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Decision tree is one of the tools used for data mining. The main application
area is classification task. The model is built from a set of records, called training set.
Each record consists of a number of attribute-value pairs. One of these attributes
represents class of the record. When a decision tree is built, many of the branches may
be overly expanded due to noise or outliers in the training set. The built model is too
complex, since it tries to classify all records in the training set including noise and
outliers. This problem is called “overfitting”. We use tree pruning method to remove
the least reliable branches, generally resulting in faster classification and improvement
in the ability of the tree to correctly classify unknown data.

This research proposed a new method for decision tree pruning, called REP+.
We used the statistical test to check the significant dependency between predicted
classes and actual classes in the training set. We conduct the experiments on 21
scientific data sets. The pruned trees result in reduced model complexity and faster

classification while maintaining their predictive accuracy.
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=0.940-00911
=0.029 1

Gain(humidity) = I(T) — E(humidity)
=0.940-0.788

=0.152 1a

Gain(windy) = I(T) — E(windy)
=0.940 — 0.892
=0.048 Ua
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Q

3 v a { aa
ZUUNUDNNTUIN ﬁclﬁﬂ”llﬂuﬁﬂ‘ﬂﬁﬂﬂﬂ outlook muuuammm Outlook iN

a

A o 9 PR '
gnideniluTnuasinvesdulddadule memmﬂaq"lummmfmﬂqmmmauaimﬂuﬂqu

U

Y] Z v Aa 1 A Aa oA I
dennuldananua  dsdesadedulddagulaaeld  Tasnnsanaenuennitidnazuniy

Triualuszaud 2 apain Tnuasiniodanguuedoya Tunsdl outlook = overcast T gedg
A a a A @ ' Y A g ' Y ng Y
Tnuamuandnitosnnasaianquuesdoyandungu P lanmuauds
aa oA A I v A 9y Y
uonnsadnannsagniendulvualuszaui 2 1dlsznoudie temperature,
{ aa o ' o o Y
humidity 1182 windy laefienn3tad outlook v lignidenudndnsulvualuszavee il
A a ] Y] Y A Y A aa ¢
ensanmsad e Inuagnn1edIugneiie (outlook = sunny) AUABNLONNTLIA temperature
v Y
vamnsoswunnguuestoyaldnz Ui 2.3 tazawnsodamaunu ladee lai

sunny

rainy

overcast \
N(2)

hot mild cool
< v N
N(2) P (1) P (1)
N (D)

51/ 2.3 uaasmsiuunnguuestoya laelHenn3iad temperature 15 Tnuasy 2T 2

I(outlook = sunny) = — (2/5) x log,(2/5) — (3/5) x log,(3/5)
=0.971 U

temperarure(outlook = sunny) = (2/5) x (- (0/2) x log,(0/2) — (2/2) x log,(2/2))
+(2/5) x (= (1/2) x log,(1/2) — (1/2) x log,(1/2))
+ (1/5) x (= (1/1) x log,(1/1) — (0/1) x log,(0/1))

= 0.4 19
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Gain(temperature) = I(outlook = sunny) — E (outlook = sunny)

temperature

=0971-04

=0.571 U9

=

aa oA A A = < v A o ' Y A
Ll,f’]‘VI‘VI5‘]_I3@]‘VIH’faf’)‘ﬂﬁTiJ"Iiﬂfq]ﬂlﬁf’)ﬂﬂ"llﬂu@]'gﬂﬂﬁ@ﬂ!waﬂﬂﬂQlIsUf’NsUf’Jlla NAD

9
[

aa 4 o J ' aAa
UBNNTUIN humidity ag windy mmiammmmmumﬂﬂmﬁammamwmmmﬂlﬁ' i

Gain(humidity) = I(outlook = sunny) — E (outlook = sunny)

humidity
=0971-0

=0.971 U9

Gain(windy) = I(outlook = sunny) — E_. . (outlook = sunny)

‘windy

=0.971 —0.951
=0.020 U9

< ' aa odq Y A A .. o & an  oJd=

Wiy mennIiianInaunugeigane  humidity A9iuLENNIDIATINGN
A < o A 1 @ =
omiluTnuaszaui 2 @o91n outlook = sunny tazdinunds InuagnMIIwesInua

{ a aa 4 A, o [ {

outlook (outlook = rainy) IABININTUUADNLONNI TIALAZIINITMIAIUIUAUNUNUAAIAY
o ' ' v A v Aa o . 9 A = A g
drvgnneunil aunsoden 1A menniiog  windy szldaunugeiiga Segniaenilu

' 9 ]
TvuasZAUN 2 @010 outlook = rainy nizuIUMIas AU Tddadu Tz Augaiie Tnualy
< ' Y qgj v A < @ !
Wunguussdoyaeriuniua nazez 18 lnssadwvesdu lddadulududegii 2.1

222 AMNASFIUONIIAIUNY (Gain ratio criterion)

[ Aa U I [ aa oA
luganeiiiy D3 wldmunasguunuiuvanlumsdenuennidadne 19

FuTnuasnvesdulddadulansovesdulddos  ualudanesiy  ca5  Idmumsldm

o ! v A A aa oA Y I Y Y A
ll1@]'5:@11!f’]@]5Tﬁ')uLﬂ1!11!ﬂ1'5@]ﬂﬁucli]Laf’]ﬂLL'EJ1/]1/]5']J’J@]Vﬁ]%i‘]ﬂﬂuiﬁuﬂi?ﬂﬁnﬂ”@?fl IUBDNIN

[ =\ o A (] v 9 ~ 9 Aa AN A G 9
ATNIATTIUNUITHAITNAUDUIDYTNNNIN ﬂﬂﬂl@uﬁa‘ﬂﬂi%ﬂf’)‘]_Iﬂ’JfJLL@VWIT]J’J@]VI?Jﬂ”W]L']Ju"hJ]‘l,ﬂ

1 9
=K A

o ] { aa o o w v "o v
AMUIUUIN 9 1 FU Ggﬂ%’au”aﬁﬂizﬂauéfaaua1/11/1'5msﬂmJ"|maeu1Jizm@nmmﬂw"lwmﬂﬂmmm

@ [ 9 v 9 aa o’dy ) I Yo Y] [ =\ Y] v 1 A
AIDYN mu,msua34”a@1mu,’em1/15‘ummwﬂw"lﬂmmumaﬂmwfN I AYNNAD 1 NIVUDY

Y 9 A o v T W v aa o’dy Y 1w o Y
@]‘Ll]lll UAZIUBATUIUA entropy mﬂmmmmafJN‘lJuLL?JVWIm’muilzhlﬂwnﬂu 0 VIﬂWﬂnﬂu

9 v
J IS

d' 9 aa A Y [ Q‘f 4
w"lmmmawmmsﬂ UAFINGA (NOIANA UNHUINA, 2543)
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[y ] 9 v A 1 4 d‘ 9 9 aa 4
nnmedndayamsaadulaaunsarluasian 2.1 arlsuennstig o Tu

9
v A

msdanguieyaszdesmsdiuadeyalsznoumsdadulunoswunnguasi

E(ID) = (1/14) x (~ (0/1) x log,(0/1) — (1/1) x log,(1/1)) + ...
+(1/14) x (— (0/1) x log,(0/1) - (1/1) x log,(1/1))

=0 1Ua

4 L v aa J Y v " [ Z '
Lﬁﬂlmﬂ@]?}@fJN‘]JuLLi’)VWIT]J’J@]ﬁi]%]lG?]}ﬂ”I entropy 11NU 0 ANUUATNIATIIULNU
aa o’dy Y a 9 dlsl "9 & 4 ] U A
suaqu,mn1/15mmmzmmuﬂimmmayammmii]zszmwagawumﬂﬂamafﬂuﬂqu P #i50
d' d! S LY a o Y dyd U 1 aa o’d’ [ Z
N NviuasInsIRA NN 0.940 Us miwmmmgmmuuumqqﬂ’mmmmmmu € ANUU

aa o dy A Id @ A o v 9 =X
UNNIUIA ID ‘Lli]%gﬂLaf’]ﬂll"IL‘]Ju@]ﬁﬂﬂﬁ@ﬂ!W@ﬂﬂﬂquﬂl@ﬂﬂl@NvaFJﬂ
< 1 ] 1 Y1 A aa o’z A A G
NUUAIZIHUN ﬂ”lif.]ﬂﬂ”lll”l@]iﬁ"lulﬂuilzllﬂﬂ”Ifj\?LN@LL@VIVI?U’J@]HHN?’TIVIL']JHVIJJ

183 waunn q daliannsoiunlfduTnuavesdu'ld e uenguuesdeyalviii lime

[~ l o J [ v
winldedagndes dedeud luanwdudesii Tasnmsdsuaunuligndes Tasldmasaums

1 1 Aaa 4 o 1 [ 1
N1TLUNLLYN (Split information) GU'ENLL@]a$LL@VIVI?U’J@]Lﬁ@i%ﬂTH’J'MﬂTNTﬁ5§1u@ﬁ§1ﬁ3ulﬂu
(Witten and Frank, 2005)

4' [y ] 9 aa 4 9
imuali T unugavestoyarn Wowisiiedialaglduenniing A 1214

U

[

o [ VA g 9 aa J
Gmsummamwaaimmazﬂuﬂu {t, ..., 1} 919U v ga el ldvewenniing

El

Allag mmiammmmmiﬁummmgmuaﬂ"lﬁ' Y

\ \ t
AT AUNANITLUULEN = Z |T| (:TD (2-5)

9 )
A EUNAMs ez naasdeszaumMInizevoddoya  euldoya
] [ I (] VoA g 9 aa o [ dy = A Id
A1081 T 1ilu v gadosmumimilu i Idvesennitig A Tasatazliargagaiio | ¢ | i 1
LY A A 1 A d? A o 1 dy v Y
snulunnie wazezasauien | ¢ | Ay Werheil ldwsawnasgiunues laa

@ Il & o A A a d? 1 Y o Y
WINTIIUBATITIUNU Gb’W’JfJu,fgf"lsum”laJa”u@ENmﬂﬂmummmmmmumu% Tﬂfﬁ/niﬁﬂ”l

o 1 aa JIJA
WIATIIUBATITIUNUUDILDNNTUIN UM Lﬂu"lﬂ"l,ﬂmmumﬂaﬂﬂmaﬂm (ﬂi’Nﬁﬂﬂ AN

4
INYUINA, 2543)

AWIATFIUOATIAIUNY = ATNIATTINY / ATENT AUNANITLUALLEN
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Y v v Aa v J . o v .
mﬂmaawfjjagaﬂﬁmﬁuimauﬂaamuminﬁ 2.1 @WTIATUIUAT  gain

