7TXWRULDO | &DVH VWXGLHYV 55

1. Topic
6XSHUYLVHG UXOH LQGXFWLRQ | 6RIWZDUH FRPSDULVRQ

6XSHUYLVHG UXOH LQGXFWLRQ PHWKRG\ B OKHD'®W B SRUQLDQW RQW H |
SURYLGHV DQ HDV\ WR XQGHUWMD QEGKHOIRO\LRZHEQ J %) BBXIGHPOM@ W B (LR Q
FRQFOXVLRQ® HJ ,) DQ DFFRX®W B UFOHLGIHMV LY+ UIHWRHWWHGI GLW LV QRW

$PRQJ WKH UXOH LQGXFWLRQ PHWRRGWKXHWKBSYHRDBEROAWM DDUHGYHU\ SR
W KH V. &XULRXVO\ WKH\ DUN R KW SHHEHQIW WRBGDRXAUXQ DOV ORUH
WKH\ DUH QRW LPSOHPHQWHG LQHKRFPWPH IRFQOO DWDIWOAPRHOH ER IUHH W
ODFKLQH /HDUQLQJ FRPPXQLW\ +RFZIHY DG YWRAMDKBYHFRREBUHG WR RWK

&RPSDUHG WR FODVVLILFDWWRS WHRBHZ DIOURHWEMKX RV ZLNLZKILFAK/ LRQBV
DUH EDVHG RQ WKH GLYLGH DQG UFHRSUMK\HHQ SIDWDIRLY FELWK HIWUPRUH SRZ
LV QRW FRQVWUDLQHG E\ WKH @HH®W HARFPPHW. PHWU B FYWHU HE RMS O LF D W H
HTXLYDOHQW RI D VLPSOH UXOHWEDLVHG VWA VXNHHPF HOR P H/ SBIISOLFDWHG |
NQRZQ DV WKH UHSOLFDWLRQ SIXRIEXFHIPLV 7\W K DRW WHW ERGXHEWLRQ ELD
7KH WUHH VHDUFKHV WKH DYHURKH G X WL WS GRLQV W KOH QQRHECHY HAKH VH SDUD
RQ WKH RWKHU KDQG WULHV WRR) RDOJHPL]R Y ON KH 5E UMVWRLHY WR FUHD)

&RPSDUHG WR WKH SUHGLFWLYP D VMERIFWEW LRIY FREIS DG YRIWEWHA) aG P
GR QRW VXIIHU Rl WKH UHGXQG\D QK HR L GMKIH LVQ B X ABGWWRX BBIRG XFH WK H
UXOHV ZKLFK DOORZV WR FODWRQFBFFXUBQDHDOHV QHEZ KRYGQH WKH S
DERXW UXOHV ZKHQ DQ LQVWDQBEB DRXWHYDAKH ¥ KWZ RDRBUWRI Y FRQVLVW

,Q WKLV WXWRULDO ZH GHVFGLERQITXNWW DOIR WLHSORND \WRHU DVQKH UXOH |
7TKHQ ZH VKRZ WKH EHKDYLRU &RHW KB JRUDLWMLA VFIDRSICRHPHRAWHG LQ YDU
7DQDJUD 6LSLEFBMEBRIUFKKHND 5 ZLWK WKH 5:HNDB®IFONCLIH U
RQUDQJH E

2. The« separate-and-conquer » paradigm
7KH JRDO LV WR OHDUQ D SUHGLFWLRQ UXOH IURP GDWD
,NI3UHPLKHIQ 7KRIQFOXVLRQ
m 3UHPLVH } LV D VHW RI FRQ GDWILR@\D @& DSMHW DMWERWHIOD®HKH } )J)RU LQV)
$JH ! D@RGBURIHVVLRQ :RUNPDQ

,Q WKH VXSHUYLVHG OHDUQLQJ LQWRHXRUHN FRVKAO PWWRQLERWW LV RI F
DWWULEXWH $ UXOH LV UHOPBRKW MW® WIR W (DON VRQLHE X VB X %% RWNR IQEHX WBIO X H
PD\ EH FRQFHUQHG E\ VHYHUDO UXOHYV
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%DVLFDOO\ WKH VHSDUDWH D Q& DRRHIET RKU WDKAH) RFHOW K RW DRV HFRYHULQ
GHILQH D UXOH ZKLFK DFFXUDWH®OKHS WHW&UIHW DQHNVNYDBDXWHRIFRQTXHU
FRYHUHG H[DPSOHV IURP WKH OHMUQWGQUDIWW WKHS BURWHVY XQWLO
LOQVWDQFHY DUH FRYHUHG 7KH\ EGDROLIWW RW K HF$D MANLLO \

%DVHG RQ WKLV IUDPHZRUN WZR LIPSSSOUHRPIHEK\WM M GD UTHK HK \ERDAOVOR P XS DS S
IURP D SRVLWLYH LQVWDQFH HLWXW H LE\ UMR RMLAHUDVRPRHHFRRGLWLRQV
FRYHU WKH ODUJHVW VHW RI $RM.ZHWMH Q8 YDWDIQWH L QULWBQWHKY 7KLV
TXLWH VORZ HVSHFLDOO\ RQ @0 UNKHDRREQ@RIDU\G /W B WHRS GRZQ DSSUI
WKH FODVVLILFDWLRQ WUHH L@BXFWRRQ\ WKW SKUWW\ WRWIKH OHDI RC
WUHH 7KH FDOFXODWLRQ W IQRGHX EW LYRIQ \WMUILHPH. QDD RAUR. VKKV L

,Q WKLV WXWRULDO ZH SUHVHRW WRER GRIMKRESEIDMIE RQGW RQTXHU
FRUUHVSRQG WR WZR YDULDQWVLRIQWXKXD HD P RE & OH KIEQWGKEW QWR 7DQ
7KH\ FDQ KDQGOH GLUHFWO\ PXQWH WODW W \$IURE/DH F\D QUWKBINM PRUH WK

2.1.  Induction of ordered rules - Decision list ind uction

7KH ILUVW &1 DOJRULWKP &ODBNW@OE LDEXHW D GHBPIOVLR® DQVW 5LY
RUGHUHG DQG PXWXDOO\ HIFOXVWLYBQWHW RIFOROMVI\:BEHIHZ LQVWDQFH
HYDOXDWHG ,I LW LV QRW I|XWDHG DZHE WHRYVRQW K 8 W IHT QWGXIF-NV L V D WHHEG
ZH XVH WKH GHIDXOW UXOH

7KH UXOH EDVHG V\VWHP KDV WKH IROORZLQJ VWUXFWXUH

,) &RQGLWKRQ &RRQHAQXVLRQ
(OVH&RQGLWKRQ &RQHFQXVLRQ
(OVH ,1
(OVH 'HIDXOW UXOH &RQFOXVLRQ 0
7KH PDLQ DGYDQWDJH Rl WKLV W HFDQHRIND WDWH RIX AN RRK@WLEW 2QH D
LV DFWLYDWHG ZKHQ ZH ZDQW M/R FODVVLI\ D QHZ LQVWDQF

" #$ %
& (1) *( +

JLIXUH'HFLWILRQ OLWW RQ DRW/H G DWW/ DWHHW

‘H REWDLQ D VHW RI UXOHV RO WHKWLEIRDWHUHVAKB RN GDWR GHWHFW
JURXS PHPEHUVKLS RI FRQJUHVVHREHQ RXRPMWRISHFWRWHY RQ Y

- . 10 " # 1 * 1 2 3/ 2 *45/6 $ / / 2
%/ +++-

7- . #)-8 /0) 8 # ‘2 $3/9 V20 % o i</ +<+-
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7KH DQWHFHGHQW®° LV WKH SUHRRIWHTRHQWKHLUYXWKH WRBFGXVLRQ 7I
GLVSOD\V WKH RFFXUUHQFH RIVW DFMKWDL.EXMAH OIPRROH WRHIFHRYHUHG LQV

'KHQ ZH ZDQW WR FODVVLI\ DQ ZQYW F®& BM DARKKUAMMMD ER O-OR /U H H ] H
61QIXHOV FRUSRUD WIHR @ FAHIEY H IWKDW RQO\ WKHG GHKE X OAMH DX/MH JIQV WA
WKH LQVWDQFH WKH UHSXEOLFDQ ODEHO

‘H REVHUYH WKDW ZH FDQ REWDLDLWKHMYEPH GXAWRIRQXYIOMHXBKY DOJRU
7KLY ODVW RQH LV D JHQHUD WIL|PQVMRUHIRIDVKH RIOCAKVYKHW® ZH FDQ PH
WKH UXOH EDVHG FODVVLILHU W ®GRWIGQHMMHG\UPWBHXRRBMHID/MANDQG ZK
FODVVLILHUY DUH ORJLFDOO\ LGHQWLFDO
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Decision List (target, inputs, instances)
Ruleset= A
Repeat
Rule = Specialize (target, inputs, instances)
If (Rule = NULL) Then
Ruleset = Ruleset + {Rule}

Instances = Instances — {Instances covered by the rule}
End if
Until (Rule = NULL)
Ruleset = Ruleset + {Default rule (instances)}
Return (Ruleset)

$W HDFK VWHS WKH DOJRULWRKPDFW R BWHRZ QV K H CEIHRKW XY X QB W KH DYDLC
7KH SURFHVV LV FRQWLQXHG X @MEZOURQH FDKHQBWIFXGWWIHKOH LV EDVF
UHPDLQLQJ LQVWDQFHV WKH FRXHORN Y RQI &R UXHIYW RYDEVX W R WKH WD

