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ABSTRACT

Machine Learning (ML) algorithms can mgralize for every class with the same
accuracy. In a problem of two classes, positive (true) and negative (falsejtreases
algorithm can predict with the same accuracy the positive and negative examples that is the
ideal case. In many applications ML afghms are used in order to learn from data sets
that include more examples from the one class in relationship with another class. In general
inductive algorithms are designed in such a way that they can minimize the occurred
errors. As a conclusion thdasses that contain some cases can be ignored in a large
percentage since the cost of the false classification of the-spesented class is greater
than the cost of false classification of lower class. The problem of imbalanced data sets is
occurred m many O6real 6 applications, such as r
development processes, communication networks error detection, automated testing of
electronic equipment and in other related areas.

This dissertation entitted Mac hi ne Léear himbgl ewmelewedtoDat aod
the solution of the problem of efficient use of ML algorithms with imbalanced data sets.
The thesis includes a general description of basic ML algorithms and related methods for
solving imbalanced data sets. A numbealgorithmic techniques for handling imbalanced
data sets is presented, such as Adacost, Cost Sensitive Boosting, Metacost and other
algorithms. The evaluation metrics of ML methods for imbalanced datasets are presented,
including the ROC (Receiver OperajirCharacteristic) curves, the PR (Precision and
Recall) curves and cost curves.

A new hybrid ML algorithm combining the OverBagging and Rotation Forest
algorithms is introduced and the proposed algorithmic procedure is compared with other
related algorithra by using the WEKA operational environment. Experimental results
demonstrate the performance superiority of the proposed algorithm. Finally, the
conclusions of this research work are presented and several future research directions are

given.
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Compute information theoretic criteria if we split dn

end for
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= Induced sub- datasets from Dbased Qg
for all D, do
Tree = A.5(0)

Attach Treg to the corresponding branch of Tree

end for

return Tree
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Uao ¢} cAdamd8apsf.Mla UsmlamBoost.M2)(Schapire, 1990; Freund and Schapire,
1997; Schapire and Siner, 1999)URagging 6 UBe dJd 8 ~ 8 ~ & sleeoyss) cagde 6 g d
® 6 & o d ccyo30a o (idee difd ¢ U sullJsaédfmsiing small votes with importance
sampling algorithm) (Breiman, 1999).
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AdaBoost Baggingkai lvotest OUgli s o vYilisoe ea6) (e:

U vyvUgRgoalUaepeeyssel GeU) a8glsYea:

| &9 h 1 sAdaBaosf

Aatsildgadehd U UsUseyUxs ¢; g3 Weak|0G Ue d

learne} ; (i 3 @ o tainingse)HBe {X.3y.}Li( £2, »N; yi[ 1; ]]-t

Ozaclicd UUzs3eedqUed hoasted 6 g Cckhgfifie) (
T

H(x) =sign[a a*h (x)] @ d,

t=1

aUmpUasUs Us Ual Us s c hdudesldassiiessa s oG @ @ Wdraf) s

by; d Uesgd.

J 626050 Usoae m@sosUlsalUbal
D,(i)« 1/N,for i=1,2, »,N
Fort=1to T do
h, « |(S, Q)

& « D (i) - [h.(x). v]

if (¢ >0.5)then

T « (t-l)

return

endif

a=Infl-e)/¢€/l2

z= -ah(x) vy

D..(i) = D,(i) .e =z, fori %2, »N
Normalize D,, to be a pper distribution

endfor
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Algorithm LogitBoost

Input: Instance distribution D;
Base learning algorithm L;

Number of learning rounds T.

Process:
D, =D. %lInitialize distribution
fort=1,...T :

h =L(D);

%Trainaweak learner fromdistribution,[
§ =Pr_p, I[N . W % Measure theerrorofh

D.,; = AdjustDistributiorf D, €

end

Output: H(x) = CombineOutput§ ()}
AKoofd:lF<t '~

LagitBoost (Mannava;Ramesh,2012)

| 90 Nh ) Bdggimgd

AatGe:lgd de AU Uagw 95 & U aJWidiledy d d {weak
learne); ¢ ¥ o UdgaeUgs U g (hddtstaphgtl i 3 &l ® ® o(wrainmgse) S.

Osagul@dasscedqUed 0O GbaggeddagsiieY e UUB o6 (

H(x) :S|gn[ah , h'hdol, +, Uas Us

(inducedclassifiers.

Us iils @6 a

3} 62809 0Usoe @sUlsalUlal:
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fort=1to T do
S « Random Sample Replacemé¢nt i

h « | (S)

endfor

Koo &Y a0 f dBabginy

| 92 f ) dvdtese d

AatGeu@gsdd higs Ue ¢yl U U alliidlksgaridd] & tvgak
learne); £ ¥ o UldgeUde U g (hdodtstahgll i 3 di ® ® s(wainimgse) S.
Ozaslul@dassecedUed ¢ (Haggeddagsiie)Y e UUa g 6

H(x) =sign@ h(X .~ hi[-1L 4z « an s ' 1 tifduced| b v oA”
r=1
classifier}.
17 7 <7 ~ ¢ n'ohi ¢ h h vy
Eyew « 0.5
repeat
€op € Qew
St« 0.0

while sizg §) < n dp importance sampling
x« Randominstanc¢ )S
if x misclassified by out of- bag classifithen