9
v A

. aa 4 9
ratio UBULBNNITUIN outlook "l,ﬂ@N‘Ll

AATAUNANTULLEN (outlook) = — (5/14) x log,(5/14) — (4/14) x log,(4/14)
—(5/14) x log,(5/14)
=1.577 U9
Gain ratio (outlook)=0.247/ 1.577

=0.156

4 v v v aAa o . qe .
uazgﬁaum%’auﬂamamqéf’muemmum temperature, humidity 8¢ windy

9
v A

ANTOAUIUAN gain ratio 1@dail

Gain ratio (temperature)= 0.029 / 1.362
=0.021
Gain ratio (humidity) = 0.152 / 1.000
=0.152
Gain ratio (windy) = 0.048 / 0.985
=0.049
it menn3idin1fm gain ratio gafigade outlook IFuIABIRIMIA I

1 information gain SuTUIENNSTIN outlook vagnideniduTnuasinvesdulidaduls uas

v A 1 % @ v I 1 @ ng
wadudulddadulade lisunszmeamisotanguuesdoyalidunguiferiuldnamua

N~
o
=)
—
S
Se
>).
S
e
=
s
Ze
Se
Q)
=
=)

Tuvazndeadedulddaduls  luudazieenamanmsadededalnd  du
A ) = Aoy . 2 a o = g A A
iosmnndoyadniiidoyasuniu  (noise)  FunavINMsuiindoyaranaIAnson W
a A a A Y 9 Aa a 9 [ [ .
Aana1ainaaNszULes Mo lugatoyaonaziidoyannailnasindoyadiulug (outlier)
v A v A I a { o [ Y [ A
derlumndle  msdansdu lddaduladhumatdanlsdmsundilymil  tavezieaansina
PaymnmsimizasTumanudoyaninnuly (overfitting) 16 (Cohen and Jensen, 1997) Taaflayn

9

H v 9
it laTaseadedu ldnannsoduundoya ladnugadoyanldadedu lddadulomniu
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v A o Yo 9 v a A o 9 v A g Y
LL@]Lllf’]‘Ll11']J1‘b’ﬂUﬂl@ﬂaiﬁﬂﬂi%ﬁﬂ‘ﬁﬂ”miuﬂ”lii]”llli!ﬂﬂ@ﬂsllﬂu‘lﬁﬂzaﬂﬁﬂ ﬂ”li@]ﬂﬂ\i@]u]lll

U
' ]
a

aaduloazldamanalunsdansiiinnuinyededosigaoon 11l e lddu 1 lmin1a
o 3 4 o o [ o
aunsoteldsasive wezduilumsdSulgdannuamnsovesdu lflumsinne
9 [ Y 1 o A d? a2 g v A g Yo Aa A Aa = v
doyalvid q TAwindunnstiudndle Tasmsaansdulddadulendunieniiog 2 Yszim

9
fano llil

1) MIAANIVAULNISHU3 (pre-pruning)

u

o Y A A a

I a Z v 0
iWumsdansdulfvuSongamsuannaluduaeumsaiidulddaduls Tasnish

'
1T AAo y

Y A v qgj = < bY Z o A A
T Tnuangnaatiu/aewiiuly  wagldludiuuaasnguiisudeyaaivayuriolniy

U
]

] Id v v ng {
unzilundeyaszeglunguiiuuniiqa (Breslow and Aha, 1997)

]
aad

A o Y 9 Yo A ng Y = o A v
11!Gllil!$VIVI”Iﬂ”I'§ﬁ'§N@]u"l,3J@]ﬂﬁu1i]uu TANUNITAUIUNITDIAATINWNADAN
o w v ] 2 . . . A v a v A 9 A A 9 Y
TIAUAN ) LYY ¢, information gain L‘Wi’]i‘]ﬁji%!i\lu’cl"lﬂﬁliﬂi]%ﬁi"l\iﬁi@u@]ﬂﬂ\iﬂl@\i@]u"lllﬂﬂ”lﬂi
Y

] 9 ] ' 1
tenidala litagaiisimua I3z do Tnuariu luauaisheeimauennede i) Failums

~ ° 11 Aq Y 4 [ Z A& [ Y o v o’j a I )
envzimuananlddunaaimaniuasezlaudumls Sdmuasniugaunulinazih
1% 18 I ntianududou uaosmuamaunu 1z 19 1ddu Idndvunadnau 1y
o g la

o A [ ~ 9 .
2) MIAANINAINITLIIUY (post-pruning)
< o A v A ! 4 J YL
Wumsdanwesdulddadulongnadeiuanysaiudr  Tagldmsianiniu
o 9 ' [ o v A 9 9y 9 A Sy oy o
Fudeuvowaaz e wasonihnmsdanavesdu liudr Tnuanegaregan lilagndaee
¥

]
1 % I

{ a3 { )
gnudeuliidulunazvzuaasnguitisnnudeyamivayuiiniga  (Breslow and  Aha,

U Q

1997)

9, v 9 =

d' ] ] 9 o L% a d'
qJnIuUNn 9 Twuw"lu“lﬂmamu"lu AZUNTATUIUATIDATIAIMUAANDIAN

o Yy K I VA = Aa A a d? ) Y ERl ng %
ﬂ”IﬂW’N]l’J cmgﬂummmmmmmNﬂ‘Wmﬂmzmmmaﬂwumamu"luaaauugﬂmaeﬂ"lﬂ

Tagfannuianaraves Inuah hignaaszgnduim Tagldmmasiuanuranainuouaay
v 14 v 9 9 v
ne ez ldanhminawdadiuvesnaiu q dmsdalvuadnildgmsmannuianaah

Y @

d? 9 Y1 O’J} < 4 19 [ Z o Y Y1 Aa I A
U Twuﬂﬂlawu"lllﬂaauuﬂi}wmmﬂﬂ’g LL@]ﬂTﬂTi@]ﬂuuV]TiﬁqﬂﬂTﬂ’JTNNﬂWﬁTﬂLﬂuV]

a

@ Y Z <] v [ o v A g Y o Y Y o [
ﬂauiu"lﬂiwuﬂuuﬂ%gﬂmeeﬂ"lﬂ 1’?a\1i]1ﬂ‘VITﬂ1'5@]ﬂﬂ\1@]u]'l,ll@]ﬂﬁuimlaﬁﬂ%@]@ﬂ‘ﬂ”lﬂ”ﬁ:]ﬂﬂ”l

' v YA o v A Y 9 Ay YAq Y 1 a v
AITULUUAI (accuracy) ﬂl@ﬂ@]u"luﬂﬂ”lﬂ”li@]ﬂﬂﬂllaﬁﬂﬁﬂ TﬂfJTI@]u"liJVIKlWﬂ”Iﬂ’J”IiJN@IWG”Iﬂu?)ﬂ

A A
ﬂq@ﬂ%gﬂla@ﬂ

[

v A Y Yo Aa [ [ J a A a d? Y =
‘Lli’]ﬂi]”lﬂﬂ”li@]ﬂﬂ\i@]u"lll@]ﬂﬁuiiﬂﬂfJi’J”IﬁfJﬂ"Ii?]ﬂﬂ”Iﬂ’J"IiJNﬂW@”IWVﬁ]%LﬂWUHLLa’J U

Y @

A A ] Y a o A 9y Y- Y o
mauaau 9 ¥y ﬂ1§1‘]5ﬂ”|ﬂ”li!‘ll”liﬁﬁ (encode) 11!ﬂ”liWi]”lim”l@]ﬂﬂﬂﬂl@ﬂ@]u"llliﬂfjcl‘]fﬁaﬂﬂ”li
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U3 Minimum Description Length (MDL) fne (Quinlan and Rivest, 1989) Audu

9 v Y
aAav A 2 o

ax v A 9 Yo Aa A kY 4 < a .
FBmsdanedu lfdaaulandrpiduailuanuddetidluria post-pruning NVuADU
v A A ) [ v Aa 4 4 { . .
msaanusuinurasndulddaduleldadsiuanysoiuds Taeh Breiman, Friedman,

Y= v v A dyd = v 9
Olshen, and Stone (1984) "l,ﬂﬁﬂkl1W’]_I"J"Iﬂ"I'i@]ﬂﬂﬂﬂi%tﬂﬂuuﬂ?”mtﬁﬂﬂiﬂ”lﬂﬂ'}l"lllﬁzclﬁ

! Y

UszAnSnmganmsaansumzNizoui (pre-pruning) WS IzANIDIRENAA Triuaf lina

9
=2 [

J v A ! I v Al
Usz Teminndu lidaaulanasraiuedsdnngadoyauds nazldismsans q lumsiam

a A a U v A Y Y A [] an v A Y Yo Aa
ﬂ’J”IlINﬂ‘Wa”IWUi’]\1T‘H‘LlﬂL‘Wi’)‘Wi]”Iiil!"l’J"li]%@]ﬂﬂQsUi’JW]u"liJﬁiﬂan ’J‘ﬁﬂ”li@]ﬂﬂ\i@]u"lll@]ﬂﬁuii]

b

[

v 4
¥ila post-pruning N AU lvausanaastuasumshau ldaeil

2.3.1 MIAANMVUANNHANAIAAAAY (Reduced-error pruning)

A 9y

Y
Reduced-errror pruning (REP) (Quinlan, 1987) 35Hdlumaiiansdanedu 'yl

aadulaniuuinadienga Tagldygadoyanisdany (pruning set) Auenvenaingadoyarn

u

A - v ¥ n vy v o v
(training set) LW@ﬂ5$L3Juﬂ'313JQﬂ@]@\1GUf’]QTWuﬂLL@%T]JGU@\1@]u]’lllVlnlﬂi]Tﬂqlu@]@uﬂTjﬁjTQ@u"lu

A3
e

v A o Y a Y a = o A 9 A o Yo o ]
dagule  ildmsdsudivadasnanuianaainnududesiosaaiorld1siudeds
1A [ =]
Tvsin ldmenviu
o 0 an < ' 4 o
PuUADUMIMUUITMSH  zasiadeu Tnuannangaiulidisinues
au'ld (bottom-up strategy) Tagla3smstnne Ivuauuy post-order traversal mmslasu
I { U Id U o T W v ] i {
Tnuadluluntinguuesdoyaillunquuanvesngudledis  anmsuisnguuesyadoyarng
Z 9 £ v o o Il A T Y A q 0 = v v W ] A dy A
Truatiuvesduld uswaudediein igndesnieo lulswin@erduniudedeilui e
Y Y o A ! = v o Y I A ] 9 o Y
nadouavgadoyamsaanulisuisunuiaualedei igndssues Tnuagnuewiu - 4
' a o Y] A A g Ay VA o
manuAanain lumsswundeyaved lvuannlaswiluly  Ianiesnimiominuainy
a ° v v A o 4 v = I
Aanana lumsduundoyaves Inuagnudlazionda Tnuaiueen lluduldewiuly as
dy o g} ' 9 ' o Y 3 a o =
asndovilzidnluuaaz Tvua 01 luildrasunsuavesanuianaia lumssuuniinn
4 2 Ay ¥ ax s yy Yo a Ry 3 R a 0 A A
mindu wah ldaniimsiieg ladulddadaulaifivinamn wagliamanuranaadiigaiio

nageUNUYATDYANIIAAN
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x=0 x=1
y=0 y=1 z=0 z=1
0 @ 10: A 11:B
z=0 z=] z=0 z=1
4: A 5:B 7B 8 A
517 2.4 du'lfidadulanadreiulnsiivoya 2 ngu (A uaz B)