7KH "VSHFLDOL]JH® IXQFWLRQ ISWRFMV\LPSRWWEDPWHG RMKB WRS GRZQ V
LH LW VHTXHQWLDOO\ DGGV WHKHWIH\QN SXOFEWRU @HQY XWRAH DFRQGLWLR
SUHPLVH 7KH LQDELOLW\ WR LH YWRRYSS MQKIHUPHOIHV X WHLIMVVDWKKLO O FOLPEL

Specialize (target, inputs, instances)

Rule = NULL

Max.Measure = - ¥

While (Stopping.Rule(Rule) == FALSE)
Ref.Measure = - ¥

For Each Candidate Proposition
Measure = Evaluation (Rule, Proposition)
If (Measure > Ref.Measure)
Then
Ref.Measure = Measure
Proposition* = Proposition
End If
End For
If (Ref.Measure > Max.Measure)
Rule = Rule x Proposition*
Max.Measure = Ref.Measure
End If
End While
Return (Rule)

7KH "HYDOXDWLRQ® IXQFWLRQ SODAVQW ZRK HPSRHMLD@W]DWORE® SURFHVYV

W FKHFNV LI WKH DGGLWLRQDPSSRR SRVILIDLROQF B QWEO WKW RIXOH 2Q
XVHV D FKL VIXDUH WHVW RWWS®GCHHDGOHGHELD RUJ ZLNL 3HDL
VIXDUHBWHVW 7HVWBRIBLGKH FIRPEGHYHEG S YDOXH LL\F IDQRZHH O NWK-DOD
RI WKH WHVW m 6LJQLI /HYHOXI®W SDR®HQUIV WKHWXKHIDDGGLWLRQ
FRQGLWLRQ LV DFFHSWHG 2QNWEKH VRKWK QX KECHUG R L WRVKHHUFHG L QV W I

2 8 2 $ . #8 [/ +<+/ $ # $
42 % ) $$ # J2 5 )
$ KK 5 $54# - 5 .L/5 $2 % -
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RU HTXDO WKDQ D SUHGHILQHGWERKUHWKRQORBQ ,Wh IOV @ WXSSKRMH M XD W X
YDOXH LV

+HUH ZH DQDO\]H WKH DGGLWIKRQ I RUWWK K XXQRH RIL WVLRQ | WMRVWHWXOH RQ

YJLIXUH

Republican
Democrat

‘H XVH WKH GLVW WH GCW ER QLROWIQJIDEHKG LG WBRHW

Root

168

267

==>

PHYSICIAN =Y

163

14

272 ==> 777

SYNFUELS =N

135

3

:LWK WKH DGGLWLRQDO FRQ@ALWBB4B=M88HLQXWB® FRRIMHUW LV ODUJHU
VXSSRUW WKUHVKROG $ERXW WKWKAKLROTOMEALIY) WHYRV VZW NMEHXODWLRQ

+Synfuels = n

Uncovered

Physician

Republican

135

28

163

Democrat

3

11

14

Total

138

39

177

‘H REWBE@829 WKH S dOYHO 'LV 7KH DGGLWLRQDO FRQGLWLRQ LV

7KH HYDOXDWLRQ IXQFWLRQ LKHDOMRHNWIHGEF W RIPWRN XWHOW 7ZR P
DYDLODEOH WKH 6KDQQRQ HQWXHEBW\ LR WLKIH Q IQNKW/HGEF MAK HERY HU
KWWS HQ ZLNLSHGLD RUJ ZLNB\WXWMBRS\BQGLWRHPDRHIRWOXUH LW L
SUHIHUHQFH PHDVXUH ZKLFK TXDQMRQMH/QW KRl IDQIRX®BWRRQD K\
KWWS LG VHFXUHGDWD QHW SIRGIB\RIQEE 3RSAKOEBY DQG LQWHUS
ZH QRWH PDLQO\ WKDW WKH ILUM®E OXDOBYW WR G RUKHVISHALID ®RUH FR
W LV WKH EHVW ZKHQ ZH ZRUN RBW PTKIHO VOIRQ QR LKR GHDWHL) IDYR!|
VROXWLRQV OHDGV WR IHZHUJKKOHN\KSISREKV U XH MWD WIRLKLODVW RQt
ZLWK ODUJH DQG QRLV\ GDWDVHW

/HW, WKH SUREDELOLW\ 3 < N WKKH @RRY H G\DWWDIMVEXW LW RHROQQWW LD O F
Pya LV WKH SUREDELOLW\ 3 < N DQGRWILRQ@XOB ZLWKHVKRIQEBRWLRQDO F
p, LV WKH UHODWLYH VXSSRUWIRWMKHXXDH WKH ZHLJKW?®

‘H WDNH WKHSIRURMM W KOBWLILHU )LIXUHQJ YZBIOKMHWH WKH IROORZL

7KH 6KDQQRQ HQWURS\ GRHV QEB8WVNRMVBHUEWWHR®@LWLDO F

4 # 2 $5./ # $
4 # /5 4 2 4 -) # $ $M™ N
# $ 2 A-
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S(@ = Ppyalogpy.

k
YRB 56 D LV
S(a) =[0978" (- 0031)+ 0022 (- 0120)]=- 0151

7KH - OHDVXUH FRQVLGHUV WKIHRQQLM ISW® IHWDN U VERLWWMUYERXHDV XUH ZKFE
LPEDODQFHG GDWDVHW

Ja)=p,’ Py/a log Py/a

ko Py P«
2Q WKH VDBH A2HX R B YH
J(a) =ii£' [2533 (3396)+ 0035 (- 0171)] = 1023

7KH 6KDQQRQ HQWURS\ LV QRW IOHE DUXDO W R, IWAKH PZHHDM K WHRW KWH UHOHY D Q
UXBFhAb-WK WKH IROORZLQJ FKDUDFWHULVWLFV

‘H REWDLQ UHVSHFWLYHO\ 6 D- - DAl 6 D - D 7KH 6
PHDVXUH S3BHIKUYHS - KEJKQLWKWVHRG ZH REWDLQ PRUK WSHFLDOL]
6KDQQRQ HQWURS\ PHDVXUH

'HDOLQJ ZLWK FRQWLQXRXV SUHGLFWLYH DWWULEXWHYV

%HFDXVH Rl WKH VHSDUDWH DQG ERPDUNWU]BSWURGLRR WKH I®\ RI W
DWWULEXWHVY LV QRW HDV\ FRWSBWHGQBIXW W MRIQH DBISFIROLRKQ W LV PR
GLVFUHWL]H WKHP LQ D SUHWUBBWBBAQ®J \SWRE HEW I RIPHR QUKW KH YDUL
DOJRULWKPV WKH VWDWH RI WKH DUWDQ@L/3& )OMWIS DBQ®D PLQLQ
WXWRULDOV EORJVSRW FRP DL YGL EPUHWEARMA RY DQXBQQRYDULDWH VX

GLVFUHWL]DWLRQ DOJRULWKH XHW RQHWKIHWKIE HEHY MW WGE FXHDUQLQJ IUDF

l«YULHU 3DJH VXU
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2.2. Induction of unordered rules
5XOHVHW

7KH VHFRQG YHUVLRQ RI &1

F U VD KVHH W XXCRHRW GSHOUDHUAN VBHOWG RARV ZHO O
FODLP WKDW WKLV NLQG RI

UXWB QVAHW QI G/ HHBV ZHW KRV R X RGBBHUHG VHW

UHDG WKH L WK UXOH ZH PXVMGERQVWEAOHNWRHLY LPSUBDFWLUFHDEOH ZK'¢
QXPEHU RI UXOHV

7KH FODVVLILHU LV QRZ RXWOLQHG DV WKH IROORZLQJ

JJ1&RQGLTMWKHRQ & RRKAHMX VLR Q
, 1 1&RQ G LTWKHR® & RIKH@XVLRQ

1
'HIDXOW UXOH &RQFOXVLRQ O

'KHQ ZH ZzDQW WR FODVVLI\ D QHZOODMWD QP WK H ¥XWHVWY ,I| QRQH DUH
WKH GHIDXOW UXOH %XW VRPHWLPRWLYBWHGD @RPHORY WRHP FDQ OHLEL
FRQFOXVLRQ :H PXVW GHILQH B MWWUDWHRIQ WR VROYH WKLV

2Q WKH "9RWH° GDWDVHW ZH REWD)QIMWKH IROORZLQJ UXOH

N R0 NN By

T
%& 0 08"

JLIXUHBQRUGHWUHGEG WXOHW IRW WEKH ~“DRWH™ & DWW HHW

YRU FODVVLI\LQJ DQ LQVWDQF B FAL MUKL W\ HFNR OSIKR ¥ L © U DRK DHUHVIKUHH H]H
EXGJHW UH Q HO VDOYDGRU DWGRQ\ FXVQEXHQV WRHSBRXOHV ®r DQG Q
‘H DGG WKH DEVROXWH IUHTXHQF\ RIHSRERLFDONVV YDOXH L GHPRFUDW

WKHQ WKH PRVW RFFXUUHGXWLGRXQH AR LRHN HYBIPISEORIQ ZAH ODEHO WK
WKH UHSXEOLFDQ YDOXH !