S « S{)}

else

S« S{3} with probabilityg, ( 1 &)
endif

endwhile

h« 1(S)

eNEW« error of out of - bag classifier

untileNEW > Q)LD

Koo RS 20 fy évotesa d
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"Uy 9aUebyYsaes Ulled sl 3u Ustilbpeoymtiigld Uesgd GUds sl
U "Uya Uxad e€d aUsU®&gpiebddeUsstdgidhotelsiylc
"s0UxvyUsoat1 3 oddi &fdwld. gllufReysyglica) sayd Us
sUselUdiad ~ UGB YomagadicWidsol 3 ~adjeiliey) st 3
¢13ce895c6oUseqdalfdfid de ya(nbakantel datnitg

Co

Ce

UsUGyy OUUs GUds s9aU3hUqUU Uxs Usese@aseoUst
U htiseld Uxs "~ UystleUyyvrs Uesoesjaderys eY¥Yddid
aUUUs@Be ! 3 e alGU ohRGUd UVUGGUeoeysdd UUzs3he
"UyegltesUGdeisa GU “"e6ei @a8aU Gis3eaU Useseassa
"Uy UdUelegs U eU)Ulbsledejtaest UwUs Uy yeega &d
290 Usd UyszUsd ulUlUseysrs. U “~j UoeUUsaY
eYddidd UsUs jedy UiUs y¥3U0U U UsUaUesbhbUszfeUs
O s UtalUsd "eg "3y Us 3U tsUyUgsddei 3.

g6 h'bjode U UseessosegoUssid e¥ddidd U sUUaUoc
tsUdse "~ Uysaslissa¥Y Usg oaYUasQg, Ustsayd Ualh

gayitysU U s00dce 83 s dnstitute af jEtediricad éne Electronicg ~ ¥ d

Co

Engineers(IEEE), Associaton for Computing Machinery (ACM), Association of the
Advancementof Artificial Intelligence (AAAIl), ACM Special Interest Group on
Knowledge Discovery and Data Mining Exploration (ACM SIGKDD Exploratior) a. U.
(Japkowicz 2000;Chawlaetal., 2004).
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Preprocessing of Imbalanced Data [SPIDER]) (Stefanowski and Wilk, 2008).
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Boostingalgorithmg , ~e6g “~ Uy saUeby¥segs Usd Ushasgc
] 1) AdaCost (Fan et al., 1999)
| 2) Cost SensitivéBoosting (CSB)
| 3) RareBoost
| 4) AdaC1l (Sun eal., 2007)

] 5) AdaC2s UralaC3

w)Bdaoh)ysdeass UGgshavrs,  ¢Bgostibghaseds ¢ 3 UUs
Ensembles ~ U} s yalkpgase ; sldee bliogyadU G a U d
B1) SMOTEBoost (Chawla et al., 2008) UMSMOTEBoost (Hu et al., 2009)

d?2) RUSBoost (Seifert et al.020)
B3) DataBoostiM (Guo and Viktor, 2004)
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C1l) OverBagging (Wang and Yao, 2009)

C2) UnderBagging (Barandela et al., 2003)
C3) UnderOverBagging (Wang and Yao, 2009)
C4) I1IVotes (Blaszczynski et al., 2010)
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D1) EasyEnsemble (Liu et al.p@9)
D2) BalanceCascade (Liu et al., 2009).
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g¢U “"eogUUzosoROCoj &fieedt)UBU ) dqloscese 8oaddai
"3 ebaee UUU Us e ¢ amuttidaSsimbalagcedearnihgptobleis (Eawcett
2006). @GsU nlosUyrgpadge U as Us Udnx@)i 2 cagstilgedU gU ae3ll
GyaUyd UUszsesszseellUsad (UU GUasienPali(GadUBW ) 6
GUescUaU Uas UHand and 3ill) 2603; Abe gt)al., 2004; Sun et al., 2006;

Fawcett 2006).

GoaU Ue3s g 6aae2slechU) osedtylbilhs slodizs 6lkikas 1ised
Under Curve [AUC] ) e 83 Ua 30U 63dises @addUa d
g eacoolUsoee "jJelyoosld:

@ d oaROCi=mly a¥YdU U¥Ysd UsUlgjescuegsdsdysa
UsUatAucsc Ud

) HoWYC BpsiligY¥eass UUs eU byrsy b gdg 30l Eaibeis)
g Ujatdegdd Udd Uyadd UsUGejyt 3 aGUU uliueeysU.

zaU oUssaUgeysd “~Jelyoogld-rveaguitioscesgsU
GgsUdyeaslUs AaU UU gUiod UysUxs UUAUEG. @8saU b
eydeitiaed UgUe 06U3d3U0 adlUlmeeltlelsUVB UhysU aUs U0UU
(Chawlaetal., 2002).

] 3UGyy; O0UUs HUs d e¥Yddid U UgUstddaalU af
OGGUaeysdd UUszxsshedldd o050 Uds Usseahodid
"} 8 badeABdderal., 2004;Liu andZhouy, 2006). K o 3 HhadOU0U ¢
"goagUUsssl RO Ue "B 3U 6y disec e@meddda &
990 Uds Us¥Yoeadlid Uset 3 oa¥YdU U¥YaddSumem=mlU Uds
2006,Chanetal. 1999).

UUeUasi1 lid BtoUdpg8do8pgUecsUUU o050 Uds Usae
yeUs GdeUsUsayd U sl YaUsd GUds 3 heuas Ud
edeUs soed daaengmessny ¥ 3 U@ 3 Us bUNE slbayh alsygydle ¢ UU U

i) RBU "eae bUdeh 85 ¢ ydiaige ob cladass s albslls 6
evyddidd;

8¢
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(i) Y¥d 65 Uesofhyosdess egdqeUsssed e¥Yddiudd
e  eoalUue e UU u(Brovest, 000 Waiss ahd Pravost, 2003; Estabrooks et al.,

2004; He and Garcia, 2009).

