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Year 1998

Abstract

This work presents an algorithm for finding words used for indexing in a Thai-text
retrieval system using inverted file structures. A dictionary is used during word separation.
The algorithm can deal with text containing unknown words to the system dictionary such as
transliterated words and words with typographical errors using a set of Thai syllable
separation rules. The algorithm models the problem by constructing a word-adjacency-
overlapping graph where vertices represent words and edges represent the word adjacency-
overlapping relationships. A shortest path from the left-most vertex to the right-most vertex of
the graph is a list of words reserved to be used as indices in the inverted file. The running time
is O( n* ) where n is the text length. The algorithm is used both in text preparation
preprocessing before indexing and also in query processing before the actual search.
Experimental results showed that the number of words obtained is approximately 30-50% of

the total number of possible words appearing in the given text.

In addition, this work also presents an algorithm for encoding transliterated words
suitable for cross-language retrieval system. Incorporating this feature enables the system to
retrieve not only documents containing the English keywords, but also documents containing
the corresponding transliterated words in Thai. The encoding algorithm modifies the Soundex
encoding table and algorithm whose running time is linearly proportional to the word length.
Experimental results showed that a high recall and precision of more than 80% can be

achieved especially when the phonetic codes are longer than four.



naanssyisene

Aifeveveuquasmividvuaziannuisinssumans prawnsalumineds 714
sylaRuNuIssInuuduay Usziihulssing w&co dmiulasemsiduil uazvevounurhe

356 augdeg Avodszauanuldmsduiumsisodiuledazaints

= ¥
adduiinsdutiulidroanuents minhildsumsiuniuausuuafanagiuusanng
Hoduouldunnlsiu Suaivadn Jysd favdant tazdszgns qassaiass §itvvoveunu

11 o Temaiidau

- 4
aure Usednsynszna



TIVIPVAUE ooeoveoeeeeseesssensesssessasnasseesessenasaesssse e sesssssesteemsssseessesees e s e sseesesessesasssesssessaessaeseeeseeseemseeeseesnsmnns 1

y otk i | T

&30y

AAANTTUUTENIH e

DI scarsommssemmsmsrmmomsmsmmomensassrmmmmrr I I e o sssisnsioionss NS AR
L.
2.

] o™
NIAHUIN A, AVTIHUINIRA TABTHAD 1ooooreoecorner e csesisssssssssesssssssssssssssasssssmssssessssssssmssisessassossns
AIAFUIN V. AF00NTZUVAUAUTOANINING oo eeecesermssssene e
A - oar -
AANUIN A, TIUFOUNATTUTIINIUITOM 1ot smssnsscssenmmssssssessssssssss s

1701703 (ypt O R N SURR N 0 O 0 o & O 0 U ORI LT O O . 3, W

11 & ¢ DA————— . L. L LR A WSS

Tnssafraudutdoyanndu....

R BRI (TR L R 110 Th 1T 1 T L2 S
22 TATIOFIUUUAUTTID oo sesssesse s esesessseseessmsee e e ses e
23 TRTUTIIINT T i e
- A ar o ol =1
T T VI IO ORI NATTL . ...o.cion it hessesssssesissse o eses ettt oo es s e sesemmm ot e s s et sb et e
a’; st o A!.l o o =i a o h o
3.1 TUADUITMITMIR AN IA S I T LU SR UUDUNTY e s aesssresraesenss s
ot et PR el o o &
32 YUABUIBAIIMIR U O T UL AU YD Y. oo
e i n e Y AT TRt A S
. 7 R ¢ | ORISR, Ay N (o h ) ¢ TR e RS,
3 ar o s
M T AR EUBIR I TUATHIBINH-ING oo s,
$
4.1 TUADUIB IS IS A OIUD I T IARUAL ST oo es et eoeeee s ses s
42 MSINTHARIMUFWIBINGH-1NY oo ssnere e
B3 HATMITNRRDY ¢oereeeroeseeeeeeseeseeesessessessssesses e ssssmesnseeseseessesseeeressssesseesseeeseensesesere s e serenee o
VRSN ! SOOI | SO crsceoe. ..ot =oAL || SO ——
5' .

il
iii

........ I |12

T BT A O URYTBIURS s s a5 5005 L3550

ooy 0 W

13
15
17
18
19
eee 19
21

23
25
30
33



o < 25 s P il 3 -
FufinswiuTaen i msaumsdlunialuilsdod g lunsduiviensialu

Hogiiu My lFesaumealdodniilssdninouazysz@ninmiu  Hdeserfuszuumsdudiums

. 4 o o o i ar -
aumet (Information Retrieval : IR) daimihiisauuasduduenas (Ui 1) szuumssafusu

enas lugtduuudne Ussananamimeluenss sazadeszuugiuenas vasiszuududu

g ot -3 a L] Ei 4 L]
susowmsdudunndld dszurawadion dudugiuenas dszuraradmouild Moth

uenauAug 1

Lanans

FeArounrdusu
szuLdRLALY FUENAT sruvRudy

—-—p‘ﬂﬁ%ﬂlﬁﬂﬂﬂ?

3U7 1 szuumsAufuastume

2 & o o - .
Fuasumahau laoia ) lunsdanu @zuh 2 dszaow) Susnmsfimuaminuionais

ar b 1 Y L] L) : 3 li
TWiuudazienans Taofennuluudazonasgauoniiudidig nindudszmanaduiie i 1dys

o | 1 o s v Y w @ T v
ﬂ‘lﬂllﬂulﬁﬂﬂTﬂﬂ\uBﬂﬂ'}Tuu fn5ﬂﬁzu']ﬂﬂaﬂ‘m'mﬂulﬂﬂﬂ'lﬂﬁﬂyﬂlZﬁ?ﬂU'Nl.‘]ﬂql

- |

o ' ar o ' s s rar d & o
e msnseafirhidifey (stop words) pon A1 lidgyRemAsyuue hidafy Weswindiudif

4 a a &

Usinghueamsdiudiuauinn Medrigu 49 uag nie Ao 171 11 unzdug sdlsinwluy

& - =4 o o ¥ w n’: o
vinsdidmartiondnnudwgiidhuiuld dufuszuumstuiulaom e lisnomsdi

Tiigfgy (stoplist) N 1FAenimuald

° i o o T z A v d o .‘5 a": ﬂ’ P w ;
f1THI51AA1 (stemming) vaqmﬁ'tmymmuu TWOIALALUNUMIUUS NIU Memslseuiaiie
= A a - A ar 1 T s | A L] =1
(] uazmamnﬂswwmamiﬁuﬁ’u AIDUNIYUATT compute computing U computer AU

& o o d o o § Yya Y Aat o &
FINAUINU mnwmmmﬂnumwﬂﬂaﬁuauwammmwmmumm computer o @y

AU computing Hudu

o = Ho o o o‘: - . A o o =
msudlusife wamsnsamnulas lihiusslanuAanaiaiisinmsdznading Fauin
w > ke ¥ - a o i iy )
Saufuian fireiu Uszdntnamsduduszanas aniulunsiifiasavaoumuiidm laiinnm

Aanaafinlsud lulvigndes




2

s ar 4 o o I’J 5 s
waannsdszwanad szuudaifusymanyazauidvosiniu meldssnoumssafuuas
- =5 7 A = oo v o ] o ey o = a o
msdviulaligadszasdiifoiaSulseniramsfudu Aredndnyusauifvesdflorfidy
o : = ar L] % li = o
swauniidngluends siamseeenidsvesd (wemsAuAunldmsfeudoailundn

1 & % A 4 o : a o L oy 1
wumshuyenu Femwiz Wudy) anlddeudniu dudu diddy drvazauifag uas

A o = 4
yonuvnuiavienaisezgnianurid T lugnuenms emsfudu

Landns
T8A97H
wanan
ﬂ.'i °
v NIMUANHIE
wdnsuzaia le—] Uszunansdn @ IBNANT
3 - e -i{ - - 7
umin, #1d, AIRIALY / ULELRT
-
ﬂ”'} Nty

Fuenadn?

Er @ o
E?J'n 2 YUADUMIIRINULIBATT

» td ¥ T
dmfumsdudwiudduneu (@gUf 3 Usznow) Guninmsivdedion (query) vl
8 & ; ﬂ a A o ﬂ ar LN @ = o e q':
uentesimuiioanitiugavesd werhitludszinanauazmanyursnid Tuvhusuffududu
o o o ° w ar wea &
asumstany viminldmddguazrdnvuzauianmldhdudulugnuenms wldnuioues
P o ° A L 1 L S
eamsfinudiMduiu vunlszuarase¥owenms manuduiussznihuenasfufidiAy
a ey { P e = " o
uasdnyuzauAvesimdvdu e ldiunzuuunuuIves (relevancy) vouenmsangiude
awdinuwed 19 nielszinanasiomsenmsdnisn udiluhnsseenasiiduduldllde

-] ar 4 A - ar a
fSuauazuuuauudes othimuendudiunadnsnsdudugddly

I's i o o 3 A P~
nneafszneunazdunsumsdanunazduduenans luszuudufumsaumaiing

ﬂ’ i s P ] - é lg as
dhaduil srdunaldinlsz@nsnmveesmstududsziiu ldninomlumsdudu Fudunmsesn

4 o d 1 - 1 i

uuy Tnseadradudeyaiedanumenats  dauquamvesmsduaudszidiuldnaanuiuifes
4 = v . i ; d 4 o 3 .
voasw¥eenmsiduaulddudemonidleadoudigszuy FWuduiunsumsiszuanad
o o é o o as J r []
dvey uazmisszulanasiodelenms  guamvsamisaufwindanudie mnaunud
& -] & M o a4 o & v Yar o o @
(precision) ¥BIMIAUAY AAodaTIdMveIIMEIMIRIREIdesfu Idiuswauenmsidy

w - | & wr [ { A w g 1
Aundun uazAusenAY (recall) Fsnosasraueamsninertsanduldsusuenasfifon



3

2 : : i - i
douianualugmienms szuumsfuduenmslania ez daniarenlsanfudafuuasfu

augilii 4

Fuenans

i

a ﬁ ﬂﬂ;ﬂiﬁnﬂ'ﬁ
UAY —_—
Usssaaug
o4
AATY A »| TETBANANT
ANBHUSANIR
rpdaengns
Uszunauan
VIGNHIUSANLIR ‘{ﬁﬁﬁﬁ’ﬂ
. < ¥
fin T AMINEates
wenAn e
fuHsianang

ﬁ'am':\
Uszaugld

TeAI0H fsudnenans

51/#1 3 Yupeumsdufu

recall

precision

5141 4 anudiussznindminnuiuduasmiSonfuvessruuduiu

szuumstuaumsaumaduInggnesnuuyBdmivldausunmndngey miemm
naazTuaninanvuzlndifuidy) sxduna ldnvunsumsuendennuluenmsnie ludosionn

'] 3 @ ' f o o = 3 = - J & T
aoniiud1 1 aznszin I8 lion uddmiunstidennumun Inniuseiitlygnidadu Hidnase



4

quamlumsiauvesiunoudug Tieswnimnsassyveuivavesiiudonnyne ¢
piuAUTA Aa0d1rU Jennu "Tnasoauise Inas” ﬁ"ummmlujmwmﬂuf‘im'lﬁﬂawmm 1M
»Tnaq (5o 9u 50 Tnae" v3e "1a a1 50 2 (58 Taae" 1iludu H?a'l_unsﬁiﬁ-l’famwﬁ"uﬁf'nmm:
il nglunsunynsuvesszuy s msuwonduianufanmald ey nsuding
Fuaidnur dudu Pymnsuondenusentugavesir Sufhilymugiiddgnnt

suvfuAumIserUmeanE Iny

PR ° " A o s w s Ve v e Hq ¥
adtuiigaiuilgmmsmmisiny  wedamdwii duszuudufudeniwildudunn
fudhuTassafandnlumshinu dsznimmmshauvesszuuszulsAuauganmyesnisw
o o s & ar o L a o i -3 a o Aﬂ Al
fdAgiedaindyil minlddigaadmilsngluenmadudmididy sldszuumsduduiiia

=3

Sunfuguidmanuuig minldhddginauiuifldmausiuiig s iinGuniu
&1 uonnniifainaderSauitefusudlunnduindin swnudsitadumnineusded nas
sumhi s ufssvufufuenmsuasilymmsfufuenaisannenda unii 2 tiaue
nfamﬂi'nwmﬁ'nymﬂﬂ'Nﬁ%’uuﬁuwnﬁu unit 3 sruelunoazEravestuaeuTimnidi
fodaiii IdeenuuuTinfounamanaans awdaedunoudimsdsdadiudwiiite
afumgumsfududiunnInosenininonassengu uozwamsnanesluunii 4 Sadedouni

d -4 -=oar a,: ﬂ' L ¥
5 Fargtiforiveandfundauienunsdeuounzlszauilymnde i idede Ty




Qs o ]
2. lasvasroudnyayanneis

Tnssaaududeyan1Fluszundufudoniumeinitedensng - Wilumugiuuue
ms 1aadimfFveddy madanguuily wazmslddyilmlavlduuafamsuesdoya (51 dmisy
=t o w = a : 3 3/ s w o - o 4 ar
Fostasvriianiuldstiuivdeyanuumndulumsdafy  twRrveudunndufonissa

d  w.omeR © ar o a1 x5 a8 w ws y° v
pugrivuiurnsvesmhidfyuazdnuuzauifdng  Tashudasfidngesiiaardumises

¥
o _ o =

Ao ] LY < 3 W oo ar 4:. 1
wamsAnmdmAgiug matummididgyle Suflumsfdumludadl w18 0msvosd@dumnia

= = o

’w ' Ai g o .lt as =3
waEs ualsemudisnanaruie llfaenasdunty  Taova Iuflusnfuldyseansnmly

Y =

v et o A e B e w W ﬁ'dv do a4 A4 d a
ATTAHNING HANVDITUATIVIADINITIUDNIAUALUATY AdUUITZUL uﬂumﬂﬂ?’ln“ﬂ‘luQﬂQlua“lﬁiu

L3

WA -

Tumsdafudsiii sxdecdinuauiidlumsanimaudididgi hiduilussnsinszuy

o ek S:d’ L] l—'-'l o =3
Tassardraflusnduiildnagduuy  Tudtwiaussdnuuiddymuziuuniie wuy

= 8w ¥ 3t o
HasgIanal llﬂﬂﬂuulﬂ‘ﬂ tasuuuniy

2.1 z-ﬁﬁ'\iﬂ'ﬁ?’hﬂlﬂﬂuﬂ?l?ﬂdﬁ‘?ﬁmﬂ

Tassadrauuunaafvsddusafudiidonnsidy  nordwuilifuiddyGumnio
Tmn delddumldsraiadomstumuuuminindaldnamsdunuiiu olog 7) usazves
Tunardrduiudad s zdomeaudludumis (posting file) FAURUMNBIAVEAMTIBZAIMI
voaonms funasluglil 5 Tnnerhauuuadusiwuieinnugonndedmsliundoude

yaluuaaddn uddwlumsad

Index file Postings file Documents file
Keyword Hits Link Doc.®# Link Documents
Comput | 4 | — ; 2

o =y 1 // Doc#1
. 2 ]
AT .
8 [ ] Doc.#2
Sistring | | —
. \ 2
5 .

