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#+ 5371808121: MAJOR COMPUTER ENGINEERING

KEYWORDS: SEMI-SUPERVISED / CLUSTER / LEARNING / SELF-TRAINING /

CLUSTER-AND-LABEL / CLASSIFICATION
NAREEPORN PIROONSUP : IMPROVED SEMI-SUPERVISED CLASSIFI-
CATION WITH CLUSTER ANALYSIS. ADVISOR : ASST. PROF. SUKREE
SINTHUPINYO, Ph.D., 117 pp.

We proposed a method to improve semi-supervised classification that is a clas-
sification with both labeled and unlabeled data. However, using unlabeled data can
seriously degrade the classifier performance because the unlabeled data may incor-
rectly label. We aim to improve accuracy of unlabeled data labeling in two approach-
es, i.e., cluster-and-label and self-training. In cluster-and-label approach, we propose
an improved labeling method for labeling data in mixed-class clusters, namely, feature
selected sub-cluster labeling. The results on noise reduction in Thai document image
dataset show that the accuracy of labeling and classification of the proposed method
are obviously greater than the majority vote labeling. The proposed method can also
significantly better on reducing noise than the comparative noise reduction approach-
es. In self-training approach, we found that performance of self-training classifier will
be ineffective, if distribution of labeled data does not consistent with all training data.
We then propose a training data analysis with clustering and suggest to enhance the
labeled data distribution by labeling data in unknown clusters. The extensive experi-
ments on UCI and real-world datasets show that our proposed method considerably
improves the accuracy of the semi-supervised classifier with statistical significance.
We also suggest that this data preprocessing is a necessary step for semi-supervised

self-training.

Department : ...Computer Engineering... Student’s Signature ...................
Field of Study : ..Computer Engineering.. Advisor’s Signature ...................
Academic Year: .......... 2015..........
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2VANVARLARING

1 s 1

o suNAgMNguToYa (cluster-assumption) fia daagefiaggnianguaglunguidaann
rfemadoany sundguwihemonusuudgmanunusn lagsuadgmiilyls
TunsSeuduuuislidaauna1sds laswwisisdanguuazdaihe

. EmN@g’mluu’%nmmnmmLmu@‘f’l (low-density assumption) fia 2aUMIAAFWIA

[l a A o 1 =) 1 H a A a o & = v
aqhmnm‘nmamwmmwmtmum 9 a:u&1@gmmﬂuawmgmmmghmstmug
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[ASEMNRARNEY Naaul@l Elﬂ’liai’ldﬂi’l“/\l“lla\‘l AIDETILLR Zﬂ’]iLSEl%EﬂdaaWﬂ’J NN INLIN-
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LA TN BT

o suNAgmaiilaad (manifold assumption) fa @aat19Adifdnn (high-dimensional

o
aad o

data) wwagunuBluadlud@ndinin (low-dimension manifold) lagWeridunis

'
aAa o

aaaulavnagunuiiliadludfsn  wminswisamlassaivasuilnad ldazgn
Uszanusaaraaasaiad e laldihamnundiaununle suudgmitldluninsous
A A Y o \ ) A P
wuuisldaanlasnisaiunmaesdede nsaiensialawnmsmailaadle
HANEININV0960819 LAy LFAIAILAINNNFUNUTVDIFI8E19UWNTIN WINRINIID
MINTIINANNFUANUTVAIADE1ILAZARIRVDIAI0819 e azRINITaNIzA8Thaiiy
v 1 1 1 Y o o 1 [ = 6 U a 50/ v o
asaliLnaragvlafiihafmnuaudinnusuiusuwn e sua@gmhanlsny
a 2 1 . . A di g ] ai g; o
mseuduuudislan (transductive learning) wiatiladaatrananlanugnibiuan

Aosonnuasluanaaunsisans

¥ 1 a

2.1.2 m3Baniuuuiidigaanisianguuaziaile

u b

¥ %

P Y | a Yy I a = a v 2 A ad a
qﬁﬁ]@ﬂ@'&lLLQZ@']@H_]']HLﬂ%Lﬂﬂuﬂﬁ%\‘i‘ﬂa@ﬂ’]'ﬂ'ﬁﬂuguﬂﬂﬂﬁ&lNaau@?ﬂﬁﬁlﬁ] Lul?ﬂwiu

U

@8 (Nigam et al., 2000) Nigam suauaddldarad1sldfithemnuiinnualedrefiihe

o & -

uiaswwndszanenas  Fadunuddudududagunianyildnissouiuou

[

o

nn
tﬁ! a v v 1
Aflgsoulasuanuanlaadionin

A53anguuazaile (Demiriz et al., 1999) (Dara et al., 2002) \Hunafiafiagln
njuasfinlueamudeIi TuaauiItnisdeanguuazfaiheSuannisdangualadig
& < Aay o o LAY o o o X 2 a v Y ' | Ay o o
nennansnfihamnuuazlddihesiny wasnuuisdaihadinuaiedslaifithamny
Tuudaznguamaasvasdlngndihamivsaulvglungunuu auasudsnisdanguuas

a

o | & ad A
@]@U']ﬂuﬁ(?‘lﬂaqslumu@au?ﬁﬂ 1

lag (X, Yy, Aadragdnnldlunisseny laafl (X, Y,) « (X,Y) U (X, Y,)
C fangudays k fAaswungudays ¢ fadradralungun i lasfl (i, co,..oc0) € C
(Xnew, Ynew) Aogadradrefiiharmnulng

"‘J%‘%’@ﬂa;uLLa:a@ﬂmﬁﬁ"lﬁ%‘ummﬁwiﬁmmaﬁtym % N3N sEIANLEN-
815 (Nigam et al., 2000) (Zeng et al., 2003) (Zhang et al., 2015) nM3aunlUsaunlua
nw (Sugiyama et al., 2012) m3swuunySumnisldanulnsinasaluaiatie (Grimau-
do et al., 2014) Hudu FFdanguuazdatheifiseldnluseyndlfidousiiymnns
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Algorithm 1 Cluster-and-label

1: Intialize:

2: Cluster data (X, Y;) into cluster C
3 (Xnew, Ynew) = (X1, Y1)

4: for each ¢; in C do

5 Find majority class y,qj0r Of ¢;

6:  for each (z;,y;) in ¢; do

7 if y; is empty then

8: Yi = Ymajor

9: (Xnew Ynew) = (Xnew, Ynew) U (25, ¥5)
10: end if

11: end for

12: end for

13: Train final classifier L with (X,,c0, Ynew)

Funnisdgaaniaaadssunivluninenssnim insdsamisnsadasuniuluianals
i bneldag198Usz@nSnm (Piroonsup and Sinthupinyo, 2010a) (Piroonsup and
Sinthupinyo, 2010b) Tasnaniisaasitianguuazaihy Gewiniwasnsududas

1 a

fmue eliausndangulaseandasnunnszaedivastoys 119 IDNsiangw
M ITATTEEN uazwaungudeya tueu

ko a L= ¥

2.1.3 mM3BunIuuuiidigaanitizanialuantad

° L Aw ad a %Y & add ° v ' A
ﬂ']i"ﬂ']LL%ﬂﬂ\‘iNQaa%'ﬁﬁLSUHE@?ﬂ@IHLQGLﬂu?ﬁﬂﬂﬂ%’ﬂﬂl"ﬁaEl’lﬂLLWTViﬂ’]EJ?J']ﬂVIq@

