L4 .
vesafanawmaluladamsauna aoa,

(%) d'! LAy d' & Y 9o a g
mswwmszuumumaeuuﬂﬂunmmmmuiﬂﬂ%aaﬂasm C4.5

C4.5 Classification Tree for Credit Approval

Tay

d
HEIUGUD aNYTUEY

sYd 43067053

R O

*H001859*

Pt a2
2191567151

<
WALAS. 2T N3YITIAY

sossesosveny

Ju ey ﬂlé‘ BUL 2090 '

Ransiiieu..
VRULFENUNaRe. M‘Wém %ﬁf”

"osryanazmaluladmsaumsa aea.”

s nmive Snlasmswannszyuay
nangasInnmasumvamia sudvimaluladmseauna
s 2 Imanu 2544
nasmalulagmsauma

amDynalulagnszeeundudigammsmanszlia



2 (] y
#ale msNasrusawitssyiaduiedioswdu Tavlddanesiiu cas

[Y; da
HWnAn UNANURUD TUYTAIRY

dat P
21015830 HALAS. 3N NIYILIAY
FEFUMIANE Innmasumiuga m3vuma 1w lagensaums
U9 NMTEAITAUNSA
Umseinmn 2544

UNANED

=2 a

Tunagstilogiulimsudaduiugs  Salinnmuneneuneshsduuaziamimatia
J 3 4 L Qs oy E 4 o L ﬂll 1 L4
A U e ldielumsdadulimegsie wesdluiveniuiulasin T Jeyafedals
] v
g lumigsis msfslideyadwouann dhlefangdnssuvesdeyamaniu  uas
° v g o a 4
annso 119 1dedagndes AszadeTemaliiugsfanniu aszuaun1sn1edm Data
. . 2 9 ~ a & Yant s 1 v a
Mining Jadnniunumiugsie esnnaunsalddsmssungamangwlumsdadule
a [~ oA & ° 2 A ad 1 A e &
nugsne lAdluedned TassmstiszitawedstunsunasImwannssuunuoeylady
& Ai’ Y '3 ° o Y A e a da e A
Woidleadu Tasszuvvzdimssuundnyuzvesgaifeglunguinlinsdanuaz g e
{ ey 4 U Q’: L] A
aannudsdlumseyiiaduieliurgad  saustadiuuuamalumstihlszgnaldiie
a o A 4 o A 4 4 o a
finrsanilesvdun ffinademsdmiugsieaehl  Iael¥ ca.5 Algorithm Fuiludane3i

4 .4 ~ 3 4 W
witelu Classification Fufumaiianiialuadnluiia (Data Mining) Tumsudilgm



Title C4.5 Classification Tree for Credit Approval
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Academic Year 2001
ABSTRACT

Since today’s business is very competitive, people attempt to develop different
techniques to assist in business decision making. As we all know, data is the heart of any
business. Once we have information, understand the nature of it, and know the way to apply it
effectively, there will be a window of opportunity in our business. Data Mining, therefore, plays
an important role in business because of its intelligent methodology applications for business
decision making.

This project will present steps and system development methods to efficiently assist
business decision making. It will identify the types of clients into good and bad credit. This
helps identify credit loan risks. Additionally it is a guideline to apply to other factors, which will
effect the business. C4.5, one of the algorithms in classification, is one of the problem solving

techniques used by Data Mining.
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1. ID3 Algorithm
2. CA4.5 Algorithm

3.2ID3 Algorithm

Yy o

alduisdoynszldnann1sues Gain Criterion
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msifien Attribute Rl iRyiigas
lumsia Taodmualst

T UNY Training Set

S unu set vodoyalaq

freq(C,S) umuinimveadoyaly s Feeglu Class C,

S| wnu $ruamvesdeyalus

info(S) e entropy Y93 set S Wumsianives information
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uaziioTigasil 11yssynd 19y Training Set 9314 info(T)

info(T) 1JUM3IARUBY Information iiouis T TaglFmdiuli1dves Atribute X

info,(T)= Z %Alx info(T,)

gain(X) ({unsIam1veq information # 185udden Attribute X

gain(X) = info(T) - info,(T)