51t 5 udtumni (5]



2.2 lasvasrsuuvea (s

Tnserdrawuduldd sadudoyaludulffummaionis (multiway search tree) HiFundn
AU B-tree) msdumdoyaszidunsaifisnvesduly Tnedoyafifulumas Tnuaiusediy
dufSoufouieidonnefiozaamde tudul o liggamine naimsfunulsaunnugeves
s (Tnvdnddu 1 Sezimanvnse Tnuadiusmounn Sufludulfide mlmsdunideya
nsziidsandy)  malfunlfoudeyaludulitnssi i lunmfusauamugavesdul iy

[29]

4 C‘ - o o

Tnseadauudu liSyssinnuildfimmedmiumssafudr As Tnseadredu IiSuunh

d T 1 Te o ar o i 1 =1 o o o

i (prefix B-tree) Foyafunuaiy Tnuadnqez hilsddnusnadvesdt ussaihuivsdadaysii
3 ar e o4 = ' = . . i = o A2 a2
wihumvesififismmedemsnfSoufeumoih lgTnunganiny Suflumsdsendaiion 8ans

s o a & ) [] & H
s wauide Tnuatinaiudae dodn Inssadedu lifuumimiueasluglii 6

Prefix B-tree Index »

[Russian[2] |..] [Ruthenianl;l.— [eail

Postings File

517 6 MmeunIassadiau ldiuuwimi (5]

A o -« o a 4 H
denfuufeusumsiaiudislaseaduelfosdwunds Tassadwdulddisidenun

I} . = - a ] 1 @ A e 3 ] & 1
A taziiit ms idudeund uamsilavunlasdxtin ldahenn tazmunsadumar 185

2.3 lassasoniy

- A ar - - ar

Tnsaad1anss (Trie structure) g i dainudaiivesdonnusuaunn [61,[121,(14] nsv

- T A -§ é 1 o 1 H a o

AnedulfiTuny (digital tree) atanilsdudui¥oudng unmudlonusangfl¥ludisiadoys A
-: @ & Ao as 3 “ ¥ = 4 = ot ar

Tusq wilaidulunfegnuinududuisoudngaumaduninianngndily nivsesfums
o a = " A o ¥ = o o @

Aumiuifiougadasausimih (prefix searching) 9@ 1113991nA1AN Alyadadnysihmih

& w ¥ a = At o o y
Musuny ﬁ31‘1’“‘1\"ﬂ“ﬁ1ﬂs']ﬂﬂQTHNﬂ.ﬂTUnIUTHuﬂ“uQT]Uﬂu UBNIAUMIAUMIUDUY T 23



7

o ot é ar - A -
(approximate search) Nannsavi1lddlulnswdmss sumnzinafumsdumdifienaznaiald

[26] swaudeaTsmsaiamiuiesaiulumisnnuhidsoaium 18y [14],25]

1 o [ & AJ a ) J & ] ]

7 7 uaasdandrvemivdunilififudidngim ldnindennunia  dumisve e
T w o - | e da r & W oW v
a9 Tudonnugaiafuilusien vewnse dedesnsdudila AdeTamAniulaoldmsnusdng

» " ¥ o i
yosiniutiuddmuamauninsnadllmufving - detatuirdeansfumdirh vevga

a e = a o & o o oW a A =

isunnninaliliine ¥ awdauhe o uazi v Anuluddidoyansaiuiidnusiinie Seagl

v
18 dszanimmmsfunidile ssudsarusuiuadnusvesdniu

nouttin [7] 1AtlowaudnusATUA (semi-infinite string or sistring) 1383001 Feor@sa
ot (] s :: 5 1w 1] :i - A - - A o

MWitludundnimuavesdonnudwuadumisidmun 3Un 8 uansSansaidusnvosdoniny
9/ P e - @ ] = = ar w oo - | 3 =
donnuiinn » Tdeasauifuinouedionn »  MiFaeSayng dagndamulunis FEmsdumd
ansan milounuildnd 1 3dedu fudhmsdafudaniinng dvesdenny slddiSoniu

v oa A ' 1o e o 1 ' Ha . 1 o oy
veamsAuAunge udve ldanuaiuding  Mediurumsdumdennuniisi ov fez'ldde

= o A &2 Yy o o oY
FITIiﬂ'HE'L‘Yl 8 ﬂﬂ]]ﬂulnﬁ"w (®auvenuY ﬂaﬂﬂﬂﬁjﬂiﬂﬂﬂﬂﬂﬂ#ﬂ')fy EUNTBNYT gV LAY

93¢ hifidh ev UsingegmunanmueveszilssTen)

A s
Text . uauqmqmnuavummrg
Segmented words : 28UAN
AN
4
il

31 7 Arednlnswadiondy

Text . aauqmqmﬁuauuawi’m
Sistrings UBU&WF}EI:IYINBUUEI{IE’“Q
y BUFINF}EI:?}NE]'IJ'HENE']IU
: UF}BJF{I:TINBUUENE'JI’Q
- AMAMUNANBUTDITICY

P w 1 s - @ = @
E’Jﬂ 8 ﬂ'lﬂu.anﬁﬂ'jQéﬂ'uh—ﬂ“aﬂ{l‘ﬂﬂ'nu VoL NNBLYBIYIY

L



3. AISHIANNTIANIN L

‘lwmz‘ﬁmnmm"wﬂuﬂi:Qﬁutﬂumﬂmi'ﬁqﬂﬂﬁﬂﬂuh’:’mé~1ﬂ8uﬁ'}|m8§ HaznI e
noufime Ranaudeudedoms sz nfieeszeslna  szuumsfiududon S
witalundosdiofiddgannlunmssamsmsaums  TaommzetabssuasmumaluGadladiou
(World Wide Web) iiaz ugthiuvesdasoufififinugs Bmsdufudonnuutesnniing i
#3570 nmnmagiaufly (full text scanning) MIKAAY (inversion) M3 Fufumedhuenens
(signature file) AZMIIANGUIONTTS (clustering) (swazBuave3iaqmaiimendldly [4), [s],
[231, [30]) mimmﬂ_v"l‘:qnﬁu Auenms TasmanFouivudeyaluynqonmisiedunidi
Foams 31 hidealdiffefmulumssarideil wnmmsfuszulsiuTaonssmunievesde
ANy Ismsnafuiatiumdify (Gewmudiduiadnys) ‘v’iwu'luunmﬂnmi'luuﬁuﬁ'sﬁ (#a
aunsoldTassadufudoyauuuuoafosdwy uldd Tassadrmss niedun Bnawuuy)
fhﬁ'fgueiazﬁwzﬁﬁumsmaqﬁmmiwmmnﬂﬁﬁﬁmﬁﬁmj‘:uqﬂﬂnaa;i TR Red e
unzduiuldsni uddesmuniiefinumnniesafuifused uazufludummivenas 33as14
ufuaoduenasiuldmaiamduazsmsiamiieg lwenms  Ghuiledduney) iewnu
(EAEIANAA AT INTIRTAMET k Ta k Hanfesndanuveuenmisnn mugiiana k
SafiSoundoumuduilfimuenssfy  nnufumoduvemaqenms Bluiiaody
msfufusznsziiuduarodudou Fnsoildsmdniiniuenmsduatumn iewin
vinadaniinn uieiededawanld (Gundufa fise hity dmiuIEnssanguenmniu 19
ninmsmsswnquienmsivansuzadefudiiudungug mefufiunssihdunguondsuny
Saramisa Bne 18uaR Iddesqmnmveens fuiiu udsiilgminssiunoulumsianguiinszvi

o el 8
nuuda Tuda lden

o = o] o : :I’ { ar q‘.: -& 1 L) ) as
dmFumaiindimsnnduniu Yussuiiddgdusounilisznhamsdangudeyadiniy
o - & o o o é o o
msfufudeonny fAemsmidingvesenmsiodahududsil Fnillumsmddingfens
Wmad luenmsdiudidiy Mfldansodum 1@ uadstionidmanunindvesmsfuiun
: o y Yy vy & $ 3 do oy & & w
A1 mawaseennateanugndsniuiiuiuneundudoudussunisdmiudonnunimn
- : 4 - i 3 >
Ine @azau lunieduduqda) issnamarglssaeviududenrmlumu ineiu Weu
aanunua (limileuiunstimundinguilivesieduszuinedg) lulligiuliegreddslunisuen
r ot - ' a A
f1 Aenmsldng wazmisldwaumnsy  FFmisldngiudszneudiungeieg fannseldiem

vouwavesnoaflutenny  [21,[27,[24] dredhavy umanode zqaudaiiu wn-Sn-n-de



9

2 = 3/ 1 aad -4 1 in‘: 1 o o
Audu Sanfn3tie Idnagndesgann udmsmveuwannsmiuhinssgalsemandnvoms

[ A wt o g o L) at
maunedaiayil 33m3ldwsunynriniuldmafusiang Tunsuyasundszaeudu 1 1ddu
¥ o A ) & a a ' . e '
Joanundmuald msidendiieg duilidroiunaiogluuy wumsi@endionganeu (18] ms
o I Idd maudnlouga (28] nie msldadavesdilsznoumsfinisan [0 dudu g

o 2 A . - ] o

msuenfeennindennuvzdudeumnniu Wedeanuiifmualdiisinlidsag lunsuynsud

A A I a - o ar a
1# asentimungiiiosnnniuiiusiaznadia Wudunme niodudivdnd s

4”0 a’: e o A & o w . a [ 3 & o Qe

unfhhirusduaoudim smiduiedamdsiidmivszuuduiudenny Inouuuda Tul@
-, i e ' a 1 o ar 1 d [ H 1
oo nuuuil ldwsu mnsusaslunsuond udannsosamsdunsdindennui lasulisnli

13 ¥

dsinglunsungnsuTasldnglunmsuoaweed duneuiinmsmillsensudiomsadiansvims
' w o ¥ o d o o
Aouazdouiuyei ¥ Tnuaanquumedudugasindneldunlunsmlil Aeswmsdiinasgn
o v o o a w g 3 A 2 s ' a o
Javhdriidmiuudunndu  Adedosiinilsvzussnedunsuiinosnuuuetvaziduadmiums
msuieidstidmsudimndunuimiy WadenaeniuauenmstSulseiuneudtimiurusiie

as s A g o o )
1715188 Taseerdhaflunnfunuuduqniounamsnaans Tasszagiiilonvesunilluiadedes

e

le' - o H [-] Q. [-] a» [- ¥ s
3.1 UBABWISNTITHIA NN IADBA IR TURHNNNNBULIUNTY

o an o A o w ad a2 ‘g 1 o Y
Fuasuiimsmdudsdeiiteonuu1di Mwouynsuslumsmnemsdlude

! : S & ' o o =
anuniisusidesganiailsinguaz lidsingluwswynsy dmidningluwsuynsuiin 18
vegndanfiulunse uvaiandodi lidsngdud lunsuygnsuesgndafiudugoniuiimuavea
b 1 al = - ﬂi 11
ansaiu Taumaanseldagmsuimesdnmine Aunasuan n) dudinsesdaniafilii
J 1 =y = z ol 1 o o o
dugaisuduvesdioen Msdiurudeadwesdih "audiniaur Siwua 12 # (ivuswouda

a = = o o=y o ooy day oy L) =) 1 af o o
Snus) FamSe "dursdur, « FAur, MIau, AU, A uaz "Tut marllszgndaeen Tty

o s
nulunsy

T A Yo = W ar o a1 J
neouduve i tlowvesdydnualaieg e 11

e =

i o o A a
e T fetonnunmvualdmduneindyil

& = = a2 de ow o "
@ T, ADYAAIIVOI T NUITUVNAIDAHIAIN i

& a1 A 3/ ar o 3 ve A - o i
Ti.j AOTN3 WY T NUTzNounIuAI0nYIAILAAIN i AN j

e i Aodumisdidnusyngavesil w, Tuaesa T (' =i—1+ anuevet w,)

o
D flenauynsuitly

u‘: =t o A o w oA t o :‘: o dy
'\ll.lﬂﬂll']ﬁﬂ'ﬁ‘d"lﬂilﬂﬂﬂ']ﬂ‘ﬁuilﬂﬂﬂﬂﬂlﬂuﬁﬁuﬂﬂuﬂﬂu

e b ) . d 4 . gl
1. dwmiuuiaz T,, i = 1,..,n, W11 w, Tu D Masemuiteulvae i



o w, dludfvnqaluD iw,=T,

o w, hisngiluenidelanlu w, Taoi j<i

10

Fan3a T, Iadimidlu D andlen a4 ezl w, dedraudu T = "wmandunfudesnisuia

- T o 1:: L) ) ¢ 4 ar =1
siemsinaiad 9214 w, anagdueaddugli o w anqmariiffes e 1dsumsinsaiiu

o ol A o -] oo [-] ﬂ’ ot Q’ z 1
MdAgedaiarl Tasuadluilezgndanaluduasude i

i B W,
1 [wiglanduiAuaeInIsudRTansinammi| we
4 |lundniananin1sudnsenisinsnal 19
5 |[andnrsauseansuinsienisinana ety
9 |uiAunaensednsenIsinaia H13
13 |Ausasnisuansien1sinsnieg 7
16 |RBan1suERTIENTISINTVIAR HEINTS
20 [msudnsienisinaias nsuan
24 |@nsnanmsinsne Ams
26 |Rs1en1sinsna A7
27 |senslnaves 518015
33 |Insvirn Tnsvirnd