ZUOU "~ OutaU UsWeoYadydd do rmaae gdg WWlilsemeg 3 Uy
Ustdapdge UlaUdbendimarish) Golexd ((d3 U eUaedqld Udd |
Usosjadeys oUs UjpoUaUaxys uUUleeys eI (UCYddhdd
Irvine Machine Learning Repository 2009), 890yl s&aUde UUc3 90
0 U U e ¢ MISTYNIST Scientific and TechnicalDatabases 2 00 9) , Uasar¥Y g Y
"Uysaeyoteysced Ujysdehd tUesoseUlst s U sufhaUxs
UseesossgolUseid e¥Yddidd. FKFdeUsi 3U3GEs U0 UsWdd :
U s 3 hadUUegd cUsystecgid 393 UGUjHeanddei 3 ¢
Garcig 2009).

O "gaa¥Y ~Uysb¥YeassaUU j UOUsastGUssat s UGUy ¢
GdaoUnely , ( GasaUgU sehsaingtgdikg j, ¥ 3G g Uees UUB. Us,aeg ¥l
"3 vUgoUze UUlUeey3U Uas3Us uab8pwleces0Ub0gsWdd(doc
UyUesU ullueseysU evyddadd ) Us¥YeeaUUs 3y Ud U,
290 30U eUUUGcdeUUalags "3 vUsoUse Gg0laceys
UsU 0OpP%g o3t aUxy3s o990 30 g eutUd) asHeqnd UsUu:
Chen 2008).

Bs Uaofysdesds eY¥Yddqlidd U ' UseeasescsgolUse
U0y UGUa¥3 "Gt 3 “~j3yUeoUszit 3 utUleeys¥ys aU @
ahleag, " bohe e phoaca) BUs " caaydUdigs YUse Wde e du)

UUcsesacgoald.

46 zydeues AglmiideddUhgsU | 3eceeoeolUse zYd

Bs UUsoeUUsad Usoayd sydeﬁes Gdgsedyd @6c¢
UsUs jely UgUsayd UsUasoalUd Ugshiu Ueoac ¥yYds i
eYddiddd €U UgUstGddiaU oafhaUsgd dUvyeia3 UU
OUGGUaey3dd Bz s 2MODd)dd ¢( eYddad U0 UgUsuaddd
Us "3 hbadeU UseseegseolUsasid eY¥Yddidd ) dlsea’
"eg " UpsoypyYlegs UU ahaUd o250 U g
BEY3TY3. j 300Gy O0UUs HKHUs 85 dUegUasit ulUsgd
UsddddaU oahRGUsgd € 6} 6i3 3 (
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(Chawla 2004) alls shBGeysUd ~Uys UL Usd 89 ¢
UgUslddqiGaUd U @eitiUsesiealUUs g yjLiGpddpuy U f U
2006).

¢ y3389U0 Usg "~ a3UaU oahRGUegd UaszUs dUeUa
UgUstGddtGalU ofObGAOHGCIeg8 £aepPoddd sU dUry dqdUa
UsU Uy YaUUGd Ue gpenalty s ¢ 300 a0liedesbeyddye UU3z 93 hec
Uvysd aUds Yead.

¢ gee eadlid eUdhiuys evYddidd eU UgUsildc
ofhasgdlUd oaUUdoe; alUdU; ehpUd d5paUd B00HGasyat
U GisealU GUUeseysys vyl e dgptadpacd @ J( biv) eadd i Bi
U0doejyalU UGU;eheUs UUcssayd UaUscstGUs sadi
cee UUU g3 e aDmminges W RHAbipr,3dqd g9 ad aUU0doesy alU
gaU; UetUsd U0 ohaUecd UgUsitddaaUd e Uy U
Usossfhedlidd 295U 30U “"jetUyehlegs Ue ~aUals
UUss3e6edUyd.
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5 PKBEDODALt pETB8UBALBEZ ¢j | Pt T¢E 7)) UERBEER
L) 2BBBUA?E @A@BZ A7)

<

51 KsGUovyosayd YU, UUdyealUsd

Bs UUso@lassift§ysd qloce sBailtsBlaxsscoUse U
UoaYiBfiUgecoyd, hHh e6g sg8Blei sUUdossgesdlleydial |
Uds oeaYld ~aUsceydlGaUd ( Hud G eaned; Ukoh ossth glo'fat
Ujh 8@ U Us3s 6 8a6 65 BUWIsBszTIdyga dlbkkilbs @ o ¢
Ug 9o0Y GcUusUleyses 1aUU 30 UaUcstlUs @8oselacg
Bos Uaofhyoadess egdecUssosed < Yadmiilldd, Usdhdo vo Ubeegd
Us@Uds g U; Us jwsépresenrgedloveayid UszUsiUU
GUy¥ct 3 U cgtifhuUrypdaladvomg hdJUgpB@a 3U Uosaddl
GUsoeosa Ui Wabis@UysdgllgtiosaalUsdadilslU adl s
"Uy s Ut Usd (925U "~ Uy vyuUdbfpedbabmdgdss ygd Udadda »
cUedee U RAUslGd 0U0Uds3 moatydagd (Nafiefalaetal.s26180)h Ud UUd (

Bs UjUgsdUOggored ecYvYddiddegyuoaxgaedlided Ue d
BeeegogoysUsUd Uxiss Ustisey liljhdps wsgdf . UyjUocdsse ® Ul G a
Uds Uecijdiidq uUtsUeayoslUsi ofhOUsgd oRmigetllgs Ua”
2009). Ui UOUyed Uy p 6d résamplps Ucdy W) G BisWs oe
GO0Ueey3wusUU eU g  Uyesdinplinle Ul Usgvildd e Usas3fhU
g elUUsoe Ulthdessampliy gdlbdg } a U} 6 dd oaYldd (Japkowi
2002). ¢ U3 aUd " YslgppOldpsugléch U saUUaU0Ge YU
UUss36edUL 3 ( Easptkaobwiocozk,s 2a0n0d4) ) ~6g ~J eoa Ual
g Uy
g Uy
Us @