M13197 2.2 08 1VeIATOYANITAANA

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

v v 9 [
au'lfidadulafuanslugdn 2.4 (Frank, 2000) lavnduaoumsaiiedulias

[ n Yo Q' U [ 9 ] U 9 =R d' 1

dalii1ddanala o sonll Taeuansngundnvesdoyaninmsutisnguuesyadoyarniuaaz
Truavosdu Iduazuansninamuilsziwaas Inuaats maansdulidagulede9s REP
P 9 9 v A A P ) 9 £ o ' 9 v A
doaldygadoyanisdanslszitiuanugndssuodu ld FUAAIAIDINYATOYANITAAN

dmsvduldaaaulegua 2.4 1ddsasen 2.2
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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=1
¥ P ¥ P
4: A (0) 5:B(1) 7: B (0) 8: A(1)
(n)
x=0 x=1
y=0 y=1 z=0 z=1
¥ ¥ P
3: A(0) 10: A (2) 11: B (0)
z=0 z=1
¥ P
7: B (0) 8:A(1)
(V)

JUn 2.

a

5 uarasdedemdanadu liidadulvA207% Reduced-error pruning
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x=0 x=1
y=0 y=1 z=0 z=1
P ¥ P
3: A(0) 6: B (0) 10: A (2) 11: B (0)
(7)
x=0 x=1

P

v=0 y=1
¥ R
3:A(0) 6: B (0)
()

a 9

d' (% 1 (% Yo Aa 9 ag . 1
519 2.5 uaasiegamsaansdu lddaaulad1e73 Reduced-error pruning (719)

u

9 '
o/ =

YUADUMITNUVDINTAANIAITT REP uaaalanagii 2.5 (Frank, 2000)
Tagdu ldusazAuszuaasiiudiodni ligndes  iWenaaeuuaas Tnuadiegadoyanis
o A A Y, 3 v > 0 Yo o
fanaanasnai 2.2 Blusdudie ansavaastuaounsniau ldaadl
D Ansanilnua 3 vesdulingali 2.5m) azldswaudedien higndes
[ Y d! = ) U o v L] d' [} Y d' £ d! 1w [ Z
iy 0 Fdiatesndimasauvessmauiiedei ligndesiluvesiudumniy 1 duiuey
@ Qy : 2 o '
da TnuagnuedTrua 3 NadaddouTnua 3 fuTvualy naasladegali 2.5(v)
2) Wnsaiivua 6 vesdulingali 2.5) azldswaudedien higndea
[ Y d! = ) U o v L] d' ] Y d' £ d! 1w [ Z
sy 0 Fliatesndimasauvessmauiiedei ligndesi luvesiudumniy 1 duiuey
A

9 [
dalvuagnuesivua 6 dwdwldeulvua 6 Wulvualy uwaedlddsgli 2.50m)

u



20

3) Wsanii Inua 2 vesdulfningli 2.5(m) szldswaudredi ligndes

Y E v ° Y U R 9 A o & v v [~ '
My 1 “I)'\TllﬂTNTﬂﬂQTNaijqu@QﬂTuﬁuﬁﬁﬂfJ”N(VIIhJQﬂ@]@ﬂﬂiﬂm@ﬂuu"]ﬁlﬂTﬂ‘U 0 ISHUUN

'
=1

a A A o A Y A 1 [ Z = T A dy Yo
ANUAANAIAN lruaeaanwdIuaImInn muum"lmﬂﬂwaﬂﬁuﬂu Llﬁﬂ\?]lﬂﬂﬂ'iﬂ“ﬂ

2.5(9)
4) s Ivua 9 vesdulingali 2.5(m) azlaswaudedien higndea
[ Y d! = ) U o v L] d' [} Y d' £ d! 1w [ Z
iy 1 Fdiadesndimasauvessmauiiedisi ligndesi luvesiudumny 2 duiuey
@ Qy : 2 o '
aa TnuagnuedTriua 9 NaudaddenTnua 9 fuTvualy naadladegalin 2.5(9)
5) wsanivua 1 vesduldangdd 2.50) ag1dsmaudredin ligndes

BN 3 Fadinmnnnasanvess uaudeg1eh ligndesnn TnuagnuesTnua 1 Fumny

9
[

3 v Aa A A o A Y A v o Z = T A dy
2 i]%!ﬁu?]”lﬂfnllNﬂWﬁTﬂVITWHﬂLN@@]ﬂﬂQLL@’JNﬂTN1ﬂﬂ31 muuim"lmﬂﬂwaﬂwuﬂu AU

'
v Aa

au'lfidgadulandansareds REP odnanysaiudnans ladagli 2.5(9)

u

v 9
a 9 v A

[ an 9y =R v ~ A a A [
MIAANIAI8IT REP vzid10auaas Inuaiigensuaeunollssiiu lonanozaa
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wifidadulanzgndnoen’lide (Esposito, Malerba, Semeraro, and Tamma, 1999)

U

A
Y
A
2.3.2 MSAANMUUANUAANA A58 (Pessimistic error pruning)
. . . . . U Q' 9 Qddy ()

Pessimistic error pruning (PEP) (Quinlan, 1987) ﬂ”li@]ﬂﬂQﬂ’JEJ’J‘ﬁu"liJ@]@Qﬂ”li‘]gﬂ
v ~ ' A o A Y Yo a ' v = A o Y
Joyanuenarsmnivesansdu lddaduls  uagadoyarnazgnldnsluduaoumsadiaas
Aan

anan ludanusuilueonlude

'
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Y
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smualddulddaduls T addunngadoyarniisaudmediuilu N il
% v % v A A o U A v Y A G = [ U A dyd
Mg K mednilunazidrediei higndsanie lilswin@erdunudedienluiiihu J

9 v 9
autumdasmnuRanailutivzmiidy K - 9nmsnadenalsgadeyanna1onsnm
Aa dy g1l A Y a A ° v Y = [ <3 =®K 9 o v A
Aanaatioz lilgafintvsadoi lunadeunudeyalnin limariu - Jedeaivuaningg
A g Y] Y1 o a a v .. .
g lUde Tagldadasianuranainnaanns1ed continuity correction YDINTUINLA
NI (binomial distribution) TA81¥#A1 J @117 0UNUAIY T + 1/2 (Quinlan, 1987)
Aa I : o I I
dusmasandulides T° veadu 18 T Fatidwruluvesdulddeatu L(T) 2

Yo o 1Ay vy o 4 ' Y Yo o 1A
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cvn:'Q}

[ Y A v 9 = [l 3 | Y Qddy Y
ligndeaiionadeunudoyalwii limamumiiny =1 + LT)2 Fizdansduliides
U a Id Aa v 9 Id v o T W v v [
ponll udmldewiluInualuniinguuesdoyailunquuanvesngudledisnnnsutiangu
y 2 A ng Y Y Y o @ v A v Y dy A9 1
yougavoyarni Tnuatiuvesdulll didwnudiedii igndesvesnualudl awiesndn
Wiomnuswudedei ligndesesdulddosuindleninuranaiauiasgiu (standard

error) Y0431 (Quinlan, 1987)

TSH < 6.05:

| T4U measured = t: negative (1918)

| T4U measured = f:

| | age>43.5: negative (58)

| | age<43.5:

| | | query hypothyroid = f: negative (41)

| | | query hypothyroid = t: secondary hypothyroid (1)
TSH > 6.05:

| FTI<64.5:

| | thyroid surgery = f:

| | | T3 <2.3: primary hypothyroid (51)

| || T3>2.3:

| | | | sex =M: negative (1)

| | | | sex =F: primary hypothyroid (4)

| | thyroid surgery = t:

| | | referral source = SVI: primary hypothyroid (1)
| | | referral source = <other>: negative (2)

| FTI> 64.5:

| | on thyroxine = t: negative (32)

| | on thyroxine = f:

| | | thyroid surgery = t: negative (3)

| | | thyroid surgery = f:

| | | | TT4 <150.5: compensated hypothyroid (120)
| | | | TT4 > 150.5: negative (6)

517 2.6 au'lfidadulanoumsdanaiie19ianean 122 hypothyroid
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vl 2.6 Wudulidadulefiadntuie193TeRean19% hypothyroid ves
fumolasamnsadwunnguuestoyaldiflu 4 ngu  {primary hypothyroid, secondary
hypothyroid, compensated hypothyroid, negative} é’fu"lﬁ’éi’ﬂEuiﬂﬁﬁ%jnﬁumﬂcgﬂ%’agaﬁﬂ
U 2,514 A8 Tﬂa@‘i’mamﬁagjﬁﬁuwé’ﬂwuﬂiu VLAAIS ILIUT DI RN D

] T W v ) Z Y Aa Ay ERl @ dy
umﬂqumamﬂﬂmﬂiuuu mwmsmm&m"luﬂaﬂmu

T4U measured = t: negative (1918)
T4U measured = f:

| age > 43.5: negative (58)

| age <43.5:

| | query hypothyroid = f: negative (41)

| | query hypothyroid = t: secondary hypothyroid (1)

9 9
9 AA o @ I @

du'lddos T AT IUMBIININA TK 919D 2,018 d10819 Himauly

Id A o @ v Ao ] Y v W A Y PRl dy9}
L(T”) Wu 4 LL@%?J%”IH’JH@]’J@?J”NVIi]"llluﬂ]lllgﬂ@]ﬂﬂ 2] 1oy 0 m@‘wﬂﬁ@mﬂu"luﬂ@ﬂumﬂ
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v A ] < Yo @ l Ao 9 ] 9 <
Joyalni limamiu vz ladmudiediandwundeyalignde e(T) itludail
e (T)=ZT+L(T")2
=0+4/2 =2

9

AUIUAINNVAANAIALIATFIU (standard error, SE) Taaail

o(T) x (2( —e(T))
2K

SE(e(T)) = \/

~ \/2 X (2018-2) _ .\

2018
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9 Aa v W v A o Z Y PR dy a I
VoYanANaIALNINU 1 HAUBN 1 +1/2<2+ 141 ﬂﬂuu@]u"lllﬂ@ﬂuﬂgﬂﬂlﬂaﬂulﬂui‘ﬂ N7

