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ABSTRACT

Parkinson’s disease is a neurodegenerative brain disorder, which are the result
of the loss of dopamine — producing brain cells and affecting the body movement. The
typical symptoms are tremor, bradykinesia, and postural instability, which affects the
everyday life of the patients and surrounded people very much. The objective of this
research was to study the screening of patients with Parkinson’s disease by using the
data of voice-disorder analysis of the patients. The sample data was collected with
biomedical voice analysis from 31 people in total- including of 23 Parkinson’s disease
patients and 8 normal people with 23 features and 195 records. The data obtained
were analyzed by Support Vector Machine technique and Grid Search together with
Dimensionality Reduction with Relief Methodology. The results revealed that the
accuracy for prediction was 100% for the data used in machine teaching system, and
was 89.74 % for testing data, which is sufficiency for using with the screening of

Parkinson’s disease by Support Vector Machine and Grid Search Techniques.

Keyword : Parkinson; Support vector machine; Optimization; Feature selection
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N
1.1 pilviag

TsAnn3Audu (Parkinson’s Disease) ihilsaidesmasanes sinulugenggseny wuls
Tuvsssnsilansuislulssmelne awmuedsafinnnnsdewvessadusramluauos
d substantia nigra einihilunisuananslauniiu (dopamine) luilagiudsluiduingu
widadsaungviliAensidenvesvaduszamdsnan esnmsidenvesaduszam
duilawAniuetsoiiloduiielsamnitudu dmalisrmenslamiviadumsdoussam
fiddyteluBesnisuszaumaedeulmvessnelndulusgisuiu fithedulsa
WsAuduTeflonn1sdu (tremon) 13 (rigidity) msspdeulndi (bradykinesia) kWagn15NTIA7
13l (postural instability) uazsennsiiiidnvamiu uiennisdnanidsldannsoliiteds
THuudninhodulsamsfuduviol iWeswindsdidnvanelsafifionnisadne fu wu
TspnAuduisy lsatoueatod (Amyotrophic lateral sclerosis : ALS) Tsagu@ssiu
(Huntington’s disease : HD) \Juu

TunsitadelsemsAudunndinlaerlunmdazidadsannsdnuse agae
1y nisuauamye aunduliresld n1sviesun indoulvdn uenaindudroradunauas
MIA9IRENEAILNITIINE MInTIalaellagnuensdunis maiadeulmd s
waeulmvsndunilelduni “LumimnawéfmmﬁaﬁLG‘ﬁImmzyﬁmmamwmwaeﬂ,umi

Fady MyItaduilasuliaziinnugnasausean 60-70% Wil Wieran153tadeNudug

[ v
a

gagudainsnsiagUietugenmeiesufiinisiverinisiuunlsalndifisseen louA n1sdnau

[

<

& ¢ ¢ a 13 Y A v & ' =
\Welunsia nsdndisdmeuiiumesaues myianssualnihinduiile wasn1sudesansiadl
et luuiuwadluaues myidadeludugaasiianugwendudou denanieldineguas
913ilNatNALIBNmENTIIvilasaan1annIsumg Aen1suszendldmatianisyi
willeadayaiuteyaniinisunmg lngadematianisiiasigvnlaaiududeundinisimmey
mMeatAwaznsavAugINtayawuuA g Jagtuiimsiauwmedalvie sdielunisindula
Wademensunmdla Senitmeliansifeusvedesosdng (Machine Learning Technique)
& a = Aaa av v a ¢ 1 o A Y Yvu o
Juwaluladegmianiinunananddemudygyuseivg 1w danesiu dulddndula
Frnesanamosiuedu lwddoudnisa laswielsyamiion \Dudu malianisseuiaes

wsesdns unaseTumnewis (Algorithms) aann1stideyadeu (Training data) dwsusaeu
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Bnsngnihanyssyndldegnsunsvans lunsimsengliuuvestoya Inseniuiliuves
Toya wazfnwesrannuiainteya In1sussyndldlunsinsgvideyasgiaunsvans Tudiu
nsUszynaldnenIsumdiunuvvanganu Nansitadelse Mne1nsallsa n1ssnwilse
=2 ~ ) A oA 1% ' ) e v
wazn1sANEINalAvedlsa MNITEUUATIIANNTEY Tieiials axdieUsevdaian Aldane
Tunsiunalufiediin annatafesiorannTuaINNsasIINRsluusuneuls wenani
fagaeiinANgNABIwBIN TUsEluNannIsumgladne wadansduwundssiandeys
< % [} v v [ I\ Ao Y :.’/ o A 5
Junszviunisadidunadanisteyalveglunguiivuauily & 2 Tunsundnfe Junauulsn
& Y ° v I3 ° Y ' v a a %
Junsadduealunisdwunussandeya iWunsinguilegadeyaiisenitteyadou
(training data) LUk unsEUINNNRIdanas NN sTLUNUsBIANTaYs Fanadnsilaageglugy
vaslunan1swun uazduneun 2 Wumslilunaiionennsal Weldeyalvaivzansy
ugld lnenstdeyauvihnisiseuiiguiulieailaannisiuundssinvdeyaasyili
aunsafsaneaaluteyaiida dldwuangulueuan weta nsdwunUssnnteyailla
ludszgnaldlunaienu 1w NM3InnguanAImMINITRAIR, N13ATIERUANNRAUNG Lay
a 6 & & Y
AFIATIEENIaNITENNE LTudY
nnsAnyIiateaseneuntind [1, 2] wandliiuindaunnseslunisnaway

a a a A 1 V1 fa [} @ P LY} r.:’llq./ fa [ v
AuRaUNRvesdeiUaeaninvawrieniiudy oaslunilsludiiginvedsansiuduls
AdedadimnuaulanUssendldinalinnisiseuiveunsosdnsmeiznis SYM uildludiuun
Joyalsansiudu uenanildalmihtuneumsanienauaudivesioya (Feature Selection
Algorithm) kagTunBUNTMANTIMNIZaNTgAYeINITI3was (Parameter Optimization)

| P A a I o 1 = > DR ° P Y

W3 WaliiuAuugwensHnnsseuslviuadeya wazilueanilulavaussuy
Clinical Diagnosis of Parkinson Diseases System Lﬁaﬂ/‘fﬂﬁwamiﬁwLLuﬂIsﬂﬁmmgﬂéfaqmﬂ

g9qu
1.2 A28 eVNEYBINTIRY

1.2.1 WeAnwiAafunsidouiveaniesinsuazmsynduteya

1.2.2 iefnwmsduunginelsamiiuduangiavammuni

1.2.3 1ileuuussuszansnmueamssuungtaelsansiudulaglindnnsdnmesm
nAwosuriuTuiuiunounsdnidonauautfivestoua (Feature Selection Algorithm)

LLazSﬁJumaumimﬁi’lﬁmmxamﬁqmaaWﬁ’lﬁLma'§ (Parameter Optimization)




1.3 YAULYAVDINIFIY

1.3.1 YszmnsusznaumengudUlslsanisiudu uasnquauiilaunainuni
1.3.2 nqueiegne 91w 31 Au wusdungusegadUaslsamsiudu 23 au way
NANTDIAUFUAINATINIU 8 AU InBusarALLUIYIIBIN TIRde N Teanydu 6 19

waziidoyasie vaenguiiegns vevumilu 23 wosvsds
1.4 AUEIAYYDINITIVY

1.4.1 fsgvuansaumAeatuayuNsneInsalasNsIdadennsAuduy
1.4.2 AN sRUI09ARNSIITIYINTINEIIUTEUUATAUNAN N TUNNE
WeaduayunsnensalvaznIdelsannsiuduleelunalridifinannisnaunaiy
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unil 2
Usiirdianansdaya

lunsfinnnisAnnsesthelsamifudulagldisdnneinnamesuurduuaznisaum
wuu n3easall tanmuanseululwiAalunisfine wnans nquuwazauideiinertos
Aaralull

2.1 IsAannsnusu

Tsanns$Audu (Parkinson’s Disease) fiflunande un.saud wi3Audu (Or. James
Parkinson) WeunmdvSnguiAunulsamsfudu danldideussusenisveslsamsiu
Fuduadusnasuunaruiidendn “shaking Palsy” 1yl e.e. 1817 Tutagdulsanisiudu
Sodulsarnudeuvesssuuusyam (Neurodegenerative Diseases) finulsvaandudusiu 2
seananlsndaluies (Alzheimer’s Disease) Tudnsndiuuszanadosay 1 Tuauiiony
10 65 B uly wemdfisnudosas 1-3 Tudfiongannndt 80 9 wesuéaiaiavensayglainn
widJudasdudsusuauunidusnulidesaefifien Tsanisaudu (Parkinson’s
disease) iulsamaanasiiinaneaduszavilunnsumiaindnismelaglinsvanmg
fwdn vilansdouszamluauesitein Taurdiu (Dopamine) fiusunaanas [3] dwalst
fUneflonsiidfey e e1nsduvaIzY 9NN (Resting tremor) 1adoulmsnanedias
(Bradykinesia) sanedian nudansa (Rigidity) LLazmsmaﬁmmmmama (Postural
instability)

2.1.1 aMmsuansranneadinvasgUlslsanasiudu

Jean Martin Charcot ¥15aeia Wupuwsninanideennisuanminainues
TsamndAuduldognansudauiia 4 agnaionin cardinal sign Suldun enn1sdu (tremor)
aMsudanda (rigidity) ean1sindeulmdn (bradykinesia) uazen1sidenismsesa (postural
imbalance)

1) 958U (tremon Fniduernsusnitdansdiulduasluszozisunsnasd
omsduiswuiresenie (unilateral) Tneduduiidendouansia pill-rolling Aeiledu
witeufutudinen %sLﬁmﬂﬁuLﬁaaQﬁq Supdoulmayliresdunazariionnsinniudioseumie
viaine1nsiaien wiasmeludlelinsindeulmviousundy Weernisvadlsaduiiuly
InTuITNUeNNIEUTRERRuYesanTe (bilateral) LLazmmiﬁ’u%qumewﬁu 981913

AmuUheenalifionnisdunieliii uillonnsduuiiundu wu awmsesuiuin




2) nénuilaudansa (rigidity) ernsnardilondandainainnisnnaiuile
~ Y 1 v ~ P & I 2 v = YRR A ) ° DR
fauRaiiundy gUigarionnsnanuilowduniewnumeinuamunilennisau vinlagdaey
P a Yo a v a P Y a
finswmdeulmuuudeiles lagasinsviuiiaslinaaaiunisvyueiles (Cogwheel)

3) maadeulmitias (bradykinesia) theinazindoulmvsevheslstias
1AgINALLANAULALINUATUNLDINITEUY SINTILNITHENIDBNNIENTNANAINLSENIN masked
facies ¥saNeawuudauABtlngnIgnsuntosas JUrsagldnauuneunazingouln
dieensanduluannTuagyilithesuinvikasneninulaenuauinnsinueuy
AdU°) WeYeLYind (festinating gait)

4) gaysdan1svmsesa (postural imbalance) dniinnasiionnsnuluuds 2-5 T
TnerUeazilidnuazvesdwiliulutiaii (stooped posture) aaden1snseda Wadn1suan
Tdhmtimsedslusimumga uaznisiin postural reflex unnses egslsinuitaelaisndu
a = :.’/ A A aa [ 1 [~ fa [y A N fa [y
Mgdo1Nsuanana 4 91013 eiazgnItadedndulsamsiudu eengUlglsamsiudu
naneseliionnisdulmiudaiau vanaintueiaiannsassalul 1w Weusutdaianas
(micrographic) §thelsannsiudu dindenisvesnsinuresssuulssamsnludfunnses
Wi U1a1elvada (drooling) @M sRuRIMEISNLEUAINNMSHRIEY (seborrhea) wazVia N
(constipation) @1aLARANTTANNINLNAUNNTDY W BlezinAliludei seldanunsats

v v fa o o A a ~ = a ~
ngagenld furelsansiududniidemeiiunaiaziinudedunsnalnuie) uazenadl
91MSHAUNANATN WU N52IUNTEIY TANAIIa uazduAs) uanantinisiseusuazal L
Yoe5thearanas TIUNuinlsnausddes (dementia) lauszunnsosay 10-30 Wuduy

2.1.2 5282Ua9lsANISNUAY
lunsinsgauanugulssvedlsansivdu asiinsldinaeinizendn
The Hoehn and Yahr scale (1997) &sfin1smuuanaa easalul (m1519 2.1)

A3 2.1 NNNSRATaNsERUANLTULTIMaznsaTulUvedla

szezd 1 | semeiaanuRaunftunisieasulmaluunn @y wau 91 9 U1aniiaraad@a

sezd 2 | SumefaanuRaundlunisiadaulnilannn wu USRIy 97 welduriaantnaues
A0

seee?l 3 | SuMefiaanuiinunilunisiedeulnivisasdns Bnnufnanenisgadeainy

aunaluNITNTII

seezd 4 | SunmefaanuRaundlunisiedaulmidusgrann wazlunislddinunddeslasuy
AU DINFIUNBU T

szeel 5 | Sunsanuiaunflunisedeulviluegiawnn wagdulvgjinizeguufsmsouy

sodu veseo1aule alasunisguantelnade
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TaevhluguaelsamsAuduiiogluszesi 1 uas 2 (Stage 1, 2) 01M3azlaiguuse
warliifinansgnunonsvhnunarnsldtinuszdniu enaludndudesiinisinw lussey
7l 3 (Stage 3) mingUelalléFumsdnm flheasyinuuarldinusss fulddwinunty
szeedl 4 (Stage 4) MaViAINTINANIY WAUININATUBN uazFasnsmLTIBIARLELIN
Fu aliannsofuvteudiededld Fesududedldsunssnwanntu uavsvesit 5 (Stage
5) Juszezgavinevedlse WneTinvesthudiulvgazeduuismsesaduiivsegaie
FodldFuamnutiemieanaudusgnasanan fiheliamsaiianssusingg wsld fuasazlsl
AvuRBUALBIHaNT WY Insfionsveslsaiimssuiulusesunn

2.1.3 MUATInEY
meitadelsmnsAuduiulasUnilédnuazenmsuarenisuananeeain

< [ ! =2 & v & Y & ! aa o a a
WUManN LAINNIIANYINALATINDUNUNU [4] LL?{WQI‘VTL‘WIJ'J’]ﬂ?i?ﬂﬁ]ﬂﬁlﬂ’]'ﬂgﬂ’ﬂmﬁ\lﬂﬂﬂ@

[
v Av

= v fa o < =t fa o v v ! e <)

mudeaynvesgUlgnisiudy Wunilduimyinvedsamsiuduls dauluduiifesdu
WiauensItadunzanuraundmadsse Aldluniansunmg

= . & a o o a va 1A o a o i ¢ v v

deoann (Voice) 1Wudsddynuyudlifnsedoasiu Aainsene vewyudduld
= A a A [ Y a Y a3 o § val o a 1A
deaieasiedoandunan mnifiadymlunsldidesnsvihlvddymiumsvihaufasedeans
Tudseu dslunsitadunneanuRauniviadeayns (Voice Disorder) Faludsdfty deamn
a dll = ' ] = o9 ¥ v o Y a o
\inannTsindeunvesauanUensundaddess auvlAduldes (Vocal folds) duuaziinides
Inedesiifintuasiumeiuaevies ayn wasln audadu “@eome” fsuanulaund
mMadeann Jelauntaymiediu seaugewnuandss AU ALY LaTAMAINYBAEES
Uadednu n13ms39319n18 97 il dgs nsuanseenn1ad@nt Ravids duuw du
gueaundizdiuynna Asuziazae A1N150YILERTIIVBNALMUL ANUEAUNGR JUT19vewUe
wiu dhntninnvisedeaiuly wie fuseiRuminuasuulands flsauszdrdvselsndnng
a1V liindamdenmuninvesdssla

Tutagtulatinsasenismaaeudiey Juanmnuneiveldlunsusediunislddss
yasjanunevdnde nsindesliluing navesilsidunsmeaeuides msazlasunisudana
muUadesineg deluil 1wy luguvein1snsedu (stimulus) dyanual (token) 11953n (measure)
wae gunsal (equipment) ielimsussdiuweiedwiastimsmuaunvegeulae 19luslnaea
ey Turewdsunstuiindes n1stuuedUoe wazanmwanden Mluinasgiu egdlsiang
Aunnvendeaudeyanatedia Inevluuamnsindesduinalddinvaesin wu aanm

% =

(quality) 14613 (loudness) wag seAU (pitch) asRUsznoUTBIEYYIaLdsIlamIsausnta

A

Tneldloratawmaila asrusenaunuraula tawn
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AUd (Frequency) Wunsiafidudiugnuieniunisieszmdes
Frequency AoAanudvesnsduasiiieuvesdygrandes iWuswiusevd o lngayindu
IUIUTOURDTUNT Y130 15801 Hertz (Hz) M13Tuivesmnudiliseninseiuideanse pitch
Tupnuduasedl vaneqdadeiifinasenisiusvesseauidss d1AnueAiuNINTUTeIuAaL
< . ) 4 ¥ X ] .
50U (lower frequency) azslu lower pitch ka¥AIAIUYNIPAUFUIUVBILAFLTBU (higher

[y

frequency) fagtdu higher pitch msfsiseAudssiuasuulasly wse Faeseaudesgninta

Y

' ¥
a a ¥

I Yo a a a o § v [ Y v a da =
ﬂ"ﬂ%LﬂﬂEﬂﬂ75VIWU1@U@81Uﬂ']'33ﬂ'J']3JN®UﬂmVl'NLaENWuﬂ LLang']I‘VW’\Iu‘hJLUUﬂQQaﬂUﬁQWLﬂ@IGUUIW

= = ' =
anudgag uedglunsya(fundamental frequency) uagd9AUDgIEAlUNTEUIUNNT

a v A

gandeena (maximum phonational frequency range) Wu@fid1Anyfigniiisn 9efoInsIam

v 9

Y 1

ANUATUBYEWANeY Ilkadar1ANaUNE laun ANY (intensity) F388139N131A (speech
sample) Usztnnuesdse (vowel type) 818 Lag Lne

v . = v a 1 1Y) v Qj ) o =

ALY (Intensity) Snanstadeiinasnaanuay anunvedsaiuladends
Mneiuaune agTaduseauausudes (sound pressure level) Tu wiae decibels (dB)
Ineldla3oeile sound level meter %38 acoustic analysis equipment NM3iaRsnaATadY
44' 1% ~ v v PN Y |
DU WnLABIURs lAuA AR (frequency) @5 (vowel) A9819N1TYA (speech sample)
gunsal (equipment) szevinasenIaludiulin (M5 sound level meter) waz W@eqsuniu
nsinilduaefe average speaking intensity WAEAINAIAR WATLUIGATDIAUL ALRGY
v Y a 1Al = Yy o I3 i a
vosluguglavnausyneg 70 dB fawiariinnuvainvaiglu nsaununnay Alade
drulngazilounin 60 dB auivedsiloy 110 dB n19in AdNvesdssaziuselowilunis
venliaulduazauluaseuasildladunisanminunsas desnuvesluauld Parkinson's disease
= . . . 1 vaa = |
38 vocal fold motion impairment wag¥igszyauldnddamnisyaiung danudesly
vocal fold scarring 39 lesions
Jitter A9 ANURULUIVDIAUA (cycle-to-cycle variation in frequency)

YUz shimmer A AURULUTIBIAIIUAT (cycle-to-cycle variation in intensity) N30
ANUAULUTVBY harmonics Yisadayay1aisunIU (noise) LAgnUuIHEUNS wagsIaIan1Tin
A a v o o A o Yy o o« =
a1 lumanguiudinsinanuiullsvesnauldesrvaanadsiudesiumu (roughness or
hoarseness) watunaujifsrinnunmdedlalivuueunasdilifivviosolunsiniiuugn
lumsnitiaduniganuinUnimadssmadagiuillsunsuntealdlunisudsuas Fo,
jitter, shimmer, NHR ’ejgj 2 TUsunsu Ao Multi-Dimensional Voice Program (MDVP) uag
Praat 9 nnsAnwfEuInlatinsiUTsuiisuvsasdlusinsu wailawuiiwann Fo visdes

a1 1

LsunsulaenlnalAesiu dunar1ved jitter, shimmer, NHR Wuluswnsd MDVP qzdl1gend
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a a

nsUsziiiusar i mdss asazuaslunaiey wiyunszdeadud
dudou uarlddmsuinmedeans lunsiasyidsuadunsusediu 3 egrede patient
. = 1 ady ca LY A a [
scales perceptual evaluation, and measures FaLpazIsIANNUATBA99 NULAEITDY
= o & 1 a a & v v 1 a o ad v 1 ol = v 1
Feinduotedanunndgoatilaneunaziinansanilana 153an0ee Wisuaiousitie
™ v ad ad a Aaa o @ v 1% a ad Y d
wingllinisIaslvuasinenaian Iudusedldnisussidiunates FBsuiulagnisiden
Bsinegramngan nsiaunasgunsindesdaludsdfgiiavinlig nsiamn
ANNEINTaveIwmdLartinidelunisiinladusvesuyydogadosn
2.1.4 nseanuuunalnitiany
aa o < 1 v 9 v v A aa o a
naln3dadedudiuvesseuugeivynldveyaluguanuiiiensitiadunun
ABIN15IUNIRENUAIRDY YiseunIzmaAmeuliladuiioswnanguanuiilimeme
ie1vzuUsnalnifadeesniduussianive 16 2 Ussian fe
1) Ussanilirmeufiunandulule vie Probabilistic fhagliifeadesiu
1 a a 1 1 ,éf [ YY) 1 = 4:4'
Auduasomesssund drulvgasiuegiviseneunaiuegadeenvsswlsiuaeuluny
deruvsoTaussauld MegrevainsliAmuinwmerdndnegluussinn Probabilistic TuAe
= 9 v & 1 wa wa 1 & a A 1 = av v ' v
szuuigausliauiiud dllauaudiegulasaviiendnetals Faildvungaiudnaedes

[ [

ussuanely wiladidegstoyalusfinuiudrin flagniidnvauzdngtd

o

nasidugnussau
°o < = ]

AudEsalue TNy

2) Uszandilicmmauiuiueu w3e Deterministic \ulszinniilidneuld
wlusunsarsuivvzwiveu dluginazduldymninedesiungsssuriniannnuiuas
=i a [ | sa M v Y & v S 8 o _—
Panansafigadlaudueuy sapudlslilamsziiunun Wudu lund “dunun” e
AuANYaEvsoAttribute @ “soaudillle” \Wudmunewie Object lussuuligeisy
agalsinunalnifedens 2 Ussanilamnsaasavulivaneds dwsulussuuditessnyiis
e & | ada
Mluituguey 2 356

(1) Backward-Chaining Method #3® Object-Driven Method nalnd sy

N15IHRBLUU Backward-Chaining Method agt3usuiiidnnunenis Object kalR9neeIal
MrAumdeyafiazativayulndmuneiilussa (fum Attribute Magativayudmune)
Ingszuuazsuniduiiveny negathmnglundym andufasinisawldneuiugly
ez teyaativayulinseiuilaseyliludiumsvaaingiveyanatvayudelatonis
Linsafiudrumnsveang ssuufandeuluiingsely tude szuuiazgduthmnelvivestam
Faszuuivenenenuaudeyandlissuuiiieativayudiumweing Bniguau 1sagiiui

v d‘d

M3viuvasnalniidunisyinanudoundsssdenisenin Backward 1ueq
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(2) Forward-Chaining Method #%3® Data-Driven Method nalnn1sifiase

Bilnsstwiuisaldnanundfe uuitsGuaudidmmnowdmeomfundeyaiile
auayutihmnetuisng Forward-Chaining azmufmuangléudliusslominneand
Tlumsmmadudigithvmne dafunalnitadeiadunnnsmdeyaudidmensiuiiagdum
Hvanefindesestudeyaiildunitu diternsld Sdhwnuasthndesmunduie agude

gradululainduldnialvg Dudu
2.2 maviunliesdaya (Data miming)

waltimasmsihansaumangaedsznaunsindulalunuansii q dunty
wivneaslilanansoadeeansaumaiinsiunudesmsvesednsly ddussinssng q dawlvg
Igfnsfutoyalfifususnninefideyameariamsothanldvsslondldinnudlides s
gnianldognenieds msviwwilesdeya (Data Mining) \uismsuilefianansathandeya

wiandun g lminUselewd

v

2.2.1 Henveaviliaslana

Y

U L3

Data Mining [5] Annifisydadineaniuimualifie nsviuviloslaya Famneis
N3ainnseinsIe Aumdeyaiifenisaindeyadiuiuinle visena1dnienila Data

.. & a ¢ v ay v =~ o v v

Mining fia 4 Software JAsizvidayafllignesniuun e ssuUaTUaLLAINABINTVRIRLY

TumsAumdeyanaesnsandeyadnuiuannladgniu Philippe Nieuwbourg (CXP Information)

va v Y A

na13bidn “Data Mining Ao wadiaddldanunsaufufnislalaedniuifdutoyaluddn dudu
PN ' Yo v sy Y Y Ao ' o do w A o « @ wa,, A
nsiiuAue Iniudeyanil” inUseleatneiuiimegaumndids Ae Ausn “onluda” Ao
N3¥UIUN1TYINAUVE Data Mining A¥vina1uLes Afiaes “deyaili3dn” fe Data Mining
v =

awlivssinausdeyatagiuniedeyandliteulvivintuudazUssaianatoyaianunni wag

U

v « a Y = v PN My 5% aa & v A Y]
aavine “iinameA1” dunineds Jeyanlaldlddusadeyansadn uiiludeyaiivielusedu

Y

v a

fnaula
Aatumiiesdeyadutunseuiunmslunisdumanuduiusveguuuy wazhuilily
ndeyaiiivsivrliiliuinnunn nsadldneianadifvsomaianaadaaans

[
N o Ya

wenniifaliftenunieoyaliBnwaneiieny wu wilosdayadunisium Insei vise
aanadaudlnd andeyarnalngdeeradunsiumsuuunie ng Taensldinada

yneadn yndinanansvdomaliamaineinisnenfinmes viemilesteya Aon1sndunses
asaumaiieglugruteyavuielug laeldimadansisoufveaniosing nanfeismaia

Wnsadamans Iinegiudeya wavnisiansdeyaluguiuunenusig o [6] ande
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nsvinilestoyasvdiglilaansaume ng vsesanuilu winsvimilesteyaraudns
geenuazdudou Fallanudndusesilusunsupsuiamesintielunsiesgideyamu
Matlab, SPSS, Microsoft SQL Server #selUsunsunsainiagnsndneansaingg Wudu
faifmiiodeyadiamnsofaulusunssdues etuldlumslinnesiaddie e
Wivuitsufumsinsiesideyamelusunsuainau wu SPSS, SAS ninsizsiteyasszied
Judivuadnzdnnanvaglanndeya wazezlddoyadiulatng us Data Mining 93nseii

Tupous1ee wanidlilaednlud@ lUsunsy Data Mining JA1uanunsafiazAum Ll

=

sUkUUII vidodnunzBug Thinauls Taghidesianinisdsnunnduneunntninsgideya
uazenaazanInsadunudnuuz haulanndeyatsiniinszidoyalsildmeannesnnou
uonaNil Data Mining Ssfiauinnsinsainssuudidentng (Expert System) assfigiuanug
184 Data Mining l#a1nn1sduasizsituaindeyalaenss annsauiuupgiuemiuivosiaesld
SaludRnudoyalmiildsuiiatu Swinsnnssuudidorngiguamudgnieudunlussuy
uazaAsegdutiunaonmsliny
2.2.2 fawuumsaiiunisvesmilosdaya

doswnmesiniiestoyadutunounilaiiddyves Knowledge Discovery data
(KDD) &1 KDD Aonszuaunislumsimunuasiasnsuuuuiidaay Wussdaiuilwidd
Ustlovinandnlaldandsiideusgludeyadiluniniszney 2.1 suideilldiauesuuy

o a ‘:l'd o a a :.’/ [} 1 z-:‘l’
ATANUUNITNUAIIANUUNITLNGS 7 YURDU [6] samalull

Interpretation

data

o’
=
o2
[
13
.
o
=
&

evaluation
7 Data mining
Transformation 2 \\
\ AV v d
Preprocessing \ \ ’ £ :
Selection \ AY === | & ‘ i Knowledge

\ - 1 ), 8 =7 & 7 :

r )\ \\-:- Nt E::’? - ~ i Patterns |
\ / ) |

- j :)> N— j./ o ! Transformed | /models |

S S~ Preprocessed data | '
4 . :
i I

AnUsenau 2.1 Knowledge Discovery Data (KDD)
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1) fnuadnunrresmjaving (Goals identification ) Usgnaugae s
fngusvasdvaanmsviimilestoya (Determine objective) danmusiinaudsa (Define
success criteria) Usgiliuaniunsadluaumnge (Assess situation) iquﬂmmamsﬂumi
andulavinvilostaya (Determine data mining goals) 3MMuNUNTYIIMilBITaYa (Produce a
project plan) Maziiudayameisla uazlddanesiiuluu dunuvasnisanduns nsden
wdesfleldlummiuniiestoya msfudinwvesiTersy Menaurunsiansmninens
LyUSUATTTNEINTYBI0IANT TITANTNIURUMITI TN IaENTUSUUT TR LIRS
Anfiunisiasand Ineardun1snnunusseze

2) msaaandeyaidmung (Creating a target data set) Usgnaume
nsivuanandRvestaya (Define success criteria) 83U I8azIBEnvRIUaYA (Describe
data) N13d1539%04a (Explore data) N13MTIRABUAINYNABILATAUALYTHIVDITBYA
(Verify data quality) L‘flumiﬁmumé‘hLLUiﬁﬁ]ﬂ%ﬁnﬂLméﬁaga Im&umdqsﬁa%aﬂ?uawiﬁmwm
ASaUBYAZIU TOLATINTT MTRNUALNUAT 9 19U uiliauaUsedin (Spreadsheet)

3) nawisendaya (Data preprocessing) iun1snsrsdeudayalignios
wiewuduitoudoyaitligniedimamudeuiifeyargninlulituneunsistendoya
Uszneuse msfnidendeyanvziiunld (Select data), msvivarwazenadeya (Clean data)
Fadunszuaumawdsndeyalivmnganiigaiieiiluliludunousioly wu

3.1) wilvdayalvignaesauysal 1w nsunluAninavestoyalngldan 9
3.2) Viudsuteyalitiafivnzaslunisdndula Wy teyaiiie

“win” waz “1il” erawdsuandy “vndfdusagy”

5%
b4

3.3) endeyalanzdiaula 1wy desmsmdnuargniiivesauia lainisi
sedentinauneduifendes
3.4) pedutinfmdmiunauanduanfie 1wy “doyudlng” vie Aoduniid
Aliitiuas 1wy “waneiavandn” limsiunldinsglianmsovensuuuuvestoald
4) nsudaadeya (Data transformation) iunisyilvideyaegsuiuy
s ndusineg Ssiivanememadofiu msuiuasuguiuudeya (Transform data) 1w
thinsdlugiudoyanidensedu sureuiifudunouiidrdapnn Wosmnemiugndes uay

o
o 1w

auysalveNaansanyeduegiuininiaeiveyatudndulamvunlasiasiuaziaue

anwaurvesteyanazlilunisusviianasgnslsegnals nssudsl saulufsnisvii Data
Recording (M3dmuiudaya) wag Data Format Conversion (Usuulunisuiastoya) oy

[

. . < Y] < 2 Y} 1 ¥ dy
ANskUagLIAN Unix timestamp LUuL'Jmﬂﬁ]quuLUumu VOUNFIDYNNIILUAITDYARNIU
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<

4.1) Data normalization \lunisuuasdeyalnenisiudeuteyaliieglu

1%
1 o Y

sULuUIasg ety Wesnndeyaniladianimdn (Weight) liwiniu Fsfianudnludos
nsUsuteyaliduinmsguieniu FaduisnstienisiivanudissesiGouiuasiiieln

aglugUumsgu Weliudeyaiadaseuieaudideannsateyantdluldlunsitadusely
adq . . IS ad 1
75113 Data normalization Una8I5LYU
. . < ¥ ¥ Y} | % a

1) Decimal scaling Llun1smsteyameiiiay lagdiuunndiauiiie
W stuagldiavenmas Wy aus3iteyaunuaztesaglugac - 10,000 fia 10,000
assesnslideyasgluyis -10 G 10 agdeel 1,000 W WNsnaeAnNUaya

2) Min Max normalization \Jumafiafifesimasgauazaingnves

Toya wviliveyaiilaeglugie 0 uag 1 InediansnisAuinasil

originalvalue — oldMax
oldMax — oldMin

newValue = (2.1)

3) myhlviegluguaziuuinnsgu Z (Z-score) lngfomstuanaiy (W)

[V

! N = ° &
LLagﬂWﬂUUL‘UEJQLUU@JWWiEWU(G) Imsmqmmimmmmu

originalvalue —ende

(2.2)

newValue = ———
mmuwmmummgm

4.2) mswaeuviinvesteya (Data type conversion) imaliawnilaadeya
vwlialdanunsniwazideyailufoyadinguls Fssasihmsudasfoyadngulnludiuay
Aoun1sundeyaluliasiey

o P v .. ) i o Id
5) Myviumilestoya (Data mining) vietumaunisastawuudees Lluns

a a a ° & v . . & a
La@ﬂLi/lﬂ‘Llﬂ‘VlLM&J’]%E&JIUW]W]’]LM&JEN“UEJM“@ (Select modeling technique) U19ATIEINNTALEDA
danesiiulavaneds nsiuuaindeyaladudeyanassuasdoyaladudeyaildlunismaaeu
HATNS SIUTINTIATIENT0UA AMUATURUUNMINAGBUNAANS (Generate test design)

Y ° a o a A v oA A
anuuuiasmunaiiafiiien (Model Building) nageuaugnaedlazAuutoiioras
WUUTIADINET19TU (Model Assassin)