U
|

ad & | aa a y 2L Aaw A 1 Al a a %
DU (ZhU, 2008) LLQ:'Hﬂ"i]ZLﬂuaﬁﬂqsLiﬂuglLUUﬂﬁuHﬁﬂuﬂ Lﬂ’]LLﬂ‘Y]q@ Lm’m@m’lit‘iﬂug
@q{']E]@lul’aﬁﬁgﬂﬁqLa%al%ma’]ﬂ@’]%ﬁ%ﬁ I@ﬂﬂi’]ﬂ{]ﬂ%ﬂuﬁﬂluﬁquﬂﬂaﬂ Scudder (SCUdder,
1965) (Chapelle et al., 2006)

¥ ada A ¥

° AL A o Yna ¥ o o & o e ey .
ﬂ’li’%’lLL%ﬂﬂdNNaa%’amiﬁuiﬁ’aEJ@l%LE]GI“IT’JﬁﬁS’IWI’Jﬁ]’]LLHﬂ@l\‘l@l% (Inltlal CIaSSIerr)

a ] = o & > o & o & o v A a y o ¥ 3 1o ] 1
ﬁ]’]ﬂ@]ﬁ]aﬂnﬂﬂﬂ’]ﬂﬂ’]ﬂﬂ @’n"i]']LLuﬂ@]\‘i@l%u%ﬁ]xﬂ“ﬂu’lll'ﬂ"ﬁl)wa@]@ﬂ’]ﬁlﬂ’]ﬂﬂl‘ﬁLLﬂ@]annGVLQJ
= o v Ao o o P A A o o Ay o o v A
&lﬂ']ﬂﬂ']ﬂﬂﬂ@]']ﬁ]']uuﬂuulﬁ]ﬂq@ ﬂ@ﬂﬁzaﬁﬂLWQLW&]%']'H»’]%@YJQEl']ﬂ&lﬂ’]ﬁlﬂ'lﬂﬂlﬂLWﬂﬁWﬂ
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Ll,a']%']@]']aEHG3\]ﬂqﬂﬂqﬂﬂﬁ@]lﬂﬂuuﬂﬂasqd(ﬂﬁ%qLLuﬂlumu@ﬂuq@ﬂﬂlﬂ (flnal ClaSSIerI') Uth

aa a v | & ad A

@la%'ﬁﬁﬂ']iLiﬂ%;i@'Jﬂ@uLaﬂLLa@ﬂa%luTu@a‘H?ﬁV] 2

ad A v A& aad A Aa a a | ° % A |
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]
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Algorithm 2 Self-training

1: Initialize:

2: Labeled data (X;,Y;)

3: Unlabeled data (X,,)

4: Given (X, Ye) = (X1, Y1)

5: while stopping criteria not met do

6: Train classifier C;,,; from (X;,, Yz)

7: Use C;,; to predict class label Y, of X,

8: Select confidence sample (Xcons, Yeons); (Xeonfs Yeons) € (Xu, Yu)
9: Remove selected unlabeled data X, < X, — Xcons

10: Combine newly labeled data (X4, Y:,) < (X1, Y1) U (Xecont, Yeons)

11: end while

1T N130329909@7 (Rosenberg et al., 2005) m3331luw (Roli and Marcialis,
2006) n1suanuasgulszlae (parsing) (McClosky et al., 2006) waznsna Rl
]uaJ (Li et al., 2008) (Guan G., 2013) ﬂtymau,ﬂ‘m L3817 (time series) (Wei and Keogh,
2006) Judu uenaniisieusmsaumasdimusmilldhuiuismauldindas
au mabhldlEneiuiymnsdouidayafidanlndeyadinasmaimnsudazaana
(cost-sensitive learning) (Liu et al., 2009) 1%5’un15n&1€1’3ﬁau§61’35u 5 (Kumar Mal-
lapragada et al., 2009) (Maulik and Chakraborty, 2011) w3aldtuszuufildarsuun
Wa18da (Multiple classifier systems) (Didaci and Roli, 2008) l¢8néae aunfigiuf
daglunmubisiousdmoawallld fo Mmsuunasdudldmuinideondialig
thamnufidwlann@eihomiuldadefyszmnsam

U

2.1.4 MIIangNUUUNINEFI®

U

mydangulasvaliidunasenwiuunlilidean  SeRasondguansmeaasai-
' A o . e 1 Y 8 o o > PNL RN 1K)
otl9lNaInszey (distance measure) IeWINAIALNN WARITadI8E9Naglnanuly
aglunguidean msdangudayauuuisdfsauuuiasonnisguansmsuadalagig
a a a4 ) Py o o A > P aad o ]
uaziSanlaiadudn 9 wu Thofnvesis wedsznaumsdangudeya oHdangs
£ Aav 2Ny o & e P v o & o o \
wuufsfgzouilansansiiungudoyanganndasnunininIzaaaIvadaIng19uas
N1INTLIYAIVDIANIRVDIA 218819 (class distribution)

dradwmsanguuuuisdgsen 1ww n1svengutayauuuiidzeulasimue

& o

#10819696% (semi-supervised cluster by seeding) (Basu et al., 2002) L7 sl
dagrdihamnuaasdislunisimuagaqudnaisvesnguniaiounsass  (centroid)
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& o | ! A

aguaadndazngudoyaluitdanguin-Jud uaznisdanguuuuisdfsanlasimiue
Saula (constraint) seni19g@dagg (Wagstaff et al., 2001) Gerimuadawlyliunsg
o | & 1 Ay ' oA Y . A o \ oA Y
aradraiugarngsfiaasaglunguidaanu (mustlink) wiakwaglunguidsani (can

not-link) LIwe

v

2.1.5 anudaslunisigaradreladihamnulunssauiuuuiidaan

=< 7 o 6 Aa o

fauduaanwsanuargauidsugaslfiuiinsldaradralddihamnulunmston
Sunpislgmenaursaindsednsammasauile  wdnislaaradrelddihafnuuud
danuiss laansliaadisldithednudnusieteuionvlilaaisanindans

Ut lum I unLgnIINITa N AR 19 Na2a89 T e UL

a [} a v Aa 6 a d' s 6 Qs 1 1 Y o )

nfiinamiss Afgadnengufineinvdslamivasaredalddihamny ww s-
ingh (Singh et al., 2009) GyRgasiimiasoninilsanaiosuudgmungudaya (clus-
ter assumption) Wi @10e19 Ll thamAuszdedsulnistouiidalionnunuiuin
Y09 udazaaIRgINIIns e laglgaragielu dihatiiy m SmwInne Ly
RINUITDI WA LA L a LT A2 19RTaSIAY n 31U 18 7 < m LARINANAAILIL

Qs 1 = Y o Qs =) 1 = o £ v v v o 1 1A Y )

yasdragrdiihemnuissadiadoimuinsuuwndeyaltauss mslaaladeladiham-
AvaglamaunntisdSulpmaSoninulidaul wuwdeanunisdneiues David (Ben-
David et al., 2008) Nigan1ssaninsddaandrusnafigmngudayaimudaanu o
nanarad lddihemnuestiodsudymasauiidelaisnafigmiidatanieny

NIINIZAYAIVDIARIFVDINIDL 1LV

ao A AR A a ) L Aw ' aa a )
NI € ﬂﬂﬂﬂ’]ﬂ'}ﬂ&lLaﬂ@l%ﬂqiLiﬂ%ELLUUﬂGNQaa% I@]EILL‘]JG@]’I?J’JTJTH?LSE]%E
a a

2 aw v 1 aa a ad o & L A v a %Y
LLUUﬂGNHaaH vL@LLﬂ jﬁLﬁ]LuLiﬂwI&]L@a ’Jﬁ‘ﬁWWﬂi@lL’mL@]a‘iﬂd&lQaau LLNZIDL ng@]’)ﬁ