$ 1 4
e lilezeBiunemsiinuves D3 Taslddoyadaednaninarsiah 3.1 Asil

Sunny 75 70 True Play
Sunny 80 90 True Don’t Play
Sunny 85 85 False Don’t Play
Sunny 72 95 False Don’t Play
Sunny 69 70 False Play
Overcast 72 90 True Play
Overcast 83 78 False Play
Overcast 64 65 True Play
Overcast 81 75 False Play
Rain 71 80 True Don’t Play
Rain 65 70 True Don’t Play
Rain 75 80 False Play
Rain 68 80 False Play
Rain 70 96 False Play

A1519% 3.1 Training Set

13

{ d
91AM15199 3.1 92 UNY5LNOUAY class 2 class D Play ttag Don’t Play Tﬂtj‘i’l’ﬂgﬁ

914U 9 record atj"lu class Play U1a% 5 record ag"lu class Don’t Play welédh



info(T) =-9/14xlog, (9/14)-5/14xlog, (5/14)
=0.940 bits.

#1590 Attribute #1199 1AUNIAT Gain YOUADE Attribute 08011 11AUABA Attribute

#ifie Gain qeganuiiudunisdioyn 130 Root node

L) i é 1] 1
#91594771 Attribute Outlook @sarnnsautiadoyalaiiu 3 subset 9g184

info,(T) =5/14x(-2/5xlog, (2/5)-3/5xlog, (3/5))
+4/14x(-4/4xlog, (4/4)-0/4 xlog, (0/4))
+5/14x(-3/5xlog, (3/5)-2/5xlog,(2/5))

=0.640 bits.

a1t Gain ¥09 Attribute Outlook %30 gain(x) = 0.940 — 0.694 =0.246 bits
lushesdoady §1nsai Attribute windy szutisdeya’ld 2 subset 10 set 3N
ﬁi’faagaﬁmau 6 record c'*ﬁmgj”lu class Play 3 record ua:a;ﬂu class Don’t Play 3 record U
set ﬁ 2 ﬁ%’agaﬁ"muﬂ 8 record a;,i“lu class Play 6 record uazag"’lu class Don’t Play 2 record
b
info,(T) =6/14x(-3/6xlog,(6/6)-3/6xlog, (3/6))

+8/14x(-6/8xlog,(6/8)-2/8xlog,(2/8))
=0.892 bits.

gain(x) = 0.940 — 0.892 =0.048 bits.

WU Gain 1 1491AMSULS Training Set  Tasld Attribute Outlook 1NN
Windy Ffuns1d Attribute Outlook Tumsiita Training Set

AUMENNI5UBS ID3 ABIRMAIUNIN Gain ¥OINN Attribute BTN Attribute Tifi
Gain qeqa udnndeyadiedimui filu Atribute Temp wag Humidity usiwila

& y ) o P ' )
Continuous Fansaiti D3 leusasanis1d deeld c4.5 Favznarneely

3.3 C4.5 Algorithm
o 2 T A 4
War11910 ID3 TAUIWN Feature AN YUHUIANY

: o X 4 o . y
® Gain ritio criterion WaYwNouAlyM1v09 Gain Criterion NSAN Attribute LA

t 4
. ' . o a 0 2 1
unique Msuisdoyalasld Atribute HozldiAa subset $12UIIN Fauday subset 9g
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sznoududeyaiios 1 record winfu ¥ld info(T) = 0 Fesxiinaldft Information
Gain w6 Attribute Aifgann  uazmsutideynlauld Atrribute Fhireltifa
Uselomilaq demsvie  c4.5 ufluTneldm Gain ratio FaduaaTauld split info
(X) uag gain ratio(X) lay

split info(X) iPuA1 Information 1 149 1nMsuLie T eondlu n subset

o o IT/l ITll
it == =xl 7
plit info(X) 24 |T| x10g , ITI

f 4
@ 1 [] Y] v P-Y ')
gain ratio(X) iumssaiimsurisdeyalnold Attribute 1iuq Aeldiinlse Tominens

13 -~ )
iense'la
gain ratio(X) = gain(X) [ split info(X)

v t 4
nndediudmuimsuisdeyalayld Atribute Outlook Yirl¥ina subset vianun 3
& ° Vo o_ o . .
subset %91 52NBUAWT UMY record 1AL 5,4 1lag 5 record RMUATAY Split Information

¥
Ao lddall

split info(X) =-5 [14xlog, (5/14)
-4/14xlog, (4/14)
-5/14x log, (5/14) =1.577 bits.

gain ratio(X) =0.246 /1.577 = 0.156 bits.