6) Nsutanatazn13UszLiiuNa (Interpretation and evaluation) Usgnausae

nsUsELiunanlaaInnIsneass (evaluate Results) 9193zt dun1sUseliuMUUIIA0INAS 197U

> Mahasarakham University
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fhensaenilUldiuanunIsaitsaiiensivaeuUseanEn MusswUUTIans NSNUTIY
NIEUIUNTT (review process) 14 Fuduneudnlulunisindule (Determine next steps)
Hunsfinsannadng anduneud 5 'jﬂaflmiamauﬁ’]mm%LLﬁﬂ@ﬁﬂ%ﬁﬂ%umauﬁ 1 3ol
sinaulatnagnsyvhiduneudl 5 sell uarsmdsnisulanalulsglitoyadila
7) msu Wl (Taking action) Usgnausie urunistun1siluly (Plan the
deployment) uay agunavasnsvaasd Woasnnuiiuinazthesdaudldluly esdanud
duazgnrmdiuszuuildogsu meaisszuunenuietuosdanudild
2.2.3 wuuviinvasdaya
Tuﬂﬂiﬂ/‘l’wmﬁaﬁa;&aﬁ'udauﬁlu%éfaqﬁwmiﬁﬂm’jﬁagaﬁ%ﬁﬂmiﬁﬂmﬁu
Hudoyauieln Feazannsnidoyatuluhnisinmeildediegnies deil
wuuviinueadeya (Data Type) fie vilnvassnuusiiliosuredoya msld
fudsesuedeyamunsaldfuusidfou 1 fAuly Muusiivaneuialdun
1) duwmes10a — anaisuida (Interval - Scaled Variable) fia fiauus
famesiufinredestusens 1wy dawge dwiin gumgll WHudu
2) luu3iseida (Binary Variable) fiAussduusifies 2 @n1ug Ao 0 e
1 ({0, 1) Tpeaniuy 0 D %@Haﬁlﬂﬁuﬁmﬁ%mi 5uﬁ 758 AanUshiden wavanuy 1
ynefls Joyafidwesiauustug og fregratu Wiuls “smoker” o3uneds Fogadiae
wiazAufdudsiifiandu 1 asvatinduisautuguynd uidndu 0 ssvdgiedulails
quys
3) Tudiuoa11i5eida (Nominal Variable) Tufiuoaiieiiaszadaiefiuiu
Tuwidndodansiiimvesiulsanduaniuy uiinsiunseiilufiueannSedaaunsodaoius
1a1nA7 2 d@anuy g1ty AaUs “color” @1uNsanuualyid 5 @a1uy oA {red,
yellow, green, pink, blue}
4) paausanzeLla (Ordinal Variable) safusaisuidanansdululiuea
MNiFeda WgRgn uzrasiulsLuvsRueaITuLdavziinIsInaIfunlg (ranking)
feghau fuds “professional” Sanuzdail HYI8AERNI19158 (assistant) 583MANTIT5Y
(associate) warAans19138 (Full) Fasmunaauzlifuusazdenduly audsu
5) lwainaiidewda (Ratio Scaled Variable) Wusuusfirnvei
Juananndsldannsiavuanalidady (Nonlinear Scale) 1wy anaendluuuuiiea
(Exponential Scale)
6) Mudsnraeyilananiu (Variable of Mixed Type) Iumm%”'ﬁagawﬁa

gnasuiedeyalagldmulsanedmateviianauiu duilikuusiadeyaduwuunan
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2.3 wmallAN13138u3va4ATRe (Learning Machine)

s

WEINIMIUNSSEUFvRaAToLAulnlUNTaN Y Aumansaulyyiusehivg

g1ananliiMsissuiventoslinasudyasue veslygyusehvg wantinidusineli
auaulalunisaiaesesdnsianunsaseuianteyals Jasufnwinisseuiveunssamanyq
38013 Nlesunmseensulazautdeuunn wu lassnslszamiiien wazluason ladnis
AnAuliwaladumluanuannismsadfmans luaudenisimun3snstiveraniunan

1 ) (8% aa o [ wa ' < U a v
ARzl tnsmglumsvssendaunitadelsadnludd egralsiaudnideluansy
Uy useivggasounsurivnlianuddgiuassnamansuagldisnisnenisunuaiiug

1N A lndyyruseivgisulendioananniumansnsitousrenaIe NNl

o9

Y ! <, = = v ! = v o
mﬂwaﬂmimmmﬁlzLﬂummﬂﬂumimuazmawwayja moulul 1980 JEUURLTEIVEY

Sulaniuluaeveslyarussivgaunungavesnslidvdnada Tanidumunsiseus

1% o

L%ﬁéf’zyﬁﬂwaJLLazuuﬁugmsuaqgmmmgaaﬂm 13089 IUNAYANEATAIUNITIUTUATUATING
L%qqﬂﬁsié’ﬁaﬁ%ﬁm%um winumuadRndsdiodndunuimunnuenavivestleygyUssfvg 1wy
ns3TuuLaEMIAuAuasauIna dnidvane g useiviuasininermansnauiines
IFhanuisesnlaseeUsramidedlulunanioaiu wiaddtnadarmansuinu Wy vy
goUTlas 1win lswasnsn wazannde Susufidsimunlaseaussamnidiousoly aunseis
IGEunundnnsnsunsAudaunduredasenelssanidioy ivssauninudndaung

Tuasewn nMsseuiveunIasiumsimilaseyadnaliisnsvilous fu wazildiu

v
A

auieiueguiuladn dafunnaassninaesmansife
= 1% - DA 5% vad, v Y &t va 1%
NN3158U3UeNATRY uSaIneInsalteyanANENTRT'S ua NS a3
WNToyAYRHOU
o = v D v wa sy 1y, v 'Y ] P
nsviunilestoya Wussamsaumauaudin s andeyailaun na1aldd
Dudupaunsinssiitedum s lugiudeya
dosrnanitidiumuingriulives Ao Maviwilaslayaldisnismnisseus
= K% = = ' 2 v ] = % A 29 vax
vouATes wisinagdidmnelulanuansseenluidnies diunsiieudveansesnlditsnisves
o a4 v ' : = % gy 4 = o = 9
nsviunilestoyauseene wu msiseuikuuliiidaau viietunaunswisudeyaiieusuuss
ANNYNADIVBINTTIFEUT UspATINtNInmmansnauassanuiidmeiumemana i
UsgdvinmueanisiseuiveaaiosinazdTuminianuaunsalunisy Anuiunees
TuvaeiinsAumanuikasnsinmilesdeyatunyuadidghenisaumanuinlisunney

mniimyinUsgansnmaindilisunneu IBmsteuiiuuiaeuveinisiseuireunied
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2 o 1% ya vas a 1% =K% 1 = = v - o
fAdnaglvinalanniinisleisnisseuiuuuliififaeustafied msseuiveaasasdaiining
AREARTUNTMANMINENGA (optimization) Tufie nsiSeuiatvedeinazgninlvieglu
JURUUYRIN I ANItReNgn vesilandunisandeuisegiaindeyayadeu Hendunisgade
vneferuuanaesznIdsiinensall ifudiiduais
v o o = 1Y a4 A o =~ . & =,
vandAYeINIsiseuivenaIadfe nsililumaiiaiy "WJusssund' (seneral)

& caly v o g v & a £ & o g v ¢ A
nTuanyszaumsalinteun nsvilidusssuvdinnduilasiliasesanunsang nsaivse
uiudegedeyailineiuinteuldsgiuiugnunniuy viesideyagnaeuiu1ain

| v o Y v o = aX P v o %% | %
nsdunazdiSeuFazdevilumaiinnusssuadu ievsldvinniswensaldeyaluis 1o
9819nNABATIEME NITIATIEMTIAUINYDINITSYUIVOUATEY Uasn1TInUsEanSam

naseus Wudnanvmilinddveinisaeuitunesanevged n33ndulude nguinisseus

Y

(%
a o v o

Badan egnslsianungufilianunsesuuseiulssdninmuesdanesiiulinszdoyatiu
fiduazeuandnnulduduey wivguifauisavonveuwnuuauuRzdulan
Usgansnmuiageglugidla uenanfitninenmansauldaladnuidunumaiaiuag
anuiululdveinisSeuivenaiaineg lnemsaaniteindululdlunsdeuiiuagsies
annsaseuslalunanindludies
2.3.1 msduundayauasn1svinung (Classification and Prediction)

& P Y 1% 2N, Ao v v

Junszviunisadidunadanisteyalveglunguiiivununly Ussnaume

(% a a o ! av v o Y1 v
nsnsIRdeUinyzvesdsiiaula uaziludaaa (Class) Nlagninvualineuuds
msduunUszinndeya WWumsinUssnnvesdayadnaivesnadnung (Attribute) foe1agy

U | v a ! a a 1 & a v a A 1

nsdanguiniFeudn aun f Yunas lalagiiarsanandseauasnanissey v3auus

Uszinvwesgninindedeldviolillasfiansanandeyaiier
Tuwadldsuundeyasondunguauiildimualy astuegfunsinssienes
Joyannaad (Training Data) lngiiayanaasd (Training Data) inaeuliiszuuseuiiniiteya
Taeglunma (Class) 1 wadwsildannsisoud Ae TumadausziandeyalClassifier Model)
Tueadl anunsawnulaluvangsuwuuiu Classification (IF-THEN) Rules, siuldisindula
(Decision Tree), Mathematical Formulae s3alassungUszanviizd (Neural Networks) hag
whdeyaduiimdondoyannass (Training Data) 1udeyailimasaou (Testing Data)
Fadunguiviiseesdeyailliveaeuiiazgninnisuifisuiunguivanidanlunaiie

naFeuANgNAed tneazUulsdlumasuninglaranugnasduseaunuimels ndwintuy

detldayalmidiun sthteyarulineg lnglumadzanunsavihnenguvesdeyailld Fanada
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flilunmsiwmilesdeyauuunissuundeya (Classification) fldfulutagiu Iéunduls
findula (Decision Tree), TasstreUsvamidlon (Neural Networks), Sumeuisnismiioutiu
ﬁiﬂﬁﬁ@@ (K-Nearest Neighbor : K-NN)
ﬂssmumsaﬁu,uﬂ‘dszmwﬁagaﬁfuﬂqaamﬁu 3 Fumou
Funoudl 1 msadrdluma (Model Construction: Learning) Fudumsadn
Tuiea TasnsieusaindeyadildimuaaaliiFeusesuds (Training Data) Blaimaills
anauansluduliiindula (Decision Tree) Adnslassadeiulyl usaginun (Node) uans

[y

Adnwazusaviuanralunmegey wazluvesrulddndula (Leaf Node) uanaaia
o Y2 Y vyvy a ] ] 1y a I~ o ° o
iwvuald Feduldindulaierenisuiudsudungueanisvinisduunuseandeya
Tupaun 2 N1sUsTInaANgNAaswedliina (Model Evaluation : Accuracy)
Dudunisuszanaaugnssdlagandedoyaildnaaeu (Testing Data) Finataiuviasives
o g v & o = = Y = v P v
Joyaiilinaaeuilaggnihuiuieuiisuiuaaianniunlaain Model enaaauninugnsios
FJumeudl 3 nslaulima (Model Usage : Classification) \uluinagdnsy
TdfudeyanldineWiuinneu (Unseen Data) Iny azvinisinunaaaliiiuing (Object) ludl
AN seviueA19eNLININABINTT
anwarveINIIUUNteya (Classification) Wuilsfsmamvuafioanindaiauii
AuantRnnaareglutule win1suszanmns (Estimation) Wunsusadiuiliaunse
o 1 =] va o 1 Y < [y [y | aa o A = 1
MvuaAmsenuaudinnaniitnulunsianisiuaniinalunisiniseiiies wu
msUszfiunelivesnsaunsh mslssfiuanuguesuanaluaseunss Jusu

n15viunY (Prediction) wileufiun1sdnuunuszinndeya (Classification) uay

n15Usellu (Estimation) smv’iud’]swaﬂﬂsﬁagaﬁgﬂLwﬂé’mﬁﬂﬁuﬁgummﬁuummmi e
nginssuluemanviensviuneaiiasintulueunan deyalusfnazgnadauliaaton
Wiovhuneviessuiedsiivsintuluounanity maﬁmwﬁaam%amaqgnﬁwzL“f]w:viﬂm
0UTENaNTIANAUAT 10 %
2.3.2 FNNBSALIAABILNYTU (Support Vector Machine : SVM)
Funasaamasuuvdu (Support Vector Machine) [7] Wua3asfiofildlunis
uuntoya 6?5@Lmﬁwﬁﬁﬁﬂﬁﬁmmmﬁué’ummiuu%@;@mmGfl,my' Tnendunszuaunis

aslunadnuszindeya (Classifier Model) atiglunmsdnduladmiunisyihunguualiy

' £
I a =

Joyaoraintuluswian Falunadausziandeyaninanifinluainnisaeungudeyaiiegie
a | ¥ .. 14 [ ! A o v A Y @ 1 I

Mi38n31 Yoyaaau (Training Data) Iieglunguiimuualiiewansliliuanuuanad19sening
nauvesaya (Class) naee Weldeyavsiidiunluszuy Winadnussinndayaninanivei

nsUsTIaNakaraunsavingnauvesteyatils adanisiuunyssiandeyailauily
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Uszgnaldlunangau Wy NMIInNgugnAmMINNISnAIANIIATINEUANNRAUNG wag
a L3 § ¥
NITIATIZINNNITUNNEY LdUAU [6]

WrsnevaIBEnnesanAWBTRIYTY Ao NTEUIUNTADUATEILUUIIHADY

Y

(Supervise Learning) tielianunsaasiadidaussinvdeya (Classifier) Nfiaanuiluialy

[V

(Generalize) a4 ufpasahnulafAiufeg19ili3dn (Unknown Dataset) e

' '
Aaaa o ] k%

nsyuIUNsUSUUBUUYaYaIINYayanilifnn (Low Dimension Dataset) Uuiuitayatiig

Y

(Input Space) Weglugluuuvestoyaiilifas (High Dimension Dataset) Uuituvaya

Y

AndnEaly (Feature Space) lagldlandulunisuuguuuudeyaniseninileidunesiva

(Kernel Function) #smnuanansassnanidiglinisasisiidaussinmdeyasisaunismasaes

[

(Quadratic Equation) vununideyanuanuuzlululdievuwag anudaaulunsdn

USLLANUINTITUAIY UBNANT FIIUSLNNTOURNAAITHLATIAS 1B UULEURNTS (Linear

Y

v v

Classifier) waganunsaasaiufissuzvinesenieiidnUssinndoyaiesiuaflnananveusiaz
naudayalaunnianieuszaviainlunsuenuesussnnvesyntoyauiasUssnmesnainiu

I = v oa o i a i i v cs' .
DYNUALIU FUAUNNSAUAINGTY QNLIUNIN TTUVLUWIAVBYANLUUNEEN (The Optimal
Separating Hyperplane) lngnannistunisyianuiieduunyssinndeyavesds

FNNBTANANBSUNYTY ENLNTALEAINIUANUTENBY 2.2

AMMUITNBU 2.2 8an037NUY Support Vector Machines

¥ Mahasarakham University
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Tunsdinsdauusngudeyalagldszuuuuuliidudunss dnnesanamaswuyiu

svorfiemannisvesnisulastoyanniiuideyaindi (Input Space) liluiiuinuanvuy

' ¥
SAaaa =<

(Feature Space) Niilifgeu namUsznoy 2.3 uandliiuiawwfavesdnnasaiemes
wBu FohmauasdeyaillflunsSeuiuuulidadulydunneiiuiinudnsas lugtu
Wuilsiduinadiua (Kemel Function : @) uaza¥eszunudautsdeyaaeangulddiian vinlv
Aaduveuiwanisinaula (Decision Surface) wuuliidaduluiuiieyatiudn luvas
dmosanmmeiuusunuuidaduaraissuvluiufiaadnuusdingiunelinguives
Mercer dsfiasn1snsdniiauddodudiuvesiegnaiiolilduunniuinadnunsd
Tngtu Jamiinanaansoudlulslnensldfeidunesiva el ldnadnsiifoela
Wiy smsldilsidunesiuaazyilramsafunszuuldlaglidesendonisuvadly

& A A [
Wunuvnuanve

.
.
.
.
.
.
«* L3 .
* *
3 ' * K
» . .
g .
- *
- - -
90 0 -
. o .
- * %
anpans® . .
.
.
.
.
' -
> >

AMUTENBY 2.3 WIANUAANTTUNTayavasisdnnesaIAmo T

fanduaasiua Kix;, x) sWuilsiduiinitgmaieldtoulvves Mercer’s #adlan
whiunseuiuvesEadlnmes x, x luiiuiinudnuae Ox) wag D(x)

k(x; + xj) = O(x;). O(x;) (2.3)

Tne7 @ fe HandunisuUaawuuldiludady (Nonlinear Projection

Function) Falsrtupesivananedmlagninldiudnnesanamesuusdunuulidudadu

M
=]
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pg1aUsTAaUAINENSY MsilaidumesiuanuanataiuresdnnesanAmesLUTTUALNTALLN
FITMsTeusvanrane Fuiiegvesiliiduimesiua dnail 8]

1) Indlwdzainesiua (Polynomial Kernel)

2) N LReushealuaaiendu (Gaussian Radial Basis Function)

2
k(xl- + xj) = exp — |@ (2.5)
2c
3) lawesluanunuaudiaasiua (Hyperbolic Tangent Kernel)
k(x; + x;) = tanh(x; * x; + c) (2.6)

e k A Merduiaesiua wu suluuiliiduiresivaveunilousineaiuda

#landu (Gaussian Radial Basis Function) 5Usuusiaunisn (2.5) ieA1vesyndeya x = 2

Wag x; = 1 kagMvuaa1 C = 10 vl

|2—1|?
2(10)2

= 0.995 ndsngnunuAndiluluaunisi (2.5)

k(x; + x;) = exp —

namlaaguldduneuiinisdime fanawmesiuuedu Wuduneunis

adlnransildlunsuilateunniestuneuisvatlasidioussamidlonnuuiug wazaaeli
fdannsnoanuuusaneiiuldazmnunindy ilesanduneuisdwneanamefuurdy
i ndudessmussiuudugou $uauisen adasnateus andwinidudu mas 301
Fnosnnamosuueiu Tudeuioiufe furausoaessuuiuiivanganitasluns
wsngy viselfumungudeyalunmsiinnesiuuuanaes Ssanunsadenldomldmuanumnzas
uenniEmseinnawesustusdinslddnmesnnamesiuinililulasmilszam
Fenuuuaada unstieannaildluniadous uasinadwsfigniowmnniude Tufunis
ponuuulunafeimadnnesnnamoiuuedu duinseeniuuesisdindnnnfiumniulag
pdendnnszuiumsanaudsaddasiadndlishitan vilinaillddamumindefionnduuas
THnalunsBeuiitdesnindnime eglsfimumsidenilsidunesiuauazdedeierdesi

Aanuminvandsnadudymiagiesendenisnaadeunazuiladmsunisidenwuudians
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2.3.3 Junaudsniswud (Bayes)

MsSeusiuuiug (Bayesian Leaming) lunsiSeuslagendeninuinasdu
(Probability) ilooysnumnouRFesns Wy AananieUssnnvesieg s vuaufgiudy
Uhinaianlaszeganelinisuanuasnnuinazidu (Probability Distribution) Fefunaniandy
YpIR0g19AsENIaltUsEnauMsindulsegadmenald Tuanuiwunlsswnn (Classification)
muvuugduimduwunysznn (Classifier) ABUTIRZWANANAINAITIMUNYTENN 19U
Tasstheuszansmiion wde SYM wianivinsassaunfgiuvdeneneuasesyuiuiiu
(Hyperplane) wtsranauaazaanaaandniu win1sseuiwuuuglailainisasiassuiuiu
ileyhnsulsnananendenguivosudum

yguiveaud (Bayesl theorem) n3anguasius (Bayes’ law) fedony Tnifa 1
(Thomas Bayes) tinafifuaytinusnva)vn38engy nandnemuduiusseninemnnisel
TutlgtusardsiiAnnouniilasdamuesfuuuideuluulssduddglunguid
aruiazdusuuiiteuly (Conditional Probability) e AUz duYeINISLAn
winn30i A defvuaiumnnisel B lstuudy (Conditional Probability of A given B)
Tneausadeudadnuellanad P(AB) Fwaunsasuialdanautasdusay Uoint
probability) videaruninaslufivnnisel A wazwanisel B AnTusmty nMssuunyssam
shenguvesud wisldlunsduundszinm (Classification) nnguedud ansafunale

[

N

be

P(A|C)xP(C)

P(CIA) = ="

P(O) neds Anuunaviluvesaana C (Prior probability)

PICIA)  mneds meuesduiideyaiifinadnuazidu A avilnana C
o Anutaslunends (Posterior probability) ¥4
Az A dledmunedeyaiiliaeu C ieEnin Posterior

PAIC)  vanefis Aenhazduiiteyaildaeuninata C uazdnnudnuoy
Aloedi A = ay, a, ..., ay taefl M ARIUIUAMANYY
Tudeyaildaouvide mnutnazidiunievds (Posterior
probability) vesypdeyaildaeu C Wormunauuigiu A
30138071 Likelihood

MsAMAWe angedeyaiildaey ieaaduluiaa Naive Bayes Tngld

Toya weather Aslunnsne 2.2
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M50 2.2 Yaveua Weather

0 | outlook temperature humidity | windy play
1| sunny hot high FALSE no
2 | sunny hot high TRUE no
3 | overcast hot high FALSE yes
4 | rainy mild high FALSE yes
5 | rainy cool normal FALSE yes
6 | rainy cool normal TRUE no
7 | overcast cool normal TRUE yes
8 | sunny mild high FALSE no
9 | sunny mild normal FALSE yes
10 | rainy mild normal FALSE yes
11 | sunny mild normal TRUE yes
12 | overcast mild high TRUE yes
13 | overcast hot normal FALSE yes
14 | rainy mild high TRUE no

14 [J | 1 [ E4 &
ﬂ]qﬂﬂ@%ﬁlu@l’ﬁw 2.2 @ansamuiaa1nNnagiduanmselani

P(play = yes) = 9/14 - 0.64

P(play = no)

= 5/14 - 0.36

1Y
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M50 2.3 Yaveua Weather

attribute play = Yes play = No
outlook = sunny 2/9 =0.22 3/5 =0.60
outlook - overcast 4/9 = 0.45 0/5 = 0.00
outlook = rainy 3/9-0.33 2/5 =0.40
temperature - hot 2/9 =0.22 2/5 =0.40
temperature = mild 4/9 = 0.45 2/5 =0.40
temperature - cool 3/9 =0.33 1/5=10.20
humidity = high 3/9 =0.33 4/5 = 0.80
humidity = normal 6/9 = 0.67 1/5 =0.20
windy = TRUE 3/9 =0.33 3/5 = 0.60
windy - FALSE 6/9 = 0.67 2/5 =0.40

22

INA134 2.3 Aaluinaves Naive Bayes Madslanndeyaildaou mnnaaesiie)

ToyaT18NIUINAINIUMITN 2.3 Wwihnemeluing Naive Bayes Toyalusenisin

Usenaumie

AANYAE outlook = sunny

€

AMANYME temperature = hot

[y

AMANYE humidity = high

[y

ARANYEUY windy = FALSE

[ |

m%éfaqﬁﬂmmmmmm%Lﬁuﬁﬁ@maﬂwmzmmﬁué’mamma play = yes
P(play=yes|A) = P(outlook=sunny|play=yes) x P(temperature=hot|play=yes) x
P(humidity=high|play=yes) x P(windy=FALSE|play=yes)
x P(play=yes)
= 0.22x0.22x0.33x0.67x0.64
= 0.0068

=7 Mahasarakham University
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v '

waeniuarAnuAauIsdunlnudnvazmaludinouaaia play = no
P(play=nolA) = P(outlook=sunny|play=no) x P(temperature=hot|play=no) x
P(humidity=high|play=no) x P(windy=FALSE|play=no) x
P(play=no)
= 0.60x0.40x0.80x0.40x0.36
= 0.0276
44' = = i I 2 Ay v 1% P
WeawFeuiisuaianuinazlunlaan 2 aaawdanuina P(play = nolA)
(=0.0276) #1AN31NNI1 Pplay = yes|A) (=0.0068) satiuluinaveasdeviungdndeya instance
HArana play = no
fdanmansnsluea Naive Bayes aznuindannutasiduresunnaanuae
[ U A 1 o L a X v g v v O v Aa
Ju 0 dufelifisuuuuresnadnuuriliiaduludeyanldaeuay fuiunmsldnulunanien
1 1 = I o 1 ::’41 [ v A o a1 I 1% =% a 1 P
Aanutnaziudayingu 0 wulagiiliafazviueiiandu 0 Tude Fefinsiiuainud
vosfayadnludnaisay 1 1wu agldidu Ploutlook = overcast | play = yes) fiaviiu
5/12 = 0.42 uaz P(outlook = overcast | play = no) = 1/8 = 0.13 35n151i38n71 Laplace
smoothing
megrnsuszenalinguasudiulaymnienisunmeg lunenisunmdunanis
A3RMsiesUuinsinnuiiananla auylvinansnsalsatavilainiesuufinisiinay
wiuglunisesaaindulse (Correct positive) Soay 98 wariauuiugilunisnsrainlidu
15 (Correct negative) Saway 97 lneiladAinisidulsalivesussunsyalanduiesas 0.8
v LY ] & = 1 < | a v & & a =
ndeyaluiiegnell sslianuiasdurile e selasdulsnamnniinansia
nesUfuRnisvesiUaeseniaindulse vise PG+
o 4 a A [ A [~
MvuAly YavesauNAgIu H={A-A} visegUieilulsa (A) viielilulsa (-A) uag
[ LY 1 A v a wa { [
YnUoLARIaEe D= {+,-} visonansI9 NV URNTIndu (+)
wsollu ()

IINNYVOLUELTIENNTON P(A[+) leanaunisi 8

P(+]A)P(4)

P(Al+) = HE

(2.8)

nUeyaluieg193m1udn P(A) = 0.008 uag P(+|A) = 0.98 Aetiuf@innig

AW P(+) lagadl
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P(+) = P(+|A) P(A) + P(+ | -A) P(-A) (2.9)
= (0.98)(0.008) + (0.03)(1- 0.008)
= 0.0078+0.0298
=0.21

ynuansinaluimeguiinuinmnnnansnsaniesljifinsesnuduuin
= 1 [~ = o " & A < a2

agdlanuagiuiiesiesay 21 winlunazdulsaase

amingdAreINITRBUIILULILY fis Madenauufgnuiviinzay wnanudasly

| a :’/ a (Y a o I a [ .
VOIAAZENNAFIU P(h) IRuAAIAUIEianyuzn1TwInkasdugukuuaeInu (Uniform)
\lagnausu (Inference) sgyntoyarmegneiildasue Posterior #38 P(h|D) vesauufgIui
donnnediutayaiiegeildasutuaziiaannTuiaslunienduiuan Posterior YasauNRgIU
A Y o v 'y | g v a A o v o I ag oy
nlilaenadesiutoyamegeiildasuaziranas uazilieduiuyadoyasiegeildasu D
H9UUNINTY AULANFNVBIAT Posterior AgaNTUNAIABITNANNAFINT NI DL NIAT
Posterior g4 uarazidudnvarilluieny Wedhuiudegraiintu lnevialuudrauufigiuis,
fAosn1sAeaNNRgIUNYINlAY Posterior w38 P(h|D) dAsniigaillermunynteyaildaeu D
VIOSUNANNRFINII auNAgIu Maximum a posteriori (MAP)
2.3.4 Yunauisaulfinndula (decision tree)

auliindula (decision tree) Aatunaulsnianvasmtousulinguiilagisin
sgduuuLariiluegniainua tassasnwessiulivsznaumelnun (node) Tausazlviundu
nsdindulandeyalunmudnuazsing q Awzlunaiilannasivaeu uagluazlunadnsnle
INNINEINTAS dUNInUA (root node) Awpguuan AuuanasfAUsznauvaswuliindulala
sanmusenau 2.4 Faduiedrandgmnisdndulalnagesnliiduneanuiels [9] Ineede
Uadwanmenniesig 4 ieldatvayunisdndula lnegtisuanstansnsisaeuaidulula
voIRUaNvuriuY warjUdamhsuAsluazuaninsiuunnguvesdoya Julunadnsveinis
uweInageanilidunadn (P) vselieanluiau (N) 31nnsasiaaeumutdunavessuly
anaula Tunisudengudeyalvaity Avesnudnuaesie o asgnasivaeumeduliindula

Tngazisuangnivuallislu TngluRernauainmsvineindeyatueglungule
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T T
( outlook )
e l/,<
e N .
sunny ramny
;o overcast R
/ ¢ \\
P . -
( windy )
ity
true false
/ \

O

ANUsENaU 2.4 Fawanadanuldildlunisdnaulainazesnluiaunadn

Tnevhluaesulidngule asdniunsludnvazanuuasans top-down)
Aolsuaisgmsedunnvesiuliiieu whrevideluauaslu Tnsanusauaninszuunis
aseiuliifadulalésielu (6

1) Buaniifieslvuaifen Aeyateyadeu (training set)
2) indfeyaognduiiedtuun Tdumuslusasdaiemunduvestoyaty

3) MANY (gain) veusiazAManyy dlruatuliteyavaiengueagaieiu

'
Y a

WieldiluReulalunsdndenandnuae NUsy@vsnmlunsiuundeyalddnan lneiden

[ i

Audnvuzidemuwnuamlaannuunian Widudmageuieldlunisdndula lnsegluglues
Tnuauusuliidnduls

4) Agnasrianamidululivednunilivaaeu uazdeyassgnituunesn

AIUNIANS 9 Alaas1eUu

) [

4) JuseuilemAnnuitidnniignvesusazaudnuue andeyatigndiuun
TuusiazAs dnadnuasildnahadulnuadagulasoly Inefifoulvinazbidonaudnuuei
wegnidenundulvuauds Tulvualuszduse 9 14

5) Auseuiileduundeyauazunnisvesiuliilubes 9 lasazngnuseuile

Houlvsaluiiluass Tudeladanils

M
121
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£%
v

(1) dmndeyalulvuneglunguineiiu lvasrelumunguuesdoyaiy

a1
2) elimdenudnvalanldlunsiuundeyausy Faglinguiliavoya
Y A [ s
atvayuanigaundululunsall
(3) Mbifdayaadvayulufsiug wdd ihnisassdlumunguiiiveya
atuayuuInan
v v YU a v g aal < & aday vo a
nszvunsaieulidedulamedunewds C4.5 \Wudunewisnlasuaiuiley
wazdinsldognaunsvans iwu1a1nduneuds ID3 Tae Quinlan [10] Awalaimun Iy
TMsseuian Yedeyadeu (training set) Ingldimalian1sdnmnaniiioasieuliiiadula
Yatoyadaulriidnuradeiuteyalugudeyaieduius (relational database) agluguves
ansenduauansoya uazaeduluaninudnvuzveioya Jawueandu 2 vlinfe
1) Aoudnwarlugasaiune (goal attribute) vosnsuunngudeya
< ) A o o ) ) I ! a o Y = !
Juaaudnwaeinvuaindiegadug gnireglungulny lngasiiiesnnsnvusiiedluusag
gadoya wazdeyavziluviiadoninuinuy
2) AaudnvazsznauNSYwe (predicting attribute) Wunmudnwauzfivaven
fannuandfsng 4 vesdedsusaviegs lnsusazandnvazenalideyaluviindonumie
Y <V v
faauile
2.3.4.1 nM3fnFenAuaNYMsINaILUNNGUYasTaYa
Tunsasdulddndula Jeymddgisesiatsuife arsazanduladen
Aaudnwazlanvihmihadulnuesn Tussazduneuresnisasisiulivazduliides (subtree)
vowuliidndule inasinldrisUsznaunisidonaudnvazAsnisamuimanu (gain) Fudu
Avsuen ANy liuazaInTaTLunnguvestoyalasiiiedla lnanaaeddonusas
) a & % v o Y o & % 1Y) ¥ i S A
Aaanwazlululdanyadeyauvimimdulnuesin onadnuurlalvainuiigign
wansAdnvuztuaunsaduunnguvesdeyaldnfian wieidunadnuauzidnnquuesioya
¥ L2 1 % Y 1 a U gj =) = v 1 1 24 a
wn Inteyaluwsazluvesiuldidundudeiuvianun vieldeyasanguusiuindnaiies
dntoawintiulaeannudmsunisdonaaanuasNdAguanlanad
1) AUTTVIAgIULNU (Gain criterion)
aa b ¥ YU a Y a = Y1 £
FBnsadrsulddndulaleglddanasiiu ID3 azldaussvingrulunis
dnauladenuanvazagldilulnunsnvessulivievesdulidon lnonsauwinAinues
! L d' 4 ! oW ! A L aa d' [ =
wiazAanuuzilolduuinguiieg1e wasidenaAudnyasilidinuasianudulnunsings

LY

aanvaziiariinuaansalunsiuunngudeyass Ineinesinsdeyainuiutesnantunis

[

A
agszyIveyatuagundile uarnisdnidennuinyurilinlvaunsaudeyasenuilagiiil
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U ! a0 U a g %4 a ¥ 1 d‘l o £ ¥ =
ﬂ’]ﬁﬂ%ﬂ‘l\lﬂwﬂ@ﬂﬂ%jiJVlG]’Nﬂ‘ULﬂWUU‘H@EJ@ﬂWJEJ F"ﬂLﬂu‘Uﬂ’]‘u'lﬂ,ﬂ,{;ﬂ,ﬂEJI‘U?’TJ’]&JEQ’]ﬂVIQTﬂ{]ﬁWiﬁUWIﬁ

(information theory) Fudlansydrgyfie Arasaumavesdeyaaziuagivanuiiziiues

Y

' ¥
[ = v A

foya Feanunsainegluguvesdn (bits) WWewduaunisladsil
AIansaumAYeIdaYa = - log, (Authanluvesdeya) (2.10)

nstdrmansauwmeinu astisandtuIunmaaeulunisduuntaya
wazdrgliiulailifinaanududeuinniululudulddedulaiile derasaunany
anunsomlaanaunisassialull [6] laenl S Wugavesdeya Jausznauluiedoya s 19n3
m Wudwungurisuafisnsiuvestayayatiu i G wiunguluddud i lned i dasewing 1
=2 % ° v a a i i v o o a2
e m W s; wnudwudeyaiiluau®nves S waveglungy ¢ W s; unudrwiudeyandu
au1¥nves S Tungu G mnnsuusdeyameadululs | vesnudnuae A laed j fsewing
1 84 vs Ing S/s unuannuinazdundeyaszeglungu G Aasaumenisensdmnsy