UsoeUUsadyaU e g suUsoeUUsadyaUl U~
Us ol Ut e @ dqg i@ Wego eUBWeneldlgeas ¢’ Up.e IdUa "~ saayd
O3edfefhoolUsiBudgYdadWs Usysg U Uslsdeecllh Uy
e 63613 30 clb@meodsspfadddiaa (U Uslseah Uy of
yUGs  Wal &§ UWegldhod abUsU o909U Usy UalUd Useyd U

"UyeoUseysaegg 30U Uslae0B8Vsmiddal0helne Wsa 3
o%0Byrs UesogynddyaUUal0e U@l bHagr)ddsaigs 6dd
UsssgacgoUtUw Ws die e oeo U3 e iditssscasU 6 WU & Ay s v¥3d
UUsssdtsgdydaoc) adeasgd:
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() c45 e6g UsesalUs GUds oaU0UdoeyaU Uvrs tys3Uy rs
(i) P A¢ecg Us@kpialsoUUdos), dgtdyoadeghsvs

52 B3bjysilsehd praspsdeddzZgddidd (

290 ;e UolapBWicqiUsbB) BgadUsol 3 UbkrsUUa 00 ¢
"18doei UEBa) goaUai " UUs Us oUoe3fd hUs U
Ue Usjeosreharvrsee @89addadi aUvrg) dUiByYyaadad UsUs
UsUsedllld Ux3s Uscegoml Uso B3 dai UdwdGlmidl ds sdd) o
"86g " Ujc@liod¥sllb s Ulaslmes tUBUBaad¥dq Uxs ¢ca63
eYddidd eU ocjyeldd UsUBEdEadUsspliiads 0B o &jemdleywal.
"UyYoe3UUs 6y dlsee 891 3U00dg 8B UadeliBavartcgp s |
eU UsUGey UUsoesid U;fh 68gd.

Bs UUsss3ceedUyd uysuy¥ys U edyYaUx¥s, “ag
UU0cz3soayd c¢eUUPostprmidgig ¢ @ @WeB3ges ao6oci 3 Uds U f
y3lUy¥3 U @gliyYGUr¥3s oaU0Uie3UUs jdises 6oL 3|
et). TYdU oahebaed e 6} Ua 3U dgidieyg Unl U6 U mdnh
a¥Y0d Uvrs GUsoesagUi  v3 Uxs3Uqi g Wedyd Udegd Udbsd
aaYld UasUs G ¥Y3ssU, 6 Ueohysadeasd UysUyaeg U’
vypolUlugslleg h3,8 ehBlBxagsees Ua HalU UU W@sxseadghUg
saaYlidd “e6g ecudoUa GU e9ay)®aYierdgd bdd8 4e 30D U
y3} UgsU eUd dUcpdalled doggtfbocpapogeycaegs Uys3
U 6 GYGilfresUlices UooCh) 5decdllmo pRadeé ®g 6} dUiseas’ a6
eUyooatd UU uys3U; U U eiGyYadUx3s 2o Ubssllbeilns ¥eg )
U alUse "~ J hbadeU.

B "j;eUUssheUsed 3Ibyostsohd WBRFhHKYybride 6 d 7 ¢
Bagging Rotation Fores} € g3 @Y UU ~aUs3UaUeeUUU Uxs U:
(Breiman 1 9 9 Rotatiom Basest Rodriguezetal. , 2006) 295U U3 aeeg s«
0 U 6 & yZ3Uwds .0 g 3G celgplilds ¥ 6 U U UMBREY W acod)y) (bed eysfg U 6 o L U &
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] &0 Q) HBRF4LP,T,LA,CY)

Foeg d dgby stisahd UeHBERF EHYmid gBagging and Rotation
Forest ) elgstugUGsyxadd Urs Ue oBagging csamds Rotation
Forest g s oemeoU8egd UUsssz@edUyd

K a U Gl degfning set; T number of bootstrap  samples ;

O3 6 U BAdlearning  algorithm  output , C classifier

}J 6280295 0Usse @oUlsaUlGaU

begin
for i =1to T
do
begin
S, = bootstrap sample from LS using afilter to bias the class
distribution toward a uniform distribution ;
for j =1toT

do {produce T classifiers using rotation forest}
begin

The input variables are randomly gped.

For each group of input variables:

T Consider a data set formed by this input variables and all the examples.

i Eliminate from the data set all the examples from a proper subset of the classes.

i Eliminate fromthe data set a subset of the examples.

T Apply PCA (Principal Component Analysis) with the remaining data set.

I Consider the components of PCA as a new set of variables. None of the components is
discarded.