,QGXFWLRQ DOJRULWKP

7KH SURFHGXUH ZKLFK HQFDSVXQKWHW KN DBRIHRFEXYW Z¥YM DROO\]H H[S
FODVV YDOXH QRZ

Rule Induction (target, inputs, instances)
Ruleset= /A&
Sort the class values according their occurrence (d
For Each class value « ¢ » except the last

Sample = Instances

While Rule '= NULL

ecreasing order)

Rule = Specialize ( c, var.cible, var.prédictives, sample)
If (Rule '= NULL) Then

Ruleset = Ruleset + {Rule}

Sample = Sample — {Instances of the class “c” cov

ered by the rule}
End If

l«YULHU 3DJH VXU
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End While
End For
Instances = Instances — {Instances covered for at | east one rule}
Ruleset = Ruleset + {Default rule (instances)}
Return (Ruleset)

7KH DSSURDFK FDQ KDQGOH D P XWOSHFAL®IWYHS USRERFHHRG XTUKH SOD\V DOVF

UROH GXULQJ WKH SURFHVV

Specialize (class, target, inputs, instances)
Rule = NULL
Max.Measure =- ¥
Repeat
Ref.Measure = - ¥
Proposition* = NULL
For Each Candidate Proposition

Measure = Evaluation  (class, Rule, Proposition)
If (Measure > Ref.Measure)
Then

Ref.Measure = Measure
Proposition* = Proposition
End If
End For
If (Ref.Measure > Max.Measure)
Rule = Rule x Proposition*
Max.Measure = Ref.Measure
End If
Until (Proposition* == NULL)
If Significant (Rule) == TRUE Then Return(Rule) Else Return(NULL)

6SHFLDOL]H LV D KLOO FOLPE¥L@XWSWRPSESDUVH®R @LANIKRMWMKWH GHFLVLRQ
WU\ WR GLVFRYHU WKH EHVWROOOH |RU WKW WHOLUODHR W IDAOWWMULE XWH

+HUH DJDLQ WKH HYDOXDWLRALFNXNKHWYRQLOGLWYHRG WWRXXEEKHOHLWKH V
ODUJHU WKDQ WKH "0LQ 6XSSRUMOWSDUYRWHMWMHUY XENGBDIOVR RMR TXDQW
WKH UXOH 7KH JRDO RI WKH RY¥WRF HIWD WKRHMOQPRYRFHHWOHYD&RW UXOH

,Q RUGHU WR RXWOLQH WKH Y [H LRXV RZH. @V XFUHRW VZ W XE XIOW K/ L R Q

3UHPLVH 1RQ 3UHPLVH
&RQFOXVLRQF ODEW @ n,. n,
&RQFOXVLRQFODEN @
7RWDO n, n
:KHUH

7TRWDO

N LV WKH WRWDO QXPEHU RI LQXMDHQFHY VHQW WR WKH SURFH

n, LV WKH QXPEHU RI LQVWDQFHVRFRAVYKHHUM&E®EN WKH SUHPLVH

a

n, LV WKH QXPEHU RI SRVLWLYH LQYDW DKW HWVD QX E@ W W R Q/IXHVSURFH G X |

n. LV wKH QXPEHU RI SRVLWLYH LWQDMWDQFHV FRYHUHG E\ WKH

ac
n
n

C

l«YULHU 3DJH
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7DQDJUD XVHV WKUHH PHDVXUHV 1H)Q R WEKHULKHGDWK®IPWD AFFRU® GXFH PR
UXOHV 7KH EHKDYLRU RI WKH D VW LRQHDFPQUEMD DG M ROVWABWHU

&RQILGHQFH VWDWLVWLF

n.-nn/n
ZC(ca) = e 3¢t
\/(na(n- n,)/n)(n,(n- n))/n)
n-1
&RXQWHU H[DPSOHV VWDWLVWLF /HUPDQ *UDV DQG L
KWWS PVK UHYXHV RUJ GRFXPHQW KWPO
n-n)-(n-n)n/n
Zl(c,a):_ ( a ac) ( C) a

$V\PPHWULF - OHDVXUH

/(n_ nc)na
n

n, ¢, n n n.-n n.-n
‘]b(Cl a) - _a ac |Og ac _ ¢ ac |Og c ac
n n n n-n n-n

a a a a

&RPSDUHG WR WKH VWDQGDUG - OHDVNDWXUWEa) $BYRAUHWWKH RYHU

UHSUHVHQWDWLRQ RI WKH FODQVDGGQOWHRE MWXKHNWRHDUWXWMH LV SDUDP
ZHLIJBEW:KHQ ZH LQBUHBVHOYRU WKH PRUH VSHFLDOWEHE UXTHYRRW VHH
FRPSURPLVH EHWZHHQ WKH VXSSRWWH DGGWKHGERGOAKBHQFH R

7KH ILUVW WZR PHDVXUHV =, DWQNGL E & RPGB LOL QVIH WW HY WRIWMLREQ WDUJH\
DQG FRQGLWLRQDO GLVWULEXWLERYLBWAIR® HYDOXIDONHLED QWXODFFRUG
K\SRWKHVLVY VFKHPD 7KH VLJQLIDPBYWW KSHIR PMIGEK USH YIDROIX3H RI1 WKH
SUHGHILQHG WKUHVKROG 6LJQDX OMY MSDr@XH ODN WWKKILEHSURFHGXUH LV
DV D SUH SUXQLQJ UXOH GXULQJIJHWHKHDYWHRWHKWVW KKUHQY KRIOG ZH REWDL
WKH QXPEHU RI FRQGLWLRQV L QDM WKKHX 8 IDHPODVKN LM lOHRZAUWK IHZHU U

1XPHULFDO H[DPSOH

‘H FRPSXWH WKH YDULRXV PHDVQUHYVHRH WKWHIG IRMQW WIKKHO HORWH GDWD
'H VHOME20 LQ RUGHU WR IDYRU WKH FRQKIDR®H QFKHRIR® RR ZLQAHAVW RWYV WD

antecedent] uncovered Root
republican (c) 137 31 168
democrat (not c) 4 263 267
Total 141 294 435
| ZC (c,a) 17.3472 p-value 0l
| ZI (c,a) 8.8730 p-value 0l
[ J20(c,a) 0.2853 |

l«YULHU 3DJH VXU
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&RPSDULQJ WKH YDOXH RI WKH YDDRR XWX BHDMX QHRW RH WAKHQWHUHV WL
RQO\ WKDW WKH UXOH VHHPV DHGHY&® @ WDIVKRRHU/G LQO MWKHD =, 6 LJQLI OH"

‘H GHWDLO KHUH WKH FRPSXWDWHBQXRIHWKH $V\PPHWULF -

S

., n n. n.-n n.-n
J,(ca)= = —XJog—2 - =—Jog——=*=

n, ~n, n-n n-n

a a a

|
o

1

141 0, 137, 137 31 31
— log - log
435 141 ~141 294 " 294
=0.2853

ORUH LQWHUHVWLQJ LV WR DQIXOPHDRXWHKHWKDRXHY WKHBPWK I[URP W
GLVWULEXWLRQ WR WKH OHDI GXULQJ WKH VHDUFK SURFHVYV

- -— -— Eay
- - - - )
- - -
PR 168 (39%) ’ republican
" 267 [61%) democrat
-, - e

162 92z | [ ] ‘ ‘2 MEA]

_ o 14 [08%] [732) 245 [39%)
-7 Tl
P 140 96%) [ [76%) T |
ViR 4 B [04%) [243] 1[50
”’ el-zalvador-aid
in [#” i

7137 (977
4 [03%]

[ ] [50%)

2 [50%)

,Q FRPSDULVRQ RI WKH UXOH BHVHQHGKES WKK GMDHRQrWKQ WKH FODVYV
WKH UXOH GHILQHG E\ WKH RQIXQ ROHIPERIQGGHWLRKD G KM HFIR®@ORZLQJ FK

5 - ,) 3K\WLFLDQ )HH )UHH]H \ 79QUF®@DVV 5HSXE
7KH FRQILGHQFH Rl WKH UXOH EXWRZHHIV XS YRUW LV ODUJHU LQVWE

"KHQ ZH FRPSXWH WKH YDULRXV PHDVXUHV

antecedent'| uncovered Root

republican (c) 163 5 168

democrat (not c) 14 253 267

Total 177 258 435

[ zC(c.a) 18.9500 p-value 0|
| ZI (c,a) 9.0799 p-value 0l
[ J20(c,a) 0.0007 |

'"HILQLWHO\ WKH ILUVW WZR PMDWKHKH HAL RS @MHUG BLROBUH HHBY=& D~ F

=, D= F !l =, D F KH $%\RKHO®HLW - OHDVXUH EHFDXVH ZH 1D
ZLWK KLJK FRQILGHQFH ZHHVEREDOAOYWKDWNEH PRWH FRPSOH[ UXOH 5
- DF @
l«YULHU 3DJH VXU
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2.3.  The other rule induction algorithms

,Q WKH WZR VHFWLRQV DERYH ZHOHRXDWCSURBPEKWYR 2kHWFK VLBPH YDULDQ
DOJRULWKP :H WU\ WR KLJKOLS$®OWDWKMW HQVORE Q¥ KHRFKDKHKDFWHULVWL
FODVVLILHU QXPEHU RI UXOHV RIXWKRUWXDGE® FRIQARSHQHAH WKHUH DI
DOJRULWKPV ,Q DQ H[FHOOHQW GMNVUFUHLEHWRSIWR)] DOJRULWKPV 7KF
LV PD\EH WKH 5,33(5 PHWKRGKWWEHXZZ FV FPX HGXKIZHRKMQ@ YDLODEC(
XQGHU WKH -5,3 DSSHOODWLRQ LQWR WKH :HND VRIWZDUH

3. Dataset

,Q D PDUNHWLQJ FDPSDLJQ ZH ZORWKNRKGBWH R\ Q WHKIHHBWRSES E\ D QH:
KDYH D ELQDU\ WDUJHW DWWULEWWYHH SRMRWLMH SUNGLEWLYH DWWL
FXVWRPHUV- FKDUDFWHULVWLFVH KCHY HFUHGLWQ ¥ I/D®@ FHW F SRVLW

