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ABSTRACT

Among various classification algorithms, ID3 is one of the most widely used and
well-known tools that generates an efficient decision tree. Nevertheless, ID3 is too
rigorous in generating the decision rules. As a result, the final decision tree may carry
too many decision rules. Some of these decision rules may have very low number of
instances which do not make significant change to the classification accuracy. The aim
of this paper is to propose an approach to relax the rigorousness of the conventional
ID3 algorithm by ignoring minor instances so that the resulting decision tree will have
the lower number of depths yet produce promising accuracy. The proposed algorithm
is examined on seventeen datasets from UCI repository. The experimental results
indicate that the proposed algorithm not only significantly reduces the maximum
number of depths of the decision tree, but also retains the classification accuracy in
the satisfying level of most datasets. Moreover, the training time, the classification time,
and the number of decision rules of the proposed algorithm are lower than those of

the conventional ID3.
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SuauASIRivERaNI Suauassiividsyeantios Aaulnsy (Un)
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9 1 0.47
8 2 0.72
7 3 0.89
6 a 0.97
5 5 1
6 4 0.97
7 3 0.89
8 2 0.72
9 1 0.47
10 0 0
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2.2 miﬁﬁmﬁﬁu‘lﬁ@fﬂaﬂ% (Decision tree learning)
mn‘%auiéfuiﬁﬁmauiﬁ]Lﬁuiﬁﬂﬂiﬁalﬂﬁiﬁumﬁﬂuﬁﬂ (Data mining) Tl muneiie
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Wy (Target variable) mﬂﬁmﬂsﬁ'%’uL%’wmwgaﬁmﬂi@uwwma 9 1 (Input variable)
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A

MIn1sunUseindeyatsninefidnuniignssumewanvstam (Attribute node) taun &
voalden @arnligiupie “ddu” way “Amdes”), ddnwuznau @amldgiupe “ly”
way “lily”), flvwmes @enlidiuse “19” uag “lily”) wavlisaniu @avligriuee

“U” waz “ldly”) Inuenegmuuuan @Eveudden) gniseninluuasin (Root node) lviun

Y 9

NﬂawmaﬁﬁhLLUiLﬂWMMW‘%@TWNﬂWSWLLumJizmm%ga%mmaﬁq‘[wmﬁmau (Leaf

I 14 I

node) NgnszunIuA1reakenn3tifiimune (Target attribute) uiagA1vaskenn3tog

3

Wwnglaud “du” “ndne” war “wallidu 97 sggniseniinana (Class) 3nauliddndulaly

[

UM 2.1 anunsathudsulmilusuuuureingnisandula (Decision rule) fadl

Y Y
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el' Y o = = Y] o @ 7 4 v
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N 2 : 4 Avealden = ddu uay ddnuasnau = luly Aslunadns = nalddu q
NN 3 : 61 dvenuden = Anded way Hwine1d = 19 way saninu = 1o Fatdu
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- Y o - oA = ! = IR
ngi 4 : 61 dvenden = Andes wag Tvune1 = 19 uag Tsanu = lly dely
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71,2, 3 uaz 13 1Wupaa “iau” Aensdli 3 uay 13 1uema “liidu” Aonsdld 1 uay 2
nsdlsegrefiiuafidosie “ldifunnn” Ieunnsdifi 4, 8, 10, 11, 12 waz 14 1Juraid
“Lau” Aonsdlil 4, 10, 11 way 12 Wuaaa “liidu” Aensdld 8 way 14 nsdlogreamu
Agavnevestenvsiaigumgline “Bu” dunnsdld 5, 6, 7 uaz 9 Wumana “1au” Aensdl
7 5, 7 uay 9 1Wumrana “laiidu” Aensdii 6

Lﬁaﬁmsmﬁ’mﬁ’uﬁy’aguﬁ 2.2 wag 2.3 wuidloisnassiuenn3ood
Vindenmuargumniiunnaaeunisuunsaliiegne weavsivirdennaiunsaduunaaid
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“Lau” 9 nsdl (3, 4,5,7,9, 10, 11, 12, 13) waznsalsnegsiineu “ldiau” 5 nsdl (1, 2, 6,
8, 14) wonn3Uadviatanmaiunsassyanaunsedwunls 4 nsaldeds (3,7, 12, 13) lu

A1

=

« 99 a o ' ] [ a v A « ! 9y o0 v/ I~ a
Tuunn” wsignsalimegenananeuldunatdidediufe “lau” Ylivasnsil

fhagrandsliaunsadwuntandunana “w@u” 5nsdl (9, 11, 4, 5, 10) Wueaa “laddu” 5

nsal (1, 2, 6, 8, 14) azwiunnsdidagainaunsnaunlilalunata “wdu” 9 9 nsdl weai
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WOANIUIANATENINTIUILUINTAIFIDE19 WUINNABNSURDE197 LUANNITIWUN LA LU

AANE “La@u” Wigd 5 N3 @rurand “liiau” was 5 nSaANNNABUNDULUY TUEIUYDY

2

waRNSUIRRUMANBLUINTMAI08 19l UauA Nl U wuIluwsasAvesTudaliaunse

9 Y

Fwunnsaisng1elaay vinlmndedndliuveensalsiiognaniannunlulawindunsaidiegnalu

AOULIN ARedUndansfifedainauAatad “lau” 9 nsdiuazeata “lulau” 5 nsviLAL

=] 6 a

AUMDUNDULUY FatiuannsUIsiFtan It Indukannstdig dasiazlidanuisasiwun

v a ! 2

Aaulanvun uwidRnituennsnfgaumgiiddiaunsaduundinaulsiag a1nmsniselil

9 Y

wennsUanviaian masiianuanuiinniwenvistifgaumall siganunsadwunyUsenm

'
=

NIMA9819LANINNTN WAL ILDANSVINNATENINAINITOILUNNTUADE19LAUINNAALLD

q

Wiguiuwannsuanen 2 wonvsUinnviae (LoansUinninudy, wonnsuinauws) duaziiai

a

nuANiEEn wazazgnilvasadulvuasinvesdulddnduls eanudaaulniansan

1%
=1

aun1snUMINITIDBINaUNsieulnsUlngdlaunisnal
IG(I, A) = Entropy(I) — Remainder(I, A) (2.2)

IG(,A) ARANNUANNIYDY A %4 A fewonvsTdla 9

| Aelamuesnsaifiogisiimiong

Entropy()) Ao eulnsUussnsdiewiivdssgioufiazgnuusluniy
weavi30s A lnvaunisaziidnuasmiloutuaunsi 2.1 vieaumsieulnsUiugy

Remainder(l,A) AanNas0U8IALUINT UV IkAar AT bl iUl ukaAnS 09

A Bdsannsalseganulsluaiuenludg fuves A Aeaziduaieulnstlngsiundanis

Y

'
& 1

nagoukanvstag A Weginueanstag A gnidentuasiadulnunvesiulivadulesy

Y

1 PN [ 1% {

widensdifiog 1andadwunlilailuwinle JafgfiA1 Remainder(,A) 6167 Remainder w81
al o ]

waAN3U% A JA111n Bu18A1NINEANNlULULBUNNIN TS BUAINITNAZBULBANSTIN A

widensalfegandduuntuldegun
Entropy(I) = = .. p(x.)log, p(x,) (2.3)
C ADLNVDIAAEANNDUNIVLA
p(x) ADPRTIAIUVDITIUIUATUAIBENTNOUAAIEA C FIBTIUIUNTAUFIDYN

PIVUALULTR |

Remainder(I, A) = Y, _,, p(v)Entropy(v) (2.4)
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V A9RUad value B3aAN g uYeIwannstng A
= [ 1 ) =K ] d' [~3 1 aa I 1 o
p(v) ApdnsidIuresdunsaidrogsidum v Tuwean3tnd A aediuiu
NSUAIDE N9V bR |

Entropy(v) AeAteulnstaesnsaliiegsnilan v Tuweanstngd A

Entropy(v) = = Y, o P(x,.)log, p(x,,) (2.5)

C ADLERNUBIAAIEAINBUTIIVILA

a <

plx,) AdnItd@rusduIunstidteg 19 dua v Tuweanidid A uazdl
° I o N o oA e ! aa ¢
AanaAnoullu ¢ siadwiunsiisieg1eiilum v Tulennsdng A

o w ]

ANANNIST 2.4 FdeisnsdiuvesAtty q wie p(v) Aast Ty
Entropy(v) Aouftarthaneulnstlusuiuiu isizdmnnsmiaeulns e 7ilisiu
119 9 Tu A wnuiulaglidgauiu pv) 1519gldA1 Remainder(l,A) f11nn31A1 Entropy()
wn 9 fduionugniosdedndudesusnsdmmesdiu q fudneulnsvesiudily

1%

78 wadahnsuiuaglilue Remainder(l,A) dsgemsannasnuanusluwenn3dod

virtonmuasuennsiadgamniannyadoganisidumuialumsieil 2.3
ﬁm’;mﬁhL@ﬂ%i%@ﬂﬂﬁiﬁﬁ’;@smﬂ'auﬁ%gﬂLLﬂﬂmwuLLamw%ﬁ’m“Lm 9

Entropy(l) = - [(9/14 x l0g,9/14) + (5/14 x log,5/14)] = 0.94
AUIANNUANINFYBILBRYS UIATIATEA N

Remainder(iatiznan) = [ p(uaadn) x Entropy(andn) ] + [ p@Eiuasin) x Entropy(@iiua

11n) 1 + [ plumn) x Entropy(lumn) ]

Entropy(anan) = - [ (2/5 x 10g,2/5) + (3/5 x l0g,3/5) 1 = 0.97

Entropy(3tuasnn) = - [ (4/4 x log,4/4) + (0/4 x l0og,0/4) 1 = 0

Entropy(lunn) = - [ (3/5 x log,3/5) + (2/5 x l0g,2/5) 1 = 0.97

ot

Remainder(@atanin) = [ 5/14 x 0.97 1+ [4/14x 01+ [ 5/14 x 0.97 1 = 0.69

IG (I,yimfiann) = 0.94 - 0.69 = 0.25
AANNUANNIYBILeANI IR MY

Remainder(guugdl) = [ p(3a1) x Entropy(3ow) 1 + [ pllaitduunn) x Entropy(laitdiuunn) 1 +

[ p(téiu) x Entropy(tfu) ]

Entropy(50u) = - [ (2/4 x 10g,2/4) + (2/4 x l0g,2/4) ] = 1

Entropy(laitiuunn) = - [ (4/6 x 0g,4/6) + (2/6 x 10g,2/6) 1 = 0.91
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Entropy(t§u) = - [ (3/4 x log,3/4) + (1/4 x log,1/4) ] = 0.81
Frathy

Remainder(@uunndl) = [4/14x 11+ [6/14x 0911+ [4/14x 0.81 ] = 0.91

IG (L,gaunqd) = 0.94 - 0.91 = 0.03
ﬂ"]mummiﬁuaﬂLLamn%ﬁ';fﬁﬁgmmmm;m%’azgaﬂ’méulmuﬁaiu 14

G (L, eflan1m) = 0.25

IG (I,9eum9dl) = 0.03

IG (I,a3139) = 0.05

IG (I,ﬂaﬂu%u) =0.03

2.3.2  UYUABUVBIDANDSNY ID3

v A
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wonn3Uanladidinuanuiuinfigaazgnidentiuiasisinunvesiulddagul Weviins
Hanuonn3dadlauainsdifiegretagiusvgnudsluamuninlidn fuvesennsdanty o
LarazIINTZUIUNMTE 9 asluizes 9 UNINAEINITATIMUNNTAAIRE19LANNLR TunDuy
! o a = a o ‘&’
A7 9 Yesdanesiiy 1D3 el

v

TUABUT 1 : AMUINANNUAINIVDN 7 worvisTilaeldaunisinuauiieaunisin 2.2

Y 9

A cala 1 b

Tupaud 2 : enwaansUinndannuaruiuinian weasislwuadagduveswiulddndula
onfluennsdidniannuaiuiatanuinnit 1 wean3ion ivinnisguidenn 1 67

& = \ So A s e aa od M & <
TuRull 3 : wlanstimegelumuanligiiurewenvisURngnidenanTunoudn 2
TUABUN 4 : INT1TURBUN 1-3 unTENsaEnsaTunUszIannsaldiagalavianun el

Pedeanuinlaliiasanwisgavesnisaiaulideaulannyadeyanisiaumnuialy

AN 2.3
? |
A 3457910111213 Taaanyaauwnla
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Lan

Taian

VIGRNIRIN

¥

NITYMNILA[TE

T
Liane

614

JUN 2.12 uanennil 9 vasmsasrsduliidiadulaanyadayanisidumuis

N3 2.12 ndsanseupana “ldau” Tidulnualufe “ld” daduaiild

Y v
a Y

Ffiuresuenn3dinauwss iluduasedutuneunisadrsiulidadulasnyadeyanisiau
wutla duNnIININAIENMIILAITYNTIHUNIUNUATY Lavn1swUInsalfitet1aasiuldl
snaulaaviduludnuagiperiuiunsAumluluidnneu (Depth-first search) Areagyinnis
v ) Ao A ' v v X ) Y YUYy a a %

Aumlugunanfianneunaideuduly dretuneunisaiwmuliidadulawuvasuigmenin
dnuliiansanmsleulusunsuieaiesiuliindulalaefatsansiaiiey (Pseudocode)

veadanesfiu 1D3 Fadauvasainmiede “Artificial Intelligence : A Modern Approach” [7]

1 function ID3 (instances, parent_instances, attributes) returns a tree
if instances is empty.
then return the leaf node which labeled by the majority of parent_instances
else if all instances have the same classification,
then return the leat node which labeled by its classification
6 else if attributes is empty,
then return the leat node which labeled by the majority of instances
else
Compute information gains for all attributes using instances and attributes
A « Select the attribute which has the best information gain
11 Insert the new node labeled by attribute A4 to tree
12 for each value v of A do
ins < Select instances of value v
subtree — 1D3 (ins. instances, attribute—A)
Add a branch to tree with label v and subtree
return free

