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CHAPTER 3. METHODOLOGY AND APPROACH 

This chapter discusses the methodology followed in the project and how the solution 

to the problem was approached. The methodology section describes the processes that 

were adopted to successfully complete the project while mitigating the risks that were 

identified. The high-level approach section describes how the problem was 

decomposed to sub problems and the sequence of operations to solve them, at high-

level. The detailed approach section gives detail descriptions of the problems and how 

solutions were reached.  

3.1 Methodology 

3.1.1 Iterative Methodology 

An iterative methodology was adopted in conducting the research as well as 

implementing the application. The idea was to have a working version of the 

application so that it can be demonstrated at any given stage of the project. This 

greatly reduced the risk of non-completion of the project on time. 

3.1.2 Risk Mitigation 

Firstly, a list of risk items was established, as there were many unknown items at the 

beginning. Details of these risks and how they were prioritized are available in the 

Approach section of this Chapter. What goes in each iteration was decided based on 

the risks. High-risk items were tackled as early as possible. When a solution to a risky 

item was found, prototype functionality for that part was built and the next risk item 

was taken up without completing the former to its entirety. In this way, an end-to-end 

working system was available although it may not have had all the features that are 

required. The features were added in subsequent iterations. 

3.1.3 Prototyping 

Extensive prototyping was carried out while developing the system. For example, 

when a conceptual solution is thought-out for an identified risk item, a proof of 

concept (POC) is built around that solution. If the POC (a POC is a working 
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prototype, which implements a concept so that its feasibility can be evaluated) is 

successful, the respective feature or component is built in to the main application. 

3.1.4 Parallel Tasks 

Some tasks were carried out in parallel with other task. For example, identification of 

character replacement rules and documenting them were carried out in parallel with 

the other tasks in building the application. All the identified rules may not have been 

built into the system at a given time because a necessary feature for those rules (e.g. 

conditional rules) were not available in that iteration. These would have been added in 

a subsequent iteration when the necessary feature was available.  

Doing tasks in parallel helped because the required domain knowledge and the 

discoveries could be made at an early stage. For example, while resolving technical 

Unicode issues in building the application, the rule base could be expanded by reading 

books. Some rules types required functional changes in the application. These were 

identified early enough due to parallel tasks. 

3.2 High-Level Approach 

This section discusses how the problem was decomposed to sub problems at high-

level. They are discussed in detail in the next section. 

The requirement very clearly was decomposed to three units, which eventually 

became the tiers of the application. They are: 

1. The user interface – which takes the input string from the user and displays 

the search results 

2. The main logic or engine – which is the core of the system that processes 

the input string, apply various rules to it and generates similarly spelt 

words to be searched in the database. The engine also would package and 

transfer the results retrieved from the database to the user interface. 

3. Data access – which involves searching in the database and retrieving data. 

This also includes the database design and the associated problems. 
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Each of the three main components above had their own inherent problems that come 

when handling Unicode and Sinhala text. However, the main problem of this research 

was concentrated in the second component, which is the main logic engine. 

3.2.1 Selection of Technique for the Main Logic Engine 

As stated above, the main logic engine is the core of the application and is the core 

outcome of this research project. As the name suggests, all the intelligence of the 

application lies within this component. Several alternatives such as rule-based, fuzzy 

logic, neural networks, mathematical techniques, etc were considered during initial 

stages of the project as the core technique of this component.  

However, it was decided to go ahead with a rule-based technique to build the logic of 

the component. Several reasons were factored in this decision: 

1. The character replacement rules that are identified can be directly 

translated to rules than other models 

2. Since a rule base is controllable by an administrator, unlike in a self 

learning intelligent system, a rule base system would behave exactly as 

expected 

3. Pre-built, time tested, efficient rule processing engines are available to be 

used, hence the limited research time could be utilized to solve the core 

problem rather than building rule processing engines 

4. Building specialized intelligent models is not the core problem that is 

explored by this research 

Rule based technique has its disadvantages, such as the rule base would not 

automatically expand with system learning, it would not automatically adapt to new 

combinations. Nevertheless, due to the above mentioned reasons, especially the time 

limit it was decided to proceed with a rule based approach. 

3.2.2 High-Level Approach of the Main Logic Engine 

The main logic engine should take a word and generate similar words that are spelt 

differently, by applying the character replacement rules identified and finally match 

them with database records. This component had to address the most risky issues and 

unknowns. 
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The following were the main concerns of the logic engine: 

1. How should a word be broken up in order to apply character replacement 

rules? What is the unit of replacement (individual character or syllable or 

an arbitrary phrase)? 

2. How to define rules and apply them? How to process rules without having 

any conflicts? How to have different levels of rules? How to give the 

ability to change/re-configure/add rules? 