ALY LRAILWwiITada lU

v

2.1.5.1 enudsalumsiSauiununfifaanisomwsinluea

luamaas Nigam (Nigam et al., 2000) Gaiawan1shaaatngladihamnuasd
& o ask A ' ] a o A Aw ad a v R |
Lauaaﬂasmmaq’LunqummmuguuumuQaammmmwwmm"l,@ﬂmammmmﬁ]:
& A v o | Ay o o i A v e o ] o Lo A oA
dunnislaaadraladthemnusinalfodanisaiadisiuun Gﬁamwﬂﬁ”l,@ml,mugﬂ
A ' a (%Y o LAYy o o & a A | [ Y
Ygmuniwugnimisisauianlealeg9ithamnuiiue mnauwgmw’lﬂuaamamnu
ANINITNUAIVBINI8E9 LAUHANIINARBIVEI Cozman (Cozman and Cohen, 2002)

(Chapelle et al., 2006) awuayuludna1it Cozman nasasialszd@NdnIWUINTT



17

A o A o a oA o a v L av o
NN 2.1: ﬂi']‘V\lLLaﬂdiaﬂa:ﬂquﬁJN@Wﬂ']@”ﬂa\'}@]jLSHHEV]&?’NQ']Hﬂ']iLiﬂuELLU‘Uﬂ\TllHaau@qguq
a & % P a v o a & v = a | @
ﬂWLUUUH (a) ﬁﬂ’uﬂga‘ﬂau&l@1§1uﬁa@ﬂaadﬂuu’lawL‘.LIEJ LLNe (b) ﬁﬂmﬂuﬂﬂﬂﬁu&l@g’m‘l&lﬁaﬂﬂﬂaa

Aum1dWiue (Cozman and Cohen, 2002)

¥

a v A a A v ° \ v o o
L‘iﬂug L aauu@g’mﬂ"ﬂum‘iaﬁd LLUU%’]@@G@@@@@HGLL@Zﬂy&lﬁﬂ(ﬂﬂﬂﬂﬁﬂﬂﬂ'ﬁﬂizﬁnﬂ(ﬂq

v AL

vasdragn laglddrsuunuwdniudlunissoudtlfranungedaysdinneizosge

U U
¢ &

yadayauwnaudatudosundgusasniwod Saimueliqudnyuizivue X,
Iudarzderwdanaauasdiatnege v, wia p(X,,Y,) = p(Y,)lIp(X,i) drugadoyad
AodFadLaNN ALK (TAN assumption) Barinualiruasguansmcla 9 i
Judatunamananaslusedugauniiaulaslfsundpuisaandasiuwsusiaoi
1% lasfladindwaumadslufihemivlunadouivilaldmisousitlsinsam
Tunadeusdfiadu duanludadigafisasfinuindafindmudadslafthomi
NAUEINA L T2 ENTNINDBIGTEUTUE 89 Han1INaaadSuuLfisud e AnTawaaTen

¥ @ & | A
Sunsavgadayanuuaasaglunind 2.1

MsAnw1ad Tian (Tian et al., 2004) WuIIN1INIZEa2896288198The Ny
uazeaglidihafmnudinadadse@ndnmassmaeuwiuuuieddaan winnisnszany
o o 1 1 &‘IL 1 % o 1 % v 1 1Y o_ ¥ gﬁ 1 a
avasiragigadnguitliseaasasnwazainalinmldaiadslidthomiunusinaiae
dodseAnSnmwesdasend  lasnesaulszEninmmaseuiuualodigesganinig

o o ' Ay o @ o ' 1Ay o o ar P
nzevasdladiiiiheinuuazdedrsldithamnuasnwi 2.2 kan1maaasugas
L & L o \ VA o o o Lo o aAa A a af . A
IHfninsldaadelaiithamnuazildlamsuunnilsedninmean fdeilanis

v
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18

O DDDD DDD
el OmpRo 0Po 0go o
og® o "t Po oo o o) Uo
00 00_O 500 ey} od

® 0] 0 O0g [m] [u] o) O [m]
et Rl Um 00 @) o) e

e} Om O °0 O J.O ]

Hog 0oo 0o 8} =00 O
[m] D.DD omBO
oog®o ng
ogbo b S8
095, =
(a) (b)

o o e 4 d TP y
WA 220 MInTEngalzadiietNamEnaNLasEnAEY  Meadndthafhiuureale
sihanauuasRwioafiy - dredslifihefmiuusasdaglinauussimisallss (@) nsdin

o o ' Ay o @ o ' | Ay o o [ A A [
n1InszuaIvasitadidihamnuuszdtadelddihamnuseaadasiu (b) nydinldsanasas
it (Cozman and Cohen, 2002)
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2.1.56.2 anuzilumsBaniuuuififdanitdnnasanniaasunsinififson

U U

AsAnes Li (Li and Zhou, 2015) wuitnsidalasigladihemnuiies$s
[ 6 6 a = 1 | A o v Aa A o 1 1 [ 6
Tunasanaasiuadn danuienduisyildlssfnsannssuunugningwnasa
& A A v o Ay o o & o aa a o L A
nneaskartungsvanaedelihafinuwig uagldauwaditnistouiuouidfaon
[y o & & a A o . . .
ALTWNDINLINLABTLNTIWNURaaNY (safe semi-supervised support vector machine:
o ¢ A v o & & a & A A A A a a
S4VMs) TanlszasdiNassdunasaranias Suusiuiuun il gaaundlssdnsnwduin
1 A [ [ 6 6 A dl U > 1 A Y o @ 1 & ngf [
ndmsaihnudwwasanniae Sunsiuiaieannaregsithemnurms lag3tdnen
o g: dl <] v A U A v nﬂ' 1A 1 v
Sunnnsvaaduldlénianszmunisaasulasaunienagusmanunuuiuios
(large-margin low-density separators) nanuafiduldle usfendiaihafnudiadig
Ao g rae o X a a a ak
AlFaIunn il Usedansnmaan

U '

2.1.5.3 anuBzelumsBawiuuvififaausranmsaaihamiudraauias (seli-

labeling)

a_ Yy o o v . & & A a o L Ay
ﬂ']i(ﬂ(ﬂﬂ’lﬂlﬂ’lﬂﬂ(ﬂ?ﬂ(ﬂ%l,aﬁ (seIf—Iabellng) Lﬂ%"ll%@]au%u@luﬂ’]iLiﬂuELLUUﬂﬂ&laﬁau
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ada [} ad A ¥ v a A ¥ 1 =} o ada .. ad A v
TRRIYUID bTU IDLITWIAVLAULEY IDLITWIUUUIINIBNURDIID (co-training) LLaEIDLILW]
)

U

UUUINAaNURIWAT  (tri-training) NYzUABN1IRA TSN LA I8 AKLEIBWEIINAITIULLN

aaguiahalraathatiudladelidihasinunwae agr9lsfansaedsuuneas-
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e IDLTALIN (self-training with editing: SETRED) (Li and Zhou, 2005) ﬁauary’miﬁ
uwiladadsfihazgndathamivie

o ATLamEuEua1598 (self-training nearest neighbor rule using cut edges: SNNRCE)
(Wang et al., 2010) Gsldnwvasdradrafiautimlunsaaduladeiamnule
Tr3duradnszuIumsifilenadaihefinuiia

o 371H61n7098950N% (noise filters) (Triguero et al., 2014) las@nuinslEaInses
RITUNIWNTAIGaL 1INz AaihariuRaaanly

o Fwfanusasdtuuuinlszdillas (Democratic co-learning) @slfaaians
o af 1 a Yy o A a U o @ o A v 1 S| k%
nuaedanassutisdaihafinulasifendeihafmnuaiwaisoniamlng Dudu

AMNWANIIAN®IVES Triguero (Triguero and Salvador Garcia, 2015) Ginaass

Aa

= a A a ada Y o o v A v v aad v o
WU uU I8N TN N8I3R U8 NINLAI 8O ULaINNEIINIVIIG LRSI DD § NAURW
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dradhefidnsaulidulaled madousunuuinfinddnazaiedmiouiaeduaindiatng
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Algorithm 3 Co-EMT
1: while number of queries < N do

2: Run Co-EM(T, V1, V2, L, U, s) to learn hl and h2
3 query = {x € U, hl(z) # h2(x)}.