Ao w ey d < { &
U1 9 drvndiaea it dluduaeuiniis

1 a o dad w = i
2. afunsminsasuazdeusuvesd @uilunsmatihminuuuifane) 6 = (v.E) Taod

¥ []
o V={w|wmlddunsun 1}

® E={(w,w)|w, iiludfdeduniedeoutuusdiuiy w ludena, Tneiti<j)

- A o a1 a4 e
umuﬂmmﬂlamﬁ’uwﬂu (Wi, Wj) ﬂTHUﬂﬂTﬂﬂiﬁlﬂ'N"ﬂuﬂ'li'N’ﬂ 1 a9

3199 1 mafmumiminveuduidou (w, w,)

S w &
#| vmin of (w, w) feuly
y_ .1 ,ow oM A | A o
1 1 i i'+1 =}, iufvile w, Aodnfiy w,
¥
2 10 t j<i'uaz M T, uas Ty, Ysingluwoynsu,
3 100 i <i' uaz Junedumda k, j-1 <k <i' Mhldie T, unz
T,.,; Urngluwauynsy
" z 4
4 1000 nsdioua lidsinglunis 3 asdidreuui

e si Aedwmisitgnysvngavesdi w, luaade T

¥ ¥ . »
o anwilldfugimaeiuniedeuiumediudy w, ludenruiniu



11

=T ﬂ o s"qd’ = o M A e e 1o o ot -
n3din 1 Wunsdindesms iiatuinnhige dufedomaesiviedanuludeninu nsdih 2 1fia

=4

3 '3 - 1 - A 1 i 1 o I’J T e i
Fuiemaeailivdmdeusuludenny Faduii lideumniudnniiudiiilsing Tu
3 b d
ar e ar L L) i L2 o =4 o - 4
wounynsunatu drethasudiuvesdonau davnswds i w, = F89n13 uas w, = n13HAR H
3 o - - o = ad ada EY v e o o
awnsouvndiu dos+nisuds 3o dosmsamaa asdin 3 unsdinimsdeuriuiuvesdina
Y ar 1 1 H
asyludenny Tnodauf hidoudulaidsngluwsuynsy udismgnnsandmlunsumynsun
L4 ¥
finnmendunh ynlszaeuiu Iiniioudennudoniu dednwudennudeou tia i w, =
= - o W ¥ o . A o . & . & WG e
wiaw unz w, = a1 mnsauund 18Ty oleu+ 1 vie o + a1 &1 9 waz of iy lu
Py [ d’ o ) . ] Y b oA : ar ¥
woryasy uadenrwdesiinonddiiu i+ asdigavhedshimininags (mnvanuh
J 4 s - 1 o
Wunsdinaduiyvunage)  unureuznsaliientsdeusuvesiiaesdr iiaunsouond'le
o A z e - J -ﬂ = o o 3 e ] "
aufluwanynsy nsdif 3 uaz 4 vuduasdifenmetwiisimsaznaminld daediuau
y » 4 = o 3
donnutey o 1TuTavanuitiusaudaerndu viewdir 718 dowiniind » anlu fariu

- 1 ot ar ] ”) -
191 tlou vxdesgninfuiiudsiidroueneindrii iie uaz s,

a oA o = 3 ] a o @
ﬂ?ﬂﬂ?ﬂﬂ'ﬂﬂ“ﬂﬂ\'ﬂﬂﬁi“ﬂﬂﬂﬂ 1 l.'i"]ﬂ'ﬂ]'lTﬂfﬁ‘lﬁﬂfl"lﬂﬂ'ﬁ'ﬂallﬁz‘i:auﬂuﬂlﬂdﬂ'lvlé’ﬂﬂlﬂ'ﬂﬂ

o
Tugaln 10
W
| ] Wis 1o 20 1 W . Wiz
W™ g [T o H13 fEens | nsuds Bl 5ans—> Inavird
W Wy Ws Wo Wi

3u¥ 10 asvimsdsnazFouiudiviuteonu wsendnisansdanIsudaenslnaiad

o 1 g =) A -] A A L L e
Wdunahnsmilenniivawosntlsznoy  iesnamnim ldungenludenTedoudu A

Ll H e - s
poanaast Uil (Hunsndicnueslszaoy

g ' = 3 > o
. dmfuirazesddsznovvosnsiiiad iy midunedugasnin Inuadwgalldainuaun
o A ' AL °
qa mualdnansmline 1 Tnuaves w, sgmedhovesTnuaves w, 1ie i<j) fmuald w=
ar L] : o - 1 -
{w, | w, i Tnuaveaiusfuudundugavemaqesilsznouimld } vndeiaduddu

3
wldw= (W, Wy, Wy Woy W 3o Wig, Wog, Wy, Wi }

: q” & o & =1 - =y w P |
CTutuneud 1519em W ddediavesiinuenld ey U HfeidavesFaaSidmiveasaven

A lidsingluwnnynsy dsll

P a 1 At o Al 1 g e
41 fmuald U feidavesansdesves T Aliam bivsingluwswiynsy Fam'lansil



12

B o ] A i : o P ¥ »

4.1.1 dmdvudaziduiion (w, w) Afmiin 1000 mﬂumunﬂwmwfnmeﬁ’uqﬂ (51
- ” ' =1 =
Wy T, ueg Ty, 0 1y U vindredudnduesld U = (T, , T, } BefleanSa L

e
uaz ¥ MNAUIBOU (w,, w,)

412 dmiundnzglvua w, unz w, fieganesilsvnouduveansl G Taof i <j, uaz
=i g 4 l; @t L] -y
hitid w, € W, Taohi <k <j, isuin Ty, , 0w U sndaedndredunsldaasa

[ ° 4
A uazu MM U={T,,, Tes, Ty Tigo0 Tisys )

ql A H T ar - o
413 wu w i u U dle w, € W fidedumdnevesunaasves U ludenny nnda
: 4
p0ndWAUIE IR U= { T,,, T\, Typ Tioso» Tisss» Wy » Wa s Wi » Wy , Wy, ) H3AD

AN L, N, §, W, Wig, 18, W, W19, A

=) A ﬂ‘ T ot o al wr T &
414 smanieanglu U idedunTodeuiuddieiy sindedneld u={T,,} %

ABAATY WislandanTau

wiwinld U ud 1§ U’ Aevidszneudiedanie T,, T, T, ¥090050 T,, € Uida U’

e

d’d - a 4 o o ] = T A

fifuFanianiiisi lidsinglunesuynsuves T fudanlszney Weldszuumansodu

miwananla deannist ins i uduvesiumamaiugans ananuaves
- = Y w o [ = 9 W 1 /A e w

an3alu U Sadeegnianulunis (anusiwdusiamnsaldngmsutanendiveiidaung

- L=l ol 1 1 T - -y :‘IJ [
Fansioon 1a ared1uru aylidsudvFaasdlanvududromiua udu)

¥ ¥ ]
42 fmuald W' = w — {w, | w, dlusiignl¥lumsinsanluduaeui 4.1.3 Ansendiaes

fw oz w laq luw'

e fipueuidmunadii 2 Tumawh 1N T, and Ty, 1 Tu W' nindaedindiadu

o2 18/191 siae Az w8m 910 w, LET wy,.

- d 2 o o i
o fnuaulAnunsdifi 3 Tumsref 1 5uNY T, , and T,,, ; €170 W' Taefl k ifludad

nnuluaisie

el - i & 4 o o P

wadns 7 lasintunsui s Idiuausinil Aeda W' Hafeidaveasruonid uaz U' ¥
- -y o - L] J L] o 1 ‘ -
floFavesdaniadmivanisieuh litsngluwouynsy  vindeddonam T = wisondns
FusnenisuBasienisinsvag, 51918 W' = {faens, msude, e, Ineiad, dae, wdm) !

- = - rfa A w W w
uaz U’ = { T,| T, AoFanT avesnnss "wimendnrsin tu T} ivedanududyiilulnssadinsv.

¥ b 4 . * :
T Tuueafssyaidoudnlupluuunuassingsi wun idysnenidwdunns Weswanazdalaldiienda



13

¥ ¥ [
L % =

= - u’; Mé ¥ =1 = = 1 o
dszanBnmiFwavestuaeudiinanundludail duneudl 1 WS vuifivudanT wirasda
ot a & e IH' =4 o M 4 a A =
duf lunnnynsuemmemgandon]d  fvuald x Aedfenfigalunsuynsy diesnng
ar = [ 3 = wr
#a33 7 A lu T Ao » aniuSaldnauiiu of #k) (wnewauynsui iy TuTassadauuunso
_!' » = - = { o °
msfumidezualsn &) Yuneud 2 adnnsid sty o(#’) Aennnsdiimgaimgng M
@ W e o o H >
Foutudvdmnadiudeany Tuseun 3 dhidussunudunsdugavesynesdilsznoudaly
» " Ed ¥
na1 o( »* ) uazludunouganiodiumsiclaludenindnnfuievudanadng 19 o(#) &

¥ ¥
o ar é o
suldnaimuaiiiu o(nk+#’) ¥38 0(#) 118 k< n ATz Tonuna

- |

& - o o o o -
3.2 REAaWISATITHIANUNANIATUI IV TUL ﬁﬁﬂﬂﬂuuﬂﬂa ]

- Py 4 Fiisg A ar o X dw d s a 4
dduutusndunuudug 71ldlamsoiu Adisafudeuiiudmieanse Wiosvnuilumn

a A ] o w g a - -4 a :: P wr o J
Funpudu hisesdumsdaiudanse  Fensadsvdpatuseudsmineus luidenuda e ld

- - -y L] ] u‘: I’I =1 ' ﬂ’.l’ é =1
dnadnsitiudazaasdesvesdonuviniy Taotuneudsiosdssnoudin 4 uasu ¥43 3
o A i il o - lﬁ P ﬁ) 1 & = = - i e
Juasuls nindeuiutuasudsmiteus ludenuda dauduseun 4 Tnszurumsvinauali (
o 3 w o n‘: ;ﬂ 1 A A o d ¥ r &
Amualinadnsvesiuasuiiie W' Ffemevesiiiudeldvianauiynsy e U Suwaves

At lidsinglumauynsuiim Idninngmsutowenas)

F a e o dy & -
41 fmuald U Aoravesaaiedesves T Al lidsingluwsuiynsy Fonldaedl @u

" L4 "
DU 4.1.1 AL 4.1.2 miloutuaoude 4.1.1 uaz 4.12 Turidofiudn)

I ! da d o : ) & &
411 dwiundaziduiey (w, w) ithinin 1000 Mibudrumilwoudumaduga 157
-Q' ar L] e -
iy T, waw T, e U eindiedededuey1d U = (1, , T, ) Sefleanda L

iy ¥ Ndudou (w,, w,)

s o 3 ' a i & a .
412 dmiunozg Inua w, uoz w, Hegaesitlszneuiuvesnsi G Taoil i < j, uaz
Lifidw, € W, Taeh i <k <j, tauitn T, ,, 91 U nindaediededuey ldanss

q 7 unzn MU= 1T, . T s Ty s Tiaieo Tisis )

412 U # @i T Wndlwondlasldng (gmaudenesdaild 271 vaaalunin
d .
muan n) Amuali X Aemvesnudn Idninmsuimeedlavldng uas x, fie
woRANTRIuMUaT uAuNA LS | detedreduesld X = {ue, 1wad, 0, Fiw,
a a o -, & T 3 ] &y
foe, M3, uds, 518, n13, Ins, viad) Anasausas u, € U & o iifudaumiledau

Tavoa x, ud Wiy x U’ sindedwduduszld U = (wad, af, fu)

o T ] é 1 wr
42 Amuald W =w— {w,| w, € W uaz w, hidudiuninsdulaves x € U' } n1nda

DUV AU W = {w1e, 1q, I, W15, A, ABINT, NsuER, s18ms, Insia} axld w' =



14

L o o . li ) i A
{w1g, FBINs, MINER, 578013, InTiFd} 109910 19 LAy av Hudunilives 1IN,
1 é - o 1 & 'y = o [
3713 \Wudunilewes a9 uay & Wuduniieves Ay Ansandireai w, oz w, 161‘]

uw'#

- aa 4 Ry 4 «
o TnuouiAniunsdiil 2 Tums i 1I5URNT, , and Ty, o 191 Tu W nindrediedhediu

+L

Yo 1 w a
2 18M131 a9 uaz #dm 910 w,, LA wy,

o TnuaudAnunsdin 3 Tumswdl 1 GuRY T, , and T,,, o T W' Taeht k dudi

nou lumsie

nndrednddueld W= {ww, Asams, mInaa, sems, Insiad, deoy, waa }

waz U = {1oud, ws, Au}

or d- o A o i 1
Hadwin lane W Aervavesiifin lavinnwsuynsy waz U' Aemmvesitihillsing
o ] o ® 3 y o i o @ oA
Tumaunynsufimldniangmsiianened aunsodnie W' ouay U7 hiSefuieridwsidouity
o o V.o&_ t . & e e R o w .‘,'
aaruia ) ezeiuldddivi adiu SudluFemmzduiminiu gruonidiugesd dniulunszuu
v oa Y a . - s 1 = Y . v ddn v 2 -
msfufmiy sxdedimsfumdri s5 uazii du udniwadniin ldsnmsfuicaeniann

w el et e S E4
ATIVADUNAANT Y Ionnnile ¥z ldaaminiu
- o ] 1 d’
fosandletee 1l
1. mnaveuenln