U



23

a Q'Q/
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asndeuizidglunn q dulides Tasdulidadulendiumsdansdeds PEP 1iluf

'
=1

Govudosuduaad laaegili 2.7

u

TSH < 6.05: negative (2018)

TSH > 6.05:

| FTI < 64.5: primary hypothyroid (62)

| FTI> 64.5:

| | on thyroxine = t: negative (32)

| | on thyroxine = f:

| | | thyroid surgery = t: negative (3)

| | | thyroid surgery = f:

| | || TT4 <150.5: compensated hypothyroid (120)
| | | | TT4 > 150.5: negative (6)

%

2.7 du'ldidadulandimsdanaie 193198 8an12 hypothyroid
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) [ v A v a <
m3ldgadoyarniesgadoyaferdmivasauazaansdulddaauls il

9 [

Y A Qddy o Y <4 A Y K o
PoAdmsvash  wazansohinuldedesiasuilesninmaine nuaazhauainuuag
9 ' 1]
an shmsasndeuiiesnsudensuainin ludsluvesduld Taadedulddosgnaacenli
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a Aa a Y Y Y a [ T I Y
anwAanaanimsuanuasmIuwlnlndifestumsuenualng  dliawnsoldldeds
QNABINUNGUAIDE1NNYATOYA (Esposito, Malerba, and Semeraro, 1997)
2.3.3 msaanalagldmnnuRanain (Error-based pruning)
v Y
Error-based pruning (EBP) 33msdanadulidadulail 1w lyludaneTiu
o [ 9 Y Yo a A A . [ ad ...
dnsvadedulidadulange C4.5 (Quinlan, 1993) TGIEJWGJJH”IE‘]JLL‘]J‘]JN”IQ”IWJ‘H Pessimistic

[ o ' v a A v a d? Qddy 9 9 =
error pruning ﬂiuﬂa;qmsmmmmamwmmwﬂwmmnmm”mmmm aﬁuicvcgﬂmauavlﬂ
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Juaoumshauszasndou Tnuannangadulidinvesduld  Taeld
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5M 309 THuALULY post-order traversal dmsuaas Inua t UNNan 2 'J‘ﬁcluﬂ”liﬂiﬂﬂ'zjﬂ
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au'lddadulfe dansduld T assdumiavesinua t uduldowiuivnualy flinduues



24

9 I 1 ] T @ [ ] 1 9 = A ng A o A ~

Poyailungurdnvesnquiedannmsutnguueatoyaini Inuaiy viedans T, 9

Id Y Y Aa ) % v A d? a ) ]

iWhudulfigesves T, llnasmvesiiudrednunigaiuuunuiasdmuuesTnua ¢
v [ ' 9

Tagh v IneaanuAenanadodsulssdu lddadulaud lisuinniu  (Esposito, Malerba,

Semeraro, and Tamma, 1999)
9
msilsziiunnugnassvesdu lidaduls szldiiiosyadoyarnmniuly’ld
Y I v ng A 9 1 a ~A [ A d? A 9
wasuiuanlszinaninlszmnsimun e ldunusmanuranmaiaiainvzimnavuiold

v 9 A ] < =2 Y1 o w a2 . . . . .
mﬁammaga‘lmﬂmﬂamu i]ﬂ‘]fﬂ”ﬁ]”lﬂﬂﬂusllﬂﬂﬂ”lilﬁ]ﬂlﬁ]ﬁ/l?]u”ﬂJ (binomial distribution)

[

! § o [ I @ a

ﬁi%ﬂﬂﬂﬁ”lllt‘&]f@llul‘ﬂ”lﬂll CF (confidence factor) Wuaumuanurananvelsesnsunu
1 4

A28 U(EN) Tag E unuswiudoedniutngs ligndessin N died1e (Resdng sanyu

4
WA, 2543)

nndedravesdu lddadulanoumsdanslugii 2.8 iudulddaduliiats
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= Yo o ' A A A A o '
mulW@i‘ﬁﬂ“LuﬂaﬂHm%m@ﬂﬂquﬂu‘ﬂm@ﬂWiiﬂﬂTilN@QiuﬂTim@ﬂﬁﬂ Tﬂfﬁ]“iuﬂﬂqum@ﬂ
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U

Qe

I~ 1 v A Y 4 o
pyavonilu 2 ngu {democrat, republican} AuliAadulatiadAuIINYATOYARNTILIU

% "9

300 19819 Tagdaunedaurad lvualy azuaadIuIuAI0d 1 NaINTDNINNgUAIBEY

9 9 1
Taanlnin duldfiadwandanesiu ca.s5 Tasuaadlugluuudenin uTvnuaniiaves

¥ A y A ¢
@]uqﬂﬂﬂizﬂﬂﬂﬂjﬂﬂﬂllaziﬂﬂﬂu

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

education spending = u: republican (1.0)
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physician fee freeze = n:

| adoption of the budget resolution = y: democrat (151.0)
| adoption of the budget resolution = u: democrat (1.0)
| adoption of the budget resolution = n:

| | education spending = n: democrat (6.0)

| | education spending = y: democrat (9.0)

| | education spending = u: republican (1.0)

physician fee freeze =y:

| synfuels corporation cutback = n: republican (97.0/3.0)
| synfuels corporation cutback = u: republican (4.0)

| synfuels corporation cutback =y:

| | duty free exports =y: democrat (2.0)

| | duty free exports = u: republican (1.0)

| | duty free exports =n:

| | | education spending = n: democrat (5.0/2.0)

| | | education spending = y: republican (13.0/2.0)

| | | education spending = u: democrat (1.0)
physician fee freeze = u:

| water project cost sharing = n: democrat (0.0)

| water project cost sharing = y: democrat (4.0)

| water project cost sharing = u:

| | mx missile = n: republican (0.0)

| | mx missile =y: democrat (3.0/1.0)

| | mx missile = u: republican (2.0)

%

31 2.8 dulidadulenounisdans

< FUR =Y I A ] 1A A Y 9 =
ﬂglwu"lﬂj']"lﬂuﬁ?@fJ'N‘VILL‘]JQﬂQllNﬂW@TﬂlN@ﬁjTQ%Tﬂﬂéﬂqj@y‘ap‘lﬂ

dmsuly

AA o [ ] 1 U QU Ll 2 ] |l d' L= ]
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AANAR (E=0) 1fMuiaaIsnauLYednIsLanad U

25%

0,6) gAY 0.206 (FanoIny

Y I a I v a o Z o % v Aa ~ v
C4.5 1‘Hﬂ1ﬂ31ﬂlﬂuﬂﬁ5$ CF=25% L']J‘Llﬂ”liﬂﬂﬂifﬂfl) ANUHUITUIUAIDYTNHANATIANAINIDG

a d? A 9 ] v 9 = [ 3 % v Y ) o A A
LﬂﬂGuumacl%umﬂqmmu”aclwuw"lummeu 6 MDY IMNHY 6x0.206 ﬁ”lﬁ'i‘]_lcl'ﬂ‘ﬂﬁ’fﬁ@



26

o ' Y 1w Y 1w o w A
A1UIUAT U, (0,9) 1amny 0.143 uag U,.,,(0,1) 1amny 0.750 audau ife

o @ oA ' o a A dy Y
ﬂ”luf.]m@]’cli’]fJN‘VIﬂ”Iﬂ’J”Ii]%VI”IH”IEJNﬂVITWHﬂH%%llﬂ

IUIUAIDIINAINNVLTRIUIIHANAA = 6 x 0.206 + 9 x 0.143 + 1 x 0.750

=3.273 A10814

J ! < { 1 g o J o Y I
i Tnuatignalaewiluluniinguily  democrat vz 1R luITS wIUAIDEN
9 9 9
4 U 1 = 4 U 5

Niua 16 A29819 taziiudiedsi ilsnquileg 1 Arede duiuansafiias

9
v A

f19819NAANIZ R INgAANAR Tanatl

FIUIUAIDENNANIVZIIUIBHANIA = 16 x U, (1,16)
=16 x0.157

=2.512 @194

physician fee freeze = n: democrat (168.0/2.6)
physician fee freeze = y: republican (123.0/13.9)
physician fee freeze = u:

| mx missile =n: democrat (3.0/1.1)

| mx missile =y: democrat (4.0/2.2)

| mx missile = u: republican (2.0/1.0)
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AIAANIAILIS EBP 14M3Auine9nudeiiy (confidence level) tinan
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Frank, 2005)
23.4 msfaRumMaNNTFoY (Cost-complexity pruning)

Cost-complexity pruning (CCP) Fifumaianssansiulisaqulailfly
sanosiudmivaisduliiadulofido CART (Breiman, Friedman, Olshen, and Stone, 1984)
TﬂfJfT”IﬂJ”Iiml,‘]_iQﬂ”Iiﬁ”lﬂ”lu’ej’fjm‘ﬂu 2 si]gu@muﬁa (Esposito, Malerba, and Semeraro, 1997)

1) minaaensavasdulidoy nndu TR 18 nndunounsadiaduls

dadulat &dlu (T, T, T, ..., T, }
Taefi T, =T ez T, fesinvesdn lddadule

2) madendulinanga T nwenld Taeldmsiszidiuvanugndssues

du'lddaaule

[

4 ' 1
Tudupounsnduld T, 185vinan T, Tasmsdansimildadasinau

oo
v a A

- o o A2 9 4 A v gy
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aziendu 1Rl Tuaiaenn (Quinlan, 1987)

H 1 Y
vindu Idaadulalugi 2.6 Fadediunngadoyadndau 2,514 Aed1e i

A A 9 ERl [ 4 dy
Wmimm@m"luﬂaﬂmu

T4U measured = t: negative (1918)
T4U measured = f:

| age > 43.5: negative (58)

| age <43.5:

| | query hypothyroid = f: negative (41)

| | query hypothyroid = t: secondary hypothyroid (1)
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onduldiuld (Esposito et al., 1997) 1azn131435 cross-validation ie1lsziiiun1ugnAos

Aa o & o A 3 .
vosau Iddaduladriludesldanlumsiamiuann¥udae (Quinlan, 1987)
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% 1. Title: Iris Plants Database

% 2. Sources:

% (a) Creator: R.A. Fisher

3 (b) Donor: Michael Marshall (MARSHALL%PLUW@io.arc.nasa.gov)
3 (c) Date: July, 1988

@RELATION iris

QATTRIBUTE sepallength NUMERIC

@ATTRIBUTE sepalwidth NUMERIC

@ATTRIBUTE petallength NUMERIC

@ATTRIBUTE petalwidth NUMERIC

@ATTRIBUTE class {Iris-setosa,Iris-versicolor,Iris-

virginica}

@DATA

5.1,3.5,1.
4.9,3.0,1.
4.7,3.2,1.
4.6,3.1,1.
5.0,3.6,1.
5.4,3.9,1.
4.6,3.4,1.
5.0,3.4,1.
4.4,2.9,1.
4.9,3.1,1.