Si,j ;= the trai ning data set using as new variables the
components selected by PCA for each group
G, =LA(S i;);{generate a base classifier}
end;{endfor}
end;{endfor}
C =arg ma ET;_ probabityG;, (x)/T {averaging each class probdieti of the models
ij=1

End

Koo fpRE <! '~ HBRF"
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FU8lgsycdlwa0UUisa 6 slieysU GchasU o290 Uds ol
3Uoas31 3Udd tBURsaUGalU UstUoqwiwd ¢ ddyws U e Da)W o
UsohyadetdgUs Ues G(ilsabs Udszs védhliag O0OpgsUs ¢ Uy
Urs U UsUeseyUrs, Ualbso e @b aoesags Udndelblbgy) aa6i 3L
bootstrap§;, S, ..., $ TUUY Uds "y seeel sUBMbeSg @ de ¥ddidd ~eg
¥d U eUUeay0eUUU U@z UUessah UUzszeeqUe

B Uaohysdeed Bagging (Bootstrap aggreg.
Wass3sedUyd "8g Udesasagyjoei 3UUsz W WU WdstUyizag U U
Uy ¥g b ¢, o8de wBUwxumU UasUs U f Ue Giszeas U
GaaUye (GU0Uds GgooURgsammly 3 d o U Uzd dJvedat Uililkss ¢ © d
saayYldd.

s U HheUse by Ahoee, g ¥YyeUs d "~ UyUovoe ¢
U a9 f )} Retdtiord-orest
¢ UUesoe UUzss3fhedld Usg GUsoeshUg 8g x

ydqGeidey aUd :JsD(%%UUQJJMQﬁQGSiﬁygﬁososshog'G
G0ds eaYld "e6g “~jeybalylU0 "se6 Gges3yY U K Ugl

Udps¥agld Ti}) s dPritipatCaomipdnenitinaysis-PCA) , 3 8 UUa s |
e Uaohy) adecd Rodriguazetial@d06) F oyeddeb ivf[ds e ~ aB&3y o Ud
UsdUy3i3U0Us U0UUgUReye3U Uds "8ageasgy dal oaUs

"@999a6e6)GalU “jervrdUalUUs eU Ud cj3eld PCA
bUGosoah UUzssesedUe oaUs Uds UsajyabUsU~xisesg U
g UUUsa13 oUs U atdd 6jdiseese 651 30U0Ud Hoa
YdU bUGosoafh UUzsszeedUe.

O3 Ud U;h’eg 99U 30 30 U, 0800a Ue "} AbadeU

Co

(<B)

G0 a¥dU bag (Ueg Usosjadeasg) UbBWsUsd oYl
hRUUs UU GUsoesfhUg U U0ds Ube Ulgycdlaadlhy tieiUsaddmce y
UoUtsaUlalU g UjulUsocUUsadyalUd Usga cdo8 3 ds
UaUyaUud esUd UgeUaUd GUs90¢e UUxadydhd 3l

"3 Uoelddd®dpe®as Uds Usa UatiUgld G@UsYdy HExasYI D
"3 8U0Yddoe Walh'gh aUlesgds Yao (2009).

g¢U bpeeUUU UU 6 6alU "3y Us 30U o2a3asgs3 o950 U
UasUs UU Used:
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J]1J69aY dU "3y Us 30U b&gUOPdghiepty gtz Us ©gal
selUlc 89deysUd. GsU o¥YdU e6e¥YiU Urs eU0U0UB o

Ggshoevys UUUeeys¥ys ~6g Ge6deUUasOUUs U f Ugl
"Uy UtiUaoeUUU. K3UaUalGesUUs U AUabe U003 dod
aUUYaadae g 6l0issase Urs oaYOUrs oUs o' U

"Uy UtUsoevyUxs. POAEW) chas UgUBodls" 6 Gi 36aa wulU
U30UYse83UUs 69oPCAggs BULeH U@i sbeags ¢ UUUbad UL 3,
"6y} ) ADBFBA L H UU GUescUaU.
gelilUao®W J1e6ai UUs U f Ud s Usa UauUgtiq U
jdidses 851 3U0UU0Ud 3yUd eUUUbadqUydrCcaA®dU Usyd @& U
evyuU. ZFUd Gg3yecUsU Udeseggbdativs "~ pg abiUabk
U eyl e OUaploz s sl U ag dU "~y eeiyUs U Ud
aaYl0dd “~sdUseUeUvys Uxs e83Uyoavs.

¢ “3elyo0o9s0d UgUsdasWmpelgimirks U Uls; Yelsll§s cq d ¢
"U) YedB i) &®Pas3s Us 6 Ujysdehdg@i@td. 0 Uz UeaeyUrs
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53 K soUokpas@iiceyspshddgse) ade g g
z9U Gis3Ueed "~ Uysoy UGe Usg 0 gssthibesly Wl U elkay)syresl
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A s aye3, d 6)RGOCE BddaoBd i gdadieyyslls Ug 0 Ve
Uys Gg30&&0zis Urs "g9gdwozU(Ubpue pgoditives (U+))
positidyes jgUyd UaszUs 6s o3 Ulisayd ~UyU0aU0YGUsd |
d0Usoat 3 GUsoesasUi ¥3 U+ GU Geyld €U Ues “caaU
8 Us o ¢ 9 & (Piovost and &vcett, 2001)AY3 Ue e63 Uy a6 (Nhssalsfh eldyliodd s,
Uoaj ab UWhledgs (e oYUy BOQM Wdyw jolleldedd vUh 3" Ub; wiils o0 ¢ U
} YideU e 63 Ua 30U BOQI=maxme sUnilbal Uk sxss 3i ) U s UUs
Uadwgl ddeUGaUd. ¢ UeayjabUsU Uwise jilede sdell ¥3; 6g “eclasalbda
U Uds ROCe  te¢gegUte o0s5U " Uyseeyd Udd oaUe i ald @
(aYdUUGa dil Utsge slledd d e d trub Pddisversted, UB et ¢ g { 3aislhlkllbs o ¥
UsfhasgdU ~ Uy UidUaoeUUU:

o

[<H)

[1,09] } eai " Usgs UszUsy UUsa¥ U eUUayaeUUU

[ 0.90,0.80] “jeai Uesgs oaUa¥ U sUUayieUUU
[0.80,0.70] “j3eai Uesgs eyUysU U egUUayleUUU
[0.70,0.60] “j3eai Usgsa saUszs 6sdUsay¥ U sUUa
[0.60,0.50] “j3eai Uedhk W aldedelyrs0WU U 6y} ) s’

