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Abstract: In the current era of big data, data processing is very critical. Cost sensitive learning is one of the
current research hot spots in machine learning, data mining and other fields. Test cost is an important type
of cost, and data processing often needs to take test costs into account. However, there are few attribute
reduction methods that consider interval-valued data based on test costs. In response to this situation, this
paper discusses the problem of test-cost-sensitive attribute reduction in interval-valued decision tables,

creates a corresponding rough set theory model, presents a test-cost-related weighted attribute significance
function, and designs a backtracking algorithm and a heuristic algorithm for test-cost-sensitive attribute
reduction. Finally, experiments are conducted on multiple UCI datasets to verify the effectiveness of the pro-
posed algorithms. Compared with the two existing attribute reduction algorithms, the proposed algorithms
have great advantages in reducing the total test cost. The backtracking algorithm can always obtain the

optimal reduction, and the heuristic algorithm can obtain the optimal or sub-optimal reduction efficiently.
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Table 1 An interval-valued decision table [3!]
X a a asz D
X1 [22.5, 35.5] [0, 2] [0.15, 0.3] 1
X [19, 32] [0.6, 3.2] [0.15, 0.24] 1
X3 [25.5, 63] [0.84, 4.97] [0.14, 0.22] 1
X4 [19.2, 31] [0.14, 7] [0.09, 0.17] 2
s (137, 25] (1,15] [0.05, 0.28] 2
X¢ (13, 20.5] [0, 0.4] [0,0] 2
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Table2 Neighborhoods of objects on different test sets

X {ay, ax} {ai, as} {aa, as}

xq {x1, X3, X5, X6} {x1, X3, X} X1, X3, X4, Xef

X2 X2, X3, X5, X6} {x2, X} X2, X4, X6}

X3 {x1, X, X3, Xg, X5, Xf  {X1, X3, Xg, X} X1, X3, X4, Xef

X4 {x3, xg, X6} {3, X4, X6} 1, X2, X3, Xy, X}

Xs {x1, X2, x3, x5} s} {xs, X6}

Yo {X1 Xz, X3, Xa Xe) X1, X2, X3, Xy, {x1, X2, X3, X4, Xs,
Xo} Xo}
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Table 3 Inconsistent object sets on different test sets

X {ay, ax} {a1, az} {aa, as}
x) {xs, X6} {xe} {X4, Xe}
X2 {xs, X} {x6} 1x4, X6}
X3 x4, X5, X} x4, X6} x4, X}
X4 {x3} {x3} {x1, X2, X3}
Xs X1, X2, X3} %} 1%}

X6 {x1, X2, X3} {x1, X2, X3} {x1, Xp, X3}
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Table 4 Approximate sets of object subsets on different test sets
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1: for (i=l; i<|C|; i++) do

2: if (t,c (BU {a;}) = tc (R) ) then

3:  continue; /* BYAL, i F WX U & HR
;Iﬁg */

4. endif

5: lessInconsistent=false;

6: BR3y,, (D)=0; /*BRjya, (D) HERIHIH
FNFERAE */

7. for (each xeU") do

8: if (icfy|,, | (x) cicg (x) ) then

9. lessInconsistent=true;

10:  if (icgy;q, (x) #D) then

11. BR3y(.,) (D) =BR§y 4, (D) U {x};
12. end if

13. endif

14. end for

15: if (lessInconsistent==false) then

16:  continue; /*a; WIMELA—BN R,
BYAL ¥/

17:  else

18:  if (BRYy,, (D)==0) then

19:  R=BU{a};

20:  continue; /* {3 —/NEIFHIHBR L, 5Y

B *

21. else

22 backtrack (BR§ ., (D), BU {a;},
i+1) ; /* T—2EH ¥/

23. end if

24. endif

25: end for
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frdi: — N1 B

1: B=@; /* N5 */

2: CA=C;

3: while (y§ (D) <& (D) ) do

4. HBEENBEM aeCA B sig(B, a, tc) ;

5. B, EHBER sig (B, a', te) =max

{sig (B, a, tc) |

6: B=BU {a'}; CA=CA —{a'};

7: end while; /* KT */

8: CD=B;

9. while (CD#@ ) do

10: CD=CD-{a'};

11; if (POSE_ . (D) =POSE (D)) then

12: B=B-{a'};

13: endif

14. end while

15: return B;
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BRRETHEENTESRRK. A, SR HER
KRBEIERE A THIMAE, LA—HRAPEER
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TTC,=min TTC(R;), (23)
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Table 6 Introduction of experimental data

UGS UK FEARUE JEPEA % FH
Iris Zoology 150 4 3
Wine Agriculture 178 13 3
Glass Manufacture 214 9 7
Tono Physics 351 34 2
Sonar Physics 208 60 2
Diab Clinic 768 8 2
Liver Clinic 345 6 2
Wdbce Clinic 569 30 2
Wpbc Clinic 198 33 2
QSAR Biology 1055 41 2
Image Graphics 2310 18 7

FH TSR T B0 18 42 2 S (B B U8, B DAFE SCIR T,

HERAARK
d (x) =[a(x) — &*o, a(x) +*o], (24)

XF SE BB R HEAT X B, Ho, a (x) ARTER x T
BYE a WBYEE, o WEW a WBHMENIRER, &
B—NSH M =01, HMXNR x FEBHE a THE
HAE, NARBIX B o' (x) o