~
~

.2,Iris-setosa
.2,Iris-setosa
.2,Iris-setosa
.2,Iris-setosa
.2,Iris-setosa
.4,Iris-setosa
.3,Iris-setosa
.2,Iris-setosa
.2,Iris-setosa
.1,Iris-setosa

N N SN SN NS SN SN SN NS

G O O3 01 W DD

~

OO OO OO OoOooo
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<ARFF-dataset>

<header-section>

<relation-
<attribute
<attribute
<attribute

<datatype>

<numeric>

<nominal-specification>
<nominal-name-list>

<data-section>

<data-instances>
<data-instance>

<value-1lis

<header-section><data-section>

<relation-section><attribute-section>

section> := @relation <relation-name> \n
-section> := <attribute-declare> [<attribute-list>]
-list> := <attribute-declare> [<attribute-list>]
-declare> = @attribute <attribute-name> <datatype> \n
= <numeric> | <nominal-specification> | string |
date [<date-format>]
= real | integer

{<nominal-name-list>}
<nominal-name>[, <nominal-name-list> ]

@data \n <data-instances>
= <data-instance> \n
<data-value> [, <value-list>]
[, <value-list>]

t> <data-value>

317 3.4 agil31luny ARFF
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DecisionTree REP+ (DecisionTree T, PruningSet S)
for (i= 0 to S.length-1)
classify (T, S[i])
return prune (T)

classify (DecisionTree T, Example e)
T.total++
if (e.label == 1) T.post++ //update node counters
if (leaf (T))
if (T.test (e) == 0) classify (T.left, e)
else classify (T.right, e)

prune (DecisionTree T) // output classification error after pruning T
if (leaf (T))
if (T.label == 1) return T.total — T.pos
else return T.pos
else
error = prune (T.left) + prune (T.right)
if (error < min (T.pos, T.total — T.pos)
StatisticalTest (ContingencyTable (T), o)
return error
else
// replace T with a leaf
if (T.pos > T.total — T.pos)
T.label =1 return T.total — T.pos
else T.label =0 return T.pos

StatisticalTest (ContingencyTable C, Significance o)
df=(C.row —1) (C.col- 1)
if (df==1)
if (C.total <= 20)
if (Fisher (C) > o)
replace T with a leaf
else if (ChiSquareYates (C) < CriticalTable (df, o))
replace T with a leaf
else if (ChiSquare (C) < CriticalTable (df, a))
replace T with a leaf

317 3.11 daneTuvounaiinnsdans REP+
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%aﬂ;ﬂ%’aga vinavosdulidgadula (Tnua)

0.01 0.025 0.05 0.1 0.25 0.5

1. Allbp 15 35 35 35 41 47
2. Allhyper 7 7 7 7 7 7
3. Allhypo 17 17 17 17 17 21
4. Allrep 7 7 7 7 9 15
5. Breast-cancer 3 3 6 6 6 22
6. Breast-w 3 3 3 3 3 3
7. Dermatology 21 21 21 21 25 25
8. Diabetes 15 15 15 15 15 15
9. DNA 85 85 93 93 97 97
10. Echocardiogram 3 3 3 3 3 3
11. Heart-disease 5 5 5 5 5 12
12. Heart-h 8 8 8 8 8 8
13. Heart-Statlog 7 7 11 11 13 13
14. Hepatitis 1 7 7 7 9 9
15. Hypothyroid 9 9 9 9 9 9
16. Liver-disorders 5 17 17 17 17 17
17. Lung cancer 1 1 3 3 3 3
18. Promoters 5 5 5 5 5 5
19. Sick-euthyroid 7 7 7 13 13 17
20. Splice-junction 136 146 151 160 169 169
21. Thyroid 5 5 5 5 5 5
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%aﬂ;ﬂ%’aga ANNLNUATI (%)
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1. Allbp 96.60 96.30 96.30 96.30 96.71 96.81
2. Allhyper 98.15 98.15 98.15 98.15 98.15 98.15
3. Allhypo 99.79 99.79 99.79 99.79 99.79 99.79
4. Allrep 98.05 98.05 98.05 98.05 98.46 98.97
5. Breast-cancer 69.23 70.63 71.33 72.73 72.03 72.03
6. Breast-w 91.99 91.99 92.56 92.70 92.70 92.70
7. Dermatology 86.34 87.70 87.98 87.98 88.80 91.26
8. Diabetes 75.00 74.87 74.87 74.87 75.00 75.00
9. DNA 91.06 91.06 90.89 90.89 90.72 90.72
10. Echocardiogram 91.60 91.60 91.60 91.60 91.60 91.60
11. Heart-disease 54.67 54.67 54.67 54.89 55.00 55.11
12. Heart-h 80.61 80.61 80.27 80.27 79.59 79.25
13. Heart-Statlog 74.81 77.78 77.41 77.78 78.52 79.26
14. Hepatitis 80.64 80.64 81.94 81.94 81.94 81.94
15. Hypothyroid 99.27 99.27 99.27 99.27 99.27 99.27
16. Liver-disorders 63.77 63.77 64.93 66.96 66.67 68.12
17. Lung cancer 40.63 43.75 43.75 43.75 40.63 46.88
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higans EBP REP REP+
1. Allbp 0.22 0.25 0.22 0.28
2. Allhyper 0.14 0.17 0.14 0.17
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4. Allrep 0.06 0.08 0.06 0.11
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19. Sick-euthyroid 0.16 0.31 0.16 0.23
20. Splice-junction 0.14 0.20 0.17 0.19
21. Thyroid 0.02 0.02 0.02 0.05
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higans EBP REP REP+
1. Allbp 127 51 49 34.7
2. Allhyper 57 23 23 7.0
3. Allhypo 27 27 21 17.7
4. Allrep 45 17 15 8.7
5. Breast-cancer 179 6 22 7.7
6. Breast-w 45 27 3 3.0
7. Dermatology 45 41 29 223
8. Diabetes 43 39 15 15.0
9. DNA 313 129 97 91.7
10. Echocardiogram 13 3 3 3.0
11. Heart-disease 316 59 79 6.2
12. Heart-h 47 10 8 8.0
13. Heart-Statlog 61 35 25 10.3
14. Hepatitis 31 21 13 6.7
15. Hypothyroid 39 13 9 9.0
16. Liver-disorders 53 51 21 15.0
17. Lung cancer 15 11 3 23
18. Promoters 37 25 5 5.0
19. Sick-euthyroid 95 25 17 10.7
20. Splice-junction 561 229 169 155.2
21. Thyroid 17 17 5 5.0
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%aw%’m&a ANVUINUATI (%)
higans EBP REP REP+
1. Allbp 96.60 97.84 96.91 96.50
2. Allhyper 98.97 98.56 98.46 98.15
3. Allhypo 99.49 99.49 99.79 99.79
4. Allrep 98.56 99.07 98.97 98.27
5. Breast-cancer 69.58 75.52 70.98 71.33
6. Breast-w 93.71 94.56 92.13 92.44
7. Dermatology 94.54 93.99 93.99 88.34
8. Diabetes 72.66 73.83 75.00 74.94
9. DNA 91.65 92.41 90.72 90.89
10. Echocardiogram 86.26 90.84 91.60 91.60
11. Heart-disease 53.26 53.59 55.76 54.84
12. Heart-h 81.29 80.95 79.25 80.04
13. Heart-Statlog 74.81 76.67 79.26 77.59
14. Hepatitis 78.06 78.71 81.94 81.51
15. Hypothyroid 99.08 99.24 99.27 99.27
16. Liver-disorders 68.99 68.70 68.12 65.70
17. Lung cancer 40.63 40.63 46.88 43.23
18. Promoters 83.02 81.13 78.30 78.30
19. Sick-euthyroid 97.57 97.88 97.69 97.73
20. Splice-junction 91.97 94.36 93.73 93.37
21. Thyroid 92.09 92.09 88.37 88.53
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Abstract: We make a comparative study of two well-known pruning methods,
reduced-error pruning and error-based pruning. The predictive accuracy, the time
taken to build the model, and size of the pruned trees are evaluated for each pruning
method. We conduct the experiments on ten data sets. Pruning methods aim at
simplifying decision trees to avoid overfitting problem. The pruned trees result in
faster classification and do not decrease their predictive accuracy.

Introduction: Decision tree is one of the tools used for data mining. The main
application area is classification task. The model is built from a set of records, called
training set. Each record consists of a number of attribute-value pairs. One of these
attributes represents class of the record. We also have a test set for evaluating the
performance of a decision tree.

When a decision tree is built, many of the branches may be overly expanded
due to noise or outliers in the training set. The built model is too complex, since it tries
to classify all records in the training set including noise and outliers. This problem is
called “overfitting”. We use tree pruning method to remove the least reliable branches,
generally resulting in faster classification and improvement in the ability of the tree to
correctly classify unknown data.

We study the performance of the post-pruning approach. A tree node is pruned
by removing its branches from a fully grown tree (Tmax) [1]. In the following
subsections, we summarize the concepts of two pruning methods whose performances
are evaluated in this paper.
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Reduced-error pruning (REP): This method is probably the simplest pruning
technique. It uses the pruning set to evaluate the goodness of a subtree of the complete
tree. It starts with T, and runs the test data through it. For each internal node, the
number of classification errors is counted if the subtree is kept compared with if the
subtree is pruned. The decision on whether or not to prune the subtree is based on
which alternative yields a minimum error.

A pruning operation involves replacing a subtree by a leaf. REP will perform
this operation if it does not increase the total number of classification errors.
Traversing the tree in a bottom-up strategy ensures that the result is the smallest
pruned tree that has minimum error on the pruning data.

Error-based pruning (EBP): This method is implemented by the well-known
decision tree inducer C4.5 [3]. Unlike REP, EBP uses the training set for building and
simplifying trees. It visits nodes of Tmax according to a bottom-up traversal strategy
and uses the certainty factor (CF) parameter to control the pruning. CF is used to

estimate the upper limit of the probability that an error occurs over the population at a
leaf.

The subtree replacement is performed if the error estimate for the expected leaf
is not greater than the sum of the error estimates for the current leaf nodes of the
subtree. EBP also performs a pruning operation called “subtree raising” that replaces a
subtree with its most populated branch if this does not increase the estimated error.

Methodology: We conducted experiments and used the decision tree on ten data sets
from UCI Machine Learning Repository [2] with the above pruning methods and use
the decision tree inducer C4.5. Model accuracy was tested with ten-fold cross-
validation technique. The main characteristics of the data sets are presented in Table 1.