5UN 2.13 uanesvisiieuvasdanasiiu ID3
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nsAaienesdane3iiu 103 Tugud 2.13 azfiuinduiladdu 103 Ju

v A 1

anwazilsiduisutain (Recursive function) Nvzfiuan (Return) Wulnupsaiuluduld
snaulaluizey o TAuusnsuanail fuds instances Fasiudsiiuyansdifedisllagiu
fuds parent instances Aauusiiugansaiiegidluluunneudvadivuatagiu fuds

attributes Aafuusimiuneanstadvanun WeduananszuiunisvesileiduazAuafuldl

'
a

andulageedlusuveadiuys tree 00N WaTHAUNITINIUYBINaATY ID3 Fduds

instances Wag parent_instances 9zQNAIANMLIINAUNTURIDEWNNINLA LazIADIUIRINYS

Y

PlaauLInsvdauNaulusall

Roulad 1: d1duds instances Wuaninswsensdisognidagiulafivdondqluduys

= v a ]

instances TAAUATIUAAINDUNTZUMELEBIAUNINYDIAAETY parent instances Sayiiu

)

Trlunsiaasumslutaului 2

Foulad 2 : dnsdifedrslagiuludiuys instances Wuraaifenduriun lidualnun

° cs'

Anauiszymenaady o faziululussiasusdeluteulen 3

'
=

Foulail 3 : f1uds attributes WWuaninwisewennitaignidaunun Wiaualnuadnou

'
=

fisvyedesdausnuesnanaly instances Sagililugutoule 4
Jouledl 4 Srauusieanyildasaiu 3 dewlvusnlinssirtuneusd
1. frunnenuaivesenvitdioualag4iuys instances o attributes
2. \FonuennsTadidaaunsdinnigauniuliluiuys A
3. asnlnunlnilasszyauiennsdanlusiwls A
4. 7ugy (Loop) mueitlignfuromaes A Tneduanausnuaznseyingil
0.1 theniilsiutagtuanduliluduys v
4.2 Feonnsdishegeiifiuonnitad A @uan v uiiuliludus ins
4.3 5envifleridu 1D3 AfenIs recursion Tngdamsfiimesauaisuidudn
w5 ins, instances uag attributes Tngauuenn3dog A Aeueanidadfignidenudieenain
attributes neuflizduasiumiliidundunniulilusauls subtree
0.4 fiolviun subtree TUH3 tree uarszyiave tree 1u v

5. AuAIALUS tree
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2.4 @danasnu C4.5

Fanasiu Ca.5 [8] Wunilsludanasiunldasrsauldsnauladmsuswunuszinn

'
as A o (%

¥ 1 [y a = v o &
Uadla wazlludaneSAuniauIaINdanasyy ID3 Tnewmunell

1. anunsaswunlavissadayaiidusisatiles (Continuous value) wazhisatilaq

9

(3

2. @unsadnnisuenvisTsid Missing value

3. annsndanstigmenudunalunisaiungnisdadulaludanedfiu D3 denisdan
PONUIBN1TYIN Pruning

4. ansadanislamanuandssunisidenwennstnlagldnismuinsnsidiunu (Gain

. 3 I aa ¢
ratio) Wuwnasilunisidenuenvstng

2.4.1  9NFIEIUNUY

ca o 1

PRIIEIULNUNTO Gain ratio L‘ﬁULﬂmsVﬂUﬂ’]iLaﬁﬂLLE)GW]%‘G’JGW]WGNUT&]’mﬂ

Y A

inuAKs iedanslymiarududedunisdenwennstadveunuaiiuindnaziien

WaANSUIRNNTIWINAM g A ULINNIT Fawannstrsndaululsdesninanalvinadnsi

AN AUNISVBIDATIAIULNULAAILUAUNITA 2.6

e IG(I,A)
GR(, A) = Split Entropy(I,A) (2.6)
GR(L,A) ADAISRTIAIUNUTBY A B9 A AoLoansUInle 9
IG(,A) FRAtNuANSYRs A Audadlaainaunisi 2.2
| Aalwmvensiliiegeilnteay

SplitEntropy(,A) Aereulnsdvesaiildgriily A

Split Entropy(I, A) = — Y’ ., p(v)1og, p(v) 2.7

V fowmvaritlidniilusenvisdan A
p(v) fodnsndrnvessuiunsdidiegsiilue v luwean3dng A desiuiu
nstifogvenun e |
fegnsAmuIndndunulukennstidvaenmainyadeyanisiau
wufialusnsnsd 2.3
IG(Lyimtlgnwn) = 0.25
SplitEntropy(l,iiatianin) = [-puandn) x log,pHandn)] + [pEiuwann) x logp@Emanin)]

+ [-p(elunn) x log,p(Humn)]
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SplitEntropy(Liiatianan) = [-5/14 x log,5/14] + [-4/14 x log,4/14] + [-5/14 x log,5/14]
SplitEntropy(l,iAtiann) = 1.577
ot

GR(,WATEAIN) = 0.25/1.577 = 0.156

242  YUABUVBIDANDINU C4.5
9aN0391Y C4.5 LANUIUDNTIAIUNUVDILADLLIANSTIN LONNS TN LATIA

gnsdnuINNNanIzgnideniunaialunvesiulidadula uazagyimsuuinsiifiiegng

a v v

lUiSee 9 Wugiduganesny ID3 IUNIINTARIBE1NMUALYNTIUUNTUADUYD

(%
=]

anesyiy C4.5 deall

Qe

URBUA 1 : ATWIUANBRTIEILNUYRN 9 wasvisUadlagltaunsi 2.6

2

a

2 aa sda 1w | ~ A o Y] v o
UNDUN 2 : La@ﬂLL@@WiU?mWNﬂW@@i’]a’JuLﬂUll']ﬂ‘V]?j@ LW@ﬂiqﬂIMu@{jﬂﬂUUﬂa\TWUIN

ey

aula

Qe €
ho)

'
a

fupoud 3 : wsnsdisregnslumuaiilidrfuresuenvitdfignidenandunoud 2
Funoudl 4 : edumendl 1-3 aunsyiEansasuunUssannsisiegnalaiomn
Fumeudl 5 : ¥ms Pruning dulddnauledily Tnedanesiu c4.5 axldms Pruning #2833
Pessimistic pruning

n13¥11 Pessimistic pruning Aen1sansuaungnisinaulanunius iy
JrAuIniieviuneAAuRanaln (Predicted error) fews Pruning vastnuadilafldlvun
ARV WIBULTEUAUAIAMURANAIAREIVIN Pruning 1AAMURANAIAMEIV Pruning tioe
NI1ANAITURANAINNDUYIY Pruning T1¥1n15 Pruning I‘wmﬂ,mEJLLUaamﬂImmﬁQﬂswé’m
wosvistadlidulnuammeufissyseidesdinunnuesnata N5y Pruning azi3uvinaaud
suanwesiuliFadulalatulubes q luudazdums aunsaufinwainnousi Pruning

wandluaNnIIN 2.8 LaZANNITAURANSIANEI Pruning wansluaunisi 2.9
PredictedErrorgp(A) =Y, oy N X Ucp(E, N) (2.8)

PredictedErrorg(A) fAauianainnowil Pruning vad A s A 1uluun

Ngnszymeuennitidla 9

1
[y

V Aawnvasailugiuly A
N Faduaunsaimegdagiuriavue
F Aasnuiunsalsnegnalumananlilaidudssdiuunn

CF Aasydumnuidesiu (Confidence level) $ane37iu C4.5 farn CF= 25%
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Uce(E,N) A Upper limit waaanutazidu wnlaannnnsaiuae Confidence

limit Tun1snsza1ewuy Binomial (Binomial distribution)
PredictedError 4p(A) = N X Up(E, N) (2.9)

PredictedError(A) AoAmuRanaInnasin Pruning ¥ A @is A 1uluun

%

Mgnszumenannstala 9

= <
2.5 wqug)iue (Bayes’ Theorem)
nouiudfeauduiussyninganutaziiuluuiitouly (Conditional probability)
= ! & o A 2 ' & A a ¢ =% A aa ¢
Fepuinazilunuuiteulvhsainuutsidunaziiamenisaints Weildnmanisainds

a X v = o &
\NnTunauLd lnedlann1saal

__ P(ANnB)
P(A|B) = === e (2.10)
P(AIB) Alan1utnaziunvuilieuly Aearruuraziiudiaziinwgnisal Adle
wiRN13al B nTuneu
P(AMB) Aeauiiaziduiiszifiniiangnisal A uag B
P(B) Aoanuinvziluiivziinmnnisel B
) | | < A a | & P @
Aegransmaussiluiuuiceuly auufiiauuiaziluvesaunssveug e
Wiy 0.8 authaziluvssauilagyauwnivindu 0.7 wararuuasiduiauniaauazyey
ainazkamiiy 0.4 wenaduiieudiuvesweve Truweneseudssgivlunusd
& ° v 2 ¢ =l 2 ¢l o
WLV UREINNT fvuali A WWumsnisaifieuazyouud B dumanisaliauasyevaiiy
1. wenaunaureudssata lenmanuensazyeuidssmeandumila
P(AB) Flamnuninasiduiivieneazgeunn Wasniiwenaduaufiveudesan
fatiu P(A|B) = 0.4/ 0.8 = 0.5
2. aundnseenazmauasduiivevesseuatv WenuunaveteuLdeIL
A 1 < A Y d' V1 [J a & 1
P(BIA) AaautazilunuIevedsveuauy Wais131uevailuauiveuldeen Jsunua

1%
v

aunsi 2.10 Tyl dussdl

P(B|A) = Z;07 (2.11)
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gt P(BJA) = 0.4 / 0.7 = 0.57
1H9889719151aUN159 2.10 way 2.11 gnudndyadiwileunume PAMB) Fevinli
anunsatvisaesaunsEwiniulafadl

9naunsi 2.10 $reda PE) Tulugmarldibuaunisi 2.12

P(AN B) = P(A|B) x P(B) (2.12)
el 2.11 dedna P Tulugaerlfibuaumsil 2.13

P(AN B) = P(B|A) x P(A) (2.13)

° N o W PN Y v v v & a &y
UNFUAITN 2.12 WUNINUAUEUNITN 2.13 LLmEIWEJ“U’N‘\]sVL@LUHE@JM‘J%WQUQL‘UEIﬂE)

AUNS7 2.14

P(B|A) = “E2ED (2.14)

AUN15VRING U UE TN NI IURIRNNAUTUSIZNING PAB) Uag P(BJA) 91nA18E1e
| I3 ~ A Y v = | 2 44' v
nsmanuazilusuuineulutnwy PAB) Aoaiutaziluiiuignaasvounid a3

Tunenalupuiiveuiiesdty wagdin PAB) Mnnaunsanuinduwuuiieulvunald
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Mnduneuiimuavesdanesiiu MIHD3 Juneud 3 waz 4 ﬁa%umauﬁgmﬁm%wm
Fupeudy ‘ szvileututuneuresdanesiiy 1D3 wuusuRAY 1aEmnsafawUassRaTion
Y938aN03914 1D3 LLUU%’@LauTugUﬁ 2.13 lagn1swasuussiiai 110y “function MIHD3
(instances, parent_instances, attributes, state) returns tree” Gi@ﬂJ’lLU%EJUUiiﬁmﬁ 6 L‘cﬂu
“else if attributes is empty or state equal to true” LATRNTNAIES ﬁgﬂwmmiugﬂ‘ﬁl 4.3

FENINUTIVA 11 way 12 ¥e3Ufl 2.13 saiieuiuvanysaivasdanasiia MI-ID3 wandly
JU 4.4

Y

r — Randomize decimal between 0 and 1

prop — Compute threshold of probability value

if r is greater than prop and Remainder(A) is not zero,
then set value of state to true

else

then set value of state to false

sUN 4.3  wEAIUINEIUYRIAIES lUDaNa3 ) MI-ID3

u

1 function MII-ID3 (instances, parent_instances, attributes, state) returns a tree
if instances is empty,
then return the leaf node which labeled by the majority of parent_instances
else if all instances have the same classification,
then return the leaf node which labeled by its classification
6 else if attributes is empty or state equal to true,
then return the leaf node which labeled by the majority of instances
else
Compute information gains for all attributes using instances and attributes
A « Select the attribute which has the best information gain
11 Insert the new node labeled by attribute A to free
r «<— Randomize decimal between 0 and 1
prop < Compute threshold of probability value
if r is greater than prop and Remainder(A) is not zero,
then set value of state to true
else
then set value of stafe to false
18 for each value v of 4 do
ins < Select instances of value v
subtree — 1D3 (ins, instances, attribute—A)
Add a branch to tree with label v and subtree
return free

