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Abstract

We compared the imbalanced data of four methods; i.e. over sampling, synthetic minority over
sampling technique, under sampling, and hybrid methods, using five classification methods; i.e. k-
nearest neighbor, artificial neural network, support vector machine, rule-based, and stochastic gradient

descent. Metrics were accuracy, sensitivity, specificity, mean square error and mean absolute error.
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The data sets were chemotherapy for stage B/C colon cancer, monoclonal gammopathy and treatment
of migraine headaches. Each of these data sets was divided into three proportions in the ratio of
70:20:10 using the data part 1. Training data are used to create a model 70 percentages; the data part
2. Validation data are used to evaluate an error a model 20 percentages, and the data part 3, testing
data are used to test a model 10 percentages using the random seed 10, 20, 30, 40, and 50 by WEKA
program. When we compared the chemotherapy for stage B/C colon cancer data set, the monoclonal
gammopathy data sets, and the treatment of migraine headaches data sets, the best method was the

ruled-based in imbalanced data adapting the synthetic minority over sampling technique.

Keywords: imbalanced data; k-nearest neighbor; artificial neural network; support vector machine;

rule-based; stochastic gradient descent
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loss function) W3aWadTun1IguiFugiuet
(Huber loss function) ﬂé’qmmfuﬁﬂiagaﬁuﬂa
pantdu 3 &1 W1dazilaslslusunsy
WEKA G531a3e9¥ann3smasiuun 5 55 hodu
225 nmatdssufisudszaninw
2893 5MITIUuN
IHaMIALATzRYaIuaazI TN
5 3% sudSsufisudssntawlasfarsan
IMNLUNINTANNFUIY (confusion matrix) “fi\‘l
LflugﬂLLUumswoﬁ'mwmm:aqﬁﬁwa&wﬁmﬂ
M laluansaansndanusuan a2
drpolwinudansuaindinuevasunon

3509913190 1
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A13199 1 LUNINBANVFURY

NAAWSINENANIRI BN INAREL

faaufiduay
FN

(false negative)
TN

(true negative)

faauduian
TP

(true positive)
FP

(false positive)

Aaau

v ed P
NRAWDN | Lduuan

a X a B
MNAOVBAI | ey

Wuay

1IN39 (true positive, TP) fia i‘hmuiﬂgaﬁﬁmungﬂ'jw
duuan Gednfiuiesaduuin, suase (true negative,
TN) @e ﬁwmwﬁagaﬁf{hLLunQn'thluau Fasnfiuriass
1Juay; uanwia (false positive, FP) fia ﬁ]"'lmuﬁagaﬁ'
sunnfaiduuin Geinfiuresaiuey; auia (false
negative, FN) fa ﬁ‘im’mﬁagaﬁﬁ‘hLLum‘imﬂLmeu 34
ffurasaduuan

(1) fanugnead (accuracy) T
NNIVIUIE Ao NISLRAINNTIAN Lad AN
andaslugldanadnlasdaduiasas (§3373

LARZRUTA, 2560) La e ﬂ'ﬂmmgﬂﬁad
(ﬁm’;uiayjaﬁahl,uﬂgﬂdwﬁmamflumml,a:
AU x 100 %) + ﬁ‘hmuﬁagmﬁmm

TP+TN

TP+ TN+ FP+ FN
) 1218’17 (sensitivity w30

Accuracy = x 100 %

true positive rate, TPR) fia SARIWUBINALIN
AwasedmIun1izein 9 (N7211@, 2559)

(3) ANAITNILNNE (specificity,
SPC %38 true negative rate, TNR) fia da&2%
vasnaaufiduasedmiunzu 9 (Rszma,
2559)

(4) AnaaLnRouinaIFeIady
(mean square error, MSE) Juu1a37anIs
Usndudlda lasandemandouingosas
laaglsznaudisninutandgsuazaiy
wUTUT % (WikeN Lazamhe, 2560)

n

Z(Yi -9 )2
Mean Square Error = %

424

A

Yi
aim’;wﬂ"a;gujamaamjm”’mﬂw

Tag y, WnuAals; ¥, unwdviwig; nounn

(5) fhﬂmmﬂﬁaué'uysrﬁmﬁﬂ
(mean absolute error, MAE) Ao fin”@mmg]n
#99209M13F M BATAIINAIAINARIALARE Y
Taglidnitafefiamevasanuasainfan MAE
AR LA INLASING (8188, 2560)