<4 ' . . e [ ! o ! . .
FaWUN15 1% Gain ratio criterion B11¥ Tree N1'141vHAEANNIING ¥ Gain criterion

® TUnknown attribute values

- 1IN Attribute iiVe 1utisdoya inlag

9t

1. "9 info(T) Uag info(T) TasAintsaunmizdoyaninves A

L'

2. 111 gain(X) Ty
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gain(X)=
probability A is known x (info(T') - info(T))
+ probability Ais not known x 0
= F x(info(T) - info,(T))

3. W splitinfo(X) Tafiersannguuesdeyaiilifies A {udn 1 subset 1u
&1 Attribute ozt maeuiiafidulyu1d n i1 split info(X) sxgnaniaalag
wiisdoyaveniilu n+1 subsets

- A1511NTraining Set ANYA Attribute fidonuindunouusniimiidiul1#de 0,0,...0,

tijodioyn 1 record Tu T dafish 0, gnfmuals subset T, snmniezduiideyatiog

11 subset T, 11111 1 ua3mm14'wz&'luﬁi’faga1‘iyagj‘lu subset B U 0 uAdrArly

Attribute ‘linsua amninzdluszlidniesas dmiudeyaudas record luudaz

subset T, weight gt vuANW19ziinYes O, ﬁquu q i 1) duwasinveen

weight 11 subset T, uag record U Tree %Qﬁﬁ“l \'veight w éﬂﬁﬂu Attribute T1ins1ua

vzgnimualiifag subset T, A8 weight

w x probability of outcome O,

Tavaruniezitfufio wasanuos weight vm%uﬂaf;’wuﬂ’lu T &aileh 0, msdaoma
TIUUBY weight uaai’fagav‘l’:aﬁuﬂ“lu T Farirlu Attribute iflusfinsioan
- M54 decision tree AU MMEnguvesdoya Tunsdifiaily atiribute ivznanoud

decision node Hhumiilimsar i liemsantiedoyald nsfifiszuuazdinae
yudumafiduly1d uassmmadil8nnms classification #03Emenndinmand
Tauwai Idezifiald0nnanodurinen root 484 tree 130 subtree 1183 leaf node taz
class i 180 nmsTiy ezl class Aiauhesdiugega
aolazihnanodantudelifannudiletely  Tasldiednnnmsid 3.1 Tay
w3 funeuddl

1. MIM1 Attribute e 1utisdoyn auy@nmluAtiribute outlook Tu record #i 6 1flugifi i

v
~ o

v o4 &4 a Y a4 a v 4
NIy mxmuiﬂu “PT? PAUTVEHITUURNNITUDYA 13 record wmamz"lﬂmmn U
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Play Don’t Play Total
Outlook = sunny 2 3 5
Ovetcast 3 0 3
Rain 3 2 5
Total 8 5 13

191971 3.2 uamsanudvesdoya

o

¥
MMsfiuane1s 9 Tagie1sein Attribute Outlook A9H

info(T) =—8/13xlog, (8/13)-5/13 xlog, (5/13)
= 0.961bits

info,(T) =
5/13x(-2/5xlog, (2/5)-3/5xlog, (3/5))
+3/13x(-3/3xlog,(3/3)-0/3xlog, (0/3))
+5/13x(-3/5xlog, (3/5)-2/5xlog,(2/5))
= 0.747bits

gain(X) =13/14x(0.961 -0.747)
= 0.1995bits

(K] { -1 a [ . ! 3 . e .
WNUNA gain N 1ASTaARUANTBEDINAN 0.246 1111 0.199 bits dIUAN split information

=)

W

‘DE
=1,

-5/14xlog, (5/14) (for sunny)
-3/14xlog,(3/14) (for overcast)
-5/14xlog, (5/14) (for rain)
-1/14xlog, (1/14) (for "?")