3. How to generate words efficiently by applying the replacement rules? 

What will be the in memory representations (data structures) of these 

words? 

4. How should the database be queried to obtain matches with these 

differently spelt word set? 

In addition to the above concerns, another major issue was to process Unicode/Sinhala 

characters at all levels of the application. This problem is common to user interface as 

well as the database parts. 

In summary, the final solutions for the above issues are listed as below: 

1. The words were broken up character by character and rules were applied 

on a character-by-character basis. However, there were rules for multi-

character replacements too. 

2. A rule engine was used (JBossRules) to manage rules. The rule engine 

features supports to manage all the issues related to rule management and 

execution (Proctor, et al., 2007). 

3. A data structure and all the associated algorithms were developed in order 

to hold the word, all the replaced characters and generated words. An 

algorithm was developed to take permutations very efficiently using the 

replaced characters. 

4. The list of words was used to search the database using a very simple 

query. 

Several trials were carried out before and in arriving at the above final solutions. In 

addition, similar problems were tackled in building the user interface and database 

components. They are described in detailed approach section below. 
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3.3 Detailed Approach 

This section describes the detailed approach of the research, how problems were 

decomposed, risks identified and mitigated and solutions arrived. 

As described in the methodology section above, possible risk items were identified 

after analysing and decomposing the problem. This risk list was tracked as an on-

going list, where risks were added as and when they were identified. The approach 

was taken based on the severity of the risk so that very risky items were handled 

immediately. Proofs of concepts (POCs) were done in order to ensure the feasibility of 

the approach taken. The complete list of risks is given in the end of this section, as it 

would break the flow of this discussion. 

3.3.1 Need of a Rule Engine 

Since this research and the system being built are about application of rules on an 

input word, the need of an out of the box rule engine was realised early in the project. 

There are several advantages in using a rule engine because a rule engine provides a 

rule language to author rules possibly with an authoring interface, a rule compiler, a 

rule loader and an execution engine at a minimum. These features would ensure that 

the rules be independently and easily declared, categorized, loaded on demand and 

executed without any collision or conflict. 

Java was decided as the development language therefore a suitable Java based rule 

engine was selected. JBossRules (previously known as Drools) was an ideal fit 

because it was an open source rule engine with many features that were required and 

adequate documentation (Proctor, et al., 2007). This rule engine uses Rete algorithm 

(details in last two paragraphs of section 2.1) which is a very efficient algorithm for 

large-scale production rule systems. 

One of the preliminary risks and unknowns was the fitness and feasibility of the rule 

engine for the purpose of this system. A POC was built in order to try out the 

capability of the rule engine and to familiarise with the usage of it including the rule 

language and integration with systems.  



17 

With this POC, two other needs were identified. They are issues with decomposing 

Sinhala strings and need of a data structure to hold the decomposed characters and 

their replacement characters. 

3.3.2 Break up of a Word and Unit of Replacement 

Break up of a word and the unit of replacement was one of the initial concerns that 

were researched. Rather than a technical issue, this was a requirement issue because 

the unit of replacement has to be decided based on the rules, which are derived, with 

the domain knowledge on how spelling differences could occur in words. 

3.3.2.1 A Syllabification Approach? 

Since Sinhala is a syllabic language it was thought that breaking up a word in to its 

syllables and replacing syllables with differently spelt syllables was a good approach 

initially. The research at LTRL of UCSC on Sinhala syllabification (Weerasinghe, et 

al., 2005) supported this option because their algorithm could be used in order to 

syllabify a word if needed.  

It was observed that apart from a few exceptions, most of the Sinhala syllables were 

single Sinhala letters. In addition, it was observed that replacement of a syllable based 

on a vowel sound of a consonant letter is extensible with almost all vowel modifier 

variant of that consonant. For example, න can be replaced with ණ and vice-versa. 

Also, similarly the following are also replaceable both ways: නා and ණා, නැ and ණැ, 

නෑ and ණෑ,   and  ,   and  ,   and  ,   and  , ෙන and ෙණ, ෙ  and ෙ , ෙන  

and ෙණ , ෙන  and ෙණ , ෛන and ෛණ, ෙන  and ෙණ . Likewise, this phenomenon 

is true for any consonant character. Each vowel modified consonant letter is an 

individual syllable in Sinhala, hence if syllable replacement rules are applied on 

consonant could result in several rules finally adding up to a very large rule set. 