JUT 4.4 uaassisienvasdanaifia MIHID3 Wadfauls state gnasAnsududuy false



36

A o

nsvaiienluguin 4.4 dduusisua1Aefiuls instances, parent_instances waz

attributes lagazAsAsNAUMLDUAUSaNaTYIN 1D3 Un@ AduUsdrAeyiitinat

[ '
v 1A v

state NOUNALISUFILUT state AzandeAnSuAuLTY false FLUS state ARBAIMUTUTELAY

Y

YU (Boolean) Mo1lI58Uan1UEIMEIINNITANUINAT Prop udilnuailavaziaensdl

¥ = U

PIUIADAILLUT

Y 1 |

fMegediutioanisll 61 state = true muneANIRoIwlasvualiiduluuamnounie
AesazlanItifiegNdIuloy Lazdn state = false wneislifowinNITazlasnIalfieg
ey Wedanesiiu MIHD3 Suvhauasvinisnsaedeuiteulasl
Foulud 1: §182uUs instances Wulsainmdensdfegsiagtulifindowds Tifuen
Tntuadmeuiissyfodesdauminvesnanaly parent instances fagtililunsaasusolu
Heulvsioly
Jouladl 2 : nsdisegnatiagiiulusiuys instances Wuamaiiedfuianun Tiaualvun
Fnouiisrysheamatu q Savdulilunsassusieludeuludely
Gouludl 3 : f1fuvs attributes 1ulwminavdsuennitadgnldaunun nioduys state
Wiy true TriuAnuafneufissyfedesduninveseaaly instances fazduliluds
Heulvsioly
Jouledl 4 Sruusnedlinsetu 3 devlawsnlinserhdunousel
1. Sunnenuarsdvesonnitsianualagldiuys instances uag attributes
2. Fonuenstdidanuamdinaigauniuliluiuys A
3. afslnunlvilagsgymuennstanlufunds A
4. duaunationsening 0 way 1 Auanauigulalilusauys o
5. AuaA Threshold vesmuiiazidulunisasiensdlfegnsdutosuaiiua
13lusuds Prop
6. 7 1 4nNT1 Prop wazA1 Remainder vadnann3Uan A ldwhiuaududinvesia
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mnauUni (%L), Segazlagiadevasdnuiunsalitegranignduunlagluunfineuiingin
A15ALLRUNTAAIDENAIULDY (%T), S98aLUBIAINULLUGIALLRAVDITIUIUNTUHIDE 19N

gndnuniaglnuaAmnoulnd (%Acc L) kagsesazuaininuiiuglagindeyasdiuiunsdl

a

fethsiigniuunlasluunmneuiiinainnisaziasnsdlfegsdiutios (%Acc T) dslu
Sanesfin MILID3 azfilnundineu 2 Uszan Ussianusnielnuadineuun@iiadisenn
Foulvmufuvessanasiin D3 wavdszianiidesdelnuarineufiinainnisaziaensdl
Fetdutosinelnuaiifinsdifoesneluinnin 1 aanauasidunsdifmetsdutionds
gl dulnundimeulagszyranammeununanad Insddetnanniigalaglsiaulansd

fognslupanasu 9

M13197 5.9 UaA9 %L, %T, %Acc_L uag %Acc_T lugadayaniinnuuiugilaeiage

Tudanasiy MI-ID3 u1nnAnAuwiuglnemagluganasiy ID3

SovazuaInu
. | wiuglaewade
AGE] YAYdYA S ols T\ oa %L %T %Acc_L | %Acc_T
ANYINU | ANDINA
ID3 MII-ID3
mmﬂimj Insurance Company
90.28 90.91 90.11 9.89 90.67 92.39
Benchmark
Congressional Voting
VUINNAY 94.45 95.39 81.50 18.50 96.84 88.10
Records
YWIALEN Balance Scale 62.61 64.38 58.08 41.92 71.31 52.93

£

91NM151991 5.9 ﬁaﬂimﬁﬁﬁm‘uayja Insurance Company Benchmark Lag
Congressional Voting Records Huilaauusugrludane3fiy MIHD3 qaﬁy’ﬂumuﬂﬁmau
Unf (%Acc L) uaglvunmmnauiinainnsaziaensdifetidiution (%Acc T) Sadsnalit
AU LABTINNINATI8aN39IN 1D3

yadoya Balance Scale uifinaziinuusiugrlulnundineuiiinainnisg
aviaEnIdfieg1duTos1as (%Acc T = 52.93) wiflaauudugfiluuadinauund
(%Acc_L = 71.31) gsnianuusiugiludaneiiu ID3 (62.61%) A uunlnelundineuuni
100 Wosidusegradnau anuutugludanesiin MIFD3 Jsunnninanuuiuglusanesiyiu
D3 wuUR LAY

NSRS IEALTTALIUAENIIUI %L, %T, %ACC L uaz %Acc T #iineany

AINNITNAABUNIYDANDINY MI-ID3 UUdINaFRDAINUBIUIIAYSINYDIDaNDSAY MI-ID3

ag19lsluiBeaday dregranisiiasizviauniugluldeiiavainyadeya Insurance
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Company Benchmark Ing3insgsianndnaiuves %L, %T, %Acc L way %Acc T fildan
dana3y MI-ID3

1. mSeeazanuiueldantnuadneulnd

90.11 (%L) * 90.67 (%Acc L)/ 100 = 81.70

2. mierazauuludiildaninuadneuiiinainnsaziaensdsetduios

9.89 (%T) * 92.39 (%Acc_T)/ 100 = 9.14

3. mAuwiuglneLRdevesdane3iiu MIID3

81.70 + 9.14 = 90.84 FslndiAueiudesazanuuiuslnewdsludanesfiu MIHD3 #iald
(90.91)
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Wossiudsanuuiudranlnunfineuis 2 Yssiantudaataninuududilnondely
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MegngnIuniiliun MesuniinainnIsagiaenstifiegsdiutosnaianunsadwunta
gnfiemiatensdl vuneauInsdiegnsiduunligndesnailineuluraraiinssiunaia
desdiuunnignszylulnuadineuniinnnsaziaensiilegvduleyiiu q Inilviaiy
wiuglunisdnuunludanesiu MIHD3 Wintuinies iliseandnsfidiegslugndeya
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M19197 5.10 wane %L, %T, %Acc_L uaz %Acc_T Tugadayaniadnuwsivglasiaie

Tudanasiu MI-ID3 Yagninaruuiuglngragludanasiy ID3 LiNes

=3 4
LanNuUay
fovazvosny
. . wsiugnlneiaie
QAGED YAUYA = T o = %L %T | %Acc_L | %Acc_T
9ana3nu | danaIny
ID3 MII-ID3
Connect-4 73.65 73.59 35.53 64.47 77.98 71.23
yulyg | Phishing Websites 94.91 93.65 51.48 48.52 98.60 88.33
Molecular Biology 88.99 88.75 84.78 15.22 90.59 78.15
Soybean 86.99 86.21 88.15 11.85 89.52 62.41
Audiology 75.64 75.01 92.74 7.26 75.34 29.82
VUINNEN
SPECT Heart 80.77 79.99 60.08 39.92 90.54 63.65
Mushroom 100.00 99.64 95.90 4.10 100.00 66.94

9115197 5.10 yedaya Connect-4 ilovageuyszansanmesanesii
MIHID3 ks Banuudugilunissawuniiluuadineuun@ (%Acc L) 77.98 wWasidudds
WnnIAustuglusana3fiv D3 4.3¢ (77.98-73.65) wWodiiud Tuvaisfinuuiugily
n1ssuunfilnuadineuiliinainnisaziasnsadistisdiutosfie (%Acc T) 71.23
Wesidus Jadesnitnnuudugiludanesiin 1D3 2.42 (73.65-71.23) Wesiduduasingd
Frag1fisnunlasluuamneufiinainnisasiasnsasegisdiutosds (%T) 64.47
Wedtdud srduauududiludanesiin MIHD3 Ssanasainaanuusiuglusanesiiu D3
LURSRssadntes

Mﬂgwﬁayja Phishing Websites, Molecular Biology, Soybean, Audiology,
SPECT Heart waz Mushroom fianuudugilunissuunineluunaeuiiinainnisaziay
nstlfegsdutslusanadin MI-ID3 (%Acc T) HouninAnuuiuglusanea3yiy 1D3 wuu
sudnegrudiulidn wisgaelsinuaiuudugilunissiuuninelnunfinoulnftu
(%Acc_L) snnndamnuusiudiludaneifiu D3 wuusufuuszneutugadeyamanidsiui
nsdlfhegangniuunlnelrundmeuund (%L) w1 50 Wesidudlunnyadoua adaa
Tiauuaiugnludanesiiu MI-ID3 lngsiuanasansanesyiu ID3 Wigadntios

Megnsiasgnauiiud lugaiavainyadeya Phishing Websites
Tnedinseinndnauues %L, %T, %Acc L uay %Acc T fildandane3fiu MI-D3
1. mSerazauwlusildantnuafneulnd

51.48 (%L) * 98.60 (%Acc_L) / 100 = 50.76
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2. wdesazmnuusiuriildanlmuadmeuiiiinannsaziasnsdiinegidutios
48.52 (%T) * 88.33 (%Acc_T) / 100 = 42.86
3. ymauusiudlneiadevesdaneifiu MI-ID3
50.76 + 42.86 = 93.62 GslndlAssiuTosazanuutiudlasiadsludaneifiu MIHD3 Afale
(93.65) lugataya Phishing Websites
Fefunsfiauuiugivesgedeyaimanianaufivadntion nssiosnind
nsdiseesluyateyadmiunaaeuiignduunilvuamasuiiiinainnisaziasnsdifiods
dutiosuaziinanamnounssiuamadssdiuniignasylulmndneuiu q Lifemedios
sliauuiuguiutundewindudanaifiu D3 wutsaAy na11Bneendlddmadosatioue
Tup5797i 5.10 Sinsalieesluyateyadmiunaaeuiignduunilvuadineuiiinainng
azlasnsdiietsdrutiesuazinaradneuilinsesiuaaiadesdiusnignzyluluun
fnautiu q Aronsiifegsundndinaasnouiilunssiuraarnouiidunsalfegn

drudeengnaziagludiauddsliannvinlug Jwilvauududlugadeyaimaiianasain

Fanasiiu MI-ID3 Lgantag

M13199 5.11 ueaAd %L, %T, %Acc_L uag %Acc_T lugadayaniianuuiugilaeiage

Tudanasiu MI-ID3 Hasnitanuwniudilaemasludanasiy ID3 agawiiu

Y o/
Tadn
fouazvanIu
\ » wiuglagiage
(GEY YnUaya = = I %L %T %Acc_L | %Acc_T
2aNINU | BanNdINU
ID3 MII-ID3
Car Evaluation 91.58 83.42 68.16 31.84 98.18 53.59
Chess 99.29 94.82 73.00 27.00 99.88 81.00
YUINNAY | Nursery 96.86 89.16 57.42 42.58 99.70 74.67
Firm-Teacher Clave-
- 71.71 67.78 6.75 93.25 86.50 66.18
Direction_Classification
Hayes-Roth 79.01 73.69 64.93 35.07 86.26 45.58
Yualdn | MONK's Problems 98.19 86.96 67.63 32.37 99.08 58.78
Tic-Tac-Toe Endgame 86.01 77.68 47.37 52.63 92.62 63.57
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dl ! = 1 o L a =
31nM15199 5.11 wudryadeyannddlunisdinnuusiugludanasiiu ID3

S a L= 1 o N o ! d' o v g a f &
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wuiluudazyadeyaiinsdiioiaignudduuunluluuadnouiiinainnisaziasnsdl
fhegrsdutoslusanaiiiu MIHID3 (%T) dufistuunnndy 27 Wedidudlugadeyanns
wagluyateya Firm-Teacher Clave-Direction Classification finsdisegaiduunlag
Tnuadineuiiinainnisagiaonsdiiogidiutiostis 93.25 Wesifud uagauusugily
Tnundmoufiinainnsasiasnsdietnsdntosduliasodadiulidalunn o gadeya
Faruisdanalimnuusiuglaesuludanesiiu MI-ID3 YoayAveya Car Evaluation, Chess,

Nursery, Firm-Teacher Clave-Direction Classification, Hayes-Roth, MONK’s Problems

way Tic-Tac-Toe Endgame anaitipaniianduaugiludanesiiy D3 wuunfueg1adiuls

Y] Y] A

n Bslaiduenfazlidanedfiu MIHID3
#170U1A30819N15ILATIERANN Rl Ug luGefavaInyadeya Firm-
Teacher Clave-Direction Classification lagatasnziandnadiuues %L, %T, %Acc L uaz
%Acc_ T fldandanasfiy MI-D3
1. m¥esazemumivgdilsanivuadneulng
6.75 (%L) * 86.50 (%Acc L)/ 100 = 5.84
2. y3esazarmmsiudiildannlnuadneuiiiinannisaziaensdliogisdiuties
93.25 (%T) * 66.18 (%Acc _T) / 100 = 61.71
g AL lneiadevesaneifiu Mi-ID3
5.80 + 61.71 = 67.55 AdlndiAvafuFosazanuwsiudlasiadeludaneifiu MI-D3 A¥ald
(67.78) iu“qm%ﬂﬂa Firm-Teacher_Clave-Direction_Classification
Fefumsiigadoyariomualuntsied 5.11 Sarmuwiugludanedfiu MIHD3
flanasa1ndaneifiu D3 uuuduAeg19FaLay iflosaniinsdiiednslugadeyadmiy
nageuignauunilnusdpeuiiinannisaziasnsdiegsdiuieuaziinaradineud
nssfuranadesdtienieglunsdifeddutiosiignaziasluiluduiiunnmeiiazdna
auiudanaseg1uenn mszduunlszinnvesnsaiiegslugadeyadmSunaaeuiia
Huduausnnduies
Fausn31edt 5.9-5.11 1unsnlagldinasilunisafifeidesiuaam
whiglunsuunidiesiusuasuanaauanisiiuuvieanamesutuglunissuunld
ogedalau dnunlifiansaniesazlunisanasvesnnudnggnvesdaneifin MIHD3 iile
Wisuifleutudanesfiy ID3 wuusadu Mnfesarlunisanasuesarudnasanlunaed 5.6-
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1. uukenns Ui
2. uANUanaanlagdellenaaauiudanasiiy ID3

Y

3. fogazvasdnuulnuafignasiannsdluennstingnldaununiilieneageuiudaneify 1D3
lngUnAnisasilnuaf1neuvesdaneifiy ID3 wuuauaudvianun 3 nsdlaeilaeuielily
- =t =~ o ° A A a ~a aa ¢ v a o
uni 2 nildluaunsalinisairalnuadineudeilisiinnsdiluenn3dingnldaununlugedn
La7 widaldaiunsadnuundsziannsddiegietdagiuladaiudanesiiu ID3 azasnaluun
mmaulagnisduuntsuaniaeszyaaiailudssdiunnnvesns didaegadagiu Aednsdl

mogniagiuegluradlauniignazszylunaaniu

M1319% 5.12 uansTosazlunisanasvasnuanggaludanadiin MI-ID3 andana3iy
ID3,  FwIudeansloinvan,  ANudngegalaeRfetianagauiu
@ a = v ° = P ] aa o v
danasiin ID3 uazfevavvasituiuluuangnairsannsaluannsdangnldy

a o o a R v
IUNUALUDNASTDUNUDANBINU ID3 °luvgn°qﬂ°uaga

Fovazlunis Sovazvaq
ANAdYaIANNAN | 1Y anwangegn | Srudulvundign
yadaya gegaludanasiiu | uaavitod | Tnewadeves a¥1991nn 36l

MIIHD3 210 Wiavn dana3iiu ID3 | wann3dadgnlyd

dana3iiy D3 AUNUA
Connect-4 30.81 42 22.73 0.00
Phishing Websites 63.54 30 30.00 3.17
Insurance Company