BT R#ER 4> UCT A+ A WA, BT
BHE, Min 4 POVREBSCE SRR 508 T4 R
B Ay, BYETEREY [1, 100], HBUESL,

HRE C, Rt B IR, W C,=p K

P (Cu=p) =

Q—}’+1’ (25)

HepelP, 01,4 x 7 (0, 1) LH R HE
BAE, PEAH A
Cu(P, Q,x)=P+[(Q-P+Dx].  (26)

3.2 RRUERESH
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ERAMMARESER WK T PaTLIER, Ira 5
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Table 7 Representative results of the two algorithms

Bk Bk 2y B I WHAHY

Hi A
. [l 39 1,2, 4 0.750 0 0.654 7
I1s
kK (1,2, 4 0.750 0 0.654 7
. [ 5] {9, 10} 0.153 8 0.067 8
Wine o
Jak {5, 10, 12} 0.230 8 0.086 8
A1 3] {3, 4, 5} 0.333 3 0.239 7
Glass o
Ja & (3,4, 5} 03333 0.239 7
. [F] 350 {10, 11, 12, 27} 0.117 6 0.0311
ono
Ak {10, 11, 13, 24, 27} 0.147 1 0.0355
[ 3) 44, 52, 57} 0.050 0 0.006 4
Sonar .
Ja kX {44, 52, 57} 0.050 0 0.006 4
Diab (R {3,6,7, 8 0.500 0 0.292 7
1a!
Ja kX {3,6,7, 8} 0.500 0 0.292 7
. I 3 {1, 2,3} 0.500 0 0.397 8
Liver .
=¥ %N {1,2,3} 0.500 0 0.397 8
B {3, 17, 19, 29} 0.133 3 0.025 4
Wdbc y
Ja k3 (3,17, 19, 29} 0.133 3 0.025 4
[ 9 {4, 15, 27} 0.090 9 0.024 2
Wpbe N
Ja &= {4, 15, 27} 0.090 9 0.024 2
W {1, 13, 22, 30, 34} 0.1220 0.088 5
QSAR -
Ja k3 {2,13, 18, 22} 0.097 6 0.092 3
7 3 {3} 0.052 6 0.054 7
Image .
BEA {1,6, 11,14, 18} 0.263 2 0.146 9

3.3 WHTERLLE

XA R T IR AT AR, XA T R R R TR
%20, B BB EMAOTE, EdRE
=0 RS E_F TR “2.3” WA AMTRR
%o 4 L={0, —0.25, -+, —1.75, —2.0}, FiF F =TI
Rk 8 Fin,

R8 1=0 1 icL THINHER
Table 8 Results under /=0 and AcL

; FH T iEyNH S S-S5 R T

A=0 A€EL A=0 A€EL A=0 L€L
Iris 0.24 1.00 1.71 0 0.31 0
Wine 0.12 0.92 13.75 0.28 1.94 0.01
Glass 0.11 0.84 3.12 0.41 0.72 0.02
Tono 0 0.40 255.00  73.00 15.38 2.31
Sonar 0 0.58 11.19 0.20 3.55 0.03
Diab 0.05 0.78 5.23 0.24 0.59 0.02
Liver 0.40 0.87 1.66 0.23 0.25 0.01
Wdbc 0 0.77 23.44 0.37 5.69 0.03
Wpbc 0 0.93 31.40 0.26 8.80 0.01
QSAR 0 0.35 2.20 0.35 0.90 0.08
Image 0 0 193.00 64.00 19.37 9.07

W 8 TTLAF th: © MR & XL 7
EBROERIARMAN, XEFANEHNERE R
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W E, JUHR B ERB ARG RN L R e, 4
i Wine $IE 4, 3£ 8 W] LI F H 1eL i}, FOF i
0.92, H. 1=0 Rt AN T 0.80, K K% T FOF, A
KK /NT MEF #l AEF, X R H b el Bt %8 T
WA, IFE T3S RKeE, T 4=0 B A %)E 3
WM, BRAZ B R,
3.4 WAEERHBE

AP G R B R R, — M EEBF
PATEIVR B, B E 9 33 i 08 AR B, X Fe i Re 8
FHRIEBEARBE; H—MEBEERZEZEITEH
V) B B3B8, E A S 8 TR o B 1k (A2 AT B TR AT L
B, HHi1xE8HRH([-2,0],

RHEBEE TR 7 UL ADBIEE EE R
100 A B B MR ACH AT B, Bk 1R
2525 (A1 B /DN [ 9 Rk ) R P IR e 3R 9 3R
No WK 9 AT LLE H B 58 5 i 5 H0E im /AR
A [ER RN, XIE T BY BB AR WA 30k

£9 BE1RETERER/NIEBEENERRE
Table 9 Size of the state space tree in algorithm 1 and the
invoking number of the backtracking algorithm

o . R 22 HW — " — " "
it VoM monpw moors P
Iris 24 7 11 9.47
Wine 213 7 54 21.45

Glass 2° 10 90 40.5
Tono 234 2 1000 188.25
Sonar 200 9 048 205 819 44 710.13
Diab 28 24 118 72.96
Liver 26 8 41 24.43
Wpbec 23 947 1563 1 038.67
Wdbc 230 18 209 64.66
QSAR 24 4205 1002 967 126 227.4
Image 218 3 2522 201.73
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BT 4 WOTRBIAR, ST K AR B s A T
BRIEBITHIN E o Mesh, BARTE/N RS LRI 2
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ZHIEARE I Sonar A QSAR FHIE LiXR L
HIE R SR 2
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Fig.1 Run-time comparison
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