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Abstract

One of the most important factors for improving the accuracy of machine learning classification
techniques is the quality of the training data. However, real-world data are mostly imbalanced,
that is, most of the data are in majority class and little data are in minority class. This paper
introduces an approach for under-sampling samples of the majority class by keeping only its
representative data. A data change based selection technique is proposed to reduce the majority
class data. The experimental results show that our data change based selection mechanism is
able to improve the accuracy of the minority class for both under sampling and mixed sampling

techniques.
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Majority Class L . N
Tuail 2 > L0 v > |Modeling| > | Performance
Minority Class | | N/A
Undersampling (Business Logic)
Majority Class inatimind ya + maTeuiiieuns
Tuinadt 3 > Wibuwvnsvasdayn > |Modeling| > | Performance
[oeamcm] | - |

3UN 1 n1sauandwiuveyaluaaialvgyiieses1ufed

(Under-Sampling)

Mixed Sampling = Undersampling + Oversampling

Majority Class NA

Tunadl 4 > > [Modeling| > [ Performance

| Minority Class I I Oversampling (SMOTE) |

Undersampling (Business Logic)
Majority Class o . .

Tunadl 5 > | " > |Modeling| >

Performance

Minority Class I I Oversampling (SMOTE)

Undersampling (Business Logic)

LS 2 uLdt

Majority Class m3aa9 +1
Tunadl 6 > WisuuUasasdoya > |Modeling| > | Performance
| Minority Class | I Oversampling (SMOTE) |

3UN 2 NsguanuaziiuduIueya (Mixed Sampling)

5. NaN157Y

5.1 nsusediung

nsUszidunalunisisedavlymadanulydndule
(Decision Tree) wagn13inUsyansnmn1snnasswasluna
(;1}38 Confusion Matrix %58 A1519N15IAANNAINITAMUATT

wndgym13sn1sdnuunuseinnveya (Classification) lngdian
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Uszan5 N 1nlngsIu1NAIAIILATUNIULAZATAIULLUE

AIFUN 3 Famn TP, TN, FP ua FN daauvangsail

True Positive (TP) ¥1une71 1 Anaansnuase 1

True Negative (TN) 11897 0 Sradnsnnuass 0
® False Positive (FP) ¥iu1emn 1 Sinadwsniuass 0
® False Negative (FN) ¥unem1 0 finadnsmuass 1

dwfumAsearlamtaussaninm 4 sl
5.1.1 r’ifnmmgném (Accuracy)

AANLNABITRLlIAalABiITINTIIYNAATA

5.1.2 éqummu&m (Recall)

AmANuAsuaIululumalngRansaLenTiazAad

5.1.3 AMANNLNUE (Precision)

AANULILE1YRYBYalagTTULeNTIazAAE

5.1.4 a1Useansnmlnesay (F-Measure)
ANUTEANSNNLABTININNAIAIINATUOIU WAZAIIHLIUE

Yosvayalaginsaunueniiasaana

) ) Actual Class
Confusion Matrix — -

Positive (1) Negative (0)

True Positive | False Positive |Precision

Positive (1) TP

Predicted (TP) (FP) TP+ FP
class False Negative | True Negative
Negative (0)
(FN) (TN)
Accuracy Recall F-Measure
TP+ TN TP 2 x Precision x Recall
TP + TN + FN + FP TP + FN Precision + Recall

sUN 3 nsiaUsEanSamveslamaniy Confusion Matrix

U

way F-Measure

5.2 Nan15338

v '
=] N @

luived 4 vesnuldeiiausuuinianismaaeuiieidy
UszAnsamveslueaiisinisdanisveyaluaunaluaaia

o
LYY

Ingy daulunsnaaesilladalumaiiunquameluil

£

5.2.1 laaai 1
lufinsguiiindviwreyaluraiadnnionisguandiuiu

voyalumanalvey

5.2.2 Tawnad 2-3
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MNMsguanduINYeyaNAaalng e 10e1uAeIn 1Y
watlansiuTeuisuaaUisuwdas Tnglueai 2 ving
quanduiuveyanAaaluyalemaian1siuTeuliisy
o v o " '
Anudguwlasveya wazlumail 3 aadlvgyaziinisas
dmdnveyanauantuinnisguanduiuveyaniumaia

nsIsuifiguanuisuwlaeveya

5.2.3 luwnai 4
Tynsauiiudnuveyanismaila SMOTE finanaidniiies

RERNGLER

A15197 6 UseanSamaealuinand 6 wuunie Confusion

Matrix Wag F-Measure

Undersampling Only

Confusion Matrix Model 1 Model 2 Model 3
Undersampling Wisuiiisu Ardaerimiin + wWisuidiey