By looking at the above example, it is observable that if a letter could be further 

subdivided to the consonant and vowel modifier parts, the number of rules could be 

reduced and simplified. If a letter is subdivided and if the rule is applied only to the 

consonant part (න and ණ) in a manner such that all vowel-modified letters (such as 

 / , ෙන/ෙණ, etc) automatically inherit the rule, this efficiency could have been met. 
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3.3.2.2 Sinhala Unicode Structure to the Rescue 

According to the Unicode representation, a Sinhala consonant with a vowel sign is 

always represented by a two-character sequence (i.e. two Unicode code points) 

consonant + vowel sign (Dias, 2004). For example නා = 0DB1 0DCF,   = 0DB1 

0DD2, ෙන  = 0DB1 0DDE and ණා = 0DAB 0DCF,   = 0DAB 0DD2, ෙණ  = 0DAB 

0DDE. This clearly shows that replacement of the consonant part (e.g. 0DB1 with 

0DAB) will result in automatic replacement in all vowel-modified letters. This 

dramatically reduces the number of rules required. Similarly, many other special 

character sequences such as anusvaraya, rakaaraansaya, repaya, etc and all other 

sequences had this supportive property. 

Hence, the syllabification approach was given up and it was decided to break up a 

word to single character level, the basic unit of replacement was decided as the 

Unicode character. For example, the name  ශාඛා is broken up to Unicode characters 

ව, ◌,ි ශ, ◌ා, ඛ and ◌ා. Then ශ is replaced with ස and ඛ is replaced with ක in order to 

obtain the word  සාකා. In addition to these single character replacements, multi 

character replacements were also done when a particular character sequence has to be 

replaced with another. For example, the substring  ජය is replaced with  ෙ  to obtain 

the word   ෙ     from the input string  ජය  . 

Java substring function also supported breaking up strings in to single characters when 

UTF-8 encoding is used. With this, several risk items were mitigated.  

3.3.3 Data Structure to Store Input Word, Characters and Replacements  

Identification of characters and replacing them with rules were done using rules 

declared in JBossRules rule engine. A character is taken as a fact in the rule engine. 

Fact processing with JBossRules required the fact to be instantiated as a class. In 

conjunction with this, the input word and its broken up character and their 

replacements have to be stored in some manner in the memory. 

This data structure and associated algorithms were other identified risks and the POC 

was used to validate the feasibility of the approach. A data structure was developed 

which can store a word in the form of broken up character nodes, which has lists of 

replaced characters for each node. The data structure can also store the generated 
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words by taking permutations of the replaced characters. Algorithms to generate 

words by iterating the data structure were also developed. Details of these are 

available in the next chapter, which describes the detail designed of the search 

application. 

Finalising the data structure also automatically resulted in a concrete way to declare a 

character replacement rule in the rule engine. More details on the rule structure can be 

found in section 4.3.3 in the next chapter. 

3.3.4 Identification and Derivation of Rules 

Rules were one of the primary outcomes of this research and it is the most important 

part of the application. Identifying the proper rules categorising them and organising 

them was one of the prominent risks identified. This was a domain-specific exercise 

that required gathering a good knowledge on the domain such as to study how words 

can be spelt differently or possibly incorrectly and define rules for the replacements.  

The rules were required to be categorised as most common replacement (for very 

frequent usages), less commonly used spelling differences rules to increase the level 

of matching and a third level where maximum level of matching is achieved by adding 

more rules which are containing even unlikely spelling differences. In addition, 

special rules were identified to be applied on Tamil words. Such rules were 

identifiable because certain letters that are available in Sinhala are missing in Tamil 

and hence Tamils substitute these letters with one or more related letters, thus leading 

to spelling differences. For example, Tamil name   ප  can also be written as   ප  

due to the above reason. 

Three approaches were taken in deriving rules: 

1. Rules based on common language usages/mistakes. All ‘mahapraana’ to 

‘alpa prana’ replacements, ‘Dantaja’ to ‘Taluja’ or ‘Murdhaja’ 

replacements (e.g. ත/ථ, ල/ළ, න/ණ) falls to this type. 

2. Rules identified by analysing data. Rules were identified by analysing over 

1000 personal names. Names for this purpose were extracted from 

Government Gazette notices. In addition, common well-known names 

were added to the analysis domain. 
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3. Rules derived by reviewing material in Sinhala language grammar and 

spelling books. Books from expert linguists were reviewed for this 

purpose. Details of these books are given in the literature review chapter.  

The identified rules were collected in a document and then categorised in to different 

levels of rule sets based on the commonality of the spelling differences or mistakes. 

The complete rule base is available in Appendix A. 

3.3.5 Capture and Display of Sinhala Strings 

In order to make this search application working an input word should be captured in 

to the system and the results should be displayed. Although Java was the selected 

language, it did not have a built-in driver to capture or display Sinhala Unicode 

Strings. However, Java has full support UTF-8 encoding. Therefore, capture and 

display of Strings was through files or HTML.  