QHIDWLHHZDQW WR XVH WKH KDOI RDWKIH & VW VvV HDW) GRW KW KR{WGXHH |
WHVW VHW

4. Rule induction with Tanagra

4.1. Importing the database

$IWHU WKH ODXQFKLQJ RI 7DQDJIWD PZEH\ ROHBFWHQD R ZWE&HD), /(
LPSRUW WKH /,)(B,1685%$1&( 7;7 GDWD ILOH

1(: PH

(T — —h
ﬁ TANA Choose your dataset and start download PSSR
File ) )
Diagram title :
[y =
Default title
Data mining diagram file name :
|D:‘.DataMining‘.Databases_for_mining‘.dataset_for_soﬂ_deﬁﬂ)aﬂ
Dataset (* bt * arff * xls) - 2~
|b:‘.DataMining‘.Databases_for_mining".dataset_for_soﬂ_dev_and_comp@
~
~ ~
N
\
ok || cancel || Hep | “
¥ Tanagra i 1 |t
Regarder dans ife_insurance - & ,? » [~
- Mom Datedem.. Type Taille ) Motscles
celp || life_insurance.bet
Emplacements 1
L récents 7
] ! I
| Data visualization Statistics I
I | Bureau 7
Feature construction Feature selectior /
PLS Clustering [ /
Spv learning assessment Scoring Maisen /
/
@Correlation scatterplot IL. Scatterplot A /
EBExport dataset [# scatterplot with e 7
Ordinateur P
Nom du fichier lfe_insuranice bd - [70uvrir | A
== - Types de fichiers ; _Texlfi\e v‘ { Annuler |
L i
@@ -4 -@0 @ 2@ @ P - 5 4 # "6
#* 2. % -
l« YULHU 3DJH VXU
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‘H ZzDQW WR VXEGLYLGH WKH GDWH®YHW LQWRGDDOWBWVW®LYDPSDH

6$03/,1* FRPSRQHQW ,167$1&( 6(/(&7,21 WDE

E TANAGRA 1.4.34 - [Dataset (lde_lmEnce.mEJ14_

E File Diagram Component Window Help

(===

D |5

L vswemess
C vemees

|
| Feature selection | Regression Factorial analysis

|
|

Spv learning | Meta-spy learning
|

Bt ——— Ing parameter I
Execute Parameters | Seed state \
View !
Sample size definition
@ proportion size 50| E %
) absolute size 200 E
\ Lok [ cancel [ Hek [
Data visubdljzation | Statistics Monparametric statistics | Instance selecton

PLS Clustering
Spv learning assessment | | Azzociation
fi Continuous select examples x\Rec aver exampm\ }Sampb'ng
ft Discrete select examples Q: Rule-based selection }Stratiﬁed sampling

H VHW QRZ "WDUJHW?® DV 7%$5*(7 DWWDLE X388 RQG WXWLRWKVKH '(),1( 6

FRPSRQHQW

Define attribute statuses

¥ TANAGRA 1.4.34 - [Sampling 1]

D savings_cel

=57 Dataset (life_insurance. txt o savings_pel
o R D sainge_ep
(=l ampling revolving_credit
D revahing_card |

#% Define status 1 D personnal_credit

D housing_credit
D financial_titles

D financial_savings
(DEEr——
ilil ﬁl [ clearall | [Clearselected |

m

.

File Di c Wind - L= x]
¥ File Diagram Component Window Y == %]
oy tributes : Target Input | llustrative
B = A ) /

A D savings_livret - target
l / Default title D savings_ldd

[ ok ][ cancel ][ Help

| I—

Define attribute statuses

Parameters

| Atiributes -
LR Target Input | lllustrative
be)cust category cradit_card -
Data visualization | Statistic pivilige cand
| savings._livret
Feature construction | Feature sele savings_ldd .
savings_cel
PLS | Clusterin| | (BESEE savings. ool
k8] privilege_card - W'ESJ’E';_
. , il revelving_credit L
Spv learning assessment | Scoring savings_ivrel e igiod =
. personnal_credit
# Continuous select examples & Recover E smm;s;.e\l housing_credit
i Savings._pe financial_titles L4
2{ Discrete select examples ;f Rule-base E savings. pep = financial_savings =
_EJ_E?J ﬁ‘ [ clearan | [clearselected |
[ox ][ concol || hep |

l«YULHU
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4.2. Induction of Decision Lists
‘H DGG WKH '(&,6,21

3$5%$0(7(56 PHQX WKH - 0($685( LV WKH GHIDXOW PHDVX

E TANAGRA 1.4.34 - [Define status 1]

- e e

EFiIe Diagram Component Window Help

= Wl

= [E ]

I Default file I
(== Dataset {life_insurance. txt)
= # Sampling 1

El?:i Define status 1 Decision List parameters

Supervised Learning 1 {Decision List) I ﬁ—\
rameters

Pararneters... v

gl

Supervised parameters..,

Execute

4 Sig. level for pruning
View

Min. support of rule :

0.100000

10 P |

[ ok

)G

m

Data visualization Statistics Monparametric statistics

Instance selection

Feature construction Feature selection | Regression Factorial analysis
PLS Clustering I Spv learning Meta-spv learning
Spv learning assessment | Scoring | Azzociation
= Binary logistic regression [ c-pLs £ CS-CRT [ csve
&5 CA.5 & CRT &2, C5-MC4 B, Decision List
1 L T | 2

‘H YDOLGDWH WKHVH VHWWLQJV MHXEGXZ HHFREWD IRD WHKOHY: LQ

Number of rules = 20

Knowledge-based system

Antecedent
|F financial_titles in [n] -- savings_pep in [n] -- financial_savings in [n]
ELSE IF financial_savings in [y] -- bank_seniority in [==5] -- financial_titles in [y] -- account in [y]
ELSE IF bank_seniority in [<=1] -- savings_pepin [n]
ELSE IF savings_pep in [y]
ELSE IF cust_category in [cat_C] -- revolving_card in [n] -- priviiege_card in [n]
ELSE IF age in [»=51] -- savings_lvret in [y]

ELSE IF cust_category in [cat_A] -- account in [y]

ELSE IF savings_pelin [y] -- personnal_credit in [n]

ELSE IF age in [==50] -- revolving_card in [n] -- financial_savings in [n] -- savings_cel in [n]
ELSE IF privilege_card in [y] -- financial_titles in [y]

ELSE IF account in [n] -- bank_seniority in [==5]

ELSE IF bank_seniority in [-=5] -- gender in [M] -- personnal_credit in [y] -- financial_titles in [y]
ELSE IF revolving_credit in [y] -- revolving_card in [n] -- bank_seniority in [>=5]

ELSE IF bank_seniority in [»=5]

ELSE IF gender in [M] -- financial_savings in [n]

ELSE IF financial_titles in [n] -- cust_cakegory in [cat_B]

ELSE IF housing_credit in [n] -- financial_savings in [y] -- gender in [F]

ELSE IF age in [==50]

ELSE IF cust_category in [cat_B]

ELSE {DEFAULT RULE)

ELSE IF age in [<==50] -- savings_livret in [n] -- privilege_card in [n] -- cust_category in [cat_B] -- savings_cel in [n] target in [negative]

Consequent Distribution
target in [negative] (B436; 19%6)

target in [positive] (1627; 7560)

target in [negative]  (1065; 22)
target in [positive]  (159; 1344)
target in [negative] (1625; 528)

target in [positive] (1198; 3268)

(1635; 645)
target in [positive] (619; 938)
target in [positive] {2263 390)
target in [negative]  (755; 525)
target in [positive]  (289; 410)
target in [negative] (22; 1)
target in [positive] (B88; 146)
target in [negative] (102; 42)

target in [positive] (1617; 1799)

target in [negative] (146; 76)
target in [negative] 130; 18)
target in [positive] (34; 71)
target in [negative] (98; 74)
target in [positive] 1139; 158)
target in [positive] 05 0)

Computation time : 156 ms.
Created at 21/11/2009 00:59:22

m
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,Q RUGHU WR FRPSXWH WKH WHQWVHKBUR 1Y BW$7 8BHFRB8 SRIIDQW ZH VH\

DV 7$5*(7 DQG WKH SUHGLFWLRQ@&I WEKHBBO O MG B1&YBD V

E TAMAGRA 1.4.34 - [Supennsed I_eamlng 1 (Decis Define attribute statuses

w““ﬁ

-

E File Diagram Component Window Help
0 oe B 5

|- [=]x]

Attributes,

Target Input

l /

D efault fitle

taset (life_insurance.txt)
- f Sampling 1
- #% Define status 1

D sévings_ldd -
savings_cel

D savings_pel

D savings_pep

D revolving_credit

D revolving_card

D personnal_credit

target

E||1| Supervised Learning 1
%% Define status 2

cisiol

D housing_credit
D financial_titles £

D financial_savings
e ——

=nt Distribution

(8438;
1994)

[am |

D pred_Spvinstance_1
=

Y

Clearall

] [Clearselected |

(1627;

[ OK

|| gancar ||

7560)
Help ]

' (111
Define attribute statuses

~ ELSE IF ban joritv in T<=11 —
o egiews -

ta

roet in
{1065; 22)

Parameters

Attributes °

N

Target

Input

(159; 1344) =

| ¥

D savings_ldd =
D savings_cel

PLS

Data visualization

Feature construction

Spv learning assessment

Statistics
Feature select
Clustering

Scoring

D savings_pel

D savings_pep

D revolving_credit
D revolving_card
D personnal_credit
D housing_credit
D financial_titles E
D financial_savings

c

v

&5 4.5

‘,'? Binary logistic rearession

B s

& CRT

al

1]

D target
Pl sirmmnessi

1

pred_Spvinstance_1

S C-SVC

,Decision List

&lal &

Clearall

] [Clearselected |

[ OK

|| gancar ||

Help |

7KH SUHGLFWLRQ LV FRPSXWHGQGFIGRUGDQD WKH WRVWDQHWYV:HLDGG WKH
639 /($51,1* $66(660(17 WDE LQWRPARRIS)XAULBYUDPWRWDWLFDOO\ WKH HU

XQVHOHFWHG LQVWDQFHV L H WWKKH 9\WH \PW Q/HW KHH HFWOURN BDWH LV

B TANAGRA 1434 - [Test 1] A o i I & == —
E File Diagram Component Window Help |=[l= ]l |

Dow E| 5

=5 Dataset {life_insurance. xt)
E|f Sampling 1
=-¥% Define status 1
BIZ‘ Supervised Learning 1 (Decision List)
Bﬁ Define status 2

Evaluation set : unselected examples

»

Values prediction

Confusion matrix

m
¥

negative 0.6934 02233 [negatwe 13844 6120 19984 | |
postive 0.8005  0.2770 [positve| 3981 15974 19955 X
17825 22094 39919 L
||l
e | p
Data visualization | Statis | Nonparametrrc statistics | Instance selecton | Feature constructon |
Feature selection | Regression | Factorial analysis | PLS | Clustering |
Spv learning | Meta-spv learning |Warm’ng assessment | Scoring | Association |
N
E?IEia:.ara.n‘ance decomposition -7 Hosmer Lemeshow Test \‘i?iTest l
E?EBootstrap I?ELeave-One-Out E?ETrain-test
E?ECroswaLidation E Logistic Regression Residuals
=
l« YULHU 3DJH VXU
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4.3.