W = { min, nay, ¥ey, ven, ia }

U ={}

w' = { min, naw, Yey, uBA, 1A, A1, AN, AA, DL, UL, BN }
Uf

= {}
3 e v o g
2. W' lddumisnedu

w = {1, 14, Ay, $u )
U = { o1l }

W= o, 18 dumia, Fu )
Uf

= { %o }

¥
3. ' lddudunoysu




15
W= { w1, 18, Sufy, un, Fu )

U={%01}

w = { w1, 19, dudy, u }

U = { Vol }

3.3 waninaaas

al a z L A - ar J "'
msdanamainusestuneudimsmduieidsiiieenuuuiuiu  Mdeyalums

naavany 4 Uszian Al

1.

ar 3 zf r=1 A a o e -
Tnasnaou ﬁﬂ'Hﬂ(Sﬂﬂgﬁﬂi:lﬂﬂHQSUﬁ'mlflﬂ‘i'lﬂﬂ'ﬁllN'ﬁQﬂ'l nIAaM {ﬁﬁjﬂ) mILau

il 409

= s

T L] 1 H s d A g A L { - L]
i1 Tagmwzinandszng sslidfivudw dfduiesu Feaowidng 1hifieg

Tunwauynsy
df. o ¥ A o ﬂ o dct 13
omas A1eeg Tudiamauinsziludminleglunaunnsy

3/ 3 =) a = o = o w = I - =
Yoo UV TUNIINUIRUAIUINGTIAIO AT uﬁﬁwmnmz ANVININMUIManT 33403397

Ao w el vel
nmlng sedifdwin lidluwaunynsy

vuavesoyaluudazszianiildlumsnamey Jvinadwaailuaisied 2

13199 2 vinaveateyaszianana ¥ lunisnaeeu

Vszanyeatoya YHIAYEIVOYA (Bytes)
Poem 1,950,970
News 1,572,730
Lyric 1,626,092
Entrance 2,360,350

[ a o kg - - ) 11y v
|mazﬂ‘:::mmlﬂa%ﬁn_anmumﬂﬁﬂauu ﬂzﬁzﬂllﬂﬂ'ﬂﬂ@ﬂ'ﬂlﬂﬂﬂ'ﬂﬂu Tﬂll ANAAIU

T8 R%eq9 24



16

w1 o oo 1 2 g v g - =
1. dadaus i idlundazduseu deifleufudmauswinuaiisng ludean

-
uamslumisan 3

-d' o o o d' = 8 ] -'.-' = s g - 3
15190 3 wesiruasudii ldndaihau ludaztussuifsusus wausvanua

4 o
szian YURIUN
foya 1 2 3 4
Poem 41.01 35.76 36.40 35.99
News 38.10 33.75 34.62 33.70
Lyric 50.96 46.62 47.55 46.98
Entrance 41.41 38.62 39.37 37.61

' o 2 g & e ' ot i 3
2. dadwuaniminvsuduidonn ldveadazlszam Tudunoun 2 uanslunisedi 4

v ¥ "
(s 5 vufsnsainnsisnesnitiunaiveialsznow)

= o o .’ L A = 1
13197 4 tlediruamInsgaievetim ﬂl’f?ﬂl‘ifﬂflﬂﬂiﬂlﬂ'lw‘l"]

szian nsdin
B ya 1 2 3N 4 5
Poem 69.59 0.66 9.39 19.85 0.51
News 67.07 0.72 8.54 22.76 0.91
Lyric 72.42 0.35 6.48 20.08 0.66
Entrance 65.46 041 822 2427 1.64

§ ¥ d o } o = & ar s .
Asnf 3 uaad s uui ldainduaoud 1 ussina 40-50% demeuiusiuius
¥ » ’ 1 1
anvaludeniy mmiver ldswausmanasinnm Idmasszann 30-46% szduna'ldide
y4 o ek 5.k I Fril= o | ol = & '
yalsznnilomaniulidadiuvesiim lunga  veliiesnindidngnilsingluiismasdau
(] P 1 o a‘.: o ¥ o1 3 5 - .’.’
Tngjezifud b Tuwouiynsy daumiaail 4 uueselviiiud vinddnaldluduseud 1 1y
o M1 & w 9 ad ¥ ]

sz 70% mludinaedaduludennu (psdin 1) nFenanldhamunsamisesiwnvestonuy
Wonad11dna 70% etitszana 10% Wunsdif lisnsemsevuend lddiennm’ld uad1s

. A oAE s ; 4 a 2y i 3 o
foundunilunsunynsusziond1 14 (n3din 3) uazlivnlszinm 20% Afimidnadnysdou

= y # - o B
futas ldannsavisoonon1d (n3din 4) A msunsdin 2 uag s MuRatulasng

dz 4 q ) Bt A g x
mandauna ldonszmsnilsfoeamsilimarouiu Tumalfifudlisifasnana W
o o e & M 1#] o = w 3 lﬂ " 41 1 Sk o Yo o
fmiudny niediuvemmy Fdnndwaithudin hidsingluwsuynsuisdu fiwaldifansdii

3 uaz 4 sandudadiungaia 30% vinwamsnaass

2 ad s A o w oadd v o Yy oA

TuasuiIimsmisuiemdyiinldesnuuunitdganaasssamdndussyumsAudu

& a - P w ®
s e lFulduimsdeyauudad hidnudndau neazBeamssanaznaii 185ugmiaus

TumaruIn v



3.4 aql

’l : -, o o & ar [] ar ot o z
unihinrusdussudimsmmdings lddamdsiidmivTassadraudunndu e
[ Y o & a L Y a - & = ar d o a
dmiulaseadinds Feseeumstanuuazdudaada uazuuuduq Asosfumsinudeyaifiudin
L4 ¥ ] i
ity Yuasrdsminausiildwoumnsudiugunnuindnlummdr uarl¥agmsutianonas

a A a ﬂ' T I’I o L3
Munuamelumsuend ewud i hivsing luwsunyasy duseudsii ldnanihenuiiu omx)



18

4. NISLYITHALAYIYIAIZINNIBIDIN1-INg

Al wi X 4 4
Hywmididaiuluszuuduiudenufe dedldflouduemsdu Tavldauazanmn
fudrluenmsidany dredrusumstufuenasiiiiiih “ALEXANDER” vz 'liildionansitis
1 = i ." ." a o ar
1 “aidngamaas Mangndmaiaiiding luesmsnw Inniu 1eesinldsiudmives
o o - & dg e w ¥y 4 9 - & = sig v
fMamsangy vieunnsanlddimmidanguiay mtuAudwannfomsAufwenmsinmnld
] ¥
Tuenms limifousumuidlddadodomduiu 115 msldmaunyasuaeannluszuududiu
a1 ldaansaudilymitldvua Wesnndmivswidaulvg lidsingluwoumnsy n0] Jaymiu

o :l’ -] ) 2 3 M
ANHUSUILAAANNIUNAUVBITEZUUNTIAUAU

= aw 4 ar d’ 1 : et o
faddeaudilymludnyusiioguawnu duasudsminauslu (1] uaz [13] wlasd
ar & = ar A o - w [
mwdanguuaz nndiu lilusdanauiesanunazldnsnSouiousda szniamsdudu
ar L) ot o ‘sﬂ ar = o = )
anvazmanasiuihusdeiihil maudaddnduszninassmnnfianisgaugddidn vild
3 o o o o 1 s 4 : oo o 3
Tupeasaiavosimnansiudm e himifeusu luvasiduaouitves (3] Wsvadmmay
s =1 L =t 1 v g w 4 "
AL (Katakana) Tauldsiamsoen@ue uazldnsnfonifiuinsdudufinudingy (lides
w ‘o aad o z - 4 1 -
dhsvie)  udtussudtminauoiu l¥mainmsfusnanda ldauun e S vuiey
v ¥ ¥
a33 Tadedlimsiiuiuifagafnuediuieaanmmtu siddelu (161 thieruedunouis
Tumsidhsiadinmndangy ldudaveudvanmnnolagldmsemadisvauazngang 39w
4
T'ldinauestazidua dnnslildUsaifiunaveditasnan Rliansadsuivdeddeidoves

=l o ¥ a
aanan1a

.a’ o n’; | a o 8w e o d A w - W ow  dy
Tuimilsmineustunouds lumadisadudwy  iHesesfumsAuAuduRiwit
o @ A 3 A At o 1% o =) o '
MENINOINOEI NG HufADTTULANNTIAUAUBNMITNNMTIAYMEISINGY NI UANY
» E 4
Fumn nevesdidanaguiu  msdisieitidsulidsmndhsdmduamzaisumsdisiaues
o . - 3/ 3 1 e o °
Towmauazsowa (1] MK IdMGuaAugalumsdufudwann moldmamuniugind ez
o et 3 o @ w9 ¢ o o] | act &
ustunsudITnssHaved lemanazTawalidetosh 1 vimiuduneudthoonuuuiyue
° " =3 s 1 1 w 1 - z
qnmmuaauwazmua"luu’a'l’r'ﬂuﬂuﬁ 2 wamsneasuaalluidedosieny uazaslilonives

g w 8 0 =
unil luviteveuhn 4



19

4.1 JumanIsnisignsviaiavvaslainalazssaiga

il w A
Toinauaziaa (M. K. Odell and R. C. Russell) doonuuuszuniumsidisvade Tavldmsoon
= A o = - - w o ]

@ouihunuat e Fofivenidvsndiofuiiswadondu ssuuiiGonhmnniiand (Soundex) [1]

2 w o 4 o - ' - o

sruuilldvdnmsid  Femwiznwdwnguiumnsausnanuuana 14 TasRosuuawizaa
[ A 1 g el ar ] o e T ar L] -

wiiggruz Tudreniniu Fimsdhsdamseondunseih Taomsuasiadnusudazda (lisaudadhe

I ¥ T

qa) Tdlusiadaavlasldmsadisdaueastumani 5 simuaugudyadalusiaildesn
3 ﬂ’i w Ada o A =1 o 4 A o W o o o M ow ow w o

wua wismisianaadunmileuin Taamfedvsiidon sWamnifndneddnusdidiga

a ar ﬂi ar o 1 (] o
yoafmugesianulas Idmudausn d2ed1u9u ALEXANDER fisWaailiandne A425

= w o 4
ATNN S ﬂ'lﬁ"l\'iﬂ'lﬂ‘ﬁ"ﬁﬁﬂ"]ﬂ’]ﬂlﬂ %

10Ny sHadnay
AEIOUHWY 0
BFPV 1
CGJKQSXZ 2
DT .3
L 4
M N 5
R 6

a yn o & 1 3 ' T T
mshsveuuuiihaudauas Taen 1l idmiGenfuigenn udez ldmaauniudns

4.2 msiZnsiaAIMuANTiaongs-Iny

wigauznoll 44 @2 cunseduunmudusld 21 nquasaasluaissi 6 (171 msdiy

dgsmmannliandiiesesfuniu Inem 181las Sunquidius 21 nquiteenidusndienguidos 7
[ ¥

ARuveImsNanNiand Iddwmaatluaisiei 7 simiulfulpensumsdisia@esddas

o g
71 8 $U

o ol L r : ’é H.ﬂ'w o ar
e Ildduauihusdadmivddnusdusn  Meililieanniinaensdindgdnusmuidinguuate
dgnuilauiluddnysnn lneda@eadulumsiudmd [19] wu v ez w udauilu 9

dludu

e (usvimdssdneudoe 7, 8, 9 dmFuidvslundu o @y asdindsingludwmianTuly
e ' "-: ﬂ' A a l" 1 @ o " .ﬂ’ = 1 o
dumisdnega Nefiifiosnnmamlasdidnnguin Inniunquitdnyamantl Tnadenisyiu

fni lud Ine



L 4

s

20

: . 4
musHmdeadmiva @ IWidhuevasmdnfie 52 1isannda ¢ 1Sunumseenidss NG nse
NK

ar 1o o ﬂ' i o é n! ) H o
yeneanuenvessimwylisida unufierldifiesiindn dlesnindeamsiiudinnuiniud
4 : . . 3
TumsAufiu FazasmiSonAuasing uazezinaldniunaisoqavessialtidhu £ 1ufe
=y 4 ar T 1 T [l A
wAnsammzsinsialianuenlidesnd ¢ Awes k swidhinisiimesimldeninms

A a ar
naassnaztinaus luniovds

o o = or i
ndunahaszuazissugndse igminnfinsanlumsdhsvaudedila iiesnnluau

»
1 lanmzdiuswinedinguindini Inowiniu

A15190 6 nquIdes 21 nguvsandgsus Ine

n am R
YTAAN ae H]
9 gMAANG . 5
9 TR 8 W
RY U G
9 AW R na
ne HWA 8

M5 7 nquiiuandyruzsingquuas Inviadioiu 7 nqu

NIBINGY My Iny
AEIOUHWY oIy
BFPV vdWdaunwang
CGIKQSXZ YTAAANQAIUNIY A YA
DT NANAFNAMANG
L aw
MN HNOW
R 3




: W nEuIaY |
v o - - |
FHISINTUNNT NEI0Y |
| .t

21

T Bd

A 7] o
M15190 8 Mmsthaimdes Ino-danqu

M09 Y 1 Ine ¥ | Note
AEIOUHWY |8 | o | #
BFPV udAduwng 1
CGJKQSXZ TIAANQAYUNITAWE 2
DT NAQRIMAONG 3
1. AW 4
MN W 5
R 3 6
AEIOU 8 7 | w
H ol 8 | #2
s 2 1 w0
Y L 9 | ®
S 52