Z|Yi _yi|

Mean Absolute Error = =%
n

3. HAN13298
3.1 wanislSeuisudseansnanle
MIMWILHAVDIIDNITIUWA
Iuiseassiltnissnunnlasls
AFnaimiesdeya Iﬂﬁﬁﬁ’gm‘i’agaﬁﬁuﬂ%
W% 3 TR m’?msw:ﬁﬂ]’aga %dﬁ]:tjmmﬁ]’aga
panudu 3 &1 Ao dIuA 1 Tayalsuug iy
F319AIULLUTRHRE 70 iagad’mﬁl 2 7oy
mmaaumwgﬂﬁaa W lddssifivainy
HAWRIAUBIAILLLTaRS 20 LLa:ﬁaQamuﬁ 3
Tayanagay ildnasaualnuusesas 10 uas
AadeldihundIsufsudsz@nsainluns
U8RV BIITNNTTILUALABNINTHIANNAD
mmgnﬁaa Aanuh AenNFiwie a1eae
nRausIRadLaReY LLa:mﬂmmﬂﬁ'auﬁugitﬁ
1y F935alTlunIasauaisils 5 5% da 5%
Lﬁauﬁwulnﬁzg@ k 91 35laTaneUssanifiow
AnTwwatarInaesunTTu 353107 uaitana
MRLALAFAN wamﬁmﬁ:ﬁﬁagamﬂmﬂaﬁ 2
fﬁqLﬂuﬂitﬁﬁﬁi‘hmuﬁagaiun@jm%mﬁamhiLﬁu
Fauaz 5 wui13sgrunglagnisysuvanala
au@;aﬁw’iﬁmiqmﬁumﬂﬁﬂ SMOTE 1#4dn
ANUNABIFIFA fa Jauay 92.5862 dnanuh
§9§@ 0.920 UazAIANNTUNIZFIFA 0.931 &%
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5lasstredszanmifisaulasnisusuanaly
au@;aﬁw?'ﬁ'msqmﬁumﬂﬁﬂ SMOTE 1N
AMNALARAWINAIFDILBRLAFA AD 0.0840 dIn
aaasalawaainlasnidiuainaluauga
@Tm?%mszjmﬁumﬂﬁﬂ SMOTE l#dnaana

A o ¢ A o A ' A
\nRauFNYTaLaRsdIga Aa 0.1017 FaUaNTA

A AdaAs o ' ' o '
3 GnqLﬂuﬂsmmmmumagaluﬂqumuuaﬂvlu
\Winsazaz 10 wudnisgrunglasnisdsuainy
lisugadiniTn1sguiininaiia SMOTE Twein
mmgﬂﬁaag\iqﬂ fo Youaz 91.7269 dranylh

=) 0 o A

5980 A0 0.916 UAAIANIUNIZFIFA Ao
0.921 LLa:ﬂ"mm@]mﬁauﬁﬂé‘aaaamﬁm‘hq@ R
0.0669 dwiTiNautulndga k @1 lasnansu

ﬂ’J’]%JleiﬁllG;ﬂﬁ’Jﬂ’i-ﬁ'ﬂﬂiﬁ;mﬁumﬂﬁﬂ SMOTE
sl,ﬁ@hﬂmﬂLﬂﬁauﬁwyirﬁmﬁﬂﬁﬁqﬂ fa 0.1230
LRZINNANIN 4 %aLﬂunsrﬁﬁﬁﬁ‘hmuﬁagalu
naudwias liifiusauaz 25 wohasgunglay
msﬂ%’umw%auqaﬁaU?ﬁﬂﬁﬁimﬁumﬂﬁﬂ
SMOTEIVT@hmwQﬂ@Taagoﬁg@ fla Soua:
80.0377 @hmmvl’agoqﬂ 0.795 @AWW
g9ga 0.817 LAZAIARNALARDUANRIFDILARE
@‘iwqﬂ fia 0.1449 dau%ﬁﬁauﬁmln&?@@ k 62
lagnisdiuanaliauaadioiTnisguii
iwata SMOTE lﬁﬁimmmﬂﬁiauﬁugiﬁmﬁﬂ
dga fe 0.2260

d. =~ a a A ad o o ot ¥ A o b & o [
M990 2 Naﬂ’ﬁLl]iEJllL‘Y]ElUl]iZE‘T‘Y]'D'ﬂ’I‘W‘USG'J'ﬁﬂ’liﬁ]'lLL%ﬂa’lﬁ‘SiJ‘llaﬂﬂLﬂ%J‘]J’]‘lJﬂﬁJZL?Ga’IVLéIL%fy’iZElz

B/C (fayagail 1)

Ml CRE N . . ‘ . . Aamnaadem | samainRan
. . feugneay danwly | denuduwz | R
anwlisuen | wduifioy fadsededy | Fuysthiads
msduundeifeuthulndgs k @
76.8523, 76.4205, | 0.843, 0.881, | 0.683, 0.635, |0.2325, 0.2349, |0.2575, 0.2521,
10, 20, 30,
— A 74.7159, 79.5455, | 0.833, 0.904, | 0.657, 0.684, |0.2439, 0.2052, |0.2651, 0.2211,
Wmguiu | 40,50
76.9886 0.701 0.840 0.2161 0.2277
Fi’]mﬁlil 76.9046 0.832 0.700 0.2265 0.2447
87.6437, 88.2184, | 0.895, 0.889, | 0.856, 0.876, |0.1171, 0.1147,|0.1231, 0.1207,
10, 20, 30,
IPmagaLin 86.4943, 88.2184, | 0.878, 0.860, | 0.849, 0.905, |0.1321, 0.1162,|0.1359, 0.1207,
) 40, 50
maia SMOTE 89.0805 0.891 0.890 0.1088 0.1125
ﬂ"]LﬂSU 87.9311 0.883 0.875 0.1178 0.1226
54.5455, 81.8182, | 0.583, 0.778, | 0.500, 0.846, |0.4264, 0.1674,|0.4797, 0.2113,
10, 20, 30,
— . 68.1818, 40.9091, | 0.818,0.533, | 0.545, 0.143, |0.3018, 0.5324,|0.3552, 0.5824,
WBmguae | 40, 50
54.5455 0.455 0.636 0.4149 0.4589
ﬁ’]LQa:EJ 60 0.633 0.534 0.3686 0.4175
74.7312, 70.9677, | 0.684, 0.687, | 0.813, 0.736, |0.2433, 0.2846, |0.2509, 0.2925,
10, 20, 30,
Mgy 73.1183, 69.3548, | 0.852, 0.667, | 0.564, 0.722, |0.2613, 0.2928,|0.2748, 0.3032,
! 40, 50
HRUNEW 72.0430 0.678 0.758 0.2595 0.2776
@hmﬁa 72.0430 0.714 0.719 0.2683 0.2798

