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Abstract; Sampling is an effective way to solve the problem of unbalanced data classification. According to the distri-
bution of samples,we employ the three-way decision model to divide the universe into three parts; positive region,boundary
region and negative region. After that, we oversample the minority class samples in boundary region and negative region re-
spectively. Then, a novel oversampling algorithm for imbalance data based on three-way decision model, namely TWD-
IDOS, is developed. The experimental results show that the proposed method can effectively solve the two-class classification
problems of imbalanced data and has a better performance in such measures ( Recall, F-value , AUC) on C45,KNN and
CART classifiers than other oversampling methods.
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Machine 74:135 148: 135 140: 135 94:135 75:135 120: 135
Pima 268: 500 500: 500 509: 500 418: 500 298: 500 510: 500
Ve 100: 210 200: 210 190: 210 140: 210 129:210 191: 210
German 300: 700 600: 700 570: 700 500: 700 402: 700 537:700
Haberman 81:225 162:225 153:225 139:225 102: 225 157:225
Transfusion 178:570 356: 570 338:570 270: 570 278:570 341:570

Credit card 6636: 23364 12608: 23364 11562: 23364 10218: 23364 8647: 23364 12764: 23364
Yeast 244: 1240 488: 1240 463: 1240 340: 1240 274: 1240 465: 1240
Wilt 261:4578 495:4578 435:4578 387:4578 361:4578 499: 4578

AN, R T B R R AN [ R A AR AR [R) o 2 4%
(C4.5,KNN,CART) F %R, T i AR E R R T A
[ A e bs LA -E 38, & 4 &5 fros. H
o AR IR 15 A B0 SEAE A [A) R A B R ) R T
M bR (A

SRJG, o AE 15 > UCT B 48 1 5 KRR A7 ik
NCL™* F1 ENN 50T i 68 LE , 28645 S & 6 fr
7N, HFP AR FRF R 15 N EE SEAEAS R R AL B 0L X
N PEHT 8 A R 51

e AR SCREE A 15 A UCT B4 B 5 R A
ML ) EasyEnsemble SR A 55105 17 LU, B AR
FEREVEYI DL CART R4y 2%, LA FAE A AUC B AE M i

Brab b sy 1 3G A] Fotk B A SCRAE L TWD-IDOS
5B 2] 5L AdaBoost TS A (Je A SCH P 2
HEATRAE, SR J5 R ] AdaBoost B AL ) , L4 R A
5.3 6 PR,

S TR AR SO TE 1S DR B F
BN 0. 6946 , % = T EasyEnsemble 251 DL F HiAth %
FESRL , FL PR A T3 5 %o 00 R B/ N R A A W Ak
LYK T/NEREA R IZ A 23 18], AT PR AIE /N 09 4 [6]
25 RIS, SOM R R 0 2 A7 52 0 1) /N2, RIS o) $i
TR s XA SRR A R AT SR AT, I B 1 M 75 4, [m] A
A7 M T2 =R BE. L, AR SC833L TWD-IDOS 7 F (i
RN AT 6 AT LU A U 15 DM
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e B9 AUC #1609 0.8234, {8 T EasyEnsemble 8 ik, T HARFER 14

%3 F-value f&

Dataset T SMOTE ASMOTE Borderline-SMOTE SMOTE-RSB TWD-IDOS
Austra 0.8132 0. 8459 0.8352 0. 8355 0.8093 0. 8449
Heart-s 0. 7364 0.7712 0.7265 0.7510 0. 7364 0.7980
Bupa 0.5878 0. 6045 0.5732 0. 5590 0.5878 0. 6226
Auto-mpg 0.8271 0. 8491 0.8481 0.8381 0.8367 0. 8903
Colic 0. 7520 0. 7445 0.7458 0.7473 0. 7460 0.7983
Ionosphere 0. 8740 0. 8504 0. 8730 0. 8526 0. 8740 0.8710
Machine 0. 8690 0.8571 0.8816 0. 8980 0. 8690 0. 9109
Pima 0. 6142 0. 6489 0. 6397 0. 6301 0.6142 0. 6643
Ve 0.6919 0.7163 0. 6330 0. 6961 0.6919 0.7643
German 0. 5280 0. 4544 0. 4444 0.5159 0.5127 0.5322
Haberman 0.3582 0.4828 0.4972 0.5116 0. 3944 0.4531
Transfusion 0.4813 0. 4749 0.4745 0. 4852 0. 4551 0. 4885
Credit card 0.4335 0. 4795 0. 4569 0.4722 0.4335 0. 4457
Yeast 0.5577 0.5732 0.5813 0.5274 0.5577 0. 5805
Wilt 0.8419 0. 8286 0. 8284 0. 8402 0.8419 0. 8529
Average 0. 6644 0. 6788 0. 6693 0.6773 0. 6640 0. 7012
Rank 4.3333 3.3333 4.0667 3. 4000 4.1333 1.7333

