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Abstract Feature selection is one of the most important data preprocessing steps in the field of pattern recognition,
aiming at searching the most effective subset with the best value of evaluation function from original data set. This pa-
per proposed a new feature selection strategy based on the rough set theory and fruit fly optimization algorithm. The no-
vel double strategies evolutionary fruit {ly optimization algorithm(DSEFOA) is used to search feature subset and exe-
cute the iterative optimization. Specially. the selected feature subset is evaluated by the fitness function constructed by
attribute dependency and attribute importance simulataneously, which aims at searching important features as many as
possible in feature space and further selecting effective feature subset with the most contribution to the decision. Experi-

mental results on UCI datasets show that the proposed feature selection method can effectively search the feature subset

with the minimum information loss and achieve high classification accuracy.
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F 3 FRAETIE S JERE BEAY LUEL
Table 3 Comparison of classification accuracy of feature subsets
RSFOAFS FOA CFOA PSO RS-FS
1D Dataset
Best Avg Best Avg Best Avg Best Avg Best Avg
1 arrhythmia 0.6289 0.6090 0.6142 0.5653 0.6192 0.5744 0.6382 0.6213 0.5123 0.4986
2 car 0.8968 0.8874 0.8799 0.8772 0.8799 0.8787 0.8799 0.8787 0.8799 0.8783
3 chess 0.9865 0.9726 0.9456 0.9445 0.9566 0.9456 0.9651 0.9516 0.9566 0.9452
4 choice 0.5447 0.5361 0.5316 0.5222 0.5366 0.5268 0.5394 0.5311 — —
5 credit approval 0.8625 0.8611 0.8551 0.8482 0.8597 0.8526 0.8595 0.8522 0.8585 0.8545
6 ionosphere 0.9359 0.9288 0.9117 0.904 5 0.9137 0.9098 0.9301 0.9214 0.9356 0.9216
7 mushroom 1.0000 0.9999 0.996 4 0.9937 1.0000 0.9999 1.0000 0.9999 1.0000 0.9948
8 nursery 0.9710 0.9616 0.9710 0.8959 0.9710 0.9596 0.9710 0.9587 0.6981 0.6954
9 plant leaves 0.4297 0.4275 0.4132 0.4045 0.4246 0.4201 0.4258 0.4214 0.2177 0.2201
10 polish 0.9521 0.9499 0.9376 0.9329 0.9501 0.9446 0.9605 0.9528 0.9301 0.9239
11 sonar 0.804 6 0.7563 0.7453 0.7237 0.7598 0.7374 0.8084 0.7689 0.8062 0.7587
12 soybean(large) 0.9910 0.9867 0.9832 0.9711 0.9838 0.9755 0.9846 0.9778 0.9845 0.9769
13 voting 0.9416 0.9369 0.9401 0.9312 0.9406 0.9327 0.9420 0.9335 0.9371 0.9308
14 wine 0.9588 0.9413 0.9522 0.9213 0.9522 0.9287 0.9578 0.9392 0.9573 0.9407
IR 2 Mk 3 AT LLE AR SCHE Y YRR AR R B T R R T T R A5 3 B 0 Y 43 K B L D0 HOTE R AR BB R T HL 2R

FEHR AR BBGK 279 B9 arrhythmia 03R4 1A KBRS 4 F PSO
B A 1E K £ BB % (mushroom, credit approval, wine,
choice, chess, car,soybean Fll voting) |- #F 7l % H % /N B 45 1E

SR I 100 IR plant leaves $U#i 4 LA SCH ik R Mt T %%
PR BB 5 R 3R A1) 2% B0 2 HOR B 4 5 1k RS-FS R 78 R 1F
HEHE®R

) arrhythmia. sonar, ionosphere. plant leaves Al
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polish U4l 5 I RB A5 21 A0 X 5 /N 09 5040 4 1 530 9 i) B 1A 43
FNE BE AR, B7E choice BUHE 4 T J0 16 AR AE 4 L 33X 2 1
TAERR S G0k v 4 0k AT AR IR S A J 50 s A
2 A S 1 % Je e AR A A A T B (N DU 7 kA R
H TR IR I A G IS M8 M. M SE 30 W] LR B A SCHREE
BT TR R R R AR AR B RN 24 43 61 1 BT RLAF P RE

R T S A AR SCRR AR 5 45 Dy kM R Y 3 e A A
T 45 H A Friedman £ 56 A1 Nemenyi & 254 56 25 1 (AR
SCHE ] K

TS AR ER 3 RS NG R X SIS v K b AN B TE
14 A B0HE 4R A5 0 43 20K BE 64T HE )y O WAE (35 3076 D ik
PEREAT N PR P () . R 4 BT B4 ka4 HE 4
A I i A HE B AE L BT 3 R AE .