3.3.5.1 User Interface Level 

Due to the above reason, the user interface (UI) of the application was made Web 

based. Since most of the popular browsers supports UTF-8 and since Java Web 

technology such as Java Server Pages (JSP) too supports UTF-8, it was feasible to 

handle the main user interface related capturing and display. However, there were few 

challenges in the UI because although core Java supported UTF-8 some of the 

libraries including JSP tag libraries did not support some features when the character 

encoding was in Unicode. One such problem was the inability of the Java Server 

Pages Standard Tag Library (JSTL) to read property files when they are in Unicode. 

Nevertheless there were well-documented workarounds for these problems 

(Lindenberg, 2003), but some issues had to be searched in various forums in order to 

find solutions. 

3.3.5.2 Internal Level 

Similar issues in capture and display of strings existed in different parts of the system. 

Sinhala literals in rule definitions caused problems in the rule engine. Later a newer 

version of the rule engine partially supported Sinhala literal reading. Nevertheless, a 

constant file had to be used instead of literals in order to overcome this problem. 

Debugging the application was an issue due to the inability of Java to print Sinhala 
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strings in the console. Therefore, logging was used in debugging. Fortunately, log4J 

(Java logging library) supported Unicode formats.  

3.3.6 Database and Data Access 

The database management system (DBMS) used need to support multi-lingual data 

storage as a primary requirement. MySQL was selected as the preferred DBMS 

because it had very good multi-lingual support and it was open source. A Sinhala 

collation sequence patch for MySQL had been submitted by Harshula. However, this 

patch never got through a release of MySQL by the time of this writing. Nevertheless, 

the Unicode collation sequence was sufficient to handle the requirements of this 

search application. Database configuration was documented in a Web page authored 

by Harshula (Jayasuriya, 2007). 

3.3.6.1 Database Schema Design 

Although the database schema design was not critical to this research or the search 

application being developed, a suitable database schema needed to be designed while 

keeping the future goals of this research—to facilitate storage and retrieval of large 

amounts of multilingual personal data, including household information. In other 

words, this had to store names and addresses in all three languages. Several 

companion multilingual research projects were supposed to use this shared schema. 

The thought process was to keep the source language (original data) identified in the 

schema using some flag and pre-process the database to have other language fields 

transliterated. Hence it could be searched by using any of the three languages—

Sinhala, Tamil or English. There was another minor requirement to display the name 

in its original language although it is searched in Sinhala. 

A schema design was proposed and it was reviewed by a committee that was 

representing the researchers from companion research projects. More details on 

database schema design are available in Chapter 4 section 4.3.4.1. 

3.3.6.2 Test Data Generation 

Lack of test data—a large data set consisting of names of people, which included 

names with Sinhala, Tamil, Muslim and other origins, was a risk. Names were 
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extracted from Government Gazette notices for this purpose. Government Gazette 

notices consisted of lists of name of people who got government appointments. These 

were well-balanced lists with names representing different origins and both genders. 

However, the problem was these names were not Unicode but was authored in legacy 

Sinhala fonts. These were converted to Unicode using the Sinhala Unicode font 

converter utility program of LTRL (downloadable at 

http://www.ucsc.cmb.ac.lk/ltrl/?page=downloads). A small parser was developed to 

clean the output text from the utility and extract the names from the rest of the text. 

Over a thousand of names were extracted. Extraction of more names was not done 

because cleaning of the text required correcting some characters manually. Manual 

corrections of few fonts were required because the font converter utility could not 

convert some characters properly due to a defect. These names were loaded as test 

data to the database and were used as source data to analyse different ways of spelling 

of names. 

3.3.7 List of Concerns 

As described in the preceding sections the approach for this research was driven by a 

list of risk items and concerns. These items were addressed by developing small POCs 

to solve each concern and those solutions were incorporated to the main application. 

All the concerns were described in each section above, they are summarised here for 

easy reference. 

1. Selection of a rule engine and evaluating its fitness for this purpose. 

Identifying ways to declare character replacement rules. 

2. Manipulation and tokenization of Sinhala words and unit of replacement of 

characters  

3. Design of data structures and associated algorithms to hold the tokenized 

word and generated words. 

4. Identification of character replacement rules 

5. Capture and display of Sinhala strings in the absence of a Sinhala driver 

for this purpose in the Java language. 

6. Unavailability of Unicode support in some supporting common libraries 

http://www.ucsc.cmb.ac.lk/ltrl/?page=downloads)
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7. Selecting a DBMS with multilingual support and configuring for 

multilingual support 

8. Unavailability of Unicode test data 

 