#1: Sadmiuddnysddnugavead

#2 : sAadmsuABnusnadveshwniuddnoga

' » [
FEmadsian nhiauenitldnamadhswedoereduilu o » ) Taoh » Avdruiuda

as L] A o
ﬂﬂ‘lé'i‘ilﬂ\‘!ﬂ'mqm‘is]"ﬁﬂﬁ

4.3 Hdani1vinaas

1 » ¥ 1

w1 ld@euTUsuasuiiinumuduaoudsmsdsvadoan Initaus luidenuds  Taw
= o o a : [ " a
naounasmsn nagilesndumsdnsvalu 11 vmiwhmInageuTusunsudnandiedoyadm

¥

ar o a ot a o a I @ T 1] A 0
Awangy uazd s Inovesdniuthudmou 1,902 § Mdwngidiusemwe @M
% a I A w - ¢ a s Y o a o = a o
pAuUM Fedszina FerinIngmand inadamand Aludy) uazfmdwimaliamInnmans

amaenaas tazindl 1duen [191, 201, [21], uag [22]

¥ E

nmInansanszin Tasmshsiaduagaqgsr udufusianamualugdeya simiudum

o o d =t '3 a s b3 A o [ 1 = o
nnqfiny fazd Taoldsimduavesiilunmsdu edamnnumiud uazduuntiu 1vims
¥y o : & ' v g 4 = 4
nanesiidiunateanu Taoudsi £ Fudusmnuendesgavessimduiigniivisen (b
v v d 4 iy d ;
wruelurindeiuda) tefinynansenuvead k funavesmsdudu U 11 uaawamsnaaosi
& i b & od W a v &
18 etialugavesdoyafignnadewiu ifes 1% vesdoyaminiunsim@slinnueraiu 7 dniu

Y il lduamamamsnaassdimsun & Npu 7



22

ninraf 18luzaA 11 MiSenfuvesmduiuiiigas 90% uasdesqanauile k iy
FaimgdnssunsedufumanuiuifiEuiisg 45% uaziuinluf sov dle & sy Fudos
dufimalddrmtheguirimBonfuszaaidiomanuaiudiiinlussuumsduiuill - ud
dmsvlunsdifimisoniuanlusasiidinisanmsiuvesianuiui Taommzedbuile &
> 4 mIasuaziNvesImezAegT TurlIdhuseuTEtinaueifuss 19 1dN0R lunns
fufudloinsammemiiiinnusindeadu 4 Mfonnmsdunaduassiadons 189 ming

Fwmsusntanuonunu 7 Tavdszunm)

1 2 3 4 5 6 7
Recall 0.90 | 090 | 0.90 | 091 | 091 | 0.91 | 0.8%
Precision | 0.45 | 046 | 0.53 0.7 0.82 | 0.85 | 0.84

= w o o1 £ 4 e £ a
3U7 11 anugasnnuduiuimGonfunazmanueiud fuanuedssgavessimites

4.4 aql

d’ ) ' =5 n’.!' oy a a e A M o W o o A a Y e

unil IdnandduseudtmadsHadsaiomsfufusmuswidiuaiy  ielinisaus

- ] = a s aﬂ hl ?!; ﬁ: i (;]J u ﬁ %
mwizmEvngeionimsnuiwiitiunm ingluenmsais  sedudniudrsswmdosei
5 a = A:I’.I o | s o a - of o oo @ 3

iy - madhaedestilsudaifnnnssuusmiend  Tesmudunsdisianguaidnysia
o .:L:a - ) ar 3/ o ed ar :5 o 3 or oy S
danguuas Inonlidsendoiulumnudsdafiondy vazn/foungasimsidisiaannisey
Moudniooldnamadnsimudsauanuendt Tagwad ldonnmsnaasamunldniSonduuas

1 Tt e 1 A o a - o A w -
ATAITVUNUIIUINNTIT 80% llJElil'Iﬂﬂﬂ'lTﬂ‘il'ﬁﬂl'lm'ﬂ'tgﬂ'lﬂ'i?‘lﬁlﬁﬂdﬁﬂ’ﬂﬂﬂ"’]lﬂu B



23

5. uwagﬂzzazﬁmﬁummg

F
= o a

¥

o A
mBteitiuaruetuneuds lumsdszananatenwluszuududumnarsine 714 Iasa
o ar L o A o o L] A wr
afaurunniu msdszuranadenaniszneudlenmsmsuieiiayi tazmst s adiosaasy

v
o L] A e L] o =1 L 1 o
msfufutiummn duseuiimsmauiedardsiiofmaunyasuswlumsnend uaseanse
a w 9 a Ao Al a v ow o M . e - )
famsfudeanuieriimn hidsinglunsuynsy ofiisudniudwg viedirznaiaiiudy
o ' o -‘: ] o o o
Tavorfungmsutiansnatonnuine Fussuiitiafhunsnimsasuazdousuvesiiiin idan
& = 'y d'l L) M9 o o >

wWouynsy i Inuaunudr tasduFenunumsaeniodounuvesi1 idunnduganninua

£ ar 4=|" P w oo w g ar o
dugaludinuavngavons il unusiemsiddginsgniaideiidmiuudusndu e
- " q’ﬂ 2 a oA o L o
MsTauYeInImAiaiu o(#*) Taoh » Avanuudennu ssuuduiudennuansasudy
apuATH lunTsUIUMTIRT suEnTIsAoUMIeYl uazlunszurumstszuatesioudeunms
&gt L] s =i Yol o w o :r = a o =
Audu wamsnaasswuNiuaudInm ldmevssiniulisaulssine 30-50% oS uaus

»
'l 1éianua ludennunageu

o z e 5/ wooa W ow A ar LI | s w o d9
dmiuduaouis lumsdhsiasivudiwg iesesfumsdufududwidiunziain
ganguutlneiu  Mmidszvurunsedufiuenmniihdngmudingy niednivdwiisiunu
) [ [ ¥
Tnsvesdidannguiuld (e iuruiisdeamsdunusnmshiid1an "CLINTON" 12 Ifionans #ill
o a  a v A v w e sv:fﬂ w = 4 Vo @ s
M "aaudu" ndufudan) saim idtidusdavesmseandsaive Iffmnmnsingy azdi
ar ot :.: ar =t ar et a J a o =1
wuswiidumu nafullsfe@oadoadu Fdhsiaiiliuliannnifdhsirdvanemnadh
a ’ s aaday w a v =y v '
saluszvumniand 358 [hamadsianlsFaduauanuen vafildnnminaassnun
1 - T o i A o ar =y o H ar ) -
@nEonfuuasanuiniuinnnni 80% Weiammnsauamzdinsverdoalinnuenifiu 4

wsedmTumndnueanu 7

v &y C uoa o P = = = [
mifufudonnu Innfudilidszduilgmaidesinsantnnnuey  maszdanunmedy

: e 2
Haymmsmduiemdril uazilgmnmsfuiudwamnfiowidvilidineuedureudslumsud

ot <& ' e o = ° - g
HJamluszduniiuds sswuhiddidszeunseimaitvlusunnadail

¥ " dl

o dnvazveawsuynsy Tuanidviiwanynsufegmudeyadinmuing (weumnynsui
e 4 8/ - I @ 4 o '3

Flumdssiifnlsznaimiiunhdy) Fedneslunsuyasueiailgmiums

s & oo 1 a £ P = a 89

uonsin insnniffuimidudanhmdweshdoun litsng luwsumnsu erfiigudh

= 1 -» o "Aﬂ T o 3 o A ﬂy = g S M

npsa Haauthni "ms" Mtludawimihvesdoug Wudu dymininisihituie

= @ w i w o = s A
MIRIITHmanuFURNsveIf1d1eq lunsuynsy msdanuauivesms 1¥duie



24

¥
msdszneumsaaduladenldf luduasumsiond wansenuvesmsSaRud e

fulszansnalumsuondr Sudu

mssanisvennuninnuiAanamonmsaun ssuumsaunulaoia lilaunsasessy
- ) Io‘ 3 o e »
anuAanainvesdennnld Taslddnuaemsifivuuvylszina (approximate
1] 4 - o -y z .ﬂl =Y J T

matching) ustiloannanuAawarasuiicungInmsiuiiuiiuilymanfatuties

v o
winlumsdawioumenms uazligluvuanuianaafiduda wunmsfivian Auvsh
= - = o a s e a = a =
Aoy fudedy nasiuwRadumiadluilndfes dudu mimbhduuuvanuia

1 :‘lva: - 4; = o - - 1 o o

warmainnavum v Inssraeeluszuumsduiu deuldwadnwnlumsau

Fiﬂ 1 =4 I‘J
Aunanmsmeunuylssainalagnald

o ot o 1 o i o Al 1
NTIANITAILE ?mt}ﬂmi ﬂ'lﬂﬂﬂﬂ'i']ﬂn1u19ﬂﬁ'ﬁuuuﬂlﬁuﬂ1“1”1]3“‘];]111“@“11{“5”
W o = = & g o P - o
lﬂuﬂaﬂ[Hﬂ1‘illﬂﬂﬂ1“ﬂwﬁ1ﬂﬂ1ﬂﬂﬂ1ilﬂu 1uﬂ1H1L11’]Uuuﬂ1Ua‘u‘laﬂsqv‘}ﬂunq@ﬂu
w 2 v ‘
531‘1']1@&35”]}5309 B1Qﬂiqn?ﬁﬂﬂﬁ1ﬂ EJﬂ'ﬁ’Q‘lJ'Idﬂ‘Nﬁwﬂgﬂwmﬁﬂuuﬂmﬂ‘ﬂﬂﬂuﬂﬂ

Whumsasanuduauiiussuuduiu

¥ M 8 oW oa e o 2 ar 1 1 A 3/ 3 At o

mafufusiudmim Ingliifiunnsingy fedasuiisdesmsfuenmsiiia
1 ¥

T rauet vz ldenmshilidii "SOMCHAD fumnday dgmillsedudouniilym

o o o' = o as :i g = oar ‘i, A =

msvudui lusemendudiud Ininowe Tuauddell iesnnszum@vivesn ned

' o ot o i A 1 d a
UINNNNTHIBINGY 5ﬂ‘ﬂ\illﬂizﬂ‘m’)‘ﬁmit}'ltll.atlﬁ'lﬂwﬂuumimuuﬂ



25

¢ &
NM1AAWIN 7. NFNTIULIWETI ﬁﬂ?ﬂ??ﬂﬂ

v o = o g1 o a 1
msutaneeaniy Ineluldsunsudglavinesfu 152 27] 14aneSiumsutaneas

Tavldng viamsimnerdadamsldddousmming uazudamenmenaasudareinsauida
onus 1ddhu 5 ngulng 9 Ao

=} A ot 1 ar L) o J L] ar d’
1) wiywuz Jaguiuiildeg 42 42 (lirfu @ a) sunsaiandyruzoendiu 5 nquiess il

ar { =1 ar
e wiyyuzvziluniysuzduirie

an e

o wigyrurnndvzidundaysuzdu Tdun

N W a @M

ar o a .’: at ¥ o
e wiyruriiiluldviandyruzuazasy 1aun

9 1 7 (5 Wz ss)

e wiyrurilnfvziludiaraa ldun

Aoy Y gnga W

o o & o £ L
o wigyuziiuldnsdrnzaauaznigauzdu laun
AYUAIVTYAADNTS

Uuyildwueaa

¥
=1

i Li o A ar A 1 1 1 1 o
2) sz ldegluilogtiud 17 # Faeunsamisesnidiundudes 14 5 nqu dail

e a5y nindszidludidnususnyeedt 1dun

' L 1N

o aszilnAvzilusidnusigamovesd ldun

¥ 1

e wsznlnfvsdoimsazna laun

o =4 M



e nszii v Lifidaznanld 14

oo

1

e aszhiey nldmwiz luduied 18ud

9

v+

3) 2550gnA 314 72 1Aun
ar ar o= =1 as 3 [
4) dgydnuoiviery 1 21 42 1dun
Taq ()1}«
;1 8 _ .7/ blank
sy @aw ¥ 10 @2 1un Aav 0-9

4
anmdn lhuinsalveenie ne aansauisgdnuuvesdld 7 guuuudail
(<]

3/ ¥ o
<w>[<n>]l<a>[<a>T][<n>] (92 081 971 NAT1 YU YA AR

[<3>]
<g>

- .’.’ = i =
<w>[<w>l[<a>[<a>]l<n>] : fiu niu A Sun fa e

[<2>]
< f<nsl<as[<a>]l<n>] : y § A usel

<t>

[<3>]

<a>[<wl[<nol[<As[<asTl<n>] : ws wnl Twou Twd

<]
<f>

<t><We[<wl<a>[<asi[<n>] : @y Ay @y du dud

26




27

[<>]

<q>
Ed
<g><w>[<n>l<>[<a>[<a>][<n>] : oy nfea InaY

[<2>]
<t><W>[<w>1<>[<>1l[<n>] @ s ind1 197 1ime 5o

<fi> = @iy

Wiy suzdu
<A> = AIAZNA

Tagh  <w> =

I

<> = 235UYIA
<> = miud  [] = Widen awlinseoluiidld

nnmsanTzdsluuvesi Saldadenguasiveamanisiuiiuden Tasdandnmema

P o P v s A P w o
ﬂTH‘!ﬁ‘Iﬂ’ﬂilLﬁzﬂmgmfl’Nﬁt‘m ll’.ﬂlui}ﬂmﬂﬂ’I'HﬂYIUﬂi:ﬂﬂﬂﬁ"wﬂ'muiﬂlmﬂuﬁﬂm'ldﬂull‘lﬂlﬂﬂ Al

o g ¥ =2 Y A &
uuﬂg]ﬂ‘hmnngNmaaumanﬁu'umﬂguuq

agnaaimsiisdi inoiadedin IdsawsihumnenyBuds Tasezdandams Wi

o ' A w a = s ' &
agfiliauniveu e [dduneufiuaes 14 Tnumwizsriimsdmuadeuniiusiieg 13de e T