425




Thai Journal of Science and Technology

i 9  atilfi 4 « n3NJI1AKN - F9KI1AN 2563

A1919% 2 ()

5n3Usy el pak| . . . . . famaiden | samaindan
. . fanwugneas dnnwl | denaduwe | ) e . o4
anuldauga | aguiiiow amesady | suysolade
mMIduunadrpislassinayssamifioy
55.9659, 54.5455, | 0.476, 0.773, 0.634, 0.293, [0.2619, 0.2546,|0.4775, 0.4675,
10, 20, 30,
— L. 56.5341, 53.1250, | 0.767, 0.494, 0.355, 0.569, [0.2552, 0.2681,|0.4684, 0.4806,
Tnsausin | 40, 50
! 51.9886 0.571 0.469 0.2633 0.4846
ﬂ"lLﬂalil 54.4318 0.616 0.464 0.2606 0.4757
92.5287, 91.9540, | 0.950, 0.895, 0.898, 0.944, [0.0695, 0.0748,|0.1123, 0.1216,
10, 20, 30,
APMITANLAY 90.8046, 90.8046, | 0.884, 0.883, 0.937, 0.935, [0.0839, 0.0819,|0.1494, 0.1434,
! 40, 50
watta SMOTE 87.6437 0.846 0.908 0.1101 0.1903
faan 90.7471 0.892 0.924 0.0840 0.1434
31.8182, 68.1818, | 0.167, 0.667, 0.500, 0.692, [0.4585, 0.2829,|0.6210, 0.3769,
10, 20, 30,
— . 54.5455, 31.8182, | 0.636, 0.400, 0.455, 0.143, [0.3035, 0.3754,|0.4543, 0.6229,
3nTauaa 40, 50
i 22.7273 0.182 0.273 0.3950 0.7264
ﬂ"‘ILQﬁEJ 41.8182 0.410 0.413 0.3630 0.5603
55.9140, 58.6022, | 0.800, 0.586, 0.308, 0.586, [0.2793, 0.2578,|0.4733, 0.4561,
10, 20, 30,
— 51.0753, 55.3763, | 0.639, 0.563, 0.333, 0.544, [0.2748, 0.2597,|0.4963, 0.4713,
FEmInsNNEn| 40, 50
54.3011 0.655 0.444 0.2590 0.4701
Fi’]l,ﬂalil 55.0538 0.649 0.443 0.2661 0.4734
MIUUNAILITTANNBTALINLAD T UNTE
55.3977, 57.1023, | 0.307, 0.665, 0.774, 0.467, [0.4460, 0.4290, |0.4460, 0.4290,
10, 20, 30,
— . 50.2841, 55.1136, | 0.639, 0.725, 0.360, 0.374, [0.4972, 0.4489,|0.4972, 0.4489,
3Tnsgusin | 40, 50
! 48.0114 0.362 0.600 0.5198 0.5199
Fi’]l,ﬂalil 53.1818 0.540 0.515 0.4682 0.4682
90.2299, 89.0805, | 0.950, 0.830, 0.850, 0.949, [0.0977, 0.1091,|0.0977, 0.1092,
10, 20, 30,
APNITANLAY 87.6437, 88.2184, | 0.825, 0.860, 0.937, 0.905, [0.1235, 0.1162,|0.1236, 0.1207,
! 40, 50
waika SMOTE 89.0805 0.891 0.890 0.1088 0.1125
ALady 88.8506 0.871 0.906 0.1111 0.1127
36.3636, 54.5455, | 0.583, 0.444, 0.6363, 0.4545,0.6364, 0.4545,
10, 20, 30, 0.100, 0.615,
— . 54.5455, 63.6364, | 0.545, 0.933, 0.4545, 0.3636, | 0.4545,0.3636,
TnTauaa 40, 50 0.545, 0, 0.182
‘ 13.6364 0.091 0.8636 0.8636
ﬁ’]LQa:EJ 44.5455 0.519 0.288 0.5545 0.5545
58.0645, 62.9032, | 0.747, 0.646, 0.407, 0.609, [0.4194, 0.3710,|0.4194, 0.3710,
10, 20, 30,
558N 50.5376, 51.6129, | 0.806, 0.563, 0.090, 0.467, [0.4946, 0.4839,|0.4946, 0.4839,
! 40, 50
WNRUNE 58.6022 0.552 0.616 0.4140 0.4140
ﬂ"]LﬂﬁlU 56.3441 0.663 0.438 0.4366 0.4366
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A1919% 2 ()

