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Abstract: Imbalanced data is a problem in the machine learning process for data
classification, which results in low classification efficiency. It has also been found that
random sampling techniques are used in several ways for solving low performance
problems due to data imbalances. This research aims to compare sampling techniques
for imbalanced data classification. The research was conducted on three data sets,
which are Synthetic minority over-sampling technique, under-sampling technique and
resample techniques for Imbalanced data preprocessing. Decision Tree, cart, random
forest, support vector machine and artificial neural network algorithms are ensem-
bled with adaboost and bagging algorithms to create models for data classification.
Ten-fold cross validation was used to measure model performance. Performance
was measured with precision, recall and f-measure. The results showed that resa-
mple techniques could improve the imbalanced data better than synthetic minority
over-sampling technique. In addition, it was found that the random forest model,
the adaboost ensemble with random forest model and the bagging ensemble with

random forest model were efficient for data classification in this research.
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mﬁﬁ'yﬁlﬁiagamaam‘hmu 3 gadeya fia 70
ﬁaga Breast Cancer, Pima Diabetes L8 Diabetic
foot NNz UTDYA UCI &NI0UAAIIMIBAIDEHN
LLazﬁ]o’lu’J%@T’JLL'ﬂﬂ%@]’ﬁNﬁ 1
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I Imbalance
FAVaNA ratio
. Instances Attributes (maj/min)
Majority (N) Minority (Y)
Breast Cancer (BR) 277 10 196 81 2.419
Pima Diabetes (PI) 768 9 500 268 1.865
Diabetic foot (DM) 184 33 125 59 2.118
@13199 2 UFAITATRYANAINMLAIBNTBNA
I
BANaNA
? o Instances N Y
BR-ORI 277 196 81
BR-SM 392 196 196
BR-SP 162 81 81
BR-RE 277 196 81
PI-ORI 768 500 268
I
BAVaNA
? o Instances N Y
PI-SM 1000 500 500
PI-SP 536 268 268
PI-RE 768 500 268
DM-ORI 184 125 59
DM-SM 250 125 125
DM-SP 108 59 59
DM-RE 184 125 59

{ 4 0'2’/ v o a ‘é ' s 1 v Qq:
AINATN 1 WU N9 3 q@“uagaﬁmmu 239 YTz mRILYING? BaNgaA1u3N magam 3
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Y %38 ﬁ’ﬁ’]%’)qutﬂuﬂﬂaw’mﬂ’i’]ﬁ’]u?ugﬂ’)El 178959
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3.2 Mae3uNToya

muﬁﬁ‘i‘ﬂﬁvlﬁm%‘suﬁagaﬁm%’uﬂﬂﬂmaaumi
@uﬁaaﬂnoﬁw?'ﬁ'ﬁummﬁaﬁu il 1.4ayaidy (Ori)
z.eqimﬁwﬁagadmﬁaﬂ (SM) 3.guaadayadInuIn
(SP) uas 4.n'lsﬁ§m°"sasi'ml,l,uu§ms§'l (RE) %a991n
ifuﬁﬂﬁ'ﬁ' 10-fold Cross Validation (Kohavi, 1995)
LLﬂaﬁagaaauﬁ%mfuﬁﬂﬂa%aLLum‘haaaLm:ﬂ’aQa
namouiniinlunageuLUUaesfiadn Tas
mmsnmeq@ﬁagavlﬁlumswﬁ 2

INENTIN 2 UEAsa ’g@ﬁaga%é’amnl%mﬂﬁﬂ
MIFNAIBLEIUL wu'jwﬁq@ﬁagaﬂ{mm 12 79
Toua luzadoyn Breast Canceri’ﬁmaﬁ@mﬁmﬁm
MatIgIntan Imajmﬁm‘hmuﬂma Y 3w
115 suifow Aadudasas 141.98 vilwaaa Y
ﬁﬁ‘hmuﬁagaﬂg@%m 196 sziow Srugateya
Breast Cancer ﬁsl,%mﬂﬁﬂqmam"”aaﬂ’md’mu’m
lasguaadiuuaaia N $1wan 115 szidou Aadu
Jouay 141.98 vinlwaana N ﬁﬁ‘hmuﬁagaﬂ%%m
81 sziilon
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Model Model LUUNaDY
J48 Decision Tree duliianaula
CART CART s
RF Random Forest LIUADNNTLIE
SVM Support Vector Machine TANDINIINLAD SLNTTU
MLP Multilayer Perceptron lasetnolszanifion
A+J48 Adaboost ensemble with Decision Tree wenyniniudulidagule
A+CART Adaboost ensemble with CART Lamgm'mﬂ”um‘?ﬂ
A+RF Adaboost ensemble with Random Forest L@mgﬂimn’“ﬂmumuﬂimm
A+SVM Adaboost ensemble with Support Vector Machine LA nIINAuTANa TN Ul
A+MLP Adaboost ensemble with Multilayer Lamym'awﬂ”uiﬂsa’ﬂwﬂszmmﬁuu
Perceptron
B+J48 Bagging ensemble with Decision Tree qaﬁ%mﬂiwﬁ‘uﬁﬂﬁ@”@ﬁﬂﬁ]
B+CART Bagging ensemble with CART qoﬁi”]LLuﬂi’J&lﬁ’umi’ﬂ
B+RF Bagging ensemble with Random Forest qaa"ﬂLmﬂi’mﬁ'msuﬂaumana
B+SVM Bagging ensemble with Support Vector Machine pHuunPnusHNa TuIna e
B+MLP Bagging ensemble with Multilayer Perceptron qaa‘imum”;uﬂ”ﬂﬂﬁ“ﬂ'mﬂim’]mﬁw
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[

