the similarity between 

two letters. The fuzzy text search uses threshold of the surface similarity score to 

match strings.  

This mechanism could be applied to Sinhala as well and could be an alternative 

approach to the same problem addressed in this dissertation. Singh’s method would 

require complex mathematical calculations for every two words that are matched. In 

contrast, our approach would generate a list of similarly spelt strings using the rules 

and all of them would be matched. As a disadvantage our approach would have 
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several unnecessary words (which may not exist) generated through the rules. Also, 

the rule base may not be completed for all possible similar spellings at a given time. 

However, there are advantages such as having more control over the rules and ability 

to have exceptional rules for strings even where the surface similarity function might 

not work. In a rule-based approach, rules can be added to handle any exceptional 

situation where a mathematical formula may not be able the handle. In a situation 

where the rule base in our approach is partially complete, Singh’s method would entail 

more matches using surface similarity calculations.  


