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Searching Super-reduct: Improvement on Efficiency and Effectiveness

WANG Xiaoxiao,BA Jing, CHEN Jianjun,SONG Jingjing and YANG Xibei
School of Computer,Jiangsu University of Science and Technology,Zhenjiang,Jiangsu 212100, China

Abstract Following the derivation of multiple reducts.an ensemble based classification framework can be constructed, which has
been demonstrated to be useful in improving the performance of subsequent learning tasks. The approach called super-reduct is
exactly suggested with such thinking. Generally,multiple super-reducts are obtained by randomly adding more extra attributes in-
to the fundamental reduct. Therefore,how to search fundamental reduct is the key to performing super-reduct. In view of this,
considering both efficiency and effectiveness,not only attribute group but also ensemble selector is introduced into the mechanism
of super-reduct:the device of attribute group is used to speed up the process of searching fundamental reduct, the device of en-
semble selector is used to find more robust attributes in the procedure of searching reduct. Comprehensive experiments on 20 UCI
data sets show that compared with 4 popular strategies,our approach can not only significantly reduce the computational cost but
also provide superior stabilities and accuracies for classification tasks.

Keywords Attribute group. Ensemble selector,Searching reduct, Super-reduct
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Fig. 1 Framework to search super-reducts with attribute group and ensemble selector
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MWAh L iR )7k E_AGES]L Ml E_AGES2 X —#F, & 4
AT —Ff s F oAb 4 B0 4T L D7 35 (E_RSRR, R_ES, DMSAR
I ESAR) 1Y 5256 45 5, WA ST LU AR 0%

5.1 HBHEEFEITLE

TEA /N Y 525 B X e E_AGESL, E_AGES2, E_
RSRR,R_ES,DMSAR I ESAR 77 2 iy B [A] 315 46 , 4k 52 36
SERMFE 2—F 4 PiAl.

F2 Iy kR LY 6 0 3
Table 2 Time consumption of different approaches to derive reducts
A )

DMSAR ESAR

ID E_AGES1 E_AGES2 E_RSRR R_ES

1 3.2412  8.9696  12.0462 490.0576 42.0701  4.4359
2 0.3370  1.3673  2.0011 53.2591  4.9907  0.5767
3 0.0331 0.1175  0.1579  0.3416  0.1138  0.0493
4 2.1492  18.4952 22.1034 838.1074 76.4262  8.1369
5 0.0927  1.5337  2.3482  16.5347  4.9377  0.5475
6 2.4428  4.4246  7.5690 262.2551 37.6081  2.5431
7 0.1618  0.7352 1.0408  12.3851  1.9878  0.2185
8 0.2707  14.2266 39.9173 360.4144 96.3595 10.6939
9 0.0776  6.2287  16.1404 23.4780 24.4076  2.3795
10 1.3453  5.1974  7.3367 308.7355 20.5977  2.3132
11 1.1737  10.5619  14.5904 417.3398 37.6583  5.4169
12 0. 1141 0.8626  2.3740  3.8021 4.0248  0.4918
13 0.1091 0.7616  1.6063  9.3641  2.7839  0.2663
14 0.1390 1.0085 1.6046  18.3256  3.0311 0.2955
15 2.2616  17.6967 22.1824 855.9618 110.2972 8.4492
16 3.5482  13.9849  27.8029 758.7372 81.4166 10.3706
17 0.1612  3.8987  4.6252  73.4788 14.2295  1.2667
18 0.1374  2.0005  2.6074  7.3178  3.5871 0.4593
19 1.7835  40.3986 61.6517 594.5454 240.5120 21.3761
20 18.8884  26.1483  47.2090 11960.0000 127.2434 14,5341
KA 1.9234 8.9309  14.8457 853.2221 46.7142  4.7411
# 3 E_AGESI1 5 HAih 77 ¥ i i  He
Table 3 Speed-up ratios of E_AGSEI and other comparison
approaches
b E_AGES1&  E_AGES1&  E_AGESI&  E_AGESI&.
E_RSRR R_ES DMSAR ESAR
1 3.7166 151.1963 12.9798 1.3686
2 5. 9380 158. 0389 14.8092 1.7113
3 4.7704 10.3202 3.4381 1.4894
4 10. 2845 389.9625 35.5603 3.7860
5 25.3312 178.3679 53.2654 5.9061
6 3.0985 107. 3584 15.3955 1.0411
7 6.4326 76.5457 12.2855 1.3504
8 147.4595 1331.4163 355.9642 39.5046
9 207.994 8 302.5515 314.5309 30.6637
10 5.4536 229.4919 15.3109 1.7195
11 12.4311 355.5762 32.0851 4.6152
12 20. 8063 33.3225 35.2743 4.3103
13 14.7232 85.8304 25.5170 2.4409
14 11.5439 131.8388 21.8065 2.1259
15 9.8083 378.4762 48.7695 3.7359
16 7.8358 213.8372 22.9459 2.9228
17 28,6923 455, 8238 88.2723 7.8579
18 18.9767 53.2591 26.1070 3.3428
19 34,5678 333.3588 134.8539 11.9855
20 2.4994 633. 1929 6.7366 0.7695
¥ 29.1182 280. 4883 63.7954 6.6324