5n3Usy Celspak] . . . . . famaiden | samaindan
. . fAnugndas dnnwl | denuduwe | 4 e . o4
anuldsuga | waguiiiow MasFasladey | Fuyshady
MITWUNMILITTIUNG
55.9659, 53.1250, | 0.367, 0.616, | 0.731, 0.437, [0.2493, 0.2545,|0.4794, 0.4942,
10, 20, 30,
— L. 53.6932, 58.5227, | 0.622, 0.494, | 0.448, 0.678, [0.2531, 0.2341,|0.4852, 0.4629,
ABmIguiin | 40, 50
! 51.1364 0.480 0.543 0.2629 0.5059
@hm&"a 54.4886 0.516 0.567 0.2507 0.4855
93.6782, 91.9540, | 0.950, 0.889, | 0.922, 0.949, (0.0626, 0.0751,|0.1400, 0.1630,
10, 20, 30,
ABmIguin 93.1034, 92.5287, | 0.926, 0.911, | 0.937, 0.941, [0.1100, 0.0935,|0.2415, 0.2008,
! 40, 50
aka SMOTE 91.6667 0.926 0.908 0.1064 0.2316
ﬂ'”qu”ﬁ:EJ 92.5862 0.920 0.931 0.0895 0.1954
50, 68.1818, 0.667, 0.556, 0.2670, 0.2143,|0.5024, 0.4194,
10, 20, 30, 0.300, 0.769,
— . 40.9091, 63.6364, | 0.364, 0.933, 0.3025, 0.2616, |0.5287, 0.4468,
INIFNAA 40, 50 0.455, 0, 0.273
! 36.3636 0.455 0.2769 0.5180
ﬂ'”qu”ﬁ:EJ 51.8182 0.595 0.359 0.2645 0.4831
57.5269, 61.8280, | 0.779, 0.717, | 0.363, 0.506, [0.2537, 0.2429, |0.4856, 0.4693,
10, 20, 30,
Fmsan 54.8387, 48.9247, | 0.815, 0.531, | 0.179, 0.444, |0.2656, 0.2607,|0.4976, 0.4963,
! 40, 50
NREUNRTW 58.6022 0.667 0.515 0.2390 0.4641
Fi’]mﬁlil 56.3441 0.702 0.401 0.2524 0.4826
M3 unneeItanasalaunsdn
57.1023, 54.8295, | 0.410, 0.600, | 0.715, 0.491, [0.4290, 0.4517,|0.4290, 0.4517,
10, 20, 30,
— . 49.7159, 55.1136, | 0.633, 0.708, | 0.355, 0.391, |0.5028, 0.4489,|0.5028, 0.4489,
A5maguiin | 40, 50
! 48.0114 0.379 0.583 0.5198 0.5199
Fi’]mﬁlil 52.9545 0.546 0.507 0.4705 0.4705
91.9540, 91.0920, | 0.950, 0.877, | 0.886, 0.944, [0.0805, 0.0891,|0.0805, 0.0891,
10, 20, 30,
IEmsguiin 89.3678, 89.9425, | 0.857,0.866, | 0.937, 0.935, [0.1063, 0.1005,|0.1063, 0.1006,
! 40, 50
wmaila SMOTE 86.7816 0.829 0.908 0.1322 0.1322
Aiady 89.8275 0.876 0.922 0.1017 0.1017
31.8182, 59.0909, | 0.333, 0.667, | 0.300, 0.583, [0.6818, 0.4091,|0.6818, 0.4091,
10, 20, 30,
— . 50, 54.5455, 0.636, 0.733, | 0.364, 0.143, |0.5000, 0.4545,|0.5000, 0.4545,
RFIRPGHED 40, 50
: 27.2727 0.182 0.364 0.7273 0.7273
ﬂ"‘lLQéEJ 44.5455 0.510 0.351 0.5545 0.5545
55.9140, 61.8280, | 0.684, 0.646, | 0.429, 0.586, |0.2496, 0.3817,|0.4409, 0.3817,
10, 20, 30,
EETIREEEY 50.5376, 55.3763, | 0.796, 0.583, | 0.103, 0.522, [0.4946, 0.4462,|0.4946, 0.4462,
) 40, 50
HWRUNRW 55.9140 0.586 0.535 0.4409 0.4409
ﬂ"]l,ﬂﬁlil 55.9140 0.659 0.435 0.4026 0.4409
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A13519% 3 wamUSuuneudss@niawe aﬁ%mii‘hLmnﬁm%’wﬁagakﬂﬁﬁmwuﬁ@ﬂﬂamaﬂﬂi@u

(Toyagan 2)

