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Classification method of cost-sensitive three-way
decision boundary region for hybrid data

ZHOU Yangyang', QIAN Wenbin"?, WANG Yinglong', PENG Lisha’, ZENG Wuxu'
(1. School of Computer and Information Engineering, Jiangxi Agricultural University, Nanchang 330045, China; 2. School of Soft-

ware, Jiangxi Agricultural University, Nanchang 330045, China; 3. School of Engineering Management, Nanjing University, Nanjing
210046, China)

Abstract: The research objects of existing three-way decisions models are mostly decision-making systems with single
data. Relatively few studies on the boundary region sample processing of mixed data have been conducted. To address
this issue, a classification method of a cost-sensitive three-way decision boundary region based on core attributes for hy-
brid data is proposed in this study. This method computes the core attribute set of the hybrid neighborhood decision sys-
tem based on positive domain reduction. On this basis, the hybrid neighborhood class is calculated, and the objects are
divided into the positive, boundary, and negative regions of each decision-making class through three-way decision
rules. The classification method of the three-way decision boundary region based on cost-sensitive learning is proposed.
Then, a calculation method of the misclassification cost is constructed to divide the objects in the boundary region. Ex-
periments and analyses are performed on 10 datasets of UCI, which show the feasibility and the effectiveness of the pro-

posed method for the processing of boundary region samples.
Keywords: three-way decisions; granular computing; cost sensitive; hybrid data; positive domain reduction; boundary
region sample processing; rough set; core attribute
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13z 17345 . Winl0, Intel(R)Core(TM), i5-6 500
CPU @ 3.20 GHz 3.19 GHz Fll 8 GB N1, /] Py-
thon % f i 7 LA LT
42 EMIERR

SR MMERR AU A L R A SR T
18 A7 I E] 4 Fh R AR AR X 44 SRk AT 4 A
TE LU o

sl i POS(D;) N D;

UETfH . Acc = —P0SD)

AccxCov
AT F=2x ———
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R it ok 240 4, = 0.3, 4, = 0.7,
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Table 3 Basic information of the data set

. . JE TS s T
A BEA TR SR PREK R REA K
Fertility 100 2 7 2 {88, 12}
Heart failure 299 7 5 2 {96,203}
Speaker Accent 329 12 0 6 {29, 30, 30, 30, 45, 165}
Ionosphere 351 34 0 2 {225,126}
Thoraric Surgery 470 2 14 2 {400, 70}
Credit Approval 690 7 8 2 {307, 383}
Audit Data 773 11 15 2 {305, 468}
Diabetic 1151 16 3 2 {540, 611}
Phishing Websites 2456 0 30 2 {1094, 1362}
Student Evaluation 5820 33 5 {812,560,1612,1695,1 141}

1.00

0.96 &

092 |

Acc

0.88 |

0.84

0.80

—— Fertility \
—m- Heart failure \
—a— Speaker Accent \
—« Credit Approval \
| —« Phishing Websites

—e— Student Evaluation

3 4 5 6 7 8 9
’IPN‘
(a) 1R oy X 5RHEB R 1050

1.00 s < < =t e o}
O T il
0.96 i
!
092F f
S i .
< k —«— Fertility
0.88 3 —m- Heart failure
/ —a— Speaker Accent
0.84 L Il —< Credit Approval
Loyl —« Phishing Websites
—e— Student Evaluation
0.80 . . . . . . )
4 5 6 7 8 9 10
Axp
(b) FRHT Ay XA T3 HERR A SN
B2 S#ANFIA3AERENZm

Fig.2 Influence of parameters Apy and Ayp on the accuracy
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Acc., B A FL iR 5 K401 2% Cost 11z 17 I [H]
Time HJSCER 4558 . Hif, NCTM (neighborhood
rough set based cost-sensitive three-way decision
boundary region processing model) #2& 3 -2 g K A
ST BT 2 b8 T R U = S PR T B AL
B AL, PCTM (pawlak rough set based cost-sensit-
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model) J2& 5 F 28 BORLRE SR 2 01T 25 18 T AR 8L
T = 3 p R B A BEASE AL, MCTM (mixed-
neighborhood rough set based cost-sensitive three-way
decision boundary region processing model) {4
SCRE TR A S8 OB B2 1 AR M SRR = Stk S Bt
S A PRASERY . A PCTM A5 HY rp 0 340 4 A7 25 1
LA, 26 NCTM A1 MCTM 452 5 e i 4 45 4
HEAT T IH— AL AL IR, T35k, S TR R R Ak T [
— T, 75 NCTM #5284 v SR B 2 1 25 5 4+,
[A]B} Acc. F. Cost A1 Time F{E Y5 R £ 45 Fr A e
RRHFRIME . SEIRES RN 4~7 Fros, Horp, £F
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Table 4 Comparison of accuracy Acc(T) under three kinds
of rough set models