71.75 85 85.00 0.18
Benchmark
Molecular Biology 85.35 60 60.00 0.18
Soybean 76.93 35 35.00 0.74
Audiology 3.35 69 6.00 0.00
Balance Scale 5.40 4 4.00 0.00
Car Evaluation 23.60 6 6.00 0.00
Chess 43.03 36 13.00 0.00
Congressional Voting Records 72.83 16 16.00 4.26
Hayes-Roth 19.95 4 4.00 8.82
MONK's Problems 2.50 6 4.00 0.00
Mushroom 30.90 22 4.00 0.00
Nursery 32.88 8 8.00 0.00
SPECT Heart 66.89 22 22.00 5.06
Tic-Tac-Toe Endgame 26.36 9 7.00 0.00
Firm-Teacher_Clave-
28.46 16 15.34 0.00

Direction_Classification
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M13199 5.13 uaasdruungnisandulalasaislunimaaas 1000 sausendng ID3 uae
MI-D3  Tuyadayaniianuwivglaerieludanasiiu MIHID3  wnndn
anuusiudlagiadeludanasiia ID3 wazyadayaniindnuutiugnlagiady

Tudanasfiy MI-ID3 dagninanuwnduglnawasludanasiy ID3 wWes
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LenNuae
Iwaungnsinaulalaeate |
_ . — — Sagazlun1sanasvas
nay YnUdYa 28aN8INA BANDINA o v A
mmungmimaﬂa
ID3 MII-ID3
Connect-4 14743.47 4646.37 68.49
.| Phishing Websites 1009.06 100.77 90.01
Yunlug)

Insurance Company Benchmark 22784.01 3421.84 84.98

Molecular Biology 568.53 288.36 49.28

Soybean 134.55 75.63 43.79

Audiology 42.49 40.89 3.76

YUIMNA1Y | Congressional Voting Records 23.49 7.42 68.41

Mushroom 34.32 22.80 33.56

SPECT Heart 79.00 15.48 80.40

Yumdn | Balance Scale 257.00 97.82 61.94
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M1319 5.14 uaasdruungnisandulalasaislunimaaas 1000 sausendng ID3 uae
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mu’mngmimau’[@
ID3 MiII-ID3
Car Evaluation 221.49 50.34 77.27
Chess 37.00 14.17 61.69
VUINNAS | Nursery 636.48 71.88 88.71
Firm-Teacher _Clave-
1580.76 120.02 92.41
Direction_Classification
Hayes-Roth 34.00 23.47 30.96
Yumdn | MONK's Problems 55.00 35.84 34.84
Tic-Tac-Toe Endgame 135.00 48.86 63.81
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M13199 5.15 uaasdruulvuanvualagiagelun1smaass 1000 sausendng ID3 uae
MI-D3  Tuyadayaniianuwivglaerieludanasiiu MIHID3  wnndn
anuusiudlagiadeludanasiia ID3 wazyadayaniindnuutiugnlagiady

Tudanasfiy MI-ID3 dagninAnunduglnawasludanasiy ID3 wWes

=3 Y
LenNuae
IulnuanvualasRay |
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ID3 MII-ID3

Connect-4 22114.71 6969.06 68.49
.| Phishing Websites 1869.85 169.28 90.95

Yunlug)
Insurance Company Benchmark 26385.54 3908.88 85.19
Molecular Biology 716.56 362.11 49.46
Soybean 202.55 109.03 4a6.17
Audiology 64.49 61.67 4.37
YUIMNA1Y | Congressional Voting Records 45.98 13.84 69.90
Mushroom 39.32 25.80 34.37
SPECT Heart 157.00 29.97 80.91
YUIALEN Balance Scale 321.00 122.02 61.99
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AN5199% 5.16 WA IUIUINUAN VLA LA8LRA8TUN1ISNAaDY 1000 5BUSLNING ID3 way
MI-D3  Tuyadayaniianuusivdlagiaasludanasia  MI-ID3  Wasndn

Anuiuglaaaaeludanasiy ID3 ag1etaLIu
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. Y T = Sewazlun1sanasvas
ngay YAYdYA 2ANINU 2aNvdINU . v o
mu’mngmsmﬂmﬂa
ID3 MiII-ID3
Car Evaluation 303.49 68.86 77.31
Chess 71.00 26.71 62.38
VUINNAS | Nursery 898.48 102.59 88.58
Firm-Teacher _Clave-
3160.52 239.04 92.44
Direction_Classification
Hayes-Roth 46.00 31.05 32.49
Yumdn | MONK's Problems 82.00 53.25 35.06
Tic-Tac-Toe Endgame 202.00 72.79 63.97
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A5199 5.17 waagaanlunsineusasiiantunisnadavdulinndulanaanslagnae

5294719 ID3 waz MII-ID3

atlunisinelulaey fouasz wattunsnageulag Souasz
19 , .
Y 1afe (ms) Tunns 1afe (ms) Tunns
wWssuigu
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AULkUEN Y
4 Ynvaya o aa o am VB3 o aa o o UBd
Tnaiade 92NNy | danasny danasny | 9anainy
. vt vl
319 MIl- ID3 MII-ID3 ID3 MII-ID3
113 13
ID3 waz ID3 .
Anau NAEdU
Insurance Company
417.209 234.966 43.68 0.015912 0.012937 18.69
Benchmark
MII-ID3
. Congressional Voting
11131 ID3 0.805 0.630 21.69 0.000461 0.000415 10.07
Records
Balance Scale 0.787 0.572 21.27 0.000778 0.000655 15.88
Connect-4 1441.300 | 1040.922 27.78 0.254854 0.191490 24.86
Phishing Websites 64.018 40.600 36.58 0.024674 0.016163 34.49
MI-ID3 tipe Molecular Biology 55.042 48.923 11.12 0.005304 0.004993 5.87
A171 1D3 e Soybean 14.872 12.835 13.70 0.001007 0.000949 5.77
WEntios Audiology 10.363 10.146 2.10 0.000378 0.000369 2.32
SPECT Heart 1.673 0.950 43.20 0.000696 0.000403 42.05
Mushroom 14.403 14.211 83 0.005154 0.005124 0.57
Car Evaluation 2.027 1.454 28.28 0.002030 0.001594 21.48
Chess 15.839 12.913 18.47 0.005573 0.004598 17.49
MI-ID3 e | Nursery 20.193 15.182 24.81 0.017814 0.013118 26.36
N1 ID3 Firm-Teacher Clave-
L B, % 83.916 46.897 44.12 0.041603 0.024379 41.40
agaiulel | Direction Classification
4n Hayes-Roth 0.166 0.136 18.06 0.000182 0.000155 14.79
MONK's Problems 0.531 0.452 14.83 0.000677 0.000586 13.35
Tic-Tac-Toe Endgame 1.889 1.373 27.33 0.001632 0.001276 21.84
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AN5199 5.18 WENIANNANIALLRAETUNITIUNNTUAIDE195E1319 ID3 waz MII-ID3

= = ° 1%
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% = =
yadaya o o anuanlagdelunig
2anany ID3 2anany MIl-ID3 R
A76UN

Connect-4 9.36 7.02 25.00
Phishing Websites 5.46 3.61 33.86
Insurance Company Benchmark 4.44 3.27 26.35
Molecular Biology 4.13 3.86 6.51
Soybean 3.70 3.43 7.44
Audiology 4.04 3.94 2.34
Balance Scale 3.14 2.59 17.32
Car Evaluation 2.89 2.29 20.63
Chess 4.35 3.57 17.88
Congressional Voting Records 2.70 2.39 11.52
Hayes-Roth 2.78 2.37 14.76
MONK's Problems 3.01 2.60 13.70
Mushroom 1.52 1.48 3.03
Nursery 3.39 2.50 26.06
SPECT Heart 6.73 3.78 43.81
Tic-Tac-Toe Endgame 4.21 3.30 21.58
Firm-Teacher_Clave-

9.58 5.59 41.65
Direction_Classification
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5.6 NANNSNAABIIZWINDANDINN MI-ID3 uaz ID3-A*
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[y |

seueIanNil Yadoyaninanilawn Phishing Websites, Congressional Voting Records,
Insurance Company Benchmark, Molecular Biology, Soybean iag SPECT Heart 6911
dmiuranimaaadlunisiseuisuiuganesiy ID3-A* azuantanIzyndoyanaIuisa

NAADIIUANSD

56.1  anuwiudrlunsduunuazanudngsgalagiafe

A15199 5.19 uans3agazaumiug lun1sIMUNTZRING MIHID3 waz ID3-A*

. , Sowazvasnuwiug lnaaay
ngy yadoya \ia ~,
2ana3Iny MIl-ID3 2anNaINyU ID3-A*
Yunlvg) Connect-4 73.59 73.58
Audiology 75.01 76.92
Car Evaluation 83.42 90.29
Chess 94.82 99.25
VUINNAY Mushroom 99.64 100.00
Nursery 89.16 96.98
Firm-Teacher_Clave-
67.78 71.65
Direction_Classification
Balance Scale 64.38 62.94
. Hayes-Roth 73.69 79.01
VUIRLAN
MONK's Problems 86.96 100.00
Tic-Tac-Toe Endgame 77.68 85.59

31nn15Neaeslun1s1ei 5.19 wandliiuiinuudugilunissiwunly
danasiy MI-ID3 fA1unnninausdudludanesiiy ID3-A* iisadntesunsounuazly
sraffunalugadoya Connect-a uaw Balance Scale lugadoyadu 1 lunisnsil 5.19 du
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%’a;ﬂamm Car Evaluation, Chess, Nursery, Hayes-Roth, MONK’s Problems, Tic-Tac-Toe

Endgame wag Firm-Teacher Clave-Direction Classification fiaanuaiuglunisainunly
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danesiiu MIHD3 desninanuuiugiludanesin ID3-A* egrauldtnuaziifieslugadoya
Audiology wag Mushroom winiudiiiauuwsiugludanesfiy MI-ID3 desninenuusiugily
Sanosfiu ID3-A* ilsadndesvdeunuazliseiu dduasifiuindaneadiiu 1D3-A* faaw
wiuglugatayadiuluguinnitdanasiiu MIHD3 wazdiaunsasnwauuiugilung
$uunandaneifin 103 wuudnduliegluseduiilndifeayn 9 yadeyalunised 5.19
(Anuutiug1resdanasiiy ID3 wuududulunn 9 yadoyagldainmieed 5.6-5.8) dalal
wileufiudaneifiu MIHD3 fiflaruusiug lunissuunanasandanesfia ID3 wuusuRy
othadiulédnlunsgateyaruanansuazdiusnnlugndoyaruinidn dvldunyndoyadsd
Car Evaluation, Chess, Nursery, Firm-Teacher Clave-Direction Classification, Hayes-
Roth, MONK’s Problems wag Tic-Tac-Toe Endgame dauﬁm%’agaﬁmﬁaﬁu 9 TuA5199
5.19 Sudane3fiy MIHD3 Sanuuwsiusunnirdanadfiy D3 lugadeya Balance Scale
waziruwsiudiidosnitdane’iia 103 Weadndesluadesya Connect-4, Audiology uaz
Mushroom usegndlsAmuiiaigndeyaisanasit MIHD3 finnausiudilunisduuninnndi
danesiiu D3 viseteuniniieadintiosdn 6 yateyaldun Phishing Websites, Congressional
Voting Records, Insurance Company Benchmark, Molecular Biology, Soybean L& ¢
SPECT Heart fsifldndnliindanedfiu 1D3-A* luaunsavhnismeaoslugadoyamanild
di5a vidooavrdSuuadesdldsraznalunsvasesiiuiuan 4 Wesnngadeyamanili
anudlunsiensdififvennsadnfinuddyuiiutesunn q waelisiuiuwennsadng
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M13197 5.20 wanIANANgegnlaglafesendng MIHID3 uag ID3-A%

. AnudnggalneLade
YNUDYA T 7 7o
2anaIny MIl-ID3 2an23INU ID3-A*
Connect-4 15.73 19.00
Audiology 5.80 6.00
Car Evaluation 4.58 6.00
Chess 7.41 13.00
Mushroom 2.76 4.00
Nursery 5.37 8.00
Firm-Teacher_Clave-Direction Classification 10.97 15.00
Balance Scale 3.78 4.00
Hayes-Roth 3.20 4.00
MONK's Problems 3.90 4.00
Tic-Tac-Toe Endgame 5.16 7.00
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Foyavné egslsinunanlanaaliuddanesiiu MIHD3 azannudnganiuiulidndula
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56.2  uungnsiadulalaeaie

M19197 5.21 waasdrwungnisindulalaenissendng MI-ID3 uag ID3-A*

66

Iuungmsindulalagiade

yadoya — ——
2anany MIl-ID3 28NNy ID3-A*
Connect-4 4646.37 14649.00
Audiology 40.89 45.00
Car Evaluation 50.34 222.00
Chess 14.17 37.00
Mushroom 22.80 33.00
Nursery 71.88 641.00
Firm-Teacher_Clave-Direction Classification 120.02 1555.00
Balance Scale 97.82 257.00
Hayes-Roth 23.47 34.00
MONK's Problems 35.84 55.00
Tic-Tac-Toe Endgame 48.86 135.00

A1NNANITNAAIUAITI9N 5.21 nanslmduindulddedulanadnsvas

danesiiu MIFD3 fdwungnssndulaiitesnindanesiu ID3-A* egnamuladaaulunn o

yateua dane3fiu ID3-A* Tuyadeyadiulnglaunynteya Chess, Balance Scale, Hayes-

Roth, MONK’s Problem uag Tic-Tac_Toe Endgame #31uiungnisandulawiniudanesig

D3 wuunsRuRAsldansaanngnsdndulals @rwiungaisdndulavesdanesdiu D3

wuuaAnluynyadeyanlnainnisedn 5.13-5.14) luyateya Audiology, Car Evaluation

way Nursery d31uiungnisanduludanesfiy 1D3-A* 1nnindanaiiiy ID3 wuunady Tuys

9 ya Connect-4, Mushroom, Firm-Teacher Clave-Direction_Classification ganasny

ID3-A* @wnsaanduaungnsdnaulaliisadndosdndu 0.64, 3.84 uay 1.63 WWasidus

muaiuluvaendane3ny MIHD3 g1unsaanduiungnsaedulaaindanesiiu 1D3 luyn

1% 1 1 1 < Yo a a 1% . O Ao a = o
ﬂ@%ﬁﬁ?ﬂﬂﬁﬁe}@EJNLVMVLWUWMLWEJQ‘QWUE)%Q Audiology inuuUNaanaInNy MIl-ID3 anIIUIUNS