[ I I I
ﬂ'ﬁLL‘UQSU’EJ%a@@ﬂLUULL@agﬂ@‘NW’]‘ngﬂﬂﬁJ

m
1(S1,S5, v, Sm) = —Z_ Llog2? (2.11)
Jj=1

A1 entropy vedqudnwe A Jalmvasnudnvaziiu (a;, ay, as,.., a,)

mlalag

VoS i+t Smi
E(4) =Z. [Ty (2.12)
Jj=1

Aussingunuiiagldlunmsidennadnuay A undulnuavewiuld

¥ IS <
VLA WUy

Gain(A) =1(5,,S,, ..., Sm) — E(4) (2.13)
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nfegasaamsdnduleenluidunednlaglitoyaanineinie

v =

godoyaildaou T Usznauludedoyanianun 14 szileu ueneendu 2 gade gndoya

9 Y

a

finouineenluiay (Label = P) $1uu 9 suideu uazyaiinouinlioenliau (Label = N)

o = o 4 = ] £ ! =] 4
PUIU 5 TELUYU ﬂ?iﬂ%ﬂﬂ%ﬂﬂ’ﬂ%@?ﬂﬁ%ﬂﬂi%L‘UEJ‘L!E]QI‘U?Y@%J P %38 N laann

1 (T) =-(9/14) x log, (9/14) - (5/14) x log, (5/14) (2.14)
= 0.940 Un
[ ! v [ o ' ! = V& o &
nsvinenTensteyaladudneuiiagesnliidunseliuy 9ulu
sosldnudnvauzau wsldlunsihwemaneu mmuszneu 2.5 Wunisuanawainmnld
AudnBE outlook Wuduuinguuasdeya Inglwisdufedniusenistoyareusnasnay
dewvsmuaidululiasdosnsuinadeyaiiuiieuszneunisidiennay wasaunsoruimn

A1 entropy YoiAMdNwaElA

" outlook )

TN
sunny

> overcast rain.s\f\
5/ A
P(2) P (4) P(3)
N@3) N (2)

AMUsENDU 2.5 MITunnguvedayalaeldnadnuue outlook

E(outlook) = (5/14) x (- (2/5) x logx(2/5) — (3/5) x log,(3/5)) + (4/14)
x (= (4/8) x log,(4/4) - (0/4) x logy(0/4)) + (5/14) x
(= (3/5) x logy(3/5) — (2/5) x log,(2/5))
= 0.693 Un
Sedumndesnisutinguvasdeyalval Tasnsldaadnumney outlook
ymthiflunismeaeudieldlunmsuiangudoya nisldenadnume outlook vestoyalmaii
foafinslddeyaiingn 0.693 Tn Jaazanunsamandnouiigndedla msidennudnuas

outlook titeldlunsduunteyaaansaduameannulaanaunis fal
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Gain (outlook) = I(T) — E(outlook) (2.15)
= 0.940 - 0.693
= 0.247 Un

L51ENTAANIUNIANUANAMG N UL BT TviEe Usenaumiy

[

AENYaY temperature, humidity wag windy lagisil

Gain(temperature) = I(T) — E(temperature) (2.16)
=0.940 - 0.911
= 0.029 Un
Gain(humidity) = I(T) — E(humidity) (2.17)
=0.940 - 0.788

nmswnagUliinauinyusidaAnnunfigafe outlook fatu
outlook Fegnidentidugnvessulddnduls uidmsdesadrsiulidndulasdeludn sziua
tgsliansawdanguvesdeyalidungudeiulivianun daluivihnmsidenaudnvaziio

I Y d' 1 oy 5 5% Y v Yy

wndulnualuszaudeluiveutsngudeya uson outlook = overcast lifasairedulidsinlula
a a 1 ' 1 1 v a g J v 1Y Y} = = <, Y
diugnua msgduuingurestoyaiilungy P lavuaud audnwasignifenduluunsedu
71 2 fip temperature @13NTOKUINGUYVRTBYALARINIMUSENDU 2.6 UWaganusamennule

sasaluil
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TN
( outlook )
/>'\\ﬁ/<
/s/unny overcast rainy\
I v .
( temperature ) P(4) P(3)
o— < N(2)
/ [ AN
/hot mild cool\
A/ # .
N(2) P (1) P (1)
N (D)

AMUTENBU 2.6 MITWUNNFuveItayalnelunseaun 2 (temperature)

I (outlook = sunny) =-(2/5) % log2 (2/5) - (3/5) X log2 (3/5)
=0.971 Un

Etermperature(OUtlook = sunny) = (2/5) x (= (0/2) x l0g,(0/2) - (2/2) x log,(2/2))
+(2/5) x (= (1/2) x logx(1/2) - (1/2) xlog,(1/2))
+(1/5) x (= (1/1) x logx(1/1) - (0/1) xlog,(0/1))

= 0.4 Un
Gain(temperature) = I(outlook = sunny) — Eiemperature (OUtlook = sunny)
=0971-04
=0.571 Un

[ a A .. . Y @ Y =
ANANYUEAS AB humidity uaz windy awnsaldidudmaaaulite

[

WUINGUVRITRYARDY AUNTIAIINARNUIINNITEONLAAEANAN vl lnRel

Gain(humidity) = I(outlook = sunny) — Eyymigity (outlook = sunny)
=0971-0
=0.971 Un
Gain(windy) = I(outlook = sunny) — Eyyqy(outlook = sunny)
=0.971 - 0.951
= 0.020 Un

M
121
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AatuAnanyae humidity liannuuniian Jgnidendulnunsedun 2

#831N outlook = sunny wazdirumnaalnungn1avvednug outlook (outlook = rainy)
ffosfinsandonaudnuasuazanismsdiunsnnuiansdaesoganeundi aiuso
Fonldinnudnuae windy axlsidinugedign Jsgnidenifuluinsedud 2 sea1n outlook =
rainy nszvaumsassuliiFadulaaziuaadevusludiunguuestoyaientuimun
waragldlassaiesulidnduladunmuszneu 2.4
2) AUTTNIAFIUENIIEIUNU (Gain ratio criterion)

Tudanediin 103 azldrussvingrunuidundnlumsdenaudnuasiias

T dulnunsnuesduldidadulavievesiuliides uludaneiiiu Ca.5 Idiunsldrussin

v ¥ tﬂ'

gusnndnnnulunisdnduladenaudnuaznaglddulnuasndiunme WeswinaAussin

Aa 1 A

a o | Y a Y o & Yo
FIUITUATIUALBYIBYNUIN ﬂUGUE]Q;IJa‘V]Uigﬂ@‘U@'ﬂUﬂmaﬂﬂmgﬂuﬂqWLquLﬂiﬂﬂquju@J’]ﬂ i

wiu Tuyadeyanilinadnuaeninermyused Jaaligniu Mduundeyaniunnanvuyil

agylilaliies 1 dregewia 1 s wasdlomaoulnsUainnisduundisgnuunuanvusioz
D 0 ilvinaudnuazifidnuegafian [11]

[

Mndayamegranisindulaauneanlunisei 2.1 aldandnuuy 1D

[

lumsdnngudeyassionisuiinadayalsenaunisindulaivedniunngusail

E (ID) = (1/14) x (- (0/1) x log2 (0/1) — (1/1) x log2 (1/1)) + ..+
(1/14) x (- (0/1) x log2 (0/1) - (1/1) x log2 (1/1))
=0 Un

Sloushegnsuunndnuasiazldan entropy Wiy 0 Ky
AusTTinguresandn s lanhfuUiinadeyaiifesnsazssyhieyandsneniseglungy
P vide N Ailnunsindeilaindu 0.940 Tn ﬁﬂﬁﬁhmiﬁmgmﬂfﬁmqqﬂ’jmmé’ﬂwmsﬁu 9
faifu arudnwae 1D Davgnideninluimeaeuiiiodanduuosdeyasou fduasdfiuin n1sin
ussaguagldenniieandnunsiu feanfidululisiuumnn q dldamnsoanldi
Tnnupmesiuld toutsnduvastoyalmifiliinediuldosnutug Tufounlunnuunnsosd
lngdsnsusuannulignees Tngldaasaunanisuuaien (split information) Yaeusag
Audnuniy [12] Weldfumrussing1usnainy

el T unugavesteyaaey euvwhedlngldnudnums A
aldynvassegdesluniariadu i, t,,.., t} 91w v ga muaidululfvesnudnuas

Y

A LaaILNTMUIMANENTEUVANSUULEN AR ST
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} :m |t i
ANENTAUNANITLUIMEN = — —log2— (2.18)
= 109
ANANTAUVANTITWULN IATLARITTEAUNTNTENBVDITRYA LilBUUS
Toyadaeg1a T 1l v gagesmuammdululdvesnadnuas A lnerilasiidngeande [t] {u
1 wihiulumnAs wagazanasdon [t| Windy WethaAdlumsaussingiuazlaaiussving1u
oA

dnsrany Fehewnluauadesiiinturesiussingule lneviliaiussvingiu

gnsdunuresnudnvaeifidmdululddnuaingnusuanas [11]

AUSTTgIUORT @AY = Aussingiuny / Aasaumanisiuuen  (2.19)

nfegadeyanisiindulaaunednlunisnan 2.1 aansafiuie

Sasdunuvasnnanuue outlook lanadl

ANENTAUNANITWUILEN (outlook) = -(5/14) x logy(5/14) - (4/18) x log,(4/14) -
(5/14) x log, (5/14)
= 1.577 Un
9m31dUNY (outlook) = 0.247 / 1.577
=0.156

digvihnsudsteyaiiegamenudnyy temperature, humidity Way

windy @nansamagnsIa@unulaeal

9931d21ULNU (temperature) = 0.029 / 1.362

= 0.021
gns1dunu (humidity) = 0.152 / 1.000
=0.152
9RINEIUNU (windy) = 0.048 / 0.985
= 0.049
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[y 1

Nnteyaaguliininandnuasilimsnsdninusnniigade outlook
AonAdesiuNIAIIMMASAUAN WU ueNn demgiiandnve outlook Ssgnideniy
Tnunsn wagazaidulidindulaluBos s auannsaduunnguvestoyalidunguideaiuld
Favun

2.3.4.2 msdansduldidngula

Tutsimdsasiulsidindula enafinsmsairsiuliodisinundluusagia
iesnniideyasumiu (noise) ludoyaaeu Fsoraiianmmanianaalunsiiudeyanionin
Amanafiinannsszuuies visenaululdinluyedeyaiideyaiiiaunfandeyadilvy
(outlier) Uzdumgne nssaisduldisnauladuizildlunsundamil wanduitidieanns
Aadgymnsanzadiumadudeyaiiuly (overfitting) Tnedymiililalassadeduldi
ausoudstoyaldffugndeyailldadrsiulivadulamindu uiidehluldtutoyall
Usgansnmlumsduunngudeyadzanas iWisumilouauiveaaunazideasuly vivlvivian

o v

Fdeaouazlinsuuuiees wanatsetodeulniazliamnsarils wadanisdatasiuls
dindulaazldrdoyameainlunsinfsidmuindefiotesiigresnly ilevihlotsulilnainld
annsavinaulgsangaiu uaﬂmﬂﬁﬁaLﬂuﬂ’1iLﬁmmmmmamaﬁﬂﬁtﬁaﬁﬂm&J#’J’agaimi 9
I¢ognauiugunndsiudnie Tnensiansiuliifaaulafitentiog 2 Vssndwiolud

1) ﬂﬁiéf@ﬁﬂﬁumzﬁﬁaug (pre-pruning)

Aonsluumnaslunszurunisadsduldsndula Ineldinaiansudey
Tnnusfigndalvinaneiduly uaglilutuihnsmenunguifenududulléideyaaverlu
nauuINign [13]

Tusywieivimsadsdulsidndulotu svdostinsuvieinrmieana
fs1udu 1y X2, arsauwany Weldiansaniinsiazadsounnisesiulidegislsanad
Solalddanamiiimunlfavdoildaumsfiagyinsuanidulnniuselu Fefuindudes
gnlunsmaimsnzaslunsanasiisun mnaarsnnRullgulsildaviian
Fudougs vndeantiosiRulusmilidldiassivunmdnauldnislild

2) NMIAANINAINTSISEU] (post-pruning)
ﬁamsﬁmﬁﬁﬁﬂ@qéfulﬁﬁmﬁu‘laﬁgﬂa%ﬁﬁuamyimuﬁa TaewAdANISIAT

anududeuvetusazivun Wevnmsdanwesiuliiasaudlnunnnldlignindiegaans

a

anvibinanglunagarTgaunguniiduIudeyaaivayuuniian [13]
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= 1 dl |l = U % a tdl 2 d!
nsallnuanneg Aldldlu aziinsmardnsianuiianainiannnisla &
[~ 1 d‘ Y a = a d‘ = LY 2 Vo Q" I
Juenldesuiefsnnuianainiiazusing wininisdalnuavesduldtes lnafiA1niny
AanainvedlnuailigninvzmidainAianuiianainlagsiuvesudazie waglvieaudfgy
AudnsIventy 9 duindianuianaIniauInnsialiuaty Nezdosdinduuatuly
widlaranuiinnaineglunamineeusuldnazdnlvuatueenly Wedaniulddndulaase
WA ARYIRAIANLLLEN (accuracy) vasnuldnvinnisannalalnie lnsazidenaulunian
ANUEANAIATBYTIEN
L v o aaa & ~ o a 1) v o Y )
UenINULAIEITN5DU o Nllunsinnwesiuliliagu n1sd e
%50 encode mMENSIELUINIIBE Minimum Description Length (MDL) ¢ae [9] 1ludu
1987AINAITANYINNIUL [15] handlimiiuininnisdnnawuuiisianng
wdueunIuaziianuansafviliianalun1snugandinisdanaaeiieus (pre-pruning)
= o A AV o v v v X ¥ a ' °
Wesanannsaradeninusilidvuselosuainsuldnasistu wagldmatanig o lunisauiu
AAURANaInYasuaiialtlun1sinaulaInsAnfvesnulivs ol ausaans
nsrvIuNsYheuvesanatiansaanwiulidadulanuunisinfmaenisiseus lanad
1) NMsfANILUUaAAURANAIA (Reduced-error pruning)
nsdanLuvanauRanain [9] foiluisniuuanieigaly
usinunatalumsiafiuldindula lnensuenyadeyanisdaia (pruning set) ona1n
Yatoyadau(training set) liteynAALgnAesvedliuauwagluvewulinliandunaunisadie
suliifedula vilviianulifudeesingnanuiianainanasiedinisilyldiudeyal
P < ° a & vaa v | 1
Aldireiu nszuaunstunisyiaueamatall agld3sn1snsraasulrunainauasluauuy
wosauldl (bottom-up strategy) Inglgignisviesliuuulnasasines yinnsildeulnunli

1 [

nanewduluiiinguuestoyalunquudnuenguéiogns MnnsuUnguveyadayadouniiiu

9

o Y 1

tuvewulyl dudrumegiilignaeswieldlyninieriuiuimegailuil Wenaasusig
YatayanisinnalSsumsuiudnuumeguiligniesadungnuesiy dAanuianain
Tunisfuundeyavedruaiiuaswiuly fadeenimseniduaianuiianainlunisdiwun
¥ £ 9 I (g < v a < & o 3 '
Toyavedlnungnudiazidendalvuaiusenluudiudeutuly msnsisaeuilagyidluudas
Iug Slivihlinasiuiauavesmnuranatatun1sdwuniiaiatu wanlsanisnisiasla

suliidndulanfvwindn waglirmanuRanainsmigaiienageuiuyadeyanisdnia
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/ _7_;-\‘\
1A \)
X= T el
& A
( 2A ) (‘ 9B )
— < ——
v=0 y=1 =0 z=
. A ¥ <
[ 3xA ) ( &B ) | 10:A| | 11:B
z:b z\:‘l z=f z\f‘l
¥ < ¥ <
4 A B | TB | 8A

amdseneu 2.7 suliidadulanaiulaeiivoya 2 ndu (A uas B)

M504 2.4 é’aashwaaﬁqm%gamiéfmﬁq

X y z class
0 0 1 A
0 1 1 B
1 1 0 B
1 0 0 B
1 1 1 A

aulddndulanuandlunindsznau 2.7 [15] lnannnseuiunig

Tunsasrerulyd Fadaliifinnsdnisla o eanly lnguanngumrdinuasdayannisiuenay

Yosyntoyadouiuiarinunvesiulilavuanmnemuussiusaslvunsiy Madannuld

anaulasieTBnisdanauvanauianan desliyadeyanisdnnyinmanugnaesauld

Fauanasreeayatayanisiansdmivaulddndulanmdsznau 7 ladannse 2.4
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|

x=0 x=1
y=0 y=1 z=0 z=1
¥ P
@ 10: A (2) 11: B (0) ‘
z=0 z=1 z=0 z=l
¥ Y ¥ X
‘ 4: A (0) 53:B(1) ‘ ‘ 7:B(0) ‘ ‘ 8:A(D)

(n)

x=0 x=1

y=0 y=1 z=0 z=]
¥ ¥ P
3:A(0) @ 10: A (2) 11: B (0)
z=0 =1
¥ Y
7:B(0) B:A (D)

(V)

ANUTENDU 2.8 Fneg19nN159andulefndulaniedsn1sdnNauUanAINURANA
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x=0 x=1
v=) =1 z=0 z=1
¥ D ¥ P
3: A (0) 6: B (0) 10: A (2) 11: B (0)
(®)
x=0 x=1
P
v= y=1
¥ P
3A0) 6: B (0)
()

ANUSENDU 2.8 Aag1an1sannsulldndulameiSnsdnnawuuanmnuRnnas (sa)

Fupsumevhnuvesmafafsiaeisnmsiniauuanauiamans
wanaldifanindszneu 2.8 [15] Ingazuansdrunusedisiligndesvessiliiusasdu iile
yadeuLsazlrunseyadeyanisiafanmsn 2.2 hilnaduie aunsouaninszuiuns
Tumsviendléded 5]

1.1) fimrsanilvun 3 vesdulsinnamuszney 2.8(n)
wlsiduuiednailigndeavindu 0 defirdesnimanldanmsuanvesdwausiedsi
ligndesifluresiufasinty 1 fauasdnlnungnuoduun 3 fudaudeulnun 3 Wulvely
wanalaneninusenau 2.8()

1.2) #orsaniilun 6 vewinliinnguil amuszneu 2.8()
wladunushogsiiligndeaviviu 0 Fsiianfosnimaiildainnsuinvessuiusiedie
lugniesifluresiufasihiy 1 faedslnungnuoduun 6 faududeulnun 6 Wulvuely

LARSbARININUSENDU 2.8(A)
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1.3) finsandilun 2 vosdulsiannguil amuszneu 2.8()
alddunusiognsitligndeaviniy 1 fsdidunnnimaildainnisuinvesdnausiedei
ligndesifluresiufasiniy 0 andiuhenufianaaiilnuadedafudaiamnnt feiy
FalidinAsadivunil uandlddsnmusenou 2.8()

1.4) finsaniilvun 9 vewulsinngudl mwdseneu 2.8(a)
wlsdunushogsiligndeavitiy 1 Jsdidnfosnimassmesdinnusetailigndesiily
vosifudavindy 2 feduazdalnuagnuesivua 9 fadudeuluun 9 ilnuely wansldds
amlsEnau 2.8(9)

1.5) fiansandiliun 1 vosdulsianngudl amuszneu 2.8(9)
wlddunusiogsitligndeanintu 3 Fsfidmnnniwadiléiainnisuanvesdusiednai
ligndesanlnungnuedluun 1 Faviiiy 2 awfiuianuiawaafiluunidledanudaiian
wnni fedudshidaisedvuat fafusuliiaduladidaisheTBanauiianainosaay
ysauuduandldfanmuseneu 2.8(0) mIdansineitananuianann szddausiazlnun
Fesndafenilevssdiuloniafiesdalvuntueenty shldearududeudsduam

a o

(computational complexity) Wuwuu@aau auduuluuavesiulisngula On) e n

¥
madadda Y o A [J {‘;J ¥

Wudnlvuavesiuliidaaula witsiiidedefoddusoddyadeyanisdafausnain
yadoyasoutenaiiymivunsyedeyaninguiogisiiduaulinn uazeraagliannsa
wiwsndoyauiisfiesilegusniniionnnguiegisdulnylfedregniies frdeyatlad
oeflugndeyansdnis asandruiu vesulidndulasgnineanlude (16]

2) NMIFANIUUUANRANAINTULIIIE (Pessimistic error pruning)

' '
a A

NIARRALUUAMURANAIA WIS [9] Wumelian136nd

a v

psafuduiuIsnsdianwuvanauianain Aslunisdansulddndulalisasddyatoya

Y

[y

Muensn uiyndeyageuazlilunsyuiunsaiuazdnnliddgeanlumedmunli

o

'
aa o £ 1

fuldiFadula T afratunnadeyaaeuiifidunuiediadu N drlidhegn K shegnsitluuay
fsegeiiliignieseliliwmniefutuiededluiidu ) dufusdnsaufionanilud
wwiriu J/K mﬂmﬁmaauﬁaaﬁmﬁagaaaumé’mwmmﬁmwmmﬁ%Lﬁuﬁwaugaé’ﬂﬁlﬁim
fusiasaiothluvuedeyalnidlinediu dmuisiosimsssymasiifisdluge Tngl
AsmsAnuiamaaAnanmsldmUiuunasneilesueInIsuanuasIuI (binomial
distribution) Tngl¥ien J @nansaunuee J + 1/2

dusfinnsanduliides T vosdulsl T deliduniluvesduliies
Hu LT) aglddnnuseditligniesiomauingy Z, ieuwnud J dae J + 1/2 agldduau

Y

megniiligndeuiionaasuiudeyalniflivemiuminiu 2, + L(T)/2 F5iazdans

£

Yleleoe
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gty wiwdsudulnunlunfinguuestoyadungundnuenguieg1aannsuuinguees
Yotoyaaounivuatuvewiulll ddwuiegilignieedvunlull IAleenivie
whivdnuiegsnlignaeswesiuliigesuinmeainnuinnalnunsgu (standard
error) U833 [9]

nsldyadeynaeuissyadeyaierdmivasiuwazdnniull
v a ) Y a o o Qddy o Y ! 1 o
anaula 1WudeRdmsuisl wazanunsaviheulass msgnsvedluluwsiavivunasyiauain
Uuada Fn1snsiaaeuiiiensafeasuanuuanludiluvesiulil Tneledulddaugnsn

Y &M 1o & 4 £ 1 A 1Y ! a ! o 1 A v
sanilumnlidndudewsivaeusulitesogiiua1aen uinisiiAaen 1/2 inlduas
Uszanauan

3) nsfinndlagldrnuRanain (Error-based pruning)

aad @ a U a Y yve a M v o ) acl

Fidumatalunsdenswulddadulantmhunldludunewis
Tunsadeuldindulanisenin C4.5 [10] lneUFuUesuhuuananmatan1sAnwuuAIY
Aemanstuweiie TngldusulssluduisnismeanuinazduvesdasanuRanain 5dldyn
Toyaaeulunisaiauasdnnsiulddndula Inslidedddyndoyaniuenaanstamnlunisdnana
lnglangdunounsinuasasvaeulnunanNangady ldisnveswuld tngldisnsviesly
Tunsazluuanuulngeasines t Imuden 2 wwimslunismudszansamaulifndulade
aaneduldl T assunisvatinug t udnddeudulmelu Afinguuesfoyaidungundnves

W I | ] 1% = & & v oa , A& Y vy o
nAuFIeg 19 INNsHUINgUvBIYAdeyaaeuilnuaiy visedana T, Nduduliidesveas T, N4
HATINTVDITIUIUFIDEUINNGATUL UNUNR TP UUsvadlnun t nedlavilvidaiaiy
Aanarnlleusulseiulidndulawdadeniind [16]

Tunsinanugnseswewiulidndula lidndudesinainuszyins
viviae Az inAnngadeyadeuintiu ielduumanuivzduvesnuianain Weld
vinunetoyatniinldineiii Jeldaddauuresniswanadnuuniung (binomial distribution)
Pszdupugetiuindu CF (confidence factor) usununuRanainyesUszsnswny
e UCFEN) lag E unudnwiusiegieiudangulignaesain N dees [11]

nfegavassuliidedulaneunisdandunmusenau 2.8

& YUYy o A v X A quo Y ' o o = = <
Jusulddndulanaiwuieldduundnvasvainguaniidannssanisdeslunisdends
Ingduunnguvesdoyaseniu 2 nqu {democrat, republican} Auldidndulaias1avuain
YAtoyaaauduIu 300 Mg Ingmiaviiegiunadrualy elansdIuIufIRg 1N a1NNTe
wusngusegnslanntuty dulidiasiandanesiiu Ca.5 Tnguanslugduuudeniu Tulvun
nilavassuldnusenaumeiazlunal

education spending = n: democrat (6.0)
education spending = y: democrat (9.0)

education spending = u: republican (1.0)
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watan1sanfeAraIRana1altlun s TEAUYTYI
AULRII (confidence level) Winilunsannistiiudesiiinainnisldgadeyadeunie
anuAananisadayaifes lneimualassaisnswanuasmiuuimualaidunisuantas

1% PN Aao 1 !

Un (normal distribution) lugadeyaningusegsisidndrunnndanalinisdnnesiuly

7
sinAuladeistarlfeanuusiudfidesandleldfuyndeyaiifingusegisduautiosnin 100
519115 [15]

wadansaandlagldamuianainiivuamislunisiau 2 33
Tumsufdamuasinuseansamiulivnaulafe dafsfuld T Adumicveduun t ud
Usudulnusluuny Mnguvesteyaifunguvdnueangusnetnsainnsuinguvesadoya
aouilvuntiy wiodans T, dudulddosvos T, ﬁﬁwammaﬁwmuﬁaaﬂwmﬂﬁqwﬁum
wnuiinssiumtsvesinun t Taefllivinlimeuiawainilosugiulsiinguloudadian
sty fefuimududoudsiuaensinineisnsdandagldranuianaingadian
Wiy O(n(log n)2) Wie n WWusnulvunvesduliidadula [12]

4) nMsdnfawuuAALduSau (Cost-complexity pruning)

Bnsidumadansiansiuldsnaulaildlutunewitlunisadis

fuldisnaulaiite CART [15] Ineaunsautinszuiunsvhaueenduy 2 Funeude [17]
(1) Msdndenanvesduliidos andulsitldandunen
AUFERN,
sulddeduls T, Wdu{ Ty, Ty, Ty oo, T, 3
W8fl T, = T, was T, Aosinvesdulidsnaula
(2) msidendulsifidian T, anenild Tngldnisusaidiy

mmQﬂé]’awaqéfﬂﬁﬁ@ﬁﬂﬂu%ﬂgmauLL'iﬂéfulﬁ T+1 l8%unan T, Tnemssansdiviliansns
esiianiaslunssuun (resubstitution errors) Wisdutiosiian Tneileduls T gnénieiilvue t

azlaAIgnsIAURANAIALANTWYINAY RE) - R(T,) wagyhlwdnuiuveslivanauinu L(T,) - 1

R(O)-R(T) _

1 =T (2.20)

ANDATIAIUNITHALVUVDIDNTIANURANANS FHBINUIULU

'
v a

vowuliingnsiniseanluiluAmninududou (cost-complexity) vowuldl T° datiu T,,, azlél

Fuunan T lee msdafsuldidaaulanvilidanududeuliadesiign tnadsuliidean

o v | @ A Y yaa o v !
mm%‘u%aumwﬂuf\]8Laaﬂmuimwmmm‘tﬂmu@uaﬂﬂm 9]
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! v v AV v 1 v ~ v o v v =
AANdudeuntainosiian Aeiuauld T, Fwwnnen
wnsulinlaannssuiunslunisasne T, neduldowsulddesiisagluazgndnients
Tuga weihlumwumeAanugnaes tielvlasulddndulaiaunsowdmendayalndla
a8198UsEANS AN wazdulildeaulanldmatinnisdniauumaututaukad Tutunausaun
& 3 ~ < a [ % val ~ 1% a [
Aotumeun2aandunsruiunslunsiiansandnassasulinmunzauian Wngldnatian1sin
AnugndaslukUeniiianmmsnsianuRanatnvesuliudazau Inevaludeuldinaiiag
FoInsnTvaeukuulyd (cross-validation) viseldgnteyanisinndlunisniaaeunisiznis
AnnawuuAmANNdudauLazidenseniinsiinfuuvanauianain Tuisesnisldyadeya
N3ARAY lnszdaunsaisansulianzniglugawintu agldaimnsafiansanandulyd
goenilonadululinmunvesiulinasavusdvauysa duumniuligesfiasavy
~ o a = v P o a o v a & | a v B
fianugnasannianidleldiuyadeyanisinislisgluyaudy walladagliansadenduld
wule [17] wagnnsldisasaasuwuulviiiednannugndesvesduldinduls azdeddiom
Tunsuszananaundusie [9] Wesnsesdinisuialunquess waziinmsuseulunis
ATIVADUUINVUY
2.3.4 NMIMAMNIENgAA8n3A (Grid Search Optimization)

TUUAUAIEE U IUIFINTINAERNT INYIAIENT NITIANTT LAY ¢ UDBASS
a a Py ) P a = Aaa ) | | P a vy
Ms1asieItesiunsmyaiangaunan vsegannian fsg1aau n1sesnwuuinsesdulill
dmiinegauasiinuuduwnsgegn nseenuuulasiaiaueternsilaldinefidian
WAz AN gndmsUNITELLazdnn1sal Wudu Hgnsvnsadamansuinineg

PR i

NanansaUseynAlditeonannafan n1smAmNIzNan (optimization or mathematical

'
o

programming) Af® “N1311A1 x I fix) Tesinan vieasdn”

LY

wannsvhaulaeniluresnsmamnsNaamense [18] 9w01deI5n15a31an5e

(grid) Vus wayiNIsMATATUNNNG ANWNTANIINUA UALMIANYITIIAMIAAILYNUTI

'
[

Y & v Y] X | | | v ad & a N
ot o3lulewiuingasiansiasetluyis [a,b] egraudueu fs Ienstlvneiaglelunsalngg
sanandianluninedn Jazduazyinlrldnantunisaulauuiuly 350158a8vin1sAUAT9
m3ruvnlUSes unIvanmsrumnIsiiadesninaueaaaiougganeeusuls nvualn

WUS929n13AUMT [a,b] ey n - 1 9w 9 fu agldduiuganiduiganisdumas

1Y o a

AUl AR TUNMIUTLNTATA N A YENNISAUNIAEAANTANEATINITAUM

a 1o

! ¥ ] a ! = a o =
19N [a,b] idlvwaanas Ingiansungvesaieginiuni lanaussyAnign

9
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INPAILNNTANFINDUNUNLNUNN FensTnnasanamasuurdusndudarinnis

AMUUAAINISITLIBSVDITNNDIAAM DS WUz auRaazyinaulaegafiuse@nsnn

'
A

Walinsmemniwesilaietu JaflenldimmAimangauiign insilwesvesdinnain

s a | i I a a s 1 a1 aa
LIALADILLUYYU 8% 2 A1 C, v A‘LUﬂ'ﬁ‘Vﬁﬂ'W]LW@JWS?'@JW?!@ISUENW']T]NLm@ill@%‘via'm?ﬁ LYU 98117
a aw ] Ay AMyaA ax | a Y  ad . = aal PN
bTIIIBUUINTTFANEG \‘1']1‘!'3‘08141@La@ﬂ']ﬁﬂ'ﬁ‘ﬁ']ﬂq‘ﬂl,wu']%allmjﬂ'lﬁ Grid search LUB9911IBAIIN

Wladny waziuseansning ne Grid search H9unaUN1sViNUAatl [18]

a

Ui 1: W3eudeda MuuUAfmTuLazAISNAUYNITAUM [a,b] la 9
iter no =1 ; fiin =°°;

JUN 2: WUIYNITAUN [a,b] oy n - 1 oy MuadITu i = 1

'
a

TUN 3: ATIVERUANTNATUTDIYA W,

Qe

0 foWy < fooin WA frin = fwy Wag idmin = i

PN 4: 010 < n - 1 WANAINY

D.

i +1 ¥99UN 3

Dee

'
a

A 5: 9 k = idmin Auuagsnsausiluseuseliidu [a,b] = Wiy, wi,l

Qe

e =2

'
a

YU 6: 61°S = b-a > Syue VNGITUN 2 WAL iter no = iter no + 1,

ilidla gadmeuliandu x,y = (a+b) / 2

2.3.5 M3fnLABNAMANYMIL

aa v a |

nsfmdenaudnuuziiveSunaneesns Tunuduaiifidnisondn madendus
(variable selection) IWs1¥aIIAMEN YL IAarSUABMILUTHUUEY (random variable)
n1sanAuaNYY (Feature Reduction) MsAndanauanyuzUsedn (Attribute Selection)
nsfndeniungeuesiys (Variable Subset Selection) viselddefianziazasiudus
W nsdmdandu (Gene Selection) nsfimdenAuenindu (Wavelensth Selection) U147
un subset selection mndenvessawiteenanvesmuaifen1iden subset
s uarogaiinsiuduindunil audnuae d #uds Suru subset o dululdde
2d Bslnajunn (WAl aaudnway 20 ffasadenldnnnin 1 duuvuud) inliannsa
lauefiaz subset wdmirdulvufianld (brute-force search)

nsAndenauanvuglasunsiewann glasuvaieving (Guyon, 2008; John,
Kohavi, & Pfleger, 1994; Kira & Rendell, 1992; Koller & Sahami, n.d.; Narendra &

(%
Y A

Fukunaga, 1977) @sflenumneiiaseunquluuszinu fe 9 4 Uszau agulaned
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AflenumuanIvIIEeauAi Nshndenaudnvusdunsningesves
Audnvazfilvundniigaidndusasifivane dmiunmsiuundsuandoya