A5y IR , . . . . famainien | Aamainian
, L ANNINNDNA DI Mmanwh | denwsuwz | L I o o
anuldauga | aguiiiow o MasFasladey | Fuysohady
MIFILWNG? m’i%'tﬁauﬁmlnﬁq@ k a2
71.3710, 75, 0.669, 0.722, 0.758, 0.783, [0.2841, 0.2450,|0.2881, 0.2501,
10, 20, 30,
- LA 63.3065, 72.9839, | 0.464, 0.717, 0.780, 0.745, [0.3641, 0.2680, |0.3680, 0.2720,
IFmyduLin 40, 50
! 70.5645 0.643 0.773 0.2920 0.2962
ﬂ"lmalil 70.6452 0.643 0.768 0.2907 0.2949
89.5582, 89.1566, | 0.913, 0.936, 0.881, 0.847, [{0.1034, 0.1075,|0.1079, 0.1119,
. _ |10, 20, 30,
ATNNIFNLAY 89.1566, 81.9277, | 0.861, 0.867, 0.921, 0.769, [0.1075, 0.1791,|0.1119, 0.1835,
! 40, 50
waila SMOTE 90.3614 0.870 0.933 0.0955 0.1000
ﬂ"’lmﬁlﬂ 88.0321 0.889 0.870 0.1186 0.1230
87.5000, 40.6250, | 0.923, 0.471, 0.824, 0.333, [{0.1180, 0.5562,|0.1495, 0.5876,
10, 20, 30,
o ) 50, 81.2500, 0.667, 0.833, 0.353, 0.750, [0.4685, 0.1764,|0.5001, 0.2079,
IBmIduaa 40, 50
‘ 46.8750 0.556 0.357 0.4977 0.5292
ﬂ"’lmﬁlﬂ 61.2500 0.690 0.523 0.3634 0.3949
66.1871, 48.2014, | 0.671, 0.475, 0.651, 0.487, [0.3336, 0.5101,|0.3406, 0.5176,
10, 20, 30,
3FN1IEN 64.7482, 68.3453, | 0.614, 0.735, 0.681, 0.634, [0.3525, 0.3119,|0.3525, 0.3195,
: 40, 50
NRUNEW 71.2230 0.736 0.687 0.2838 0.2908
Fi’]mﬁlil 63.7410 0.646 0.628 0.3584 0.3642
mMysuunaasdslassdnadszaniiuy
66.1280, 63.7097, | 0.613, 0.767, 0.710, 0.487, [0.2408, 0.2547,|0.4176, 0.4309,
10, 20, 30,
o L. 66.5323, 62.5000, | 0.414, 0.572, 0.886, 0.691, [0.2326, 0.2452,10.4140, 0.4262,
MmN 40, 50
: 66.9355 0.574 0.773 0.2342 0.4096
Fi’]mﬁlil 65.1611 0.588 0.709 0.2415 0.4197
87.5502, 92.3695, | 0.896, 0.904, 0.858, 0.944, [0.1075, 0.0683,|0.1836, 0.1050,
B _ |10, 20, 30,
ATNNIFNLNY 87.9518, 80.7229, | 0.820, 0.867, 0.937, 0.744, [0.1062, 0.1603,|0.1752, 0.2712,
: 40, 50
waila SMOTE 87.5502 0.809 0.933 0.1071 0.1885
ﬂ"lmﬁlﬂ 87.2289 0.859 0.883 0.1099 0.1847
68.7500, 56.2500, | 0.615, 0.647, 0.737, 0.467, [0.2656, 0.2901,|0.3382, 0.4797,
10, 20, 30,
- ) 68.7500, 65.6250, | 0.800, 0.667, 0.588, 0.625, [0.2497, 0.2258,|0.3748, 0.3082,
IBmIduaa 40, 50
: 46.8750 0.611 0.286 0.3294 0.5225
@i’]LQa:EJ 61.2500 0.668 0.541 0.2721 0.4047
63.3094, 53.2374, | 0.487, 0.443, 0.810, 0.603, [0.2480, 0.2566,|0.4113, 0.4635,
10, 20, 30,
— 60.4317, 66.1871, | 0.671, 0.559, 0.536, 0.761, [0.2583, 0.2458,|0.4382, 0.3975,
AFMIHENNENW| 40, 50
64.0288 0.556 0.731 0.2454 0.4263
ﬂ"]l,ﬂﬁlil 61.43888 0.543 0.688 0.25078 0.42736
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5n3Usy Celspak] . . . . . famaiden | samaindan
. L fanugndnd dnnwl | denuduwe | 4 e . 4
anuldsuga | waguiiiow fassededy | FuyIthiads
mMIduwndssTnwesarnaasLuTTu
69.3548, 68.5484, | 0.782, 0.797, | 0.605, 0.557, [0.3065, 0.3145,|0.3065, 0.3145,
10, 20, 30,
— L. 64.1129, 66.1290, | 0.543, 0.833, | 0.727, 0.445, [0.3589, 0.3387,|0.3589, 0.3387,
Anaguiiin | 40, 50
! 70.1613 0.744 0.655 0.2944 0.2984
@hm&"a 67.6613 0.740 0.598 0.3226 0.3234
82.3293, 84.3373, | 0.913,0.936, | 0.746, 0.750, [0.1767, 0.1566,|0.1767, 0.1566,
10, 20, 30,
ABmIguin 84.7390, 81.5261, | 0.738, 0.898, | 0.953, 0.727, [0.1526, 0.1847,|0.1526, 0.1847,
! 40, 50
aka SMOTE 84.7390 0.757 0.925 0.1526 0.1526
ﬂ"’lmﬁﬂ 83.5341 0.848 0.820 0.1646 0.1646
0.3125, 0.4688, |0.3125, 0.4688,
10, 20, 30, | 68.7500, 53.1250, | 0.385, 0.765, | 0.895, 0.267,
— . 0.5000, 0.2500, |0.5000, 0.2500,
AIMIFUAA 40, 50 50, 75, 65.6250 |0.133, 1, 0.722 | 0.824, 0, 0.571
! 0.3437 0.3438
ﬂ"’lmﬁﬂ 62.5000 0.601 0.511 0.3750 0.3750
69.0647, 52.5180, | 0.776, 0.148, | 0.587, 0.821, [0.3094, 0.4749,|0.3094, 0.4748,
10, 20, 30,
Fmsan 61.1511, 70.5036, | 0.600, 0.588, | 0.623, 0.817, [0.3885, 0.2950, |0.3885, 0.2950,
! 40, 50
NREUNRTW 60.4317 0.653 0.552 0.3956 0.3957
Fi’]mﬁlil 62.7338 0.553 0.680 0.3727 0.3727
M3 uunaIBITaIUung
67.3387, 62.0968, | 0.742,0.932, | 0.605, 0.261, [0.2171, 0.2270,|0.4197, 0.4380,
10, 20, 30,
— . 62.9032, 66.5323, | 0.353, 0.913, | 0.871, 0.355, [0.2330, 0.2224,|0.4406, 0.4382,
Amsgaiiin | 40, 50
! 69.7581 0.589 0.815 0.2068 0.4107
Fi’]mﬁlil 65.7258 0.706 0.581 0.2212 0.4294
91.1647, 91.1647, | 0.913, 0.896, | 0.910, 0.927, [0.0626, 0.0706,|0.1554, 0.1398,
10, 20, 30,
IEmsguiin 94.7791, 89.5582, | 0.984, 0.820, | 0.913, 0.975, [0.0491, 0.0848,|0.1071, 0.1715,
! 40, 50
maita SMOTE 91.9679 0.965 0.881 0.0675 0.1365
ﬂ"’lLila:EJ 91.7269 0.916 0.921 0.0669 0.1421
84.3750, 53.1250, 0.1387, 0.2673, |0.2805, 0.4931,
10, 20, 30, 0.769, 0.941, | 0.895, 0.067,
— . 46.8750, 75, 0.2693, 0.1918,|0.5120, 0.3875,
ADMIFUAA 40, 50 0.200, 1, 0.611 | 0.706, 1, 0.286
! 46.8750 0.3035 0.5321
Aiady 61.2500 0.704 0.391 0.2341 0.4410
53.9568, 58.2734, | 0.368, 0.377, | 0.746, 0.744, |0.2267, 0.2345,|0.4399, 0.4654,
10, 20, 30,
Mg 65.4676, 69.0647, | 0.471,0.485, | 0.841, 0.887, [0.2175, 0.2112,]0.4323, 0.4077,
) 40, 50
HWRUNRW 59.7122 0.639 0.552 0.2441 0.4529
ﬂ"]LﬂﬁlU 61.2949 0.468 0.754 0.2268 0.4396
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M13191 3 (69)