F 4 ORFEVEEE R R n Y 2
Table 4 Sorting results of performance of algorithms on

different datasets

1D Dataset RSFOAFS FOA CFOA PSO RS-FS

1 arrhythmia 2 3 4 1 5

2 car 1 5 2.5 2.5 4

3 chess 1 5 3 2 4

4 choice 1 4 3 2 5

5 credit approval 1 5 3 4 2

6 ionosphere 1 5 4 3 2

7 mushroom 2 5 2 2 4

8 nursery 1 4 2 3 5

9 plant leaves 1 4 3 2 5

10 polish 2 4 3 1 5

11 sonar 3 5 4 1 2

12 soybean(large) 1 5 4 2 3

13 voting 1 4 3 2 5

14 wine 1 5 4 3 2
average value 1.3571 4.5000 3.1786 2.1786  3.7857

7 B M R A TR o DU HC S 89 77 A 1 A D ELAS @ AN Sk
B B - RN BN E—1 FGe— 1D (N—D W F 5345
(N—D1zy
CNG—D -t
M Friedman ;56 7] 01, “ A 8wk 19 M A8 A 7 X 4~ 1R
T Bl HE 4, 25 20 5 0k Vi B 3 R ) )R A ik AT

(53

Nemenyi

I Nymenyi 55 M 57754 17 15 2 51 19 i 7 i 3% CD,
J@,gm kRBEABLN KB A

TEt RIGEEEN =51 ga fH2H 2. 4590, TR 433
G FH CD=1.4695, WAAF LS H Ml L2 50 % W = [H]
WS- 359 7 (H 1 22 {8 (5 FOA H 1 .CFOA % . PSO &k L
K RS-FS Bk w2450k 3. 1429,1. 8251,0. 8215 Fl
2.4286) A A1, bR 5 PSO 513k 09 ¥ 7 A /N CD a4, HAh
JIA 28 % KT CD {8, “ B A5 ik v s A 1R i R 4 41
Ul B A SCRRAE SR B 7 A M M BE B & 1 T A B . A 5 PSO
YA RRE IR R . S TIRIA S Ik £ B Ar s 2 n)
L0 P R 30 R PR B (26) R AT 2 41
4.2 FE2HLE

T2 2 S 0 3% BB 3 R BB < Fitness’ = w1 75 (D) +

1 —|B

w2t e s - IC| c|| \7
0.2,w;=0.1, 3£ 5 MK 6 434 H T AR F LI 05
TEF 42 K/INVFURRAE 7 4 43 2 RS

5 HRIE TR/ AR

CD=gqa

[F BT w,=0.Tsw, =

Table 5 Comparison of number of feature subsets
D Dataset RSFOAFS FOA CFOA PSO RS-FS
Min Avg Min Avg Min Avg Min Avg Min Avug
1 arrhythmia 46 52 54 61 51 57 44 50 24 26
2 car 3 4 5 5 5 5 5 5 5 5
3 chess 21 24 29 30 27 28 27 28 29 29
4 choice 6 7 7 9 7 8 7 7 — —
5 credit 8 9 10 11 9 10 9 11 10 11
approval
6 ionosphere 6 8 15 16 13 15 7 9 7 9
7 mushroom 4 4 4 5 4 5 4 4 4 5
8 nursery 7 7 1 7 7 7 7 7 1 1
9 plant leaves 10 14 29 34 11 21 13 16 6 7
10 polish 5 6 13 16 10 12 6 8 4 4
11 sonar 6 7 16 18 11 12 6 7 6 7
12 *(Tﬁ’;;’ 9 10 11 14 10 13 9 10 11 12
13 voting 7 8 9 11 9 10 9 10 8 9
14 wine 5 6 8 10 8 10 7 9 6 6