Technique ((80%) VA AuWdsuulas Auasuwlas
Oversampling N/A N/A N/A

Class Accuracy 84.58%| 84.37%) 83.52%
Precision 84.64% 84.85% 85.36%

Majority Recall 99.89% 99.23%| 97.18%|
g—Measure 91.64%| 91.48%| 90.89%|
Precision 44.30% 39.35% 35.36%

Minority Recall 0.49% 2.74% 8.46%
F-Measure 0.98%| 5.12%| 13.66%|

Mixed Sampling = Undersampling + Oversampling

Confusion Matrix Model 4 Model 5 Model 6

Undersampling wWisuiiisy Ardaerimiin + wWisuidiey
Technique ((80%) WA Armasuulas AuAsunlas

Oversampling SMOTE SMOTE SMOTE

Class Accuracy 66.13%| 63.90%| 67.99%|
Precision 87.71% 88.10% 88.00%|

Majority Recall 69.74%| 66.28% 71.97%|
F-Measure 77.70% 75.65% 79.18%|
Precision 21.81% 21.54%) 23.06%

Minority Recall 46.35% 50.83% 46.13%
F-Measure 29.66% 30.26%| 30.75%

5.2.4 Tueail 5-6
TiiSnvnaesiuuraLlagnsARaAsILILTEYATIN
pandlnymsimaiansUisuisuanuisasunlas uazay
dindnureyannaaadnasmaia SMOTE Tulunad
5 Tngshnsguansiuiuteyaaineatalvgyaismaiianis
Wisuifsuaruasuulas wasvhnsguiinsuiuteya

nearadnlaewmaila SMOTE auluna 6 Tunanalugy
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v‘hﬂﬁﬁhqﬁmﬁfﬂﬁgaaﬂaﬂ'aumﬂﬁu'uvi’ﬂmifjuami’wmu%mga
powalianUisuifisuaudsuuUameseya ludu
yospmadninTsguiiiusuIueyaniewatia SMOTE
nnsdalunans 4 nau virlnlananisnnaods
5197 6 HansVRaBLansliuA1 Accuracy Tuluiaai
2-3 fialnawdesiuluadi 1 Ineiian Accuracy 1nna7 80
Wesiiun luvaeilumad 4-6 viilvan Accuracy anas us
ognslsfinudanafiniunnnan 60 Wesiuadagui 4 uazly
NQUNNTNAABILUUNNTHAL (NMNFVIAABILUUNTALAATIUIY
voyauarnguiinduIuteya) Han1snaeuandlmiiu

Mnad 6 nan Accuracy gevigalunauil

Accuracy

100.00%

84.58% 84.37% 83.52%

75.00% 66.13% 67.99%

63.90%

50.00%

25.00%

0.00%

Model1 Model2 Model3 Model4 Model5 Model6

JUT 4 n1siUSeuan Accuracy Tumanaidinuasaanalng

Precision
100.00%

75.00%

44.30%

23.06%

50.00% 39.35%}35.36%
21.81% 21.54%

25.00% I I I
0.00% I I I
Modell Model2 Model3 Model4 Model5 Model6
B Minority

Majority

3UA 5 sLUSeumn Precision luaanaidnuazaaialvey

NM15LWUSBULTEBUAT Precision %138 ANAULLUEIUDY
vayaluwnazaaanugui 5 ssiulamnlumadimiu
Aandlneylurssdanuldsuntas uagluunaglunadnadl

' ' ‘e ° ' < ! .. !
A1U1INN1I1T 80 LU@?L“U'UG] LLmsLuﬂa’]aLaﬂﬂ'] Precision agdAn
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anas laganizlunadl 4-6 dn1slywmaila SMOTE auan

v "
voyalumaalvey
Recall
100.00%
75.00%
46.35%) 20-83%) 46 13%
50.00%
0,
25.00% 8.46%
0.49%) 2.74%
0.00% == |
Modell Model2 Model3 Model4 Model5 Model6

B Minority Majority

3UT 6 n1sLUTeuA Recall lupanaidnuazaanalney

F-Measure
100.00%
75.00%
50.00%
29.66%) 30.26%)] 30.75%

25.00% 13.66%

0.98% 5.12% l
0.00% L

Modell Model2 Model3 Modeld Model5 Model6

B Minority Majority

JUN 7 Wisuifieuen F-Measure Tupanaidnuazaanalney

ns3suliisuan Recall w3o ArAuAsUATUlY
Tuinaluunazaanaluzudl 6 asuandmfuiiaaalvglu
Twmait 1-3 a7 Recall lngaunn vaugilang 4-6 N3
nasowuunaulaslynaia SMOTE guanveysalunaalngy
awmalnan Recall anasdszann 30 Wosidun dwmiuaana
nvedduiaadt 1 Felufnsauiunieansuiureyaiay a1