33m3Usu AT , . , , . AAAALARDY | ANRaNALAREN
) o AMANUDNGDI danaly | denuduwnz | L L 4 . . 4
ﬂ’]’]&lvl,i\lﬁ&l@ﬁ Lﬁ“ﬂf‘!&lt‘ﬂm\l o MIIRDILBNEY auylsmmaﬂ
MIUNAIL TR laLAFAN
10 20. 30 67.7419, 68.1452, | 0.774,0.782, | 0.581, 0.565, |0.3226, 0.3185,|0.3226, 0.3185,
— P77 T 1 62,9032, 68.5484, | 0.543, 0.804, | 0.705, 0.536, |0.3710, 0.3145,|0.3710, 0.3145,
ADNNIRULNY 40, 50
L 70.9677 0.729 0.689 0.2903 0.2903
fadn 67.6613 0.726 0.615 0.3234 0.3234
10 20. 30 84.3373, 88.7550, | 0.913,0.928, | 0.784, 0.847, |0.1566, 0.1124,|0.1566, 0.1124,
Mg "10 éo " | 88.3534, 81.1245, | 0.828, 0.875, | 0.937, 0.744, |0.1165, 0.1888,|0.1165, 0.1888,
Waila SMOTE ' 85.5422 0.783 0.918 0.1466 0.1466
fLaan 85.62248 0.865 0.846 0.1442 0.1442
75, 56.2500, 0.769, 0.706, 0.2500, 0.4374, |0.2500, 0.4375,
10, 20, 30, 0.737, 0.400,
. 62.5000, 68.7500, | 0.600, 0.917, 0.3750, 0.3125, |0.4375, 0.3125,
5Enguaa 40, 50 0.647, 0, 0.500
L 62.5000 0.722 0.3750 0.3750
faafe 65 0.743 0.457 0.3500 0.3500
10,2030 66.9065, 58.2734, | 0.724,0.361, | 0.603, 0.756, [0.3310, 0.4173,|0.3309, 0.4173,
g "10 ;30 " | 64.7482, 69.7842, | 0.614, 0.574, | 0.681, 0.817, |0.3525, 0.3022, |0.3525, 0.3022,
NENHEY ' 60.4317 0.653 0.552 0.3956 0.3957
faafe 64.0288 0.585 0.682 0.3597 0.3597

tdl = a a a ad o o et ¥ s = <
A139N 4 WanmTLlIsuLn EI‘]J‘l.]i:ﬁ‘Y]ﬁﬂ’]‘W?.la{i’Jﬁﬂ’]iﬁ]'lLL%ﬂﬁ']‘Vﬁ‘]J’Uaﬂaﬂ’liiﬂ‘]ﬂﬂaﬂﬂﬁiﬂ?@ﬂi‘]ﬂ%%%

JUUS (Toyagad 3)