é = o L
innuauyselveanginua denzivdnmadaiife

IATBIMINUNIFY (Special Character) a3nsalFuiamld Taoszutansosuofitey

pted 1
ﬂ’ 1 o d’ﬂ
1 eonidlu 2 ngu il Ae
- o & - a 1 e ¥V oo ow v
e Uszinniihnaudu@ain zinTomueRirsunsdrszimmihdsns sina
¥
Yldun ( [ { ]/
& a A - A (] o 1w ow
e Ysziamidhisdudauaznseainefisdug  szutiadiasadumiswionus
L
Tuqldun )13 18%-:;2?
A ar o L o a L] = T L)
npdie 2 Famiug () dnldiludagavhovesir wu Aadl dud dudu uddtidondueg
M o ] o a ] o o 3 4 o " a’
v Taonadnvziludmimnannnndngs wu vesa Hau dudu dedumardl

Tnozimiimsuaaudal 7 uas a laue



ngieh 3

ngded 9

o
ngveh 10

ngiled 11

?
W oar o e LY o . & X 3
fidnusaszer (¥ ) uazaszd ( 1) dnwlidudmgaihoveshidsiitosndu

= o o e 4 Vv 1 « - 5 s £ s
nsfiaszozliaadnys W uahe wu waed Sudu niensdlasydr Tssugnden

=] o 3 t .’ 3/
1!'!‘]5iﬂlfjﬂﬂﬂizlﬂﬂﬁ?ﬁﬁﬂ'wllﬂu U N lﬂuﬂu

faasy 1ifau (1) sxlimimdyruzione Sezifluddnususngavesdr (ilu -

o = . o
e nonld 13 20 duviniu)

gaase liueima () ased C) as=d () uay w528 () Tnudnftnesdoimsaa

ar L L | ietog ] w o a =) ¥
aena 1 A7 1%U NU AR IR llﬂllﬂ'lllﬂl‘?l'uﬂﬂ'lﬂﬁ'l 19U UUY IAU 1599 tﬂunu

daasue (1) aszue (u) aszle (1) wazaseldvae (1) Undezldimh

a = a i @ v
nigwuz uanszlimeniuegraiuil isu umd uas o Tud o'ly Wudu

dmdnrur a0 A 8 s lHdundarusfahmiuoue iy anssd wln d5 o

Wudu udorveeiidaass lungden 4, 6 14 oy mBoe we TH dudy

darseq () uazaszg () Unezld B luldndywuzdausn niondysusifiaes

8 ] 1 o A i
¥o3f1 1FU g Na Ugn ayn ¥a yn nga oy Hudu udewezilmifiassllegld
niyyuzaduq Chilswdyruzdusanieaiasy) wu g 51g g wy logst

15ud

o - o a 3 ¥ a =
drasze (1) Tesiadssdedindysustihmiedaios 1 @2 wue TavesAnsan
oS A e a rey 3 o 1 o
i 2 nsdl Aens@i lud hitims1dnssuyndias i 1thoat ww sue gad uay
dd o 1 1 1 1) . L]
nsainludiiimsFssagndswegdan wu adw the wihe Wudu Taoluusas

= () 3 & ar o 1 @ &
ATUISULNATHUIHI D Hﬁﬂﬁﬁzﬂqﬁ‘{ llﬁ‘.’lllﬂﬂ 1IN HTSﬁll'll'ﬂQ;‘lJli'iJ'U'llﬂQﬂTlﬂJ‘]

oY) o ' o 4 - oo i T
gdnus 8 NldTwiiTsugnd wwierennnaadnesheguihuasndaiadnus o
»

Tagazgimiysuzdunsazaniu e ldiv o ud wiidaznaiiugilaldth wu
o [ o e o [ v o o v
wiyyuzduiuda n dmivassugnd () udr wiidraznadudalaldie wu
o i) w a 4 ¥ = o =t I S | P
wigruzduiuda a dmdmssugnduda selifaaznaiivadi@nfe u (dew)

duassagnd (7) sefidaazna fie u v o (fou Aes Aow) Wudu

¥
=)

o ¥ s A d - o ﬂ’t -
oy 1lag () szdludfiffougthnninasy e 2ty Ailldazna duiuy

3/ w o o

stuildezdu -o- - u- yagUuvyesiidaasnn 1 #2 endudlidamive

aszHan U uaz o MexldTaninssugnadieg TaeszAnisandusazsiy
o ] Y -1 3 o . - a " '
weilmgenanso uaztidiazna fuldmlaldde Messhosandumuania

o 1 ¥ - ot u’J’
AMDUNUINTONAIT TS U



P
ngioh 14

npdeh 15

ngden 16

ngdeh 17

nyied 18

29
donus g Tavdndve 19egoaly swnwdgausdwimih oy nquus ngie agvad
gy Wudu uahezifeonduildfatnus g dundyruzduwimihld wu g9 of

991 g0 gn3 gite 18

ar o at as a o =1 3/ ] =l

donus v Tneelddundyyunimihieue wantisondu e av um anvd
¥ It

UMATTU UNSEW UWA Ui Wiy wsed Wudu uenvintuszitiudfinneings

Uszing 1wy vov Tevy dudy wiatidnimyhihuass wu v uva 1 Hudy

ar oot =1 a ) ar A 11 1
Aanus 2 vzdediifdazansdinios 1 @ dieldegdeninassuynd 1vu fhu du

»
U2 iudu nazewezdlugdvesdszr 2) wu da 1 42 dudu
fonus 5 Taodndez 1 lugunuvesasy -55 1wy 2550 95507 ussee iludu

= & @ w i S '
I'ﬂuﬂQUQQﬁizﬁﬂzﬂ ‘35333Uﬁ']ﬁzﬂﬂlﬂuﬂ')“ﬂm"fuzﬂa‘ﬂu fioNIAYNYIFU AU

w0 na Wudu

Fadnus o o o ¥ 3 g o w o dnesldfludazasmue wu fn adm g
s - o ved o o g ° 1
sressd ndl ¥ Ugn uantideondufiveIihumdyrusduimihdld wu «8

g im g5 dludu



30

NIANKRIN Y. AIDIIITSUUAKARI AN N8

¥ E k] [
mManuIntzieuef It amMIsuTuasudI i smd e ewtl N ldinauslusisy
¥ v
tidhduszuumsAufudennunitiog Tasezldszuuduiudennu EWS 48eu5Hn Excite 2 1y

Ed
nsdiAny1 niounmagsumyMnufugIUEAMIIIUTIATIUART1I 5,000 BATNS

LY 9/ 1 o g @ o H

Sgﬁﬂﬂuﬁuﬂlﬂﬂ'ﬂﬁ EWS 11‘53ﬂﬂﬁﬁ'}ltﬁ31]1[!1'5]ﬂiuﬂ'liilﬂﬂ'lﬂ‘ﬁﬁllﬁllﬂﬂﬂu lngizlluoy
¥

Tumsduenminindestiow szuy EWS fmamswiussunuSmsny (Web server) Tavgnison
PR ) a s o o - ' YA & o W1 -
‘l“lfﬂTLIHu][ﬂﬂfT‘l'i‘Uun‘ﬂﬂﬂl'JﬂnUﬂﬂﬂﬁ'ﬁiu uu'ﬁUTUﬂ'JuﬁTﬂTﬁﬂuﬂulﬂﬂﬂ1?uuﬂizﬂ'lhlﬂﬂ'ﬁllﬂiﬂ
T = & 2 & 'i‘_l = [ Y Mg = %u = ﬂ 1 gl o
VIWOUIADTLIUA B uLlu')ﬂﬂﬁl‘aﬁ’lﬂ'ﬁﬂWu]‘izﬁﬂﬂuﬂu’ﬂﬂﬂ'nllﬂ"l TUANUUUMIVUDE NG HI9Y

3 u‘.: ued o, A w s o o qw:‘lv wq’a LU - A | L LA,
'lﬂs'amummﬁmimmma%ﬁmmuiuamnuu L‘l’f’]ﬂﬂﬂd?:ﬂﬁﬂﬂﬂﬂﬂ‘r’l"lﬂifu Hazyzyuaouny

¥
4

Ed
Avenmsal (310 12 Usznew)

I ssuvdeesmindail udauilidWann TusunsudamTundoyaiulawiluenensis
og lifuutluenmsimifldsznoudaudiidesiarmdeil 3 Selddunenitmemd
esarduiifisessunie Inei Idiuaue luaniisei Tauflnsunsnswauisds e
Tszuudosdariidaiives EWs ufveuwavesd iiedsaiduiidroTasunsy

AT index.exe YD3 EWS aundsio 11l

T L4 Cr o 1 a 4
2. seyudesdufmenms uduilldwanndauilszuadedimumsduduaindldy tio
ulasdedioundldussue llgsiemsvesdiozdenilddu dredrusudlsy
S w . ) ¥ A Aot o o w4 - oo
aunsanedemoumsfudunassmsiuAuenmshilddiy "avgrduw dau
a ﬁ‘lv o o o 4‘-‘? P = w4 9 [}
Yszanademmuiisesamsulasdodioniiiiu “au g7 fuwr e szuudon
L : Yo o o = ulﬁ;
Aunuena1s (T1sunsu architext_query.pl ) 483 EWS Tauldiridiagaudinm
3 il i [
msvsznadedaniin lsduaoudtdernuiEmsmsunomaeiin idiuaus lua

_=oas .ﬂ,
90U

2 hitp:/iwww.excite.com

N & L ., :
3 {nguiinhwitasfiusiansdannurimiu daysdneorsu wu glnaw @es dusfu huenaisduaiiu axligminn

o |J 1
W Tuudn lvsinaieiu



31

wnarrming
dasrnmdudiu
[ TunadammnAnieringil }
wnansming D T, 7,
fusnduda asnfal
AT_index.exe architext_query.pl
EWS (Excite for Web Server)

P - ac i, A e w .t o &
ilh’l 12 ﬂ'l'i‘i']ll".lu?lﬂ'I.-I'Tn"ﬂ'l‘i'ﬂ'lﬂ'li.ﬂﬂﬂ'mﬂful{l"lﬂﬂiSﬂﬂﬁ’uﬂu EWS

a o " 5 a o P
51% 13 Wiudedanisemsfunuenas  munienmsdudu Tavldmddgyde au
4 . 4 s 3
gridusn Fldnasnidsingdlundhenmslugli 14 nmsdumludnvaziilaoialle: 18
| T = A 3 =) T w A = '
amIndAunanimiluenas welddldidonna Fhudaudemenmsvesszuuiad ldw)

& a4 ool d
dnvniis Tnoszuaauiiosiaifosvesenms I lde numniv

Lt e e i ST e

numvoua - Netscape

L. Enter your search keyword(s)
]ﬁua_mﬂmm

S S R e T S e

2. Select your search category

& Jgndmianue C wrn

C uflaRetuu O numaniraalny

=t
71 13 wheeszuumstumidoya



32

excite for web servers found documents about: ﬁ.m[ﬂﬁwm

@-M’mm.@ lower confidence; cfick lcon: to find rimitar documentr

@ e3% wunvrumsasing : drothein 789

n

- . — 3

; (&) 82% wunvemeasine : saotiwh 697 R
] el
i @ 81% puavwmasasive ; ghathei 858 e
: e
| @ 7e% uunmmaasiny : dnchei 854 T‘;i;%
¥

g s ke
; @ 78% wunvwmsadive : daorinh 985 5
i L9 9
@ 7% n v wmsadng : srnthein 781 el

@ 78% utnnumading : fhatnn 827

& 71% asponmnTms : nSAwNeT 116

517 14 wihseunamadwinsfunuenas

Tunsdifszuvgunsomienmsidesmsmumdiiy Minnndmiuenms szuveziSes
#fuenmsfifun aunmuiuleduenmsdieg ﬁutﬂumnmsﬁé‘li’ﬁ’aqms' Taofins Wi
minanudeiu Fuaasuilunlediudanuiule dduiamhfoveusnms dretasulugyl
# 14 szvuiaauiule 83% Tuenets “wwamemsaslny : dretil 7897 assmuAglddems
3

g : v S Bl
fu uazdduwuenmsduq Badrumunnuiulefasrauas lawdwu 3

- | . v ow o o
3 Nufitiensrruuavnanizasing : fadned 780 Hlapadn “neardunenqunuss (FmihAivFmnseunaineas
b) Smdnagn WWangriusihalszds dufendigmarinin ussArinnesuneRutudiidiym Ty sady

Aoy o Tu”



33

Q@

ANANKBIN A. TI1YTDUNAIININITIHI Elfl:

1. P. Suwanvisat and S. Prasitjutrakul, "Thai-English Cross-Language Transliterated
Word Retrieval using Soundex Technique” the National Computer Science and
Engineering Conference 1998, Kasetsart University, Bangkok, Thailand

2. W. Kanlayanawat and S. Prasitjutrakul, "Automatic Indexing for Thai Text with
Unknown Words using Trie Structure",Proceeding of the Natural Language
Processing Pacific Rim Symposium 1997 (NLPRS'97), pp. 115-120, Phuket,
Thailand, December 2-4, 1997.



(1]
21

(3]

(4]

(5]
(6]

[7]

(8]

[9]

[10]

[11]

[12]
[13]
[14]

[15]

34

UI3t1bnad

A. Binstock and J. Rex, Practical Afgontbm Jor Programmers, Addison Wesley,
1995.

S. Charnyapornpong, “A Thai Syllable Separation Algorithm,” M.Eng. Thesis, Asian
Institute of Technology, Aug. 1983.

N. Collier, A. Kumano, and H. Hirakawa, “Acquisition of English-Japanese proper
nouns from noisy-parallel newswire article using Katakana matching”, Proc. of the
Natural Language Processing Pacrf ic Rim Symposium 1997, Phuket, Thailand, Dec. 2-
4, pp. 309-320.

C. Faloutsos and D.W. Oard, “A Survey of Information Retrieval and Filtering
Methods,” Technical Report CS-TR-3514, University of Maryland, College Park,
August 1995.