Modifying the parameters of the learning algor  ithm

:KDW DUH WKH FKDUDFWHULVWERKW®IZWKHR GQIG X¥FKIE WEKKOMYBIQFH PHDV X!

B TANAGRA 1434 - [Test 1] . = )
— e — = =F =
E File Diagram Component Window Help A
Do M| %
I Dietailt title: =
I [=I-EH Dataset (life_insurance.txt)
- # Sampling 1
£-%% Define status 1
=R ,||pe|'v|sa ised Le
=%y De Parameters...
- H”I Supervised parameters..,
Sig. level for pruning : 0.100000
Execute
View Min. support of rule 10 4 ﬁ&m
1 U
6120 19964
974 19955
0K ][ Cancel “ Help ]
2094 39919
Components
Data visualization Statistics | Nonparametric statistics | Instance selection Feature construction
Feature selection Regression | Factorial analysis PLS Clustering
Spv learning Meta-spv learning | Spv learning assessment | Scoring Association
E?EBiasw’ar‘iance decomposition —7 Hosmer Lemeshow Test H?HTest
E?EBootstrap !?ELea\fe-Dne-Out H?HTrain—test
E?ECross#aLidation == Logistic Regression Residuals
‘H FOLEN RQ WKH 683(59,6(' 3$5%$0(7(56 BHQX/RN56813(5 '(&,6,21

/,67
ZH FOLFN RQ WKH 9,(: PHQX

‘H VSHFLI\ WKH 6KDQQRQ (QXWWRK\QD\SDENOPHI WHJO :H YDOLGDWH \

E Supervised Learning 1 (Decision List)

Number of rules = 188 .

Knowledge-based system
Antecedent
IF bank_seniority in [<=1] -- cust_category in [cat_A]
ELSE IF bank_seniority in [<==1] -- credit_card in [y] -- financial_titles in [n] -- age in [==50]

ELSE IF bank_seniority in [<=1] -- account in [y] -- financial_titles in [n] -- savings_livret in [n]

ELSE IF bank_seniority in [<==1] -- gender in [M] -- age in [<=50] -- revolving_credit in [n] -- cust_category in [cat_B] --
savings_pel in [n] -- privilege_card in [n]

Consequent Distribution

target in
[negative]
target in
[negative]
target in
[negative]
target in
[negative]

(231; 0)

(712; 0)

(686; 2)

(233; 0)

7TKH FRPSXWDWLRQ WLPH LV ORRIHQ EHBWXWHPWRKH DE&ORYVLWK UXOHV

WKH
VXSSRUWY RI WKH UXOH DUH OHVVHU

,V D FODVVLILHU ZLWK WKHYV D FKDWDW W HRWQL WWHFW HVWP R W "

ILUVW UXOHV ZH QRWH WHKHB® WKWK KUKRKPRREIVGHOEBO 2Q WKH R

‘H FOLFN

RI WKH 7(67 FRPSRQHQW 7KH JHOQHWDOL]OWLR Q HSUURMHRBYW GRHV QR

VXSSOHPHQWDU\

UXOHV 7KH -WKIDVRRIE VWKRPV¥HVRQERIXU GDWDVHW

l«YULHU

3DJH VXU
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W TANAGRA 1.434 - [Test 1] A o ul
E File Diagram Component Window Help

0w @ %
I

(== x|

-

Evaluation set : unselected examples

=B Dataset (life_insurance.txt)
E|f Sampling 1
E-#% Define status 1
E||1| Supervised Learning 1 (Decision List)

m

Parameters...
Execute
View l
-
Data visualization | Statistics | Monparametric statistics | Instance selection | Feature construction |
Feature selection | Regression | Factorial analysis | PLS | Clustering |
Spv learning | Meta-spv learning | I Spv learning assessment | Scaring | Association |

BrfEootstrap

!?IEia:.ﬂran‘ance decomposiion  —% Hosmer Lemeshow Test

IHELeave-One-Out

I?iTest
el Train-test

Brfl Cross-validation

Logistic Regression Residuals

4.4.  Induction of unordered rules

‘H XVH WKH 58/( ,1'8&7,21 FRPSRQHQW D&E3ILQS$SRUAHUWWR JHQHUDWH
XQRUGHUHG UXOHV :H FOLFN RQ WK(H66PHOX, 6 WKH53A(DXOW VHWWLQ
IROORZLQJ

' TANAGRA 1434 - [Test 1]
E File Diagram Component Window Help

Defa.
=-EF) Dataset {life_insurance.txt)
B # Sampling 1
%% Define status 1
E||I| Supervised Learning 1 (Decision List)
- ¥l Define status 2
Lol Test 1

Supervised Learnine 2 (Rule Induction}

Evaluation set : unselected examples

—

Rule Induction Parameters

Parameters

Min. Support of Rule 10

Rule importance measure : | Misclassification rate statistic ¥

m

Parameters...

Supervised parameters...

%:E;A\

Execute ) ) E 19961
View Signif level for pruning 0.050000 ‘ 19955
39919
[ ok ][ cancet ][ mew | — =
Data visualization Statistics | Monparametric statistics | Instance selection | Feature construction |
Feature selection | Regr: | Factorial analysis | PLS | Clustering |
l‘ Spv learning | Meta-spv learning rning assessment | Scoring | Azzociation |
E K-NN 3:*' Multilayer perceptron 3:*' Radial basis function L;ﬁi

E:%Linear discriminant analysis = Multinomial Logistic Regression &£ Rnd Tree
=log-Reg TRIRLS [eig Naive bayes ]i-_Prototype-NN ‘= Rule Induction
4 | 1 J %
_ _ 3
‘H YDOLGDWH WKHP :H FOLFN RQDMKRHR® O\ PHQ X X8 HVE W

l«YULHU
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Component Window Help
= Dataset {life_insurance.txt) Number of rules = 4
B- -# Sampling 1
-8 Define status 1 Knowledge-based system
= IZ‘ Supervised Learning 1 {Decision List)
i Antecedent Conseguent  Distribution
= %’* Define status 2 3 o 3 ) . . o .
I“I Test 1 IF financial_titles in [n] -- savings_pep in [n] -- financial_savings in I.ar\getrm I  1996)
[n] [negative]
IZ‘ Supervised Learning 2 {Rule Induction) e
e L 3 rgetin :
IF bank_seniority in [<=1] -- account in [y] -- savings_pep in [n] ety {1049; 26)
IF cust_category in [cat_C] -- financial_titles in [y] -- savings_pep targetin (1622: 528)
in [n] -- revolving_card in [n] -- financial_savings in [n] [negative] :
IF age in [<=50] -- cust_category in [cat_B] - savings_pepin [n] - targetin (23853 1281)
financial_titles in [y] -- financial_savings in [n] -- savings_celin [n]  [negative] ? =
targst in (6418;
(DEFAULT RULE) itive] 16185)
Computation time : 109 ms. -
Data visualization | Statistics | Monparametric statistics | Instance selection | Feature construction ‘
l Feature selection | Regression | Factorial analysis | PLS | Clustering ‘
Spv learning | Meta-spv learning | Spv learning assessment | Scoring | Association ‘
r’;:s D3 33‘ Multilayer perceptron @PLS-L[M g Rule Inducton
[ K-NN =Multinomial Logistic Regression [¥s Prototype-NN [ svm
Linear discriminant analysis [ Naive bayes 3:" Radial basis function
%= Log-Reg TRIRLS |8 pLS-DA £ Rnd Tree
] i ] ¥

'KDW LV WKH EHKDYLRU RI WK MNDFD®N'V LHL HQVRIQ W PH (W,HY W7$786 FRPS
ZH VHW "WDUJHW® DV 7$5*(7 WKH ISUHG& VN LRQ ,336B63KHQ ZH DGG \
7(67 FRPSRQHQW 7KH WHVW HUURUWMKMHWIHQ GXFWLRQYEQJRULWKP JHQH!
QXPEHU RI UXOHV WKH\ DUH YHU\ UHOHYDQW

B ranacRA 14 e - Sk & T (=6 ]
E File Diagram Component Window Help [-[&] =]
Dow B 5

I foul e
-7 Dataset (life_insurance. txt)
E|f Sampling 1
- %% Define status 1
: II‘ Supervised Learning 1 (Decision List)