NWIBRLENIINarouYIEANTAIWBILLL

o { v J v a . .
F1809Na399U62835 10-fold cross validation Waz

fdnassansawuoanuninaes et
AnNuaneN (Precision) fa Arfiugasfia

Uz AnSmwssuuusiaasiiaansninmeg Toyalu
ARE Positive Vl@Tgﬂ@Taa mm‘hmuﬁagaﬁgﬂﬁmw
Fragluaaa Positive Yanua sunsaswasledan
quM3N 4

faaszan (Recall) Aa snfiuansiislssinsnmn
POILULIIRBINENTATNINET: ayalunaa Positive
"L@Tgﬂﬁm mm‘hmuﬁagmﬁﬂuﬂma Positive Hanaa
gsndwinldanaunn 5

fLaW (F-measure) fia Anugaatalszansnm

Tag a8 820ILUUINRBINNANRREVBIANA VLI AEN
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wazenaNuszan sansndwialdanaunisn 6

TAgEINITARIUIBINNHATBILULUIIADIN
mminmuﬁagawmaﬂﬁ%agﬂﬁ'@iﬁagﬂugﬂ
WUyYWad Confusion Matrix (Powers D.M.W., 2011)
aouaaslunmwisznaud 3

Predicted Predicted
(Positive) (Negative)
Actual
(Positive) True Positive False Negative
Actual
(Negative) False Positive True Negative

anwdsznauh 3 Confusion Matrix

TP
Pr ecision = (—] x 100
TP+ FP

4)

a3197 4 fhﬂ's'lmuiuﬂ'mamum‘i'maaﬁa'lmmﬁ'umm‘faga;j’hjﬂ'sﬂvl,é]”

Data Models Average

J48 CART RF SVM MLP A+J48 A+CART A+RF A+SVM A+MLP B+J48 B+CART B+RF B+SVM B+MLP

BRORI | 7572 73.98 77.19 71.17 79.34 76.08 77.03 76.23 77.33 79.25 75.42 76.44 77.54 73.11 80.00 | 76.39
BR-SM |[71.36 7528 79.89 70.05 80.00 77.47 79.88 79.78 70.90 79.78 79.06 78.21 78.19 70.00 78.69| 76.57
BRSP |61.96 50.14 61.45 6517 59.76 60.76 58.67 62.96 67.47 63.41 60.92 62.65 64.56 65.59 64.56| 62.60
BR-RE |78.06 81.55 88.78 7091 87.75 87.44 90.31 88.18 77.38 87.32 78.85 83.80 86.67 71.48 86.26| 8298
PI-ORI |79.03 77.64 80.08 65.10 79.85 78.92 76.15 79.70 6510 79.38 79.50 79.13 80.19 65.10 80.61| 76.36
PISM |78.86 7672 8248 5461 7878 80.00 76.92 8256 53.57 79.11 80.33 79.25 82.32 55.30 79.15| 74.68
PISP |7266 7269 7354 5333 72.01 70.50 68.24 73.18 50.74 71.32 76.61 76.47 76.71 50.80 73.26| 68.80
PI-RE |87.05 86.72 91.55 8375 8273 91.07 90.12 91.00 83.75 8519 89.16 88.01 89.62 79.74 84.68| 86.94
DM-ORI | 73.28 70.06 70.97 67.80 74.80 71.97 7519 69.74 68.52 76.86 71.01 71.83 70.63 67.61 70.99| 71.42
DM-SM | 74.38 79.31 76.74 68.53 78.05 76.98 74.38 77.69 68.61 78.05 76.03 78.99 80.47 67.10 79.53| 75.68
DM-SP |50.85 5556 50.38 47.73 56.67 58.73 52.38 59.32 44.44 5500 59.32 57.14 59.02 50.77 59.65| 55.06
DM-RE | 8281 8394 8551 8000 87.10 88.19 8582 86.23 8551 88.71 80.99 80.00 8521 79.74 85.38| 84.34
@310 5 fi'm'nmzﬁnmadLLuuﬁ‘haaaﬁmmmﬁ’nmnﬁlﬂﬂa ole