Table 1. The main characteristics of the data sets used for experiments
Data set No. of No. of No. of No.of Missing  No. of
Instances Attributes Nominal Numeric values  Classes
attributes  attributes

Anneal 898 38 32 6 yes 5
Audiology 226 69 69 0 yes 24
Glass 214 9 0 9 no 7
Glass-2 163 9 0 9 no 2
Hepatitis 155 19 13 6 yes 2
Ionosphere 351 34 0 34 no 2
Iris 150 4 0 4 no 3
Labor 57 16 8 8 yes 2
Soybean 683 35 35 0 yes 19
Vote 435 16 16 0 yes 2
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Results, Discussion and Conclusion: We compare the predictive accuracy, the time
taken to build the model and size of the pruned trees with the unpruned trees. These

results are reported in Table 2.

Table 2. Accuracy, time taken to build the model and size of the pruned trees compare
with the unpruned trees

Time (s) Tree sizes Accuracy (%)
Data set 1 2 3 1 2 3 1 2 3
Anneal 0.55 132 2.14 113 78 155]92.87 9098 93.10
Audiology 0.11 022 0.22 47 54 62 |71.24 7743 76.55
Glass 0.11 022 0.17 17 59 59 | 71.50 66.82  65.89
Glass-2 0 0.05 0.05 15 17 17 1 74.23 8037 80.37
Hepatitis 0.05 0.11 0.06 13 21 318194 7871 78.06
Ionosphere 1.65 2.14 1.70 13 35 35190.60 88.03 88.32
Iris 0 0.06 0 9 9 9194.67 96.0 96.0
Labor 0 0.05 0 7 5 2218246 73.68 78.95
Soybean 0.27 0.55 0.38 120 93 175(87.55 91.51 91.36
Vote 0.06 0.06 0.06 9 11 3719563 9632 96.32
1 = REP, 2 = EBP, and 3 = unpruned
Acmﬁ%:y(%)
% O |
20 N N Ol £ [arep
o8 L] N |(mesp
4318 O LM H M F |Ounpruned
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Figure 1. The predictive accuracy of the pruned trees compares with the unpruned
trees

Both REP and EBP reduce the size of a fully grown tree by removing some
unnecessary branches and do not significantly decrease the predictive accuracy of
most final trees. REP produces the pruned tree in the shortest period of time, since it
must not estimate classification errors. These experiments are still preliminary and
need more systematic and extensive studies including additional comparative studies
to other pruning methods.
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Class J48
java.lang.Object
L weka.classifiers.Classifier
L weka.classifiers.trees.J48
I A < . Yo i
Lﬂmmﬁmgiuuwmm weka.classifiers.trees "lﬂiﬂﬂ”liﬂ”lﬂﬂ?)ﬂu”lil”lﬂﬂa”lﬁ
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Tanmeunudans ldosusas 11l

Class Evaluation
java.lang.Object
L weka.classifiers.Evaluation

S { ] 0 { a '
Wunanafiogluuiiamy weka.classifiers mrndsziiuTumansiGou; awe

option 121521y 1 Tumsiszuranadane3iunuy Command-line

Class Instances
java.lang.Object

L weka.core.Instances
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Class ClassifierTree
java.lang.Object

L weka.classifiers.trees.j48.Classifier Tree

[

3 A ] . . o Y ) ]
Lﬂmmﬁmgiuuwmm weka.classifiers.trees.j48 MUNIAMINU InTI9319V04

] Y 9 ]
w1 Nadreludmiuau Classification uenandidalimseandinaylumsaiesduld uay

Y

A A A o A W Yq ¥
AuitenruleaNuduie lulaldam

Be

Class C45PruneableClassifierTree
java.lang.Object
L weka.classifiers.trees.j48.ClassifierTree
L weka.classifiers.trees.j48.C45PruneableClassifier Tree
I A < . . Yo i
Lﬂmmﬁmgiuuwmm weka.classifiers.trees.j48 1@sumsoreneauinaand
ClassifierTree BnthndansiuTassadedu ldnbenldiinmsdansdoe Tl

ALUIUNITVDIBANDT N C4.5

2.1 YUABUMIINNUVRIDANDINU J48
A g o A . Y Y 3 <
1) FUAUNITMOUNNTEA main() TuAad J48 A28N15E3 190D LIRNAVDIAAE
[~ 1 a L [
748 1arauuAIm o3 1N UNTen evaluateModel(Classifier classifier,
. . . . I a P A o
String [] options) Tunaa Evaluation 108 options 1UW13 1m0 NI tiiaT U
AN J48 (m}u —t weather.arff —T weather-test.arff)
2) Senl4uson evaluateModel(Classifier classifier, String [] options) Mnrhn
Y5213iU classifier #2881 option N MualHAUSaneT NN

=~

3) 5onlHusen getOption) TuAaa Utils vt inasaeouuassuAT option

'
%

Ao 9 o 9 A . ' v . .
W lUnsmuald Tasagsimiuen option taaz@I99n91A String [] options
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4) ahaislesinion dmsuldemdoyanin Iidvesyadoyarn uazage

9 Y
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5) a5weouing lneisenldnouaasames nstances() Muhnemdoyalu

31UV ARFF file
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6) onlHusen setOptions) Tuaad J48 ni1Nas1@oULAZ S VAN option
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8) (GonlHusen currentTimeMillis() TUAATH java.lang.System vt 1¥iA 11
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Welsudumsasialuna
9) FenlHusen buildClassifier) Tuaaie J48 Mmtnasaluea TaaFonlsy
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A Y o A A
wonliumsdanala
~ ] . L. o Y
10) 560 1Hu500 deleteWithMissingClass() TUAad Instances MHUINATIVETOUY
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uAazdUALAUTYDIATOYA 01 class label 1iliog Yoyaluduauandinag
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12) M TvuasInansauiaveyalunaazduaunues 1Ay subset 110133141
5onl4usen getNewTree() lunaer C45PruncableClassifierTree DA 14
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13) i3un 191450 collapse() t1azFoA prune() Tupaa
C45PruneableClassifierTree tWodiandvedu li TagWa1sanananmy
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Aanaavesan ldnasiuangadoya
= Y . A o &4 o A
14) 580140509 cleanup() TUA@IE ClassifierTree tNOAULHONHUITANINI D
131819 aundn
= v . iy . a g & A
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Tuaa
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19) 8113188 11ua option MInaaey Tumailued1sdy sane3nuaz 1433 cross-

o % o 1
validation Nugadeyarnduilun default Tnaisonlduson

crossValidateModel() lunaia Evaluation

Y @ o’z Y ) v ) [
20) quuﬁmNaa‘wwwmw"lﬂmﬂmiﬁﬁﬂumaaaﬂqwm%waﬂ
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d' a 4 o [ 9 [ Ak A 9
ATWN V.1 WITIUABDIND 9 "lﬂmm'umﬂmmaaﬂammiﬂug‘uuiz‘uu WEKA

Waes

Ao5U1Y

-t <name of training file>

Y A

seyuiludoyanlylunsiln

U

-T <name of test file>

Y A

seyuiludoyanldlunsmagou

U

-¢ <class index>

[

o { aa J
321a vNvoIAMELONNTUIN (default: last)

-X <number of folds>

5213149 Fold MMTUNMINATOULUL cross-

validation (default: 10)

-s <random number seed>

521U seed NNTUMINAADUUVY cross-

validation (default: 1)

-m <name of file with cost matrix>

e )
seyuiluiil cost matrix

-1 <name of input file>

s TWld8unavesuaa

-d <name of output file>

s TrldiodnavesTuaa

J A = aa 9 =2
wiawan iliameadavesyadoyarn

-v
4 Aa 1 aa 9 & [ ng
-0 1D1R q@1me‘w13mmmamawmagadﬂmmu
. 4 = = o Y KX 9 o o v
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-k 191N information-theoretic statistics

-p <attribute range>
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HAANDIANWA cumulative margin distribution

-z <class name>

J
LEANLDIANA source representation YO Classifier 910
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AAANILYY

g
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HAANDIANWA graph representation YD Classifier
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3. sl nudanesiin sas Imaifignueneenanoinszuu weka
mslszanarasanesivannsari IdinaluTisunsy Eclipse 199 tiagUu Command
Prompt 1814 * jar file SafiswaziBoadail
3.1 msdszananadana3na J48 vy 1sunsu Eclipse
Bmssudaneinu 148 TaelyT15unsu Eclipse nanufuiunou s
1) t@onmy Run> Run... 151n50921aaenti1A19 Run configurations aaniAeni

.. o A g 3 . . <
Java Application fviuareilu J48 luuny Main 321 Main class Vo3 l1sunsuilu

weka/classifier/trees/J48 @Tﬂg‘ﬂﬁ V.7

£ x|
Create. manage, and run configurations g
Configuratiors: Narme: IJ43
3 Java Applet
Java Application = -
TP B Main |(><l= .&rgumenlsl ik JHEI Tl Classpathl Sourcel *’SF Qnmmonl
Ju JUrit
-4 Ruretime Warkbench Fraject:
|J48 Browsze. . |
Main clazs:

Iwekax’classifiersﬂreesﬂ48

[ Include external jars when searching for a main class

[ Stop in main

MEw Delete Apply | Rewvert |

Run | Cloze |

{ o d . < .
717 9.7 1aAINIIAIMUAAT Run configurations 114N Main
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< o ' <
2) Tuunu Arguments NMHUAAT Program arguments 2 -t C:\Progra~1\Weka-3-
£ g o 1 . Yo o a o v A d
4\data\weather.arff FUTUNTAIMUAA option 1¥NUDANDINY  J48 Tﬂﬂi%lql@"luﬂu\i‘ﬂlﬂﬂ

TWadeyarnldnudaneTfuiie 15 unmsims g

Create. manage, and run configurations

Canfiqurationg: M arme: IJ 48

= Java Applet

Jawva dpplication

= IR @ Main
- Jg JUni

-4 Ruretime Warkbench

Pragrarm argumeits:

-t C:AProgra™1%w'ek a-3-4\datahweather. arff

Wil arguments:

whorking directony:

=l
[ -]
=
[ -]
) Local directon: I Brawse. |

{* Workspace: IJ48 Browsze. .

v Use default working directon

Mew Delete Apply | Rewvert |

{ o ' . <}
717 v.8 HAAINITAIMUAA Run configurations 1111 Arguments

3) WeRMUAAIAIN 9 UBI Run configurations AANNIJU Run 0anoifiy J48 9z
o v ) Y Yo a Y .
Mamnazuaasradnsvesmsas9au lidaaulalumiieie console voelUsunsy Eclipse
£ 9 v = o 9 ll A A 9 1A 3 Y A o
Fa lanaansiruaednumslFnurussu WEKA ualidsiiannuegiieuantiosfio nssu
Y amd ) & . . & ]
A5 HIzuanItayanisnaden Tumatluaesaiu  Tagaruusnasmsnadeon Tuaalagld
) G I % = v Id q’j J Aa o & 9
Poyarnudmaaey tazdandulumMINAdoUMUNTAIAINGINNDT —T <test-set> HIN