W. B. Frakes and R. Baeza-Yates eds., Information Retrieval : Data Structures and
Algorithms, Englewood Cliffs, N.J. : Prentice-Hall.

G. Gonnet, “Unstructured Data Bases or Very Efficient Text Searching,” ACM PODS,
vol. 2, pp. 117-124, 1983,

G. Gonnet, R. Baeza-Yates, and T. Snider “New Indices for Text: PAT Trees and PAT
Arrays,” in Information Retrieval : Data Structures and Alforithms, ed., W. B. Frakes
and R. Baeza-Yates, Englewood Cliffs, N.J. : Prentice-Hall

P. Jindavimonlert, “A Thai Text Retrieval System using the PAT tree,” M.Sc. Thesis,
Department of Computer Engineering Chulalongkorn University, 1996.

A. Kawtrakul, C. Thumkanon, and S. Seriburi, “A Statistical Approach to Thai Word
Filtering,” Proc. of the second Symposium on Natural Language Processing, pp. 398-
406, 1995

K. Knight énd J. Graehl, “Machine Transliteration”, Annual Meeting of the Association
Jor Computational Linguistics (ACL-97/EACL-97).

A. Kumano, “Building a technical term dictionary with Katakana-English Matching”,
Gengoshorigakai - Annual Conf. of the Japanese Association for Natura! Language
Processing, (in Japanese) Japan, March, pp.221-223.

U. Manber and G. Myers, “Suffix Arrays: A New Method for On-line String Searches,”
First ACM-SIAM Symp. on Discrete Algorithms, pp. 319-327, San Francisco, 1990.

Y. Matsuo and S. Shirai, “Using pronunciation to automatically extract bilingual word
pairs”, Shizengengoshori, (in Japanese), November, pp.101-106.

T.H. Merrett and H. Shang, “Trie Methods for Representing Text,” Proc Fourth Int'l

Conf., FODO’93, LNCS 730, pp. 130-145, Chicago: Springer-Verlag, Oct. 1993.

D. Oard and B. Dorr, “A Survey of Multilingual Text Retrieval”, Technical Report
UMIACS-TR-96-19 CD-TR-3615, University of Maryland, College Park, April 1996.



[16]

(17]

[18]

[19]
[20]
[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
(30]

35

S. Ongroongruang, R. Prongsirivattana, and V. Jantarasukree, “English to Thai Word
Retrieval Using Sound Index”, Proc. 2" SNLP’95, Bangkok Thailand, Aug. 2-4, 1995,
pp. 407-413.

P. Prapapitayakorn and et. al., $9n27w1Ine Odien Bookstore, 1976

Y. Poovorawan and V. Imarom, “Dictionary-based Thai Syllable Segmentation (in
Thai),” 9" Electrical Engineering Conference, 1986.

Royal Academy, namnm7in13viuAws (Transliteration Guideline), 1992.
Royal Academy, Anwriing1aans (Science Dictionary), 1993.
Royal Academy, AwviadiaAiaas (Mathematics Dictionary), 1997.

Royal Academy, mitdaisouiznad an 1 nangnsisenvaty 2524 (Chemistry Book 1:
High School Level 1981), 1987.

G. Salton and M.J. McGill, Introduction to Modern Information Retrieval. McGraw-
Hill, 1983

D. Sawamibhadhi, “Implementation of Thai Grammar Analysis Software under UNIX
system (in Thai)”, Thammasart Univ., 1990.

H. Shang, “Trie Methods for Text and Spatial Data on Secondary Storage,” Ph.D.
Dissertation, School of Computer Science, McGill University, Nov. 1994.

H. Shang and T.H. Merrett, “Tries for Approximate String Matching,” IEEE Trans. on
Knowledge and Data Eng., Vol. 8, No. 4, pp. 540-547, Aug. 1996.

D. Sintupunpratum and C. Bandhitanont, “Thai Word Processing (in Thai)”, Proc. of
the second Symposium on Natural Language Processing in Thailand, pp. 322-376,
March 1993.

V. Somlertlamvanich, “Thai Word Segmentation in Language Translation System,”
Computerized Language Translation (in Thai), p. 50-55, 1993.

M. Weiss, Data Structures and Algorithms in C, 2nd Ed. Addison Wesley, 1997.

LH. Witten, A. Moffat, and T.C. Bell, Managing Gigabytes : Compressing and
Indexing Documents and Images, N.Y., Van Nostrand Reinhold.



Automatic Indexing for Thai Text w1th Unknown Words

usmg Trie Structure -

Witoon Kanlayanawat and Somchai Prasitjutrakul
Department of Computer Engineering
Chulalongkorn University
Bangkok 10330, Thailand
Phone : (66-2)-218-3743, Fax : (66-2)-215-3554, E-Mail : somchmp@computer org

Abstract

In this paper, we present an automatic indexing
for Thai text retrieval system where given
documents can have words that are unknown to
the system’s dictionary. Trie structure is used
as a main file structure for indexing which
supports word, pattern, and approximate
searching. Since there is no explicit inter-word
delimiter in Thai text, we also propose a word
segmentation algorithm that segments a given
text to a set of words and sistrings (semi-
infinite strings) of unknown words for adding
to the trie. The algorithm first finds a set of
‘words maximally matching all the sistrings of a
given text. Then it constructs an overlapping
graph whose shortest paths represent a smallest
list of words minimizing unknown strings of
the text. By using our proposed dictionary-
based word segmentation algorithm which can
deal with unknown words, along with the use of
trie structure to store the index, precision and
recall of the retrieval can be enhanced.

1. Introduction

Text retricval has become one of the most
essential tools for managing information as
computer-generated documents get published
and computers get connected locally and
globally, especially with the advent of the
World Wide Web and CD-ROM. Traditionally,
there are four major techniques, full text

‘scanning,

inversion, signature file, - and
clustering for text retrieval. A detail survey of
these technique can be found in [2], [3], [10],
[14]. Full text scanning locates the documents
by searching through all documents for the
specified string pattern. The technique does not
need additional, space for index but the search
time is linearly proportional to the size of text.
In inversion technique, keywords for all the
documents are stored in alphabetical order in an
index file (which can be implemented using
sorted array, B-tree, or trie structures). For each
keyword, there is a list of pointers (kept in a
posting file) to associated documents. The
technique is easy to implement and gives fast
response time. However, it does suffers from
the high storage overhead for the index. In
signature file technique, each document has an
associated signature which is a bit string
created by using hashing on its words and
superimposed coding. Then signatures of all the
documents are stored in a separate file called
signature file which is much smaller than the
original document files and thus a search for
signature pattern is much faster than a search
for string pattern. Since it uses a signature as a
representation of a document, it introduces a
notion of false hit where a matched signature
does not always mean that the corresponding
string pattern matches. In clustering technique,
similar documents are grouped together to form
clusters to improve the efficiency and
effectiveness of retrieval.

* This research was supported by the Thai Government Research Fund.



When building the database for text
retrieval, text in each document is segmented
into words which are optionally compared
against a stoplist (a list of words having no
index value). Non-stoplist words are then
stemmed so that variations of the same words
are represented with only one pattern. Then,
each of the stemmed word is assigned a weight
used during the search to rank retrieved
documents. Finally, stemmed words along with
their weights and locations are kept into the
database.

Segmenting a given text into words is a
nontrivial task in Thai (and other Asian
languages) text processing since there is no
explicit inter-word delimiter. There are
currently two approaches in Thai word
segmentation, rule-based and dictionary-based
approaches. The rule-based approach uses a set
of extensively studied rules for Thai syllable
[1],[13],[15]. Although the technique achieves
high precision in syllable segmentation, it is not
suitable for indexing application since it is
word not syllable that is required to create the
index. The dictionary-based approach matches
words in dictionary or lexicon with a given
text. The matching can use longest-word-
matching greedy strategy [16], least-number-of-
matched-words strategy [17], or statistical data
of word tags [7]. The word segmentation gets
more complicated if the text to be segmented
contains. some unknown words (we define the
unknown words to be words not kept in the
dictionary being used) which can be proper*
names, transliterated words, words with
spelling error, etc.

In this paper, we present an automatic
indexing for Thai text retrieval system. By
using our proposed dictionary-based word
segmentation algorithm which can deal with
unknown words, along with the use of trie
structure to store the index, precision and recall
of retrieval can be enhanced. The word
segmentation  algorithm  constructs an
overlapping graph whose shortest path
represents a smallest list of words minimizing
unknown strings of the given text. The words
and unknown strings obtained then determines
corresponding locations of sistrings (semi-
infinite strings) to be kept in a trie structure.

Trie structure is reviewed in Section 2. Detail
of our word segmentation algorithm is
described in Section 3. Section 4 summarizes
the entire automatic indexing and retrieval.
Conclusion of the paper is given in Section 5.

2. Trie Structures

Tries have been used for indexing large texts
[4]1,[8),[9]. Tries are trees whose edges
represent letters of the alphabet encoding the
data. Therefore a word is represented as a path

“from root to leaf. Tries support efficient prefix

searching (prefix searching is a searching for
any word matching a given prefix) since all
words sharing a prefix share the same path
from root to an internal nodes. In addition,
approximate matching can also be efficiently
performed in trie structure which is applicable
for searching text with error [12].
Implementations of trie structures on secondary
storage can be found in [9],[11]. In this work,
we use trie structures to store both the
dictionary and index of all of the documents.

Text : tauRuAMTiNaUYBaY Ty
Segmented words @ ZaURAN

Am

o

i

Figure 1. An example of a trie

Figure 1 shows an example of a trie
consisting of segmented word from a text.
Locations of the words are stored in its
corresponding external node of the trie. When
searching for a word, we follow branches
determined from characters of the word. For

example, to search for #8URM, we first go to the
left branch (2), go down (8), and then go to the



right branch (v) where we hit an external node
whose content matches characters of the rest of
the word (Rea). Therefore the search time is
proportional to the word length.

Gonnet [5] defined a semi-infinite
string, or sistring, to be a suffix of the text
starting at some position. Figure 2 shows the
first four sistrings of a given text. A text of
length » can have at most » sistrings. All of the
sistrings can be stored in a trie where the search
procedure remains the same as  described
before. However, it is obvious that we can
eliminate many useless sistrings whose starting
jocations are not the beginning of the word. In
[6], sistrings of Thai text whose starting
location can potentially be words (using word
formation rule-based approach) are stored in a
PAT tree [5] (which is a special binary trie).
Although, the concepts of storing sistring gives
high recall (i.e., it is unlikely to miss any
occurrences of the given search word), but the
precision of retrieval will be low if we keep too
much useless sistrings (i.e., many retrieved
documents are not what we actually want) since
the search acts like a pattern matching without
knowing the notion of word. For example, the
phrase in Figure 2 will match the search word

81 in spite that it is not a word in the phrase.

Text : PBURNANTINDULBIYTY
Sistrings : TaUANANTANaUBIATY
: BURNIARITINEUTBIYITY
: uRNANAiNEUTEIY Y
: auRnfinaursariny

Figure 2 Examples of sistrings

However, sistring can be used where
we can not determine word boundaries as will
be presented in the next section.

3. Word Segmentation Algorithm

Given a text, our word segmentation algorithm
uses dictionary-based approach to find a
smallest list consisting of known words and
minimal unknown words. The known words are
directly stored in the trie whereas the unknown

words are stored in the trie as a set of sistrings
whose starting locations are determined to
potentially be syllable boundary using rule-
based approach.

Let T be a given text to be segmented,
T; be a sistring of T starting at the i-th
character, T;; be a substring of T consisting of
the i-th thru j-th characters, and D be a

~ dictionary.

The algorithm consists of four steps as
follows :

1. Foreach T;, i=1,....n; find a word, w; , in D
satisfying the following conditions :

e w; maximally matches T; , Let i'= i-1+
length of w;. Therefore w; = T;; .

e w; is not a substring of any w; where j<i

For example, T = wisaudanifusainisudn
1eM5insned we have wi’s as shown in

Figure 3. (Other sistrings of T not shown in
the figure have their wi's equal to null
strings.)

i Ti Wi
1 wisEadansiusanseansionisinsmae | wie
4 |aNdanianAsen1sHBRIENISIMIHAY Q@
5 |audundfindnenisudnsenisiniviad N
9 [snfRudnenmsninsenisinaia 39
13 |Sussinisniasanisinenia : #
16 |Apenisudmsranisinaias faens
20 {nsudmsiomsinaneag AIHER
24 |@aTemsinsviad ane
26 |RTEn1sinsiAY A3
27 |senisinsviag 85
33 |Insvird Insvird

Figure 3 Example shows w;’s for sistrings

2. Construct an overlapping graph (which is a
weighted directed graph) G =(V,E) where



e V= {w;|w, obtained from step 1, w;
#@,1<i<n}

o E = { (w; w;) | w; is adjacent to or
overlap with -w; , i < j }
weight - of an. edge (w;, wj) is
determined from cases shown in
Table 1 :

The first case is the:-most favorable one
where two words are adjacent. In case 2, we
nave two overlapping words which can be

further segmented- yielding segmentations: » : " -
with no unknown :strings: For: example,: : - . |

sRINISHER (W, = ABYR1S and wy = NISHEAR)
can be segmented to Ay + MIUER or
AaenNs + wim. Case 3 represents cases
where two overlapping words can be
segmented yielding some segmentations
having unknown strings . For example, Wia
1 (w; = Wow and ws = 2vin) can be
segmented to e + 1, wlan + ™, or Wl +
awi1. The last case (with the highest weight)
represents cases where two overlapping
words can be segmented yielding
segmentations with unknown strings. Notice
that cases 3 and 4 are used to handle text
with errors. For example, Wiok may
actually be \Rewvin where the v is missing
in the text. In this situation, case 3 keeps the
\au in addition to 1f{a and ¥1.

Table 1. Edge weighting for overlapping and

adjacent words

#| Weights Conditions

of (w;, w;)

1 1 if i'+1 = j, i.e., w; is adjacent

to w;

From the example in step 1, we can
construct the corresponding overlapping
graph as shown in Figure 4.