Data Models Average

J48 CART RF SVM MLP A+J48 A+CART A+RF A+SVM  A+MLP B+J48 B+CART B+RF B+SVM B+MLP

BR-ORI [ 93.88 92.86 89.80 99.49 8622 81.12 8214 86.73 88.78 8571 92.35 87.76 93.37 98.47 87.76| 89.76
BR-SM |75.00 68.37 72.96 77.55 71.43 71.94 68.88 74.49 68.37 72.45 77.04 71.43 7500 78.57 73.47| 73.13
BR-SP |70.37 67.90 6296 71.60 60.49 59.26 54.32 62.96 69.14 64.20 6543 64.20 62.96 75.31 62.96| 64.94
BR-RE |94.39 8571 92.86 99.49 91.33 88.78 90.31 91.33 87.24 91.33 91.33 9235 92.86 98.47 92.86| 92.04
PI-ORI |81.40 86.80 83.60 100.00 83.20 78.60 79.80 84.80 100.00 82.40 82.20 83.40 85.00 100.00 84.80| 86.40
PI-SM |74.60 73.80 77.20 98.40 75.00 76.80 74.00 78.60 90.00 75.00 77.60 76.40 78.20 80.40 74.40| 78.69
PISP |75.37 67.54 7052 23.88 72.01 68.66 64.93 71.27 51.49 68.66 70.90 72.76 71.27 70.90 70.52| 66.04
PI-RE |[91.40 91.40 9540 100.00 86.20 93.80 93.00 95.00 100.00 88.60 93.80 94.00 95.00 100.00 86.20 | 93.59
DM-ORI | 76.80 88.00 88.00 96.00 76.00 76.00 80.00 84.80 88.80 74.40 78.40 81.60 90.40 95.20 74.40| 83.25
DM-SM | 72.00 73.60 79.20 78.40 76.80 77.60 72.00 80.80 7520 76.80 73.60 7520 82.40 83.20 80.80| 77.17
DM-SP | 50.85 50.85 64.41 3559 57.63 62.71 5593 59.32 40.68 55.93 59.32 54.24 61.02 55.93 57.63| 54.80
DM-RE |84.80 9200 94.40 96.00 86.40 89.60 92.00 9520 9440 83.00 92.00 92.80 96.80 97.60 88.80| 92.05
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TP
Recall = (—j x100
TP+ FN (5)
2 x Precisionx R
F— medsure = ( x Precision x Re call j <100
Precision + Recall

(6)
Tagf

TP &a ﬁwuuuﬂégafﬁﬂéaaﬁﬁunUdﬁ%%dua:gﬂ
ADIMNTBYADTY

IN &a ﬁwuauﬁégaﬁLﬂéaaﬁwuwﬂﬁﬂﬂ%d LAY
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4. HAaNN1INA[DYI

myisvitls Computer PC CPU : Intel core i7
7700, Ram : 16 Gb 151151033 Weka 3.8.1 (University
of Waikato, 2017) lumnanas ldgadayadmiums
NARDITNUIN 12 qﬂﬁaga INARANIIIUNINUIN 15
WA IANANINARI FFAINNANIALTZANTAN fp
FANULNREN AANNTEAN wazalaN ABLRAING
°namuumaaaﬂmminw,l,uﬂwvlumsl (Class ‘N’)
wmbﬂ (Class ‘Y’) uag LLﬁ@NNai’mﬂﬂﬂi”ﬁ‘Ylﬁ.ﬂ’]W
maaLmumaaahmmmlummaﬂmamwuﬂ (Weight
Average) mu

4.4 wamsouwng lsithe

Namiﬁmuné”l,siﬂw LEAIDIUTERNTAINW
madme‘imaalumsﬁ’]LLumTagaQ"L;\iﬂ';uvl,ﬁgﬂ@i’aa

smL‘]quauaﬂaumumﬂlummammam Taguaad
Glummwmmum fANNITAN Lmvmmw \eeadt

411 @10 RIIVBILU LS8N FINNT
Fwung ldtholddranuuingt Ae Auaasf
ﬂi:ﬁ'ﬂ%mwmaaLLumﬁwaaaﬁmmsmﬁmumﬁ”agah
Lﬂuﬁl&iﬂaﬂﬁgﬂﬁm mnaﬁwmu%gaﬁgﬂfﬁmuﬂ
YRR LLamlugﬂLLuuﬁ”aﬂaﬂumﬁuﬁ' 4

NAINT 4 FWITOUFAIAIAINNUI VD
LLum‘haauﬁmmim‘hl,l,unﬁaga;ﬂajﬂ'sm"l@‘fmwn@:m
yOVEEE it