UALA1 gain ratio AARIIN 0.156 11w 0.110
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s o " dyya A 4 i
v1sa9ndoyalu training set Navua Tevirldaf laliiiuduen 1.577 31y 1.809 bits
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A4 g

v
2. SN Training set odoyaly Training set M3 14 record gnutisennlasldely
Attribute outlook record Miif11u Attribute outlook Hus1i lins 1w szgafmualily
1 subset A sunny, overcast A rain HIUAT weight A 5/13, 3/13 uaz 5/13 AWAINY

- A o o
WIITUIN subset LINAIU

Sunny 75 70 True Play 1
Sunny 80 90 True Don’t Play 1
Sunny 85 85 False Don’t Play 1
Sunny 72 95 False Don’t Play 1
Sunny 69 70 False Play 1

? 72 90 True Play 5/13

@1319N 3.3 LLAA subset YD outlook = sunny

&1 subset ﬁyg]ﬂuﬁwia"lﬂiﬂvi%' Attribute humidity 71552910904 class T subset 921U
i

humidity <75 2 class Play, 0 class Don’t Play

humidity >75 5/13 class Play, 3 class Don’t Play

I v
decision tree ﬁ'lﬁ’ﬂxﬁiﬂseﬁnmﬁ

outlook = sunny:
humidity < 75: Play (2.0)
humidity > 75: Don’t Play (3.4/0.4)
outlook = overcast: Play (3.2)
outlook = rain
windy = true: Don’t Play (2.4/0.4)
windy = false: Play (3.0)
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TauA1ves@avi leaf node 920131 (N) n30 (N/E) vzilinnudfity
k4 ' 14
N iuswaudeyananuafinid leaf node 1 4 1oz
E s mudoyaiilioglu class sz 13 19U Don’t Play(3.4/0.4) manuanun $1mau
] ] £ 4 v
Yoyaiunfiah leaf node Hii1fiv 3.4 wog 0.4 Tudniauiiliog1u class Don’t Play
3. M3 decision tree 1 lAuiNENguUDIdoyn auyadeyade
Sunny outlook, temperature 70°, unknown humidity, windy false
1 "9 [ U 4'4 [] 1 :{
91111 Outlook WA move lléia subset usn- usilosnn luamsansndouam
o g0 Y | o a @ ::‘
humidity 18 99111n13W913 A1l
- humidity < 75 % 214 class Play 110
- &1 humidity > 75% 9214 class Don’t Play #aeanuninziilumiiy 3/3.4(85%) uaz class
Play @20A131 19218 Wy 0.4/3.4(12%)
E4
WNUNININTLIWVDN class gaTod S udeyatimiiy
Play: 2.0/5.4 x 100% + 3.4/5.4 x 12% = 44%
Don’t Play:  3.4/5.4 x 88% = 56%

® (Continuous attribute values ﬁmga’j’l A 111 Attribute ¥11@ continuous numeric value 13
1 4:‘ ‘!" 1 o = 4 Y
naoUAIN Attribute §1 vzutiaiiu A <zuaz A >z TavihmsulSouiiounives A fu
' b4 td
A1 Threshold value Z Taon1311A1 Threshold MMz auiivuapuall
= o w s N v ' . ) A o I
1. (38981A Training Set #20A1 14 Attribute A 91nv0e 0 LazidonmwizaA T
[ a 9y
AN 18 {v,, vy v,
' & ' ' °
2. M@ Threshold 1a9) @3#1 Threshold 1A azagsznine v, uaz v, Taefuinn
;&
Midpoint Y0LAATFIAI v, +v,,, /2
A 1A ~ _ 19 1Ta ' 5 x &'
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43.1.4 MSUAAIND
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B Install_rate <= 2:
1~ Telephone = A11: Good(51 / 13.7)
P Telephone = A192:
i - Employment_type = A171: Good(1/0.7)
i Employment_type =A172 : Good(4 /1.2)
- Emplogment_type = A173: Bad(11 / 4.6)
& Emplogment_type = A174:
: i Res_status = A151: Good(2 / 1.8)
| - Res_status =A152 : Bad(2 /1)
- Res_status = A153 : Good(4 / 1.2)
B Install_rate > 2:
- Saving_acc_amt = AB4: Good(3 /1.1)
) Saving_acc_amt = AB1:
£+ Co_applicant = A101:
| = Pay_history = A30: Bad(7 /1.3)
|+ Pay_history =A31: Bad(8 / 2.4)
i~ Pay_history = A32 : Bad(59 /19)
- Pay_history = A3 Bad(7 / 24)
i [ Pay_history = A34:
- Co_applcant = A102
- Co_applicant = A103:
- Saving_acc_amt = AB2:
B Saving_acc_amt = AB3:
- Saving_acc_amt = ABS:

|

T B Acc_balance =AT2
. | & Acc_balance = A13:

N
o =
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Acc_balance = A11 AND Install_rate <= 2 AND Telephone = A191
Acc_balance = A11 AND Install_rate <= 2 AND Telephone = A192 AND Employment_type = A171
Acc_balance = A11 AND Install_rate <= 2 AND Telephone = A132 AND Employment_type = A172
Acc_balance = A11 AND Install_rate <= 2 AND Telephone = A192 AND Employment_type = A173
Acc_balance = A11 AND Install_rate <= 2 AND Telephone = A192 AND Employment_type = A174 ANRes_status = A151
Acc_balance = A11 AND Install_rate <= 2 AND Telephone = A192 AND Employment_type = A174 ANRes_status = A152
__{Acc_balance = AT1 AND Install_rate <= 2 AND Telephone = A192 AND Employment_type = A174 ANRes_status = A153

Acc_balance = A11 AND Install_rate > 2 AND Saving_acc_amt = A64
__Acc_balance = A11 AND Install_rate > 2 AND Saving_acc_amt = A61AND Co_applicant = A101 AND Pay_history = A30
Acc_balance = A11 AND Install_rate > 2 AND Saving_acc_amt = A61 AND Co_applicant = A101 AND Pay_history = A31
Acc_balance = A11 AND Install_rate > 2 AND Saving_acc_amt = A61 AND Co_applicant = A101 AND Pay_history = A32
Acc_balance = AT1 AND Install_rate > 2 AND Saving_acc_amt = A61AND Co_applicant = A101 AND Pay_history = A33
Acc_balance = A11 AND Install_rate > 2 AND Saving_acc_amt = A61 AND Co_applicant = A101 AND Pay_history = A34 AND Loan_Pr
Acc_balance = A11 AND Install_rate > 2AND Saving_acc_amt = AB1AND Co_applicant = A101 AND Pay_history = A34 AND Loan_Pr
Acc_balance = A11 AND Install_rate > 2 AND Saving_acc_amt = A61 AND Co_applicant = A101 AND Pay_history = A34 AND Loan_Pr
Acc_balance = A11 AND Install_rate > 2 AND Saving_acc_amt = AG1AND Co_applicant = A101 AND Pay_history = A34 AND Loan_Prope
Acc_balance = A11 AND Install_rate > 2 AND Saving_acc_amt = A61 AND Co_applicant = A101 AND Pay_history = A34 AND Loan_Propert
Acc_balance = A11 AND Install_rate > 2 AND Saving_acc_amt = A61 AND Co_applicant = A102 AND Loan_amount <= 2118
Acc_balance =A11 AND Instal_rate > 2AND Saving_acc_amt = A61 AND Co_applicant = A102 AND Loan_amount > 2118
Acc_balance = A11 AND Install_rate > 2 AND Saving_acc_amt = AB1 AND Co_applicant = A103 AND Installment_plan = A141
Acc_balance = A11 AND Install_rate > 2 AND Saving_acc_amt = AB1 AND Co_applicant = A103 AND Instaliment_plan = A143
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Accuracy = Sensitivity x (pos/(pos + neg)) + Specificity x (neg/(pos + neg))
Tay Sensitivity = t_pos/pos

Specificity = t _neg/neg

o v g 1 s ' . P o ' 3y
t_pos unudwudeyadiedniioglunqu Positive Nenusoiiuonguldgndes
pos umusmaudeyadiedisieglungy Positive

t_neg unududoyadiedieieglungu Negative Nanunsatnongyldgndes

neg  unusudeyadied1anoglungu Negative
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/¥ Classification Tree

ClassifcationTies | Ruls Evakiete Mode! |
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E

Training data : C:\data\Credit mdb\DataT rain
Numbes of data : 800 records
Accuwacy of Model = 84.25%