¥l Define status 2

Evaluation set : unselected examples

; ﬂi Test 1 =
i D |I| Supervised Learning 2 (Rule Induction) i
B--m Define status 3 Values prediction Confusion
-
i Value  Recall 1-precision __
Parameters... negative 0.6756  0.2195 |negative 8476
— positive 0.809  0.2861 |positive] sm etsr 19985
View = | sum 17282 22637 39919
i
Il -
Data visualization | Statistics | Monparametric stai:rshcs | Instance selection | Feature construction |
Feature selection | Regression | Factorial analysis | PLS | Clustering |
Spv learning | Meta-spv learning | Spv learning assessment | Scoring | Association |
i -‘E;ID3 B}Muttil,ayer perceptron F_PIS-LDA Rule Induction
[ K-NN ne=Multinomial Logistic Regression [&s Prototype-NN < SYM
L;ff Linear discriminant analysis [ Naive bayes 3:*‘ Radial basis function
= Log-Reg TRIRLS [ PLS-DA & Rnd Tree
4 | I | »
= — = =
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5. Rule induction with Sipina

6,3,1$ LQFOXGHY VHYHUDO WHFKQLTXH\LPROHPBIQXWALQRUUXQVWDQFH W
YHUVLRQ RI WKH WZR RULJLQD®@ &1 BDS$RUNWKPV DQ

2WKHU LQGXFWLRQ DOJRULWKPWVIO DN WKWHRIDPRBA®W P, B (BWHIES UWRO F K
:LGPHU ZKLFK LV WKH DQFHVWRU RI 5,33(5 &RKHQ

)X UC

IRWRINHH VXUH IRX XVH WKH YHUVAR Y HBRV LIRIQL GXNPEWE UM OKRZHG L ¢

R/ 6,3,1%

5.1. Importing the data file

$IWHU WKH ODXQFKLQJ RI 6,3,1$ ZH 2BOLFNH®XQ MKHRUGHKHU WR ORD
/,)(B,1685%$1&( 7;7 GDWD ILOH :H FOPDWSRFIMWKWKIDWD ILOH ZLWK GLDC

ILUVW URZ FRUUHVSRQGV WR WWKHOQPROGIXRIQWKHS ¥ D D WEKRRBRIOIHW WKH WDE F|

5.2.
‘H P

S Ouwrir ==
[ — — = | Regarder " p RS = —; z
23 Sipina Research Version 3.3 - [ = i B == = [T S
3 E B Nom Date d Typ Taille Mots-clés z
= = = e =
A% File | Edit Data Statistics E,“p,';;mmi L life_insurancetxt ™
1 e réo
M Mew
! / I
= Open...
Aty P
| Save
' Save as..
Export..
Subsample managemer
Réssau  Nom dufichier [ife_insurance o = [ owr
Exit Typesdefichiers:  [Text fle format (. TXT) =] Aanuer
E—— — —
Import text file options g
I i_EaI'n.il’.'lg rmethod cust_catego age bank_senior|gends account credit_cardprivilegs
| H B =30 =1 M
MethodM ame=lmproved ChAID [Tsc a : o N s . ¥ = i
i ca = a
MethodClassName=TabreDecizion] - - e ¥ z
| t B >=51 >=5 F ¥ ¥ n
Hdl=8 | -
1 Merge=0.05 3 t_8 »=51 <=1 u v n n
Split=0.001 =2 =50 >=s ¥ ¥ ¥ n
[ TypeBonferoni=1 t 2 <=?0 <=Jr o v v .
“alueB onferoni=1 TR >=sl =5 F v = n
Sampling=0 - t B »=51 »=5 M ¥ n n
e T 5_€ <=50 z_to_4 ¥ ¥ n a
Examples zelection
1 +
e Specifications Defimiters
HEditing) | & g e  Taos
| Improved ChAID (Tschuprow Goodness of 5pl| | — oo " Space
e [—
R " Other |, -

Induction of unordered set of rules

XVW

ILUVW VSHFLI\ WKH WDQISKW RYNMMWLEXWELDRY R KHKH $13$/<6,¢

&/$66 $775,%87( PHQX

# D #?2#$

%\ XVLQJ GUDN WK WBLURY ERQMHIXUDWLRQ

/I_$ *#

7 2

/

9

2 91+%

7 #2

/[ 2 IHI/92 R $ [/ ++%-

l«YULHU
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2%, Sipina Research Ve?s_ion [Lea |
#% File Edit Data Statistics Induction method | Analysis | View Window Helg
0O | | Define class attribute..,
- = s cust Select active examples... a unt 1cred'rt card Jpr'n.rilege l:‘,arE savi =
Attribute selection 1 il T - : n n y [
1 Set weight field,.. i T T T |
2 [ A ttribute selection R S
— sel
B A
4l Class — Wariables
15 | Italget cust_categary
[ age -
‘%‘ bank_zeniority
=1 Attributes gender ;
accoun
o g;:t_category = credit_card
= . privilege_card
_}E Ezglsg[senlonty 3 savings_li\u'mt
Learning method 1 account z::::gz'?g:
MethadM amea=Improved ChalD (Tac . C'?C_"t_ca'd savings_pel
MethiodClassMame=TArbreD ecision] — | L1 pnv!lege__card savings_pep
Hdl=& = savings_liret revalving_credit
Menge=0.05 =l | savings_|dd revolving_card
Split=0.001 Sa\-'!ngs_c:el - perzonnal_credit
TypeBonferroni=1 1 savinas oel housing_credit
WalugBonfemoni=1 1 financial_titles
_SEamD||n|g=D — hill] | E: ¢ Only discrete financial savinis
— Examples selection 1 .
I e " Only continuous
(' Both
I IE
Elmgroved ChAID (Tschuprow GoodnE;I X annuler |

1RZ ZH ZDQW WR VXEGLYLGH W IGHWG-DAD VBWSDGIW R : W UFIOLF N ®Q WKH
6(/(&7 $&7,9( (;$03/(6 PHQX :H VHOHFW $RBH I5$R 2W LR Q

. Sipina Research Version 3.3 - [Learning set editor]
2. File Edit Data Statistics Induction method [Analysis) View Window Help
& | | Define class attribute..,

| cust
Attribute selection IE i

=i Predic
] cu

ag
b

Select active examples...

C kit ol

Filter active examples

ize of sample

50 =

30
P

39919 of 79538 examples

EL) Sampling strategy

* Random

Learring meth " Stratified
Methodh ame=|
ethodClassh
Hdl=8
Menge=0.05
Spit=0.001
TypeBonferron
WalusB onferm
Sampling=0

I — Examples el

EEEEEEEEE
[r1]
[}

Filter methiod
| o Al
 List

| —
EIm proved ChA

" Rule zelection

List of ewamples  Rlandom zampling I Rule filter I ¢ oK I x Annuler |

/IDVW ZH PXVW GHILQH WKH LQGXRWRR QVRB JRUBAWKPL OK7F D' 67%$1'$5"
$/*25,7+0 PHQX ,Q WKH GLDORJ VHWWLIQJIN.(ZRWKRRWHDIMW XUHVY PHWK
VHFRQG GLDORJ ER[ DOORZV WWRVWIHQUYH - WKHD OOGRWIHWWRH/ 8HIDXOW SD
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. Sipina Research Version 3.3 - [Learning set editor]
&% File Edit Data Statistics [Indnctjon method | Analysis  View Window Help
=== - = -ee
B | | | Standard algorithm.., I \

- iﬂl Icust catego age bank ioril gender account credit card |priviege carsavi =
Attibute selef celect an induction method " ﬁ ¥y |
-z Pred - .‘,r

8] d| Induction Graph Frule Induction ural networkl Dizcriminant anal}lsisl Decision IistI Other I .n
4B} o [CN2 [Clark & Boswell, 1997 I !
4] K| B B B .|'|
8] 5 -
18] 3 1o
SDE |
0] i
18] n
18] s n
L= S =
I Learning metl ln
ethadh amdg T
MethodClass| I
Hd=32 CH2-Like (Other Measures) 0
Significanced v
Evaluation Fi ’W b
Min. Support “ L [ | ¥
—_— " : : " : =Y
- | 24 cat B =t ==1_parameters for Improved CN2
— Exariples selection———————————— |18 cat_ B |<=50 |==5
39919 exarnples selected 20 cat C =50 2to — Pruning rule
33919 examples idle =
l. [Editing | NEW.FOM Sig. lewel for statistical meazure
ICNZ-LiRe (Other Measures) Min. Support of the rule
= e
Rule evaluation function
IMiscIassification R ate Statiztic ;I

1RZ ZH FDQ ODXQFK WKH DQDOSVSAEGFOLFNL QI RIQPOW K H

2%, Induction method  Analysis Rule base management View Window Help
L3 |
- _ Z Nurber of rules : 4
Altribute zelection i I l = l I T l = I z l = l
S Class attibute T remls.e = . . : — oncl .smn : up... | Co... i
i E target |—| 1 If financial_titles in [n] and savings_pep in [n] and financial_savings i.. then targetin [negative] 10360 0.805 1611
Eﬂ}‘ Predictive attibutes = I =2 If bank_seniority !n [==1] and accnunt.ln M am.i 53wngs_pep in [n} then target !n [negat!vel 1083 0579 1.958
s e 3 If  cust category in [cat_C] and financial_titles in [y] and savings_pe... then targetin [negative] 2247 0784 1528
ﬁ i gary 4 If  agein [+=50] and cust_category in [cat_B} and savings_pepin[n]... then targetin [negative] 3762 0645 12
age
bank zeniarity X
_L-eami'ng method
Method ame=CH2-Like [Other Measure
MethodClazsM ame=TImprovedRulelndu
Hdl=32
Significance=0.05
Evaluation Function=1
' Min. Support=10
i ~ Examples selection
39919 examples selected
39919 examples idle
Default rule : [negative:6409 , positive: 16064]

| Eecie- 00 ms

R 1 - =

CN2-Like {Other Measures)