(= ] AaR Ya Id . . ] v Ja Yo 1 dy
]’l,llllﬂ15581!6@ﬂ65‘1/]Nﬂ%i“ﬁ’)‘ﬁﬂﬂﬁ@ﬂ!ﬂuu‘ﬂ‘ﬂ cross-validation ﬂmﬁmwaaww"lﬂmm"lﬂu
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J48 pruned tree

outlook = sunny

| humidity <= 75: yes (2.0)
| humidity > 75: no (3.0)
outlook = overcast: yes (4.0)
outlook = rainy

| windy = TRUE: no (2.0)

| windy = FALSE: yes (3.0)

Number of Leaves : 5
Size of the tree : 8

Time taken to build model: 0.22 seconds
Time taken to test model on training data:

=== Error on training data ===
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error

Relative absolute error

Root relative squared error
Total Number of Instances

[y
S O O O O OB

=

=== Confusion Matrix ===
<-- classified as

| a = yes

| b = no

[« RVN]
oo o

=== Stratified cross-validation ===
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error

Relative absolute error 60
Root relative squared error 97
Total Number of Instances 14

O O o1 v

(@)

=== Confusion Matrix ===

ab <-- classified as
7 2 | a = yes
32 ] b =no

0 seconds

o

o

.186
.2857
.4818

o\

.6586

o\

100

64.2857
35.7143

o

o

o

o

g1 2.9 wadwsn ldnnmssudanes iy 148 dreTalsunsw Eclipse
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3.2 msszananadane3y J48 UM Command Prompt
) 1 A A Y [ o @ af Y 4
FrEnsoiueInmEan q AnervesnumstiauvesdaneIiy 148 saudn 13
[ < I 4 ) @
Ao Taens Export 11/519n00n 11l JAR file 1iio1§111/5U01 Command Prompt Tagueas
I qgj [ J
Wuduaouladail
A = . Y a A . . S
1) taonnuy File > Export... Tunihan Export AnN@®N Export destination i1l
JAR file #9319 2.10
o & & o A,
2) Tunihee JAR  Export 1a9naaananua lunnunamameiinig  export
4 ]
NNUUAANIADN Export generated class files and resources izu%uaz@‘huwm

{ a {1 < (] Qy
Y04 JAR file 4095 wazAaniiju Finish 1umsasaqunisadia JAR file
<] Y !
nnl1lsdn Az vl

Select

Package rezources into a JAR file on the local file system ﬂ

Select an export destination:

‘@ Deployable features

':“f'w Deployable plug-in: and fragments
.Cl File system

s il
431 Javado:
,% Team Project Set
BZip fie

< Back I Mext > I Einish Cancel

3191 .10 M3a319 JAR file §115U5U DY Command Prompt



#= JAR Export x|

JAR Package Specification
Define which resources to package into which JAR. ﬁ

Select the rezources to export:

BJ B .classpath
[¥]H wekaclassifiers _pioject
3 weka.clagsifiers. bayes

3 weka.clagsifiers. rees

3 weka.clagsifiers. rees 49

3 weka.core

[V]E} wekaestimatars

[V] 8} wekaexperiment

3 wekafiters

3 wekafiters. supervized. attribute

[V Export generated class files and resources

[~ Export java source files and resources

Select the export destination:

LA, file: [T IND 05 Y Desklop 48 jar =l Browse...

Optians:
[V Compress the contents of the JAR fils

[~ Dvenarite existing files without warhing

< Back Next > | Finish I Cancel

519 .11 MIMHUAAIAIG 9 1519 JAR file

u

3 9
¥ v A

3) 9171554 JAR file 1 Command Prompt laaldmidadst

java —jar J48.jar —t C:\Progra~1\Weka-3-4\data\weather.arff

v C:\WINDOWS\system32\cmd.exe

IC:~TEMP>java —jar J48s.jar —t weather.arff
d tw

out look = sunny

H humidity <= 75%: yes {(2_8>
H humidity > ?5: no <3.8>
outlook = overcast: yes (4.8>
out look = rainy

H windy = TRUE: no <(2_8>
H windy = FALSE: yes (3_8>

Mumber of Leawves = 5

Bize of the tree : 8

Time taken to build model: B.82 seconds
Time taken to test model on training data: B seconds

=== Error on training data ===

Correctly Classified Instances

3191 .12 naasn135udanesin J48 A28 Command Prompt

105
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wo’d’&} [ Aa R 9 A W o Y
NﬁﬁWﬁﬂnﬂﬂ1ﬂﬂ15iu6ﬁﬂﬂiﬂN J48 a8 Command Prompt SIHUDUNUNITIUAIY

T1/5unsu Eclipse

C:\TEMP>java -jar J48.Jjar -t weather.arff

J48 pruned tree

outlook = sunny

| humidity <= 75: yes (2.0)
| humidity > 75: no (3.0)
outlook = overcast: yes (4.0)
outlook = rainy

| windy = TRUE: no (2.0)

| windy = FALSE: yes (3.0)

Number of Leaves : 5
Size of the tree : 8

Time taken to build model: 0.02 seconds
Time taken to test model on training data: 0 seconds

=== Error on training data ===
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error

Relative absolute error

Root relative squared error
Total Number of Instances

=

100

o\

(@]
o\

o\

o

DS O O O O OB

=

=== Confusion Matrix ===
<-- classified as

| a = yes

| b = no

o Y
g oo

=== Stratified cross-validation ===
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic .186
Mean absolute error .2857
Root mean squared error 0.4818
Relative absolute error 60

Root relative squared error 97.6586
Total Number of Instances 14

64.2857
35.7143

o\

o\

o O U

o

o

=== Confusion Matrix ===

ab <-- classified as
7 2 | a = yes
32 ] b =no

~ v Ia 9 [ AaR F)
Eﬂ‘ﬂ .13 NﬁﬁW‘ﬁTl"lﬂi]”Iﬂﬂ"liiu@aﬂ@'iﬂjJ J48 98 Command Prompt
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A 1A Jd 2
A1TNN .1 ﬂ”l?]ﬂi]@]ﬂli’]\iﬂ”li%ﬂﬁ@ﬂ"lﬂﬁuﬂ’ﬁ ()

seduanunily srAUANUITTaAIATY ()

a5 (d 0.01 0.025 0.05 0.1 0.25 0.5
1 6.635 5.024 3.841 2.706 1.323 0.455
2 9.210 7.378 5.991 4.605 2.773 1.386
3 11.345 9.348 7.815 6.251 4.108 2.366
4 13.277 11.143 9.488 7.779 5.385 3.357
5 15.086 12.833 11.071 9.236 6.626 4.351
6 16.812 14.449 12.592 10.645 7.841 5.348
7 18.475 16.013 14.067 12.017 9.037 6.346
8 20.090 17.535 15.507 13.362 10.219 7.344
9 21.666 19.023 16.919 14.684 11.389 8.343
10 23.209 20.483 18.307 15.987 12.549 9.342
11 24.725 21.920 19.675 17.275 13.701 10.341
12 26.217 23.337 21.026 18.549 14.845 11.340
13 27.688 24.736 22.362 19.812 15.984 12.340
14 29.141 26.119 23.685 21.064 17.117 13.339
15 30.578 27.488 24.996 22.307 18.245 14.339
16 32.000 28.845 26.296 23.542 19.369 15.339
17 33.409 30.191 27.587 24.769 20.489 16.338
18 34.805 31.526 28.869 25.989 21.605 17.338
19 36.191 32.852 30.144 27.204 22.718 18.338
20 37.566 34.170 31.410 28.412 23.828 19.337
21 38.932 35.479 32.671 29.615 24.935 20.337
22 40.289 36.781 33.924 30.813 26.039 21.337
23 41.638 38.076 35.172 32.007 27.141 22.337
24 42.980 39.364 36.415 33.196 28.241 23.337
25 44314 40.646 37.652 34.382 29.339 24.337
26 45.642 41.923 38.885 35.563 30.435 25.336
27 46.963 43.195 40.113 36.741 31.528 26.336




A 1" a Jd 2 v
A13197 A.1 ANNgAveIMsNageL laauas () (#o)
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seduanunily srAUANUITTaAIADY ()
a5 (d 0.01 0.025 0.05 0.1 0.25 0.5
28 48.278 44.461 41.337 37916 32.620 27.336
29 49.588 45.722 42.557 39.087 33.711 28.336
30 50.892 46.979 43.773 40.256 34.800 29.336
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package narupon.trees.pruning;

import weka.core.*;
import weka.classifiers.trees.j48.%*;

public class ChiSquared {

/** Array for storing the confusion matrix. */

private double [][] m ConfusionMatrix;

private float m significance = 0.5f; // Significance level
private static boolean m usePValue = false;

private double m chival;

/** Array for storing the critical values of Chi-squared.
* (Significance level = 0.01, 0.025, 0.05, 0,1, 0.25, and

* 0.5, df is between 1 and 30)
*/
private static final double m Critical[][] = {

// Significance level = 0.01

{ 6.635, 9.210, 11.345, 13.277, 15.08¢,
16.812, 18.475, 20.090, 21.666, 23.209,
24.725, 26.217, 27.688, 29.141, 30.578,
32.000, 33.409, 34.805, 36.191, 37.566,
38.932, 40.289, 41.638, 42.980, 44.314,
45.642, 46.963, 48.278, 49.588, 50.892

// Significance level = 0.025

{ 5.024, 7.378, 9.348, 11.143, 12.832,
14.449, 16.013, 17.535, 19.023, 20.483,
21.920, 23.337, 24.736, 26.119, 27.488,
28.845, 30.191, 31.526, 32.852, 34.170,
35.479, 36.781, 38.076, 39.364, 40.640,
41.923, 43.194, 44.461, 45.722, 46.979

// Significance level = 0.05

{ 3.841, 5.991, 7.815, 9.488, 11.070,
12.592, 14.067, 15.507, 16.919, 18.307,
19.675, 21.026, 22.362, 23.685, 24.99¢,
26.296, 27.587, 28.869, 30.144, 31.410,
32.671, 33.924, 35.172, 36.415, 37.652,
38.885, 40.113, 41.337, 42.557, 43.773

// Significance level = 0.1

{ 2.706, 4.605, 6.251, 7.779, 9.23¢,
10.645, 12.017, 13.362, 14.684, 15.987,
17.275, 18.549, 19.812, 21.064, 22.307,
23.542, 24.769, 25.989, 27.204, 28.412,
29.615, 30.813, 32.007, 33.196, 34.382,
35.563, 36.741, 37.916, 39.087, 40.256

