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Abstract designed for English language and hence not
suitable for Myanmar nations to search information
Web search engines play an important role foron Internet. General search engines cannot response
information retrieval on World Wide Web. There are relevant information to the requesters for the
many search engines according to their languages, b Myanmar Language query. Thus, efficient retrieval
very few research areas for Myanmar Language.of Myanmar language web pages is a challenging
Search engine that can handle the typicalnew research area. Therefore, the proposed system
characteristics of Myanmar Language is needed. Thds developed an effective search engine that can
proposed Myanmar search engine contains thehandle for Myanmar language documents with
crawler, indexer, and query processor components. In  retrieval effectiveness than general search engine.
crawling, proposed new rule based syllable language In addition to another objective is to optimize
identification is used to determine the relevancy of speed and performance in finding relevant documents
Myanmar Web pages. There are two new methods aer an input query using proposed index structure
contributed in indexing.Proposed new Myanmar based on nature of Myanmar words. The proposed
grammar based word segmentation and proposed new  search engine consists of crawler, indexer, query
Myanmar word Sorting are used in indexing structure processor and is intended to design that consiters
to provide the most relevant documents to the users typical characteristics of web contents in Myanmar
least possible time. Documents are ranked accordind_anguage.

to their degree of relevance to the query words This paper is organized into six sections. In
segmented by Myanmar grammar rules and documentthe next section2, the literature reviews are dised.
using the cosine similarity measure. Section3 explains about Myanmar scripts and

Keywords: Myanmar Web search engine, Myanmar encoding system on Web. Section 4 describes the
word sorting, Myanmar word segmentation, word proposed systenkxperimental results are discussed in

section5 andhe proposed system will be concluded in

based indexing. tion 6
section 6.

1. Introduction 2 Related Work

Web Search engines are designed to search for
information on the World Wide Web. The search
results are generally presented in a list of restdt

In this section, the papers related to the proposed
search engine are discussed. Monica Peshave and

Kamyar Dezhgosha [2] described how a search
users. Generally, there are two types of searcinesyg , K dd 4 th ki ¢ web
crawler-based search engines and human-powere%inglne works and demonstrated the working of we

directories. Crawler-based search engines, such a%ralwler dexelo?ed ”;) ‘]Z\,/a Iangl:jagﬁ. Hassen rll?edv¥an,
Google, create their listings automatically. Crawle olomon Atnafun [3] discussed the approaches for

are programs used by search engines to gathe(?ffectwe IR for Amharic web contents. They

information about web pages, index the documends andeveloped three components for Amharic Search

return hundreds of thousands of relevant respottses tEnglrllle. tTheI ITgEag_e spetcmf c_lr_f;wlerlls dz\g‘ldoped
users. A human-powered directory, such as Yahoo 2 COtect only Amnaric contents. They aiso a SS

depends on humans for its listings. ﬂ:_e ur_ngue_featdure_s of tZe Ignguage by usmg stteaim
Today, Myanmar language is the primary alias injecting during indexing process to obtagtt

language of instruction and English is the Secondlyperformance.

language in Myanmar. In recent year, Internet users In this paper, Myanmar words based indexing

Myanmar greatly rely on search engines to getstructure for search engine is developed and Mgainm

information from the Web. General purpose searchWOrds so;tlng alrg]:]o'\r/:thm Is used for B+ tree. mde;:
engines, Google, Yahoo and Bing, are mainlystructure or each Myanmar consonant to retriewe t
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most relevant documents and to improve searching In Table 1, syllable'oxs" (oxs) contains one

time in retrieving documents. basic character and two extended characters; &llab

3. Myanmar Scripts "eoypés (schoo) contains one basic character and six

extended characters.

Myanmar language is the official language of
Myanmar, spoken as first language by two thirdthef ~ EXxampleios and - +: = o2
population of 60 million and 10 million as a second o and e ++2+c + +: = copés
language, particularly ethnic minorities in Myanmar )
Myanmar script draws its source from Brahmi script?"1 Myanmar Fonts and Encoding System on
which flourished in India from about 500 B.C.to ove Web
300 AD. Myanmar Script, likes the Brahmi scriptais
system of writing constructed from consonants, dswe
symbols related to the relevant consonants, comsona
combination symbols; and devowelizer. Myanmar
script is composed of 33 consonants, 12 basic \wwel

The first generation of Myanmar encoding
systems were ASCIl code in which Latin English
glyphs were replaced by the Myanmar script
glyphs to render the Myanmar scripts which was