4: Label query
5: Move newly labeled sample from U to T.
6: end while

7: Create final classifier that combines the prediction from 21 and h2.
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ch :chj(xl) (41)
i1
1 f i — Cq
fo (i) = TG 4.2)
0 if Y ?é Cj

WRIMUUTIMaa N aaazn (mixed-class ratio) luudaznguainaunis
7 4.3 laaf C Aadwaunais N; Aedmaneradelihafnulunguin

mixed-class ratio = (4.3)
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v A o ni o [ 1 1 1 v Aa o ,2(
IffanguansmeNsuIsndunnaladwaaaslunguasiadzduld lasluemisei
\Nangmansmegalndarad1dunasiugunn (information gain) Quinlan (1986) NSNS

AN oA e A a £ A 1 & d a vy o o o A Y

nle fangudayafaziBaalndssannuihaziunaz@aihomnualadrsfiaasld unuwniw
WEAINIWTINNITVINULBINTTLIUMIUEAINITUN 4.2 uazduaauitrasnsdaie iy
arunsdaihafnungudasaugmansamsignidanuaasagluiuaawisn 4 laa y fe

o ] = Y o = o 1 1Y o ¥ 2 v ] Y
dradfihemny wae gy, Aa@edlTTemAY Yo AeeaEUaIiBd9lihe

ANUEIIAY Npgjor AadIUG0E8lUARREIMINY N, Aadrwanaradreliihafn

Algorithm 4 Tuaanitdeihomnulasulingudasaruguanyumsfignidan

1: procedure ClusterLabeling(C)

2: for each cluster ¢; in C do

3: Find majority class of labeled examples yq;or

4: Count the number of labeled examples of majority class Ny,qjor
5 if Niajor = N; then

6: Yu = Ymajor

7 else

8: yu = SplitCluster(z;,y;)

o: end if

10: end for

11: end procedure

12: procedure SplitCluster(z;,y;)

13; frnew = FeatureSelection(zy,y;)

14: Csprit = SubClustering(x;, frew)

15: for each cluster ¢; in Cpi do
16: Find majority class of labeled examples y.,q;0r
17: Ysplit = Ymajor

18: end for
19: return ygpi¢

20: end procedure
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azlnlaronsifanguansuzdiaddunasutunn lagiiangmansmeNg1u13030un
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araddasmeananiuldaiign  quansmegaludfdanuunazgnibllledanga

datlunguasisdsludintuaanisnisdanguuuuinizng (agglomerative cluster-



Count the number of labeled
examples in each cluster by class

Is cluster a

mixed-class cluster?

Select a new feature set by
information gain feature selection

1

Cluster examples
with the new feature set

1

Count the number of labeled
examples in each sub-cluster by class

1

Is cluster a

mixed-class cluster?

Label unlabeled examples with
a majority class

Label unlabeled examples with
a class of labeled examples

End
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ing) Vesanto and Alhoniemi (2000) gavinads@aihemnuldunaladislafiihamnuly
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1% 1
(4 =)

MNRIANIRAIUFUNIIN 5.3 LL&Z@hLE]W‘UﬂGLL@iﬂZﬂ&’Iﬁ%GLLE‘W‘I\‘]ﬁGﬂ’J']&I&']ll'liﬂl%ﬂ']i’;ﬁ%l,%ﬂ
o ] & a A k%3 ! ! @ o d' =

AV WNVIFDIAVFAIRUNIIN 4.5 - 4.9 ATUI ﬂ’]Lﬂ‘V\I‘llBG@I’JQﬂHiVIQGLLﬁ@\‘mGﬂ’J'}&I
wduguazauasauagulunisnsdrdnes lilunmenans devuasResuniuiigouaas

5\1@1’3111LL;J'%E‘J’%L&:mmmamQulumia@ﬁaiumumﬂmwLaﬂm‘sﬁfu
char predict as char + noise predict as noise

A = 4.4
cedracy number of all examples (44)
. char predict as char
P f char = . . . 4.5
recision ot char char predict as char + noise predict as char (4.5)
char predict as char
Recall of char = . . . 4.6
ecall of char char predict as char + char predict as noise (4.6)
Precision of noise = — _noise predict as noise . 4.7)
noise predict as noise + char predict as noise
Recall of noise — noise predict as noise (4.8)

noise predict as noise + noise predict as char

Precision = Recall
F-measure = 2 * oo (4.9)
Precision 4 Recall

4.4.2 WAANEMIIANYN

P o 1 ) o ! o 1 [ 1
NN 4.3 UFAIEIENNARNST LGann1ssangueiad1e Tunwasnanilsznay
ludradagsfignimuaians g lagdradwndfidurnufsdiadlunguideannu &
szfinlaimitangudayamuisniangueiadwiszinnardnesfidanuasionfani
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(a) (b)
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oy x . '
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stroke-like pattern noise removal %38 two-phased SPN) (Agrawal and Doermann,

2011) wazlisunsuan&ssuniuluenans ScanFix Xpress 6.0 sca (2010)
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NN 5.2: anuaaddseantnmlunssuuniaaaslaiinswiualagng

5.1.2 qﬂﬁaqamng’mﬁaga UCI Machine Learning repository

1 o

nsnasaviiangedoyaiiymsesaaaiilifidradanldddqmansme  (miss-

9

28

ing value) ém%‘umﬁayamﬁﬁwéﬁLammﬂmﬂﬁat%u (MNIST) smﬂuﬁzymmﬁmuﬂ
NWALaT 10 gﬂmeﬂuﬁtymwmmma msmaaaﬁlﬁaﬂé’mmaLﬁaﬁWLLuﬂﬂmaaé’aLam
ﬁmﬂ@iaﬂﬁi‘hl,l,uﬂ@l’m\‘i’m%%'ﬂmad Valizadegan (Valizadegan and Jin, 2007) &g
Zhang (Zhang et al., 2009) a"@ah‘wuaaﬁhmmﬁaahoLL@ia:ﬂma’Lumﬁauﬂaﬁﬁv’aauqa
LLaz"l,;ian@;a’lué'mwdm@m 9 smauﬁmmiayaﬁgﬂ 16 ﬁ@LLa@Nlu@’ﬁ’Nﬁ 5.1

5.1.3 gadayavinnilgmmsaaiesuniulunmanarsniwiing

o o A v A = A A
ﬂ’]ﬂ%(ﬂi%%%dﬂ;(ﬂ“ﬂﬂ&l‘]aﬂa%udﬂ’lw LNRIT NIINARDIWLADNANINLANTIT 67 NAINWLDN-
{ ~

gsndarndsluaassindaslineuninfosss 20 vasdradonsvualuninens s
aaglugatayaiisznavlddososnas fa aasdranes uazaa1gdIsunIn uasl
IUINGUANBME 9 quansme aIneazidsaluiide 4.1 dredsluudscgadayad

FUIUAILE 510 T3 7930 d10819 AITUaLLBNALAITIN 5.2
5.2 N13IANA

nsnaassluwudazganisnasssuazuaazdslinimaesauleidw  (cross valida-
tion) YaUseEnSamlugasain FauwInfelsEninmuasnsaaihediny lasdaan