FTENUALATVI A LAY msfndenaudnvuzlunsdenundosues
AuANEAILYLIA m NNFuAMEN YT p lasfilailsidunusiuanganiiae
Tuussanengesvuin m iile m wag p idudwuduuin weg m < p

o Aa

milenlundvanisuiulssanuuduglunisyiiung nsdndenaasnuue

=

fdwinglunisifenngesvesnnanvuy ieUTuuseauuiug1veINIduunlszinm
Joya Msensanvuinvadlasiasne Ingldananuuluglunsduuntssinvegradided Ay
4‘ ¥ v A ¥ g o
ieldlameandnuaziideniunisasamuuudiuunyssny

At luLivINITUTEIUNITNTEBVDINFUTUAY N1FARLTONAMEN LY

=

a a ! aa & o ' . . . al v
fdmunaiiadenengosidvundniinisnszaeveingy (Class Distribution) Waldane

) I IS

Adnwargnidendanvaglndldesiunisnssaevesnauisuduiielinadnuueasy lngasy
LAINITALERNAMENYIE NUNETINTEUIUNITANYUIAVDIAMSNYELY Wallaluneae
% d‘d Qll v % o d' U & o U %
VOINUANWULNUAULALIVDIAUNITIIMUNUTELAN LNDINQUITTAIAFIUIUNITUITUUR
Usganznmlunisdnuundssinn n1sdnmseunnansauzd niunsTuunUssnnaning
Uszananaldad1951a5 50 UsEaNS N waztfiuAnutn ladafuun A LuINIaUeIn1IARLEaDN
ARANYLY
(v g.JI [ = [ @A = (v d' a %
AItiuNsAnERNAMEN M NABNSIENAMENYMENaNTaeS UL VY 1d
wasnaguNAen1sinRuEnuazlidlusen gassainsmaudnvusirvwazn1sAnden

Y 9

AENYaY Aen1sasunuanyuyinivIall Mamauanvaueiiavingg “wad” wlain
lanadnuazgaln winsAndenaudnvaslifinisulas uadneenvsadeniuld Fele
AAN BUEYALANLATILIUTBYAY NIAUMLNEUDIAMENYMLEIANAL 8NFIRENANAD
« ° 1% v ° o, ) 1Y ° v A
139INTUUNLENET 8311893A(bag of words) WuAMENYMELAY L51VN1SARGEN
[ ~ A [y v aAad [ ) o aAaa r-:l' o

ARUANBYEAIE LNBLABDA AANBEY 100 AINAYIER Liﬁﬂ%i’lm 1A 100 MNAVIFANFINITOVILUA
Usstnmenanslareiezlstine Wusu

nsfndenauanvuz Wunszuunsidenngugasanenvanudn v
(Feature set) fiuatu dagyhlilanudnvausiuangaulunsiilldlunsduundeyanivun
FOsmMsdadenauanvuriazdieuTulTsanugndedlunsiuundeyalas nanidgansiin
Yaymalueauniiuly (overfitting) 161

Tuusunvainisdwunusznn nsdndenpaanuassueanialu 3 35 laun
(1) W5Wamas (Filter Method) (2) TusUtUes (Wrapper Method) wag (3) 15t

(Embedded Method) @9 mUsenau 2.9 kanan15sUS8uNgULLIAAYBINT 3 I5AINAT7




aq

MsAnEonsuUg e A1sUsEEiuNE
waznsUssiiuna Aalaeug MUUU
(1) Favlawmes
MIAALEaNMUUT wazn1sUszdiuna
” \ T nMsUsyEium
Msasuenton AsiEous > Uszalung
& AUy
t |
(2) FBusuwed
mIou;
mMyusuiiuna

msfAndandauls

~ MUy
wazn1sUsydiuna

(3) F5tladn

AUsEnau 2.9 MsilSeuiisusunfnvanisfnidenaudnuae (1) FB7awes (2) Busues

way (3) 5198

Bilaweifndonqudnvuslnglszfiuanuietemdeinnuddyves
AudnurRon TN Usandemsfasanauautiludowivosdeyasgadudaseiu
FasfuunUssian d938TlamesazfuImmANdAyvesnaIdn YL VislTRgesvDs
Audnuarandailinnnuddy wazidonaudnuazrielendesvesnaidnuasilriadvilys

Buslosorfuisnmsinuniszan Tunsinanudfyveaantosuss
audnuny Tneideniwngesiifiruusius lunssuunussinndoyags wioldrausiue
Tunssuunussandeyaiielfundosiu 4 lunadufuinanuddyoendes Sahlild
LﬁzmsiaaﬁﬁmmLLajus]’fLumﬁai’wu,uﬂ‘dﬁzm‘mgﬂﬂiwmﬂsi’fé’%ﬁi’@mmﬁﬁmgu q weiilesainly
nsussifiumuAedesausndesurasaiaioauiignisuiunsvesiBnissuundssnmiilif
nsdndenadnungieTiusueituldnailumsustnanaroudannideyadsiuau
AANYUZIN [19]
Bilswudusinsdndonandnvazdudunildunszuiunsduun
Ussamdne Tnevinnadenisndesiifaudnunsiivansauluuiasduneuis wioulufuns
afaduuudmiumsduunuszian 39sHshTdnvazadoiuitusuiesiiindinsunaady

ax ° P v o | ac ¢
ITNTIUNUTLLANTHANIZLANZAS bALEIAN I UANSUSEUNaNATeYNIN IS WS UBS
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FBusuwesiduidmsfmdennudnvaeifiaududeulumsduiagan
R RIelIp AR e ﬁaaaﬁ%ﬁmdnﬁLmeﬂumiﬁmLﬁaﬂLsmsiaaleuammé’ﬂwmzuuﬁugmmaq
Brsdwundszamiianzinizas faluunliufiagldduuuiiamsadanlflunmsisousles
weitluly

wedeyadulalid wesnviiiAadymnisdnluma (Overfitting)

ada

Tnswuldunsiiadyidinaniuinninisiawmestadudaszanitmsdwunlssian

Y

Ko v 1 aa s ax & aa o A o Aa o

UDNINNUDILUINITUITULUBS LLaZ'ﬂﬁmﬂ@n‘ﬂgLﬂu’)ﬁﬂqﬁﬂﬂLa@ﬂﬂmaﬂ'@mgmuﬂﬂqﬂLLﬂJu’EJ'ﬂ‘Uﬂ'ﬁ

o ) o -dl 1o v Y Aa o aa Y ada f v &
fmLL‘uﬂ‘UigmwmmuﬁiymmawwLmzﬁm LL@aquiUsUE]idaVliJ"i]qU')u@JmiJ']ﬂuu Aenamasunlu
aaa = v A o = v O ax
’Jﬁ‘VlQﬂLa@ﬂIﬁUﬂqiﬂ@Lﬁ@ﬂﬂmaﬂUmg Lu@\‘i"\nﬂﬂigﬂjamal@Li?ﬂ'ﬂ'ﬁ/mﬂ@ﬂ']ﬁ

Wilawas
ada,

¢ & ac o A Y A g ' ' = o o
ﬁﬁ‘WaLG]’P]’iLUU’Jﬁm’iﬂ(ﬂLaaﬂ@maﬂwmz’wLi?LLﬁm’]EJ@]@ﬂ’]i@ﬂ’J’]ﬂJ Iﬂ&Jﬁlzﬂ’]fm

[y

nadnunziliifedesonmsduundssandeya sonuaniRluilouwivesdoya Ssnszuums
JudaszaniSnsduuntsziavisnisAnidenqudnuvalagisilawesausauuslady
2 Usetan loun

THlaweswuuauanyeifed (Univariate Filter Method) wayisilawes
wuuvangAuanyae (Multivariate Filter Method) Ine3sTlawmasiuunnanuaeiedIdy
finnsaneuiedesvesnudnuurinunorenadnvazngy Ghuvsam) nefiansanudas
Anudnwazyuenty lurnrislawme Suuuvane Aadn v A INANLELTUS ST

[ [

AN vzhwemeiulilinananisiansanfndonadnvauslnedulngasinsanwng og
YoIAMaN L LHoNIvANNAUTUSIENIIAMaNYB T TNTUIRI8 Faiildlena
Ipwndosvesnaanvasiviinzauunnd usegdlsifnszuiunsfuniendosazyilildaa
lumsussananauin wazanauansalun1sdnnsiudeyanivuinivg lana1ifienis
v A [ Aa o a v ada 4 (Y a a ] v o
AnFNAENwENiidnwaReiUTsHamesuuuAudnYuRgIlagFend T ufTwIn
ALUSIAET (Single Variable Classifiers) duisHawmahuunangnnanyusdQnsIdniu
aa s aal U = < 2 A 1 %
FBusuies wazitiladazsanilunisfnidensndosvaanmuanue

aada, s v a

TolamashuuAuanYLLAe?

TuueAstensenIsilinnsitesdiduaudnee (Feature Ranking) N15613¢
utinaudnuue (Feature Weighting) 3ensusziliunuanuaizined (Individual
Evaluation) 35WawesuuuandnvuziferdaduisnsdnbennuanvaslneUszdiung
MagAudnyurLeNIINAY INTUSLIEFUAINEAY MTeAINgIToIveIRMENYLY

lngondenviiinanuddglunissesdunaanuue lawn 1nsinsseenne ansinansauwme
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[ 1@ a LY Aa 1l o oA LY v A = P
LLﬁ%%J’W]i’J@ﬂ’J’]&Jl@JLUU@ﬁi% QﬂJﬂﬂHﬂJSWNﬂW@%UQQ?j@ m FUANYILE YZONARLADN NIDLABAN

Y Ao

UdNwAlE NTANAINILNIARGn (Cutoff Threshold Criterion) t 1ae9 m wag t 1uLnousi

Y 9

¥
add g a

Alludrivun B0

Y

). 2D

Fivildine uazdszananaldnnds wildedeluFeinisaziag

Awdus TR udnuzYuefeiy audnvusiignidenfausidunudnuns il

ARty MUz Lwﬂumimﬂmé’ﬂwmzméwﬁ’jumﬂ@mé’ﬂwmzmalﬂﬁ

duansaumaiitasly masuunussam vieidonindufusiitidou (Redundant Variable)

uazuanninisdmdenandnunslagisdevasiasandnunedldifodosiunissiuun

Usstnnidlefinnsaniien 9 wiagianuifndeadefinnsansmiugadnvusdu
Tlawesuuuratsnuan e

o
aaa

Baduisnmsdadenaudnvasiilafiansananuduiusseninmudnye
° v Y Y = v = ° v Y] o Y 1 o & 1 Y
wemeiuly seaunilane Sagrlilaaudnuasivihunenalawiugdu frewidym
S v oo ad a I3 Y =
MTudelduvasis NamosuuunMaNYMzIfY?

W|NAnEENAMANYEAIY Relief Algorithm

msfndenauanvuz Wunssuiumslunisidenngugesangavesnudnvuy
(Feature set) Auatu dagvihlilanudnvaugimzailunsiiluldlunsdwundeyanvun
FIsNsRnEenAMaN vz sz g TuUTIAugnaaslunMsTILundayALAEvENALINISIAN
UymmsiSeuiuuuidmeuld (overfitting)

A Y v Na @ @ A =V vy a

nsidenananvuzvestayawuusanludanesitu delasuanuiiey
Jueghaunn Wesananunsadilavazudamnumnglaing viaulaig fuszdnsam wez
o Qq' 1y ' o o N Yo o a 1Y v
gaanunsanasiaulusunsulaliennin nannisvessanlasunmaiauunannsiseus lagly

1 Y 1 . = % ! g LY v aa k24

nausee19 (Instance-based Leaming) #ta1dunisaasuivtinvesnaanyae Sanldnism
AudnvuzAdrNuAgtesiuawlmig (Target Concept) Invonde ndnn1snsadn Jadu
aal o a a = o A X o o Y °
FBnsnduszdnsam nanldlunisinauvesaniuiudnunuvessnuan vy Lagduu
) 1 v =t = 1% Y o a Y w1 =
moegrwveeyanlilunisiious audnvaueilianuigitesivandmungazgniden uay

razfsnnanvaelifinnuneitesiuadmingluiiaudsnuusividosgiiiuiuanadle

2

1%
Y

NoANDSNULTUNDUNITVINUNIT [20]

Relief (S,m,t)

anl
DD

Y] I I~4 1 LY} 1 1 LY} 1
1. 4enAI9Eg19 S LWUNGUAIBEINUIN S+ uae NGNAIREINAU S-
2. MUUAINADSUINTASUAY W = (0, 0, ... , 0)
3. 9979 i =104 m

3.1 duden X Miluan@nuves S
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3.2 Lﬁ@ﬂ%@gaﬁwuaﬂmﬂé’lﬁmﬁu X mn‘ﬁq@, 7+ € S+
3.3 idendoyarnauilndiAssiu X annfian, Z- € S-
3.4 p319aeudn X [Wudeyar1uinudd NearHit = Z+; NearMiss =
7- fayiuNearHit = Z-; NearMiss= Z+
3.5 81910 j=1 89 p il p AT UIUAMANYY
FuamA W, W, = W, — diff(x; — NearHit)2 + diff(X;, - NearMiss)’
Tnedi difficy) = 0 81 x way y wiloufiy
= 107 x hag y fnnu
4. %R = (1/m) W
5. yg1ann j=1 89 p
SR =t udr f0u aadnuneiiiendes fast f D
Anudnualzdilsiiiados
Mndanesfutumeunisiesiuneuisia e s AedeyafildlunsFeud m
Judniuseuresnsduss og13 fis Threshold Y99AIUAEIT0ITU Target Concept wag p
Aodnnuandnuns duneulsaldsrernavesyadn p 07 Tumaden Near-Hit way Near-

Miss luusiagsoudminvesaudnuaie W azgnusuuse wazaanieasinnsanaiaaedimvin

o = =

YOIAAzAMLAN YTz TR Threshold Afmuaviselal §niisseau Threshold azidu
AaudnvzAlAUAgITesiU Target Concept uidnlaifisszau Threshold axidunadnuae
Alidauieadesiu Target Concept
aa o [ ! goj v ! % ¥ A
SavlagyinsUsuAdmtnveusasAuan v Tngldszesnnddunisiden
iogrlnagaiieglunduinieariu (Near-Hit) wazfedslndgniiogauazngy (Near-Miss)
nadnsnlaanduanihminfieglugg -1 § 1 vewsavAdnuue Tuusasseuuminves
1Y) PR o o A o P - Sdouy
AENEEATgNUTUAT WazlilonsunNdwIuTeUNivualInsenswmy Reuluiddly Nay
fnsanedvinvesusasaudn vy Itsrinuarield drfssedufidmualifazdendu
T unadnwasniinudrgsenisduundeyadoluganuressan fevuniusedsuniu
wirglulanansananuduiusseniniuvssguanwugldnisandminvesnudnuue Relief

ldnsmeaudnyasniaMuieItesiu Target Concept ngedendnnisnisanuazi

Y
= [y

UszdnSnmuen1sinnuiifnisviinuees Relief Iiandudadunss (Linear Time) Fagufiu
NUINVBIAUANBNELArIINIUMBg1IvastayanldlunsiSeuIIuINTRIR AN YE TH
Relief fintasasduilinaunaindanesfiulirndennuanvaueilinnuieitediu Target

Concept (Relevant Feature) warazisnuanuaeliinuieItesiu Target Concept




48

WivestumesTaw fe lugeulwiodssunmuseudnadies (Noise Tolerant)
yhlslsinasienadnuaziiauifsideiu (Feature Interaction) wsglnemhluudinadnune
fnilAedearduiussyninaty

2.3.6 MsaRIIUIUAMEANEAE (dimensionality reduction)
Taevhllunsdwundeyasenmaiiouuuuiifaeu (supervised learning) n1sld
Aaudnue (feature) imuafifloglunisasuszuuietuiudowsun wiluundmie
vnufigadnuuedsiuunnifuluawhlinmsaeussuurildlid deiuisnisandiunm
AudnuzaztlansnaouszuulFogeiusy s nmaunndaly 1wy nudunissiuun
TWsdamu (text classification) devdushetseslymiidfuusunniduly Woswinaudui

feuldnsadanaanuaeaie3snisisendt gad (bag of words) nanafe Tt dunds

£
a =

ANNENYIY WIAIVBIAMENYTILY AadiuiuaTivesdtuiiavuluienals n1sldgee
wuuilagyhlidunuaan saugwiriuduammusluastony dlagunfagnulauinnd
20,000 fn HuLAAIINTEUUABAISEUSLUNUNLUguINNI1 20,000 R
dl 124 2 o 1 Y a U U d’l
nsilunaaeuszuulagldnaanvaugiuIunng enadwaliiadymdeluil
Y o ) a . I v = |
1. fdwINAMENwEIN F5UnIU (noise) Mwaznuluimiey F1913984
HANTENUADNISEUS
2. dudeadlefilunmainudeyalaeiUasslev
3. aedlgauinTulunisaauszuy
4. fanulumalaein WenTuegiufiudsdnuiunin
memnidaainideaunisandtuiuaudnuae (dimensionality reduction)
Aeduuilouideymsenan suduianusawdalaidu 2 vinentee fe nsmaudnvue
WAy (feature extraction) waz N13ARLEBNAMANYME (feature selection)
nsmAMENYE LAY (Feature Extraction) MImAuan vz iilAY A

P
ad o I

nswlas (transform) Andnualiogluuindfiidadmninieliningoudinldhetu ms
“Ulae” Iuﬁﬁﬁﬁaﬂ'ﬁa%f'mﬂmé’ﬂwmﬂmﬁumﬁum Tagfi AMANYLY TmifidiliAnainnis
yheglsursegnaiy audnway il Wewduaunslduuut dvuelsd X=(x1,..XD) wnu
ARy YARNTIuIL D Su T X=(X'1,...,X'd) unu audnuay yalwsidedl d 8u lned d<D
uazl¥t ¥ iy output AFesnnsiFeu Wumnyedssuduunienans Y fAeUssiamuEevnemy]

YORoNAIINITINIMAMaN vzt Arensldflsidu ¢ ielildnuanyusyalm
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£ [
LYY

Inedilaidu ¢ azvhezlshivusgiuiuneuds (algorithm) vasn1smAnanyae

e N9 ondaegrauluy Linear Discriminant Analysis (LDA) g agiduilariduiiionns

(project) asuuinfigesludnumed deyaiiunan class fafu (Wuonansunaindmnaiy)
usnaNM3 wazdeyaly class WeafuazimznguiuiielanansduunUssiamldineg
wiuinshmsmaadnvueimsiuuiannsaaanannsiinasuld iesn d < D uay
duanugnifeslunisdoudiemnaudnvaslnadldmnesutgmidug uwinsmeadnas
fualaildsuitigmiFosnisfinuadnvazyaiia yndosnsmi audnuaziln
fduglunisSeuslannn sdewhnsmaudnuae ey

237 %’agaﬁlﬁauqa (Imbalanced Datasets)

v

Toyaliauna vuneds Teyalidnvugmanseaedmiiliviniu vie nsiiveya
nauuiladiduuinnnidvudeyaveinguindeiduduvaunn endqedi wu deya

n1529ln8 (fraud) AA1MOUTLIIRDINT AD AIRBU normal AERTIUIUEDZUING @IUAINDU

G %

iy fraud 2zdiduiudosnn wiedoyaniwnunsunng Jeyartrelsasie Jemildl
Aneuiideins Ae flhesetudulse (Positive) 3o luidulsa (Negative) Feloyadiae

a1 & ' [ N v 1% 1Y va & = v a &
VIIMLUNIiﬂ (ﬂqmﬁﬁﬂ) 9133TUVBIAVIAYIRYAU LLG]?J@%@ESVILUUIiﬂE]’]"\]@JLLﬂﬁﬁﬂﬂ‘l_lﬂum’]uu

(NFuT09) AU fsdITeYansaeINguLNdou oL UINguToyanTauiuianun naawsnle

WU ANUYNABIVBINTTMUNUSELANTRYallAUEUDE TuRsaINTadwUNUSEINVURYA

oA’ v A ! PN % I o a Y N oA g
ﬂalﬁ/]LIJUGU@%aWQQIUQaWﬁaQUNWﬂl@@ﬂq\ﬁgﬂm@ﬂLL?JUEJ"I Iu%mgLWEJ'JﬂuGUEJ%JJaV]@E‘ﬂUﬂQQJV]LIJU

9

Joyaieglunanadiutosazliaunsaduundseinndoyalaviseduunusennteyalaties

(%
o

AN

De &

Y -

WesannluduneunisiseudvedunatiuazlnanudAyiudeyaniegluaaadiuuinien

Y

% =

U
1 1 & a Y Y I & [J ¥ =3
‘U@iﬂm/lltﬂLﬂ‘EJNWUGU‘LW]EJUﬂ’]iLiEJUEL“U’ﬂU‘VW]ﬁEJU ﬂ']’]iJ‘lﬂ"\]%LUWUENﬂ’]i‘R]’]LL‘L!ﬂ‘lJi%LﬂV]“IJEJﬂqJJaﬂﬁ]S

1 [ ¥ =

nAnuewdelufinguussnaaduindwmalidoyanduniludeyaneglupanadiuioniin

I aa o a !

nsdwunUszaniiangulnevludeyanguiislinnumnazgaidonin amadauunn(Majority
Class 1130 Negative Class) wazdoyanauiifisrurutiosazgnisonin aaadiutios(Minority
Class3e Positive Class) Ssdayafioglunmadiutosandutoyaivideilrauddy
innnifeyaiteglunanadiuinn

Flunsudsngudeyailiauna awil 3 3n15mdn 9 A Sampling Methods,
Cost-Sensitive Methods Wag Kernel-Based Methods

Sampling Methods dwiiuismstasifiunisuszgndieBdudiedtedadu

Fn1snaadd ileadndeyadmiunisaou tnefignUszasdiiiolfidunuandnludoyatisans

naufianuannaiu FaUsenausie 2 35n13lug) 9 A Oversampling wag Undersampling
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Tag38n13 Oversampling azvimsdudeyalungusssiioaiadeyalvsivesngusedliidnay
diunntu Wnddewewntudwunudoyalundundn warlumensednaisnig
Undersampling aginsduidendoyadmiunmsaeuandeyalungsmdn Wlddwaud
InalAssivdnuindeyalunguses

Cost-Sensitive Methods F8n1stiagseannisnisusniingrnan Tngisnstias
finsanduneunisGeud Tonsaisausfgiureamauiangudoyaiiliaunadsliema

AAnaInaInNn1saeu (Misclassifying examples) Tunisuusngudeyaliiesfianduiznis

[V Y]

LLﬁﬂzymﬁﬁﬂﬁgmmLﬁﬁigmﬁizmwaga wazsERUSanesfiuuvhaus iy Tnefisziudeya
aginsifiusntmin (Cost) Afavdmsunsdififinissuundsuanianain uasdiszdu
gane3fiurinn1suTunsiseuivesdanasiuimsulviaennaesiun1sIunUsEIANToaya
HANAN

Kernel-based Methods 330150 duAsnslumiff&slasuanudeulunis

¥
a

Aiunsiungudeyantiauna lnendnnisudidmsuisnisiiasyinisdhesmuntmestoya

aa ¥

(Map) Nldansnsawvangulaluszuiudnid lnensiiudadeyaliauauvilaunsonusloya

Y
[

faaosngueananfuldnisuitomssduduneuitng dunsuitiymilnenisuiunisdous
YosdaneiinmmsgudmiumsiunUssiandeyaditlegifulianmnsaBouidoyaliauna
Tnglitimsiewdeslunadeyavesnaianguiios
2.3.6 NM3INUTEENTNMVBINITIUN (Measurement)

mMyinuszavsnmueansiangudeyailegvansds il 2 Fadeunuumsgy
YoITTULALAUATAUWA [12] AfensldnsTaAiauwiugl (Precision) wazaaauszdn
(Recall)

AALiLg1 (Precision: P) lusmsdruvesmsdunuteyafigndesanndiuiy

(%
Y

%’mﬂamwmﬁﬁﬂmiﬁwmﬂéf

, D Tunudeyanigninandanguuazgnies
AANUBNUYT = —————— (2.21)
Funudeyarmuanineglundgu

= ¥ [

AAusean (Recall: R) Wudasdiuvesnsdunudeyaiigniesninimiudeya

Y

1%
Y

NQNABINIVUA

, - dnudeyandneglungu
— U 1] gl

AIPNUTTEN = —— (2.22)
nnudeyarimun
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Taevhluddmiugudoyaasaumnaifvulvgunn 9 fhazlinsuindeya
ﬁgﬂﬁaqﬁwumﬁa@,ﬁﬂm ilvsesitnsuszanadagldnisgudiegne (Sampling) muwen
neadRnsemeIsau 9 fe Tnevluasdunismen F-measure Fudumsineanuduiug
sewiemAusEanwarAra g lugenslufia (Harmonic) Taedie F-measure awdian

5¥138 0 89 1 & F nslinalunisdanqudeyaiiussdnsamanniuwituiansdsdiiaing

al

WU NSAUNUYILATNANADIAININUIUYIUATINUATYIINITAUMINLG (AT P) hazAIAINL

Y Y Y
sEEnMIAuNUtayaigndesIniuIuteyaligndeaiavan (A1 R) NsaesAdaunmils
awilviA1reen13InUsEanSnmueInsdnngudoyauntu wanslansaunis

2 X Arniugn X fAausgdn

F — measure = (2.23)

Aanuiug +aanuszin

Tumneun1sinuszansamluduneuvesnisiieinguuestoyanidnlauiins

UseiliuUsedvanm lngagasivaeuginnguuesdeyaiidnladanduedidls Welsuiunguues

'
=

YouaNaNAvITInINAIMNNTEAN (Recall) hazAIAuLLuEn (Precision) ANAINUWILEN

Y Y

'
1 a

swfuiiuansin msdunuteyaldnssfuanudosnsidiode dudmnuszanazidudi
wansianuaseungulunsingudoys Tumuideilddnlszansamnsdandudeyasonidu
3 nauAe

1) ndwinuszansnmnsdangudeyals Alan Aenguidmetuuiueg was
AmnusEangs uansinsdnngudeyaldmssiungudeyauazgniiosunniian

2) nauiaUszAvEnmnsdnngudeyalsuiunans Aenguildnanuisiugngs
uiFANsEANe uansimsinngudeyaldnssiundudeyauniidoyaunsdiuiinnundronds
funguteyadu

3) nauinUsdnsnmmsdangudeyalasi Ao NguAIAINLINEIRT weiA

1 [y J [y J

ANUsEANgs wansinisianguieyaldlinsaiungudeyataziveyananuasieadsiungy
Yoyadu \esndeyaiinislddAy deyanlvimnuvaneisneiu auyfmedie dnilveya

[

100 Yoya wariideyaidnaglundudueeninld 60 Jaya Fuludeyaiinerteuargnsies

Y
30 Yeya witayandneglunguiusenunliuaziutoyaiignsiesd 20 Jeyaanunsofuin

Y

[

ANPNUBUUE WALANPINUSEANLARIT

'
Ql ) [y 1

aﬁ’mau%’amﬂawaﬂmmwﬂqmazgﬂé\’aa

Y

AU = ——
uudeyanvunnineglungy
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=0.34 (2.24)

uIndeyanineglungu

Amussin . = —— i
STRIN RGN VD)
60
"~ 100
= 0.60 (2.25)
WAZIN
F — measure = -2/ X mmfnaﬂ
Armmutug +Arusyan
2% 034 x 0.6
T 034 + 06
= 0.4286 (2.26)

Hunineenuissuulivsgdansnmueinisdnnguioyadniluiosas 42.86

wansliimsinussansnmdneglunduinUssansnimnisianguieyalesi

2.4 UIeNNYIVD9

Ly

HagtufliAdeisrtunisidedelsadiieg snnune Jausazanddodnusdinade
funaule uasdisyAnsninlunsitedelsafiuandnstusenty Tununisnuluads 4163
NSANYINAIIUITEAN9) fReatosied

David tiag Magnus [20] lavinnsifiadelsanisiudulaslalassineuszamiies
WUULWSEaUNGU (Backpropagation) WazdwwesaALmasuuasdu (Support Vector Machines)
Tumsitadedaszneuse feyaidoswesnguiegiedmnnu 31 au uiaduduaslsemsfudy
$1unu 23 AuazgisameUnidsiuiu 8 au nafildanmsanuielassieyussamiiien
wuuunsgeundulianugnaeslunsidadeiosas 92.31 dunetaamaiiudiu (inear kemel)
TWiugnaedumsitadesesas 91.79 uavdnnasanamesuuu(Universal PearsonVil
function based kernel) limnugndedlumsitiadeseeay 93.33 agulain arugndes
YoIEN1SIATINEUTTANITIEY kadnnaTAANBSHLTUABUTINEY LaTAIINQNFBY

YIN1TININY LA BTNNDSHLIPLADTLUTTUTUBE AU kernel function A7e

Y
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Engin wazaniy [21] ldAnwinsduunussiandyyransdunessianie iens
FWadenamsunmg lagldignslassieuszaniiethuuunsgaundumien1siieuiuy
scaleconjugate (SCG) waz Brodyen-Fletcher-Goldfarb-Shanno (BFGS) %’auﬂaﬁisﬂumﬁﬁﬂm
Ao Toyanszudluifiniindwiiledieenin(EMG) vasiinelsawnsiudu 1sm Essential Tremor
wazfiiisrneun dddassarasihsoufililunsmnaesie lududunaldiaseu 15 Saseu
fdugou 1 4u 39 2 Saseu uarduiowinedl 2 faseu 1¥ilsiduGnuens (Sigmoid function)
Huiladdunsedu wadildanmsinede n1ai3ouifeduneutas BFGS (Brodyen-Fletcher-
Goldfarb-Shanno) Trmugniasiesay 91.02 nafiiniiniFeuife dunouves scale-
conjugate(SCG) s?fﬂﬁmmgﬂéfaﬁaaaz 88.48 Fenarnnsvaaeanuin anansadiluldsuun
Usziamedlsnandayanavesnsduvesianield

Das [13] lvinsidseuiisunsdnuusussinnlsn aaeisn1snnee dmsu
msidadelsamsfudu 3935msaildldun Bnslaseieuszamidion (Neural Network)
LUUUWIERUNEU DMneural Regression ag Decision Tree Hoyatuinililunisnwie
Foaainnsnaangisametniisiuiu 8 aunazdthelsamnsiudusiuiu 23 AU S

ANADIVRIVBLAUNITNAFBUMETATIINEUTEa M AsNSD8as 92.90 35715 DMneural

Y Y

)

%4 ¥

fianugneessesay 84.30 35n15 Regression dlAugnAesTaeay 88.60 35n13 Decision Tree

Y

2V ¥

JPunndesseuay 84.30

=3

Ene [22] lo@nwinmsduungthelsanisiudu lagldlaseeussamniioy
wiinauu1gidu (Probabilistic Neural Network , PNN) @siisgiauisinldlunisnnass
T9Uszsnnnng search 3 wuUU A8 Incremental search (IS), Monte Carlo search (MCS) wag

o ¥

Hybrid search(HS) Yeyatninlglunisfinuee deaannswaangnsanieunid 1uiu
8 A uazgUelsamsiududiuiu 23 AU FaranleannnsALIMmIEIsNs fee wui
msduunimelasateUssaiienyiinanuinazduiag hybrid search(HS) TirAugndes

v P v = Y v | aa A
vostayanldlunisnaaeuiosay 81.28 FalviA1AIUYNABY UINNITEN1TBUY




uni 3
AR IUN15IY
A iidingaineiieimunssuukazUSuusman1suundayalsansudu
dll % F2Z &a o ¥ v} ¥ 5 ad o 5 5 a
wialdlunisAnnsesgUaslsamsivdu Insuiunsimunsietuneulsdnnesanma iy
al dy dy % v Y = v v Y <
Teavdgalemluuniiusznaumeiite 3.1 nsAnwiwazTiuTinteya Tuiide 3.2 Wuns
gsunenIseenuuuanInenssuvesszuy 3.3 Wunsnandaduganisasnesdanui uive

< = k% v Y 1 =2 a
3.4 L‘Uumiﬂanmh@amaau}mummg LATIIVD 3.5 NANINTIHALLRYAVYBINITNAADU

Wisuiisuisnisaue Aulunanlaesnuuull

3.1 MsfnwnazsIusIdoya
Tunssudunsiseldedendnnns Knowledge Discovery datal7] W 7 duneu

inldlumsdniiuau Feuszneude

1) fsrundnunizresgjavine(Goals identification) Usgnousaenisns
fnqusvasd faunmuridanmuduia MewuLImImsAnuide taeldteyanin UC Machine
Learning Repository wazldduneuizdnnesanamesuusiudusanasiundnildlunsane
warldsane3findug unUSeuiieuna

2) msaaantoyatdmung (Creating a target data set) Usgnaumenisivue
AautRvestaya (Define success criteria) 85UNgTEavIBunvDItaya (Describe data)
N"15d153310ya (Explore data) N5ATIAARUAIINYNABIMALANNANYTAIvRTaYa (Verify
data quality) ifumsfmuaiuusiingldanundsdeya Tneunastoyalunisidoadaildn
911131970 UCI Machine Learning Repository Litelidmsuaeussuuiasnnasd

3) mawFoudoya (Data preprocessing) Wun1snmaasudoyaliignies wiowis
wiadeudeyaiiliigniodimaunouiitoyaszgninlulifunouniawdsudeyausznausems
nsfmdendeyaitaziianld (Select data) msvhanuazeadeya (Clean data) Faidu
nszvaumaeieteyalfimnzauiigaiiolvltluduneusely

4) n1suUasdaya (Data transformation) \un1svilideyaetsuuuumuniny

ndusingg nsusudayalieglusufivesenisussanana lusnAdeilansuiuieugluuy
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Yoy neldinaila Min Max normalization Sadumaiiafifesimgeaauazvanvesdoya
agvilideyailaeglurag 0 uay 1
5) mehilastaya (Data mining) wietunsunisadilunalunimmaaes
lngmsideninadadnnaiananaiiuriulunisimileseys uagldis K-fold Cross
validation Tunsimusirteyaladudeyafiaiaasdeyalaidutoyafililunisaaounadns
umslenegiteya fvuagliuunmameaeunadns ailunamumadiafiden nagou
ArugndaauazauLndeioveslunaiiaien
6) nsulanatazn1susziliung (Interpretation and evaluation) Usgnausig
nsUssdiumaildannmnaes Tasnsussdiuwuudassiiaddudenisassiluldi
anunsaiasafionsadeulsAvinimueuuusiaes mmumunszuaums Mdudunou
saltlunmsinauls Wunmsfinnsauadng mnduneudl 5 Tansaneumanundoutdam
nduneudl 1 vieli dnduladagnseyhdumeudl 5 dwdeli uassiufensudanaluliild
Toyarla
7) nsu 1Y (Taking action) Usgnaumeununistunsillly wasagunaves
nsnaaes ioasnnuiiuitaziesdeudTildluld ssdmnustuasgnaudndussuuiilio
INNINN1UDY Knowledge Discovery data ‘171”’& 7 Sﬂgumau annsarhudeudu
WU BRI IuNTITevesssuUItadelsamsudulagldisnistnnesanawmasuuyiu 1o