8 independent vowels, 11 consonant combination no standardization of encoding characters. Myanm_ar
script was added to the Unicode Standard in

symbols and 27 devowelizer [1] and is written frizft !
S . . . September, 1999 with the release of version 3.0.
to right in horizontal line. Myanmar word contaiose ;
Later, the release of the Unicode 5.1 Standard

syllable or more than one syllable and one syllable i 2008. th icod i
contains only one character or not more than eighf)n 4 Aprn , three Unicode 5.1 compliant

characters. Figure 1 shows the structure of MyanmafOnts have been ayallable, including - Myanmars,
syllable .There are nine Part-of Speech classesifor PaFiauk gnd Parabaik and the range of Mygnmar
Myanmar words described by Myanmar Languageun'COde is from (U+1000 to U+109F). Various
Commission [1].They are Noun, Pronoun, Adjectives, Myanmar font makers have created Burme_se
Verb, Adverb, Postpositional Marker, Particles andfonts including Win Innwa, CE F(?nt, Myazedi,
Interjection. The proposed system mainly considered?@V9YLON€& Ponnya, Mandalay which — are not
Noun, Verb, Adjective, and some adverbs for Unicode compliant .It was extended in October,
meaningful keywords segmentation and Pronouns2009 with the release of version 5.2.[5]. Although

Postpositional Marker and Particles are definedtag the meaning of Myanmar syllable is same, their
-words. encoding sequence is different in Unicode and

Zawgyi_One. Although Zawgyi_One is nbinicode
compliant and does not meet the standards set by
De"o""e"zer the Unicode Standard, it is currently and the most
widely used solution for input in Myanmar —language
websites. Unicode stores text in only one order
and render correctly and Zawgyi_One can store text
in several ways but superficially appear correct.
Table 2 show different encoding sequences of
Consonant Unicode and Zawgyi_One. Table 3 shows various
Combinaton types of font which follow the Unicode and does
not follow the Unicode. The proposed system
Figure 1. Structure of Myanmar Syllable normalizes the different writing style of Zawgyi_©n
fonts to standard style in order to search effityefor

Table 1. Example of some Myanmar syllable

user.
Extended character
oA S 109 opd Table 2.Unicode sequence style of Myanmar
,g 2 | 65 | & | oo oy oy oopt: Syllable using Unicode and Zawgyi_One
S o 4 8 1 & cqp& Fonts Sequence Style
§ S S [— . . Unicode | o +8+ =83
8 ........ . . . (7)+(E+8=(7?8
® B o = [=]= B >+
One m+, +°=0}
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Table3. Myanmar Fonts and their encoding The crawler only collects the Myanmar web documents

| Encoding form | Types of fonts for indexing. During the indexing process, Myanmar

Myanmar3 words for indexing are tokenized by proposed
Parabaik segmentation method. To optimize speed and
Padauk performance in querying, inverted index and new
\T\zﬁ:m:nwa Myanmar words sorting algorithm is used for B+
MyMyanmar tree indexing structure. Finally, the query preoces
Panglong processes the user queries and documents are ranked
Tharlon according to their degree of relevance to the query
Zaygyi-One words segmented by Myanmar grammar rules
and documents using the cosine similarity measure.
Ayar
4.1 Crawling Myanmar Web Pages
4. Proposed Myanmar word based search To collect Myanmar web pages, web crawler
engine design is an_ important component of web se_arch engine.
In this proposed system, web crawler is developed
to download only the Myanmar Web pages.
Language specific search engines are required
m to identify the language of a web page for
= g further processing. Myanmar Web Page identification
Trmmimes il B i\ module discards the links and web pages for
: Crawling | o
! \ / -< other languages. For the combination of Myanmar
Crawling and other language documents, Myanmar content

considered as relevant pages félyanmar Language

and below the threshold will be discard. Relevant
web pages are stored in the pages repository ierord
to ready for indexer to extract the keywords
of web pages. The detail explanation of rule based
syllable segmentation and crawling component
are explained in [7].It can also segment Myanmar

Parli and other words such asgy', 'oogadcs' and

' Query Processpr
Myanmar Pages !

Repository

E v : exceed the rule based syllable threshold will be

Ranking
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i
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E Input quen
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1

i

i
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i
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Web page
preprocessing (Html & ;
stopword removal)

Tokenized by
Myanmar
Grammar Rules

gl

...................................................