Tayaday PUIUQMANBUE | TIUIUAIBEN | AATIFIUGIDEIUARZARIR
ATDY VWAL
banknote 4 1370 56:44
bioNRB 41 1050 66:34
splice 60 2160 52:48
wilt 5 4830 95:5
TATDYAUUIANA
adult 104 32550 76:24
bankmarket 43 45210 88:12
eeg 14 14980 55:45
magicgamma 10 19020 65:35
mushroom 121 8120 50:50
spam 57 4590 60:40
ATy YWIA WYY
mnist 1vs7 784 13000 52:48
mnist 2vs7 784 12220 51:49
mnist 3vs8 784 11980 51:49
mnist 4vs9 784 11790 50:50
mnist 7vs9 784 12210 51:49
mnist 8vs9 784 11800 50:50

@13197 5.1: Mazduagatayaangmiays UCH
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FIIUA19UIELAN

F1IUa18819U52LAN

Sayatays | 6ménws | &9sunau || Tegadoya | Gadnwy | F9TUNIL
noise001 731 329 || noise121 936 2124
noise004 517 1313 || noise122 1042 2638
noise005 1036 304 || noise125 2029 5901
noise006 746 294 || noise126 944 1026
noise007 937 3443 || noise131 1295 1695
noise008 1240 2170 || noise133 1454 1386
noise009 1196 2004 || noise134 1880 2330
noise013 560 270 || noise135 1032 998
noise016 671 309 || noise147 1545 5045
noise020 821 519 || noise148 1228 3642
noise022 582 848 || noise150 936 2854
noise023 760 480 || noise152 960 3490
noise024 648 232 || noise154 1447 2403
noise026 241 549 || noise155 1773 3767
noise027 814 2126 || noise156 1021 3039
noise028 174 686 || noise158 423 1437
noise033 889 721 || noise160 987 903
noise036 566 584 || noise161 1306 424
noise038 790 2940 || noise162 683 247
noise039 898 2642 || noise163 436 224
noise040 995 2195 || noise164 1528 592
noise048 1970 5860 || noise165 371 809
noise070 685 2315 || noise166 575 385
noise071 612 1468 || noise170 901 379
noise072 569 701 || noise171 798 442
noise073 540 1010 || noise172 1053 507
noise074 442 798 || noise173 989 311
noise077 632 2448 || noise174 516 194
noise100 797 2763 || noise177 356 734
noise112 1106 1534 || noise180 347 163
noise113 609 1541 || noise184 917 283
noise117 1798 2162 || noise185 841 219
noise118 830 750 || noise188 549 141
noise120 2022 1568

@157 5.2: NoazidsegadaysnsdunnFisunivlunmenaisnieing
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] v a Yy o o . S o
Anugnaaslunsfaiheminy (labeling accuracy) H9UIUAINENNIT 5.1 UAZAY
waiwglun13@aiheriiy (labeling precision) S96UIHAINENNT 5.2

number of correctly label data

number of unlabeled data (5.1)

Labeling accuracy =

number of correctly label data
number of newly label data

Labeling precision = (5.2)

D.

¥ ¥ o 1

FUNRDIAUTZRNTNINVRIA TN NI N R WNFS 19Nt 19Rai e nuAwan-

U

d19nin lagdadinnugndasvasnisygaaadiadiauganisn 5.3

number of correctly predict data

number of data (5:3)

Accuracy =

Aad A ) 1 A A o a GL = [ VXY
5.3 ')ﬁLaElﬂGI'JE]El'I\‘]LWEIGIﬂﬂ'IEIﬂ'Iﬂ]J WBNIILILUINILAWLDYI

a [y & @ o ' AY o v o w A P o @ '

matspudasanasinldalradrihamiuasduluniafendeihafnudlagig
1A Y o nio'a A d' o 1 & . o % o o
Tdfithemnundulafige Gesnsdmwamainudula (confident value) dwmiuarsuun
LARZTWADUIDUUALANG1IT LA T 0T TUNL A TEUI AN NN N WLIF I SUF TN
A ac X v = A A o L Ay o @ 1 ° A A =
WadnawIdpigaiudnmantwazasaiagiihomnudanisduniligaan 34
= Lo o L o o ' ' a o o o o Lo o A o [
iRanlrarsuwnliuiudlagisrwasinuluiitanawntin laaldarsumniNaniinulng
gaeduIn lagnaaasfidawing 1 uaz 3

ANIFEIWIBAIN N T F M SUAIT NN WU N AN RO TIAR I RN T2 2119

fadwlddiaradeiiihafmnuudazaaiafilnafiga (Li and Zhou, 2005) ¢rat19fidl
srpeiszwingasaaailnanuigauandnuunige vIadudadeflnanaianiig
NgALazagIMMBNANENFA GININA 5.3
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fua biaaanduwlulefe ci,co,..c; € O dragsithafmnuvesnad ¢ @
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Lo, = 2¢,,ye, SRatalaifitharinufe U = 2, dredlafithafnuiiaulanazdaihe
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nwfl 5.3 @raduanuinlavasdedsliiihemionansey 1 uaznunowe 2 lunsdli
v s 1 1 L o 1 A Y o o
wddraradanangis 1 azaglnaaededihamn

ARIRLINUINNILER Lalrsandagsluaaiaay dradnanoey 2 Nadlndaaauinuazlnas
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ﬂqﬁaﬂﬂﬂwﬂqﬂﬁqw&lul"ﬂlnﬂﬂ'ﬂLL@ZQZQﬂ@ﬂﬂWHﬂWﬂUIH?QUH

D;_c1 = min(dist(x;, x;5));Vr; € L, (5.4)
DistNearest = min(Dy);Vp € C (5.9)
Dopanearest = min(Dy);Vq € C — CrstNearest (5.6)

Confi = |DistNearest — D2ndNearest| (5.7)

Zeont = xi;When Conf,, = max(Conf;); Ve, € U (5.8)

1 = a =) s 1 a o > =} s 1 p.inz ° o d' 3; o

alsnansdendretsdeihomnulasifondqadisfidrsundnlangaiud
[ v ¥ o a ° ! o = & o o [ P ]
Dudasldninonsiiadvimainnudnlaginin snnsswinairadwinianlundaz oy
Mmuzguuaznrgamaionaagnugadududowilinsudaay  uwananun
HAN1INANDIVBI Guo uaadbitiindinsiandledsndulangaunlinaansliuaneis
NNsEanaIag19618MIgN (Guo et al., 2010) A5iRanaregsfianlafigaitienala
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7aTaya \Fandmatheviavae Lﬁaﬂﬁaasmﬁﬁulaﬁq@
banknote 85.33*** 59.71

bioNRB 47.81 45.05

mushroom | 94.50*** 91.90

spam 66.17 65.43

splice 56.77*** 49.97

wilt 62.73 70.89
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o v -fl’ v L 4 1 LU 1 Yo 3; a s 1 =
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5.4.1 w393919
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AINNYNADITDY

arsunwnifaanlasld uunnefifren
il | shadnvae | matsfithemiu | S55ouidsawas
1 100 82.48 84.67
2 100 91.24 91.24
3 100 81.02 81.75
4 100 93.43 94.16
5 100 91.24 89.05
6 100 83.94 83.94
7 99.27 81.02 81.02
8 100 90.51 91.24
9 100 86.86 87.59
10 100 56.2 56.93