I5mIdsu AT , . , , . AnaALARe® | Anananfen
, L A1ANNDNG B aandly | fenuduwz | L . ¥ v e
mm"l.mmga WUFLAsY o fassededs | Fuysohiads
MIIUUNA? U%%Lﬁa%ﬁﬂulﬂﬁﬁm k @7
10. 20. 30 73.4463, 78.3427, | 0.760, 0.775, 0.712, 0.792, [0.2645, 0.2158,|0.2665, 0.2177,
- LA T 77.5895, 78.1544, | 0.805, 0.761, 0.750, 0.805, [0.2233, 0.2176,|0.2252, 0.2196,
FEmsanin 40, 50
: 73.6347 0.771 0.705 0.2631 0.2655
@i’]LQa:EJ 76.2335 0.774 0.753 0.2368 0.2389
10. 20. 30 77.9661, 79.0960, | 0.783, 0.785, 0.777, 0.797, [0.2193, 0.2082,|0.2215, 0.2103,
Mg "10 éo " | 77.2128, 76.0829, | 0.766, 0.746, | 0.778, 0.775, |0.2269, 0.2381,|0.2290, 0.2403,
waila SMOTE ’ 77.2128 0.773 0.771 0.2269 0.2290
ﬂ"]LﬂSU 77.5141 0.771 0.780 0.2239 0.2260
10. 20. 30 73.1183, 64.5161, | 0.733, 0.616, 0.729, 0.664, [0.2656, 0.3507,|0.2715, 0.3566,
o . U 73.1183, 69.3548, | 0.852, 0.667, 0.564, 0.722, [0.2613, 0.2928,|0.2748, 0.3032,
5Fmsanaa 40, 50
q 72.0430 0.678 0.758 0.2595 0.7760
ﬂ"]LﬂSU 70.4301 0.709 0.687 0.2860 0.3964
10. 20. 30 72.4928, 78.7966, | 0.688, 0.800, 0.760, 0.777, [0.2712, 0.2108,|0.2750, 0.2138,
"jﬁﬂ"lii\ju ;10 ’c:)O ' 71.9198, 73.6390, | 0.696, 0.698, 0.744, 0.778, [0.2791, 0.2620,|0.2822, 0.2651,
NENHEH ' 76.2178 0.777 0.745 0.2371 0.2408
ANLadE 74.6132 0.732 0.761 0.2520 0.2554
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5n3Usy Celspak] . . . . . famaiden | samaindan
. . fanugneas dnnwl | denuduwe | ) e . o4
anuldsuga | waguiiiow amesady | suysolade
mM3duunarpislassinadssaniioy
69.3032, 75.5179, | 0.878, 0.650, 0.533, 0.838, |0.1927, 0.1836, |0.3645, 0.3407,
10, 20, 30,
— L. 70.2448, 72.6930, | 0.825, 0.536, 0.593, 0.940, |0.2025, 0.1835,|0.3688, 0.3464,
33nsausin | 40, 50
: 73.2580 0.846 0.629 0.1911 0.3472
ﬂ"llﬂalil 72.2034 0.747 0.707 0.1907 0.3535
79.6610, 80.2260, | 0.814, 0.875, 0.780, 0.729, |0.1649, 0.1624,|0.2996, 0.2898,
10, 20, 30,
APNITANLAY 79.6610, 78.7194, | 0.751, 0.688, 0.841, 0.882, |0.1628, 0.1684,|0.3015, 0.2998,
‘ 40, 50
watta SMOTE 78.7194 0.809 0.767 0.1701 0.3009
ﬂ"‘ILQﬁEJ 79.3974 0.787 0.8000 0.1657 0.2983
72.0430, 64.5161, | 0.505, 0.699, 0.976, 0.611, |0.1804, 0.2271,|0.3446, 0.3656,
10, 20, 30,
— . 51.0753, 55.3763, | 0.639, 0.563, 0.333, 0.544, |0.2748, 0.2597,|0.4963, 0.4713,
3nTauaa 40, 50
: 54.3011 0.655 0.444 0.2590 0.4701
faan 59.4624 0.612 0.582 0.2402 0.4296
69.3410, 64.4699, | 0.476, 0.824, 0.899, 0.484, |0.2137, 0.2374,|0.3821, 0.4079,
10, 20, 30,
— 65.6160, 71.6332, | 0.492, 0.484, 0.833, 0.970, |0.2337, 0.2183,|0.4673, 0.3453,
FEmINENNan| 40, 50
67.9083 0.842 0.497 0.2335 0.3869
Fi’]l,ﬂalil 67.7937 0.624 0.737 0.2273 0.3979
MIFUUNMBATTNNBIALINLA DTN TTU
68.3616, 73.2580, | 0.764, 0.679, 0.614, 0.788, |0.3164, 0.2674,|0.3164, 0.2674,
10, 20, 30,
— . 70.0565, 67.6083, | 0.733, 0.614, 0.671, 0.745, |0.2994, 0.3239,|0.2994, 0.3239,
3Tnsausin | 40, 50
‘ 73.2580 0.759 0.709 0.2674 0.2674
Fi’]l,ﬂalil 70.5085 0.710 0.705 0.2949 0.2949
— . 74.3879, 79.0960, | 0.814, 0.887, 0.678, 0.695, |0.2561, 0.2090, |0.2561, 0.2090,
3%nsausin | 10, 20, 30,
- ‘ 73.8230, 72.3164, | 0.621, 0.581, 0.852, 0.860, |0.2618, 0.2768,|0.2618, 0.2768,
naua SMOTE 40, 50