%4 AUCTE

Dataset TRk SMOTE ASMOTE Borderline-SMOTE SMOTE-RSB TWD-IDOS
Austra 0. 8483 0. 8739 0.8433 0. 8635 0.8458 0. 8980
Heart-s 0. 7443 0.7947 0.7223 0.7458 0. 7448 0. 8354
Bupa 0. 6650 0. 6468 0.6132 0. 6355 0. 6652 0. 6818
Auto-mpg 0.9282 0.8973 0. 8874 0.9015 0.9303 0. 9389
Colic 0.7873 0.7740 0.8170 0.7971 0.7855 0. 8419
Tonosphere 0.8923 0. 8879 0. 9130 0.8778 0.8930 0. 9045
Machine 0. 9359 0.9199 0. 9268 0.9538 0.9359 0. 9346
Pima 0.7514 0.7417 0.7321 0.7158 0.7513 0.7674
Ve 0. 8380 0. 8107 0. 7688 0. 8044 0.8380 0. 8532
German 0. 6884 0.6333 0.6115 0. 6853 0. 6620 0. 6805
Haberman 0. 6087 0. 6255 0. 6570 0. 6536 0.6174 0. 6464
Transfusion 0. 7001 0.6813 0. 6836 0.7075 0.7007 0. 7062
Credit card 0. 6549 0. 7007 0. 6882 0. 6702 0. 6549 0. 7058
Yeast 0. 7500 0. 7801 0.7698 0. 7649 0. 7500 0. 7684
Wilt 0. 9432 0.9338 0. 9468 0.9414 0. 9432 0. 9611
Average 0.7824 0.7801 0.7721 0.7812 0.7812 0. 8083
Rank 3. 8667 4.1333 4.1333 3. 6000 3.5333 1.7333
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x5 HEMILFE

BETWD-IDOS
DataSet TWD-IDOS Easy TWD-IDOS ( Adaboost )
P BSMOTE Austra 0. 8479 0. 8571 0. 8687
=
g Hert-s 0. 7920 0. 7640 0. 8000
BASMOTE
Bupa 0. 6560 0. 6456 0. 6581
B Borderline- Auto-mpg 0. 8867 0. 8864 0. 8925
SMOTE
Colic 0. 7899 0. 7769 0. 7862
BSMOTE-RSB*
Tonosphere 0. 8506 0. 8829 0. 8893
C4.5 CART KNN SRR i
I x Machine 0. 8875 0. 9072 0.9411
4 R SR HA G R AR A A 20 2588 R F—value B A% b Pima 0. 6673 0. 6585 0. 6258
=TWD-IDOS Ve 0.7248 0. 7406 0.7757
08 German 0. 5235 0. 5852 0. 5556
BSMOTE
Haberman 0. 4388 0. 4454 0.4133
=ASMOTE Transfusion 0.4817 0. 4647 0.3843
207 Credit card 0. 4602 0. 4993 0. 4820
BBorderline -
SMOTE Yeast 0.5687 0.5312 0. 5804
BSMOTE-RSB* Wilt 0. 8429 0. 7393 0. 8529
0.6
C4.5 CART KNN o Average 0. 6946 0. 6923 0. 7004
e mA R
FS  ASCH S HAd R A LA R [0 2588 T AUCTEAXF L F6 EiExftk AUC &
DataSet TWD-IDOS Easy TWD-IDOS ( Adaboost)
Austra 0. 8817 0. 9349 0. 9257
3 ®TWD-IDOS Hert-s 0. 8369 0. 8704 0. 8869
=
I Bupa 0.7016 0. 7596 0.7710
=ENN Auto-mpg 0. 9560 0. 9693 0. 9759
Colic 0. 8490 0. 8254 0. 8951
Tonosphere 0. 9049 0.9711 0. 9680
ENCL .
Machine 0. 9584 0.9914 0. 9892
C4.5 KNN CART
Sy 3K me Pima 0. 8065 0. 8064 0. 7863
El6  ASCEILS R RFEBIEEARR IS R F—value B %) b Ve 0. 8489 0.9122 0. 9080
WA SR RE 5 AdaBoost Z5 4 5, F OB E M German 0. 7141 0.7776 0.7716
0.6946 375 5] 0.7004, 35 T 11 ANBIEEN F (4 Haberman 0. 6428 0. 6650 0. 7140
AUC Y M 0. 8234 #2153 0. 8564 , it {ol T EasyEnsem- Transfusion 0.7102 0. 6956 0. 6720
ble B3k 1) AUC $AME, 2 FH o B 8, Hop 278 1 13 Credit card 0.7848 0.7452 0.7856
ok ;
MRS AUC fH. Yeast 0. 7866 0. 8491 0.8177
AR & T o 33 £y JEL
A SCHETEM S A T b, 261 FAHA Wil 0. 9681 0.9918 0. 9785
AH R YT R 2 ek = . EasyEn-
Ths A ’%:%ijim%ﬁiﬂ;’ﬁgiﬂf Eh'ﬁj Y Average 0.8234 0.8510 0. 8564
semble FILA LG T RRFEFE K=, HME T
SERF 2] [REF, SCHR [26 ] 45 ) : EasyEnsemble 553 4k
R T AF T 0055 5, T g AN . 5 %HiE
ZO R Ta

ARSCER- M T —Fh I F = SO AN - Rt il >R
BEDTE T DR AN Al il 1 — 73 6 Rl AL 1 0, AR
AR IR = SR A AR FEAS SR S0 A e g 30 ST
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