Indexing : 4.2 Indexing

Word tati : — 3 L
ord segmentation | 1 To optimize speed and performance, word
by Myanmar 4 . . . .
Grammar Rules ! based inverted index is constructed and B+treexinde
i structure for each Myanmar consonant is used to

1
v : access the inverted files. Word tokenization is an
Myanmar Word i essential and important step in creating index serm
1
1
1

sogrgggiggter;r;];or and processing query for search engines especially
for non-English documents. Therefore, Myanmar
Word segmentation is needed to carry out additional

/L\

~~— ——— g M .
Indexing hilt task since Myanmar language does not use word
- boundaries like English. Myanmar words are formed

S syllables and syllable contains one or more charact
Firstly, rule based syllable segmentation is used
for syllable segmentation and words are tokenized

The proposed system, Figure 2 consists of thre®Y proposed new Myanmar word segmentation
parts, the crawler; indexer and query processoralgorithm.
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Figure 2. Proposed search engine design



4.2.1 Proposed Word Segmentation Method 66§ (n|§98)0feonp (Particle|ogpds)

Firstly, input sentence is segmented into |, apove exampleso3d , gpram, ofeop are also
syllables and remove t.h'e stop-.word's from theconsidered stopwords in this system.
sentence such as preposition, conjunction, pronoun
particles that are repeatedly occurred in every| Algorithm : WordSegment( Sentence S,
document and that can degrade performance of Dictionary D, stopwords) .

1. Input sentence is segmented into syllable .
web search system. Segmented phases are thg > | ¢ @, pe o
segmented into words by finding the longest word | 2. if stopwords are contained int8en
in dictionary that matches the ending point of A r%mOVEd stopwords from S and retrieve
. . phases

the phasgs. F|gur§ 3 describes proposed wgrds 3. for each phases p Pdo
segmentation algorithm.We use Myanmar _English| 4. if pis contained in Dthen
dictionary [1] for segmentation and we also added Words- Words U p;

ity names from Wikipediato dictionary. W if L #® and p=0 then
city -hames 1ro pediato dictionary © p& reversed | and go to 4

collected Myanmar proverb from [4] and add them to | 5 gige it p is not contained in Dhen
dictionary. Table4 shows some examples of stop- p € p-last syllable
words. L& L+last syllable and go to 4
6. end if
7.end for

Table 4. Some Myanmar stop-words

8. return Words;

Figure 3. Proposed Word segmentation algorithm

Figure4 shows the output of the segmented
words according to the above algorithm.

$Ex00pisE 38158 3aq) 1905051900001 _ ) .
AN s = -
. cqﬁgo |qp:§83903 | nput sentence soSedkaopdfgierogadoyiepiaagadaadomlgdoosh
B5815EnBEsohisticanelopieaddoo Words o}, odi , [4fen, , godont | w8 |
pSaGodioofgEindecyodicomedicg€ion

conic8epogBictaadioleldns... Markervords 2

88c0midenno3diBecornmagSiosodisto Stopworas (P10« b2
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Figure4. Output of word segmentation

We defined 1200 stopwords in our system. The proposed word segmentation algorithm

positional marker of subjectsofS ), objectsd}),  some particles such asor, as in dasosmicsoior”
departure (¢), destination (a3), usage ([g&is¢), 'give medicine to patient' phrase. This proposed
reasofeps), accepls:), place fiooodS), time algorithm  will deviate segment cpso:  patient’

'symsesos;  tonic',' eos: give !, instead of correctly

(8%°), possessivey) , aimsf,) to get only meaningful i - i
segmentchso: patient 'geo:: medicine ''cos: give .

words.
Some particles that demonstrate more thanThe”aIgorlthm will be modify by .addlng some
one things that come after noun, pronoun Verbaddmonal grammar rules and stemming to overcome

adverb "qpic3", "o3oopS, particles that modify such problems in later.

counting of mathematical wordsn8", "ect" and 45 5 Myanmar Word sorting Algorithm for B+tree
some particles that deeply support noun such

as "o3am", "gpio’, "odqpd: are considered as stop- The proposed system use B+tree index structure

words list for our system. to access inverted file for speedup at searching

Example oxecox(n [§28)038XParticle|ogoS:) timg and QOcumenF update efficiency. B+ tree
conpia (§96) gpraon(Particle|ogpSs) define a lexicographic order over the data; the
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complete value of a key is used to direct searchfor B+ tree
words areMyanmar

In this proposed system, Myanmar
used as index terms and word sorting is important
Myanmar character nature .Our algorithm sorts
words by assigning weights to digits (D), consosant
(C), vowels (V), devowelizer(DV) , and consonants
combination (CC) symbols in ascending order. Hjystl
input keywords are segmented into syllables and
then we compute the weight of syllable and sorts
Myanmar words according to the weight of each
syllable .Table5 shows the assumed weight to D/,C,
DV, CC respectively and Figure 5 show our proposed
word sorting algorithm.