ﬂﬁngwﬁaga Breast Cancer Wu31 1) tnafkan13gw
Rufagadwioy sansaTisinaanuaindn e
ﬁfuﬂ'jﬂmﬁa;ﬂmﬁu I@sﬁﬁwm%nmmua‘imauﬁwﬁ'u
76.57% ﬂ'ﬁaLLuua"'maadmlmujﬁ@hlﬁuqﬁu ANEIRKULY
$1809 J48, SVM, A+SVM waz B+SVM iwuiidian
mﬁaLﬂ%‘ﬁmﬁwﬁume‘haaaLﬁmﬂ”ﬂuqﬂﬁagmﬁu
2) mﬂﬁﬂmiduamﬁasmshumn lignansntasia
mmmu,mumvlm Imwmmammmumamm’mu
62.60% 3) mﬂuﬂmsaumamum FANI0TILANAN
@muLLaJumvl,@ga“nq@mﬂmmaﬂnmmumaaumnu
82.98% eﬁau,i_lm‘haaaﬁmlmg’ﬁﬁuﬁuga’fu UL
LUL$1RBS SVM uas B+SVM wuidnaaaailoi/seu
LﬁmuﬁmmuﬁmmLﬁmqﬂ”uiuﬂgﬂﬁa;daLﬁu

na;umiaga Pima Diabetes Wu31 1) tnaia
msaﬁmﬁmﬁamadmﬁaﬂ VIO TIANAIAY
uind ldluurasuudnaas I@mﬁ@i’mﬁ'ﬂﬁﬂl,l,um‘imaa
Winny 74.66% GﬁaLLuuﬁwaaddauiﬁtgﬁﬁﬁa@aa UnLI%
LUUINRDY J48, RF, A+J48, A+CART, A+RF, B+J48,
B+CART uaz B+RF wuiﬂﬁmgﬂfwﬁaLﬂ%ﬂmﬁﬂuﬁ'u
LmuaﬁwaaqLﬁmﬂ”u’l,wgm]”agmﬁu 2) imalian1Iguaa
dragaginann limansntrofivenanuuduin e
T,@UﬁmLaﬁynnLLuuﬁwaaaLﬁwn”u 68.80% 3) Lnaiia
ﬂ'ﬁﬁim""sasmﬁ%'l mmmmmﬁ'mhmmLLaJus‘i'lvl,@Tga
ﬁqﬂﬁnﬂmmﬁiﬂnml,um‘haaaL"/hrTu 86.94%

nq’mqwﬁaga Diabetic foot Wu31 1) tnatianisga
RuAI8EIFIUIEY SUNTATIBIRNAANILAITEN
VL@TI@sﬁ@hmﬁquLLum‘i'maowi'lﬁ'u 75.66% GIUUL
ﬁ‘maomuslmyjﬁ@mﬁugﬁu ANLIRLULTIRDY A+-
CART ua B+SVM wuinfenaassidai/Seuiieuniv
LLuuihaauﬁmn”uluqm‘fagmau 2) inalian1sguan
fagnsdimann ewsatisiuannuustuinle



I@ﬂﬁﬁﬂLaﬁﬂnﬂLLuuﬁﬂaaawhﬁ‘u 55.06% 3) LNAA
miﬁimﬁaﬂ'ﬁd%ﬂ TR RN A LR T
qdq@mnﬁhmﬁmnnLLum‘haaoLmﬁ’u 84.34%

4.1.2 F10UITANVOILLUIIABINEINID
Fruunglaidhelddrainuszin e AAuEadfs
ﬂizﬁ“n%mwmaame‘haadﬁmmim‘huunﬁagmﬁ
ue larheldgneas mm‘hmu%gm%&ﬁﬂu@&i
Thevisnua LLamsLugaJme?aUazvl,@"’l,umﬁaﬁ 5

NATN 5 MWITAUEAIAINNIZANVBIULY
i‘haaaﬁmminﬁmun“ﬁagaﬁlﬂﬂaﬂvlﬁ@nwnsjwm
Taya ot

ﬂaj:u?qjﬂﬂ’aya Breast Cancer WU131 1) tnaiian1s
ﬁjmﬁw”’sasmdmﬁay liisansagisiRueny
sednle Iﬂﬁﬁ@hLaﬁﬁnmmuﬁmadmﬂﬁu 73.13%
2) mﬂﬁﬂmifsjwamﬁamu?humﬂ ldsunTatae
RuAeNszan e T,@alﬁmmﬁlﬂnmmm‘i']amwhﬁu
64.94% 3) mﬂﬁﬂmﬁq}mﬁama%ﬂ fANIOTIBLANEN
ﬂtnmxﬁﬂ%”gaﬁq@mﬂmLaﬁiﬂnmmwﬁwamwhﬁ"u
92.04% 6‘5\1LLuuﬁwaaamulmyjﬁ@hlﬁmga"fu UL
WULI1889 CART, A+SVM Uag B+RF Wunddanad
LfllaLﬂ%EJULﬁEJUﬂDULL‘U‘U‘-DDWQENLﬁﬂ’lﬁﬂlu‘g@“ﬂbgma&l

mju‘*gwﬁaga Pima Diabetes Wu1 1) tnAkaAN1T
timﬁm”aaimmuﬁay lisnansnTrefinenauszan
"loﬂ@ﬂﬁmmﬁﬂnmmm‘haaumﬁu 78.69% 2) (nadia
mﬁimmﬁamamuum lignansngroifivenainy
seanle I@Uﬁml,a,ﬁﬂnm,l,um‘ﬁaauvhﬁ'u 66.04% 3)
mﬂﬁﬂmﬁjuﬁmmdﬁgﬂ fMANIDTIBRNAINNIZAN
"l@i”agaﬁf,gmnﬂmLaﬁﬂnmmuéwaaumﬁu 93.59%