75.1412 0.805 0.702 0.2486 0.2486
ﬁ’]LQa:EJ 74.9529 0.742 0.757 0.2505 0.2505
70.9677, 65.0538, | 0.634, 0.356, 0.800, 0.841, |0.2903, 0.3495,|0.2903, 0.3495,
10, 20, 30,
— . 50.5376, 51.6129, | 0.806, 0.563, 0.090, 0.467, |0.4946, 0.4839,|0.4946, 0.4839,
TnTauaa 40, 50
" 58.6022 0.552 0.616 0.4140 0.4140
ﬁ’]LQa:EJ 59.3548 0.582 0.563 0.4065 0.4065
68.7679, 66.7622, | 0.553, 0.588, 0.816, 0.739, |0.3124, 0.3324,|0.3123, 0.3324,
10, 20, 30,
3FN1I8N 60.7450, 65.0430, | 0.547, 0.566, 0.673, 0.743, |0.3925, 0.3495,|0.3926, 0.3496,
! 40, 50
WNRUNE 67.6218 0.832 0.503 0.3238 0.3238
ﬂ"]LﬂﬁlU 65.7880 0.617 0.695 0.3421 0.3421
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5n3Usy el pak| . . . . . famaiden | samaindan
. . fnnugndas dnnwl | denaduwe | 4 e . o4
m’m'luam;a R CVAgHEY MasFaslady | Fuyshady
MIWUNAIBITFIUNG
68.9266, 73.0697, | 0.915, 0.793, 0.495, 0.665, [0.1824, 0.1711,|0.3721, 0.3401,
10, 20, 30,
— L. 70.2448, 71.3748, | 0.837, 0.629, 0.582, 0.809, [0.1833, 0.1665,|0.3706, 0.3288,
IPmyauin 40, 50
: 71.7514 0.656 0.773 0.1606 0.3215
ﬂ"lma‘lﬂ 71.0735 0.766 0.665 0.1728 0.3466
79.4727, 80.9793, | 0.810, 0.834, 0.780, 0.786, [0.1487, 0.1401,|0.3032, 0.2768,
10, 20, 30,
ABnmsguin 82.2976, 77.4011, | 0.793, 0.704, | 0.852, 0.841, |0.1370, 0.1636, |0.2822, 0.3226,
‘ 40, 50
watta SMOTE 83..0508 0.836 0.825 0.1351 0.2820
ALady 80.0377 0.795 0.817 0.1449 0.2934
73.1183, 67.7419, | 0.584, 0.671, 0.906, 0.681, [0.1852, 0.4187,|0.3685, 0.3565,
10, 20, 30,
— . 54.8387, 48.9247, | 0.815, 0.531, 0.179, 0.444, [0.2656, 0.2607,|0.4976, 0.4963,
IBmIduaa 40, 50
‘ 58.6022 0.667 0.515 0.2390 0.4641
ﬂlﬂmﬁﬂ 60.6452 0.654 0.545 0.2738 0.4366
70.7736, 66.4756, | 0.506, 0.891, 0.899, 0.462, [0.1884, 0.1871,|0.3718, 0.3796,
10, 20, 30,
3FN1IEN 65.9026, 71.6332, | 0.459, 0.582, 0.875, 0.862, [0.1997, 0.1865,|0.4030, 0.3638,
‘ 40, 50
NRUNR 71.9198 0.967 0.442 0.1911 0.3757
Fi’]mﬁlil 69.3410 0.681 0.708 0.1906 0.3788
mMIsuunaIiTaeairlanasdn
68.5499, 73.6347, | 0.756, 0.664, 0.625, 0.812, [0.3145, 0.2637,|0.3145, 0.2637,
10, 20, 30,
— . 70.4331, 66.6667, | 0.745, 0.604, 0.668, 0.737, [0.2957, 0.3334,|0.2957, 0.3333,
MmN 40, 50
! 73.6347 0.775 0.701 0.2637 0.2637
Fi’]mﬁlil 70.5838 0.709 0.709 0.2942 0.2942
— . 76.4595, 80.4143, | 0.810, 0.891, 0.722, 0.718, [0.2354, 0.1959,|0.2354, 0.1959,
F3msawiin | 10, 20, 30,
- ! 78.3427, 72.693, 0.686, 0.585, 0.878, 0.863, [0.2166, 0.2731,|0.2166, 0.2731,
wnaue SMOTE 40, 50
77.7778 0.836 0.724 0.2222 0.2222
ALady 77.1375 0.762 0.781 0.2286 0.2286
70.4301, 63.4409, | 0.634, 0.384, 0.788, 0.796, [0.2957, 0.3655,|0.2957, 0.3656,
10, 20, 30,
— . 50.5376, 55.3763, | 0.796, 0.583, 0.103, 0.522, [{0.0106, 0.4462,|0.4946, 0.4462,
IBmIduaa 40, 50
‘ 55.9140 0.586 0.535 0.4409 0.4409
ﬂ'wmﬁm 59.1398 0.597 0.549 0.3118 0.4086
67.3352, 68.4814, | 0.547, 0.618, 0.793, 0.745, [0.3266, 0.3152,|0.3266, 0.3152,
10, 20, 30,
558N 61.6046, 67.3352, | 0.525, 0.588, 0.714, 0.766, [0.3839, 0.3266,|0.3840, 0.3266,
! 40, 50
WRUNRW 68.4814 0.832 0.521 0.3152 0.3152
ﬂ"]l,ﬂﬁlil 66.6476 0.622 0.708 0.3335 0.3335
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