6 FEAET AR AORT Y LA
Table 6 Comparison of classification accuracy of feature subsets

b Dataset RSFOAFS FOA CFOA PSO RS-FS

Best Avg Best Avg Best Avg Best Avg Best Avg
1 arrhythmia 0.6452 0.6355 0.6214 0.5988 0.6377 0.6212 0.6478 0.6391 0.5123 0.5026
2 car 0.8968 0.8874 0.8799 0.8772 0.8799 0.8787 0.8799 0.8787 0.8799 0.8791
3 chess 0.9865 0.9726 0.9456 0.9445 0.9566 0.9456 0.9651 0.9516 0.9566 0.9452
4 choice 0.5447 0.5361 0.5316 0.5222 0.5366 0.5268 0.5394 0.5311 — —
5 credit approval 0.8625 0.8611 0.8551 0.8482 0.8597 0.8526 0.8595 0.8522 0.8585 0.8545
6 ionosphere 0.9359 0.9288 0.9117 0.9045 0.9137 0.9098 0.9301 0.9215 0.9356 0.9216
7 mushroom 1.0000 1.0000 0.9964 0.9937 1.0000 0.9999 1.0000 0.9999 1.0000 0.9948
8 nursery 0.9710 0.9623 0.9710 0.8975 0.9710 0.9596 0.9710 0.9587 0.6981 0.6954
9 plant leaves 0. 4457 0.4362 0.4132 0.4045 0.4266 0.4221 0.4246 0.4219 0.2177 0.2201
10 polish 0.9502 0.9483 0.9376 0.9329 0.9501 0.9446 0.9527 0.9478 0.9301 0.9239
11 sonar 0.8092 0.7824 0.7562 0.7317 0.7652 0.7398 0.8084 0.7715 0.8100 0.7587
12 soybean(large) 0.9910 0.9879 0.9840 0.9735 0.9854 0.9772 0.9862 0.9788 0.9833 0.9761
13 voting 0.9416 0.9372 0.9401 0.9312 0.9416 0.9337 0.9420 0.9335 0.9371 0.9308
14 wine 0.9588 0.9418 0.9522 0.9213 0.9568 0.9327 0.9524 0.9292 0.9573 0.9407
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I 5 FIK 6 AT LLE Y, BRAFAE B UEE 19 arrhythmia,
plant leaves, polish Hl nursery $#E 4£ 4 , A SCHRRAE 3% 5 07 %
Y4 RE 9 AR X R /N BB AE T4, B arrhythmia 035 840, %
B RRAE T2 39 SR I 0 3 SRS B L R R RS I R A
S AR SRR LA IR T gk BURR A IR 00 1 RO A R
TR R B M Y B R T TR R TR E
TR I P BT A RRAE 23 18] b A R AE A RORR L LG
B FRAEF AR /NG B B AR g b A BT BT o AR AE 4R X AR AR
S XA BE . X HGER 1 2 S50 (0 25 5 mT DL & B, AR SCHRRAE
FEAETT 1 AN AAE B AR AR 4 B 0308 4 138 1 T 5E /NI R A
TAE SR T A 0 r ZE R B L IR TE 4 R 0 R 4R (so-
nar, plant leaves LA & polish) |- &80 H T 8 4 iy B AU AL AE
FRAE %L H 2535 279 9 arrhythmia 8R4 IR E T PSO
Rk R R T ALk

(G e 3t oA T HE — 25 0 B AR SRR AT 356 % O 1k 0 5 i L A
PE. 4 40 Friedman #5342 Al Nemenyi f5 2240 560 45 21 ,

kYRR AR R 7 A R A T AR TE
BEA BRI R B 0 HEB )7 DL BT 2P A L

Vo B AR SRk 5 At JU IS B30 30 T G 22 ] 1 °F- 3 ) fE 19 224
(5 FOA 8 .CFOA 5% .PSO 5 ¥ L B RS-FS 81y 25
543 J9 3. 4973,1. 8545,1. 5688 F1 2. 7116) W] 41, H &l ¥y
KT FAEIE CD=1. 469 5, 3 75 43 14t B A% SC4F AiF 1 £ 07 ik
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Table 7 Sorting results of performance of algorithms on

different datasets

1D Dataset RSFOAFS  FOA CFOA PSO RS-FS
1 arrhythmia 2 4 3 1 5
2 car 1 5 2.5 2.5 4
3 chess 1 5 3 2 4
4 choice 1 4 3 2 5
5 credit approval 1 5 3 4 2
6 ionosphere 1 5 4 3 2
7 mushroom 1 5 2.5 2.5 4
8 nursery 1 4 2 3 5
9 plant leaves 1 4 2 3 5
10 polish 1 4 3 2 5
11 sonar 1 5 4 2 3
12 soybean(large) 1 5 4 3 2
13 voting 1 4 2 3 5
14 wine 1 5 3 4 2

average value 1.0741 4.5714  2.9286 2.6429 3.7857

AT LA R I SRR AE R (R 2— 3% DR LUFE R A
P )RR AE 8 5 7 U5 T LA AR b 2 MRS 46 RS-FS 8 1 24 3]
B 0T BT 23 OO A1 TG 3k 3 M SRR AT 5 4 BT L O R AT T 4R
TN BAT A 53 SR R T L 5 [ e, 368 5 53 205 L I3 B4 X B
SE0TT LR I, A SCRIE AR L FOA 89k . CFOA H ik #1 PSO
SR TE R I /N FRAE T 4 RS 2 R 4 A B B R
Yo 7E BRI OU R L AR SCRRAIE L 5 7 1k Ak th T A X
T B AE T 4R R A5 B T S ODRY 22 20K BE X BT TR SO AR
H AR AE BG4 5 3 A A S

BEIRIE A SCIE TR S R PR AN R 1
T 4R T — b e TR 8 0 SR 0 T B 3 9 R R 3 % T Uk

(RSFOAFS) . %7 Al a3k il 24 R A5 A0E 25 (], ) FH 80k i
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