ﬂﬁju"qwﬁaga Diabetic foot WU 1) mmﬁamsq’w
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neragsswion manInTuianuszanldlu
YNUULTIRDY I@mﬁmmﬁlﬂnmmm‘maumﬂ”u 7717%
s‘ﬁmuuﬁmaomulmy'ﬁmmm ANLIRLUUIINEY MLP
A+J48 A+MLP sz B+MLP WU'jwﬁ@i'nﬁmgﬁmﬁaLﬂ%ﬁu
Wisuiuuundaeadonulugatayaida 2) inafians
FUAATIDEIEIRANN lisasntoiineanuszanla
I@mﬁmmﬁynnl,l,um‘maamwﬁ‘u 54.80% 3) INAKANT
f,imﬁmhdﬁg"u mmm"ﬁamv‘w"umﬂmmxﬁﬂvl@i’goﬁq@'m
@hm?zlm'*qnl,l,um‘i’mamim”u 92.05%

413 ﬂ"naw"uaumm‘haaaﬁmmmﬁ’]LLunQ"L&i
theld dnan fa drfusesiislszansmunlagiu
PBILULSRBIINAIAMILUIUAZFNANNIZANT
sunsnduuntdayaindug bitheldgnedas usaslu
gﬂLLuuﬁ”ayazvl@“’LumsNﬁ 6

NI 6 ITALEAIFLENTEIULLT 8D
ﬁmu’mm‘huunﬁaga;ﬁ’lsjﬂa pldemunguradaya a0t

mju"q@‘ﬂ"aga Breast Cancer WU11 1) LNARANNT
qimﬁm”'saﬂ'wmuﬁay laisawnsataoiinananle
I@ﬂﬁﬁﬁLaﬁynﬂLLuuﬁwaawn"]ﬁ'u 74.71% 2) \naia
MIFUAAMBENFIUAN laisnansagnaaanonle
I@ﬂﬁﬁﬁLaﬁynﬂLLuuﬁwaawn"]ﬁ'u 63.68% 3) LNAA
msﬁim”'sa:m%'l gunsasrginaanlaaindn
Laﬁﬂnmmm‘madwhn”u 87.06% TILUUS8aIEI%
I%Kyjﬁﬂ"lLﬁNQ\‘]“HJ%UﬂL’TuLLUU%o’]aa\‘] SVM, A+SVM
w8 B+SVM wuinilenanssdaSouiisunuwuy
a‘haauﬁmn”uiuqmﬁagmﬁw

mju"q@‘ﬂ"aga Pima Diabetes Wu31 1) tnakan1y
qimﬁm”'saﬂ'wmuﬁay laisnawnsntaoidnananle
I@ﬂﬁﬁﬁLaﬁynﬂLLuuﬁwaawn"]ﬁ'u 75.76% 2) \1naia