// Significance level = 0.25

{ 1.32330, 2.77259, 4.10834, 5.38527, 6.62568,
7.84080, 9.03715, 10.21885, 11.38875, 12.5488¢0,
13.70069, 14.84540, 15.98391, 17.11693, 18.245009,
19.36886, 20.48868, 21.60489, 22.71781, 23.82769,
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24.93478, 26.03927, 27.14134, 28.24115, 29.33885,
30.43457, 31.52841, 32.62049, 33.71091, 34.79974
3y
// Significance level = 0.5
{ 0.45494, 1.38629, 2.36597, 3.35669, 4.3514¢0,
5.34812, 6.34581, 7.34412, 8.34283, 9.34182,
10.34100, 11.34032, 12.33976, 13.33927, 14.3388¢,
15.33850, 16.33818, 17.33790, 18.33765, 19.33743,
20.33723, 21.33704, 22.33688, 23.33673, 24.33659,
25.33646, 26.33634, 27.33623, 28.33613, 29.33603

public ChiSquared(Distribution data, float significance) {

int maxIndex;

int numBags = data.numBags () ;

int numClasses = data.numClasses();

m ConfusionMatrix = new double [numClasses] [numClasses];
m significance = significance;

for (int i = 0; i < numBags; i++)
for (int j = 0; j < numClasses; J++) {
maxIndex = data.maxClass (i) ;
m ConfusionMatrix[maxIndex] []J] +=
data.perClassPerBag (i, 3J);

}

public ChiSquared(Distribution train, Distribution test, float
significance) {

int maxIndex;

int numBags = train.numBags();

int numClasses = train.numClasses();

double [][]tempMatrix = new double [numBags] [numClasses];
m ConfusionMatrix = new double [numClasses] [numClasses];

m significance = significance;
for (int i = 0; i < numBags; 1i++)
for (int j = 0; j < numClasses; J++) {
tempMatrix[i] []j] = train.perClassPerBag(i, j) +

test.perClassPerBag (i, 3J);
}

Distribution temp = new Distribution (tempMatrix);

for (int i = 0; i < numBags; 1i++)
for (int j = 0; j < numClasses; J++) {
maxIndex = temp.maxClass (i) ;
m ConfusionMatrix[maxIndex] []J] +=
temp.perClassPerBag (i, 3J);



/**

* Statistical tests of independence.

*/

public boolean compare() {

int index;

}
/**

* Computes chi-squared statistic for a contingency table.

*/

public static double chival (double

if (m _significance == 0.01f) index = 0;

else if (m significance == 0.025f) index = 1;
else if (m significance == 0.05f) index = 2;
else if (m significance == 0.1f) index = 3;
else if (m significance == 0.25f) index = 4;
else index = 5;

int df = (m ConfusionMatrix.length - 1)

(m ConfusionMatrix[0].length - 1);

m chival = chiVval (m ConfusionMatrix, false);
if (df == 1 && m usePValue) {

if (Utils.smOrEq(m chival, m significance))

return false;
else
return true;

else {
if (Utils.gr(m chival, 0)) {
if (Utils.grOrEq(m chival,
m Critical[index] [df-1]))
return false;
else
return true;
}
else
return false;

useYates) {

int df, nrows, ncols, row, col;
double[] rtotal, ctotal;
double expect = 0, chival = 0, n = 0;

boolean yates = false;
nrows = matrix.length;
ncols = matrix[0].length;

rtotal = new double [nrows];
ctotal = new double [ncols];
for (row = 0; row < nrows; row++) {
for (col = 0; col < ncols; col++) {

rtotal [row] += matrix[row] [col];
ctotal[col] += matrix[row] [col];

[1[] matrix,

boolean
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n += matrix[row] [col];

}

df = (nrows - 1) * (ncols - 1);
if (df == 1) {
yates = true;
if (Utils.smOrEqg(n, 20)) {
m usePValue = true;

return pValue (matrix);

}

}

else if (df <= 0) {
m usePValue = false;
return 0;

}

m usePValue = false;

chival = 0.0;

for (row = 0; row < nrows; row++) {

if (Utils.gr(rtotallrow], 0)) {
for (col = 0; col < ncols; col++) {
if (Utils.gr(ctotallcol], 0)) {

expect = (ctotal[col] * rtotall[row]) /
n;

chival += chiCell (matrix[row] [col],
expect, vyates);

}
}

return chival;

}
/**

* Computes chi-value for one cell in a contingency table.
*/
private static double chiCell (double freq, double expected,
boolean yates) {

// Cell in empty row and column?
if (Utils.smOrEqg(expected, 0)) {
return 0;

}

// Compute difference between observed and expected value
double diff = Math.abs (freq - expected);
if (yates) {

// Bpply Yates' correction if wanted
diff -= 0.5;

// The difference should never be negative
if (diff < 0) {
diff = 0;



// Return chi-value for the cell

return

}

(diff * diff / expected);

public static double sum(double a, double b) {

}
/**

return a + b;

* Computes the value of a factorial function.

*/

public static double facVal (double n) {

/**

double n factorial = 1;

for (int count = 1; count <= n; count++)
n_ factorial *= count;

return n_factorial;

* Computes p-value of contingency tables.

*/

public static double pValue (double

double f11, f12, f21, f22,
d=0;

[][] matrix)

rl, r2, cl, c2,

double ab, ac, bd, cd, abcd;
v2, y3, v4, ral, ra2,

double x1, x2, x3, x4, yl,
rad, rab5;
double pl=0, p2=0, temp=0,

ratio=0, z=0,

boolean flag=false, revflag=false;

fll = matrix
fl12 = matrix
f21 = matrix
f22 = matrix
£f11,£12);

rl=sum )

£21,£22);
)
)

r2=sum
cl=sum
c2=sum

’

£f11,£21
£12,£22

’

—~ o~ o~ —~

if (rl<=r2) { if (cl<=c2)

d=£f22; } }
if (rl<=r2) { 1if (c2<=cl)
d=£f21; } }
if (r2<=rl) { 1if (cl<=c2)
d=f12; } }
if (r2<=rl) { 1if (c2<=cl)
d=f11; } }
if (b<a) { z=c; c=a; a=b;

else if (c<a) { z=b; b=a;

temp=a;

{ a=fll; b=fl2;
{ a=£fl1l2; b=f22;
{ a=f21; b=fll;

{ a=£f22; b=f21;

b=d; d=z; }
a=c; c=d; d=z;

{

a=0,

mode=0,

c=£f21;

c=f1l1;

c=£22;

c=f12;
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c=0,

aaron=0;



for (int i=0; 1i<100; i++)
ab=sum(a,b); ac=sum(a,c)
abcd=sum (ab, cd) ;
x1l=facVal (ab) ;
x4=facVal (cd) ;
yl=facval (a) ;

x2=facVal (ac) ;

yz2=facval (b) ;
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{
; bd=sum (b, d);

cd=sum(c,d) ;
x3=facVal (bd) ;

y3=facval (c); y4=facval (d);

for (i=0; i<2; i++) {
if (x2>x1) { z=x1; x1=x2; x2=z; }
if (x3>x2) { z=x2; x2=x3; x3=z; }
if (x4>x3) { z=x3; x3=x4; x4=z; }
}
for (i=0; i<2; i++) {
if (y2>yl) { z=yl; yl=y2; y2=z; }
if (y3>y2) { z=y2; y2=y3; y3=z; }
if (y4>y3) { z=y3; y3=y4; yid=z; }
}
ral=x1/yl; ra2=x2/y2; ra3=x3/y3; rad=x4/vy4;

ra5=1/facVval (abcd) ;

ratio=ral*ra2*ra3*rad*rab;

if (pl==0) { aaron=ratio; }
pl=sum(pl,ratio);
if (ratio>mode) { mode=ratio; }
a=sum(a,-1); b=sum(b,1l); c=sum(c,l); d=sum(d,-1);
if (a<0) { break; }
}
if (mode>aaron) { pl=l-plt+aaron; revflag=true; }
if (rl<=r2) { if (cl<=c2) { a=fll; b=fl2; c=£f21;
d=£f22; } }
if (rl<=r2) { if (c2<=cl) { a=fl2; b=£f22; c=£fll;
d=£f21; } }
if (r2<=rl) { if (cl<=c2) { a=f21; b=fll; c=£22;
d=f12; } }
if (r2<=rl) { if (c2<=cl) { a=f22; b=f21; c=£f12;
d=f11; } }
if (b<a) { z=c; c=a; a=b; b=d; d=z; }
else if (c<a) { z=b; b=a; a=c; c=d; d=z; }
for (int j=0; j<100; J++) {
if (revflag==false) { a=sum(a,l); b=sum(b,-1);

c=sum(c,-1); d=sum(d, 1) ;

}
{ a=sum(a,-1);

}

b=sum (b, 1) ;

else 1f (revflag==true
c=sum(c,1l); d=sum(d,-1);
if (a<0) { break; }

if (b<0) { break; }

if (c<0) { break; }

if (d<0) { break; }

ab=sum(a,b) ;

ac=sum(a,c);

bd=sum (b, d); cd=sum(c,d);

abcd=sum (ab, cd) ;
x1l=facVal (ab) ;
x4=facVal (cd) ;

x2=facVal (ac) ;

x3=facVal (bd) ;

yl=facVal (a); y2=facVal (b); y3=facval(c); yé4=facvVal(d);
for (3=0; 3<2; j++) |

if (x2>x1) { z=x1; x1=x2; x2=z; }

if (x3>x2) { z=x2; x2=x3; x3=z; }

if (x4>x3) { z=x3; x3=x4; x4=z; }
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for (3=0; j<2; j++) {
if (y2>yl) { z=yl; yl=y2; y2=z; }
if (y3>y2) { z=y2; y2=y3; y3=z; }
if (y4>y3) z=y3; y3=y4; y4=z; }

ral=x1/yl; ra2=x2/y2; ra3=x3/y3; rad=x4/vy4l;
rab=1/facval (abcd) ;
ratio=ral*ra2*ra3*rad*rab;
if (ratio<=(aaron+.000000001)) { flag=true; }
if (flag==true) { p2=sum(p2,ratio); }

}

return pl+p2;
}

/**
* Main method for testing this class.
*/

public static void main(String[] args) {

double[] firstRow = {4, 2};
double[] secondRow = {3, 6};
double[] [] m ConfusionMatrix = new double[2][0];

m ConfusionMatrix[0] = firstRow; m ConfusionMatrix[1l] =
secondRow;
for (int i = 0; 1 < m ConfusionMatrix.length; i++) {
for (int j = 0; J < m ConfusionMatrix([i].length; Jj++) {
System.out.print (m ConfusionMatrix[i] [Jj] + " ");

}
System.out.println();

}

System.out.println ("Chi-squared value: " +
chival (m ConfusionMatrix, false));

pValue (m ConfusionMatrix) ;
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