@197 5.4: A1ANNYNABIVBINITIUUNUUTUNY

arduun laun dasuwunfsivannsBaniuuuidreudraaiadlugaisauinimue
(Supervised classifier from all training data: SupervisedAll) &3119:J1U3:RNTNINGS

g wazadunnzsnnmsauiuuuigaeudsaiatindaihamiuwinu (Su-
pervised classifier from labeled data: SupervisedLabel) H3113:8U3eENTNINGNRA

A = = ) o ) A v
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P AINLDU 9 A19NYNEBI28INIIUIENINNINTLAE 80 UAUNNLAIAINYNEDY
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wanpLaudaatadthemiiu | dwimin ARR

3 -0.5 banknote_zero
99 1 banknote_zero
251 -0.5 banknote_zero
444 -0.5 banknote_zero
570 -1 banknote_zero
678 -1 banknote_zero
686 1 banknote_one

782 0.67 banknote_one

934 0.5 banknote_one

1125 1 banknote_one

1127 0.67 banknote_one

1172 0.67 banknote_one
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mnist 2vs7 5 1
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mnist 8vs9 5 1
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asauagualagnguldnueaalilauinain

ANYNEBIVY 1-nn ANYNEBIVY 3-nn

uudatnasauiagly uudatnasauiaglu
OTRH nyuileas | ngulansueais | nquilass | ngulinmuaas
adult 56.23 55.52 57.90 56.39
bankmarket 70.63 68.66 72.14 70.8
banknote 93.28*** | 78.91 87.17*** | 71.92
bioNRB 58.63** | 53.33 57.28** | 52.22
eeg 75.57*** | 65.31 72.60*** | 64.15
magicgamma | 68.37 68.07 71.45 69.69
mnist17 98.41 97.13 98.17 97.36
mnist27 96.25* 94.16 96.27** | 93.86
mnist38 93.39*** | 88.55 94.08** | 90.58
mnist49 87.99* 82.29 89.44 85.76
mnist79 92.99** | 87.93 95.59* 92.21
mnist89 95.66* 93.97 956.97 95.52
mushroom 99.23*** | 65.55 97.18*** | 64.53
spam 68.06* 62.49 66.86 63.77
splice 55.86 56.10 54.29 53.35
wilt 66.53 68.21 60.91 62.72
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AN BIVI 1-nn AINYNABIVaY 3-nn
eRIRK iasnadhslunga eRIRN \iaenashslunga
gadoya | Athednuds | ldnswests | SHhednods | linsweas

adult 55.24 59.49*** 56.90 61.86***
bankmarket | 68.79 74.32*** 70.78 77.28**%
banknote 88.31 93.73*** 81.66 89.70***
bioNRB 56.05 60.41*** 55.42 58.67***
eeg 71.63 78.08*** 69.32 74.48***
magicgamma | 67.14 69.57*** 70.03 73.12*%**
mnist17 98.08 98.71*** 97.96 98.45***
mnist27 95.88 96.86* 95.95 97.00
mnist38 92.24 94.27*** 93.19 95.24***
mnist49 86.41 89.95*** 88.45 92.17***
mnist79 91.21 93.19*** 94.47 95.83**
mnist89 95.36 96.05** 95.83 96.59**
mushroom 96.33 98.90*** 94.42 95.32
spam 64.07 64.27 64.42 64.71
splice 56.45 57.31 54.49 55.19
wilt 67.23 77.70%** 60.48 72.43***
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ANYNABIVAY 1-nn AINYNEBIVY 3-nn
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ANYNABIVY 1-nn ANYNEBIVY 3-nn
afindregnitharmdulungy | iaifudedfithasiiulungy
1aTaya Jaana Tdnswass Jaana ldnswaas
adult 58.93 59.49 61.63 61.86
bankmarket 73.68 74.32 77.07 77.28
banknote 89.4 93.73*** 85.43 89.70***
bioNRB 58.64 60.41** 58.88 58.67
eeg 73.8 78.08*** 72.09 74.48***
magicgamma | 69.38 69.57 72.39 73.12
mnist17 98.17 98.71%** 98.06 98.45**
mnist27 96.01 96.86* 96.07 97.00
mnist38 92.77 94.27*** 93.88 95.24***
mnist49 87.55 89.95%* 89.73 92.17*
mnist79 91.89 93.19** 94.83 95.83*
mnist89 95.76 96.05 96.55 96.59
mushroom 96.36 98.90*** 94.74 95.32
spam 65.60 64.27 67.45*%** | 64.71
splice 56.74 57.31 54.52 55.19
wilt 78.98** | 77.7 76.65*** | 7243
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AMNYNE DIV ANYNE DIV
1-nn iilaifadnadnef 3-nn 1lalfindate
Tadaya gueunid | gudnangy | gudwmis | gudnaiings

adult 59 59.49 61.47 61.86
bankmarket | 73.34 74.32%*%* 76.27 77.28*%*%
banknote 93.23 93.73** 89.01 89.70*
bioNRB 59.18 60.41** 59.81 58.67
eeg 75.66 78.08*** 73.06 74.48**
magicgamma | 68.82 69.57** 72.2 73.12*
mnist17 98.52 98.71* 98.26 98.45%**
mnist27 96.57 96.86* 96.68 97.00
mnist38 92.99 94.27*** 94.25 95.24**
mnist49 88.29 89.95** 90.81 92.17**
mnist79 92.44 93.19** 95.54 95.83
mnist89 95.88 96.05 96.63 96.59
mushroom 98.82 98.90 95.42 95.32
spam 64.05 64.27 64.23 64.71
splice 56.17 57.31 54.84 55.19
wilt 75.65 77.70*** 70.73 72.43***
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Suunfefifaen
dwunigaau uudres | ifinsedengulinnuesa
gatays | vuaregudihadnudy | Fhoinud arathlduougy

adult 55.24 55.24 57.19***
bankmarket | 68.78 68.79 72.11%**

bioNRB 56.71 56.05 - - - 57.65

magicgamma | 67.41 67.14 69.65***

mnist49 85.67 86.41 88.99**

mushroom 96.43 96.33 96.65

spam 64.53 64.07 - - 64.66

wilt 67.36 67.23 71.89***
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Suunfefifaen
dwunigaau uudres | ifinsedengulinnuesa
gatays | vuaregudihadnudy | Fhoinud arathlduougy

adult 56.87 56.90 59.66***
bankmarket | 70.81 70.78 74.16***
bioNRB 55.62 55.42 56.61

magicgamma | 69.70 70.03* 72.84***
mnist49 86.26 88.45*** 91.34***
mushroom 94.26 94.42 94.70***
spam 64.47 64.42 65.51