Testing data : C:\dala\Credit.mdb\DaTesl
. |Number of data : 200 recoids
" |Accuracy of Model = 81.52
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Insert value of each attribute for your Qu
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cation Tree

h C 814 - Good
3} Acc_balance = All:
SE Install_rate <= 2:
| | Telephone = A131: Good(51/13.7)
. B Telephone = A192:
= Employment_type = A171: Good(1 / 0.7)
+ Employment_type =A172: Good(4 / 1.2)
- Emplogment_type = A173: Bad(11/ 4.6)
- Employment_type = A174;
i i~ Res_status = A151: Good(2 /1.8)
| ‘Res_status = A152: Bad(2 /1)
| i Res_status = A153 : Good(4 /7 1.2)
Bl Install_rate > 2.
-~ Saving_acc_amt = AB4: Good(3 /1.1)
El Saving_acc_amt = ABT:
| B Co_applicant = A10T:
|| b-Pay_history=A30: Bad(7 /1.3)
T Pay_history =A31: Bad(8 / 2.4)
- Pay_history = A32 : Bad(59 / 19)
! i~ Pay_history =A33: Bad(7 / 2.4)
|| B-Pay_histoy =A34:
| B Co_applcant =A102:
i [ Co_applicant = A103;
B Saving_acc_amt = AG2:
B Saving_ace_amt =AB3:
- Saving_acc_amt = ABS:
#l- Acc_balance = A12;
o} Acc_balance = A13:
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cation Tree

Acc_balance =A14
Acc_balance =A11AND Install_rate <=2 AND Telephone =A191
Acc_balance =A11AND Install_rate <=2 AND Telephone =A132 AND Employment_type =A171
Acc_balance =A11AND Install_rate <=2 AND Telephone =A132 AND Emplogment_type =A172
Acc_balance =A11 AND Install_rate <=2 AND Telephone =A132 AND Emplogment_type =A173
Acc_balance =A11AND Install_rate <=2 AND Telephone =A132 AND Employment_type =A174 ARes_status =A151
Acc_balance = AT1 AND Instal_rate <=2 AND Telephone = A192 AND Employment_type = A174 ARes_status = A152
Acc_balance =A11 AND Install_rate <=2 AND Telephone =A192 AND Employment_type =A174 ARes_status =A153
Acc_balance =A11AND Install_rate > 2 AND Saving_acc_amt =A64
_|Acc_balance =A11AND Install_rate > 2 AND Saving_acc_amt =AB1ANDCo_applicant = A101AND Pay_history =A30
" Acc_balance =AT1 AND Install_rate > 2AND Saving_acc_amt = AB1ANDCo_applicant = A101AND Pay_history =A31
Acc_balance =A11 AND Install_rate > 2 AND Saving_acc_amt =A61ANDCo_applicant =A101AND Pay_history =A32
Acc_balance =A11AND Install_rate > 2 AND Saving_acc_amt =AB81ANDCo_applicant =A101AND Pay_history =A33
) Acc_balance =A11AND Install_rate > 2AND Saving_acc_amt =AG61ANDCo_applicant = A101 AND Pay_history =A34 AND Loan_Pro
Acc_balance =A11 AND Install_rate > 2AND Saving_acc_amt =A81ANDCo_applicant = A101AND Pay_history =A34 AND Loan_Pro
[Acc_balance =AT1AND Install_rate > 2 AND Saving_acc_amt = A61 ANDCo_applicant = A101AND Pay_history = A34 AND Loan_Pro
__|Acc_balance =A11AND Install_rate > 2AND Saving_acc_amt = A1 ANDCo_applicant = A101 AND Pay_history =A34 AND Loan_Pro
' |Acc_balance = A11 AND Install_rate > 2AND Saving_acc_amt = A61ANDCo_appicant =A101AND Pay_history =A34 AND Loan_Prope’
Acc_balance =A11AND Install_rate > 2 AND Saving_acc_amt =A61ANDCo_applicant =A102 AND Loan_amount <= 2118 »
|Ace_balance =ATIAND Instal_iste > 2AND Saving.sce_amk = AS1 ANDCo_applicant = AT02 AND Loan_amaurt > 2118
__|Acc_balance =A11AND Install_rate > 2AND Saving_acc_amt =AB61 ANDCo_applicant = A103 AND Installiment_plan = A141
W_plan =A143
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. [Training data : C:\data\DataTrain.dat
. |Number of data : 800 recoids
. JAccuracy of Model = 84.25%

Training data : C:\data\DataTest st
_ |Numbex of data : 200 records
' |Accuracy of Model = 81.5%
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