‘H REWDLQ UXOHV ZKLFK DUH IYHUQ DJLWAL O,DW LW RQ WW RWHIDR® OM QWX U SUL VL
DOJRULWKP LV WKH VDPH EXWWZM¥DEX QR W AFRWW VOQKHWRDWKRHLU RFFXUU

JRU HDFK UXOH 6,3,1$ GLVSOD\VIMEKHH) PMHK S5RE VW KW KOIL MR Q % HFD XV H
XQRUGHUHG VHW RI UXOHV ZH RD® RR UMK MMKH R HDFRRDGERILQGLFDWRL
WKH KHDGHU RI WKH FROXPQ
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7KHQ ZH ZDQW WR DVVHVV WKH WRB VHUIILHEU6 H7TFEEIOLPNQRQ :H FKRRVH
",QDFWLYH ([DPSOHV RI WKH 'DWWRDIV$S OR SWHHR Y XQHRURBH WKH WHVW \
UDWH LV

3. Induction method [Analysis | Rule base management View Window Help ===

O Define class attribute... | Apply classifier on ... )
- = : Select active examples... Apply on
| Altribute selection | " Learning set - -
[ Class attiibute — Conclusicn ] Sup... | Co... ] Lift ]

i+ inactive examples of Databases

Set weight field.. —

o -
n} and savi

=1]and a
cat_C] and| ¢ ok ‘l x Annuler |

icust_cate

target in [negative] 10360 0.805 1611
target in [negative] 1083 0979 1958
target in [negative] 2247 0784 1528
target in [negative] 3762 0645 1.2M

E target
Predictive attribute

cust_categoryi
age |
bank_seniarity

=

.Leam.i.ﬁg method | g - =
[MethodName=cNZ Lk [0 Stop analysis ET. Cotnfusmn trix : Test set on NEW.FDM [ = |[ & |5
MethodClassName=TImpre arge
Hdl=32 Classification negative |positive [
Significance=0.05 - 13587 tg3z3
Evaluation Function=1 Test... neg‘_at:_we —
Min.Suppart=10 positive 3333 18070
[l LIFT -- ROC curve...
| Examples selection Error measurements ’ Cost: 0.2571 .
39919 examples selected - ) —_—
39919 examples idle Fea ection 3
09 , positive: 16064]
e = 3
! Ch2-Like (Other Measure Bersonnaliests Exec.Time: 820 ms

5.3.  Other rule induction algorithms with SIPINA

6,3,1$ LQFRUSRUDWHY RWKHU UXOHM DG XOFrQWL.QR\QHDODQ RWEMKPIVFK ZKLF
VLPLODU WR &1 IRU LQVWDQFH &1 GH RIODRINIIHWRRYVZHGOG VWRS WKH
DQDO\VLV E\ FOLFNLQJ RQ WKH $1%/P6H6X 6/RBQ (BEIVHOHFW D QHZ PHYV
WKH PHWKRG VHOHFWLRQ GLDORJ ERPB7%1'887,30*2®G(7+D' 58/(
,1'8&7,21 :H ODXQFK D QHZ DQDO\$BY,1$1BHEX6 H(REWDLQ UXOHV
DUH PDQ\ VSHFLDOL]J]HG UXOH WRNK D FRQILGHQFH FORVH

3. Induction method  Analysis  Rule base management  View Window Help |- G
B
- — __><_1 Murnber of rules : 166
| Attribute zelection = - - -
S0 Class atibute T M | | Premise — — ] | Cunclu.smn : ] Su... | Con... | Lift |
E target .| 1 It bank_seniority in [<=1] and perzonnal_credit in [y] then targetin [negative] 2200 1.000  2.000
| -4 Predictive attibutes = 2 If  bank_senierity in [<=1] and account in [y] and age in [<... then targetin [negative] 828  1.000 2.000
R 3 If bank_seniority in [==1] and account in [v} and age in [«... then targetin [negative] 696 0.999 1.9597
cust category 4 If bank_seniority in [<=1] and financial savings in [yl and... then targetin [negative] 184 1.000 2.000
age . =| il 5 I bank_seniority in [<=1] and savings_livretin [y] and ac... then targetin [negative] 239 0992 1.983
m— | Bl o |5 If  bank_seniority in [<=1] and cust_category in [cat_A]a.. then targetin [negative] 83 1.000 2.000
'Learn'i'ng methad [l If bank_seniority in [==1] and gender in [M] and =avings_... then targetin [negative] 36 1000 Z.000
|MethodM ame=CH 2 [Clark & Boswel, 198 | 2 If bank_seniority in [<=1] and gender in [M] and priviege_... then targetin [negative] 237 1.000  2.000
MethodClazzMame=TRulelnductionCH Y | & If  bank_seniority in [<=1] and savings_livretin [y] and ac... then targetin [negative] 225 0.987 1973
Hdl=31 10 bank_seniority in [==1] and cust_category in [cat_Bia.. then taroetin [negative] 36 1.000 2.000
Significance=0.01 11 If  bank_seniority in [<=1] and cust category in [cat Bla.. then targetin [negative] 55 1.000 2.000
12 If  bank_seniority in [<=1] and account in [y} and credit_c... then targetin [negative] 118  0.583 1986
3 i bank_seniority in [==1] and cust_category in [cat_AJa... then targetin [negative] 23 1000 2.000
14 If bank_seniority in [<=1] and savings_ldd in [y] and age i.. then targetin [negative] 2T 1000 2.000
. 15 If cust_category in [cat_C} and housing_credit in [¥] and ... then targetin [negative] 27 1.000 2000
wamnples selechion b ! ! : : 2
H || 16 it bank_seniority in [<=1] and savings_pelin [y] and revol.. then targetin [negative] 7 0546 1282
%gg}g :::mﬁ::z f;h':de‘j 17 If  cust_category in [cat_C] and financial titles in [nand ... then targetin [negative] 21 1000 2000~
Default rule : [negative: 11454 ; positive: 159396]
(TC-I'ar'I'( & B'c'rswell-ll, 1991J i | “Exec.Time: 14540 ms

2EWDLQLQJ PDQ\ UXOHV GRHV QRMQ PH DX QEHN WS 8O0S HUKRUPODVVLILH
VHW WKH HUURU UDWH LV  BAST<B(6(;$0B6(6 2) '$73%$6(6 7KHUH LV
FHUWDLQO\ DQ RYHUILWWLQJ SKW QR PHIQHR Q XXKH\D WKW RRX O R U
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6. Rule induction with Weka

‘H XVH WKH YHUVIKRQWKEI :BARD FV ZDLNDWR HF SHWWHNKH DQDOV
ZLWK WKH H[SORUHU PRGH , K& MNRVLOQHFUWRVBFWKHYH WKH WUHDWPH
WKLV WXWRULDO VHH 581:(.% ,1,

| RunWeka.ini —g—notes =NICH X
Fichier Edition rmat  Affichage 7

cmd_console=cmd. exe /K start cmd.exe /K "java -Dfile.encoding=#fileEncoding# -Xmx#nm .
cmd_explorer=javaw -Dfile. encoding=#fileEncoding# -Xmx#maxheap# -classpath "#wekajz

# placeholders ("#bla#" in command gets replaced with content of key "b1a™)

# Note: "#wekajar#" gets replaced by the launcher class, since that jar gets

# provided as parameter |
#maxheap=128m -- modified par Ricco =
#maxheap=1024m -- new modif. 10/11/2000 o
maxheap=1512m

# The MDI GUI

#mainclass=weka.gui.Main

# The GUIChooser

6.1. Importing the data file
:H XVH WKH $5)) :HND ILOH IRURD@W RIWHNDWKH OBRABFW WKH H[SORU
ZH ORDG WKH GDWD ILOH E\ FOERMVOR QR Q HWKIH R3WIKH /(,) (B,1685%$1&( $5)

% Weka GUI Chooser I [E=EENSC)

Program Visualization Tools Help
Applications
Explorer
e E
- * Ouwiir =)
Experimenter
L Rechercher dans : life_insurance = B _)E
Waikato Environment for Knowledgg Anatysis KnowledgeFlow i s il
Version 3.6.0 + Weka s’p\mr 1 o "’f‘s
(c) 1999 - 2008 T T Ty jeriend
The University of Waikato
Hamiton, Mew Zealand [ [ OpentRL.. [ OpenDB.. | [ Generate. /(
| ter
- - Bureau
Urrent reldion 3
F\
Documents
1 e
Ordinateur
J _&. Nom de fichier : life_insurance.arff Ouvrir |
RESSSU Fichiersdutype: | auff data fies (7o) - Aoncer |
Remove
Status —
Welcome to the Weka Explorer o | <

%\ GHIDXOW WKH ODVW FROXPMHWRIMWWVYERRWM WRKHVRHIJWQUIDWLRQ F
FRPSO\LQJ ZLWK WKDW

l«YULHU 3DJH VXU
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6.2.  JRIP rule induction algorithm