wilt 60.37 60.48 67.26***
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Frduuniafifmau
swunlgaau uudae | iindedengulinnuems
gataya | vualedwiihednudy | fhomnuds dwihlfuuugs
noise020 | 77.44 77.32 78.57***
noise040 | 93.31 93.32 93.52**
noise077 | 93.76 93.80 94.21***
noise120 | 96.67 96.64 96.84
noise122 | 95.31 95.3 95.79***
noise125 | 94.67 94.65 94.85***
noise134 | 92.01 92.08 92.74***
noise135 | 91.46 91.48 91.99**
noise160 | 97.03 97.01 97.73***
noise161 | 90.11 90.11 90.93***
noise162 | 84.36 84.46 85.21*
noise163 | 96.98 96.97 97.57**
noise164 | 94.99 94.88 - - 95.66**
noise170 | 82.44 82.38 82.59
noise177 | 83.59 83.54 85.02***
noise184 | 84.10 84.03 84.18
noise188 | 84.61 84.51 85.81***
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Frduuniafifmau
swunlgaau uudae | iindedengulinnuems
gataya | vualedwiihednudy | fhomnuds dwihlfuuugs
noise020 | 79.61 79.52 79.66
noise040 | 93.72 93.76 94.07***
noise077 | 95.00 95.04 95.18**
noise120 | 95.81 95.78 96.88***
noise122 | 95.79 95.80 96.27***
noise125 | 94.80 94.76 - - 94.80
noise134 | 93.15 93.19 93.42**
noise135 | 91.77 91.83 92.31***
noise160 | 96.90 96.95 97.51***
noise161 | 91.48 91.53 92.08*
noise162 | 86.08 86.02 87.56***
noise163 | 96.98 96.92 97.77***
noise164 | 94.76 94.80 95.54**
noise170 | 81.06 81.16 82.90***
noise177 | 90.24 90.28 91.10***
noise184 | 80.97 81.03 82.40***
noise188 | 80.25 80.45 83.03***
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1070y 8 §eud 1 | deud 2 e 3
adult numTst numTr avgDist
bankmar numTst density stdDist
banknote L1C1 avgDist type
bio numTrPer | numTstPer radius
eeg density stdDist L1C2
madelon type stdDist avgDist
magicgamma | avgDist stdDist radius
mnist1 avgDist stdDist numTrPer
mnist3 radius avgDist stdDist
mnist4 type stdDist avgDist
mnist7 type stdDist avgDist
mushroom L1C1 type L1C2
spam avgDist L2C2 radius
splice type stdDist avgDist
wilt radius avgDist stdDist
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noise174 | 75.25** 61.55 76.48*** 47.57
noise177 | 86.34*** 65.51 93.89*** 68.51
noise180 | 72.90*** 52.84 68.39*** 28.95
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gadays | Shomniuds | ngulinsuesis | dhemiuds | ngulinuesis
noise001 | 93.82 97.00*** 93.55 96.01***
noise004 | 93.17 93.99*** 93.68 93.90*
noise005 | 92.9 95.18*** 92.93 94.17***
noise006 | 89.59 92.22*** 90.88 91.98***
noise007 | 90.66 91.93*** 92.07 93.39***
noise008 | 94.18 95.07*** 94.14 94.94***
noise009 | 90.18 91.65*** 89.82 91.52***
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noise020 | 77.32 79.77*** 79.52 80.20***




102

ANYNABIVBY 1-nn

v
AUYNABIVAI 3-nn

CREIIRN \ndaglu ERIRR ndagslu
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noise022 | 91.46 92.22*** 91.8 92.68***
noise023 | 72.52 74.56*** 73.3 74.59**
noise024 | 94.43 97.76*** 94.34 96.68***
noise026 | 93.43*** 92.80 93.75 93.94
noise027 | 93.61 94.78*** 93.53 94.55***
noise028 | 94.83 95.64*** 94.79 95.28***
noise033 | 96.8 96.88 96.85 97.20**
noise036 | 95.69* 95.28 96.12 96.24
noise038 | 78.89 81.00*** 82.45 84.00***
noise039 | 90.99 91.99*** 92.1 92.95***
noise040 | 93.32 93.81*** 93.76 94.32***
noise048 | 77.01 78.35*** 78.07 79.51***
noise070 | 82.8 85.30*** 85.09 86.66***
noise071 | 85.67 86.83*** 87.1 88.12***
noise072 | 80.83 82.96*** 86.53 87.65***
noise073 | 80.31 82.24*** 86.54 87.69***
noise074 | 93.71 94.65*** 94.13 94.18
noise077 | 93.8 94.39*** 95.04 95.26***
noise100 | 96.7 97.51*** 97.15 98.04***
noise112 | 97.1 97.62*** 97.03 97.67***
noise113 | 96.57 97.50*** 96.74 97.17***
noise117 | 94.71 96.42*** 94.51 96.12***
noise118 | 89.51 91.87*** 92.39 93.51***
noise120 | 96.64 98.12*** 95.78 97.93***
noise121 | 93.07 94.37*** 92.5 93.96***
noise122 | 95.3 96.13*** 95.8 96.46***
noise125 | 94.65 95.49*%** 94.76 95.27***
noise126 | 93.37 94.63*** 95.21 95.74***
noise131 | 80.78 81.76*** 85.94 86.60***
noise133 | 72.98 73.97*** 74.55 75.15***
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gadays | Shomiuds | ngulinsuess | fhemiuds | ngulinuesis
noise134 | 92.08 93.11*** 93.19 93.85***
noise135 | 91.48 92.62*** 91.83 92.63***
noise147 | 95.92 96.82*** 96.68 97.11***
noise148 | 96.18 97.29*%** 96.71 97.47***
noise150 | 91.55 92.04*** 95.56 956.69
noise152 | 96.03 97.45%** 95.82 96.80***
noise154 | 70.05 70.15 73.09 73.22
noise155 | 96.27 96.92*** 96.37 96.73***
noise156 | 95.51 96.45*** 95.8 956.87
noise158 | 89.66 91.47*** 92.05 93.09***
noise160 | 97.01 98.10*** 96.95 97.82***
noise161 | 90.11 92.56*** 91.53 93.81***
noise162 | 84.46 84.85 86.02 86.46
noise163 | 96.97 98.23*** 96.92 97.79***
noise164 | 94.88 97.03*** 94.8 97.23***
noise165 | 94.95 95.72*** 94.09 94.73***
noise166 | 81.03 82.48*** 84.37 84.69
noise170 | 82.38 83.69*** 81.16 82.70***
noise171 | 89.44 90.26** 85.82 87.28***
noise172 | 85.52 87.55*** 85.14 87.25***
noise173 | 89.43 91.45*** 89.19 90.67***
noise174 | 76.65 79.06*** 75.93 82.04***
noise177 | 83.54 87.07*** 90.28 92.95***
noise180 | 72.08 74.84*** 66.61 70.02***
noise184 | 84.03 86.97*** 81.03 85.12***
noise185 | 89.45 91.56*** 87.59 88.96***
noise188 | 84.51 86.74*** 80.45 83.68***
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adays | ldnsueas Jaaw Tdnsweaa Jaaw
noise001 | 97*** 93.95 96.01*** 94.13
noise004 | 93.99*** | 93.10 93.9* 93.67
noise005 | 95.18*** 93.60 94.17 93.92
noise006 | 92.22*** 90.84 91.98 91.8
noise007 | 91.93*** 90.95 93.39*** 92.15
noise008 | 95.07*** 94.35 94.94*** 94.28
noise009 | 91.65*** 90.54 91.52*** 90.11
noise013 | 90.11*** 86.74 88.04*** 87.34
noise016 | 91.84*** 89.73 92.15*** 90.43
noise020 | 79.77 79.59 80.2 80.79
noise022 | 92.22*** 91.06 92.68*** 91.76
noise023 | 74.56 74.16 74.59 74.06
noise024 | 97.76*** 94.70 96.68 94.86
noise026 | 92.8 93.71*** 93.94** 93.56
noise027 | 94.78*** 93.85 94 55*** 93.74
noise028 | 95.64*** 94.83 95.28*** 94.57
noise033 | 96.88 96.86 97.2 97.02
noise036 | 95.28 95.69* 96.24*** | 9586
noise038 | 81*** 79.81 84*r** 83.18
noise039 | 91.99* 91.51 92.95* 92.57
noise040 | 93.81** 93.37 94.32** 93.97
noise048 | 78.35*** 77.74 79.51** 79.04
noise070 | 85.3*** 83.84 86.66 86.41
noise071 | 86.83** 86.23 88.12*** 87.38
noise072 | 82.96*** 81.67 87.65*** 86.50
noise073 | 82.24*** 80.39 87.69** 86.39
noise074 | 94.65*** 93.73 94.18 94.08
noise077 | 94.39** 94.07 95.26 95.15
noise100 | 97.51*** 96.96 98.04*** 97.31
noise112 | 97.62*** 97.19 97.67*** 97.06
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adays | ldnsueas Jaaw Tdnsweaa Jaaw
noise113 | 97.5*** 96.72 97.17*** 96.72
noise117 | 96.42*** 94.87 96.12*** 94.85
noise118 | 91.87*** 90.38 93.51*** 92.54
noise120 | 98.12*** 96.79 97.93*** 96.26
noise121 | 94.37*** 93.34 93.96*** 92.70
noise122 | 96.13*** 95.50 96.46*** 95.86
noise125 | 95.49*** 94.83 95.27*** 94.84
noise126 | 94.63*** 93.75 95.74*** 95.21
noise131 | 81.76 81.29 86.6** 85.90
noise133 | 73.97*** 73.17 75.15 74.92
noise134 | 93.11*** 92.31 93.85** 93.52
noise135 | 92.62*** 91.84 92.63*** 91.94
noise147 | 96.82*** 96.28 97.11*** 96.89
noise148 | 97.29*** 96.49 97.47*** 96.91
noise150 | 92.04 92.18 95.69 95.73
noise152 | 97.45%** 96.24 96.8*** 96.02
noise154 | 70.15 69.85 73.22 73.64
noise155 | 96.92*** 96.34 96.73*** 96.41
noise156 | 96.45*** 95.68 95.87 95.8
noise158 | 91.47 91.44 93.09 92.74
noise160 | 98.1*** 97.08 97.82*** 96.86
noise161 | 92.56*** 90.91 93.81*** 92.32
noise162 | 84.85 85.98 86.46 87.20
noise163 | 98.23*** 97.00 97.79* 97.27
noise164 | 97.03*** 95.47 97.23*** 95.85
noise165 | 95.72*** 94.90 94.73 94.57
noise166 | 82.48** 81.39 84.69 84.57
noise170 | 83.69* 82.99 82.7*** 81.40
noise171 | 90.26 89.96 87.28 87.41
noise172 | 87.55*** 86.40 87.25*%** 85.76
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ANYNABIVBY 1-nn AINYNABIVBY 3-nn
dafiumadufithemavlungy | lafindedafthaemiulungs
adays | ldnsueas Jaaw Tdnsweaa Jaaw
noise173 | 91.45%** 90.45 90.67*** 89.90
noise174 | 79.06 78.38 82.04 82.21
noise177 | 87.07 86.11 92.95*** |1 90.98
noise180 | 74.84 73.53 70.02 68.45
noise184 | 86.97*** | 85.23 85.12*** | 81.98
noise185 | 91.56* 90.88 88.96 88.43
noise188 | 86.74 86.65 83.68*** 81.48