# 4 E_AGES2 5 HAbJ5 ¥ /Y fnn i 1k
Table 4 Speed-up ratios of E_AGSE2 and other comparison

approaches

b E_AGES28.  E_AGES28  E_AGES28.  E_AGESI&.
E_RSRR R_ES DMSAR ESAR
1 1.3430 54,6354 4.6903 0.4945
2 1.4635 38.9520 3.6500 0.4218
3 1.3438 2.9072 0.9685 0.4196
4 1.1951 45,3149 4.1322 0.4399
5 1.5311 10. 7809 3.2195 0.3570
6 1.7107 59.2720 8.4998 0.5748
7 1.4157 16. 8459 2.7038 0.2972
8 2.8058 25.3338 6.7732 0.7517
9 2.5913 3.7693 3.9186 0.3820
10 1.4116 59.4019 3.9631 0.4451
11 1.3814 39.5137 3.5655 0.5129
12 2.7521 4.4077 4.6659 0.5701
13 2.1091 12.2953 3.6553 0.3497
14 1.5911 18.1711 3.0056 0.2930
15 1.2535 48,3684 6.2326 0.4774
16 1.9881 54,2540 5.8218 0.7416
17 1.1863 18. 8470 3.6498 0.3249
18 1.3034 3.6580 1.7931 0.2296
19 1.5261 14.7170 5.9535 0.5291
20 1.8054 457.3911 4.8662 0.5558
H1E 1.6854 49.4418 4.2864 0.4584

WML 2 e K B X LA 5 Bl L R E_AGESI Al
E_AGESZ, 3K figt 2 {57 Jr 5 04 B 8] 314 #€ 22 00 3 i T 3o fh 3 Fh oy
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s B RUAS s DXL 0 ] DA 2D — 2 B B ) 3 R 5 2) B e B ik gL A
T R — AL S I8/ R AR AR AR T — i
B, teAh,E_AGESI Hi# T E_AGES2 J5 1% 3K 5 , i ] 3 #&
WA T BFERD, X EEERE N E_AGES] ik E7E 8 %2
T AT BEPL T SRAE , PR e Bsl /b T, Bl 24 R I

TE B (0 6 Fh 7 i, E_AGES2 A& T ESAR J7 ik
FERT R, R R AE A R B P ESAR 7 ik HUOR i — A
2,1 E_AGES2 75 K it Z A2 fii . Mo, R_ES Jikkend
K, FEZEBE S R_ES FiE a0 K M T 3 A A IE 2 24
fi o 1 JH v O B 2 SR R T AR