U a Y ® v
nsendulalaiiesantoy
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5.6.3  uulnuanaua luduldnndulanaanslaewnie

AN91997 5.22 BEAIIIUIUTNUANILUALAYLARETZU9 MI-ID3 wag ID3-A*

. Suulnuaviavuelnsiade
YAYdYA - a o a
2anany MIl-ID3 28NNy ID3-A*
Connect-4 6969.06 21973.00
Audiology 61.67 67.00
Car Evaluation 68.86 304.00
Chess 26.71 71.00
Mushroom 25.80 38.00
Nursery 102.59 903.00
Firm-Teacher_Clave-Direction Classification 239.04 3109.00
Balance Scale 122.02 321.00
Hayes-Roth 31.05 46.00
MONK's Problems 53.25 82.00
Tic-Tac-Toe Endgame 72.79 202.00

ANHANITNAABILUAITIN 5.22 wanIIwIulrnuaaualudulddndule

' (3 Lok,
v 6 = o a o a a

nadns Fesruaulnuaranualunisied 5.22 asddnuasiiivtvanamseduldlunig
Weatufudmaungmsfndulalunised 5.21 9nn151e7 5.22 wandiduindulidngula
NednSveITaneI TN MIHD3 Ssnulvussmuaiiesnindanesiia ID3-A* sgradiilddniau
Tunn 7 gadeya Fafudaneifiu MIHD3 aunsofaganduulyuasiommnandanesiiy D3
wukaAuldnniwasAndtdanesfiu 1D3-A* ludaneiiu ID3-A* Huyadoyadiulug/ds
iﬁLLﬁﬁqm%mﬂa Chess, Balance Scale, Hayes-Roth, MONK’s Problem ¢ Tic-Tac_Toe
Endgame fs1uaulnunianuainfudanesfin ID3 wuuaaiy Eruaulnuaianunves
Sane3fiu D3 wuuAdtlunnyeteyaglianaed 5.15-5.16) Tugedeya Audiology, Car
Evaluation uaz Nursery fisrurulvunstanunlusanesiiu 1D3-Axunnnindanesiia ID3 wuu
ﬁg\uam 1146(;916{78336 Connect-4, Mushroom, Firm-Teacher Clave-Direction Classification
Fanedfiu ID3-A* ansaansuaulnuaanunaIndanesiiy ID3 wuusaRuisdntosly
Yuzidane3fiu MIHD3 annsnandnnuluakomnandaneiiu 103 Tuyedoyadiulng
oghaiulddaluyndeyaiftouasiinun fiftesyadeya Audiology Whiufidane3fiu MI-D3

ansnuIUlNUAT LA LALNeaL ANt o8
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5.6.4 tartunisundutazianlunisnagevdulsinndulanaanslnewnie

AN51997 5.23 wanaatunisinduduldinniulanaanslagnasseuing MI-ID3 wag ID3-

A*
. nanlunisiindulaeade (ms)
YAUdYE " = " =
2anaIny MIl-ID3 2aNdINU ID3-A*

Connect-4 1040.922 5875.259
Audiology 10.146 51.838
Car Evaluation 1.454 22.389
Chess 12.913 39.148
Mushroom 14.211 50.420
Nursery 15.182 50.867
Firm-Teacher_Clave-Direction_Classification 46.897 427.909
Balance Scale 0.572 25.378
Hayes-Roth 0.136 19.083
MONK's Problems 0.452 20.445
Tic-Tac-Toe Endgame 1.373 21.564

NUANISNAADIIUAITI9T 5.23 wansliiuitdanasiy MI-ID3 Tdailu
nstndunsanatlunisasrsduliidadulanadnsisunindanasiu ID3-A* agranuladnly
YAtoyanavian meANINTanesid MIHID3 aansaaniattunisiniuanganesiiu 103

wUURLANalARNINTaNeITY ID3-A* Na1sanganasiiy ID3-A* Tdnarlunmsinduiiallea

=

Faaulddndulanadwsuinni19anasNy ID3 hUUABANBEI9UIN e tun1sHAN WY D9

gane3fiy 1D3 wuusuALluynyntoyanlaInas19n 5.17) lagdane3itu ID3-A* Tdaanly

Y

(%
v a

nsinduiatuaindanesiiu ID3 wuuRALIIANGT 59 LU@%L%um‘iuﬁmsﬁayjaﬁwm dlu
ﬁqﬂsﬁ’au“a Car Evaluation, Balance Scale, Hayes-Roth, MONK’s Problems wag Tic-Tac_Toe
Endeame 1dnarlumsilndulusanesiiu 103-A* WiinTuainnarttunisindulusanesiia 103
11101 90 Wesidudtuly dsdudrgadeyadaiududouuinuiedsiuiy

woansDadmiiudusiuiuanndanesiiu ID3-A* agldnanlunsiinduwiuann 9
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AN519% 5.24 wanatlun1snadausuldinndulanaanslagRaesenine  MIFID3  wag

ID3-A*
. nanlunismaseulaeiade (ms)
YnUvdda " = " =
aanany Mil-ID3 2aNdINU ID3-A*

Connect-4 0.191490 0.253690
Audiology 0.000369 0.000381
Car Evaluation 0.0015%94 0.001981
Chess 0.004598 0.005587
Mushroom 0.005124 0.006752
Nursery 0.013118 0.017707
Firm-Teacher_Clave-Direction Classification 0.024379 0.041302
Balance Scale 0.000655 0.000777
Hayes-Roth 0.000155 0.000182
MONK's Problems 0.000586 0.000677
Tic-Tac-Toe Endgame 0.001276 0.001629

NKANISNAADITIUAITI9N 5.24 wansliiuiidanasiy MiI-HD3 Tdailu

nsnaaeusiuliifndulonadnsesnindaneiiiu ID3-A* edraiiulddnlugadayavianun

fetiudanasiy MI-ID3 @1U150ana1NISNAaaUadlaANI19aNasAY ID3-A* @udanasyiy

ID3-A* THarluntsneaevsulddndulanaanslnamesmsounuazlulanf191ndanas iy

D3 wuusuaNluyatayarieanua (arlunisnaasuvesdanesny ID3 wuuasuluynya

Toyanlaanm1sned 5.17) saliudssesluiinnsaniinudniagiade

A15199 5.25 waneauanlagaaslun15anuunnsalfnaegn95ening MI-ID3 wag ID3-A*

= a o
AuanlaewaslunisILun

yadaya — —
2ananu Mil-ID3 2an23INYU ID3-A*
Connect-4 7.02 9.36
Audiology 3.94 4.04
Car Evaluation 2.29 2.89
Chess 3.57 4.35
Mushroom 1.48 1.52
Nursery 2.50 3.38
Firm-Teacher_Clave-Direction Classification 5.59 9.58
Balance Scale 2.59 3.14
Hayes-Roth 2.37 2.78
MONK's Problems 2.60 3.01
Tic-Tac-Toe Endgame 3.30 4.21
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Mnsansneaesluansed 5.25 uandiiiuindaneifiu MIHD3 danudn
Tngiadslunisduunnsdiegetiosniinudnlnoadslunissuunnsddiodisly
Sane3iiu ID3-A* gsdaiaulugadeyaiomnisdmalfinanlunismeaouesdanaifiu Mi-
D3 duanastunn 9 yadoya luduvesdaneiiiu ID3-A* dufinrwdnlasedslunsduun
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A15799 5.18) Astuilernudninenaslun1sanunnsiifiing1anualiunnsteaiuldwa
Tnanlunsvegeusuldsndulanadnsvesdanesyiy D3 way ID3-A* unuazliunnaneny
My anlunisvageuvesdanesitu ID3-A* Tuynyadeyanldainaisian 5.24)
A3UNANNINAABI5ENINBANaTNY MI-D3 wagdanainu ID3-A* wuin
9ane3u MI-ID3 Hduanudngsgn, Iwungnisanaula, Suaulnuanmue, 1aily
SN, Lalunsnedey wavanudnlaewdslunmsieuntosnindanasiiy 1D3-A* Tuyn
Toyavaviin lagianizeg1ngaialunsinduvesdanesiiy ID3-A* Tdhawnnindaneasiy
ID3 wuunaAdagnaun tuaaeNdanesny MI-ID3 Tgailunisineutiaanindanasiy 1D3
gj a 1 [ 1 @ [ a = a 1 o o 1
WUUAANBE19TALAY B819l5ANIN8aNDSTY ID3-A* HA11kiug LN ILUANINATT

9ana3iiy MI-D3 egrednianluyateyadiuun
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5.7 WaN1sNAa893Z®I19anasnu MI-ID3 waz EVC-ID3

= ¢ ala

Aanlaesuledanesfiu EVCID3 Liluund 3 Walfnmanisainivennsdiand
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ANudRinfuluvuzasesulidndula danasiiy EVC-ID3 981nkanns Ui umun
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571  anuwsiudrlunsdnuunuazanudngegalagianeg

A15199 5.26 WEAISaEATAINLIUE IUNISAIUNTENIN9 MIHID3 was EVC-ID3

_ . Seuarvasauwinglaginde
aanaInu Mll-ID3 2anany EVC-ID3

Connect-4 73.59 73.98

.| Phishing Websites 93.65 94.94
Yunlng)

Insurance Company Benchmark 90.914 90.913

Molecular Biology 88.75 89.87

Soybean 86.21 86.57

Audiology 75.01 76.29

Car Evaluation 83.42 90.52

Chess 94.82 99.38

YUIMNANN | Congressional Voting Records 95.39 93.70

Mushroom 99.64 100.00

Nursery 89.16 96.93

SPECT Heart 79.99 82.25

Firm-Teacher_Clave-Direction Classification 67.78 72.27

Balance Scale 64.38 61.98

. Hayes-Roth 73.69 79.01
YUIALAN

MONK's Problems 86.96 98.20

Tic-Tac-Toe Endgame 77.68 86.23

d' Y & 1 ] ) o
AINAITNAADILUATTIN 5.26 ha@AIbMiiuI1Auwiug tun153un by
Fanoasiu MI-ID3 Heruinninanudugludanasiy EVCID3 wsaantasusouwnuazly
wand1ei1afiuiasluyataya Insurance Company Benchmark, Congressional Voting

Records W@ Balance Scale duyatoyady q lun13197 5.26 Uudanasiiu MI-ID3 daiy



72

wiuglunisIuunesnindanesiy EVC-ID3 Ingdanasiiy MIHD3 finuududilunis
Juuntiesnindanesfin EVCID3 Wisndnteeniaunvazlidrsiulugadeya Connect-4,
Phishing Websites, Molecular Biology, Soybean, Audiology Wag Mushroom Lagdanasna
MIHD3 fiauwsiuglunisdwuntesnindanesyin EVCID3 sghudiuladaiauluyadoya
Car Evaluation, Chess, Nursery, SPECT Heart, Hayes-Roth, MONK’s Problems, Firm-
Teacher Clave-Direction_Classification e Tic-Tac-Toe Endgame %ﬂﬁﬂ%gaﬁgﬁlﬁﬂmﬁ
(onviugadoya SPECT Heart) Sruidugadoyafiliduariiaz]ddasiiiu MI-D3 ms1zAM
wiudbugane3fia MI-D3 mawm%’agaLuéwﬁamaﬂmﬂé’am%ﬁm ID3 wuURAANDE 9T
friudane3fiu EVC-D3 anansadnunszduauisugilunmssiuunaindaneiiy ID3 uuy
sadnliogluszauiivmelaluyadoyannuuin (muutiugiveadans3fiu 103 uuusafsly
nn 9 yadeyaglinnnmaei 5.6-5.8) luvagidanesiin MIHD3 anunsadnuauusiugly
anafisadintosnsounnnindanesfiu 103 lugadeyavuialvgnnyndeua druauinnalad
feannsasnvanuudusilduaslildusuiulufovasmi q fu Tuyadoyavumdniiiies

1 24 1 &’5 d' Y a s ¥ 1 o 1 1 v v a =
drutdeaintunazldsanasiin MI-D3 uaimnuiuglianasegetniauaindanesiy ID3

M13199 5.27 wan1uangegnlagiadesendng MI-ID3 wag EVC-ID3

i AnuangegnlneLade
UnUdYA " = T =
2anany MII-ID3 2anadnu EVC-ID3
Connect-4 15.73 18.31
Phishing Websites 10.94 23.00
Insurance Company Benchmark 24.01 45.00
Molecular Biology 8.79 33.00
Soybean 8.08 20.00
Audiology 5.80 5.35
Car Evaluation 4.58 6.00
Chess 7.41 12.00
Congressional Voting Records 4.35 11.00
Mushroom 2.76 4.00
Nursery 5.37 8.00
SPECT Heart 7.29 15.36
Firm-Teacher_Clave-Direction Classification 10.97 14.65
Balance Scale 3.78 4.00
Hayes-Roth 3.20 4.00
MONK's Problems 3.90 4.00
Tic-Tac-Toe Endgame 5.16 7.00
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91nnanIsnaaedtunnsad 5.27 wansliiiiuindanedfiu MI-ID3 fanudn
aaanvewulidndulanadnstesniidane3fiu EVC-ID3 Tugadoyadiunnegraiuladn i
eseadana Audiology WhiufiiauAngsanludanaifiu EVC-ID3 fosnd1 MIHD3 dwsy
Sane3fiu EVC-ID3 Syadeyaiinnudngsanlasaislianasaindaneiiiu ID3 uuuAuAy
(AnuBngeanuesdanesfiy 103 wuusuduluynyadeyanldainaised 5.6-5.8) laurye
sﬁagaﬁﬂﬁialﬂ‘ﬁu Car Evaluation, Mushroom, Nursery, Balance Scale, Hayes-Roth, MONK’s
Problems wag Tic-Tac-Toe Endgame ﬁﬂ’gmﬁﬂqaqmlﬁamaﬂwﬁaz&ama’wiwmsmsﬁ%a@

I o

AuAngeanadlnegatauludane3iiu EVC-ID3 dugatoyala q dgdesininudlunisin

nsaninennsTisndanudfyviniulesassluragassdulll dndula deiusanesiu MI-
ID3 @NU1908AAINUANAIEAINNTANDINY ID3 LUUAWAULANINATIITANDIAY EVC-ID3 9819