A15197 6 ﬂ'ﬂLanaaLmuﬁﬂaaaﬁmmmﬁ‘hLLuﬂ;dwl,&Jﬂ'm"LéT

Data Models Average
J48  CART  RF SVM  MLP  A+J48 A+CART A+RF A+SVM A+MLP B+J48 B+CART B+RF B+SVM B+MLP
BR-ORI | 83.83 82.35 83.02 8298 8264 7852 7951 81.15 82.66 8235 83.03 81.71 84.72 83.91 83.70( 82.40
BR-SM | 73.13 71.66 76.27 73.61 75.47 7460 73.97 77.04 69.61 75.94 78.04 7467 76.56 74.04 75.99 | 74.71
BR-SP | 65.90 63.22 62.20 68.24 60.12 60.00 56.41 62.96 68.29 63.80 63.10 63.41 63.75 70.11 63.75| 63.68
BR-RE | 8545 83.58 90.77 82.80 89.50 88.10 90.31 89.72 82.01 89.28 84.63 87.86 89.66 82.83 89.43| 87.06
PI-ORI | 80.20 81.96 81.80 78.86 81.49 78.76 77.93 8217 78.86 80.86 80.83 81.21 8252 78.86 82.65( 80.60
PI-SM | 76.67 75.23 79.75 70.24 76.84 78.37 7543 80.53 67.16 77.00 78.94 77.80 80.21 65.53 76.70 75.76
PI-SP 73.99 70.02 72.00 3299 7201 69.57 66.54 7221 51.11 69.96 73.64 74.57 73.89 59.19 71.86| 66.90
PI-RE 89.17 89.00 93.44 91.16 84.43 9241 9154 9295 91.16 86.86 91.42 90.91 92.23 88.73 85.43| 90.06
DM-ORI | 75.00 78.01 78.57 79.47 7540 73.93 7752 76.53 77.35 7561 74.52 76.40 79.30 79.07 72.66| 76.62
DM-SM | 73.17 76.35 77.95 73.13 77.42 7729 7317 79.22 71.76 77.42 7480 77.05 81.42 7429 80.16 | 76.31
DM-SP | 50.85 53.10 61.79 40.78 57.14 60.66 54.10 59.32 42.48 5546 59.32 55.65 60.00 53.23 58.62( 54.83
DM-RE | 83.79 87.79 89.73 87.27 86.75 88.89 88.80 90.49 89.73 88.35 86.14 8593 90.64 87.77 87.06| 87.94
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Data Models Average
J48  CART  RF SVM  MLP  A+J48 A+CART A+RF A+SVM A+MLP B+J48 B+CART B+RF B+SVM B+MLP
BR-ORI | 64.71 54.84 59.18 66.67 57.81 4559 4853 51.85 57.69 56.92 59.46 53.85 68.29 76.92 61.29 | 58.91
BR-SM | 73.66 71.03 7512 74.86 74.19 73.81 72.65 76.08 69.46 74.77 77.61 73.71 75.98 7558 7512| 74.24
BR-SP | 6571 62.32 62.03 68.49 60.00 60.24 57.47 62.96 68.35 63.75 62.67 63.29 63.86 71.01 63.86| 63.73
BR-RE | 72.50 60.56 80.56 50.00 76.71 71.79 76.54 77.03 5536 76.39 66.00 75.41 79.10 57.14 78.79| 70.26
PI-ORI | 63.24 68.42 66.67 0.00 6599 60.37 58.61 67.80 0.00 64.66 64.54 6556 6849 0.00 68.60| 52.20
PI-SM | 75,90 74.76 7857 91.92 76.15 77.69 7495 79.58 68.75 76.24 78.34 77.22 79.24 64.10 75.85| 76.62
PI-SP 74.42 69.69 71.68 50.96 72.01 69.45 66.55 72.00 50.76 69.78 72.92 74.02 73.17 51.85 71.58| 67.39
PI-RE 82.30 82.16 90.69 100.00 72.06 87.75 86.11 89.84 100.00 77.02 87.19 87.18 89.50 100.00 73.36| 87.01
DM-ORI | 45.28 44.44 48.28 28.57 47.37 4231 50.98 40.63 36.36 49.21 41.30 4524 50.00 25.00 39.62 | 42.31
DM-SM | 72.87 75.37 7851 74.77 7717 77.42 72.87 80.00 7257 77.17 7442 76.34 81.97 77.89 80.49| 76.65
DM-SP | 50.85 54.69 61.11 48.65 56.90 60.00 52.73 59.32 4531 55.17 59.32 56.45 59.65 50.94 59.02| 55.34
DM-RE | 66.07 78.72 84.78 8529 71.67 77.19 80.00 86.96 84.78 75.00 76.19 76.92 90.48 90.32 74.07| 79.90
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Data Models Average
J48  CART RF SVM  MLP  A+J48 A+CART A+RF A+SVM A+MLP B+J48 B+CART B+RF B+SVM B+MLP
BR-ORI | 27.16 20.99 35.80 247 4568 38.27 40.74 34.57 37.04 4568 27.16 3457 34.57 1235 46.91| 32.26
BR-SM | 69.90 77.55 81.63 66.84 82.14 79.08 82.65 81.12 71.94 81.63 79.59 80.10 79.08 66.33 80.10| 77.31
BR-SP | 56.79 53.09 60.49 61.73 59.26 61.73 61.73 62.96 66.67 62.96 58.02 61.73 65.43 60.49 6543 61.23
BR-RE | 35.80 53.09 71.60 1.23 69.14 69.14 76.54 70.37 38.27 67.90 40.74 56.79 6543 4.94 6420 52.35
PI-ORI | 59.70 53.36 61.19 0.00 60.82 60.82 53.36 59.70 0.00 60.07 60.45 58.96 60.82 0.00 61.94| 47.41
PI-SM 80.00 77.60 83.60 18.20 79.80 80.80 77.80 83.40 22.00 80.20 81.00 80.00 83.20 35.00 80.40| 69.53
PI-SP 71.64 7463 74.63 7910 7201 71.27 69.78 73.88 50.00 72.39 78.36 77.61 78.36 31.34 74.25| 69.95
PI-RE 74.63 73.88 83.58 63.81 66.42 82.84 80.97 8246 63.81 71.27 78.73 76.12 79.48 52.61 70.90| 7343
DM-ORI | 40.68 20.34 23.73 3.39 4576 37.29 4407 22.03 13.56 52.54 3220 3220 20.34 3.39 3559| 28.47
DM-SM | 75.20 80.80 76.00 64.00 78.40 76.80 7520 76.80 65.60 78.40 76.80 80.00 80.00 59.20 79.20| 74.83
DM-SP | 50.85 59.32 55.93 61.02 5593 55.93 49.15 59.32 49.15 54.24 59.32 59.32 57.63 45.76 61.02| 55.59
DM-RE | 62.71 62.71 66.10 49.15 72.88 7458 67.80 67.80 66.10 76.27 54.24 50.85 64.41 47.46 67.80 | 63.39
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Data Models Average
J48  CART RF SVM  MLP  A+J48 A+CART A+RF A+SVM A+MLP B+J48 B+CART B+RF B+SVM B+MLP