Table5. Assume weight assignment of D, C, V, DV,

........ 41,42

index structure. We proposed new
Word sorting algorithm based on

Algorithm MW_Sorting ( Wy, W5)
1. Assign weight to C, V, D, CC in ascending orde
2. MaxW & @
3. S1 (swW1,9Wy,....,5W1) € syll-segment (W)

S2 (W2, Wy, ..., 5Wp) € syll-segment(W) // input
words are segmented into syllable
4.for (k=0;k<min(Wi,W,).length-1;k++)do
5. Resuk Compare_Syll (gv1, Swy)
6. if result equal to 3then Max#W1 break;
7. if result equal to 2 then Max¥W'W2 break;

if result equal to 1then

8. if kislastindexthen
9if W1 length is equal to W2then W1 is equal to W2
10. else if W1.lenght>W2.length then MaxW<W1
11. elseMaxW<W2
12. end for
13. Return MaxwW

Function Compare_Syl (w1, SWz)

1. [C, V, D, CC]¢ sw, // separate each syllable into 4 parts
[C,V, D, CC]¢ sw,

2. result€< compare_Val ( v [C], w2 [C])

3.if result equal 1, then

4. for (k= gw;.lenght-1; k>0;k--Ydo

5 result = compare_Val\s.[k], siw-.[K])

6 if result#1 then

7. go to 10.

8. end for

9.end if

10.return result.

Functioncompare_Val (v1,V2)

1. if (w>Vvy) then resul&-3; // compare their weight

2. if (vi<vp) then resuke2; //

3. else result=1.

5_return resti

Figure 5. Word sorting algorithm

-

- ,
==y

"
"

[fomex ]

"
"
",
"
3

IInsao»I'IMmEII

o [Jpsosas |

i

E=al I e el Extea]l [

I
|| [Fpotdtoany, keyword

N " I v

d3 d2,dé d4 dé di,d3

v

&6 d7 7 did2

<«——-document I

Figure 6. Sample index structure for Myanmar charater word ' oo ' .

In this paper, we also explained how to

implemented B+ tree index structure for Myanmar4-2.3 Document ranking

words in order to provide rapid response back ® th

web users and to improve the searching time in the{o
indexed database. There are 33 consonants and we

Figure 6 shows the access method of inverted dite f
Myanmar words that begin consonant .
126

Query processor accepts the user query and

kenized the query by proposed segmentation method
constructed 33 B+ tree for each Myanmar consonan ti)nd search in the index database to rank according

system, cosine similarity measure, equation (1)cthi

the degree of relevance of the query. In this



is the cosine of angle between the query vectolindex structure for searching of keywords. In this
g and document vectorjdis used to calculate system, the query processing times are computed
the similarity of the query g to each documentamong indexed keywords segmented from 500 crawled

collection D [6]. web pages. The following query words are usedgb te
for the query processing time. Q1 to Q3 are single
cosine(d..q ):(d; (e _ Y, (1) word queries and Q4 to Q5 are phrase queries that d
Tl e[S e, not contain space between the words.
Q1: 02gpasas (university)
in which , w; is the final TF-IDF term weight , Q2: cogpéeava: (student)

Wiq is the weight of term i in query df;; is normalized Q3: gfops (Yangon)
Q4:ogbsencanasonssoogp: (healthy foods)

term frequency an&dfi is inverse document frequency Q5 onecvisopoSopfeoo(Computers for children )

the number of documents that contains the termigt
is the weight of term i in query qg.

w; =tf; ¥idf (2) Q6:comélggaiagneamomnsgp: (Cars for 'Taung Pyone'
¢ festival
tfij = ' ®) Table 6 shows query processing times for singledsor
max{ fij , fij N fij} ) . )
queries and Table 7 shows query processing times fo
hrase queries.
idf, = log [di] 4) i |
f Table 6. Query processing times for single word
and the weight of term iinqueryqis: query
w, = (05+ 9 y*logN/dfi ~ (5)
max{f,, foe e fygt Normal Proposed Index
where, Inverted index structure
f;is the raw frequency count of terpirt document d - 0.49sec 0.43sec
fiq is the raw frequency count of termrt query g ,N is - 0.31sec 0.26sec
the total number of documents in the collection iglf
- 0.54sec 0.51sec

Table 7. Query processing times for phrase queries.