Y 9

wiulea

572  uwungnsiedulalasaie

M13199 5.28 uaasdruungnsaadulalaeiaiesznine MI-ID3 wag EVC-ID3

. Furungnisdinaulalasade
YAUdYa X 3 = =
aanany MIl-ID3 2anany EVC-ID3

Connect-4 4646.37 25833.80
Phishing Websites 100.77 1462.76
Insurance Company Benchmark 3421.84 94954.50
Molecular Biology 288.36 1639.35
Soybean 75.63 245.24
Audiology 40.89 73.06
Car Evaluation 50.34 272.00
Chess 14.17 47.34
Congressional Voting Records 7.42 36.00
Mushroom 22.80 112.00
Nursery 71.88 776.00
SPECT Heart 15.48 112.26
Firm-Teacher_Clave-Direction_Classification 120.02 2245.37
Balance Scale 97.82 285.00
Hayes-Roth 23.47 34.00
MONK's Problems 35.84 61.00
Tic-Tac-Toe Endgame 48.86 223.62

NNEN15NAEetUAISINT 5.28 uandliliiuindane3viu MIHD3 fiTuaung

nsdndulalagiadedesnitduiungnisdndulaludanesiu EVCID3 luyadayaianun
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(%
v v W

AIUUdaNas Y MIHD3 39a11150anduIungn1sdndulaaindanasiiy 1D3 wuuasiula
WNNISane3fin EVC-ID3 egraiuladalunn o gadeya (F1uiungnisindulavesdanasiiy

D3 wuuALANluNYAtoyanlaaInnIsIei 5.13-5.14) danasfiy EVC-ID3 $31uungnis
5 X y

naulafLiinTuINTaNeTNY ID3 wuuanANedataruluyatoyaiaulIsianun diilesyn

N

(%
Y

aua Hayes-Roth inuundwungnsdndulaludanesiiu EVC-ID3 winfiudanasiiy ID3

e

[
v a [

LUUABAY Feaziiulddndaneifin EVCID3 ldaiunsaandnuiungnisdndulaludulsl

=) a =

pndulanaandasliudrduiudiuiungnisdedulatudnegraiuladn luvuzdanasiy

MI-ID3 tuanansaanduungnsandulalaluyn 9 yadoya

5.7.3  awulnuanaua luduldnedulanaansleewaie

A15199 5.29 LEAIINUIUINUANINUALALLAABSE1I19 MI-ID3 as EVC-ID3

1 Srurulnuavianualneiade
YAUdYa R > " w
2anany MIl-ID3 2andnNU EVC-ID3
Connect-4 6969.06 32607.92
Phishing Websites 169.28 2023.65
Insurance Company Benchmark 3908.88 96890.24
Molecular Biology 362.11 1755.66
Soybean 109.03 296.24
Audiology 61.67 93.40
Car Evaluation 68.86 347.00
Chess 26.71 79.67
Congressional Voting Records 13.84 53.00
Mushroom 25.80 117.00
Nursery 102.59 1024.00
SPECT Heart 29.97 161.28
Firm-Teacher_Clave-Direction Classification 239.04 3572.31
Balance Scale 122.02 346.00
Hayes-Roth 31.05 46.00
MONK's Problems 53.25 88.00
Tic-Tac-Toe Endgame 72.79 288.95

Mnuansmaaeslunssil 5.29 uansliifiuindanedfin MIHD3 Sd1uiu
Tnuavanualuduliideaulanadnslnendodesnindanadfiu EVCD3 aghaitulddnluyn
doyatiomun ludruvesdaneiiu EVC-D3 Fuwaulvuataualusiulidndulanadnslng
Asifintunane3fi ID3 uwudainessdaaulunats 1 gadeya (Swaulnuaiavun

Y049ane371y 1D3 wuuaufnlunnyadeyanlaanNmIsei 5.15-5.16) Aiewyatoya Hayes-
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Roth WU 1LIUAUAaRUAWNAUSANDSTIY ID3 WUUALGAYN Paludanasyiu EVC-ID3 T
au1saandnuulnuaiauatusulidndulanadnsaclanaTuius 1 LUl uANanLATUd N
sgulddaufsiudungnisandulalunisei 5.28 Tuvasfidanessia MI-ID3 tu

anansaanduIulruaaualaluyn 9 Yadeys

57.4  artunisindusaziianlunisnagavdulinadulanaanslnaweie

A15719% 5.30 wanattunisinduduldinndulanaanslaenassenine . MIFID3  wag

EVC-ID3
nalunsfindulasiade (ms)
yadoya ERHBRTH dane3iiy
MII-ID3 EVC-ID3
Connect-4 1040.922 1706.940
Phishing Websites 40.600 64.600
Insurance Company Benchmark 234.966 432.224
Molecular Biology 48.923 57.961
Soybean 12.835 13.863
Audiology 10.146 11.135
Car Evaluation 1.454 1.933
Chess 12.913 15.050
Congressional Voting Records 0.630 0.814
Mushroom 14.211 14.858
Nursery 15.182 19.412
SPECT Heart 0.950 1.387
Firm-Teacher_Clave-Direction_Classification 46.897 103.747
Balance Scale 0.572 0.774
Hayes-Roth 0.136 0.166
MONK's Problems 0.452 0.533
Tic-Tac-Toe Endgame 1.373 1.919

< v

INNANITNAABIIUATIT N 5.30 hansliAuI19anasny MiI-ID3 Taantu

%
[ Y

nsEnlutesnindanesiin EVCID3 egnndiuladalugadeyaranun ludiuvesdanediy

Y

(%
v a

EVC-ID3 Hudiiiantunisiaduuinninganesiy ID3 wuuadLaueg1etalan (aa1lun1siny
Y838an037y D3 wuudnAnlunnyadeyaglaainnisned 5.17) luyateya Connect-4,
Audiology way Firm-Teacher Clave-Direction Classification fau1dana3viu EVC-ID3 14/
=2 1w a = 3 a = < v & 1 1 v
wanlunsinduiInnIanesiiu ID3 wuunufuiisudnteevseuwnuazldunndrdluyadoya

Phishing Websites, Insurance Company Benchmark, Molecular Biology, Hayes-Roth,
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MONK’s Problems ag Tic-Tac-Toe Endgame ludiuvesyatayavdetulaunyndoya
Soybean, Car Evaluation, Congressional Voting Records, Chess, Mushroom, Nursery,

SPECT Heart wag Balance Scale Toviatlunisineulusanasyiu EVC-ID3 Uagnindanasiy

@

S a o« 2 v = NI 2 a =
ID3 LLUU@QL@llLWENLaﬂuaﬁ]ﬁﬁﬁ]LLmUﬁ]glﬂJm"Nﬂu ANUUALENUIDANDINU MII-ID3 U308

(%
[ Y

wanlunsiinduasIndane3iiy ID3 wuunusulataulugadeyariaun luvasndanasfiy

Y

(%
a

FVC-ID3 ldaunsaannalunisiniluanndanasiy D3 wuusdiulaag1adnautasdeiiung

yavayaldiianlunsinduiiuduegedniauanae

AN51997 5.31 waaatunisnadaudulinadulanaanslagnassenine  MIFID3  wag

EVC-ID3

nanlunismageulasiads (ms)

yadoya dana3iiy dana3iiy

MII-ID3 EVC-ID3

Connect-4 0.191490 0.252507
Phishing Websites 0.016163 0.023362
Insurance Company Benchmark 0.012937 0.014287
Molecular Biology 0.004993 0.005239
Soybean 0.000949 0.001037
Audiology 0.000369 0.000383
Car Evaluation 0.001594 0.001973
Chess 0.004598 0.005535
Congressional Voting Records 0.000415 0.000488
Mushroom 0.005124 0.005349
Nursery 0.013118 0.017640
SPECT Heart 0.000403 0.000563
Firm-Teacher_Clave-Direction _Classification 0.024379 0.040468
Balance Scale 0.000655 0.000773
Hayes-Roth 0.000155 0.000181
MONK's Problems 0.000586 0.000675
Tic-Tac-Toe Endgame 0.001276 0.001624

ANUANISNAaIlUA1197 5.31 wansliiuinsanasiy MiI-HD3 Tdailu
nmnegeuiuliidndulanadnstoanindanesiiudanesiin EVC-ID3 egraiiuladaluyn 4 40
Y A A v P o Yo a o ) P
Toya NA15uNgane3iiu EVC-ID3 Lanlunisnaasusuliidadulanadnsanasaindanesiiu
ID3 LuUNLALLNE ANt e uIaLNUazlULanNgA1e (Da1lun1INedauURIeanasNy ID3 LUy

audnlunnyateyagliainnised 5.17) lugadeyaiiounmun Siesluyadeya Insurance
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Company Benchmark way SPECT Heart fialunisvaaeuludanesiiu EVCID3 anasain

Fanasiy ID3 agruulatalasanadne 10.21 wWasiuduwas 19.02 wWasidusaudiau

AN5199 5.32 WENIANANIALRASTUN1SIRUNNTUAIBE19521319 MIIID3  wag EVC-

ID3
arudniaeadslunisduun
yadoya dana3iiu dana3dal
MII-ID3 EVC-ID3
Connect-4 7.02 9.31
Phishing Websites 3.61 5.22
Insurance Company Benchmark 3.27 3.86
Molecular Biology 3.86 4.10
Soybean 3.43 3.59
Audiology 3.94 3.97
Car Evaluation 2.29 2.87
Chess 457 4.33
Congressional Voting Records 2.39 2.66
Mushroom 1.48 1.52
Nursery 2.50 3.37
SPECT Heart 3.78 5.47
Firm-Teacher_Clave-Direction Classification 5.59 9.35
Balance Scale 2.59 31l
Hayes-Roth 2.37 2.78
MONK's Problems 2.60 3.01
Tic-Tac-Toe Endgame 3.30 4.20

NRANIINAARILURITINT 5.32 wandbiliuingane3fiu MIHD3 darudn
Ingiadglunsdiuunnsdliedisioanindanasiiu EVCID3 egraiiuladaluyn o yadoya
a a o o= = = a ° o ' @ o=
#1sauNdane3iiu EVCID3 daudnlagiadglunisduunnsditeg1aanasaindanesiy
D3 wuunauiy (A1Nuanlagdglunisiuunnsaifegevesdanasiiu D3 wuuauaulunn

1%

gatoyaglaannisei 5.18) sudndesniaunuazlidsiulugedeyaiounovun Jufies
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YnUBYA Insurance Company Benchmark wag SPECT Heart fifimnudnlasadslunis
Junnsiflegsludanesfiu EVC-ID3 anasanndanesiiu ID3 egnaiiuladalneanadia
13.22 Woslfuduar 18.71 wWoedlfusmudiuisdonadasiunsanasweosiailunisvmagey
Tudane3fin EVC-ID3 Tums1adl 5.31
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Toyanavun laglamginuiungnisandulatazinuiulnuansvunvesdanaify EVC-ID3 §
F1UUNINNINTANeINY 1D3 kuuaAnegnlugadeyaiouianun Tuuaendanesiy
MIFID3 anansaandnuiungnisandulavasiuiuluuniunasla deanitdanesiu 1D3
S a 1 v 1 [ [y a = = | o o 1
wuusuiNeg1etalay agelsinudaneiiy EVC-ID3 daduuduglunisdnuunuinndn

9anea37iu MI-ID3 agednlauluyadayadiuiin

1 (% LYo a a
5.8 HaN1IINAaR9I1INaN3NU MII-ID3 wagaanasny C4.5
danesiiu C4.5 Wudane3fiuiignimunaindanesin ID3 weuidymluwaie q du
aanleesureliluund 2 nmswauvdnfeldnisAuinsasidunuduinasilunisiden
aa ¢ A [ o a = aa 13 Y a s a o
woavsDadiednn sty manuandeslunisideniennsdasuesdanasiiy ID3 waziin15vi
Prunning Ausiulddndulanlaiiedanislynianudusnntunisasisngnisdnd ulaves

2anasyy ID3

58.1  anuwiudrlunisduunuasanuangegalagiaie

A15199 5.33 uane3prazAumiug lun15IUNTERINe MIHID3 wag C4.5

%'Elﬁlaz‘llaﬂﬂ'ﬁlluﬁjwj'ﬂﬂﬂLQ’?;EJ
yadaya dana3iiy dana3al

MII-ID3 c4.5
Connect-4 73.59 77.76
Phishing Websites 93.65 95.91
Insurance Company Benchmark 90.91 94.03
Molecular Biology 88.75 92.86
Soybean 86.21 90.38
Audiology 75.01 82.14
Balance Scale 64.38 66.45
Car Evaluation 83.42 86.13
Chess 94.82 99.19
Congressional Voting Records 95.39 95.41
Hayes-Roth 73.69 79.01
MONK's Problems 86.96 84.53
Mushroom 99.64 100.00
Nursery 89.16 95.19
SPECT Heart 79.99 82.09
Tic-Tac-Toe Endgame 77.68 82.88
Firm-Teacher_Clave-Direction _Classification 67.78 74.13
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91ne5797 5.33 wansliiiiuinsanediiu ca.5 fauwsiuglunissiuun
wnnindanasiiin MIHD3 sgrafiuladaluyndeyadiunin Difiwsgadaya MONK's
Problems wintuiifiaruusugiluganasfiy MIHD3 wnaniauwsiuglusanesiiu Ca.5
Sanedfiy C4.5 awnsadfiuruududilunissiuunandanesiiy ID3 wuusaddldnnauly

[ |

YadayadIuNn (AUiug1vedanesiiy 103 wuuaudnlunn o yadeyagliainnised

5.6-5.8) TuvauzNdanasiu MI-ID3 auisasneiaunlug lianatiewantasnsafnin
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M15197 5.34 uaaeANangeaalagiafesendng MI-ID3 uas C4.5