AININUSENBU 3.1
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9 Aq Y
syusmdeyanlslumsnaans

)

Preprocessing

l

Relief Algorithm Attribute Selection

i

Support Vector machine Classification

{

N15IAszansnn

!

a J
WnIIzviLazagiwa

Remove Missing Value

and Normalization

aMndsenau 3.1 wuamstunsandunis

nNnmUsEne 3.1 WalafmuadminewaringUseasd 39hn1ssivnudeyaan
UCI Machine Leaming Repository 1indayaidngnssuiunisimseudeyanazulastaya aniu

= I gj |4 A g: ad o L3 [ = Yaa
Judutuneunisastcliing lngnisidendunauisdunesaiamosiuwdu wayleis K-fold

s
a a 1

Cross validation Tun153nUsEaNSAWlumantslunisasy waginuseansnInAINULLIuegiU
v a Y] | =3 Y o A ~ ~ U aa A
Toyanaaeuiiszuudliiniiiu nduihranlalusuieuiuisnistu wazasuua
WDANUALAIN LN ITITUSLUUNNAUNITUA DINDUAUDIRDNIT LTI WAZEILUISD
Senadoyaainvate unasnsaus Auls auudauien1svely dedunisldeuniumg

I3 st & & c{' Y] &
L'JUI‘?IG]"NL‘U‘UVHQLa@ﬂ‘V]LWlﬂgallﬂ'UQ']uu
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anldlunsAnen (Dataset)

(%

v
yade
Yatoyardssanmaynvesthelsansiuduyaiilauiain UCh Machine

Qe e

9

v

Learning Repository [4] FaUsznausienguiietnaieun 31 au wiadungusiegadiag

lsAnnsAudY TIUIU 23 AU LATNFUVBIAUATAING WU 8 AU LasurazALITYNLUITDY

Y Y
(%

Huthwesmsiadesuazdoyarieg ndidsnnaianziiu uazmensteyarimun 195
51815 UszneulumedayaUislsamsfududiuig 48 1915 wazdoyar livielsanisiu
duduu 147 518013 Mm%yjaﬁﬂisﬂauﬁ’aaﬂmé’ﬂwmzﬁy’wm 23 Anidnwale Benaidnwoe
7199 vasteyaynil dauandlunsedi 2

TuAnwilazudsdoyadmivldausruudosar 80 WHudeyadiuau 156 mens
wazfinde¥oray 20 WWuteyadmiunaaeuluna lnglumautsdeyandedasli38nns
ejuéf’gaai'ml,wm?uqﬁ (Stratified sampling) {un1sdusieealnauenyszanseandungu
Usznsgen vidowdadutugiineu Tnsmheuszmnsluuiasdugiasiidnvasmiioutuud

quoagnsdeiialnladuIuNgufog NN ILVIVLIANGURIBE LA NAUUIEYINT 9INNTS

1%
a

° v ] 19 gy & v a1 v
d199nteua nuiyateyatiiidnvauziluteyailiauna (Imbalanced Datasets) Yoyadl

Y Y
¥

ANEUEN1SNTEAEAIN LYY LB HUIUAIR Ul UARNEAINUNANIAULINAD T93a

Y
Avaenliilulsamsiudu (majority class) fiveya 147 18015 wilideyammneudilulsams
Audu(minority class) gq 48 s1gm1sviniy satudnsnideyaiaaenguanasuiieniangy
Toyansauiuvianun naanwsnlanuidn mugnAewsin1sIkunUssnntayaiinIueudes
tufeaunsaduunUszandeyanauiiiudeyaieglungundnlasgsgniosusiugn Tu
vuzLReItutayaeglungusesaziuunUssandeyalitesunnvselilaay dsiulunisfine
‘&J A Yaa . 4 a ! . o v Y
aztdenld35n1s undersampling lngnsldimatianisduanuuu resampling villviveya

JunulnaAesniu
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ARENYE pEGHGEN

Name - Jouaymnoiavisnein
MDVP:Fo(Hz) - Aiedunuiyagu
MDVP:Fhi(Hz) - AgegnANadyagIy
MDVP:Flo(Hz) - ArngnANAYAg Y
MDVP:Jitter(%) - mmi’mﬂ’mmsﬁuﬂlummﬁﬁugm
MDVP:Jitter(Abs) - isTanisuusiulunnudfug
MDVP:RAP - mmi’mﬂ’mmsﬁuﬂlummﬁﬁugm
MDVP:PPQ - iasTanisuusiulunnudiug
Jitter:DDP - wnsfamsudsiuluaudfugu

43

MDVP:Shimmer

- AMUHNULUTUDIAINUAY

MDVP:Shimmer(dB)

- ANMUAUBUSVBIAIUAS

Shimmer:APQ3 - 1esinnsudsiulueundye
Shimmer:APQ5 - wnsinnsudsiuluseundye
MDVP:APQ - wnsiansuusiuluneundyn
Shimmer:DDA - pnsiansuusiuluneundyn

NHR (Noise to Harmonics Ratio)

- 1T IngnTvesdyasunIuluEYs

HNR (Harmonics to Noise Ratio)

- 1R IRoRTvRsdYyIasUNIUTUEYS

RPDE - asinanududounamansldidudadu
D2 - asiamnududounamansldidudadu
DFA - 1A TINANWULIAUUD A YA

spread? - er¥auustuanuinugilidudaduns
spread? - ﬂ'ﬁ’mLLUiﬁummﬁﬁugﬂﬁLmﬁu@aLﬁumi
PPE - eiaudsiuenuduglidudaduns
Status - gy (1) Wulsannsiudu (0) Unid
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3.2 @a0nUnunIsuvD9sEuU

Tunseenuuuanmenssuesszuy swddeildnalnnsfeuivenaiesinedes
FrmesnnamesunrTuiionsnensalaznsidadelsansiudu Fsaantnonsslaesiuves
szuusandlunmlszneu 3.2 annmaziiuindinisuuinisdanisesdrnuiilu 2 luga fe
Tupausnifiunisaduesdarud Fdulugatandunslitimadnmefnnamesuusundn
iieltlunsarsesdanuililugulumanisneinsal dawlugad 2 Aolugaildlunisoyuny

I3 v & ° P 1% 1% <
aafaw3 wdumsilumailahlduganisadenny wilunalnlunseysnumsnennsallse

L3 1
wlamsaiendRRTg T —— whamsayTLsIRRLT
] ]

] ) B
l ﬂa;_mﬂmummmnu

a 5! &
NEATEIVBYALBEIEEN
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MnAmUsEneu 3.2 aninenssuessruuiutsassluga Aensaiasadnmiiay
nseumuasAauslutumeunsaivesdang andunnihgedeyamasuszuy yadoyat
awgnutadu 2 dafedrunsniuiuiesas 80 azgnihandudeyailtlunisasuliiszuu uas
duil 2 dnnufesay 20 wgninanldlunmedeussun Tnslumsudsdeyatias1#38n5du
éf'aasimwu%u’uqﬁ (Stratified sampling) %’a;gaﬁ’mmagéfmmumzmumﬁmm TGEIGERL
foyanounsuszanana WunMsUulssnanmuestoya eannumutaudauazaanlsl

[
[ 1% o

donndewwasdoya MnludadunsdignssuiunisAndenandnvusid1Ayietunawis

aa Y a e
SanANINY
Tudunauniseysnueinys asthdeyanaaeuininussavian newiluldiu
Toyadss Walnsunddeyalmifiszuuddlimemuiiunaiuma elissuurinuneeiiy
1 [ ca o Y v o 1% o 4 3 A oav v a 4
unziluvedsansiudu lngldfmuuumsduunmednnesalamesuusdunlaamsdines

AU AULAD

3.3 Iu@aﬂ'l'sa%'waﬂﬁﬂ’a’mi (The knowledge creating module)

Tulugatiandunsaialusaiieldlunisiuediaslsamsiudu Tnenseuiuns
yhangiinnngadeyaiisioulignfanlussuy iedwioludstunsunseioudoyanounis
Uszaiana 1w nsianuazenn nsnsesuazwlasdeyalinlunnsgiuden lngldvneiais
Min - Max normalization agvilidayafildeglutag 0 way 1 nduthdeyafiiunszuiunis
TreduluidonaudnunzieisTansanesiuionahminusarandnuuenouthlusuun
AIIDNITTN WO TALIALABSUNTTU (Support Vector Machine e SVM) n15@nw U8 Huanga
wuiBnsiwmesnname fuuviulinafiudusiniislaseheussamidon Snvisldfinnmin
wadadnmwesanamefuiedu wldsuundeyatmaildannmsidenenuin madadnwosn
namesulvdu Winaiuiudiniiiinmsduundeyauilasesssamifion wazmyinnei

Tuunuszsanmnustginulumadadwnesaiamasiusdiy Ao N1SNRUAAINITIRLNDS

a a

ynmruaAfluvnzay azdnarbnlunantadussansanlifun dnnOsInnesanames

'
A v a !

vy ldasmusateyasuniu (Noise) uay Yoyanildnvauzraueneaninanngy (Outlier)

v =

PNvaIeNIsAnwIneull wuinninsiienaadnvasdeyaivangay asgielunis

Y

aANansenuvel Noise waz Outlier Tudiwresdeyad miulunandens wavdadunisiiy
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attribute weight
MOVP:Fo(Hz) 0.312
MDOVP:Fhi(Hz) 0.085
MOVP:Flo{Hz) 0.256
MOVP: Jitter(%) 0.088
MOVP: Jitter(Abs) 0.091
MOVP.RAP 0.088
MOVP.PPQ 0.106
Jitter:DDP 0.088
MDVPF:Shimmer 077
MOVP:Shimmer(dB) 0.150
ShimmerAPC3 0.167
ShimmerAPQS 0.162
MOVPAPQ 0142
Shimmer DDA 0167
MHR 0.025
HMNR 0.361
RFPDE 0.340
DFA 0.205
spreadi 0.469
spread: 0.373
Dz 0.233
PPE 0.426

AMNUIENBU 3.3 $987190NS AU NTNAETUNBUITIAN
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NBrueuwaziuse@ncnng Wweawmkuunsaldnattunisawmawmunaulaainling
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Tunsfnwiluaglénia (grid) vu1a 10x11 vhmsmarfladdusuudaduiinng 9
pan3ediinun uaznatsigasanazgnussted lnedludesiuingeasandosogluris
[100,100] pehantiuou Bnsiasimsimustismsaumldoss aunindismsdumaziian
fosnimuamandeugeaaiieniuls fanmdseney 3.3 Muusliuisaamsfum
[100,100] Do n - 1 Faaw 9 fu azldsuugaiiaauigansdumazduiunslaefum

ATlaATUTIAUMLNTANS N 99 MENNTAUMIELRIITUIAATINTAUMAINGA [a,b] Tidvunn

= = 1o

winas nefiansanguesgaieginiund loniaussgadign
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AMNUSENBU 3.4 F981938N1SAUMANIMLIZENAILNTA

Tuan3deillald 10-Fold Cross-Validation tielwign1snsiadeuaimnuianan
Tunisnensalvediuaa Ineiug1uisnis 10-Fold Cross-validation {wisn1siwusioya

sandunguduiu 10 ngu) k-Fold) luneuusnidendayangui 1 \udeyayanaaau uas

Toyayanmdeaziiudeyaynaouidoyaludmundeya antuazadudeyangun 2 uwiu
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_

<%

-

Feature Selection (Relief) . » Classification Model (SVM)

Repeat 10x for 10-
fold Cross Validation

o

ANUIENBU 3.5 NTTUIUAITVINIUUBY 10-Fold Cross-Validation
3.4 Tuan15aYuUBIARINS (The knowledge inferring module)

Tuluganiseunuesiaus Wunisiiluwaanluganisasisesdnnusluldauais
Tngldlunsiunedeyalni lnglunismegeunisindszavzainlunisvinng axideya
NAERUIIUIUSoay 20 Nszuulimaiuinldlunisneaauiiioranukiug lun1sinune

dwsunisldnulussuuderldideyandesnisiissuuinuneiiuniaium
¥ dy 1 1 v & a s & I = 1 a ¢ A & acf 4 a 1 [y}
Toyaynilazgnasinuludiiugsinesnegluaievionouiimes MIvEsneTzweusaiu

. i < o [ o U fa (v 1 < fa
Process Repository fildlumsiivlaaadmsuvinegdslsamifuduiunaivigesia
fananalunImUsENaU 3.6

Wateyalvaifiseenishissuuiweazgnawiolulunaunsnisudeyanounis
Uszanana wlasdeyalmdunnsgiuden neldwadinds Min - Max normalization 9701y
] a Y v ° & ) Y] H acaa | v ac A H )
TayanuunszuIutany ssgnihluidenaadnuugmetunewissandanasiuiieaisinin
wpaanwasiTndudeddlunisyhue andussuvazyineanuihesduveddsansiudu
eI AAE NS UNSINT AL TNINDIALIALH B S WUITUN LAAINITI TR DS TS AULAD

nansiuneiilaazdainauludagldiunaiuinadnass
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Web Browser

‘Web Service (API)

Data/Meta data/

Process Repository

AMUTENBY 3.6 NTPUIUNMTIATIBITRYARIUMATUING

& s a adl o a av v =
Wevnluunillunisuandisaniiuniside Yseneulumevuiumsmsfineuas
14 [ [d ! A v 14 LY !
ssdeya lnsudadeyasendu 2 diu Aedeyaaeuuaztoyanaaeuludnsidiu 80:20
Tunsesnuuuanlngnssuvesszuu Usenaulume 2 luga Ae 1) luganisadieesdninug
Tdlunmsafralueanisiuwelsanifudumedsnmsdnneianamesuuiuiiuiuisden
AENYELaEN T NmINzadliudnnesaamesuusTy Tngnisuustayanldlunsasu
warnAaaUiieds 10-Fold Cross-Validation waz 2) luganiseyuiuesdmuy tunisth
Tuwafiadanlugaasisesdanuulilunsinnedeyalminidildineiuriumaiu
Tums@nuillaiudnuluninissulsausednsandsmsdnnesananesiueiy
= = = U aa = Y VY A = 1 o
waslUSeuigURan1sAnwAUIENTaUY W dulddndula wasuBnud lagagvinisasuua

TnolSeuiieunsazinaiiainuszansnimilaazidusgalsdaaziansluuni 4

> Mahasarakham University



uny 4

NANFIVBUALNITRAUTIUNE

TughuilanifunsiauenansisouasUsoudiouUssavsnmwiutunevuiseus
Tngazvhmsissudioulunainniuiunewizaug dmsunsmeasussuvasldiadas
AOLTILAES Intel Core2duo MINULEY 2.9 GHz MeANIMEN 8.00 GB 83nRanaILg
2 TB wagshmsveaeuivdeyaidesiirelsamsiudu Usngluswazidontded 4.1
HATDINITANAMAN YA 4.2 NAYBINTIUUNTDYAAILTANE TN

mMameaouUsAnsamlieaiienssuundeya lilideyasin UCI Machine
Learning Repository (http://archive.ics.uci.edu/ml) ﬁLﬁwﬁagaﬁW%ﬂ“i’ﬂumﬁﬂm

n1s3uundeya (Classification)
4.1 NAN1INARBIVDINTANAMEN WML YDITaY

lunsimueAimtinlviuwsinuanvueagldtunowissanuastunawisay o Ao
Information Gain wag JUMOUIS Chi squared iaLUssuisuiuTunowidsan Tuns
o 1 goj CY o v L% ] r-:l'd 1 Y a Y1 961 CY g.// o v
muuadinin ngaziideyadieganddidvisdnseuianivdnantuastnuanvuy
1dnEEImuAIUIREnalanTunouIdIanInIn UL Wevinisuesuealawduliimin

fiAags¥ning 0-1 738 Min-Max Normalization &alanaainnisnaasssieluil

M54 4.1 dninveusasAudnyuzmeIaN

ARANYY thwiin

spreadl 1.00
PPE 0.82
RPDE 0.81
HNR 0.79
spread? 0.75
DFA 0.58
MDVP:Flo(Hz) 0.58
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M54 4.1 dninvesusasAudnyugmeIan (o)

14

ARANWYY dniln
MDVP:Fo(Hz) 0.54
D2 0.47
Shimmer:APQ3 0.34
Shimmer:DDA 0.34
MDVP:Shimmer 0.27
MDVP:Shimmer(dB) 0.21
Shimmer:APQ5 0.19
MDVP:Jitter(%) 0.19
MDVP:Jitter(Abs) 0.16
MDVP:RAP 0.16
Jitter:DDP 0.16
MDVP:PPQ 0.15
MDVP:APQ 0.10
MDVP:Fhi(Hz) 0.09
NHR 0.00

A5 4.1 agnuisanlvadminduaudnyae spreadl 1n¥ian wanein
AANYE spreadl diNasion1sViwIeNINTIan drunmdnyy NHR danumtintosnan

winonananliindunadnuasifinasdonisvinnedesun lunisnwiassazidonanis

[y

uANwUEEIUNITUasURa A TULAINANMENLINNTT 0.2 Wesainvinnisnagauiuluwna

f
]
= aal
N

isralawd Wewadnsaianan viliinldnadnvaziomn 13 audnuas Usenause
spreadl, PPE, RPDE, HNR, spread2, DFA, MDVP:Flo (Hz), MDVP:Fo (Hz), D2,
Shimmer:APQ3, Shimmer:DDA, MDVP:Shimmer gz MDVP:Shimmer (dB)
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M54 4.2 dntinvasusazAuEnYeaY Information Gain

AMANWAIY 1wt
PPE 1.00
spreadl 0.92
MDVP:APQ 0.74
Shimmer:APQ5 0.58
MDVP:Shimmer 0.58
MDVP:Flo(Hz) 0.58
MDVP:Fo(Hz) 0.55
MDVP:RAP 0.53
Jitter:DDP 0.53
MDVP:Shimmer(dB) 0.51
spread2 0.50
MDVP:Jitter(Abs) 0.48
Shimmer:APQ3 0.45
Shimmer:DDA 0.45
MDVP:PPQ 0.39
NHR 0.38
MDVP:Jitter(%) 0.31
MDVP:Fhi(Hz) 0.24
HNR 0.19
RPDE 0.09
D2 0.07
DFA 0.00

29919 4.2 98NUT Information Gain TWetmiintunadnumy PPE snnilan
wanndnyuy PPE Suadonshunedeyayniseis iInformation Gain wniian
drunndnuny DFA Semiintosiian vanseuiunulsifinadenisiuneias Tun1sn
pstiauladeniangandnunsiinunisueuealawduuddisimiinanndi 0.2 winiy

ilvisnlanmudnuueymun 18 Auanvue Usenausieauanuue PPE, spreadl, MDVP:APQ,




Shimmer:APQ5, MDVP:Shimmer, MDVP:Flo(Hz), MDVP:Fo (Hz), MDVP:RAP, Jitter:DDP,
MDVP:Shimmer (dB), spread2, MDVP:Jitter (Abs), Shimmer:APQ3, Shimmer:DDA,
MDVP:PPQ, NHR, MDVP:Jitter (%) wag MDVP:Fhi (Hz)

M3 4.3 UmtinvesuiazAnaN Mgy chi squared

ARSI vt
PPE 1.00
spreadl 0.93
MDVP:Fo(Hz) 0.86
MDVP:Flo(Hz) 0.72
spread2 0.56
MDVP:APQ 0.48
Shimmer:APQ5 0.48
MDVP:Shimmer 0.44
MDVP:Fhi(Hz) 0.41
HNR 0.40
MDVP:Shimmer(dB) 0.39
DFA 0.34
Shimmer:APQ3 0.34
Shimmer:DDA 0.34
RPDE 0.32
D2 0.30
MDVP:PPQ 0.28
MDVP:Jitter(Abs) 0.27
MDVP:Jitter(%) 0.23
MDVP:RAP 0.19
Jitter:DDP 0.19
NHR 0.00
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NAN91 4.3 U chi squared WadwidnAuaadnume PPE mnfign uansi
Audnuay PPE fnasenisvhuieuniian daunadnume NHR Seuiindesiian vie
namildilsifnatenisiuneias lumsinasiialadenomeanudnuusiiiuns
uesvealawduudriimtminainnt 0.2 whi vlsldaasnumeiomn 20 aadnue
Usenaunae PPE, spreadl, MDVP:Fo (Hz), MDVP:Flo (Hz), spread2, MDVP:APQ,
Shimmer:APQ5, MDVP:Shimmer, MDVP:Fhi (Hz), HNR, MDVP:Shimmer (dB), DFA,
Shimmer:APQ3, Shimmer:DDA, RPDE, D2, MDVP:PPQ, MDVP:Jitter (Abs) waz MDVP:Jitter

(%) puaIRUEIMTNAINUNN UL BY

IINNINAGBINISRBNANEN BEAIETUN DTS Relief Information Gain wag Chi
o [ Y N 3 v & aa .
squared @u3nasUTIWIUAMENYALLARINITIN 9 FiulAIITUNBWTS Relief a1unsaan
'Y v Y ej' PN o & O ax . .
@maﬂwmmmﬁua%aeqmulmmﬂmqmw 13 AANYE T9I0IUIABTUNBUIG Information Gain

WAz VUNOUIS Chi squared MIUEIFU

#1319 4.4 agﬂmamsammé’ﬂwmz

funouis TIUIUAUSN YUY
Relief 13
Information Gain 18
Chi squared 20

4.2 HavasnsUsziudsEansamnisinunUsznndayanigdanasnanig

dielsinnsfanavesnsuszifiuussansamnisiuunyssiandeyaliduinnsgiu
Tunsinwilsadenldrmiensidenlduasiumsanuilusssuanaududusinne
Fauszneuluse
wasnginUszanSan (Confusion Matrix) waninaagunisussiliuaiueaninse

Tun133uuNTeLAINNITNAGBUAILYANAZEY
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A5 4.5 wanduasndinuseansaindmsunisdnuundsziandeya 2 nay

True 0 1
0 True Positive (TP) False Positive (FP)
1 False Negative (FN) True Negative (TN)

INAITN 4.5 LOIVBIUATNFIZLAAITIUIUYDIRIDENATIVDIUAAZAATE LAz ADALL

szuanssuivneldveuiazaana nsazudeonidu 4 nsdl el

A1 TP %@ True Positive fis dnurudeyaiiegluaaa Positive udaluinavingls
gneieainlumand Positive

A1 FN %139 False Negative fg ﬁwuau%;&aﬁagﬂuﬂma Positive waluaaiiung
Randumaia Negative

A1 FP 39 False Positivef® ai’mawﬁa;&aﬁaq"luﬂma Negative uanluinayinung
Raiduaana Positive

A1 TN#30 True Negativefis smuudeyatiogluaaa Negativeudluinayinungle

gneieainlunaa Negative

AMULIY (Accuracy) WunsUssfiudsgansnmnisiuunussinvdeyalae sy
nnratavedLuUIaes Iufustimanmegeuiiandilndramierdndutefivousy
= a wva = ' a = Yad A a o 1A 1Y < v =i
\esnnlumefiRenniiagnuaiase JlETsseumisuivafgenfuuny [Wunadnuuen

WARIDNANNABAAABINUAIRSY

| TP + TN
ccuracy =
Y={TP+FN+TN + FP) @1)
Classification error Lﬂumﬁ%’ﬂizLﬁuﬂsz?ﬁm%ﬂ’]Wﬂ'ﬁﬁ%LuﬂUwLﬂwﬁauua
Miunglignludnafesas daunislunismen Classification error fisil
Classification error = 100 - Accuracy (4.2)
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Roc curve AonsIAUdUNUSIZNINe true positive rate (Sensitivity) fiu false
positive rate wSeailelunisnsanitaduasil Sensitivity g9 uag i Specificity g4 Fauszns
n&sagshloil false positive rate o1 dawals ROC curve WdnymneULANATIEN

uanaINnIsad1e ROC curve SatnglunsiSudioulszansamuasnisyiuneg

TamelaeilSauiisununtatdulAaaAUC) ¥99n1syunewsazsin NuUnld TAIRNINAINLERID S

UsyAviBnmilgandi
Very goed

1.0
£ o8
°
2
=
o 06
(=8
@
£
i:;* 0.4
:E Flip a coin instead!
& 0.2

0 i 1 1 |
0 0.2 04 0.6 0.8 1.0

1-spacificity (true negative) rate

AMNUsENaU 4.1 Roc curve

AUC fip Wuilaldulas ROC (Receiver Operating Characteristic curve) lagi
EULAIROC aidudunsiniindensenine SensitivityBauduaiviungligndesesnisii
wign1sainauladazunumewny y kagan 1- Specificity v3eAviuginnaInveInIsin
win1saaulaBunumieinu x Aagui 16 laefl AUC asuandliiiufsmnuaninsatunis
o ! 6l ! & al ! ! o v
uunnguvesvgnisainaulasenannguuesvnnsalitliaula A1 AUC anansaduiumle

AIAUNIS
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1+TPrate—FPrate

AUC = ; (4.3)

AMMIilBa (Precision) ¥ inauilndiAssvesnguivinisin deslduay
wans g lndiAsiuanugniaausiug (accuracy) ddlumnuduasaudrnnuiisanse
fanumneiunnisinauuiug lnernuiismsadudfivansdsanuanansaves
wesfleflunisuansanduidiovhnsiovans 4 ads vasnsviwnedeyaiiogluaaa Positive
Tagmandnnaiuvesmsvihunedeyaiioglunana Positive lsgndafisuriudnnudeya
yhungindiunana Positive Tanuadsaunis

TP

Precision = ——— (4.9)
(TP+FP)

A1528N (Recall) UNIATI9LI3ENI True Positive rate (TPrate) #3861 Sensitive
audumsinnnuanunsalunishumdeyafieglunaia Positive Inevnaindnsndinweinis
unedeyaiieglunana Positivelagneeaiieuiutoyadssianunvesnana Positive AaaunIs

TP

Recall = —— (4.5)
(TP +FN)

< (Y] ' o = . .
F_measure LUUﬂ'ﬁ'ﬂﬂﬂ'ﬂﬂJLLMUEJWIWEJ@"\]’mNaLQaEJGUEN Precision waz Recall

FIEUNSOMLAANNAUNT

(2 x Precision x Recall)

(4.6)

F_measure =
{Precision+ Recall )

4.2.1 wansuAABIRIETUABYAS Relief + SYM + Grid Tudiudayanisdou
Accuracy: 100.00% +/- 0.00% ann1snaaenuiinsldtuneuissansiufudnmwesn
nAmeTuNYTULATNSAUMLUUNIatudIunsIdYadeyansasuliAanugniesviiusesay
100 wazAdudenuunnsgiudesay 0

Confusion Matrix:

True: 1 0
1: 38 0
0: 0 38

AUNTOATUINIAT accuracy LAANEUNTT
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Accuracy = il
° (TP+FN+TN +FP)
38 +38
T (38+0+38+0)
= 1 x 100
=1008%g
(@.7)
classification_error: 0.00% +/- 0.00%
Confusion Matrix:
True: 1 0
1. 38 0
0: 0 38
AUNTOATUIUNAN accuracy lAanaunis
Classification_error = 100 — accuracy
=100 - 100
=0%
(4.8)

AUC: 1.000 +/- 0.000

AUC:1.000 +-0.000

—ROC
105

1004

095
LELE
085 -
oA -
075+
070+
0865
Q6D+
0587
0504
045+
04D~
035+
LELE
0251
0204
0454
010+

005 -

oopn-

ANUTENOU 4.2 ATuilansMuedunowds Relief + SVM + Grid diuteyaseu

ANAIMNUTZNDU 4.2 WUIANUTIANTINWNAY 1 wanelisiutalseansainlunis

Y} o

Tuunnaudeyavesithedulsamsivdusaziluladuddisdulsamitudusenainiuld

Y ¥
aaaa a

wazuansbiiuintunewisliilumaianiiuszavsnmadlunisdanseadiaslsamsiudu

M
=]
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Precision: 100.00% +/- 0.00%

Confusion Matrix:

True: 1 0
1: 38 0
0: 0 38

AUNTOAUIINAT precision tAINEUNTS

TP
Precision —  —
(TP + FP)
B 38
~ (38+0)
=1x100
= 10094
(4.9)
Recall: 100.00% +/- 0.00%
Confusion Matrix:
True: 1 0
1: 38 0
0: 0 38
A11150AUUAN Recall loainaunis
TP
Recall =——
(TP + FN)
38
~ (38+0)
= 1x100
= 100%
(4.10)

F_measure: 100.00% +/- 0.00%

Confusion Matrix:

True: 1 0
1: 38 0
0: 0 38

A11150AUUMAN Recall laanaunis

-
A
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(2 x Precision x Recall)

F measure =
(Precision + Recall )

(2x1x1)
BCEEY)
= 1 x 100
=1008g
(4.11)
4.2.2 HANSNARBITUNBUT Relief + SVM + Grid daudoyanaday
Accuracy: 89.74%
Confusion Matrix:
True: 1 0
. 25 0
0: a4 10
AUNITOATUIUNAN accuracy lAanaunis
Accuracy = TP+ TN
° (TP+FN+TN +FP)
25+10
T (25+4+10+0)
= 0.8205 x 100
=89.74%
(4.12)
classification_error: 17.95%
Confusion Matrix:
True: 1 0
.25 0
0: a4 10
ANUNTNAIUIUNIAN accuracy laanaunis
classification_error = 100 — accuracy
=100 - 89.74
=10.25 %
(4.13)

-
A
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AUC: 0.962

AUC: 0.807)

—RoOC
105
100
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AMUsEnau 4.3 Arfiunlans1vveatuneuds Relief + SVM + Grid diudeyanagey

INAMNUIENDU 4.3 WUIMAIMNURLANTINVINAY 0.962 Fud1lngd 1 1A LanaIn

[%
Y

TunewIslilumaiianiiussavsnngdunisdnnseadUaslsamsiudu

Precision: 100%

Confusion Matrix:

True: 1 0
1: 25 0
0: 4 10

ANUNTOAIUIANIAN precision AAINALNT

TF
Precision = ——
(TP + FP)

25
~ (25+0)

=1x 100

= 10024

(4.14)

¥ Mahasarakham University
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Recall: 86.20%

ConfusionMatrix:

True: 1 0
1: 25 0
0: q 10

A11150AUUMAN Recall lea1naunis

TP
(TP +FN)
25

 (25+4)

Recall =

= 0.8620 x 100
= 86.20%

(4.15)

f_measure: 92.59%

A11150AUUMNAN Recall loainaunis

(2 x Precision x Recall)

(Precision + Recall )

_ (2x1x0.8620)
(1408620 )

F measure =

= 0.9259x 100
= 92.59%p

(4.16)

7 Mahasarakham University
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4.2.3 wan1svnasstunaudsiulinisiaduladeyanau

Accuracy: 80.12% +/- 10.19%

Confusion Matrix:

True: 1 0
1: 108 21
0: 10 17

AUNTOATUIMIAT accuracy LAANEUNTT

TP+ TN
(TP + FN +TN +FP)

B 108 + 17

(108 +21 +17 + 10)

Accuracy =

= 0.8012 = 100

=80.12%

classification_error: 19.87%

Confusion Matrix:

True: 1 0
1: 108 21
0: 10 17

ANNTOAIUIIAIAT accuracy FAANENATT
classification_error = 100 - accuracy
100 - 80.12
19.87%

78

(4.17)

(4.18)



AUC: 0.713 +/- 0.152

AUC:0.713 4. 0152

==ROC
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< a a1 = a a v v fa o
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N

Precision: 83.72%

Confusion Matrix:

True: 1 0
1: 108 21
0: 10 17

ANUNTOAIUIUNIAN precision AANALNT

Precision

A

E57 Mahasarakham University

TP
(TP +FP)
108
(108 +21)

=0.8372 x 100

=83.72 U

(4.19)



Recall: 91.53%

Confusion Matrix:

True: 1 0
1: 108 21
0: 10 17

A11150AUUMAN Recall leainaunis

TP
Recall = ———
(TP + FN)

108
(108 + 10)

=0.9153 x 100

=91.53 %

f_measure: 87.45 %

A11150AUUMAN Recall lpainaunis

(2 x Precision x Recall)

F_measure =

(Precision + Recall )

_ (2x0.8372 x 0.9153)

(0.8372+ 0.9153 )

= 0.8745x 100

= 87.45%

7 Mahasarakham University
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Tree

PPE > 0.150

MDVP:Fo(Hz) > 0.823: 0 {1=0, 0=2}
MDVP:Fo(Hz) < 0.823

MDVP:APQ > 0.152: 1 {1=67, 0=0}
MDVP:APQ < 0.152

MDVP:Shimmer(dB) > 0.164: 0 {1=0, 0=3}
MDVP:Shimmer(dB) < 0.164
MDVP:Fhi(Hz) > 0.888: 0 {1=0, 0=2}
MDVP:Fhi(Hz) < 0.888

MDVP:Fo(Hz) > 0.276: 1 {1=33, 0=2}
MDVP:Fo(Hz) < 0.276

RPDE > 0.400

spreadl > 0.322

| DFA > 0.387:1{1=16, 0=0}
| DFA < 0.387: 0 {1=1, 0=3}
spreadl < 0.322: 0 {1=0, 0=3}
RPDE < 0.400: 0 {1=0, 0=6}

PPE < 0.150: 0 {1=1, 0=17}

4.2.4 wan1svaassvunaudsiuldnisiagule ludiudayanaaeu

Accuracy: 69.23%

Confusion Matrix:

True: 1 0
1: 17 0
0: 12 10

AUNTOATUIAIAT accuracy AANFUNTT

TP+TN

(TP + FN + TN + FP)
17 +10

Accuracy =

" (17+0+10 +0)
= 0.6923 x 100
=69.23%

82

(4.22)
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AUC: 0.788

ALC;0.788

—RoC
108

classification_error: 30.77%

Confusion Matrix:

True: 1 0
1: 17 0
0: 12 10

ANNTOMIUIIAIAT accuracy AANENATT
classification_error = 100 — accuracy

100 - 69.23

30.77%

83

(4.23)
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AMUsENOU 4.6 Arfiunlansnvestunewisaulinisinduladiudeyaneaey

Y Y
aaaa

NANUTENDU 4.6 WUINAMNUNIANT NN 1 WARIINYUADUIDUTL

Usgansnmlunisdansesdinelsamsiuduneaunis

Precision: 100%

ConfusionMatrix:

True: 1 0
1: 17 0
0: 12 10

Yuwmailand



AUITOAIUIUNIAT precision LAINANATT

TP

17
(17 +0)
=1 x100
=100 %

Precision =

Recall: 58.62%

Confusion Matrix:

True: 1 0
1: 17 0
0: 12 10

A11150AUUMAN Recall lea1naunis

TP

17

(17 +12)
=0.5862 x 100
=58.62 %

Recall

f_measure: 73.91 %

A11150AUUMNAN Recall loainaunis

(2 x Precision x Recall)

F measure =

(Precision + Recall )

_ (2x1 x05862)
~ (1+ 05862 )
= 0.7391x 100
= 73.91%

7 Mahasarakham University
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4.2.5 namnaasstunauudniugludiudeyanisaay

Accuracy: 70.51% +/- 10.55%

Confusion Matrix:

True: 1 0
1: 76 q
0: 42 34

AUNTOATUIMIAT accuracy LAANEUNTT

TP+TN

(TP + FN + TN + FP)
76 + 34

(76 +4 +34 +42)
= 0.7051 x 100
=70.51%

Accuracy =

classification_error: 29.49% +/- 10.55%

Confusion Matrix:

True: 1 0
1: 76 a
0: a2 34

ANUNTOATUINIAT accuracy LAAINEUNTT
classification_error = 100 — accuracy
=100 - 70.51
=29.49 %

85

(4.27)

(4.28)
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AUC: 0.871 +/- 0.098

AUC: 0.B71 - 0.098

—ROC

AmUsEneu 4.7 arfiuildnsvvestunewisundnuddiudeyadeu

ANAINUTZNDU 4.7 Wuewunlansmidnlng 1 wanainduneudsiiidumeian
UsgansnmalunisAnnsessthelsanniiudu
Precision: 95.00%

Confusion Matrix:

True: 1 0
1: 76 a
0: a2 34

AUNTOAIMIAT precision lAANENATT

TP
(TP +FP)
76
(76 +4)

=095 x 100

Precision =

=095 0

(4.29)

> Mahasarakham University



Recall: 64.40%

Confusion Matrix:

True: 1 0
1: 76 4
0: 42 34

A11150AUUMAN Recall lea1naunis

TP
~ (TP + FN)
L
(76 +42)

Recall

= 0.6440 x 100

=6+.41 Up

f_measure: 76.77%

Confusion Matrix:

True: 1 0
1: 76 a
0: a2 34

A11150AUUNAN Recall leainaunis

(2 x Precision x Recall)

F measure =

(Precision + Recall )

_ (2x 09500 x 0.6441)

(0.9500 + 0.6441 )

= 0.7677 x 100

= 76.77%

7 Mahasarakham University
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(4.30)

(4.31)
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4.2.6 wan1sMAasstunauIsuIdnud Tudwudeyanagau

Accuracy: 64.10%

Confusion Matrix:

True: 1 0
1: 17 2
0: 12 8

AUNTOATUIMIAT accuracy LAANEUNTT

TP+TN

(TP+ FN+TN +FP)
B 17+ 8
C(17+2+8+12)

Accuracy =

= 0.6410 x 100

= 64.10%

classification_error: 35.90%

Confusion Matrix:

True: 1 0
1: 17 2
0: 12 8

ANUNTOATUIAINIAT accuracy LAANEUNTT
classification_error = 100 — accuracy
=100 - 64.10
= 35.90%

88

(4.32)

(4.33)
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AUC: 0.839

AUC: 0838
—roC
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AmUsEnau 4.8 mdunlininvesduneuitundnuddiudeyavagaou

ANAMUTENDU 4.8 WUIAINUTIANTINTNLNE 1 wansInTunewdstidumataidl
UsgansnmalunisAnnsessthelsanniiudu
Precision: 89.47%

Confusion Matrix:

True: 1 0
1: 17 2
0: 12 8

ANUNTOAIUIUNIAN precision AANALNT

TP
(TP +FP)
17
(17 +2)

= 0.8947 x 100

Precision =

= 8947 %

(4.34)

7 Mahasarakham University
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Recall: 58.62 %

Confusion Matrix:

True: 1 0
1: 17 2
0: 12 8

A11150AUUMAN Recall lea1naunis

TP
Recall =———
(TP + FN)

17
(17 +12)

=0.5862 x 100

= 58.62 %

(4.35)
f_measure: 70.83%
Confusion Matrix:
True: 1 0
1: 17 2
0: 12 8
auns0A1UMIAT Recall l9annaunis
F measure = (2 x Precision x Recall)
(Precision + Recall )
_ (208947 x 0.5862)
(0.8947 + 0.5862 )
= 0.7083 x 100
= 70.83%
(4.36)

7 Mahasarakham University
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91

4.2.7 HAN5NAARIRLTUABUIT SVM Tudrudayanisaau
Accuracy: 75.64% +/- 2.62% 31nASNAABINUINNTIETURB UGN NDIAANDS
wuBusgamedludunsldyadeyanisaeulviainnugnasaiiniuiesas 75.64 wax

! PN 1%
ﬂanULUSQLUuuqmsﬁq‘UiﬂﬁJag 2.62

Confusion Matrix:

True: 1 0
1: 118 38
0: 0 0

ANUNTOAIUIAAT accuracy bAINENATT

TP+TN
(TP+ FN+TN +FP)
B 118 + 0
(118 +38+0+ 0)

Accuracy =

= 0.7564 x 100
=75.64%

(4.37)

classification_error: 24.36% +/- 2.62%

Confusion Matrix:
True: 1 0
1: 118 38
00 0 0
ANN1IDAIUIUNIAT accuracy lAa1nanns
Classification_error = 100 — accuracy
=100 - 75.64
= 24.36 %
(4.38)




AUC: 88.5

92

AUC: 0.885 +/- 0.056 (mikro: 0.885) (positive class: 0)

==ROC =——ROC (Thresholds)

110

105

100

AMUTENOU 4.9 AUNlANTINUeITURoWTS Relief + SVM + Grid diudeyaseu

[ '
A ¢

ANANUTZNDU 4.9 WUNATNUTIANTINWINAY 1 wansliiunslseansainlunig

[y

uunngudeyavesiithedulsansiudusaziilulmduiedulsanstuvdusonaindule

Y

a

wazuansbiiuintunewitlilumedaniivssavsnngdunisdnnseagiaslsamsiudu

N

A

E57 Mahasarakham University

Precision: 75.64%

Confusion Matrix:

True: 1 0
1: 118 38
0: 0 0
AUITOAIUIUNIAT precision AIINAUATT
TP
Precision —  —
(TP + FP)
118
(118 + 38)
=0.7564 x 100
=75.64 %

(4.39)
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Recall: 100.00% +/- 0.00%

Confusion Matrix:

True: 1 0
1: 118 38
0: 0 0

A11150AUMNAN Recall laanauns

TP
(TP + FN)

118
(118+0)

1x100

Recall =

= 10024

(4.40)

F_measure: 86.13%

A11150AUUMNAN Recall laanauns

(2 x Precision x Recall)

(Precision + Recall )

F measure =

_ (2x07564x1)
~ (0.7564+ 1)

= 0.8613x 100

= 86.130%

4.2.8 HANSNARBIRBYUABUAS SVM Tudrudayanisnagau
Accuracy: 74.35% 31AN1TVIAADINUINNS MITUADUTNNOIALIALA DUV
agadgdludunislidyateyanismaaeu Weanugnasaviniuiesay 74.35

Confusion Matrix:

True: 1 0
1: 29 10
0: 0 0

M
=]
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AUNTOATUIMIAT accuracy AANEUNTT

Accuracy = ki
° (TP+FN+TN +FP)
29+0
T (29+10+0+0)
= 0.7435 x 100
=74.35%
(4.41)
classification_error: 25.65%
Confusion Matrix:
True: 1 0
1: 29 10
0: 0 0
ANUNIOMIUIIMIAT accuracy MANENATT
Classification_error = 100 — accuracy
=100 - 74.35
= 25.65 %
(4.42)




AUC: 88.3

AUC:0.883

—RoC
108

95

1.00

AMUsENOU 4.10 ANUALANTINYBITUABWTS Relief + SVM + Grid dudeyadeu

v '
A s

ANANUTZNDU 4.10 WUIAINUAENTINVIATU 1 Lansliiudsuseansainlunis

'
U vV a

Puunngudeyavesinthedulsamsivdusaziluladudedulsamitudusenaindula

a

wazuansbiiuintunewitlilumedaniivssavsnngdunsdnnseaiaslsamsiudu

M

Precision: 74.35%

Confusion Matrix:

True: 1 0
1: 29 10
0: 0 0
ANUITOAIUIUNIAT precision LAIINANATT
TP
Precision =————
(TP + FP)
B 29
(29 +10)
=0.7435 x 100
=74.35 %

(4.43)

E57 Mahasarakham University



Recall: 100.00% +/- 0.00%

Confusion Matrix:

True: 1 0
1: 29 10
0: 0 0

A11150AUUMNAN Recall loainaunis

TP
REC@H i ——
(TP + FN)

29
~ (29+0)
= 1x100

= 10024

F_measure: 85.29%

A11150AUUMAN Recall leainaunis

(2 x Precision x Recall)

F measure =

(Precision + Recall )

_ (2x0.7435x 1)

(0.7435+ 1)
= 0.8529 x 100

= 85.2904

7 Mahasarakham University

96
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97

4.2.9 HAN1ISNARDINIBVUABUIS IASIV18USTaMTABY (Back Propagation)

ludaudayanisaau

Accuracy: 87.18% +/- 3.01% 21nA1sNAaRINUINNsIdTunaulasiteuseam

Wy Tudunisldyateyamsasuliinanugnaesviiiusesay 87.18 uwavaduleauy

WnsgIUSesag 3.01

Confusion Matrix:

True: 1 0
1: 108 10
0: 10 28

AUNTOATUIUNAN accuracy lAanaunis

TP+ TN
(TP + FN + TN + FP)
B 108 + 28
(108 +10 + 28 + 10)

Accuracy =

= 0.8718 x 100

=87.18%

(4.46)

classification_error: 12.82% +/- 3.01%

Confusion Matrix:
True: 1 0
1: 108 10
0: 10 28
ANUNTNAIUIUNIAN accuracy laanaunis
Classification_error = 100 — accuracy
=100 - 87.18
=12.82 %
(4.47)
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AUC: 92.8

AUC:0.928-

==ROC
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AMUsENeu 4.11 ANuAlAnsmMvestunawds Relief + SYM + Grid diutoyadeu

ANANUTZNDU 4.11 WUIAINUTANTINVNATY 1 wansliiunslseansninlunig

'
U vV a

Puunngudeyavesinthedulsamsivdusaziluladudisdulsamstudusenaindula

a a

Y = N aads a ada [y P fa o
wazwandliuintunewisliilumallaniiussdnsningslunisdnnsesiUislsamsiudu

Precision: 91.53%

Confusion Matrix:

True: 1 0
1: 108 10
0: 10 28

ANUNTOAIANIAT precision TAANALNT

TF
Precision = ——
(TP + FP)

108
" (108+10)
=0.9153 x 100
=91.53 ¥

(4.48)

M
=]
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Recall: 100.00% +/- 0.00%

Confusion Matrix:

True: 1 0
1: 108 10
0: 10 28

A11150AUUMAN Recall lea1naunis

TP
REC@H i ——
(TP + FN)

108
(108 + 10)

= 0.9153 x 100

= 91.53%
(4.49)

F_measure: 91.53%

A11150AUUNAN Recall loainaunis

(2 x Precision x Recall)

(Precision + Recall )

_ (2x0.9153 x 0.9153)
~ (09153 + 09153 )

F_measure =

= 0.9153x 100
=91.53%

(4.50)

4.2.10 NANISNAABINWYIUABUIS IATIUEUSTAMITABN (Back Propagation)
ludaudayanisnasau
Accuracy: 82.05% 31AN1TNARBINUINTITTURBuUlATINsUTEaisuludIu

nsldyateyanisnaaeu Tiranugnasainiusesay 82.05

M
=]
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Confusion Matrix:

True: 1 0
1: 22 0
0: 7 10

ANNTOAIUIIMIAT accuracy HAANENATT

TP+ TN
(TP+ FN+TN +FP)
_ 22 +10
(22+0+10+7)

Accuracy =

= 0.8205 x 100
=82.05%
(4.51)
classification_error: 25.65%
Confusion Matrix:
True: 1 0
1 22 0
0: 7 10
ANNTOAIUIIAIAT accuracy FAANENATT
Classification_error = 100 — accuracy
= 100 - 82.05
=17.94 %
(4.52)




AUC: 92.4

AUC: 0.924

—ROC

101

108

1.00

AMUsENRY 4.12 ANULANTMYetunawds Relief + SYM + Grid diutoyadeu

NANUITZNDU 4.12 WUIAINUTANTINVNATY 1 wansliiunslseansninlunig

Suunnguieyavesinthadulsamsiudusazdildliduitedulsansiudusonainduld

a a

wazuansbiiuintunewitlilumedaniivssavsnngdunsdnnseaiaslsamsiudu

N

Precision: 100%

Confusion Matrix:

True: 1 0
1: 22 0
0: 7 10

ANUNTOAIANIAT precision TAAINALNT

TP
(TP +FP)
.22
"~ (22+0)

Precision

=1x100

=100 %

(4.53)

A
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Recall: 75.86%

Confusion Matrix:

True: 1 0
1: 22 0
0: 7 10

A11150AUUMAN Recall lea1naunis

TP
REC@H i ——
(TP + FN)

22
(224 7)
= 0.7586 x 100

= 75.86%

(4.54)
F_measure: 86.27%

A11150AUUMAN Recall leainaunis

(2 x Precision x Recall)

F measure =
(Precision + Recall )

_ (2x1x0.7586)
~ (0.7586+ 1)

= 0.8627 x 100

=86.27%
(4.55)

4.2.11 HANTAIATNITITNDTNAMUUNIZANTEARBNITAUNRIUUUNTA
lumsfnwilleainaninsigen C igadl 0 uazen C 11nandl 10 laguusiansa
A1 C 9andu100 awna wagldiananuuiBady @1 Gamma Adnande 0 AuINTigade 10
1 1 a ! < £ a £ [ [ Y a < a
WU399n3ae Gamma aaniu 10 ana Wngldanaivudaduuiu viliiaaduniavuin

1111 A Fededuvuneiilillvgiiuludmsutoyayail itilaldalunisyszanana

M
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ynuiuly Ineldnatussananarianus 19 U9 31NN1SNAaBINUINAINISITWeS C
Mmgaunanre 3.6 uazANTINESIMNIZaNNgAYeY Gamma AB 9 LHasannlvien
Usg@n3nm (performance) asiantudmsuteyaynil a131309nan1TMAMISHWes

MNZaUNgANaIvuAlaINAIANLIN U
4.3 g3Un1Inaasg

mﬂmamimamﬁy’wmLﬁ@@ﬁh‘ﬁuﬁiﬁmww AUC anamdsenou 4.12 uay 4.13
gNUITIEAlIAY AUC 1inlnd 1 flanfo SVM se3as1Ae Naive Bayes Lay Decision Tree
PuEU wansifunudnwesanamesTidnyTusrAnsnmlunissuundeyadine
TsemnsuduiigailensSouiiouiuisoun deanavesmsuseiiulsyansammnissiuun

Ussinntayalagldardunieuldlunisinussaniamusenausme accuracy, precision, recall

wag f_measure WuMTunudNNaIALAMDINANYIIUTEANEA NG Aauandlunisa 4.6

A3 4.6 WIBUTBUNaN1INAaRIaIUsas Tuneu T luduleyaneu

Andildn doyanau
Relief+SVM | Decision Naive SVM Neural
+Grid Tree Bayes network
accuracy 1.0000 0.8013 0.7051 0.7564 | 0.8717
precision 1.0000 0.8372 0.9500 | 0.7564 | 0.9152
recall 1.0000 0.9153 0.6441 1.0000 | 0.9152
f measure 1.0000 0.8745 0.7677 |0.8613 | 0.9152
Joyanagau

Relief+SVM | Decision | Naive SVM Neural

+Grid Tree Bayes network
accuracy 0.8974 0.6923 0.6410 | 0.7435 | 0.8205
precision 1.0000 1.0000 0.8947 | 0.7435 | 1.0000
recall 0.8620 0.5862 0.5862 | 1.0000 | 0.7586
f _measure 0.9259 0.7391 0.7083 | 0.8529 | 0.8627
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=7 Mahasarakham University

uni 5
a3Una wazdalauaunue
5.1 d3Una

mAjeilldauewaiinnisfnnsesgthelsamituduaindeyansinseidss lngld

) ad o ¢ ¢ a v a = & a a Y] = A
TunUIsdnesalAmeSIUTULARNSAUMLUUNSA Budunallanisiseuiveuniond
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name,MDVP:Fo(Hz), MDVP:Fhi(Hz), MDVP:Flo(Hz), MDVP:Jitter(%),MDVP:Jitter(Abs), MDVP:RAP,

MDVP:PPQ,Jitter:DDP,MDVP:Shimmer,MDVP:Shimmer(dB),Shimmer:APQ3,Shimmer:
APQ5,MDVP:APQ,Shimmer:DDANHR,HNR,status,RPDE,DFA,spread1,spread2,D2,PPE

phon RO1 S01 1,119.99200,157.30200,74.99700,0.00784,0.00007,0.00370,0.00554,0.011

09,0.04374,0.42600,0.02182,0.03130,0.02971,0.06545,0.02211,21.03300,1,0.4147
83,0.815285,-4.813031,0.266482,2.301442,0.284654

phon R0O1 S01 2,122.40000,148.65000,113.81900,0.00968,0.00008,0.00465,0.00696,0.01

394,0.06134,0.62600,0.03134,0.04518,0.04368,0.09403,0.01929,19.08500,1,0.458
359,0.819521,-4.075192,0.335590,2.486855,0.3686 74

phon RO1 SO1 3,116.68200,131.11100,111.55500,0.01050,0.00009,0.00544,0.00781,0.01

633,0.05233,0.48200,0.02757,0.03858,0.03590,0.08270,0.01309,20.65100,1,0.429
895,0.825288,-4.443179,0.311173,2.342259,0.332634

phon RO1 SO1 4,116.67600,137.87100,111.36600,0.00997,0.00009,0.00502,0.00698,0.01

505,0.05492,0.51700,0.02924,0.04005,0.03772,0.08771,0.01353,20.64400,1,0.434
969,0.819235,-4.117501,0.334147,2.405554,0.368975

phon RO1 SO1 5,116.01400,141.78100,110.65500,0.01284,0.00011,0.00655,0.00908,0.01

966,0.06425,0.58400,0.03490,0.04825,0.04465,0.10470,0.01767,19.64900,1,0.417
356,0.823484,-3.747787,0.234513,2.332180,0.410335

phon RO1 S01 6,120.55200,131.16200,113.78700,0.00968,0.00008,0.00463,0.00750,0.01

388,0.04701,0.45600,0.02328,0.03526,0.03243,0.06985,0.01222,21.37800,1,0.415
564,0.825069,-4.242867,0.299111,2.187560,0.357775

phon RO1 S02 1,120.26700,137.24400,114.82000,0.00333,0.00003,0.00155,0.00202,0.00

466,0.01608,0.14000,0.00779,0.00937,0.01351,0.02337,0.00607,24.88600,1,0.596
040,0.764112,-5.634322,0.257682,1.854785,0.211756

phon RO1 S02 2,107.33200,113.84000,104.31500,0.00290,0.00003,0.00144,0.00182,0.00

431,0.01567,0.13400,0.00829,0.00946,0.01256,0.02487,0.00344,26.89200,1,0.637
420,0.763262,-6.167603,0.183721,2.064693,0.163755

phon R0O1 S02 3,95.73000,132.06800,91.75400,0.00551,0.00006,0.00293,0.00332,0.0088

0,0.02093,0.19100,0.01073,0.01277,0.01717,0.03218,0.01070,21.81200,1,0.61555
1,0.773587,-5.498678,0.327769,2.322511,0.231571
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phon RO1 S02 4,95.05600,120.10300,91.22600,0.00532,0.00006,0.00268,0.00332,0.0080

3,0.02838,0.25500,0.01441,0.01725,0.02444,0.04324,0.01022,21.86200,1,0.54703
7,0.798463,-5.011879,0.325996,2.432792,0.271362

phon R0O1 S02 5,88.33300,112.24000,84.07200,0.00505,0.00006,0.00254,0.00330,0.0076

3,0.02143,0.19700,0.01079,0.01342,0.01892,0.03237,0.01166,21.11800,1,0.61113
7,0.776156,-5.249770,0.391002,2.407313,0.249740

phon RO1 S02 6,91.90400,115.87100,86.29200,0.00540,0.00006,0.00281,0.00336,0.0084

4,0.02752,0.24900,0.01424,0.01641,0.02214,0.04272,0.01141,21.41400,1,0.58339
0,0.792520,-4.960234,0.363566,2.642476,0.275931

phon RO1 S04 1,136.92600,159.86600,131.27600,0.00293,0.00002,0.00118,0.00153,0.00

355,0.01259,0.11200,0.00656,0.00717,0.01140,0.01968,0.00581,25.70300,1,0.460
600,0.646846,-6.547148,0.152813,2.041277,0.138512

phon RO1 S04 2,139.17300,179.13900,76.55600,0.00390,0.00003,0.00165,0.00208,0.004

96,0.01642,0.15400,0.00728,0.00932,0.01797,0.02184,0.01041,24.88900,1,0.4301
66,0.665833,-5.660217,0.254989,2.519422,0.199889

phon RO1 S04 3,152.84500,163.30500,75.83600,0.00294,0.00002,0.00121,0.00149,0.003

64,0.01828,0.15800,0.01064,0.00972,0.01246,0.03191,0.00609,24.92200,1,0.4747
91,0.654027,-6.105098,0.203653,2.125618,0.170100

phon RO1 S04 4,142.16700,217.45500,83.15900,0.00369,0.00003,0.00157,0.00203,0.004

71,0.01503,0.12600,0.00772,0.00888,0.01359,0.02316,0.00839,25.17500,1,0.5659
24,0.658245,-5.340115,0.210185,2.205546,0.234589

phon RO1 S04 5,144.18800,349.25900,82.76400,0.00544,0.00004,0.00211,0.00292,0.006

32,0.02047,0.19200,0.00969,0.01200,0.02074,0.02908,0.01859,22.33300,1,0.5673
80,0.644692,-5.440040,0.239764,2.264501,0.218164

phon R0O1 S04 6,168.77800,232.18100,75.60300,0.00718,0.00004,0.00284,0.00387,0.008

53,0.03327,0.34800,0.01441,0.01893,0.03430,0.04322,0.02919,20.37600,1,0.6310
99,0.605417,-2.931070,0.434326,3.007463,0.430788

phon RO1 S05 1,153.04600,175.82900,68.62300,0.00742,0.00005,0.00364,0.00432,0.010

92,0.05517,0.54200,0.02471,0.03572,0.05767,0.07413,0.03160,17.28000,1,0.6653
18,0.719467,-3.949079,0.357870,3.109010,0.377429
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phon RO1 S05 2,156.40500,189.39800,142.82200,0.00768,0.00005,0.00372,0.00399,0.01

116,0.03995,0.34800,0.01721,0.02374,0.04310,0.05164,0.03365,17.15300,1,0.649
554,0.686080,-4.554466,0.340176,2.856676,0.322111

phon RO1 S05 3,153.84800,165.73800,65.78200,0.00840,0.00005,0.00428,0.00450,0.012

85,0.03810,0.32800,0.01667,0.02383,0.04055,0.05000,0.03871,17.53600,1,0.6601
25,0.704087,-4.095442,0.262564,2.739710,0.365391

phon RO1 S05 4,153.88000,172.86000,78.12800,0.00480,0.00003,0.00232,0.00267,0.006

96,0.04137,0.37000,0.02021,0.02591,0.04525,0.06062,0.01849,19.49300,1,0.6290
17,0.698951,-5.186960,0.237622,2.557536,0.259765

phon RO1 S05 5,167.93000,193.22100,79.06800,0.00442,0.00003,0.00220,0.00247,0.006

61,0.04351,0.37700,0.02228,0.02540,0.04246,0.06685,0.01280,22.46800,1,0.6190
60,0.679834,-4.330956,0.262384,2.916777,0.285695

phon RO1 S05 6,173.91700,192.73500,86.18000,0.00476,0.00003,0.00221,0.00258,0.006

63,0.04192,0.36400,0.02187,0.02470,0.03772,0.06562,0.01840,20.42200,1,0.5372
64,0.686894,-5.248776,0.210279,2.547508,0.253556

phon R0O1 S06 1,163.65600,200.84100,76.77900,0.00742,0.00005,0.00380,0.00390,0.011

40,0.01659,0.16400,0.00738,0.00948,0.01497,0.02214,0.01778,23.83100,1,0.3979
37,0.732479,-5.557447,0.220890,2.692176,0.215961

phon R0O1 S06 2,104.40000,206.00200,77.96800,0.00633,0.00006,0.00316,0.00375,0.009

48,0.03767,0.38100,0.01732,0.02245,0.03780,0.05197,0.02887,22.06600,1,0.5227
46,0.737948,-5.571843,0.236853,2.846369,0.219514

phon RO1 S06 3,171.04100,208.31300,75.50100,0.00455,0.00003,0.00250,0.00234,0.007

50,0.01966,0.18600,0.00889,0.01169,0.01872,0.02666,0.01095,25.90800,1,0.4186
22,0.720916,-6.183590,0.226278,2.589702,0.147403

phon R0O1 S06 4,146.84500,208.70100,81.73700,0.00496,0.00003,0.00250,0.00275,0.007

49,0.01919,0.19800,0.00883,0.01144,0.01826,0.02650,0.01328,25.11900,1,0.3587
73,0.726652,-6.271690,0.196102,2.314209,0.162999

phon R0O1 S06 5,155.35800,227.38300,80.05500,0.00310,0.00002,0.00159,0.00176,0.004

76,0.01718,0.16100,0.00769,0.01012,0.01661,0.02307,0.00677,25.97000,1,0.4704
78,0.676258,-7.120925,0.279789,2.241742,0.108514
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phon RO1 S06 6,162.56800,198.34600,77.63000,0.00502,0.00003,0.00280,0.00253,0.008

41,0.01791,0.16800,0.00793,0.01057,0.01799,0.02380,0.01170,25.67800,1,0.4277
85,0.723797,-6.635729,0.209866,1.957961,0.135242

phon RO1 S07 1,197.07600,206.89600,192.05500,0.00289,0.00001,0.00166,0.00168,0.00

498,0.01098,0.09700,0.00563,0.00680,0.00802,0.01689,0.00339,26.77500,0,0.422
229,0.741367,-7.348300,0.177551,1.743867,0.085569

phon RO1 S07 2,199.22800,209.51200,192.09100,0.00241,0.00001,0.00134,0.00138,0.00

402,0.01015,0.08900,0.00504,0.00641,0.00762,0.01513,0.00167,30.94000,0,0.432
439,0.742055,-7.682587,0.173319,2.103106,0.068501

phon RO1 SO7 3,198.38300,215.20300,193.10400,0.00212,0.00001,0.00113,0.00135,0.00

339,0.01263,0.11100,0.00640,0.00825,0.00951,0.01919,0.00119,30.77500,0,0.465
946,0.738703,-7.067931,0.175181,1.512275,0.096320

phon R0O1 S07 4,202.26600,211.60400,197.07900,0.00180,0.000009,0.00093,0.00107,0.0

0278,0.00954,0.08500,0.00469,0.00606,0.00719,0.01407,0.00072,32.68400,0,0.36
8535,0.742133,-7.695734,0.178540,1.544609,0.056141

phon R0O1 SO07 5,203.18400,211.52600,196.16000,0.00178,0.000009,0.00094,0.00106,0.0

0283,0.00958,0.08500,0.00468,0.00610,0.00726,0.01403,0.00065,33.04700,0,0.34
0068,0.741899,-7.964984,0.163519,1.423287,0.044539

phon R0O1 SO7 6,201.46400,210.56500,195.70800,0.00198,0.000010,0.00105,0.00115,0.0

0314,0.01194,0.10700,0.00586,0.00760,0.00957,0.01758,0.00135,31.73200,0,0.34
4252,0.742737,-7.777685,0.170183,2.447064,0.057610

phon RO1 S08 1,177.87600,192.92100,168.01300,0.00411,0.00002,0.00233,0.00241,0.00

700,0.02126,0.18900,0.01154,0.01347,0.01612,0.03463,0.00586,23.21600,1,0.360
148,0.778834,-6.149653,0.218037,2.477082,0.165827

phon RO1 S08 2,176.17000,185.60400,163.56400,0.00369,0.00002,0.00205,0.00218,0.00

616,0.01851,0.16800,0.00938,0.01160,0.01491,0.02814,0.00340,24.95100,1,0.341
435,0.783626,-6.006414,0.196371,2.536527,0.173218

phon RO1 S08 3,180.19800,201.24900,175.45600,0.00284,0.00002,0.00153,0.00166,0.00

459,0.01444,0.13100,0.00726,0.00885,0.01190,0.02177,0.00231,26.73800,1,0.403
884,0.766209,-6.452058,0.212294,2.269398,0.141929
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phon RO1 S08 4,187.73300,202.32400,173.01500,0.00316,0.00002,0.00168,0.00182,0.00

504,0.01663,0.15100,0.00829,0.01003,0.01366,0.02488,0.00265,26.31000,1,0.396
793,0.758324,-6.006647,0.266892,2.382544,0.160691

phon RO1 S08 5,186.16300,197.72400,177.58400,0.00298,0.00002,0.00165,0.00175,0.00

496,0.01495,0.13500,0.00774,0.00941,0.01233,0.02321,0.00231,26.82200,1,0.326
480,0.765623,-6.647379,0.201095,2.374073,0.130554

phon R0O1 S08 6,184.05500,196.53700,166.97700,0.00258,0.00001,0.00134,0.00147,0.00

403,0.01463,0.13200,0.00742,0.00901,0.01234,0.02226,0.00257,26.45300,1,0.306
443,0.759203,-7.044105,0.063412,2.361532,0.115730

phon RO1 S10 1,237.22600,247.32600,225.22700,0.00298,0.00001,0.00169,0.00182,0.00

507,0.01752,0.16400,0.01035,0.01024,0.01133,0.03104,0.00740,22.73600,0,0.305
062,0.654172,-7.310550,0.098648,2.416838,0.095032

phon RO1 S10 2,241.40400,248.83400,232.48300,0.00281,0.00001,0.00157,0.00173,0.00

470,0.01760,0.15400,0.01006,0.01038,0.01251,0.03017,0.00675,23.14500,0,0.457
702,0.634267,-6.793547,0.158266,2.256699,0.117399

phon RO1 S10 3,243.43900,250.91200,232.43500,0.00210,0.000009,0.00109,0.00137,0.0

0327,0.01419,0.12600,0.00777,0.00898,0.01033,0.02330,0.00454,25.36800,0,0.43
8296,0.635285,-7.057869,0.091608,2.330716,0.091470

phon RO1 S10 4,242.85200,255.03400,227.91100,0.00225,0.000009,0.00117,0.00139,0.0

0350,0.01494,0.13400,0.00847,0.00879,0.01014,0.02542,0.00476,25.03200,0,0.43
1285,0.638928,-6.995820,0.102083,2.365800,0.102706

phon RO1 S10 5,245.51000,262.09000,231.84800,0.00235,0.000010,0.00127,0.00148,0.0

0380,0.01608,0.14100,0.00906,0.00977,0.01149,0.02719,0.00476,24.60200,0,0.46
7489,0.631653,-7.156076,0.127642,2.392122,0.097336

phon R0O1 S10 6,252.45500,261.48700,182.78600,0.00185,0.000007,0.00092,0.00113,0.0

0276,0.01152,0.10300,0.00614,0.00730,0.00860,0.01841,0.00432,26.80500,0,0.61
0367,0.635204,-7.319510,0.200873,2.028612,0.086398

phon RO1 S13 1,122.18800,128.61100,115.76500,0.00524,0.00004,0.00169,0.00203,0.00

507,0.01613,0.14300,0.00855,0.00776,0.01433,0.02566,0.00839,23.16200,0,0.579
597,0.733659,-6.439398,0.266392,2.079922,0.133867
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phon RO1 S13 2,122.96400,130.04900,114.67600,0.00428,0.00003,0.00124,0.00155,0.00

373,0.01681,0.15400,0.00930,0.00802,0.01400,0.02789,0.00462,24.97100,0,0.538
688,0.754073,-6.482096,0.264967,2.054419,0.128872

phon RO1 S13 3,124.44500,135.06900,117.49500,0.00431,0.00003,0.00141,0.00167,0.00

422,0.02184,0.19700,0.01241,0.01024,0.01685,0.03724,0.00479,25.13500,0,0.553
134,0.775933,-6.650471,0.254498,1.840198,0.103561

phon RO1 S13 4,126.34400,134.23100,112.77300,0.00448,0.00004,0.00131,0.00169,0.00

393,0.02033,0.18500,0.01143,0.00959,0.01614,0.03429,0.00474,25.03000,0,0.507
504,0.760361,-6.689151,0.291954,2.431854,0.105993

phon RO1 S13 5,128.00100,138.05200,122.08000,0.00436,0.00003,0.00137,0.00166,0.00