[

¢ Us¥Yoeoadld UesjyabUsUd (precision recall) ¢ 6} Ua
Goadrich, 2006).
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o Udlgy d
Ou

aUs

evyddudd:
[1] Bagging

[2] Cos't Sensitive
minimise expected cost),
[3] Cos't Sensitive

minimise expected cost),
[4 bUGsoahd UUzsszeedqUed

Y o & ¢ g(Frahki and Apuhciod, R0LPYeUg Bygdi o ¥ ¢ th(3 W Uygs g0

t0teeysU
ag) aUy e Uthliedsyiasge als § U
EUdrg Ugdg) dloscea’

[5] Rot ati on
6] bUGsafhgdqUBgsaszse Ua
[7] Met acost
[l Rot ati on

EdeUst aUU RHUs

agUds
Uszeals

auUds

aUd»al33ceegsoaaeoUs L 3e gi UlizstaylBkass G 6 3

“eg

e Rotation

Forest

eU bUGosah

Forest

UUsss3esedUe

el bUGosah

8 9

UUszs9s3a8edUe

b Uliesoshe) c84dbpdBags 3leazarafilyod U a 3
aUUdoejaU Ueaocjyade vradlaldhy BAREBe¥ 33 ald dge G ¥
aUUdoasy a® U0 DL By Bimdpleiva; W@siss y Us 0 d
au

6} dioeahaedon ddedl Uyl @ujd i U U

ige esaYulUsd.
8bgsdoillrse UshBasgalyade v3 edcUs
Forest oaUs U0 GaaU} e Re
e bUGosafh UUsszesedUeue ec¢0 Uac
eU bUGsafh UUzsszeedqUe U yUg
eU Ue GaaUjye Smot e,
el Ue GaaUye Resample aUs ¢
GaaUj e Resampl e,

toUlGeay ¥y

breastcancer, credit, Diabetes, Haberman, Hepatitis, lonosphere,.pick Uasg Us a H U U U

U h

GUeeadUdW ao1d 36U uUUUseys¥s Uaszes3UUs
1. A <"t >fuh B L D 2 | B
n Bl Y >w ¢ <h
¢ h ph ~he
- > B ~ h

breastcancer | 286 9 0 85 2
credit-g 1000 13 7 300 2
Diabetes 768 0 8 268 2
Haberman 306 0 3 81 2
Hepatitis 155 13 6 32 2
lonosphere 351 34 0 126 2
Sick 3772 22 7 231 2
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Breast Pima
German . )
Dataset ) haberman  hepatitis lonosphere sick
credit .
cancer diabetes
BagResRot 0,67 0,8 0,7 0,88 0,98 0,84 1
Reweight 0,59* 0,66* 0,63 0,63* 0,89* 0,75* 0,97*
CostSens 0,59* 0,65* 0,59* 0,63* 0,88* 0,72* 0,95*
Smote 0,6 0,66* 0,65 0,73* 0,88* 0,74* 0,96*
Resample RotFor  0.64 0,75* 0.65 0.86 0.97 0.81* 0.99
Resample 0,59* 0,65* 0,60* 0,74* 0,88* 0,69* 0,97*
Metacost 0,60* 0,67 0,66 0,56* 0,88* 0,75* 0,98*
RotFor 0,67 0,77 0,67 0,84 0,97 0,82 1
C4.5 0,61 0,65* 0,58* 0,67 0.89* 0,75* 0,95*
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Dataset

BagResRot
Reweight
CostSens

Smote

Resample RotFor

Resample

Breast
cancer
0,84
0,76*
0,75*
0,77*
0.82
0,76*

German
credit
0,9
0,79*
0,78*
0,78*
0,87*
0,78*

haberman

0,87
0,80*
0,77
0,81*
0.84
0,79*

hepatitis

0,77
0,41*
0,38*
0,55*
0.73
0,51*

lonosphere

0,98
0,83*
0,80*
0,80*
0.97
0,80*

Pima
diabetes
0,91
0,81*
0,78*
0,81*
0.89*
0,77*

sick

1,00*
0,99*
0,99*

1,00*
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Metacost
RotFor
C4.5

0,76* 0,81* 0,82* 0,37* 0,84* 0,81* 1,00*
0,83 0,87* 0,83* 0,71 0,97 0,9 1
0,76* 0,78* 0,77* 0,50* 0.83* 0,82* 0,99*
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Pima Breast
» ) German
Dataset haberman  hepatitis lonosphere  sick
. credit

diabetes cancer
BagRes

0,84 0,7 0,88 0,98 1 0,67 0,8
Rot
Reweight 0,78* 0,64 0,7* 0,90* 0,97* 0,62 0,68*
CostSens  0,73* 0,60* 0,62* 0,89* 0,95* 0,56* 0,64*
Metacost  0,78*% 0,66 0,61* 0,90* 0,97* 0,61 0,68*
Smote 0,78* 0,65 0,78* 0,89* 0,96* 0,6 0,67*
Rotfor 0,83 0,67 0,85 0,98 1 0,7 0,78
Resample 0,73* 0,62* 0,76* 0,88* 0,97* 0,61 0,66*
Resample

0,82* 0,67 0,85 0,97 0,99 0,65 0,76*
RotFor
Part 0,78* 0,61* 0,78* 0,89* 0,95* 0,59 0,67*