. AnuangegalneLade
‘qm%aga = =, ” =
2ananu MIl-ID3 2ananu C4.5

Connect-4 15.73 22
Phishing Websites 10.94 17
Insurance Company Benchmark 24.01 0
Molecular Biology 8.79 8
Soybean 8.08 8
Audiology 5.80 8
Balance Scale 308 3
Car Evaluation 4.58 5
Chess 7.41 12
Congressional Voting Records 4.35 3
Hayes-Roth 3.20 3
MONK's Problems 3.90 4
Mushroom 2.76 3]
Nursery 5.37 7
SPECT Heart 7.29 5
Tic-Tac-Toe Endgame 5.16 5
Firm-Teacher_Clave-Direction_Classification 10.97 12
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5.97 Wesidud fuiudlodane3fin C4.5 AMumrmauRiananudwin Pruning Alnunsngs
wundentesninmuianainnewril Pruning fiunsin dane3fiu C4.5 3313 Pruning
lyunsnuessliifindula mnoanuinsdlfedsluyadeyadmiunnasuves Insurance
Company Benchmark aggnduunyszinmdunaradesdusnnsianualuluasiniign
Pruning Iidulnuadineu Anuwiugdiléainnis Pruning aumdeifisauwAlnunsinves
Fanedfiu C4.5 Taruududunnitdanedu D3 uuuduAuuazdane3fiu MIHD3 Tuyn

siyla:ga Insurance Company Benchmark 8nsae
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M13199 5.35 uaasduungnisanaulalaeiafeszndne MI-ID3 uag C4.5

. smaungnisindulalaeiade
YAUDYA 7 A 5
2anany MII-ID3 aanany C4.5
Connect-4 4646.37 2493
Phishing Websites 100.77 126
Insurance Company Benchmark 3421.84 1
Molecular Biology 288.36 129
Soybean 75.63 50
Audiology 40.89 19
Balance Scale 97.82 25
Car Evaluation 50.34 62
Chess 14.17 28
Congressional Voting Records 7.42 7
Hayes-Roth 23.47 19
MONK's Problems 35.84 19
Mushroom 22.80 24
Nursery 71.88 213
SPECT Heart 15.48 6
Tic-Tac-Toe Endgame 48.86 a9
Firm-Teacher Clave-Direction Classification 120.02 526

91015197 5.35 wandliiiiudndanasfiu C4.5 ddrurungnisindulaves

Y

suldidndulanadusfidesnindane3iiu MIHD3 egruiiulataluyadeyadiuuin delu
dane3iiy C4.5 Jsaunsnandiurungnisandulaaindane3iiu ID3 wuuawhulafnd
danasfiy MI-ID3 (F1uungnisandulavesdanesny 103 wuuasaslunnyateyaglanain

M997 5.13-5.14)
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AN5199 5.36 WEAIITUIUINUANINUALABLARETLIIN9 MI-ID3 wag C4.5
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yadoya — ——
2anany MIl-ID3 2ananu C4.5

Connect-4 6969.06 3739
Phishing Websites 169.28 218
Insurance Company Benchmark 3908.88 1
Molecular Biology 362.11 160
Soybean 136.14 84
Audiology 109.03 72
Car Evaluation 61.67 30
Chess 68.86 86
Congressional Voting Records 13.84 13
Mushroom 25.80 29
Nursery 31.05 25
SPECT Heart 53.25 28
Firm-Teacher_Clave-Direction_Classification 25.62 29
Balance Scale 102.59 312
Hayes-Roth 29.97 11
MONK's Problems 72.79 73
Tic-Tac-Toe Endgame 239.04 1051

1NN 5.36 wandlidiuieanasny C4.5 Januiulunuananunvesaulsl

andulanadnsnesndndanesiiu MIHD3 egraiuldtnlugadenadiunin Fadululums

a g o o U a ‘NI g gj v a = = o
meﬂummmmgmammaﬂﬂumi’mw 5.35 A3UURANDINU C4.5 93@81U1T08AI1UIY

TAUANINUAINDANDINY D3 WUUNLANLARNI19aND57L MIFID3 (31U UTRUANINUAYDS

dana3ny D3 wuuanAuluynyateyanlianNans1en 5.15-5.16)
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5.9 NanN1sVAA9ILNIN99anasnu MI-ID3 wazdanasnuudwiug

v
f v Ao

\esnnundriudiuiidnuarlunsfndunagnsaaeuiiunnasiudaneifiy D3
wusuRy Fedaneifiuudrludasduuntssnndeyalaensdunmiuinanduiioguu
flugruvemguiveauslasusminnisadsdulidaduladmsuiuundad uludanesiu
ID3, MI-ID3, ID3-A%, EVC-ID3 waw C4.5 fatiunasilunsinfiasuioudisusswinsdaneii

MII-ID3 wazdanasiuudniuglnuuadliieatannukiuglaemdslunisawunyintu

AN5199 5.37 WEN9508asAMUBINENIUNITIUNTLIINE MI-ID3 wazundnwug
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yadaya dana3iiy dana3al

MII-ID3 wBnug
Connect-4 73.59 72.13
Phishing Websites 93.65 92.95
Insurance Company Benchmark 90.91 80.98
Molecular Biology 88.75 94.61
Soybean 86.21 84.84
Audiology 75.01 54.70
Car Evaluation 83.42 86.13
Chess 94.82 88.93
Congressional Voting Records 95.39 91.28
Mushroom 99.64 99.56
Nursery 89.16 90.37
SPECT Heart 79.99 85.07
Firm-Teacher_Clave-Direction Classification 67.78 77.59
Balance Scale 64.38 89.46
Hayes-Roth 73.69 82.72
MONK's Problems 86.96 72.66
Tic-Tac-Toe Endgame 77.68 69.73

NNANIINAABIIUAS19N 5.37 uandlidiuindanesiiy MI-ID3 dauuaiudilunng
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Fuununnitganesiinudnugluyadeya 10 galu 17 yadeyanmun luraendane3iy
wdrugianuuduglunisiwuniinnitdanesiia MIHD3 Tudn 7 yadeya danesiiu Mil-
D3 fAuudugrlun1sduwunuinnindanasiiuuidniugluyadeya Connect-4, Phishing
Websites, Insurance Company Benchmark, Soybean, Audiology, Chess, Congressional
Voting Records, Mushroom, MONK’s Problems e ¢ Tic-Tac-Toe Endgame Tudiuvea

v a = a & 1 o o 1 % a = ¥
fanosnuudNiugiauuluglun1sIuunNINNIganeasiu MI-ID3 IUSQWUE]JJUa Nursery,
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AN5199 5.38 LEN9308asAMUBNUENIUNITIUNTEUINE MI-ID3 wag MI-ID3-N

. . Sagazvasnuwiug lagiady
nay yadoya — e am
2anany MIl-ID3 2anasny MII-ID3-N

Connect-4 73.59 71.52

| Phishing Websites 93.65 92.74
Yun gy

Insurance Company Benchmark 90.91 92.71

Molecular Biology 88.75 87.54

Soybean 86.21 83.78

Audiology 75.01 72.09

Car Evaluation 83.42 85.96

Chess 94.82 91.43

UIMNA1Y | Congressional Voting Records 95.39 95.60

Mushroom 99.64 99.51

Nursery 89.16 89.71

SPECT Heart 79.99 79.64

Firm-Teacher_Clave-Direction_Classification 67.78 66.26

Balance Scale 64.38 63.46

. Hayes-Roth 73.69 76.50
VUIRLAN

MONK's Problems 86.96 90.20

Tic-Tac-Toe Endgame 77.68 77.89

MnHansmaaedlumsei 5.38 uandiifiuindanevia MIHD3 Sanuusiuginnnin
MIHID3-N 10 gateayaansianun 17 yadeya Tuasd MIHD3-N faruusiugiuinndd
Sana3fiu MIHD3 Tudn 7 yndeya fedudanadfin MIHD3 fimmusiugiannnidanaiii
MI-ID3-N agrsdmaulugatoyasdiuuin ms1#n1s Normalize fuwds RemAtts TislAdogas
uwazaglusening 0-1 veedana3fia MIHD3-N villenialunsasiaensaiiiegadiuiosd
wndudsdamdsdunsanasesauuiudilugadeyadaumn nanimmnassuandliiiiu
wd131n1514i911 Normalization Tusauus RemAtts wag CurDepth 9838ana3viy MI-ID3 T

v

HadnsluinuauuiugmAndganesiu MI-D3-N lugadeyadiuuin
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yadoya — —
2anany MIl-ID3 aanaIny MIl-ID3-N
Connect-4 15.73 11.25
Phishing Websites 10.94 6.13
Insurance Company Benchmark 24.01 7.28
Molecular Biology 8.79 5.62
Soybean 8.08 5.61
Audiology 5.80 4.92
Car Evaluation 4.58 5.19
Chess 7.41 4.23
Congressional Voting Records 4.35 3.65
Mushroom 2.76 2.28
Nursery 5.37 5.76
SPECT Heart 7.29 5.13
Firm-Teacher_Clave-Direction_Classification 10.97 9.48
Balance Scale 3.78 4.00
Hayes-Roth 3.20 3.76
MONK's Problems 3.90 3.98
Tic-Tac-Toe Endgame 5.16 5.28

PNNANIITNAFBILUATTIN 5.39 wdnlALiLIOane5AN MIHID3-N &13150ans1uu

mwanggalauInnIdanesiiy MI-D3 Tuyadeyadiuuin lnedanesiiu MI-ID3-N Ay
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M19199 5.40 uaasdruungnisindulalaeeissendng MI-ID3 uag MI-ID3-N

. Furungnisdinaulalaends
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2anany MIl-ID3 aanaIny MIl-ID3-N

Connect-4 4646.37 668.48
Phishing Websites 100.77 39.43
Insurance Company Benchmark 3421.84 915.73
Molecular Biology 288.36 133.77
Soybean 75.63 53.85
Audiology 40.89 32.29
Car Evaluation 50.34 75.71
Chess 14.17 6.65
Congressional Voting Records 7.42 6.37
Mushroom 22.80 18.87
Nursery 71.88 86.05
SPECT Heart 15.48 10.12
Firm-Teacher_Clave-Direction_Classification 120.02 63.38
Balance Scale 97.82 152.58
Hayes-Roth 23.47 28.14
MONK's Problems 35.84 41.63
Tic-Tac-Toe Endgame 48.86 50.87
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ngnisandulalauinnirdanediiu MIHID3 Tuyateyadiuuin lagdanaifia MIHID3-N i
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gane3fiu MI-D3 I91usungnisindulatieunitdanasiiu MIHID3-Nludn 6 yavaya

WULRINUNUKNANNSNAABIUANS197 5.39
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Abstract—Among various classification algorithms, ID3 is
one of the most widely used and well-known tools that
generates an efficient decision tree. Nevertheless, ID3 is too
rigorous in generating the decision rules. As a result, the final
decision tree may carry too many decision rules. Some of these
decision rules may have very low number of instances which do
not make significant change to the classification accuracy. The
aim of this paper is to propose an approach to relax the
rigorousness of the conventional ID3 algorithm by ignoring
minor instances so that the resulting decision tree will have the
lower number of depths yet produce promising accuracy. The
proposed algorithm is examined on six datasets from UCI
repository and Weka. The experimental results indicate that
the proposed algorithm not only significantly reduces the
maximum number of depths of the decision tree, but also
retains the classification accuracy in the satisfying level.
Moreover, the training time, the classification time, and the
number of decision rules of the proposed algorithm are lower
than those of the conventional ID3.

Keywords—Decision tree; ID3 algorithm; Decision rule;
Classification

[. INTRODUCTION

ID3 algorithm, proposed by Quinlan in 1986 [1], was
developed for solving the classification problem. It is one of
the most popular and simple algorithms in decision tree
learning. The conventional ID3 algorithm keeps generating a
node and splitting the training instances until there is no more
instance left. The attribute selection criterion is choosing the
largest value of the information gain among the remaining
attributes. However, the bias on the many-value attribute is
an obvious drawback of the information gain measure, i.e.,
the conventional ID3 tends to favor the attribute which has
many values [1]. Consequently, Quinlan invented the gain
ratio [1] to handle this disadvantage. Although gain ratio
increases a chance of selecting the few-value attribute, the
many-value attribute still has the tendency to be selected if it
has the number of remaining instances which has the same
attribute value approaching the number of remaining
instances [2]. There have been some attempts to address the
attribute selection in ID3 algorithm. Wang and Yu Liu and
Lu Liu [3] applied rough set theory to calculate the
consistency of attributes. This method chooses an attribute
that has the highest consistency. The experimental results
indicated that it can improve the classification accuracy, but
it is appropriate for the problem which have only two classes.
Guan and Zeng [4] proposed a new way to choose an
attribute of the ID3 algorithm based on Weighted Modified
Information gain for increasing the accuracy. However, the
generated decision tree was more complex than that of the
conventional ID3. Wang and Jiang [2] calculated an average
gain inspired by the gain ratio’s weakness. They compared
the experimental results between the average gain and the

978-1-5386-8164-0/18/831.00 ©2018 IEEE

gain ratio using 36 UCI datasets. The average gain was able
to maintain the high accuracy, while the training time and the
size of the decision tree are less than those of the gain ratio.
Kraidech and Jearanaitanakij [5] modified ID3 algorithm by
combining values between two equally important attributes
into a single node of the decision tree. Although this method
can significantly decrease the maximum number of depths
from the conventional ID3 and preserve the classification
accuracy, the number of decision rules at the combining node
significantly increases. Therefore, the resulting decision tree
is very rigorous, i.e., it contains too many decision rules.

We propose the algorithm to relax the rigorousness of
the conventional ID3 algorithm by ignoring minor instances.
Consequently, the proposed algorithm can reduce the number
of decision rules and the maximum depth of the decision tree
while the accuracy rate of classification is still preserved.
Moreover, the proposed algorithm can reduce both the
training time and the testing time in most datasets. The
proposed algorithm is examined by six datasets. There are
five datasets from the UCI repository [6], e.g., Connect-4,
Phishing Websites, Insurance Company Benchmark (COIL
2000), Molecular Biology (Splice-junction Gene Sequences)
and Soybean (Large), and Supermarket dataset from Weka

[7.

The rest of this paper is organized as the following
sections. Section II describes the concept of the conventional
1D3 algorithm. Section III illustrates the problem when the
conventional ID3 produces the rigorous decision tree.
Section IV presents the proposed algorithm along with the
pseudocode. In section V, we explain the datasets and the
analysis of the experimental results. Finally, section VI
summarizes the performance of the proposed algorithm.