5 Experimenta Resul I
This section describes the experimental results Normal Proposed Index
of crawling, indexing and query processing !nverted structure
components. index
- 2.6sec 2.1sec
5.1 Crawling experiment - 2 1sec 1.9sec
In crawling experiment, the crawler started with - 3.4sec 3.0 sec

5 Myanmar web site seeds URLs which are popular

Myanmar Web sites. The crawler run with 32 bit According to the results shown in above Table 6
operating system, 4GB memory, from 9: AM to 12: and 7 the proposed index structure outperformed tha
PM, with the depth of crawler is 10 and Myanmar normal inverted index in query processing times.

syllable threshold is set to 4 %. The crawler can The proposed system also compared these three
download 1827 Html Myanmar documents. phrase queries to other search engines, Google and

Yahoo search engine. General search engine cannot
5.2. Indexing and querying experiments handle for some Myanmar phrases that user types

. ) ) .. successively without space between words. The
This section discusses for query processing time

o ) i o proposed search engine can perform well for that
which is key for interactive application for one nao

d oh that d ; tai phrase queries since it segmented the phrase ovidsw
gutery an pdrasg query Ia' Ofsd ?(I) co(r; an SPaCHhg search them in the index database. Table 8sshow
etween words using normal inverted file and preplos the return results for three phrase queries.
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Table 8. Experimental result with different phrases  non-Unicode web sites of different fonts and encgdi
query on Web developed by different web developers since

normalization of different writing style to Zawg@ne
fonts allows the users to search for various types
writing style. In this system, the crawler can déven

(0%) (0%) 43 (8.6%) relevant Myanmar web pages by using rule based
- (0%) (0%) 20 (4%) syllable threshold and discards the web pages below
- (0%) (0%) 9(1.8%) the threshold. It also proposed new Myanmar Word

sorting algorithm and an efficient index structdioe

After that, the proposed search engine comparedlynamic document collection by using B+ tree index
to other Myanmar Language search engine [8] instructure. Constructing of one B+ tree index stiet
which, word based indexing including stop words arefor each Myanmar consonants will optimize speed and
proposed. The retrieval performances of searchnengi performance in finding relevant documents for user
is measured by precision and recall which is comyon queries. Finally, the proposed system can retribee
measure in information retrieval. Precision is fimt  most relevant documents due to the word based
of retrieved documents that are relevant and rasall indexing rather than the syllable based indexinictvh
the fraction of relevant docs that are retrieveabl& 9  will retrieve undesired result.
describes the measurement results of other Myanmar
Langue search engine in which word based indexing/. References
including stop words and proposed system that

removes the stop words on query processing. Myanmar -English dictionary Department of the

Myanmar Language Commissi@nll.

Table 9. Measurement results for word based [2] Monica and Kamyar Dezhgosha "How search engine
indexing including stop words and proposed system. work and web crawler application”.

[3] Hassen Redwan, Solomon Atnafun. "Design and
implementation-Algorithms of Amharic Search engine
for Amharic Search Engine System for Amharic Web
Contents".

[4] Myanmar proverbs can be available at

Precision Recall Precision Recall [5] http://mww.mmproverb.com/

0.66 0.8 0.79 0.86 [6] http://en.wikipedia.org/wiki/Burmese_alphabet

0.54 0.63 0.9 0.72 [7] Bing Liu "Web Data Mining, Exploring.

L 0.9 R 0.89 [8] Su Mon Khine ,Yadanar Thein ,"Myanmar web pages

crawler", Fourth International Conference on NLP,

Sydney, Australia.

In thi ¢ b h ine desian f [9] Pann Yu Mon, Chew Yew Choong, Yoshiki Mikami,
n this system, web search engine design for “Myanmar Language Search Engine”, international

Myanmar Language which consists of crawler, indexer  j5.mal of Computer Science Issues, Vol. 8, Issue 2,
and query processor components are proposed. The march 2011.
proposed search engine can search both Unicode and

6. Conclusion
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