FAGE S NCTM PCTM MCTM
Fertility 0.9318 0.9385 1.0000
Heart failure 0.8863 0.9646 1.0000
Speaker Accent 1.0000 0.8558 1.0000
Ionosphere 0.9241 0.9884 0.9241
Thoraric Surgery 09314 0.9345 0.9962
Credit Approval 09144 0.9326 0.9620
Audit Data 0.9370 0.9870 0.9750
Diabetic 0.8582 0.8965 0.8590
Phishing Websites 0.9709 0.9897 0.9996
Student Evaluation 0.6582 0.9257 0.9979

W 4 Fros, ff A SCRERY Y 43 S HERR 2R 5
T H A 2 FRBIRL, ] dn, FAE 5 4 Credit Ap-
proval | AYHERG K L NCTM Fil PCTM 457 43 51| $2
T 4.8% F12.9%, HF MCTM BB £ X K [ 1)
BRI AR BOR [F Y 4328 05 v, HBA AR 4
DA, TR R 23 A AR AE AR |5 T NCTM Al
PCTM., b4k, 7E#(#E 4 Tonosphere |-, PCTM #&
AUl S i B d, T 7E £l 4 Speaker Accent
b, AR SO AL AT NCTM A5 [ i i SR A0 8], A
AIHL, AR SCRE Y BB RO 4R o o R R, HL7E
AR FRRIARI R

e 5 Fros, XA 1 7, B K
AT, ASUAET PR b R A R AR R TE
FA SO ) = 3 pe SR e A M i PR,
B35 Cov =1, TEAR SR AUET K+ FAR KRR I
W T HER 3 Ace IUME . XF HL 3R 4 FIE 5 500
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Table 5 Comparison of trade-off factor F' (T) under three
kinds of rough set models

PUEITES NCTM  PCTM  MCTM
Fertility 0.9647 0.9676 1.0000
Heart_failure 0.9393 0.9819 1.0000
Speaker Accent 1.0000 0.9220 1.0000
Tonosphere 0.9602 0.9941 0.9602
Thoraric Surgery 0.9632 0.9661 0.9981
Credit Approval 0.9553 0.9651 0.9806
Audit Data 0.9664 0.9935 0.9872
Diabetic 09174 0.9448 0.9234
Phishing Websites 0.9852 0.9948 0.9998
Student Evaluation 0.7616 0.9599 0.9989

WEE 6 Jizs, (AR SCARE Y iy 15 43 e iy 2 2
A 1 B AR A 2 FpASE AL, 540, £E 4R 4E Stu-
dent Evaluation ', A SCAE A ) 5% 43 26 461 % L
NCTM 1 PCTM 435l FEAIK T 478.1 F1287.0. A
Ivi] FRIABE IR £y BE A, BSR40 I 3R R 48, PCTM
X R 43 () SR 45 R8s 2, T NCTM X 4 1 25K
BTN, 2555 AL, S8R AR R A
A MCTM AJ 23 W H TS [R] 8 () T 5K R 48
R, T A EA AR IR 2B

%6 3 TR SRR HIRK Cost (1) XFEE

Table 6 Comparison of misclassification loss Cost (]) un-
der three kinds of rough set models