Ba3s Us.7.80,
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0.55

smBY GdmUes " RGCq sUB 6 ¢ 6 diclalilegp Il S8 s sRART Ue

BagResRotforP

CostSens1P——
CostSens2P——
SMOTEP——
ResRotforP
ResP
MetacostP
RotforP
Part

Koofp8lWli) Ulisoe

bUGEYFosRARIUe

4

Datasets

10

~
-

U Usaf 3 satvflino Bdad e UiR@®@Go sl o & 6 aic o3 Uisadlli 6 cey @ v 3



¥Y|t1Le6tayd ohoattatca dydtiia

Pima Breast
» ) German
Dataset haberman  hepatitis lonosphere  sick
. credit

diabetes cancer
BagRes

0,91 0,86 0,77 0,97 1 0,83 0,9
Rot
Reweight 0,84* 0,80* 0,52* 0,84* 1,00* 0,79 0,80*
CostSens  0,79* 0,78* 0,36* 0,82* 0,99* 0,73* 0,77*
Metacost ~ 0,84* 0,82* 0,39* 0,85* 1,00* 0,78* 0,82*
Smote 0,84* 0,81* 0,60* 0,82* 0,99* 0,78 0,79*
Rotfor 0,9 0,83 0,72 0,97 1 0,85 0,89
Resample  0,81* 0,80* 0,55* 0,80* 1,00* 0,78* 0,79*
Resample

0,90* 0,84 0,72 0,97 1 0,82 0,87*
RotFor
Part 0,84* 0,79* 0,58* 0,85* 0,99* 0,78* 0,79*
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5 < o~ Average ranking Bttt Average ranking for
for ROC PRC
BagResamRotC4.5 1,143 BagResamRotC4.5| 1,357
RotC4.5 2,071 RotC4.5 2,643
ResamRotC4.5 3,000 ResamRotC4.5 2,643
MetacostC4.5 5,429 MetacostC4.5 5,286
ReweigC4.5 6,000 ReweigC4.5 5,643
SMOTECA4.5 6,000 SMOTEC4.5 6,071
C4.5 6,429 C4.5 6,571
ResamC4.5 7,000 ResamC4.5 6,643
CostSensC4.5 7,929 CostSensC4.5 8,143
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B<s "7 >T Average ranking forROq B <+ * = * * >~ é\éecrage aukigehier
BagResamRotPART 1,286 BagResamRotPART 1,643
ROtPART 1,857 ROtPART 2,357
ResamRotPART 2,857 ResamRotPART 2,643
ReweigPART 5,214 MetacostPART 5,143
MetacostPART 5,429 ReweigPART 5,357
SMOTEPART 6,071 SMOTEPART 6,214
PART 6,857 ResamPART 6,357
ResamPART 7,000 PART 6,643
CostSensPART 8,429 CostSensPART 8,643
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GdeUsUsoah “~6g Uas Feedmdie 83 U oUsWad®dle Gg
Uy s UtaUsd. 3 eoPaé Jadlaipele 3gU f dUslcdy jUe iee)g €
U U pdSthoc (posthoctes). ¢ U 6 @ demenyi (Nemenyj 1963) 63 dqioses @89
hoes 85 UUzss3eedUyd GgooajaszeslUUs ¢8 UegdoyY:
GdeUsUsoay¥Y WelUBe, UBdad Usosceso ¢ ylicape Yhelbdic(Beas Ul
9 ) a0 9 ¢ d (Danssar(RB0p)Y

P0ebB hHeUas Uy sagladf cWiUd®m) sld sy @gUsliUslBdg Us s
Usofhyoeadeesg U Geyld eU Usgd g hees 6gd, 2

U eUUeayGeUOUU "6g "~ eoai Usgs.

' Algorithms Z=(RobR)/ SE p-value for a=0.05 p-value fa a=0.10

& BagResamRotPART vs. CostSensPAR14.8795003647426665  1.0635492679852617& 1.0635492679852617&

- BagResamRotPART vs. ResamPART 3.903600291794133 9.477225139790028& 9.477225139790028&

B BagResamRotPART vs. PART 3.80601028449928 1.412651246579248 1.412265124657924&

2 BagResamRotPART vs. SMOTEPART 3.269265244377586 0.001078271705676984 0.001078271705676984

2 BagResamRotPART vs. MetacostPART2.8301102115507466  0.004653197209013331  0.004653197209013331

28 BagResamRotPART vs. RgRART 2.683725200608466 0.007280692242297976  0.007280692242297976

&3 BagResamRotPART vs. ResamRotPAR1.0734900802433862  0.2830512870518849 0.2830512870518849

8 BagResamRotPART vs. RotPART 0.3903600291794131  0.696270340114023 0.696270340114023

Yas U&MBg S * BagdingRotationforestResamplePart>s  _ ~ h<<¥ 0 h<a Y70

posthoc_ & ‘Nemenyi * h A s Y. " SRpc. . h T A Sh>T <

,- - - e

¢ UsUlNeméimda®0. 05 U @6}y a UUs UgUyd Usd
Ussgp-valueO 0 . 0 88B3BE88888 9, o & . ddDU U 6) 3 a UUs UosaUas
h eg pewkedD. 07XZ7WTI777778.