P = = a a o o 2L av A a o Ay o o 1oAYy
A1TNN V.3: L‘IJ?EJ‘UL‘YlﬂUﬂizﬁﬂ‘Eﬂ’lW@l’)mLLuﬂﬂd&lQaaumE]LWN@l’laﬂ’mwﬂ’mmﬂuluﬂqwuﬂ’m

mnunungulddihemnuuugedayanisaadesuniuluniwenasniming

ANYNABIVBI ANYNABIVD
1-nn faifiudaatined 3-nn iflaufindadned

adoya | quinaingy | gudunid | qudnaingy | gudimnig
noise001 | 97*** 96.40 96.01** 95.55
noise004 | 93.99 93.86 93.9 93.94
noise005 | 95.18** 94.33 94.17 94.1
noise006 | 92.22 92.16 91.98 91.53
noise007 | 91.93 91.9 93.39 93.32
noise008 | 95.07 95 94.94 94.95
noise009 | 91.65 91.77 91.52 91.49
noise013 | 90.11*** 88.94 88.04** 87.65
noise016 | 91.84*** 90.94 92.156*** 91.53
noise020 | 79.77*** 78.35 80.2* 79.43
noise022 | 92.22 92.34 92.68 92.71
noise023 | 74.56 74.31 74.59 74.52
noise024 | 97.76*** 97.09 96.68 96.47
noise026 | 92.8 93.44*** | 93.94 93.96
noise027 | 94.78 94.63 94.55** 94.32
noise028 | 95.64* 95.35 95.28 95.27




ANYNABIVBY ANYNABIVD
1-nn Wlaiadagnd 3-nn \flaifindagefi

gaTayn | guidnangy | guedwnis | gudnarangy | gueiuni
noise033 | 96.88 96.94 97.2 97.17
noise036 | 95.28 95.49 96.24 96.14
noise038 | 81 81.15 84 84.30
noise039 | 91.99 91.8 92.95 92.88
noise040 | 93.81 93.71 94.32 94.23
noise048 | 78.35*** 78.02 79.51 79.45
noise070 | 85.3*** 84.70 86.66 86.5
noise071 | 86.83 86.7 88.12* 87.91
noise072 | 82.96*** 82.02 87.65* 87.33
noise073 | 82.24** 81.30 87.69 87.23
noise074 | 94.65*** 94.04 94.18 94 .1
noise077 | 94.39 94.42 95.26 95.28
noise100 | 97.51 97.55 98.04** 97.89
noise112 | 97.62* 97.45 97.67 97.63
noise113 | 97.5 97.4 97.17 97.18
noise117 | 96.42*** 95.92 96.12*** 95.80
noise118 | 91.87*** 91.06 93.51*** 92.77
noise120 | 98.12** 97.88 97.93*** 97.68
noise121 | 94.37 94.33 93.96 93.88
noise122 | 96.13 96.06 96.46 96.35
noise125 | 95.49* 95.37 95.27 95.30
noise126 | 94.63* 94.37 95.74 95.6
noise131 | 81.76 81.41 86.6 86.44
noise133 | 73.97* 73.56 75.15 74.86
noise134 | 93.11*** 92.53 93.85** 93.52
noise135 | 92.62*** 91.68 92.63** 92.06
noise147 | 96.82*** 96.62 97.11 97.06
noise148 | 97.29*** 96.93 97.47*** 97.27
noise150 | 92.04 92.22 95.69 95.78
noise152 | 97.45 97.32 96.8 96.75
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ANYNABIVBY ANYNABIVD

1-nn 1{aLfinandnef 3-nn iilaifiadnadine
gaTayn | guidnangy | guedwnis | gudnarangy | gueiuni
noise154 | 70.15 70.03 73.22 73.40
noise155 | 96.92 96.79 96.73 96.68
noise156 | 96.45*** 95.99 95.87*** 95.62
noise158 | 91.47* 90.95 93.09** 92.61
noise160 | 98.1*** 97.54 97.82*** 97.49
noise161 | 92.56** 92.08 93.81** 93.33
noise162 | 84.85 85.05 86.46 88.19***
noise163 | 98.23** 97.86 97.79** 97.66
noise164 | 97.03 97.01 97.23*** 96.66
noise165 | 95.72 95.7 94.73 94.51
noise166 | 82.48*** 80.90 84.69 84.29
noise170 | 83.69 83.76 82.7 83.21*
noise171 | 90.26 90.23 87.28 87.76*
noise172 | 87.55 87.19 87.25 87.43
noise173 | 91.45 91.62 90.67 90.59
noise174 | 79.06* 78.77 82.04 81.39
noise177 | 87.07** 86.53 92.95*** 92.49
noise180 | 74.84 75.14 70.02 70.22
noise184 | 86.97*** 86.22 85.12*** 84.30
noise185 | 91.56*** 91.02 88.96 88.87
noise188 | 86.74 86.73 83.58 83.51
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