LG/ S NCTM PCTM MCTM
Fertility 4.2000 1.4000 0.0000
Heart_failure 20.3000 7.0000 0.0000
Speaker Accent 0.0000 23.8000 0.0000
Ionosphere 13.3000 3.5000 13.3000
Thoraric Surgery 44.1000 21.7000 2.1000
Credit Approval 33.6000 28.7000 16.8000
Audit Data 46.2000 7.0000 14.7000
Diabetic 13.3000 23.8000 32.2000
Phishing Websites 42.0000 16.8000 0.7000
Student Evaluation = 485.1000  294.0000 7.0000

e 7 Fron, WA &, 3 PO RS 42 k1153
TR T 99 FE 14 s TR 2058 20 L I o 5 i RIS ) 34 R
W42, WNERSY 1, NCTM B R AR R K,
BEH T NCTM 2 H A8 BIC R BAREE, B
AXF R Z B, B R AR
1M PCTM I F MCTM #5587 #6157 1 2% 5 1
AR, H 22 5 P BEE R RIS B 388 K98/ o

Zr iR, 5 A 2 FhAS [R] A% R RS £ A5 AU i
T3 S B0 X FE A3 B vl 0, AR SCBERY Sk | H AT 3
e 9 43 28 VA B AR R R 4 e O, I,
HXHE AP R R E TR B A
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Table 7 Comparison of operation hours Time(|) under
three kinds of rough set models

UGS NCTM PCTM  MCTM
Fertility 0.1467 0.0185 0.1112
Heart_failure 1.4253 0.1860 1.1989
Speaker Accent 1.5592 0.2207 1.5177
Ionosphere 1.6507 0.2217 1.4853
Thoraric Surgery 39171 0.9209 2.7756
Credit Approval 7.9367 1.1905 6.7061
Audit Data 9.0060 1.6071 6.6358
Diabetic 30.0278 10.4657 26.6360
Phishing Websites  135.5500 16.6810 14.1239
Student Evaluation 868.6762 82.2837 73.5983
433 AXARE Ao 5T = H R GO 49 3K

5K T kAT
N T 2D B R AR SOREBY A O, A /NS
K A SORERL 5 7 51 = SCHR SR 1 J7 ¥ AT 9236 %) 1E
o3, HoAd, MSTM (mixed-neighborhood rough

set based sequential three-way decision boundary re-
gion processing model) & J& T 2 i ¥ 5 = S e g™
A AL TR S < O R 4R 19 7 B = SR
AL PRRERL . SCEGEERANR 8 s, ol ga it T
MCTM F1 MSTM {4 53 2 WM B | AL 7 2243
A5 TS 8] % B o

Hi 3% 8 1Y 52 56 45 R T N, 7E B 4R Tono-
sphere Fil Audit Data |-, < (A MCTM 115328
PERES MSTM M [H, T 7E 75 4h 8 D EHE4E L, A&
SCHERI MCTM 943 5 M R 2240 T 9 31 = SR
BRI MSTM., MR E2r#r, th T MSTM B 4%
iR RN U ER R SUR TS RO E TR ' S
W HER bt — 20 2 B AR RN 2 2 Sk Rl
I3 AR X R, AR ORI MCTM 1R
Acc. F. Cost il Time bFRIKAML. Fitk, 75 [ 5%
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Aib P 301 S SR AR T — A A M AT
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Table 8 Comparison of experimental results of different boundary domain processing models

] Ace(]) F(1) Cost(1) Time (1)
B MCTM MSTM MCTM MSTM MCTM MSTM MCTM MSTM
Fertility 1.0000 0.9880 1.0000 0.9939 0.0000 1.4000 0.1112 0.1092
Heart_failure 1.0000 0.9854 1.0000 0.9926 0.0000 2.8000 1.1989 1.2184
Speaker Accent 1.0000 0.9889 1.0000 0.9943 0.0000 0.7000 1.5177 1.5807
Ionosphere 0.9241 0.9241 0.9602 0.9602 13.3000 13.3000 1.4853 1.50835
Thoraric Surgery 0.9962 0.9924 0.9981 0.9962 2.1000 4.2000 2.7756 2.6520
Credit Approval 0.9620 0.9540 0.9806 0.9764 16.8000 20.9999 6.7061 6.9013
Audit Data 0.9750 0.9750 0.9872 0.9872 14.7000 14.7000 6.6358 6.7636
Diabetic 0.8590 0.8408 0.9234 09131 32.2000 42.0000 26.6360 24.9780
Phishing Websites 0.9996 0.9979 0.9998 0.9989 0.7000 3.5000 14.1239 14.3478
Student Evaluation 0.9979 0.9971 0.9989 0.9985 7.0000 9.1000 73.5983 74.0003
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