II. THE CONVENTIONAL D3 ALGORITHM

The ID3 algorithm is a well-known classification tool that
uses the training instances of the dataset to generate a
decision tree. The classification performance of the resulting
decision tree is evaluated by using a set of unseen instances.
The basic concept of ID3 algorithm is briefed below [8].

Step 1: Use Eq. (1) and (2) to compute the information
gain of every attribute.

1GU, ==Y, p(d)log, p(d)~R(A) (1)

Where
IG(T A) is the information gain of attribute A,
I is a set of remaining instances,

D is a set of target classes in 7,
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p(d) is the proportion of the number of instances in

class d to the total number of instances in /.

RA)=), ,—p()) p(x)log, p(x) (@
xeD
Where
V is a set of class values in the attribute A4,

p(v) is the proportion of the total value v in 4 to the
total elements in /,

p(x) is the proportion of the number of instances in
class x, which have value v, to the total number
of instances in A, which its value is v.

Step 2: Select the attribute which has the maximum
information gain to build the current node. In case that there
are at least two attributes whose information gains are the
greatest value, randomly choose one of those attributes as the
current decision node.

Step 3: Classify the remaining training instances by the
attribute chosen in step 2.

Step 4. Repeat steps 1-3 on the remaining training
instances and attributes until all training instances are
classified. The following Fig.l shows the pseudocode of the
conventional ID3 which is simplified from the version
presented in [8].

1 funetion [D3 (instances. parent_instances, attributes) returns a tree
if instances is empty.
then return the leaf node which labeled by the majority of parent_instances
else if all instances have the same classification,
then return the leaf node which labeled by its classification
6 else if attributes is empty,
then return the leaf node which labeled by the majority of instances
else
Compute information gains for all attributes using instances and attributes
A « Select the attribute which has the best information gain
11 Insert the new node labeled by attribute 4 to free
12 for each value vof A do
ins « Select instances of value v
subtree — 1D3 (ins. instances. attribute-A)
Add a branch to free with label v and subtree
return tree

Fig. 1. The pseudocode of conventional D3

IIT. RIGOROUS DECISION RULE PROBLEM IN THE
CONVENTIONAL ID3

In this section, we introduce the problem when the
conventional ID3 algorithm is too rigorous in generating the
decision rule. Generally, if the training set has a lot of
attributes and instances, the final decision tree may contain
too many decision rules. Some of these decision rules may
have very low number of instances. If we remove them, it
tends not to make significant change to the classification
accuracy. Fig. 2 shows the example of the partial decision
tree when there are too many decision rules. Nodes L and E
represent a leaf node and a classified node, respectively.
Here we define a classified node as a node which all its
children are leaf nodes. In addition, A, B, C and D are
decision nodes which still have instances to be further
classified so their children compose of non-leaf node(s) and

leaf node(s). The symbols + and — are positive and negative
instances, respectively.

Fig. 2. Example of the partial decision tree with too many decision rules

Let us focus on the left sub tree in Fig. 2. Assume that
some attributes have been used as the decision nodes in the
upper part of the tree (dash line). Node B contains one
negative and nine positive instances. Since the number of
negative instances is so small comparing to the number of
positive instances, it is worth to ignore those minor instances,
i.e., negative instances in this scenario, to prevent the
decision tree from generating unnecessary decision rule. As a
result, node B is transformed into a leaf node and labeled it
with the majority class of instances in node B. Fig. 3 shows
the partial decision tree when node B is transformed into a
leaf node.

A PR

L B L

Fig. 3. The final left partial decision tree when node B is transformed into
a leaf node

IV. THE PROPOSED ALGORITHM

According to the rigorous decision rule problem
presented in previous section, if we transform a node which
contains a few minor instances we can significantly save the
depths of the decision tree with a slight change of an
accuracy. For example, in Fig.2 (before transforming node B)
and Fig.3 (after transforming node B), the maximum number
of depths and decision rules are reduced from [depth=5,
rules=6] to [depth=1, rules=2]. It is worth to note that we
should not ignore the minor instances at the beginning of the
algorithm since most attributes at the top of the decision tree
are very important and the classification accuracy might be
significantly reduced if we transform them into the leaf
nodes. Therefore, we modify the ID3 algorithm, called Minor
Instances Ignoring ID3 (MII-ID3), to reduce the number of
decision rules and the maximum depth of the decision tree
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while its accuracy rate is still preserved. The process of the
proposed algorithm is described below.

Step 1 : Compute the information gain for each attribute
using Eq.(1) and (2). Afterwards, choose the best attribute
which has the largest information gain. If there are two or
more best attributes, randomly choose one among them.

Step 2 : Create a new node by splitting the training
instances depending on the possible values of the best
attribute chosen in the previous step.

Step 3 : Calculate the probability of transformation by
using Eq.(3).

 CurDepth
Prop =g R(AY*RemAits

(3)

Where

Prop is the probability of transformation,
R(A) is the remainder value calculated by Eq.(2),
CurDepth is the current depth of the decision tree,

RemAtts is the number of remaining attributes;
cannot be zero.

The transformation depends on the probability value,
Prop. The chance of transformation will be high if the value
of Prop is low. There are three important elements of Prop.
The first one is R(4) or the remainder value. The remainder
of an attribute A is zero if A is a classified node, ie., its
children are all leaves. The node transformation is not
applied to a classified node. In case of R(4) is very small
(approaching zero), the children of an attribute A should be
transformed into leaf nodes. The reason is that the number of
instances in one class will be so small comparing to those of
the other classes. Therefore, it is worth to ignore those minor
instances, as previously described in Fig. 2 and 3. Another
two factors in Eq.(3) are CurDepth and RemAtts. The node
transformation is unlikely to occur if the current depth is too
shallow, i.e., attributes at the top of the decision tree are very
important, and the number of remaining attributes is large.
During the beginning of the decision tree construction, there
will be a lot of remaining attributes. Therefore, the chance of
attribute transformation should be diminished.

Step 4 : Randomly pick a random value » between 0 and
1. If r is greater than the probability Prob in Eq. (3) and R(A)
is not zero, transform a node by creating the new leaf node
and labeling it with the majority class of the remaining
instances.

Sep 5 : Repeat steps 1-4 on the remaining instances and
attributes until all instances are classified.

We can simply modify the pseudocode of the
conventional ID3 algorithm in Fig. 1 by changing line 6 to
“else if aitributes is empty or state equal to true” and
inserting statements in Fig. 4 between lines 11 and 12 of Fig.
1. The complete pseudocode of the proposed algorithm is
shown in Fig. 5.

r « Randomize decimal between 0 and 1
prop < Compute probability value
if r is greater than prop and R(a) is not zero,
then set value of stafe to true
else
then set value of state to false

Fig. 4. Portion of statements of the proposed algorithm

1 function [D3 (instances. parent_instances. attributes) returns a tree
if instances is empty.
then return the leaf node which labeled by the majority of parent_instances
else if all instances have the same classification,
then return the leaf node which labeled by its classification
6 else if antributes is empty or state equal to true.
then return the leaf node which labeled by the majority of instances
else
Compute information gains for all attributes using instances and attributes
A « Select the attribute which has the best information gain
11 Insert the new node labeled by attribute A to free
r « Randomize decimal between 0 and 1
prop — Compute probability value
if r is greater than prop and R(a) is not zero,
then set value of state to true
else
then set value of state to false
18 for each value v of A do
ins «— Select instances of value v
subtree — D3 (ins. instances. attribute-A)
Add a branch to free with label v and subtree
return free

Fig. 5. The pseudocode of MII-ID3 algorithm when variable ‘state’ is
initialized to false

V. EXPERIMENTS

A. Datasets

We consider the standard datasets which contain many
attributes and instances because those datasets tend to
encounter the nodes with minor instances more frequently
than simple datasets. Table I shows characteristics of six
complex datasets selected from UCI repository and Weka.

TABLE L CHARACTERISTICS OF SIX DATASETS
Datasets No. of instances No. of attributes

Connect-4 67557 42
Phishing Websites 11055 30
Supermarket 4627 216
Insurance Company
Benchmark 9822 85
Molecular Biology 3190 60
Soybean 683 35

B. Experimental conditions and results

Every dataset in Table I is randomly divided into two
halves for the training set and the test set. We also keep the
balance of instances among all classes within each half. To
derive the stable results, we conduct the experiments for one
thousand times with the same training and test sets for both
the conventional ID3 and the proposed algorithm (MII-ID3).
The experimental results between the conventional ID3 and
MII-ID3 is shown in Table II.
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TABLE II. THE EXPERIMENTAL COMPARISONS ON THE AVERAGE OF TABLE V. THE COMPARISON OF THE AVERAGE DEPTH FOR THE TEST

1000 RUNS BETWEEN THE CONVENTIONAL ID3 AND MII-ID3 SET BETWEEN THE CONVENTIONAL ID3 AND MII-ID3

Measurement Measurement
Datasets Avg. Accuracy Avg. Max Depth Datasets Avg. Depth %
D3 MII-ID3 D3 MII-ID3 ID3 MII-ID3 Improvement

Connect-4 73.65 73.59 22.73 15.73 Connect-4 9.36 7.02 25.00
Phishing Websites 94.91 93.65 30.00 10.94 Phishing Websites 5.46 3.61 33.86
Supermarket 68.68 70.47 216.00 21.51 Supermarket 10.92 9.04 17.20
Insurance Company Insurance Company
Benchmark 90.28 90.91 85.00 24.01 Benchmark 4.44 3.27 26.35
Molecular Biology 88.99 88.75 60.00 8.79 Molecular Biology 4.13 3.86 6.51
Soybean 88.03 87.33 35.00 8.13 Soybean 3.62 3.36 7.36

The comparison in Table II indicates that the MII-ID3
algorithm produces the average maximum depth significantly
less than that of the conventional ID3 algorithm. MII-ID3
algorithm can reduce the average maximum depth in
Connect-4, Phishing Websites, Supermarket, Insurance
Company Benchmark (COIL 2000), Molecular Biology
(Splice-junction Gene Sequences) and Soybean (Large) by
30.81%, 63.54%, 90.04%, 71.75%, 85.35%, and 76.78%,
respectively. Moreover, its average accuracy is still preserved
in the satisfactory level. Besides two measurements, it is
interesting to measure the execution time of two methods.
Table III shows the execution time comparisons between the
conventional ID3 and MII-ID3 algorithm. Subsequently,
Table IV shows the percentage of improvement of both
training time and testing time.

TABLE IIL THE EXECUTION TIME COMPARISON BETWEEN THE
CONVENTIONAL ID3 AND THE MII-ID3
Measurement
Datasets Avg. Tn;:;:!si)ng Time Avg. Testing Time (ms)
ID3 MII-ID3 D3 MII-ID3
Connect-4 1441.30 1040.92 0.25485 0.19149
Phishing Websites 64.02 40.60 0.02467 0.01616
Supermarket 374.50 299.00 0.02030 0.01693
Insurance Company
Benchmark 417.21 234.97 0.01591 0.01294
Molecular Biology 55.04 48.92 0.00530 | 0.00499
Soybean 15.29 13.18 0.00099 0.00093
TABLE IV. THE PERCENTAGE OF IMPROVEMENT OF TRAINING TIME
AND TESTING TIME
% Improvement
Dagidets Training Time Testing Time

Connect-4 27.78 24.86
Phishing Websites 36.58 3449
Supermarket 20.16 16.60
Insurance Company
Benchmark 43.68 18.69
Molecular Biology 11.12 5.87
Soybean 13.80 5.64

The experimental results in Table III indicate that the
averages of both training time and testing time of the MII-
ID3 algorithm are less than those of the conventional ID3 in
all datasets. Since most instances may be classified at more
shallow levels than the maximum depth, we report the
average depth of all instances, when they are classified, in
Table V.

The comparison results in Table V indicate that the
improvement of the average depth is consistent with the
improvement of the test time in Table IV. Fig. 6 illustrates
the relation between the reduction of testing time and the
reduction of average depth for all datasets.

40.00
35.00
30.00

25.00

20.00

15.00

e 5 improvement of testing

time

10.00

Percentage

5.00

= == %improvement of aver:

- provement of average
depth

Fig. 6. The relation between the reduction of test time and the reduction of
average depth

In order to confirm that MII-ID3 can relax the
rigorousness of the conventional ID3 algorithm in generating
a set of decision rules, we measure the number of decision
rules, i.e., the number of leaf nodes, between both algorithms
and illustrate in Table VL.

TABLE VL THE NUMBER OF DECISION RULES BETWEEN THE
CONVENTIONAL ID3 AND THE MII-ID3
Measurement
Datasets Avg. No. of Decision Rules %I
D3 MII-ID3 W

Connect-4 14743.47 4646.37 68.49
Phishing Websites 1009.06 100.77 90.01
Supermarket 596.05 286.15 51.99
Insurance Company

Benchmark 22784.01 3421.84 84.98
Molecular Biology 568.53 288.36 49.28
Soybean 193.70 103.93 46.35

From Table VI, MII-ID3 can significantly reduce the
number of decision rules from the conventional ID3 in all
datasets. Therefore, the rigorousness of the conventional ID3
is drastically relaxed as the MII-ID3 algorithm cuts off the
number of decision rules more than 45% in every dataset.
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The crucial reason behind this experimental result is that
the minor instances ignoring in the MII-ID3 algorithm
significantly decreases the number of maximum depths
during a training period. Since the number of maximum
depths of the decision tree decreases, the average depth of all
instances when they are classified also decreases. As a result,
the classification time during the test phase is also reduced.
In conclusion, MII-ID3 algorithm not only reduces the
number of depths in the decision tree, but also reduces the
training time and the test time, while its accuracy is still
acceptable. Moreover, it also significantly reduces the
number of decision rules, compared to the conventional ID3
algorithm.

VI. CONCLUSION

This paper proposes the MII-ID3 algorithm to relax the
rigorous decision rule problem of the conventional ID3
algorithm by ignoring minor instances. The proposed
algorithm is evaluated by using six datasets from UCI
repository and Weka. The experimental results indicate that
the proposed algorithm significantly decreases the average
maximum number of depths of the decision tree while the
average classification accuracy is still preserved. MII-ID3
also produces fewer number of decision rules than the
conventional ID3 algorithm. As a result, the cost of space for
keeping nodes in the decision tree also decreases. In addition,
the proposed algorithm also reduces the classification time
and the training time in every dataset.
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