FRAFF 3 MK 4 F7T 50 09 I 2 b 25 5 A AT DR W M i A
Hh S T 7V B A I B T 2 TR SR AR R B3R . DA 4 Steel
Plates Faults il ,E_AGESI 5 HAt 4 Fh 77 2 /9 i 3 L 43 51
& 7.8358,213.8372,22. 9459 1 2. 9228; E_AGES2 5 HiAth 4
Al 75 ¥ f4 N5 B 23 0 J2 1. 9881,54. 2540,5. 8218 1 0. 7416,
TE IR T BT T 25 7 A IRD 380K b A AR b
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MR NFEEM IR, BB ¥E 4 Synthetic Control
Chart Time Series J9 4l ,E_AGES1,E_AGES2 5 HAll 4 Fft )y =
B CART 43245 5 iy o e M 43 i & 0. 9429,0. 9298.0. 926 3,
0.7223,0.7361 £ 0.7382;:E_AGESI,E_AGES2 5 HAth 4
Jrmy KNN 2 28 45 5 % F2 e M 43 0 J& 0. 9657,0. 957 1,
0.9458,0.7547,0. 8339 A1 0. 8232, HIL AT WL, A SCRF 2 07
AR 2508 E Pk AR B R B

# 5 CART 28R mfe

Table 5 Classification stability based on CART classifier

ID E_AGES1 E_AGES2 E_RSRR R_ES DMSAR ESAR

1 0.8373  0.7268  0.7220 0.7062 0.7133 0.7089
2 0.9514  0.9439  0.9418 0.9306 0.9169 0.9155
3 0.8786  0.8567  0.8590 0.8519 0.8367 0.8462
4 0.8600  0.8759  0.8742 0.7864 0.8530 0.8437
5 0.9316  0.9715  0.9758 0.7008 0.9108 0.8805
6 0.7639  0.6780  0.6846 0.6377 0.6563 0.6442
7 0.9536  0.9487  0.9524 0.8684 0.9543 0.9220
8 0.7775  0.7624  0.7369 0.7108 0.7006 0.7082
9 0.7927  0.7888  0.8027 0.7015 0.7288 0.7196
10 0.7589  0.6622  0.6674 0.6405 0.6354 0.6394
11 0.9124  0.8661 0.8513 0.8039 0.8100 0.8001
12 0.9041 0.9007  0.9026 0.7212 0.7226 0.7448
13 0.7717  0.7729  0.7469 0.5869 0.6629 0.6483
14 0.8774  0.8489  0.8475 0.7458 0.7536 0.7500
15 0.9557  0.9587  0.9598 0.9546 0.9526 0.9496
16 0.8949  0.9417  0.8832 0.8794 0.7828 0.7789
17 0.9429  0.9298  0.9263 0.7223 0.7361 0.7382
18 0.8792  0.8656  0.8625 0.7808 0.8161 0.7853
19 0.8491  0.8919  0.8844 0.6913 0.8316 0.8167
20 0.8207  0.8046  0.7766 0.6913 0.7133 0.7080
¥ 0.8657 0.8498 0.8429  0.7556 0.7844 0.7774

# 6 KNN RN EE

Table 6 Classification stability based on KNN classifier

ID  E_AGESI E_AGES2 E_RSRR R_ES DMSAR ESAR

1 0.8150 0.8284 0.8277 0.7950 0.8342 0.8316
2 0.9817 0.9888 0.9870 0.9753 0.9754 0.9758
3 0.7848 0.8067 0.7986  0.8157 0.8100 0.8076
4 0.8415 0.8736 0.8714 0.8007 0.8817 0.8778
5 0.9362 0.9839 0.9920 0.6289 0.9584 0.9076
6 0.8110 0.7935 0.7957 0.7141 0.7917 0.7866
7 0.9239 0.9360 0.9430 0.8215 0.9554 0.9100
8 0.8460 0.8513 0.8660 0.7143 0.8311 0.8221
9 0.8627 0.8869 0.8885 0.7681 0.8065 0.8131
10 0.8387 0.8398 0.8359 0.7954 0.8428 0.8283
11 0.9386 0.9278 0.9212 0.8468 0.9152 0.9082
12 0.9450 0.9431 0.9367 0.8224 0.8717 0.8764
13 0.8755 0.9010 0.9176 0.6512 0.8736 0.8488
14 0.8604 0.8617 0.8600 0.7991 0.8555 0.8408
15 0.9510 0.9756 0.9757 0.9745 0.9738 0.9736
16 0.9065 0.9346 0.9014 0.9177 0.9068 0.8815
17 0.9657 0.9571 0.9458 0.7547 0.8339 0.8232
18 0.9089 0.9075 0.9033 0.7800 0.8572 0.8197
19 0.8898 0.8799 0.8830 0.7021 0.8876 0.8677
20 0.8519 0.8831 0.8824 0.7162 0.8764 0.8608
HME 0.8867 0.8980 0.8966 0.7897 0.8769 0.8631