411,0.02297,0.21000,0.01323,0.01072,0.01677,0.03969,0.00481,24.69200,0,0.459
766,0.766204,-7.072419,0.220434,1.972297,0.119308

phon RO1 S13 6,129.33600,139.86700,118.60400,0.00490,0.00004,0.00165,0.00183,0.00

495,0.02498,0.22800,0.01396,0.01219,0.01947,0.04188,0.00484,25.42900,0,0.420
383,0.785714,-6.836811,0.269866,2.223719,0.147491

phon RO1 S16 1,108.80700,134.65600,102.87400,0.00761,0.00007,0.00349,0.00486,0.01

046,0.02719,0.25500,0.01483,0.01609,0.02067,0.04450,0.01036,21.02800,1,0.536
009,0.819032,-4.649573,0.205558,1.986899,0.316700

phon R0O1 S16 2,109.86000,126.35800,104.43700,0.00874,0.00008,0.00398,0.00539,0.01

193,0.03209,0.30700,0.01789,0.01992,0.02454,0.05368,0.01180,20.76700,1,0.558
586,0.811843,-4.333543,0.221727,2.014606,0.344834

phon RO1 S16 3,110.41700,131.06700,103.37000,0.00784,0.00007,0.00352,0.00514,0.01

056,0.03715,0.33400,0.02032,0.02302,0.02802,0.06097,0.00969,21.42200,1,0.541
781,0.821364,-4.438453,0.238298,1.922940,0.335041

phon RO1 S16 4,117.27400,129.91600,110.40200,0.00752,0.00006,0.00299,0.00469,0.00

898,0.02293,0.22100,0.01189,0.01459,0.01948,0.03568,0.00681,22.81700,1,0.530
529,0.817756,-4.608260,0.290024,2.021591,0.314464

phon RO1 S16 5,116.87900,131.89700,108.15300,0.00788,0.00007,0.00334,0.00493,0.01

003,0.02645,0.26500,0.01394,0.01625,0.02137,0.04183,0.00786,22.60300,1,0.540
049,0.813432,-4.476755,0.262633,1.827012,0.326197
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phon RO1 S16 6,114.84700,271.31400,104.68000,0.00867,0.00008,0.00373,0.00520,0.01

120,0.03225,0.35000,0.01805,0.01974,0.02519,0.05414,0.01143,21.66000,1,0.547
975,0.817396,-4.609161,0.221711,1.831691,0.316395

phon RO1 S17 1,209.14400,237.49400,109.37900,0.00282,0.00001,0.00147,0.00152,0.00

442,0.01861,0.17000,0.00975,0.01258,0.01382,0.02925,0.00871,25.55400,0,0.341
788,0.678874,-7.040508,0.066994,2.460791,0.101516

phon RO1 S17 2,223.36500,238.98700,98.66400,0.00264,0.00001,0.00154,0.00151,0.004

61,0.01906,0.16500,0.01013,0.01296,0.01340,0.03039,0.00301,26.13800,0,0.4479
79,0.686264,-7.293801,0.086372,2.321560,0.098555

phon RO1 S17 3,222.23600,231.34500,205.49500,0.00266,0.00001,0.00152,0.00144,0.00

457,0.01643,0.14500,0.00867,0.01108,0.01200,0.02602,0.00340,25.85600,0,0.364
867,0.694399,-6.966321,0.095882,2.278687,0.103224

phon RO1 S17 4,228.83200,234.61900,223.63400,0.00296,0.00001,0.00175,0.00155,0.00

526,0.01644,0.14500,0.00882,0.01075,0.01179,0.02647,0.00351,25.96400,0,0.256
570,0.683296,-7.245620,0.018689,2.498224,0.093534

phon RO1 S17 5,229.40100,252.22100,221.15600,0.00205,0.000009,0.00114,0.00113,0.0

0342,0.01457,0.12900,0.00769,0.00957,0.01016,0.02308,0.00300,26.41500,0,0.27
6850,0.673636,-7.496264,0.056844,2.003032,0.073581

phon RO1 S17 6,228.96900,239.54100,113.20100,0.00238,0.00001,0.00136,0.00140,0.00

408,0.01745,0.15400,0.00942,0.01160,0.01234,0.02827,0.00420,24.54700,0,0.305
429,0.681811,-7.314237,0.006274,2.118596,0.091546

phon RO1 S18 1,140.34100,159.77400,67.02100,0.00817,0.00006,0.00430,0.00440,0.012

89,0.03198,0.31300,0.01830,0.01810,0.02428,0.05490,0.02183,19.56000,1,0.4601
39,0.720908,-5.409423,0.226850,2.359973,0.226156

phon R0O1 S18 2,136.96900,166.60700,66.00400,0.00923,0.00007,0.00507,0.00463,0.015

20,0.03111,0.30800,0.01638,0.01759,0.02603,0.04914,0.02659,19.97900,1,0.4981
33,0.729067,-5.324574,0.205660,2.291558,0.226247

phon RO1 S18 3,143.53300,162.21500,65.80900,0.01101,0.00008,0.00647,0.00467,0.019

41,0.05384,0.47800,0.03152,0.02422,0.03392,0.09455,0.04882,20.33800,1,0.5132
37,0.731444,-5.869750,0.151814,2.118496,0.185580
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phon RO1 S18 4,148.09000,162.82400,67.34300,0.00762,0.00005,0.00467,0.00354,0.014

00,0.05428,0.49700,0.03357,0.02494,0.03635,0.10070,0.02431,21.71800,1,0.4874
07,0.727313,-6.261141,0.120956,2.137075,0.141958

phon RO1 S18 5,142.72900,162.40800,65.47600,0.00831,0.00006,0.00469,0.00419,0.014

07,0.03485,0.36500,0.01868,0.01906,0.02949,0.05605,0.02599,20.26400,1,0.4893
45,0.730387,-5.720868,0.158830,2.277927,0.180828

phon R0O1 S18 6,136.35800,176.59500,65.75000,0.00971,0.00007,0.00534,0.00478,0.016

01,0.04978,0.48300,0.02749,0.02466,0.03736,0.08247,0.03361,18.57000,1,0.5432
99,0.733232,-5.207985,0.224852,2.642276,0.242981

phon RO1 S19 1,120.08000,139.71000,111.20800,0.00405,0.00003,0.00180,0.00220,0.00

540,0.01706,0.15200,0.00974,0.00925,0.01345,0.02921,0.00442,25.74200,1,0.495
954,0.762959,-5.791820,0.329066,2.205024,0.188180

phon RO1 S19 2,112.01400,588.51800,107.02400,0.00533,0.00005,0.00268,0.00329,0.00

805,0.02448,0.22600,0.01373,0.01375,0.01956,0.04120,0.00623,24.17800,1,0.509
127,0.789532,-5.389129,0.306636,1.928708,0.225461

phon RO1 S19 3,110.79300,128.10100,107.31600,0.00494,0.00004,0.00260,0.00283,0.00

780,0.02442,0.21600,0.01432,0.01325,0.01831,0.04295,0.00479,25.43800,1,0.437
031,0.815908,-5.313360,0.201861,2.225815,0.244512

phon R0O1 S19 4,110.70700,122.61100,105.00700,0.00516,0.00005,0.00277,0.00289,0.00

831,0.02215,0.20600,0.01284,0.01219,0.01715,0.03851,0.00472,25.19700,1,0.463
514,0.807217,-5.477592,0.315074,1.862092,0.228624

phon R0O1 S19 5,112.87600,148.82600,106.98100,0.00500,0.00004,0.00270,0.00289,0.00

810,0.03999,0.35000,0.02413,0.02231,0.02704,0.07238,0.00905,23.37000,1,0.489
538,0.789977,-5.775966,0.341169,2.007923,0.193918

phon RO1 S19 6,110.56800,125.39400,106.82100,0.00462,0.00004,0.00226,0.00280,0.00

677,0.02199,0.19700,0.01284,0.01199,0.01636,0.03852,0.00420,25.82000,1,0.429
484,0.816340,-5.391029,0.250572,1.777901,0.232744

phon RO1 S20 1,95.38500,102.14500,90.26400,0.00608,0.00006,0.00331,0.00332,0.0099

4,0.03202,0.26300,0.01803,0.01886,0.02455,0.05408,0.01062,21.87500,1,0.64495
4,0.779612,-5.115212,0.249494,2.017753,0.260015
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phon RO1 S20 2,100.77000,115.69700,85.54500,0.01038,0.00010,0.00622,0.00576,0.018

65,0.03121,0.36100,0.01773,0.01783,0.02139,0.05320,0.02220,19.20000,1,0.5943
87,0.790117,-4.913885,0.265699,2.398422,0.277948

phon RO1 S20 3,96.10600,108.66400,84.51000,0.00694,0.00007,0.00389,0.00415,0.0116

8,0.04024,0.36400,0.02266,0.02451,0.02876,0.06799,0.01823,19.05500,1,0.54480
5,0.770466,-4.441519,0.155097,2.645959,0.327978

phon RO1 S20 4,95.60500,107.71500,87.54900,0.00702,0.00007,0.00428,0.00371,0.0128

3,0.03156,0.29600,0.01792,0.01841,0.02190,0.05377,0.01825,19.65900,1,0.57608
4,0.778747,-5.132032,0.210458,2.232576,0.260633

phon RO1 S20 5,100.96000,110.01900,95.62800,0.00606,0.00006,0.00351,0.00348,0.010

53,0.02427,0.21600,0.01371,0.01421,0.01751,0.04114,0.01237,20.53600,1,0.5546
10,0.787896,-5.022288,0.146948,2.428306,0.264666

phon RO1 S20 6,98.80400,102.30500,87.80400,0.00432,0.00004,0.00247,0.00258,0.0074

2,0.02223,0.20200,0.01277,0.01343,0.01552,0.03831,0.00882,22.24400,1,0.57664
4,0.772416,-6.025367,0.078202,2.053601,0.177275

phon RO1 S21 1,176.85800,205.56000,75.34400,0.00747,0.00004,0.00418,0.00420,0.012

54,0.04795,0.43500,0.02679,0.03022,0.03510,0.08037,0.05470,13.89300,1,0.5564
94,0.729586,-5.288912,0.343073,3.099301,0.242119

phon RO1 S21 2,180.97800,200.12500,155.49500,0.00406,0.00002,0.00220,0.00244,0.00

659,0.03852,0.33100,0.02107,0.02493,0.02877,0.06321,0.02782,16.17600,1,0.583
574,0.727747,-5.657899,0.315903,3.098256,0.200423

phon RO1 S21 3,178.22200,202.45000,141.04700,0.00321,0.00002,0.00163,0.00194,0.00

488,0.03759,0.32700,0.02073,0.02415,0.02784,0.06219,0.03151,15.92400,1,0.598
714,0.712199,-6.366916,0.335753,2.654271,0.144614

phon RO1 S21 4,176.28100,227.38100,125.61000,0.00520,0.00003,0.00287,0.00312,0.00

862,0.06511,0.58000,0.03671,0.04159,0.04683,0.11012,0.04824,13.92200,1,0.602
874,0.740837,-5.515071,0.299549,3.136550,0.220968

phon RO1 S21 5,173.89800,211.35000,74.67700,0.00448,0.00003,0.00237,0.00254,0.007

10,0.06727,0.65000,0.03788,0.04254,0.04802,0.11363,0.04214,14.73900,1,0.5993
71,0.743937,-5.783272,0.299793,3.007096,0.194052
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phon R0O1 S21 6,179.71100,225.93000,144.87800,0.00709,0.00004,0.00391,0.00419,0.01

172,0.04313,0.44200,0.02297,0.02768,0.03455,0.06892,0.07223,11.86600,1,0.590
951,0.745526,-4.379411,0.375531,3.671155,0.332086

phon RO1 S21 7,166.60500,206.00800,78.03200,0.00742,0.00004,0.00387,0.00453,0.011

61,0.06640,0.63400,0.03650,0.04282,0.05114,0.10949,0.08725,11.74400,1,0.6534
10,0.733165,-4.508984,0.389232,3.317586,0.301952

phon RO1 S22 1,151.95500,163.33500,147.22600,0.00419,0.00003,0.00224,0.00227,0.00

672,0.07959,0.77200,0.04421,0.04962,0.05690,0.13262,0.01658,19.66400,1,0.501
037,0.714360,-6.411497,0.207156,2.344876,0.134120

phon RO1 S22 2,148.27200,164.98900,142.29900,0.00459,0.00003,0.00250,0.00256,0.00

750,0.04190,0.38300,0.02383,0.02521,0.03051,0.07150,0.01914,18.78000,1,0.454
444,0.734504,-5.952058,0.087840,2.344336,0.186489

phon RO1 S22 3,152.12500,161.46900,76.59600,0.00382,0.00003,0.00191,0.00226,0.005

74,0.05925,0.63700,0.03341,0.03794,0.04398,0.10024,0.01211,20.96900,1,0.4474
56,0.697790,-6.152551,0.173520,2.080121,0.160809

phon RO1 S22 4,157.82100,172.97500,68.40100,0.00358,0.00002,0.00196,0.00196,0.005

87,0.03716,0.30700,0.02062,0.02321,0.02764,0.06185,0.00850,22.21900,1,0.5023
80,0.712170,-6.251425,0.188056,2.143851,0.160812

phon RO1 S22 5,157.44700,163.26700,149.60500,0.00369,0.00002,0.00201,0.00197,0.00

602,0.03272,0.28300,0.01813,0.01909,0.02571,0.05439,0.01018,21.69300,1,0.447
285,0.705658,-6.247076,0.180528,2.344348,0.164916

phon RO1 S22 6,159.11600,168.91300,144.81100,0.00342,0.00002,0.00178,0.00184,0.00

535,0.03381,0.30700,0.01806,0.02024,0.02809,0.05417,0.00852,22.66300,1,0.366
329,0.693429,-6.417440,0.194627,2.473239,0.151709

phon RO1 S24 1,125.03600,143.94600,116.18700,0.01280,0.00010,0.00743,0.00623,0.02

228,0.03886,0.34200,0.02135,0.02174,0.03088,0.06406,0.08151,15.33800,1,0.629
574,0.714485,-4.020042,0.265315,2.671825,0.340623

phon RO1 S24 2,125.79100,140.55700,96.20600,0.01378,0.00011,0.00826,0.00655,0.024

78,0.04689,0.42200,0.02542,0.02630,0.03908,0.07625,0.10323,15.43300,1,0.5710
10,0.690892,-5.159169,0.202146,2.441612,0.260375
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phon RO1 S24 3,126.51200,141.75600,99.77000,0.01936,0.00015,0.01159,0.00990,0.034

76,0.06734,0.65900,0.03611,0.03963,0.05783,0.10833,0.16744,12.43500,1,0.6385
45,0.674953,-3.760348,0.242861,2.634633,0.378483

phon RO1 S24 4,125.64100,141.06800,116.34600,0.03316,0.00026,0.02144,0.01522,0.06

433,0.09178,0.89100,0.05358,0.04791,0.06196,0.16074,0.31482,8.86700,1,0.6712
99,0.656846,-3.700544,0.260481,2.991063,0.370961

phon RO1 S24 5,128.45100,150.44900,75.63200,0.01551,0.00012,0.00905,0.00909,0.027

16,0.06170,0.58400,0.03223,0.03672,0.05174,0.09669,0.11843,15.06000,1,0.6398
08,0.643327,-4.202730,0.310163,2.638279,0.356881

phon RO1 S24 6,139.22400,586.56700,66.15700,0.03011,0.00022,0.01854,0.01628,0.055

63,0.09419,0.93000,0.05551,0.05005,0.06023,0.16654,0.25930,10.48900,1,0.5963
62,0.641418,-3.269487,0.270641,2.690917,0.444774

phon RO1 S25 1,150.25800,154.60900,75.34900,0.00248,0.00002,0.00105,0.00136,0.003

15,0.01131,0.10700,0.00522,0.00659,0.01009,0.01567,0.00495,26.75900,1,0.2968
88,0.722356,-6.878393,0.089267,2.004055,0.113942

phon RO1 S25 2,154.00300,160.26700,128.62100,0.00183,0.00001,0.00076,0.00100,0.00

229,0.01030,0.09400,0.00469,0.00582,0.00871,0.01406,0.00243,28.40900,1,0.263
654,0.691483,-7.111576,0.144780,2.065477,0.093193

phon RO1 S25 3,149.68900,160.36800,133.60800,0.00257,0.00002,0.00116,0.00134,0.00

349,0.01346,0.12600,0.00660,0.00818,0.01059,0.01979,0.00578,27.42100,1,0.365
488,0.719974,-6.997403,0.210279,1.994387,0.112878

phon RO1 S25 4,155.07800,163.73600,144.14800,0.00168,0.00001,0.00068,0.00092,0.00

204,0.01064,0.09700,0.00522,0.00632,0.00928,0.01567,0.00233,29.74600,1,0.334
171,0.677930,-6.981201,0.184550,2.129924,0.106802

phon RO1 S25 5,151.88400,157.76500,133.75100,0.00258,0.00002,0.00115,0.00122,0.00

346,0.01450,0.13700,0.00633,0.00788,0.01267,0.01898,0.00659,26.83300,1,0.393
563,0.700246,-6.600023,0.249172,2.499148,0.105306

phon RO1 S25 6,151.98900,157.33900,132.85700,0.00174,0.00001,0.00075,0.00096,0.00

225,0.01024,0.09300,0.00455,0.00576,0.00993,0.01364,0.00238,29.92800,1,0.311
369,0.676066,-6.739151,0.160686,2.296873,0.115130
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phon R0O1 S26 1,193.03000,208.90000,80.29700,0.00766,0.00004,0.00450,0.00389,0.013

51,0.03044,0.27500,0.01771,0.01815,0.02084,0.05312,0.00947,21.93400,1,0.4975
54,0.740539,-5.845099,0.278679,2.608749,0.185668

phon RO1 S26 2,200.71400,223.98200,89.68600,0.00621,0.00003,0.00371,0.00337,0.011

12,0.02286,0.20700,0.01192,0.01439,0.01852,0.03576,0.00704,23.23900,1,0.4360
84,0.727863,-5.258320,0.256454,2.550961,0.232520

phon RO1 S26 3,208.51900,220.31500,199.02000,0.00609,0.00003,0.00368,0.00339,0.01

105,0.01761,0.15500,0.00952,0.01058,0.01307,0.02855,0.00830,22.40700,1,0.338
097,0.712466,-6.471427,0.184378,2.502336,0.136390

phon R0O1 S26 4,204.66400,221.30000,189.62100,0.00841,0.00004,0.00502,0.00485,0.01

506,0.02378,0.21000,0.01277,0.01483,0.01767,0.03831,0.01316,21.30500,1,0.498
877,0.722085,-4.876336,0.212054,2.376749,0.268144

phon RO1 S26 5,210.14100,232.70600,185.25800,0.00534,0.00003,0.00321,0.00280,0.00

964,0.01680,0.14900,0.00861,0.01017,0.01301,0.02583,0.00620,23.67100,1,0.441
097,0.722254,-5.963040,0.250283,2.489191,0.177807

phon RO1 S26 6,206.32700,226.35500,92.02000,0.00495,0.00002,0.00302,0.00246,0.009

05,0.02105,0.20900,0.01107,0.01284,0.01604,0.03320,0.01048,21.86400,1,0.3315
08,0.715121,-6.729713,0.181701,2.938114,0.115515

phon RO1 S27 1,151.87200,492.89200,69.08500,0.00856,0.00006,0.00404,0.00385,0.012

11,0.01843,0.23500,0.00796,0.00832,0.01271,0.02389,0.06051,23.69300,1,0.4077
01,0.662668,-4.673241,0.261549,2.702355,0.274407

phon RO1 S27 2,158.21900,442.55700,71.94800,0.00476,0.00003,0.00214,0.00207,0.006

42,0.01458,0.14800,0.00606,0.00747,0.01312,0.01818,0.01554,26.35600,1,0.4507
98,0.653823,-6.051233,0.273280,2.640798,0.170106

phon RO1 S27 3,170.75600,450.24700,79.03200,0.00555,0.00003,0.00244,0.00261,0.007

31,0.01725,0.17500,0.00757,0.00971,0.01652,0.02270,0.01802,25.69000,1,0.486 7
38,0.676023,-4.597834,0.372114,2.975889,0.282780

phon RO1 S27 4,178.28500,442.82400,82.06300,0.00462,0.00003,0.00157,0.00194,0.004

72,0.01279,0.12900,0.00617,0.00744,0.01151,0.01851,0.00856,25.02000,1,0.4704
22,0.655239,-4.913137,0.393056,2.816781,0.251972
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phon RO1 S27 5,217.11600,233.48100,93.97800,0.00404,0.00002,0.00127,0.00128,0.003

81,0.01299,0.12400,0.00679,0.00631,0.01075,0.02038,0.00681,24.58100,1,0.4625
16,0.582710,-5.517173,0.389295,2.925862,0.220657

phon RO1 S27 6,128.94000,479.69700,88.25100,0.00581,0.00005,0.00241,0.00314,0.007

23,0.02008,0.22100,0.00849,0.01117,0.01734,0.02548,0.02350,24.74300,1,0.4877
56,0.684130,-6.186128,0.279933,2.686240,0.152428

phon RO1 S27 7,176.82400,215.29300,83.96100,0.00460,0.00003,0.00209,0.00221,0.006

28,0.01169,0.11700,0.00534,0.00630,0.01104,0.01603,0.01161,27.16600,1,0.4000
88,0.656182,-4.711007,0.281618,2.655744,0.234809

phon RO1 S31 1,138.19000,203.52200,83.34000,0.00704,0.00005,0.00406,0.00398,0.012

18,0.04479,0.44100,0.02587,0.02567,0.03220,0.07761,0.01968,18.30500,1,0.5380
16,0.741480,-5.418787,0.160267,2.090438,0.229892

phon RO1 S31 2,182.01800,197.17300,79.18700,0.00842,0.00005,0.00506,0.00449,0.015

17,0.02503,0.23100,0.01372,0.01580,0.01931,0.04115,0.01813,18.78400,1,0.5899
56,0.732903,-5.445140,0.142466,2.174306,0.215558

phon RO1 S31 3,156.23900,195.10700,79.82000,0.00694,0.00004,0.00403,0.00395,0.012

09,0.02343,0.22400,0.01289,0.01420,0.01720,0.03867,0.02020,19.19600,1,0.6 186
63,0.728421,-5.944191,0.143359,1.929715,0.181988

phon RO1 S31 4,145.17400,198.10900,80.63700,0.00733,0.00005,0.00414,0.00422,0.012

42,0.02362,0.23300,0.01235,0.01495,0.01944,0.03706,0.01874,18.85700,1,0.6375
18,0.735546,-5.594275,0.127950,1.765957,0.222716

phon RO1 S31 5,138.14500,197.23800,81.11400,0.00544,0.00004,0.00294,0.00327,0.008

83,0.02791,0.24600,0.01484,0.01805,0.02259,0.04451,0.01794,18.17800,1,0.6232
09,0.738245,-5.540351,0.087165,1.821297,0.214075

phon RO1 S31 6,166.88800,198.96600,79.51200,0.00638,0.00004,0.00368,0.00351,0.011

04,0.02857,0.25700,0.01547,0.01859,0.02301,0.04641,0.01796,18.33000,1,0.5851
69,0.736964,-5.825257,0.115697,1.996146,0.196535

phon RO1 S32 1,119.03100,127.53300,109.21600,0.00440,0.00004,0.00214,0.00192,0.00

641,0.01033,0.09800,0.00538,0.00570,0.00811,0.01614,0.01724,26.84200,1,0.457
541,0.699787,-6.890021,0.152941,2.328513,0.112856
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phon RO1 S32 2,120.07800,126.63200,105.66700,0.00270,0.00002,0.00116,0.00135,0.00

349,0.01022,0.09000,0.00476,0.00588,0.00903,0.01428,0.00487,26.36900,1,0.491
345,0.718839,-5.892061,0.195976,2.108873,0.183572

phon RO1 S32 3,120.28900,128.14300,100.20900,0.00492,0.00004,0.00269,0.00238,0.00

808,0.01412,0.12500,0.00703,0.00820,0.01194,0.02110,0.01610,23.94900,1,0.467
160,0.724045,-6.135296,0.203630,2.539724,0.169923

phon RO1 S32 4,120.25600,125.30600,104.77300,0.00407,0.00003,0.00224,0.00205,0.00

671,0.01516,0.13800,0.00721,0.00815,0.01310,0.02164,0.01015,26.01700,1,0.468
621,0.735136,-6.112667,0.217013,2.527742,0.170633

phon RO1 S32 5,119.05600,125.21300,86.79500,0.00346,0.00003,0.00169,0.00170,0.005

08,0.01201,0.10600,0.00633,0.00701,0.00915,0.01898,0.00903,23.38900,1,0.4709
72,0.721308,-5.436135,0.254909,2.516320,0.232209

phon RO1 S32 6,118.74700,123.72300,109.83600,0.00331,0.00003,0.00168,0.00171,0.00

504,0.01043,0.09900,0.00490,0.00621,0.00903,0.01471,0.00504,25.61900,1,0.482
296,0.723096,-6.448134,0.178713,2.034827,0.141422

phon RO1 S33 1,106.51600,112.77700,93.10500,0.00589,0.00006,0.00291,0.00319,0.008

73,0.04932,0.44100,0.02683,0.03112,0.03651,0.08050,0.03031,17.06000,1,0.6378
14,0.744064,-5.301321,0.320385,2.375138,0.243080

phon RO1 S33 2,110.45300,127.61100,105.55400,0.00494,0.00004,0.00244,0.00315,0.00

731,0.04128,0.37900,0.02229,0.02592,0.03316,0.06688,0.02529,17.70700,1,0.653
427,0.706687,-5.333619,0.322044,2.631793,0.228319

phon RO1 S33 3,113.40000,133.34400,107.81600,0.00451,0.00004,0.00219,0.00283,0.00

658,0.04879,0.43100,0.02385,0.02973,0.04370,0.07154,0.02278,19.01300,1,0.647
900,0.708144,-4.378916,0.300067,2.445502,0.259451

phon RO1 S33 4,113.16600,130.27000,100.67300,0.00502,0.00004,0.00257,0.00312,0.00

772,0.05279,0.47600,0.02896,0.03347,0.04134,0.08689,0.03690,16.74700,1,0.625
362,0.708617,-4.654894,0.304107,2.672362,0.274387

phon RO1 S33 5,112.23900,126.60900,104.09500,0.00472,0.00004,0.00238,0.00290,0.00

715,0.05643,0.51700,0.03070,0.03530,0.04451,0.09211,0.02629,17.36600,1,0.640
945,0.701404,-5.634576,0.306014,2.419253,0.209191
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phon RO1 S33 6,116.15000,131.73100,109.81500,0.00381,0.00003,0.00181,0.00232,0.00

542,0.03026,0.26700,0.01514,0.01812,0.02770,0.04543,0.01827,18.80100,1,0.624
811,0.696049,-5.866357,0.233070,2.445646,0.184985

phon RO1 S34 1,170.36800,268.79600,79.54300,0.00571,0.00003,0.00232,0.00269,0.006

96,0.03273,0.28100,0.01713,0.01964,0.02824,0.05139,0.02485,18.54000,1,0.6771
31,0.685057,-4.796845,0.397749,2.963799,0.277227

phon RO1 S34 2,208.08300,253.79200,91.80200,0.00757,0.00004,0.00428,0.00428,0.012

85,0.06725,0.57100,0.04016,0.04003,0.04464,0.12047,0.04238,15.64800,1,0.6063
44,0.665945,-5.410336,0.288917,2.665133,0.231723

phon RO1 S34 3,198.45800,219.29000,148.69100,0.00376,0.00002,0.00182,0.00215,0.00

546,0.03527,0.29700,0.02055,0.02076,0.02530,0.06165,0.01728,18.70200,1,0.606
273,0.661735,-5.585259,0.310746,2.465528,0.209863

phon RO1 S34 4,202.80500,231.50800,86.23200,0.00370,0.00002,0.00189,0.00211,0.005

68,0.01997,0.18000,0.01117,0.01177,0.01506,0.03350,0.02010,18.68700,1,0.5361
02,0.632631,-5.898673,0.213353,2.470746,0.189032

phon RO1 S34 5,202.54400,241.35000,164.16800,0.00254,0.00001,0.00100,0.00133,0.00

301,0.02662,0.22800,0.01475,0.01558,0.02006,0.04426,0.01049,20.68000,1,0.497
480,0.630409,-6.132663,0.220617,2.576563,0.159777

phon RO1 S34 6,223.36100,263.87200,87.63800,0.00352,0.00002,0.00169,0.00188,0.005

06,0.02536,0.22500,0.01379,0.01478,0.01909,0.04137,0.01493,20.36600,1,0.5668
49,0.574282,-5.456811,0.345238,2.840556,0.232861

phon RO1 S35 1,169.77400,191.75900,151.45100,0.01568,0.00009,0.00863,0.00946,0.02

589,0.08143,0.82100,0.03804,0.05426,0.08808,0.11411,0.07530,12.35900,1,0.561
610,0.793509,-3.297668,0.414758,3.413649,0.457533

phon RO1 S35 2,183.52000,216.81400,161.34000,0.01466,0.00008,0.00849,0.00819,0.02

546,0.06050,0.61800,0.02865,0.04101,0.06359,0.08595,0.06057,14.36700,1,0.478
024,0.768974,-4.276605,0.355736,3.142364,0.336085

phon RO1 S35 3,188.62000,216.30200,165.98200,0.01719,0.00009,0.00996,0.01027,0.02

987,0.07118,0.72200,0.03474,0.04580,0.06824,0.10422,0.08069,12.29800,1,0.552
870,0.764036,-3.377325,0.335357,3.274865,0.418646
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phon RO1 S35 4,202.63200,565.74000,177.25800,0.01627,0.00008,0.00919,0.00963,0.02

756,0.07170,0.83300,0.03515,0.04265,0.06460,0.10546,0.07889,14.98900,1,0.427
627,0.775708,-4.892495,0.262281,2.910213,0.270173

phon RO1 S35 5,186.69500,211.96100,149.44200,0.01872,0.00010,0.01075,0.01154,0.03

225,0.05830,0.78400,0.02699,0.03714,0.06259,0.08096,0.10952,12.52900,1,0.507
826,0.762726,-4.484303,0.340256,2.958815,0.301487

phon RO1 S35 6,192.81800,224.42900,168.79300,0.03107,0.00016,0.01800,0.01958,0.05

401,0.11908,1.30200,0.05647,0.07940,0.13778,0.16942,0.21713,8.44100,1,0.6258
66,0.768320,-2.434031,0.450493,3.079221,0.527367

phon RO1 S35 7,198.11600,233.09900,174.47800,0.02714,0.00014,0.01568,0.01699,0.04

705,0.08684,1.01800,0.04284,0.05556,0.08318,0.12851,0.16265,9.44900,1,0.5841
64,0.754449,-2.839756,0.356224,3.184027,0.454721

phon RO1 S37 1,121.34500,139.64400,98.25000,0.00684,0.00006,0.00388,0.00332,0.011

64,0.02534,0.24100,0.01340,0.01399,0.02056,0.04019,0.04179,21.52000,1,0.5668
67,0.670475,-4.865194,0.246404,2.013530,0.168581

phon RO1 S37 2,119.10000,128.44200,88.83300,0.00692,0.00006,0.00393,0.00300,0.011

79,0.02682,0.23600,0.01484,0.01405,0.02018,0.04451,0.04611,21.82400,1,0.6516
80,0.659333,-4.239028,0.175691,2.451130,0.247455

phon RO1 S37 3,117.87000,127.34900,95.65400,0.00647,0.00005,0.00356,0.00300,0.010

67,0.03087,0.27600,0.01659,0.01804,0.02402,0.04977,0.02631,22.43100,1,0.6283
00,0.652025,-3.583722,0.207914,2.439597,0.206256

phon RO1 S37 4,122.33600,142.36900,94.79400,0.00727,0.00006,0.00415,0.00339,0.012

46,0.02293,0.22300,0.01205,0.01289,0.01771,0.03615,0.03191,22.95300,1,0.6 116
79,0.623731,-5.435100,0.230532,2.699645,0.220546

phon RO1 S37 5,117.96300,134.20900,100.75700,0.01813,0.00015,0.01117,0.00718,0.03

351,0.04912,0.43800,0.02610,0.02161,0.02916,0.07830,0.10748,19.07500,1,0.630
547,0.646786,-3.444478,0.303214,2.964568,0.261305

phon RO1 S37 6,126.14400,154.28400,97.54300,0.00975,0.00008,0.00593,0.00454,0.017

78,0.02852,0.26600,0.01500,0.01581,0.02157,0.04499,0.03828,21.53400,1,0.6350
15,0.627337,-5.070096,0.280091,2.892300,0.249703
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phon RO1 S39 1,127.93000,138.75200,112.17300,0.00605,0.00005,0.00321,0.00318,0.00

962,0.03235,0.33900,0.01360,0.01650,0.03105,0.04079,0.02663,19.65100,1,0.654
945,0.675865,-5.498456,0.234196,2.103014,0.216638

phon RO1 S39 2,114.23800,124.39300,77.02200,0.00581,0.00005,0.00299,0.00316,0.008

96,0.04009,0.40600,0.01579,0.01994,0.04114,0.04736,0.02073,20.43700,1,0.6531
39,0.694571,-5.185987,0.259229,2.151121,0.244948

phon RO1 S39 3,115.32200,135.73800,107.80200,0.00619,0.00005,0.00352,0.00329,0.01

057,0.03273,0.32500,0.01644,0.01722,0.02931,0.04933,0.02810,19.38800,1,0.577
802,0.684373,-5.283009,0.226528,2.442906,0.238281

phon RO1 S39 4,114.55400,126.77800,91.12100,0.00651,0.00006,0.00366,0.00340,0.010

97,0.03658,0.36900,0.01864,0.01940,0.03091,0.05592,0.02707,18.95400,1,0.6851
51,0.719576,-5.529833,0.242750,2.408689,0.220520

phon RO1 S39 5,112.15000,131.66900,97.52700,0.00519,0.00005,0.00291,0.00284,0.008