Recall finntude 1 wWosidun Tuvaeluma 2-3 Al

Py '
=

wednguanlunanalvgyosnaieilinaiinau unndulunes
fianudsuuvadulieail 4-6

nswSeuifiauan F-Measure n38 A1UszAnSam
TnesamanAIAILATUAIY LLazﬂ’J’lllLLZJU&TW?J@G%@H@IULLG{
azAad 9In3UR 7 azifunieanalvyluluiead 1-3 a1 F-

Measure b mogidn15Ud suwlashasini F-Measure #
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Uszana 90 wWosldun luvniilluea 4-6 Hlvimadia SMOTE
quanvoyalunaalvyian F-Measure anasuszual 20
Wosidun auaaadnvedlunail 1 Ssluiimsauiisvioan
$rauTeYanT F-Measure Mialufia 1 Wosidun ualu
Tuiaad 2-3 A1 F-Measure fnsiasundasuasifivosnaiiu
ladn Tnelainadi 3 InAn F-Measure §9 13.66 wasiiun

wazdmsulana 4-6 nauluaseiianuaguwastn

6. @3UuNan1IALlueuIY
mﬂmmﬁ’maﬁmmsmmLmamlyaaﬂa ANUeAfveslung
waznsgapdevoualy vilvnisguanteyaifewnvym
voyaluaugatudnaduisiludoni unlunuidedts 6
Tuina lthnswieuidieunrudsuudasmeseyauas
nslammsiminuaniunnuisuieunnudeunag
wszgnaly ddlunsdillameyanonisiuunaluraiadn
dosrnidunguidimnglunagsia 13U 8 ssituaan
Usedns nmuesnraidaidn (Minority) Ta1Uszdnsaan
Tnesau (F-Measure) Atulasfinadnadsil

Tunadt 1 lfinsauifindwaureyalunanaidnuas
ansruuteyalunaralugvinlnaanisiuslaluusiug
96719110

Tunadl 2 lsmsquanfieanalnymsnauisudio
ArUAsuulasestayaTiTh et unEnues
defldnuveyaiilnaidesufunanaidn

Tunadl 3 Wnnsquand aanalugsaudunisnis
iminnounsUisuifisuanuisuiaswesteyarilu
kaAtuwnnegaiulatn nslmiwinenuddguesoya
Tunalanourni Weveyefinnugnaes wasdidiuaueyad
Tnaldssufuraadn

Tainadt 4 Tynisguiia SMOTE finanaidnifiesetns
e vihlmdunideveyaunniuasviunglanainiiia

Tawpadl 5 lunsguidiu SMOTE flaanaidinsaufiunis
auanfinandlungmeisnaisuileunnuidsunlasmes
voya aurileveyadaugnaes walldunusosty

asnalwirunelanafnaiy
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Tuwadl 6 lonsauiiia SMOTE firanaidnsauiunis

' ‘:4' ' ' H 9 ° = ~
quanvinandluglagnisadrsimdnuazildiIeudisu
AnudsuuUasvesveya viTluiua il oveyadaiiu

9NA9Y wazdiduIuIINTy swdunsiniiminanudidey
azidudsihuelavuudiian uazlanadnsluszaud

RUENHHEHERRFTRNGID

F-Measure (Minority Class)

(N/A, N/A) Model1

(Aldouuilas, N/A) Model2
(srotimiin+a.wdsuwlas, N/A) Model3
(N/A, SMOTE) Model4

(a.1&suuilas, SMOTE) Model5

(gaimiin+a.wlasunlas, SMOTE) Modelé

0.00% 10.00% 20.00% 30.00%

U7 8 n1sLUSeuA F-Measure lunanaidn

nsiSsuiieun1Uszansain (F-Measure) Tngsau
AINANAIUATUOIL UpzATILNLE T Ty lUAATELEN
dovnsmsimiinsusunmsisudiisuaudeutas
voseyaultlunisquanvoyalunardluguaslyivaiea
SMOTE lunisgaifiuvoyaluaaiaidn ilnuadnsves
Tuinagnavausiugl uenani Jadeiinvesvoyafiarsan
ilnanegsiauaziiudadslunsgsfafiianvesvoyal
mmﬁﬂﬁ’zyLﬂuﬁaﬁﬁﬂﬂ;{ayjaﬁﬂ’nugﬂﬁ"@a waziIuIY
wdunndu fadu lunisiinisaasdminuaznng
Wisuifisuaudsuulaseseyaulylunsauanveya
Tuaaalugy 1wesoyanasdarualalussiaidusy e
Weanunsafinrsandasedidfy Wewndadediidenas

awanamugnaataziaugluhleg
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