5.3 SEEWEILL

TEAS /NS By S50 v, 8 X5 LRI E_AGESL, E_AGES2,
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Table 7 Classification accuracy based on CART classifier

ID E_AGESI E_AGES2 E RSRR R_ES DMSAR ESAR

1 0.4992  0.4382  0.4323  0.4242 0.4243 0.4229
2 0.9210  0.9138  0.9172 0.9059 0.9025 0.9038
3 0.7333  0.7676  0.7590 0.7581 0.7648 0.7524
4 0.8286  0.8393  0.8372 0.7227 0.8177 0.8120
5 0.9478  0.9774  0.9766 0.6303 0.9097 0.8870
6 0.6217  0.5931 0.5962  0.6094 0.5842 0.6003
7 0.9163  0.9170  0.9157 0.8554 0.9160 0.8980
8 0.6243  0.6075  0.5944 0.2596 0.4646 0,4642
9 0.7819  0.7827  0.7742 0.7335 0.7131 0.7115
10 0.6947  0.6516  0.6546 0.6386 0.6392 0.6325
11 0.8342  0.8132  0.8115 0.7877 0.7852 0.7821
12 0.8140  0.8166  0.8162 0.7131 0.7240 0.7333
13 0.8052  0.7993  0.7807 0.6343 0.6726 0.6510
14 0.8066  0.7928  0.7974 0.7413 0.7196 0.7215
15 0.9518  0.9592  0.9593 0.9547 0.9518 0.9516
16 0.9049  0.9514  0.8819 0.6745 0.7865 0.7801
17 0.9602  0.9448  0.9340 0.6171 0.5264 0.5258
18 0.8886  0.8808  0.8758 0.8119 0.7992 0.8097
19 0.7331  0.8308  0.8259 0.6073 0.7813 0.7783
20 0.8681 0.7951 0.7771 0.5039 0.7024 0.7011
¥ 0.8068 0.8036 0.7959 0.6792 0.7293 0.7260

28 KNN 5M245 L1y e 5

Table 8 Classification accuracy based on KNN classifier

ID  E_AGESI E_AGES2 E_RSRR R_ES DMSAR ESAR

1 0.4956  0.4693  0.4670 0.4459 0.4637 0.4571
2 0.9477  0.9464  0.9436 0.9409 0.9249 0.9251
3 0.5990  0.5890  0.5867 0.5952 0.5862 0.5805
4 0.7692  0.7810  0.7837 0.6864 0.7835 0.7809
5 0.9350  0.9607  0.9543 0.5674 0.9314 0.8746
6 0.6244  0.5850  0.5885 0.6287 0.5861 0.5910
7 0.8401 0.8469  0.8474  0.8234 0.8643 0.8477
8 0.6879  0.6958  0.7047 0.2699 0.6082 0.5999
9 0.8681 0.8735  0.8723 0.7846 0.7008 0.7008
10 0.7000  0.6955  0.6952 0.6873 0.6841 0.6854
11 0.8318  0.8185  0.8170 0.7910 0.8117 0.8039
12 0.7914  0.7922  0.7903  0.7433 0.7067 0.7034
13 0.8769  0.8690  0.8731 0.6979 0.7521 0.7471
14 0.7640  0.7334  0.7223 0.7043 0.6977 0.7008
15 0.9425  0.9448  0.9458 0.9463 0.9363 0.9418
16 0.8842  0.9240  0.8370 0.6747 0.7895 0.7838
17 0.9606  0.9488  0.9443 0.5428 0.4615 0.4632
18 0.8581 0.8303  0.8175 0.7931 0.7903 0.7864
19 0.7153  0.7999  0.8070 0.5770 0.7877 0.7689
20 0.8351 0.8316  0.8192 0.5172 0.7489 0.7455
¥ 0.7963 0.7968 0.7908 0.6709 0.7308 0.7244
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