BR-ORI | 38.26 30.36 44.62 4.76 51.03 41.61 44.30 41.48 4511 50.68 37.29 4211 4590 21.28 53.15( 39.46
BR-SM | 71.73 7415 7824 70.62 77.97 76.35 77.33 78.52 70.68 78.05 78.59 76.77 77.50 70.65 77.53| 75.64
BR-SP | 60.93 57.33 61.25 64.94 59.63 60.98 59.52 62.96 67.50 63.35 60.26 62.50 64.63 65.33 64.63 | 62.38
BR-RE | 47.93 56.58 75.82 241 7273 7044 76.54 7355 4526 71.90 50.38 64.79 71.62 9.09 70.75| 57.32
PI-ORI | 61.42 59.96 63.81 0.00 63.30 60.59 55.86 63.49 0.00 62.28 62.43 62.08 64.43 0.00 65.10 | 49.65
PI-SM 77.90 76.15 81.01 30.38 77.93 79.22 76.35 81.45 33.33 78.17 79.65 78.59 81.17 4528 78.06| 70.31
PI-SP 73.00 72.07 73.13 61.99 72.01 70.35 68.12 7293 50.38 71.06 75.54 75.77 75.68 39.07 72.89| 68.27
PI-RE 78.28 77.80 86.99 77.90 69.13 8522 8346 8599 77.90 74.03 8275 8127 8419 68.95 72.11| 79.06
DM-ORI | 42.86 27.91 31.82 6.06 46.55 39.64 47.27 28.57 19.75 50.82 36.19 37.62 28.92 597 37.50| 32.50
DM-SM | 74.02 77.99 77.24 6897 77.78 77.11 74.02 78.37 6891 77.78 7559 7813 80.97 67.27 79.84| 75.60
DM-SP | 50.85 56.91 58.41 54.14 56.41 57.89 50.88 59.32 47.15 54.70 59.32 57.85 58.62 48.21 60.00 ( 55.38
DM-RE | 64.35 69.81 74.29 62.37 7227 7586 73.39 76.19 7429 75.63 63.37 61.22 7525 62.22 70.80( 70.09
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Data Model Average
J48 CART RF SVM MLP A+J48 A+CART A+RF A+SVM A+MLP B+J48 B+CART B+RF B+SVM B+MLP

BR-ORI | 72.50 68.39 71.93 69.85 73.05 67.16 68.70 69.10 71.59 7272 70.75 69.84 74.84 74.22 74.53| 71.28
BR-SM | 7251 73.15 77.50 7245 77.10 75.64 76.26 77.93 70.18 77.27 78.33 7596 77.09 72.79 76.90| 75.40
BR-SP |63.84 60.73 61.74 66.83 59.88 60.50 58.07 62.96 67.91 63.58 61.79 62.97 64.21 68.30 64.21| 63.17
BR-RE |76.43 7542 86.38 64.79 8452 8286 86.28 84.92 70.94 8412 7510 81.34 84.46 67.29 84.07| 79.26
PI-ORI | 7352 7442 7540 4239 7501 7244 70.02 7555 4239 7425 7428 7439 7611 4239 76.42| 67.93
PI-SM | 77.38 7574 80.53 7326 77.46 78.85 75.94 81.07 61.16 77.67 79.33 7824 80.78 59.70 77.50 | 75.64
PI-SP 73.54 7119 7261 5215 72.01 69.98 67.39 7259 50.75 70.55 74.76 75.25 74.94 51.33 72.42| 68.10
PI-RE |[8539 8513 91.25 89.42 79.01 89.91 8372 90.59 89.42 82.34 8847 87.72 89.58 86.81 80.73| 86.97
DM-ORI | 64.30 61.85 63.69 5522 66.01 6246 67.43 60.40 5821 67.99 61.49 63.30 64.01 53.95 60.93| 62.08
DM-SM | 7362 77.34 77.63 71.65 77.61 77.20 73.62 78.85 70.59 77.61 75.23 77.66 81.22 72.50 80.01| 76.16
DM-SP |50.85 5512 60.24 48.19 56.78 59.37 52.55 59.32 44.88 5509 59.32 56.80 59.33 50.86 59.33| 55.20
DM-RE |77.44 8227 8527 8170 8215 8466 8395 8646 8527 8431 79.45 79.01 86.90 83.13 8176 8292
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Models