-5,3 VHHPV YHU\ VLPLODU WR WKHDS SWR DSRS X&MKH 6,33 (5
&/$66,)< WDE DQG ZH SLFN -5,3 &/$66,),(5

&+226(

‘H DFWLYD

¥ Weka Explorer i e
| Preproc\essl Classify ‘ Cluster | Assodiate l Select attributes I V’lsualizel
Classifier
‘JRip F3I-N2.0-02-51
Test options Classifier output
(7 Use training set Mumber of Rulea : 26 é i
(71 Supplied testset | 5
] Bt ydidangy Pz |10 Time taken to build model: 383.05 seconds
[l (@) Percentage split % |50
=== Evaluation on test split ===
[ More options...
== Summary —
{Nom) target * || Correctly Classified Insteances 29627 74.2178 %
Incorrectly Classified Instances 10292 25.7822 3% é
Stop Kappa statistic 0.4844
Result list {right-didk for options) Hean dhaglnteseroor 043663
S50/ K Relative absolute error 72.0667 %
Root relative sguared error B85.306% %
Total Number of Instances 39919
== Detailed RAccuracy By Class —
TP Rate FP Rate Precision Recall F-Measure ROC Rrea Class B
0.679 0.194 0.778 0.67% 0.725 0.772 negative
0.206 0.321 0.715 0.806 0.758 0.772 po3icive
Weighted Avg. 0.742 0.258 0.746 0.742 0.741 0.772
== Confusion Matrim =— 3
a b  <-- classified as
13544 6417 | a = negative
3875 16083 | b = pogitive | 8
] n | L Il
| | |
| Status
o L] g+
= = = E———

l«YULHU
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‘H XVH WKH KROG RXW HYDOXDWLRQ]HURFHYNV SRRIQHG WHMMWV VHRI WKH Z|
THVW 2SWBRQNWHQWDJH 6SOLW

-5,3 FUHDWHY DQ XQRUGHUHG VHW, RBRILP SWOHEFPHQ WNWHB DXWWB\ VRSKLVWL
SURFHVVLQJ WHFKQLTXHY LQ RU®RWG WK F WXXOIHNVIHWD KK H XIODHO F XOD W L
VHF 7KH WHVW HUURU UDWH LV

6.3.  Other rule induction algorithms with Weka

"HND LQFOXGHV PDQ\ UXOH LQGXBWH RN POWRUDQWEPW HIOMKZKHUH ,Q
PHWKRG LV UHIHUHQFHG E\ D SDHOL RKHLE) DEUNREFHMG LQIJMRXKLY LV UHDC

3$57 )UDQN HW :LWWHQ m *HQHUDW LRLIWHREEXWDWREDX®RSSWLPL]IDWLRQ
W LQGXFHV D GHFLWIMKDWLWWH ,WOVRHPWKP LV D FRPELQD
5,33(5 :H VHOHFW WKLV PHWKRG7HRGE2HVMARFEN RQ WKH 6

‘H REWDLQ UXOHV DQG WKH WHVW HUURU UDWH LV

/

5,'25 *DLQHV HW &RPSWRQ m ,QGXBWERQHWRI $51SS9GIK6 '"WR ORGHOLQ
'DWDEDVHV } LQ -RXUQDO RI QWWBPVYJIJHQW ,QIRUBDWHRQ ,W JHQHUL
GHIDXOW UXOH ILUVW DQG WKHODWEW HDEGIS VI L VGVW R OHTHAD 2\ LJ KW
JHQHUDWHY WKH "EHVW® H[FHS WQRQMNVIKRWD MIHRK XHI WH OWSDRUGHN AKXV LW
H[SDQVLRQ RI H[FHSWLRQV 7KHI H[XEBW MRQDWD SHHI VAHW FODVVHV RWK
,5(3 LV XVHG WR JHQHUDWMW WS H PY\GE®WPRQVQJ ZRUG S UHNNURRPU

RU UXOH LQGXFWLRQ

‘H REWDLQ UXOHV ZLWK D WHYWKHY,URSU UDWH RI

l«YULHU 3DJH VXU
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/

7. Rule induction with R (package RWeka)

‘H FDQ XVH VRPH OHDUQLQJ DOJRWKWWK®V RAZ:HNDURMILWRWB/MKUHI 5:HND
SDFNDJH YHUVLRQ ‘H XVRUWKH IROORZLQJ SURJ

‘H REWDLQ WKH IROORZLQJ UHVXOWYV

l«YULHU 3DJH VXU
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‘H REWDLQ UXOHV DQG WKH WHVWDIHUWIRUZHIBWE SDWUWLWLRQHG U
GDWDVHW LW LV QDWXUDO WKMW®W HJ REXMDALY WRDIKWHNDGIRUH VXU S
SURFHGXUH LV VLIJQLILFDQWO\ DDDWRAVUWQGHUVKF XQGHKE :HND

8. Rule induction under RapidMiner

5DSLGOLKWMWS UDSLG L FRP FROQOWABRMUBRMWADWHY YDULRXV UXOH LQGX
‘H FDQ DOVR LPSRUW WKH OHDUQH QIHP HWK WEW IR RZNDPI GLDJIJUDP

‘H XVH WKH IROORZLQJ VHWWLQJV

$5)) (;$03/( 6285&( ORDGV /,)(B,1685%$1&( $®)DWHH WKH WDUJHW DW
/1$%(/B$775,%87( WDUJHW

l«YULHU 3DJH VXU
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6,03/( 9$/,'$7,21 DOORZV WR VXEGILH VG VBBEH7BBWMYHW , GR QRW N
KRZ WR GLVSOD\ WKH UXOHV FRIMSRWEG RO WHIOH FWUIDR.@ MOKIHV& 5 ($7 ( &
02'(/ RSWLRQ LQ RUGHU WR REWRQQMK K HZ KX O H\G BRFSM}HMNH G

58/( /($51(5 LV WKH OHDUQLQJ PHWKRIGCODW WRHPR ¥3YH U\
&/$66,),&$7,21 3(5)250$1&( FRPSXWHV UWDRH WENSWE HULRY21 (5525

‘H FOLFN RQ WKH 581 EXWWRQWDQ) @& KMKHL WWHWWEBURNH RDBWH

,QWR WKH VHFRQG WDE ZH KDYH WKMHHVXOHVHW ZH REWDLQ

l«YULHU 3DJH VXU
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$ERXW WKH FRPSXWDWLRQ WLWKHLIKR®OH SWPREHWWHWV HKRUFUHBM/LRQ RI \
wWubDLQLQJ VHW VHHPV WR WDNH VHFRQGV

9. Rule induction with Orange

2UDQXHNWS ZZZ DLODHE YERRIBRQIDHVHY WKH &1 DOJRADLWIORVLRCH BH WYX
RULJLQDO DOJRULWKP KRZHYHUVEKH®PHILQH WKH IROORZLQJ

'$7% 6%$03/(5 HQDEOHV WR VXEGLYLGRH0VBEBI3GDWPGHNS/ (586 1= (
‘H VHOHFW WKH :5$&& PHDVXUH LQWRNWKMHORZV FRR SIREMDMY OHVV VSH
DQG WKXV OHVV QXPHURXV UXOHV

7KH LQGXFHG UXOHVHW FDQ EH YLBZAHG EQWRRYKAW1: HS&/DYH UXOHYV
FDOFXODWLRQ WLPH LV DERXWJ UDMHARDWGY 7KH WHVW HUUR

l«YULHU 3DJH VXU
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10. Comparison of the implemented algorithms

‘H RXWOLQH WKH PDLQ UHVXOMWWRQWR GVRHAFIRWOIRYZL KXW WNO/W HUURU

Ruleset characteristics
Approach # rules Test Error Rate (%) Calculation time (sec.)
WEKA / PART 1228 24.8 126.1
TANAGRA / DECISION LIST (Shannon) 188 24.9 2.3
TANAGRA / DECISION LIST (J-Measure) 20 25.3 0.2
R / JRIP (Package Rweka) 29 25.7 89.7
SIPINA / CN2 Like (Mis.Rate Stat) 4 25.7 0.9
TANAGRA / RULE INDUCTION (Mis.Rate Stat) 4 25.7 0.1
WEKA / JRIP 26 25.8 393.5
WEKA / RIDOR 198 27.7 189.1
ORANGE / CN2 (WRACC measure) 4 28.5 30.0
RAPID MINER / RULE LEARNER 23 28.6 55.0

‘H REVHUYH WKDW

7KH IHZHU LV WKH QXPEHU RI JW® HUDMWMKBHUXOHR/U WWKP IDW LV QRW U
7KH JHQHUDOL]DWLRQ HUURU UZWBWHNYWIUP WXDIUP HD\E R X &
$ VLPSOH FODVVLILHU ZLWK D UHZWHXDW\D FIR® EGIHD \F OF¥FXLILHU 7KL\
QRWHG ZKHQ ZH SHUIRUP DQ DQDO\VLV RQ UHDO GDWDVHWYV
21 FRXUVH ZH FDQ REWDLQ EHMX\QHU WHKIH XGIWW LQ Z\H RLQWHKH D OJRU LWk
DSSURSULDWH YDOXHV LV QRW INORD\WREYQRRVQLWJGHSHIUILWKP DQ
FKDUDFWHULVWLFV
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11. Comparison with the decision tree induction

‘H ZDQW WR FRPSDUH WKH SHUIRHE® FQPHW IRIL WK LUVWKIOMWEBVGHFLVLRQ V
& 57 FRPSRQHQW &$57 | UHLPDQEDNMIELQWKH IROBRZLQJ WUHH LQ P

‘H REWDLQ UXOHV VLQFH WK HWWDHUHURUWHDWHYLWKH W7KHRH YDOXH
WKRVH REWDLQLQJ ZLWK WKH UKXOQHRQGXEWSIRIQV PGIJIN KOFDGM HFBEHULPHC
GDWDEDVHV JLYH WKH VDKW WBQFOXWDRELOH QJ WXWRULMKEYVERRIVSRW
OLVWV DQG GHFLVLRQ WUHHV KWPO

l«YULHU 3DJH VXU
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12. Conclusion

,Q WKLV WXWRULDO ZH ZDQW HEHW R RU M IOH JIKOG WKMLBR OSRIRBIUHGLFW L
PDLQO\ DYDLODEOH LQWR DFDGERLEHDRROQQ J FRP RKIQH WD FKILQRWH WK
DOWHUQDWLYH TXLWH FUHG L EOGL FWRL & H LW\ ROL W HRIY DRQGHSU ERWK L
WKDQ LQ WHUPV RI SURFHVVLQJ WLPH

l«YULHU 3DJH VXU