1 1

Wit [P g gL w13
i Wo oo oWs T owp . wi
Wis

Wiy

ARONTS

W

Thsvieg

2 10 if j<i’and Ty and Ti

are all in the dictionary.

3 100 |if j < i'" and there exists a
position k, j-1 < k <1, such
that both T; i, and Ty, 7 are in
the dictionary.

4 1000 |otherwise

Figure 4 The overlapping graph for 2 text
WIPRNNHISAUSBInRARTIEM S InT AT

3. For each component of the graph, find a

shortest path from the leftmost to  the
rightmost nodes of the component. Let W =
{wi | w; has its corresponding node on the
. shortest paths obtained }. From the above
example, we get W = {w|, ws, W5, Wy, Wi3,
W16, Wag, Way, W33 }

. In this step, we determine W', a set of

segmented words, and U’, a set of sistrings
for unknown words as follows.

4.1 Let U be a set of unknown strings. U
can be determined as follows :

4.1.1 For each edge (wi, w;) with
weight of 1000 on the shortest
path (these are the two unknown
strings discussed in case 4 of
Table 1), we add TiJ-l and Tpyy g
to U. From the above example,
they are | and ¥ (determined

from edge (wq, ws)).

4.1.2 For each pair of nodes w; and w;
belonging to different
components of G, i <j, and there
isno w, € W, where i <k <j, we
add Ti'+1’ jl to u.
From the above example, they
are d, , and W.



4.1.3 We concatenate each string Tj, «
obtained from the two steps
above to a word w; € W which is
adjacent to the left of Tj y in T.
From the above example, U = {
WL, N, ING, 315, in ).

4.1.4 This step combines any strings in
U that overlap or adjacent to
each others. From the above
example, U= {w1elauduitiv ).

Then, U' consists -of sistrings: Ty , - -

Tipseess T sof strlng T - e
This step deals with unknown words
which can be . proper names,
transliterated words, words with
spelling error, etc. These words usually
can be segmented to known words with
some unknown strings in between.
Since we do not know the exact word
boundary of these unknowns, they are
kept as sistrings in the trie. (Actually,
we also apply syllable segmentation
rules to eliminate some useless
sistrings from the set U’.)

42 Let W* =W — {w; | w; being used to
form unknown string in step 4.1.3}.
Starting with W' = W* | for any w; and
w; of W*

e satisfying case 2 in Table 1, we add
T[_ 1 and Tiq.L i to W'’. From the
above example, they are s8¢ and
uam determined from wis and wa.

e satisfying case 3 in Table 1, we add
Tk and Ty, j to W' where k is
defined in Table 1.

From the word segmentation algorithm
just described, we obtained W', a set of known
segmented words, and U’, a set of sistrings of
unknown words, to be kept in the trie. From the

above example given a text T = wiglandanitiv
FasmIndrsnenisinanad, we obtain W' =
{FaIms, MIudn, s18ns, Insned, siae, win}

and U’ = { T; | T; is sistring of string w1giang
#135% in T } to be stored in the index trie.

Performances of the four steps of the
algorithm are as follows. Step 1 maximally
matches each sistring of T to words in
dictionary. There are n sistrings of T ( is the
number of characters in T). Since our
dictionary is also kept in a trie structure. Then
it takes O( nk ) where k is the maximum length
of word in the dictionary. Step 2 constructs
graph G=(V,E) which takes O( [V|+E] ). The

~worst case (happens when there are n w;'s

where all of them overlap each other which is
very unlikely) is O( #° ). Step 3 finds a shortest
path for each component which is O( #* ). And
the last step, re-scanning the  string for
unknown strings, takes O( n ). Therefore the
word segmentation algorithm takes worst case
time of O( nk + n* ) or O( * ) where k <n fora
long sentence. .

4. Thai Text Retrieval

From the trie structure along with the word
segmentation algorithm presented, documents
can be indexed by first parsing the document
for explicit sentence or phrase delimiters e.g.,
space, then these sentences or phrases are
segmented to obtain a set of words and a set of
sistrings of unknown words. The two sets can
be fed to other text processing modules such as
word filtering, stoplist, stemming, and weight
assignment before adding to the index trie.

For the retrieval phrase, user’s query
words must be segmented using the same
algorithm so that an obtained set of words and
sistrings are used for querying the trie structure.

5. Conclusion

An automatic indexing for Thai text retrieval
system was presented in this paper where given
documents can have words that are unknown to
the system’s dictionary. Unknown words can be
misspelled words, proper words, transliterated
words, etc. The fundamental file structure used
for keeping index is trie which supports both



word, pattern, and approximate matching. A
word segmentation algorithm was also
proposed for segmenting a given text to a set of
words and sistrings of unknown words for
adding to the frie. The algorithm finds a
smallest set of words and sistrings with the
objective of minimizing number of sistrings to
enhance retrieval precision. While the use of
sistring for unknown words enhances the
retrieval recalls.
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Abstract

This paper presents an algorithm for Thai-English cross-
language transliterated word retrieval. The algorithm
enables retrieval of documents containing either the Eng-
lish keywords or the corresponding English-to-Thai
transliterated words. This is done by retrieving docu-
ments based on phonetic codes of keywords rather than
the keywords themselves. The phonetic coding is based
on the Soundex coding of Odell and Russell where the
encoding table is slightly modified to incorporate Thai
characters and the code is extended to unlimited length.
Experimental results showed that a high recall and
precision of more than 80% can be achieved especially
when the phonetic codes are longer than four.

1. Introduction

Text retrieval has become one of the most essential tools
for managing information as computer-generated
documents get published and computers get connected
locally and globally, especially with the advent of the
World Wide Web and CD-ROM, The effectiveness of
any text retrieval system is commonly measured in terms
of precision and recall [3] where precision is the ratio of
the number of relevant documents retrieved over the total
number of documents retrieved, and recall is the ratio of
relevant documents retrieved for a given query over the
number of relevant documents for the query in the
textbase. One problem arises when a user enter query
keywords that are in one language where the documents
to be managed are in another. For example, searching for
documents containing “ALEXANDER” does not return

documents  containing  “@iAnZIkiAas’  (the

corresponding Thai transliterated word). This problem
causes recall of the retrieval to be lower than it should be.

Here we are interested in Thai-English cross-language
transliterated word retrieval. Cross-language information
retrieval is defined as the retrieval of documents when
the language in which the documents are expressed is not
the same as the language in which the queries are

* This research was supported by the Thai Govenﬁhentﬁéscarph Fund.

expressed [7]. It is very common in Thai documents that -
most of English proper nouns and technical ‘terms

appearing in the documents- are either in English or

transliterated into Thai. Using bilingual dictionaries' as
thesauri of the retrieval system does not solve the:
problem since most of the transliterated words are not
found in the dictionaries [4]. Therefore, querying using
one language will miss documents containing
corresponding keywords in the other language if the

~ system does not support the cross-language feature.

There are previous researchs working on the problem.
The algorithms presented in [5] and [6] transcribe
English and Japanese words into intermediate codes and
use exact code matching during retrieval. Since
transliterating the two languages back and forth loses
some information, two corresponding words may not be
exactly matched . Whereas the algorithm in [2] encodes,
each Katakana word into a phonetic string representation
and uses partial matching with English words. Two
words are considered to be in transliteration relation
when the number of matched characters is more than a
certain threshold. The algorithm uses a depth-first search
which trends to take longer time than a straightforward
matching so that some heuristics are incorporated to
reduce search time. [8] presents an algorithm for
encoding English word to a set of possible Thai sounds
using a set of encoding tables and rules. The encoding
tables are not fully elaborated and no details on
effectiveness of the methods are reported. )

In this paper, we present an algorithm supporting
Thai-English cross-language transliterated word retrieval.
In other words, the system enables retrieval of
documents containing either the English keywords or the
corresponding English-to-Thai transliterated words. By
slightly modifying coding table and algorithm of the
Odell and Russell’s Soundex code [1], a higher recall on
document for cross-language retrieval queries on
transliterated words is achieved with good precision. The
rest of the paper is organized as follows: Section 2.

. explains the Odell and Russell’s Sonndex coding and

algorithm. Section 3 presents our new modified encoding




algorithm with experimental results presented in Section
4, Then the paper is concluded in Section 5.

2. Odell and Russell’s Soundex Algorithm

M. K. Odell and R. C. Russell designed a system to en-
code names based on their pronunciation so that names
that sound alike would have the same phonetic code.
Their system is called Soundex [1]. The system is based
on the idea that English names can be distinguished
based only on the consonants. It constructs the phonetic
code by converting each letter (ignoring the leftmost let-
ter) into a numeric code using the coding table shown in
Table 1. Then all the zeros are removed and any runs of
the same digits are reduced to one digit. The final Soun-
dex code is the first (left-most) letter of the word fol-
lowed by the first three digits of the converted code. For
example, ALEXANDER is converted to A425.

Table 1. Soundex Coding Table

Letter Numeric code
AEIOUHWY 0
BFPV 1
CGIJKQSXZ 2
DT 3
L L)

MN 5
R 6

The Soundex system is fast and usually matches
names that it should find, but often causes false hit i.e.,
incorrectly matches names that are not actually sound
alike.

3. Our Proposed Encoding Method

There are 44 consonants in Thai which can be
categorized into 21 phonetic groups as shown in Table 2
[9]. To incorporate Thai letters into the Soundex coding
table, we can assign an' English letter to each group
having the similar phonetic, then the 21 groups are
further grouped into seven groups according to phonetic
similarity of the letters in the Odell and Russell’s
Soundex coding table as shown in Table 3. We propose
to modify the original Soundex coding (shown in Table
4) as follows :

e use numeric representation for the first letter rather
than the letter itself in the code. This is due to the fact
that there are many cases where more than one English
letter can be mapped to the same Thai letter [10], e.g.,
V and W are mapped to 7. as shown as the note #2 in
Table 4. Therefore we need to introduce three more
numbers (7, 8, 9) in the table.

- e add another numeric code for the Thai letter ¥ since
this is the only one left unencoded from the Thai
consonant. The transliteration to ¥ is normally from the
letters NG or NK e.g. KING is transliterated to FI\.
Therefore its corresponding code is 52 (5 is for N, and
2 is for both G and K).

e extend the code length to be unlimited rather than of
length four in the original Soundex code. (This is for
enchancing precision but potentially will reduce recall
of retrieval.) And also set the minimum limit of code
length to be %, i.e, that is to only considered words
having code length of length not less than k, where k is
a parameter to be determined later,

Note that all Thai vowels and tones are all ignored as
being done in English for the Soundex coding.
(Remember that we mainly concern with the English to
Thai transliteration.)

Table 2. The 21 phonetic groups of Thai consonants

n n A AR
YTAAY n e H
9 FNAONS 5
9 TR GG
adal u ]
RTR ] u na
e HWAN 3]

Table 3. The seven similarly phonetic groups
according to Soundex code table

English Thai
AEIQUHWY |anagagu
BFPV udNUanNng
CGJKQOSXZ |10ARndldMNITAYE
DT NAJAFNAGNGE
L aw
MN HOW
R 3
Table 4. The new modified Thai/English coding table
English Thai Code | Note
AEIOUHWY |g 0 #1
BFPV udWJuwAn I
CGJKQSXZ lympmpmanwns | 2
oA W
DT geagasmnmang| 3
L 8 W 4
MN HoU 5
R 5 6
AEIOU a 7 #2
H Ll 8 #2
w 7 1 #2
Y g 0 9 #2
J 52

#1 : for the first (leftmost) letter of the word
#2 : for the second letter and the rest of the word

4. Experimental Results

We implemented the encoding algorithm presented in the
previous section by slightly modifying the encoding table
and algorithm in the Soundex coding function in [1].
Then the algorithm is tested using a set of 1,902 pairs of
English and English-to-Thai transliterated words which



are mostly proper names (brand names, country names,
scientist and mathematician names, etc.) and technical
terms in science, mathematics, and chemistry obtained
from [10], [11], [12], and [13].

We ran experiments by having all the words (and
their corresponding phonetic codes presented in the
previous section) stored in the database and then
querying all of the words, one by one, to measure recall
and precision of the retrievals. The experiments were
tested repeatedly by varying the minimum limit of code
length, k& presented in the previous section, in order to
show how the minimum limit of code length affects
effectiveness of the retrieval. The experimental results
are shown in Figure 1. In the set of tested words, the
number of words whose code length is more than seven
accounts for only 1% so we do not include the results in
the plots which may mislead the interpretation.

From the plot in Figure 1, we can notice that recall of
the retrieval is very high around 90% and then starts to
drop slowly as the minimum limit of code length
increases. This is in the opposite behavior for the
precision which starts at around 45% and then climbs
sharply to around 80% as we increase the minimum limit
of code length. This observed behavior is the nature of
recall and precision which grows in the opposite
direction. However, in this particular problem and
proposed coding algorithm, the recall slowly declines as
precision gets sharply improved by increasing the
minimum limit of code length especially after £ > 4, So
the proposed algorithm is generally effective for words
having code length greater than 4, ie., for words of
length longer than approximately seven characters (this is
concluded by an observation from the length of tested
words and their corresponding code lengths).

|= = — Recall ===+~ Precision |
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S

Figure 1 Plots of recall and precision against the
minimum code length

5. Conclusion

In this paper, we presented an algorithm for Thai-English
cross-language transliterated word retrieval. The retrieval
is done by using phonetic codes retrieval based on a
modified Soundex coding rather than searching for the
words themselves. The system enables refrieval of
documents containing either the English keywords or the

corresponding  English-to-Thai transliterated words,
Words that are generally get retrieved by this approach
are proper nouns and technical terms. In the proposed
algorithm, we modify the Soundex coding algorithra of
Odell and Russell by slightly modifying the encoding
table and extending the code to unlimited length.
Experimental results showed that a high recall and
precision of more than 80% can be achieved especially
when the phonetic codes are longer than four.
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