Algorithms Z=(RgbR)/SE p-value for a=0.05 p-value for a=0.10

36

33

32

31

25

22

BagResamRotPART vs. CostSensPART4.781910357447813 1.736371124521859& 1.7363711245218596
BagResamRotPART vs. ResamPART 3.415650255319866 6.362991412401869& 6.362991412401869&
BagResamRotPART vs. PART 3.22047024073016 0.0012798047930307219 0.0012798047930307219
BagResamRBART vs. SMOTEPART  3.122880233435306 0.0017909060837688745 0.0017909060837688745
BagResamRotPART vs. ReweigPART 2.537340189666186 0.011169835310014116 0.011169835310014116

BagResamRotPART vs. MetacostPART 2.390955178723906 0.016804604239087036 0.016804604239087036
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Usaoasyad

i ad

8 BagResamROtPART vs. ResamRotPAR0.683130051063973  0.4945246678838707  0.4945246678838707
6 BagResamROtPART vs. RotPART 0.4879500364742664 0.6255852315243253  0.6255852315243253
Yas3 US4gEi ooy s0d Ue BagdihghomtjoufafestResampleParte 0 Uegd Yeoaasgd
posthocU U fldinenyio s U Uds ~ Uy scece &RUY U Uds oaUe i ad
] 3Ya2soU U eUUeyGeUUU ycaegs Uy 00d) ddUa
Ua 2 6} ®afjgingRotationForestResampleC4 . 5 ¢ U U ¥ 2 eg aedffosthoc
testNemenyio s U Ud 3 U scce &IAbyU sUs g 3UPeed o Ue
| Algorithms z=(RgbR))/ SE p-valuefor a=0.05 p-valuefor a=0.10
36 BagResamRotJ48 vs. CostSensJ48  4.635525346505532  3.5603209299948926  3.5603209299948926
35 BagResamRotJ48 vs. ResamJ48 4.001190299088986  6.302464499634267E  6.302464499634267E
33 BagResamRotJ48 vs. J48 3.6108302699095733  3.05218362665527& 3.05218362665527&
30 BagResamRotJ48 vs. ReweigJ48 3.318060248025013  9.06449302684993E4  9.064493032684993&
29 BagResamRotJ48 vs. SMOTEJ48  3.318060248025013  9.064493032684993E  9.064493032684993E
27 BagResamRotJ48 vs. Metacost]48  2.9277002188456 0.003414791178117848 0.003414791178117848
15 BagResamRotJ48 vs. ResamRotJ48 1.268670094833093 0.20455875272055274  0.20455875272055274
9 BagResamRotJ48 vs. RotJ48 0.6343350474165469  0.525862188684766 0.525862188684766
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| Algorithms z=(RobR)/ SE p-valuefor a=0.05 p-valuefor a=0.10

36 BagResamRotJ48 vs. CostSensJ48 4.635525346505531 3.560320929994905& 3.560320929994905&

33 BagResamRotJ48 vs. ResamJ48 3.610830269909573 3.05218362665527& 3.05218362665527&

32 BagResamRotJ48 vs. J48 3.562035266262146 3.679909369104159& 3.679909369104159&

31 BagResamRotJ48 vs. SMOTEJ48 3.2204702407301595 0.0012798047930307232 0.0012798047930307232
30 BagResamRotJ48 vs. ReweigJ48 2.927700218845599 0.0034147911781178585 0.0034147911781178585
25 BagResamRotJ48 vs. MetacostJ48  2.6837252006084658  0.007280692242297986 0.007280692242297986
11 BagResamRotJ48 vs. ResamRotJ48 0.8783100656536799  0.3797754748409492 0.3797754748409492

10 BagResamRotJ48 vs. RotJ48 0.8783100656536799  0.3797754748409492 0.3797754748409492

}] gbay’

oo
g U Df]
s Usc

das USWEi ooy sl g
posthocU U (Né@menyio s U U d 3

7290 ¥,flcUsgargienaslic soai
] 92 h ) ABRE @

U} cegitisdy) W® Y U~
0 )CUa1 W atpie 30Wale, d
heOsdocpag

< s orre

6JWawly asO0Us Ui
OU0Us

UseseegoasgolUslL 3
ReweightC4.5 MetacostC4.5a U 9

Ue

U e BagdihgRomtjonfafestRapampleC4.5 s U
"Ujyscce dPRAJ ¥

108

U eUyaUld
G0U0Geys3 v 3sHBRRCA.5 GodtSenditieegdds, Uao 6 ) o d
UUsssfhediad U~xs

) ellBRF Ug g

o

U'h Ods

U o U0 aithgs casUBEIbg dad s Wi Ussfor o3 3 Us o e

e g

eU. ¢

UU peeUUU

eU Ueydirae aa

Usgd ¥Yeaeaasgd
alUs~

Uy soy Ule
Urs

Uasoejad

i o

¢ Us UliNemdnyimdd0. 05 8} joad WUss dygillysdf U e g
U s p-walue00.0013838888888888 8 9, a=l0s. 1009 W 68} 4 a UUs UaUas
6 g pewkas 0. FO72777777778
ZU( 3 UOaOgU’DCﬂ;Ueglﬂaaﬂﬁ@@@Cﬂlb&s’L"J;YGSUUU Udd U,

ys Ugs

j 30 Ui cdda U

Goa GWigloeaalU Usc
seysU oaUs 0i e
; hbalyd o2a3U00CL

GUsoegosag Ui "«
Uy o
53YaY¥Y3 2

ugl0ue



¥Y|t1Le6tayd ohoattatca dydtiia

] } 6omaryUsi 3 UUs UU aU
Uaogjyadeagd

cc
)
™

.
w
c
()
C
(O]

1 HBRF C4.5

1 Cost Sensitive C4.5
1 Reweight C4.5

1 Metacost C4.5

oYU~

Ce
Ce

h vd " UyegtoayYsUOUUs aUs
ycaeagelU osUU0WesUdUss3aced

\$1
f - - |
13 !
i

lages '

}

Fie | Optons DaaSet el

—_—

Impert Training Set

bt

KoofanU hi1~ >u h 184" >wah s A" AT <Y 1B

11C

UUz938¢eai 3L

“"a3UaU

(Yas