Data
Jag CART RF SVM MLP  A+J48 A+CART

Average
A+RF  A+SVM A+MLP B+J48 B+CART B+RF B+SVM B+MLP

BR-ORI | 74.37 71.84 74.01 71.12 74.37 68.59 70.04
BR-SM | 7245 7296 77.30 7219 76.79 7551 75.77
BR-SP | 63.58 60.49 61.73 66.67 59.88 60.49 58.02
BR-RE | 77.26 76.17 86.64 70.76 84.84 83.03 86.28

7148 73.65 74.01 73.29 7220 76.17 73.29 75.81| 72.95
77.81 70.15 77.04 78.32 7577 77.04 7245 76.79| 75.22
62.96 67.90 63.58 61.73 62.96 64.20 67.90 64.20  63.09
8520 72.92 84.48 76.53 81.95 84.84 71.12 84.48| 80.43

PI-ORI | 73.83 75.13 75.78 65.10 75.39 7240 70.57
PI-SM 77.30 7570 80.40 58.30 77.40 78.80 75.90
PI-SP 73.51 71.08 7257 51.49 72.01 69.96 67.35
PI-RE 85.55 85.29 91.28 87.37 79.30 89.97 88.80

76.04 65.10 74.61 74.61 74.87 76.56 65.10 76.82| 72.80
81.00 56.00 77.60 79.30 78.20 80.70 57.70 77.40| 74.11
72.57 50.75 70.52 74.63 7519 74.81 51.12 72.39| 68.00
90.63 87.37 82.55 8854 87.76 89.58 83.46 80.86| 86.55

DM-ORI | 65.22 66.30 67.39 66.30 66.30 63.59 68.48
DM-SM | 73.60 77.20 77.60 71.20 77.60 77.20 73.60
DM-SP | 50.85 55.08 60.17 48.31 56.78 59.32 52.54
DM-RE | 77.72 82.61 85.33 80.98 82.07 84.78 84.24

64.67 64.67 67.39 63.59 65.76 67.93 65.76 61.96| 65.69
78.80 70.40 77.60 7520 77.60 81.20 71.20 80.00 | 76.00
50.32 44.92 55.08 59.32 56.78 59.32 50.85 59.32| 55.20
86.41 85.33 84.24 79.89 79.35 86.41 81.52 82.07| 8286
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Models

Data
Jag CART RF SVM MLP  A+J48 A+CART

Average
A+RF  A+SVM A+MLP B+J48 B+CART B+RF B+SVM B+MLP

BR-ORI | 70.50 67.15 71.79 60.11 73.40 67.73 69.21
BR-SM | 72.43 7290 77.25 7211 76.72 7548 75.65
BR-SP | 63.41 60.28 61.72 66.59 59.88 60.49 57.97
BR-RE | 7448 7569 86.40 59.29 84.60 82.94 86.28

69.55 71.68 73.09 69.65 70.13 73.37 65.60 74.76 | 69.85
77.78 70.14 76.99 78.31 7572 77.03 7235 76.76| 75.18
62.96 67.90 63.58 61.68 62.96 64.19 67.72 64.19| 63.03
84.99 7127 84.19 7462 81.12 84.38 61.27 83.97| 7837

PI-ORI | 73.64 74.28 75.52 51.34 7514 7242 70.23
PI-SM 77.28 75.69 80.38 50.31 77.39 7879 75.89
PI-SP 73.50 71.05 7256 47.49 72.01 69.96 67.33
PI-RE 85.37 85.09 91.19 86.53 79.09 89.90 88.72

75.65 51.34 74.38 74.41 7453 76.21 51.34 76.53 | 69.80
80.99 50.25 77.58 79.29 78.19 80.69 55.40 77.38| 73.03
72.57 50.74 70.51 74.59 7517 74.78 49.13 72.38| 67.59
90.53 86.53 82.39 88.39 87.55 89.43 81.83 80.78| 86.22

DM-ORI | 64.69 61.95 63.58 55.93 66.15 62.93 67.82
DM-SM | 73.59 7717 77.59 71.056 77.60 77.20 73.59
DM-SP | 50.85 55.00 60.10 47.46 56.78 59.28 52.49
DM-RE | 77.56 82.02 84.78 79.29 82.10 84.71 83.86

61.15 58.88 67.66 62.23 63.97 63.14 55.63 61.38| 62.47
78.79 70.33 77.60 75.19 77.59 81.20 70.78 80.00 | 75.95
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