73,0.01756,0.15500,0.00967,0.01033,0.01363,0.02902,0.01435,21.21900,1,0.5570
45,0.673086,-5.617124,0.184896,1.871871,0.212386

phon RO1 S39 6,102.27300,142.83000,85.90200,0.00907,0.00009,0.00493,0.00461,0.014

80,0.02814,0.27200,0.01579,0.01553,0.02073,0.04736,0.03882,18.44700,1,0.6713
78,0.674562,-2.929379,0.396746,2.560422,0.367233

phon RO1 S42 1,236.20000,244.66300,102.13700,0.00277,0.00001,0.00154,0.00153,0.00

462,0.02448,0.21700,0.01410,0.01426,0.01621,0.04231,0.00620,24.07800,0,0.469
928,0.628232,-6.816086,0.172270,2.235197,0.119652

phon RO1 S42 2,237.32300,243.70900,229.25600,0.00303,0.00001,0.00173,0.00159,0.00

519,0.01242,0.11600,0.00696,0.00747,0.00882,0.02089,0.00533,24.67900,0,0.384
868,0.626710,-7.018057,0.176316,1.852402,0.091604

phon R0O1 S42 3,260.10500,264.91900,237.30300,0.00339,0.00001,0.00205,0.00186,0.00

616,0.02030,0.19700,0.01186,0.01230,0.01367,0.03557,0.00910,21.08300,0,0.440
988,0.628058,-7.517934,0.160414,1.881767,0.075587

phon RO1 S42 4,197.56900,217.62700,90.79400,0.00803,0.00004,0.00490,0.00448,0.014

70,0.02177,0.18900,0.01279,0.01272,0.01439,0.03836,0.01337,19.26900,0,0.3722
22,0.725216,-5.736781,0.164529,2.882450,0.202879
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phon RO1 S42 5,240.30100,245.13500,219.78300,0.00517,0.00002,0.00316,0.00283,0.00

949,0.02018,0.21200,0.01176,0.01191,0.01344,0.03529,0.00965,21.02000,0,0.371
837,0.646167,-7.169701,0.073298,2.266432,0.100881

phon RO1 S42 6,244.99000,272.21000,239.17000,0.00451,0.00002,0.00279,0.00237,0.00

837,0.01897,0.18100,0.01084,0.01121,0.01255,0.03253,0.01049,21.52800,0,0.522
812,0.646818,-7.304500,0.171088,2.095237,0.096220

phon RO1 S43 1,112.54700,133.37400,105.71500,0.00355,0.00003,0.00166,0.00190,0.00

499,0.01358,0.12900,0.00664,0.00786,0.01140,0.01992,0.00435,26.43600,0,0.413
295,0.756700,-6.323531,0.218885,2.193412,0.160376

phon RO1 S43 2,110.73900,113.59700,100.13900,0.00356,0.00003,0.00170,0.00200,0.00

510,0.01484,0.13300,0.00754,0.00950,0.01285,0.02261,0.00430,26.55000,0,0.369
090,0.776158,-6.085567,0.192375,1.889002,0.174152

phon RO1 S43 3,113.71500,116.44300,96.91300,0.00349,0.00003,0.00171,0.00203,0.005

14,0.01472,0.13300,0.00748,0.00905,0.01148,0.02245,0.00478,26.54700,0,0.3802
53,0.766700,-5.943501,0.192150,1.852542,0.179677

phon RO1 S43 4,117.00400,144.46600,99.92300,0.00353,0.00003,0.00176,0.00218,0.005

28,0.01657,0.14500,0.00881,0.01062,0.01318,0.02643,0.00590,25.44500,0,0.3874
82,0.756482,-6.012559,0.229298,1.872946,0.163118

phon RO1 S43 5/115.38000,123.10900,108.63400,0.00332,0.00003,0.00160,0.00199,0.00

480,0.01503,0.13700,0.00812,0.00933,0.01133,0.02436,0.00401,26.00500,0,0.405
991,0.761255,-5.966779,0.197938,1.974857,0.184067

phon RO1 S43 6,116.38800,129.03800,108.97000,0.00346,0.00003,0.00169,0.00213,0.00

507,0.01725,0.15500,0.00874,0.01021,0.01331,0.02623,0.00415,26.14300,0,0.361
232,0.763242,-6.016891,0.109256,2.004719,0.174429

phon RO1 S44 1,151.73700,190.20400,129.85900,0.00314,0.00002,0.00135,0.00162,0.00

406,0.01469,0.13200,0.00728,0.00886,0.01230,0.02184,0.00570,24.15100,1,0.396
610,0.745957,-6.486822,0.197919,2.449763,0.132703

phon RO1 S44 2,148.79000,158.35900,138.99000,0.00309,0.00002,0.00152,0.00186,0.00

456,0.01574,0.14200,0.00839,0.00956,0.01309,0.02518,0.00488,24.41200,1,0.402
591,0.762508,-6.311987,0.182459,2.251553,0.160306
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phon RO1 S44 3,148.14300,155.98200,135.04100,0.00392,0.00003,0.00204,0.00231,0.00

612,0.01450,0.13100,0.00725,0.00876,0.01263,0.02175,0.00540,23.68300,1,0.398
499,0.778349,-5.711205,0.240875,2.845109,0.192730

phon RO1 S44 4,150.44000,163.44100,144.73600,0.00396,0.00003,0.00206,0.00233,0.00

619,0.02551,0.23700,0.01321,0.01574,0.02148,0.03964,0.00611,23.13300,1,0.352
396,0.759320,-6.261446,0.183218,2.264226,0.144105

phon RO1 S44 5/148.46200,161.07800,141.99800,0.00397,0.00003,0.00202,0.00235,0.00

605,0.01831,0.16300,0.00950,0.01103,0.01559,0.02849,0.00639,22.86600,1,0.408
598,0.768845,-5.704053,0.216204,2.679185,0.197710

phon RO1 S44 6,149.81800,163.41700,144.78600,0.00336,0.00002,0.00174,0.00198,0.00

521,0.02145,0.19800,0.01155,0.01341,0.01666,0.03464,0.00595,23.00800,1,0.329
577,0.757180,-6.277170,0.109397,2.209021,0.156368

phon RO1 S49 1,117.22600,123.92500,106.65600,0.00417,0.00004,0.00186,0.00270,0.00

558,0.01909,0.17100,0.00864,0.01223,0.01949,0.02592,0.00955,23.07900,0,0.603
515,0.669565,-5.619070,0.191576,2.027228,0.215724

phon RO1 S49 2,116.84800,217.55200,99.50300,0.00531,0.00005,0.00260,0.00346,0.007

80,0.01795,0.16300,0.00810,0.01144,0.01756,0.02429,0.01179,22.08500,0,0.6638
42,0.656516,-5.198864,0.206768,2.120412,0.252404

phon RO1 S49 3,116.28600,177.29100,96.98300,0.00314,0.00003,0.00134,0.00192,0.004

03,0.01564,0.13600,0.00667,0.00990,0.01691,0.02001,0.00737,24.19900,0,0.5985
15,0.654331,-5.592584,0.133917,2.058658,0.214346

phon RO1 S49 4,116.55600,592.03000,86.22800,0.00496,0.00004,0.00254,0.00263,0.007

62,0.01660,0.15400,0.00820,0.00972,0.01491,0.02460,0.01397,23.95800,0,0.5664
24,0.667654,-6.431119,0.153310,2.161936,0.120605

phon RO1 S49 5/116.34200,581.28900,94.24600,0.00267,0.00002,0.00115,0.00148,0.003

45,0.01300,0.11700,0.00631,0.00789,0.01144,0.01892,0.00680,25.02300,0,0.5284
85,0.663884,-6.359018,0.116636,2.152083,0.138868

phon RO1 S49 6,114.56300,119.16700,86.64700,0.00327,0.00003,0.00146,0.00184,0.004

39,0.01185,0.10600,0.00557,0.00721,0.01095,0.01672,0.00703,24.77500,0,0.5553
03,0.659132,-6.710219,0.149694,1.913990,0.121777
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phon RO1 S50 1,201.77400,262.70700,78.22800,0.00694,0.00003,0.00412,0.00396,0.012
35,0.02574,0.25500,0.01454,0.01582,0.01758,0.04363,0.04441,19.36800,0,0.5084
79,0.683761,-6.934474,0.159890,2.316346,0.112838

phon RO1 S50 2,174.18800,230.97800,94.26100,0.00459,0.00003,0.00263,0.00259,0.007
90,0.04087,0.40500,0.02336,0.02498,0.02745,0.07008,0.02764,19.51700,0,0.4484
39,0.657899,-6.538586,0.121952,2.657476,0.133050

phon R0O1 S50 3,209.51600,253.01700,89.48800,0.00564,0.00003,0.00331,0.00292,0.009
94,0.02751,0.26300,0.01604,0.01657,0.01879,0.04812,0.01810,19.14700,0,0.4316
74,0.683244,-6.195325,0.129303,2.784312,0.168895

phon RO1 S50 4,174.68800,240.00500,74.28700,0.01360,0.00008,0.00624,0.00564,0.018
73,0.02308,0.25600,0.01268,0.01365,0.01667,0.03804,0.10715,17.88300,0,0.4075
67,0.655683,-6.787197,0.158453,2.679772,0.131728

phon R0O1 S50 5,198.76400,396.96100,74.90400,0.00740,0.00004,0.00370,0.00390,0.011
09,0.02296,0.24100,0.01265,0.01321,0.01588,0.03794,0.07223,19.02000,0,0.4512
21,0.643956,-6.744577,0.207454,2.138608,0.123306

phon R0O1 S50 6,214.28900,260.27700,77.97300,0.00567,0.00003,0.00295,0.00317,0.008
85,0.01884,0.19000,0.01026,0.01161,0.01373,0.03078,0.04398,21.20900,0,0.4628
03,0.664357,-5.724056,0.190667,2.555477,0.148569
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C |y | Performance C |y | Performance C |y | Performance C |y | Performance C |y | Performance
0 0 | 0.546 2 2 | 0.895 a4 410.936 6 6 | 0.963 8 8 |10.948
0.1]0 ]0.634 2112 |0.864 4.1 |4 |0.961 6.1 |6 |0.946 8.1]8 |0.946
0.2]0 |0.534 222 10.829 4.2 14 ]0.961 6.2 |6 0934 8.2 |8 |0.959
030 ]0.634 2312 ]0.780 43 |4 |0.898 6360934 83|18 |0.963
0.4 |0 | 0.621 2.4 |2 |0.864 44 |4 10938 6.4 |6 10938 8.4 (8 |0.961
0.5|0 |0.584 2512 10.854 4514 |0.898 6.5 |6 |0.921 85|18 |0.961
0.6 |0 |0.534 2.6 |2 ]0.868 4.6 |4 |0.986 6.6 | 6 | 0.946 8.6 |8 |0.936
0.7 10 | 0.559 271210871 4.7 |4 0911 6.7 | 6 | 0.950 8718 |0.923
0.8 |0 | 0.609 282 ]0.818 48 |4 |0.938 6.8 |6 |0.932 88 |8 |0.895
0.9 |0 |0.584 2912 |0.855 4.9 |4 |0.963 6.9 |6 |0.946 8.9 8 |0.946
1 0 | 0.596 3 2 | 0.880 5 4 10.934 7 6 | 0.963 9 8 |0.950
1.1 10 | 0.609 311210932 51410934 7.1 16 ]0.961 9.1]8 |0.948
1.2 10 | 0.668 32|12 |0.882 5.2 |4 |0.932 7.2 |16 |0.961 9.2 18 |0.963
1310 |0.643 33|2|0.841 53 1|4 ]0.850 73]6 |0.920 9.3 18 |0.909
1410 10.718 3412 ]0.907 54 |4 |0.921 74 |6 |0.921 9.4 18 |0.932
1.510 | 0.695 35(2 (0921 55|4 |0.945 75| 6 |0.898 958 |0.975
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1.6 | 0 | 0.680 3.6 |2 |0.868 56 |4 ]0.923 7.6 |6 |0.963 968 |00913
1.710 ] 0.671 3.7 |2 ]0.909 5714 |0.946 7716|0973 9718 |0.923
1.810 ]0.671 38 1|2 |0.827 58 |4 |0.907 7.8 |6 |0.961 9.8 8 |0.975
1.9 10 | 0.761 3912 ]0.905 5914 |0.89 7916 ]0.932 9918 ]0.886
2 |0 ]0.857 4 |2 1]0.909 6 | 410948 8 |6 1]0.948 10 |8 | 0.946
2110 |0.695 412 1]0.843 6.1 |4 |0.907 8.1]6 |0.986 0 |9 |0.959
220 |0.746 42210938 6.2 |4 10870 8.2 |6 |0.936 0119 ]0.659
23|10 ]0.732 431210923 6.3 |4 |0.946 8.3 |6 |0.961 029 |0.684
2410 |0.736 44210814 6.4 4 10.909 8.4 16 |0.938 03[9 ]0.739
2510 ]0.684 4512 10.909 6.5 14 10936 8516 |0.930 0419 ]0.871
26 |0 |0.730 4.6 |2 |0.880 6.6 |4 10.948 8.6 | 6 | 0.920 0519 ]0.946
2710 |0.739 a7 |2 10.845 6.7 |4 |0.945 8.7 16 |0.961 069 |0.921
28 (0 |0.750 4812 ]0.961 6.8 |4 10.950 8.8 |6 | 0.930 0719 |0.893
2910 ]0.739 491210854 694 10893 896 |0.975 0819 |0.923
3 1010813 5 121]0.886 7 1410923 9 1610963 0919 |0.921
3110 |0.696 51120921 7.1 14 10.909 9.116 |0.963 1 9 10.920
3210 (0.798 52120920 7.2 14 10959 9216|0871 1.1 19 0973
3310 (0.736 5312 ]0.936 731410920 9316 ]0.948 1219 10.948
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3410 ]0.779 541210843 7.4 14 10.963 9.4 16 |0.948 1319 ]0.895
3510 (0.718 5512 0.907 751410934 9516 ]0.936 1419 10921
3.6 |0 |0.707 5.6 |2 |0.938 7.6 |4 10921 9.6 | 6 | 0.959 1519 ]0.886
3710 |0.668 5712 ]0.936 7.7 1410943 9716|0975 1.6 |9 |0.934
3810 |0.730 5812|0934 7.8 |14 10.950 9.8 |6 |0.938 1.719 |0.946
3910 |0.770 591210934 7914 10.946 9.9 |6 |0.950 1.8 19 |0.946
4 (0 1]0.709 6 |2 ]0.961 8 |4 ]0.907 10 | 6 | 0.923 1.9 19 ]0.938
4110 |0.688 6.1]2 (0911 8.1 14 |0.936 0 |7 0.870 2 |9 [0.959
420 ]0.754 6.2 |2 ]0.896 8.2 4 10.934 0.1(71]0.671 2119 10.945
4310 ]0.770 63210932 8.3 (4 |0.930 02710773 2219 0971
4410 |0.736 6.4 |2 ]0.879 8.4 (4 |0.893 0.3 |7 ]0.886 2319 10.934
4510 ]0.748 652 ]0.861 854 ]0.934 0.4 17 1]0.920 2419 10923
4610 ]0.700 6.6 |2 ]0.925 8.6 | 4 |0.936 057 10.936 2519 (0973
4710 ]0.725 6.7 |2 |0.89 8.7 14 ]0.948 06 |7 ]0911 26 |9 |0.948
4810 ]0.679 6.8 |2 | 0.880 8.8 |4 |0.932 0.7 |7 10.909 2719 10920
4910 |0.752 692 ]0.893 8.9 (4 |0.907 0.8 |7 ]0.909 28 |9 |0.921
5 10 ]0.668 7 | 210936 9 410946 097 1]0.882 2919 10870
5110 ]0.750 7112 (0911 9.1 1410920 1 7 10.948 3 19 (0932
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5210 10.723 722 |0.857 9.2 |4 ]0.884 1.1]71]0.934 3119 ]0.89%
5310 ]0.729 73|12 ]0.850 9314 10959 12710921 3219 10.936
5410 |0.736 7.4 1210923 9.4 |4 10961 13710973 3319 |0.961
5510 |0.682 751210921 9514 10934 1417 ]0.961 3419 |0.950
5.6 |0 | 0.825 7.6 |2 |0.950 9.6 4 10.920 1.5]7]0.946 3519 0921
5710 |0.829 7.712 |0.89 9.7 14 {0905 1.6 | 710936 3.6 9 |1.000
58 (0 | 0.707 7.8 |2 ]0.898 9.8 1410923 171710975 3719 10934
5910 |0.741 7912 ]0.904 9914 10.936 1.8 |7 ]0.938 3819 |0.936
6 |0 (0.759 8 210923 10 | 4 | 0.959 1.9 17 ]0.946 3919 10.946
6.1 0 |0.707 8.112]0.870 0 |51]0.936 2 | 710.948 4 19 10.909
6.2 |0 |0.680 8.2 |2 ]0.932 0.1 5 1]0.634 217 10.986 4119 10.909
63|10 [0.763 83210925 025 1]0.784 22 |7 ]0.907 4219 0973
6.4 |0 |0.727 8.4 12 ]0.882 0.3]5]0.845 23710961 4319 10921
6510 (0.789 8512 ]0.898 0.4 15 ]0.868 241710913 4419 10921
6.6 |0 |0.827 8.6 |2 ]0.920 05510854 25710934 4519 10.925
6.7 10 (0.720 871210913 0.6 | 5]0.868 26 |7 10934 469 |0.921
6.8 0 |0.764 8.8 |2 |0.884 0.7 |5 ]0.880 277 10.893 a7 19 10.959
6910 (0.713 8912|0911 0.8 |5 |0.909 28 |7 10961 489 |0.884
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7 10 |0.657 9 120855 0.9 |5 ]0.896 29 |7 10.936 4919 10921
7110 ]0.718 911210921 1 151]0.882 3 | 710.988 5 9 10.961
7210 |0.682 9212 |0.957 1.1 |5 1]0.829 31710934 5119 10.946
7310 |0.687 931210836 1.2 15 ]0.89 32710948 5219 10.934
7.4 10 |0.752 9.4 12 ]0.855 1.3 |5 ]0.895 33710948 5319 10921
7510 |0.736 9512 |0.830 1.4 15 ]0.909 34710884 5419 10975
760 |0.764 9.6 |2 |0.866 15]5]0.923 3517 10.920 5519 |0.882
7710 |0.709 9.712 |0.936 1.6 |5 ]0.961 3.6 |7 |0.936 56 |9 |0.975
780 |0.716 9.8 2 ]0.855 1.7 15 ]0.905 3.7 |7 10.946 5719 10891
7910 (0.737 99120891 1.8 5 ]0.920 38710973 5819 10.948
8 [0]0.761 10 |2 ]0.888 1.9 15 |0.909 39710946 5919 10.934
8.110 |0.682 0 |31]0.909 2 510920 4 |710.896 6 9 10.886
820 ]0.723 0.1]3]0.654 2.1 15 ]0.907 417100916 6.1 19 ]0.905
830 |0.743 023 1]0.793 2215 ]0.843 4271|0961 6.2 9 |0.946
8410 ]0.721 03310871 231510946 43710921 639 |0.882
850 |0.677 0.4 310818 2415 10.89 4.4 |7 10.946 6419 |0.907
8.6 |0 |0.739 051310859 25150932 4517 ]0.950 6519 ]0.959
8.7 10 |0.752 0.6 |3 ]0.866 26 |5 ]0.963 46 |7 10948 669 |0918
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8.8 10 |0.780 0.713|0.832 271510921 a7 |7 10.882 6.719 10.945
8910 |0.777 0.8 3 ]0.845 28 |5 ]0.961 48 |7 ]0.932 6819 |0.975
9 100661 09130871 29|15 10.909 49 |7 10975 6.9 9 |0.921
9.110 | 0.657 1 1310852 3 510948 5 710923 7 19 ]0.946
9210 |0.736 1.1]13]0.882 31510945 5117 10.948 7.1 19 |0.986
9310 |0.834 1.2131]0.895 3215 |0.907 527 10911 7219 10921
9410 (0873 1313 ]0.843 33510948 5317 1]0.893 7319 |0.938
9510 (0.748 1.4 13 ]0.866 3.4 1510934 547 10975 7419 |0.948
9.6 |0 | 0.684 1513 ]0.868 35|15 10961 557 10.936 7519 |0957
9710 (0.739 1.6 13 ]0.921 3.6 |5 |0.946 56| 7 10.946 769 |0.961
980 |0.741 1.713]0.884 3.7 1510948 5717 10.938 7719 10.905
9910 |0.698 1813 ]0.870 3.8 |5 10.934 58 |7 ]0.938 7819 |0.973
10 | 0 | O.727 191310934 395 (0905 5917 10.870 7919 |0.946
0 [1]0.870 2 [3]0911 4 1510923 6 |7 1]0.907 8 |9 ]0.946
0.111]0.675 2130841 4115 ]0.946 6.1 |7 ]0.946 819 |0.921
0.2|11]0.725 2.2 13 ]0.907 4215 ]0.963 6.2 |7 ]0.961 829 |0.961
03110816 231310.829 4315 ]0.936 6.3 |7 ]0.945 83|19 0934
04110818 2413 ]0.905 4415 ]0.920 6.4 710921 8419 |0957
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0.5 0.789 251(3 10920 4515 |0.886 6.5 |7 ]0.950 8519 |0.905
0.6 0.789 26 |3 |0.857 465 |0.943 6.6 |7 ]0.948 869 |0.923
0.7 0.805 2713 10.880 4.7 15 ]0.950 6.7 7 ]0.938 8719 |0.920
0.8 0.791 281310921 48 |5 ]0.932 6.8 |7 ]0.963 8819 ]0.959
0.9 0.845 291310923 49 (5 ]0.945 6.9 |7 |0975 8919 |0.932
1 0.830 3 |3 0.909 5 |51]0923 7 | 710973 9 9 10.905
1.1 0.798 3113 10.909 5115 ]0.946 7.1 (7 10.896 9119 |0.961
1.2 0.779 32|13 |0.893 525 10.934 7.2 |7 10921 9219 |0.973
1.3 0.843 331310946 5315 ]0.948 731710923 9319 |0.948
14 0.788 3.4 13 10.909 541510921 7.4 17 10.909 9419 10934
1.5 0.745 3513 10.905 555 10.934 7517 10.907 9519 |0.932
1.6 0.775 3.6 |3 ]0.946 56 |5 ]0.934 7.6 |7 ]0.870 9.6 9 ]0.905
1.7 0.852 3.7 13 10.882 5715 ]0.920 7.7 |7 10.948 9.7 19 10.896
1.8 0.779 3.8 3 1]0.920 5815|0911 7.8 |7 ]0.961 9819 10.945
1.9 0.870 391310896 595 10.934 7917 10.938 9919 10.936
2 0.827 4 310895 6 |5 10945 8 | 710923 10 |9 ]0.923
2.1 0.795 411310911 6.1 |5 10.907 8.1171]0.930 0 10 | 0.911
2.2 0.779 4.2 |3 10916 6.2 |5 10934 8.2 |7 ]0.963 0.1 10 ] 0.646
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2.3 0.814 43|13 1]0.893 6.3 |5 |0.920 83 |7 ]0.946 0.2 |10 | 0.659
24 0.782 441310934 6.4 |5 10911 8.4 |7 10.934 0.3 110 ]0.759
2.5 0.829 4513 10.895 655 |0.932 85 |7 10921 0.4 | 10 | 0.907
2.6 0.721 46 |3 ]0.959 6.6 510843 8.6 | 7 ]0.907 0.5 110 | 0.905
2.7 0.838 4.7 |3 10.920 6.7 |5 (0.945 8.7 |7 (0918 0.6 | 10 | 0.932
2.8 0.870 4.8 |3 ]0.938 6.8 |5 |0.932 8.8 |7 |0.959 0.7 | 10 | 0.938
29 0.798 49 |3 1]0.950 69510973 891710913 0.8 | 10 | 0.988
3 0.804 5 |31]0.891 7 |5 0957 9 | 710946 0.9 | 10 | 0.932
3.1 0.868 5113 ]0.870 7.1 |5 10961 911710921 1 101 0.975
3.2 0.907 5213 |0.907 7.2 510938 9.2 |7 ]0.946 1.1 110 | 0.920
3.3 0.804 5313|0961 7315100973 937 ]0.963 1.2 | 10 | 0.936
3.4 0.895 541310923 7.4 15 10.920 9.4 1710923 1.3 110 | 0.948
3.5 0.791 5513 ]0.859 751510975 951710961 1.4 |10 0.923
3.6 0.841 56 |3 |0.945 7.6 |5 10921 9.6 |7 10934 1.5 110 | 0.963
3.7 0.836 573 |0.946 7.7 15 10.945 9.7 17 10.988 1.6 | 10| 0.921
3.8 0.857 5813|0921 7.8 |5 10.870 9.8 |7 ]0.961 1.7 110 | 0.911
3.9 0.773 5913 ]0.884 795 10.884 9917 10.948 1.8 | 10 | 0.948
4 0.805 6 |31]0918 8 |5 ]0.950 10 | 7 10.948 1.9 | 10 | 0.963
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4.1 0.857 6.1 13 1]0.936 8.1]51]0.938 0 |8 0.909 2 10 | 0.921
4.2 0.882 6.2 |3 ]0.945 8.2 |5 10.934 0.1]8]0.621 2.1 110 | 0.909
4.3 0.893 6.3 |3 ]0.963 8.3 |5 |0.907 0.2 8 ]0.670 2.2 (100975
4.4 0.823 6.4 |3 ]0.936 8.4 15 ]0.932 0.3 |8 ]0.884 23|10 | 0.961
4.5 0.843 6.5|3 |0.920 855 10.934 041810871 2.4 110 | 0.904
4.6 0.789 6.6 |3 |0.925 8.6 | 5]0.946 0.5|8 | 0.905 2.5 (100921
a.7 0.807 6.7 |3 10.934 8.7 15 ]0.961 0.6 |8 ]0.918 2.6 |10 | 0.934
4.8 0.843 6.8 |3 ]0.934 8.8 |5 ]0.948 0.7 18 ]0.948 2.7 110 | 0.946
4.9 0.832 693 ]0911 8915|0911 0.8 |8 |0.963 2.8 |10 | 0.938
5 0.852 7 310961 9 |510.988 0918 ]0.893 29110 |0.923
5.1 0.855 711310918 9.1 |5 10.934 1 1810948 3 101 0.920
52 0.921 72310879 9.2 510896 1.1]18]0.921 311100918
53 0.825 7313 10.938 93510959 1218 ]0.959 3.2 |10 | 0.957
54 0.841 7.4 1310861 9.4 510857 1318 |0.896 33|10 | 0.934
55 0.907 751310891 9515 10.934 1.4 | 8 | 0.907 3.4 11010920
56 0.864 7.6 |3 10.959 9.6 |5 10.896 1.518]0.870 35 (10 | 0.963
5.7 0.813 7.7 13 10.898 9.7 15 10.896 1.6 | 8 | 0.905 3.6 |10 | 0.950
58 0.884 7.8 3 ]0.882 9.8 |5 10.936 1.718]0.934 3.7 110 | 0.975
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59 0.857 7913 |0.882 9915 |0.909 1.8 |8 ]0.959 3.8 |10 | 0.946
6 0.759 8 |3 10877 10 | 51 0.938 1.9 18 | 0.904 391100973
6.1 0.814 8.1]3 |0.898 0 |6 10934 2 1810948 4 10 | 0.936
6.2 0.870 8.2 |3 ]0.905 0.1 6 |0.659 2.1 18 ]0.936 41110 |0.963
6.3 0.807 83|13 (0918 0.2]6 ]0.720 2.2 |8 |0.950 4.2 |10 |0.973
6.4 0.845 8.4 1310918 0.3]6 |0.830 23 |8 |0.961 4.3 110 | 0.936
6.5 0.841 8.5 (3 ]0.950 0416 |0.961 2418 ]0.963 4.4 110 |0.963
6.6 0.825 8.6 |3 |0.920 0.5]6 ]0.882 258 10.934 4.5 110 | 0.950
6.7 0.918 8.7 13 ]0.930 0.6 | 6 | 0.866 26 |8 ]0.948 4.6 |10 | 0.959
6.8 0.855 8.8 3 ]0.961 0.7 16 | 0.907 2.7 18 (0921 4.7 110 | 0.975
6.9 0.870 8.9 |3 ]0.946 0.8 |6 |0.934 2.8 |8 ]0.936 4.8 | 10 | 0.961
7 0.813 9 310932 0916|0913 29 (8 ]0.959 49110 | 0.946
7.1 0.821 9.1131]0.932 1 6 | 0.921 3 1810921 5 10 | 0.907
7.2 0.879 9.2 |3 10.936 1.1]6 |0.882 311810934 51110 ] 0.936
7.3 0.789 931310936 1216 |0.920 3.2 |8 ]0.986 52110 | 0.905
7.4 0.845 9.4 13 10.946 1316 |0.936 3318 (0921 53110 | 0.909
75 0.855 951310934 1416 |0.957 3.4 18 ]0.936 54110 | 0.921
7.6 0.845 9.6 |3 ]0.896 1516 |0.946 3518 1]0.948 55110 | 0.907
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7.7 0.798 9.713 10921 1.6 | 6 | 0.896 36 |8 ]0.882 56|10 | 0.920
7.8 0.814 9.8 13 ]0.896 1.716 | 0.936 3.7 8 ]0.946 57110 | 0.959
7.9 0.880 9913 10.89% 1.8 |6 | 0.988 3.8 |8 |0.959 58110 | 0.936
8 0.932 10 | 3] 0.986 1.9 16 | 0.936 391810923 59110 | 0.921
8.1 0.811 0 [4]0921 2 |61]0.893 4 1810932 6 101 0.948
8.2 0.868 0.1 4 ]0.648 21|16 ]0.932 4118 (0921 6.1 | 10 | 0.918
8.3 0.880 0.2 410818 2.2 |6 |0.950 4.2 |8 ]0.946 6.2 | 10 | 0.920
8.4 0.866 0.3 |4 |0.805 23| 6 ]0.909 4318 ]0.948 6.3 | 10 | 0.938
8.5 0.857 0.4 |4 10859 2416 |0.920 4.4 |8 |0.886 6.4 110 | 0.973
8.6 0.895 0.5]4]0.852 2516 10.948 458 ]0.923 6.5 |10 | 0.907
8.7 0.854 0.6 |4 ]0.845 26 |6 | 0911 46 |8 ]0.934 6.6 | 10 | 0.946
8.8 0.893 0.7 4 1]0.893 2.7 16 |0.948 a7 (810914 6.7 | 10 | 0.975
8.9 0.920 0.8 |4 |0.895 28 |6 | 0.936 4.8 |8 |0.948 6.8 | 10 | 0.936
9 0.839 094 ]0.909 2916 | 0.946 4918|0911 6.9 | 10 | 0.948
9.1 0.846 1 |14 0.89 3 |6 (0975 5 18 1]0911 7 10 | 0.959
9.2 0.804 1.114]0.89 316 (0921 5118 ]0.925 7.1110 | 0.973
9.3 0.857 121410948 3.2 1610923 5218 ]0.963 7.2 {10 | 0.930
9.4 0.854 1314 ]0.891 331610932 538 10.934 7.3 110 | 0.945
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9511|0893 141410871 3.4 |6 |0.950 5418 10973 7.4 110 | 0.909
9.6 110920 151410920 3516 10.909 5518 (0921 75110 | 0.975
9711 (0.845 1.6 |4 ]0.920 36 1|6 |0.936 56 8 ]0.934 7.6 |10 | 0.963
9.8 |1 |0.855 1.714]0.895 3.7 |6 |0.907 5718 ]0.959 7.7 110 | 0.973
9911|0855 1.8 14 ]0.959 38 1|6 | 0.907 5818 ]0.948 7.8 |10 | 0.870
10 | 1 | 0.866 1.9 14 10.934 39|16 |0.884 5918 | 0.936 7.9 | 10 | 0.911
0 (20841 2 410884 4 |6 10934 6 |8 10921 8 10| 0.936
0.1]2]0.763 211410923 4116 |0.898 6.1 |8 |0.918 8.1 |10 | 0.963
022 ]0.748 221410936 4216 | 0.950 6.2 |8 |0.896 8.2 10 | 0.920
032 ]0.857 231410934 4316|0973 6.3 |8 |0.946 8.3 |10 | 0.963
0.4 (2 ]0.859 241410921 4416 |0.948 6.4 8 |0.884 8.4 110 | 0.973
0512 ]0.779 251410934 4516|0921 6.518 ]0.893 8.5 110 | 0.959
0.6 |2 ]0.802 26 |4 0945 4.6 |6 |0.946 6.6 | 8 | 0.920 8.6 | 10 | 0.948
0.72]0.854 2714 ]0.884 4.7 16 | 0.950 6.7 18 | 0911 8.7 110 | 0.959
0.8 2 |0.805 28 |4 10.934 48 |6 |0.932 6.8 8 ]0.971 8.8 | 10 | 0.905
0912 ]0.829 291410934 4916 | 0.909 6.9 |8 | 0.946 8.9 | 10 | 0.946
1 ]12]0.852 3 1410923 5 60911 7 1810961 9 10 |1 0.988
11120779 314 ]0.868 5116 |0.920 7.118 ]0.959 9.1]10|0.934
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1.2]12]0.846 3.2 |4 10946 52|16 ]0.936 7.2 8 |0.950 9.2 110 | 0.946
1312|0877 331410923 5316 |0.961 738 ]0.934 9.3 110 | 0.959
1.4 12 ]0.839 34 |4 ]0.868 5416 |0.961 7.4 18 ]0.920 9.4 110 | 0.946
1.5]2]0.907 35410938 551610914 7518 ]0.946 9.5110 | 0.921
1.6 | 2 ]| 0.845 3.6 |4 |0.907 5.6 |6 | 0.959 7.6 |8 |0.936 9.6 | 10 | 0.948
1.7 2 |0.888 3.7 (410932 5716 ]0.930 7.7|8 |0.882 9.7 | 10 | 0.920
1.8 ]2 |0.868 3.8 |4 ]0.884 58 |6 | 0.963 7.8 8 ]0.934 9.8 110 | 0.938
1912 ]0.846 3914 10.909 5916 |0.945 7918 ]0.948 9.9 | 10 | 0.920
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