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Feature selection using forest optimization algorithm
based on duplication analysis

JI Ruohan, DONG Hongbin
(School of Computer Science and Technology, Harbin Engineering University, Harbin 150001, China)

Abstract: The forest optimization algorithm is an evolutionary algorithm based on the concept of forest tree planting.
It has a strong capability for searching for feature space and low implementation difficulty. However, the algorithm
still has room for improvement in the convergence speed and merit-seeking ability of the forest as a whole, and it is not
well-suited to high dimensional data sets. In this paper, we propose to use a forest optimization algorithm based on
duplication analysis (DAFSFOA) to address the above problems. The algorithm proposes an adaptive initialization
strategy based on information gain, a forest repetition analysis mechanism, a forest restart mechanism, a candidate
optimal tree generation strategy, and an adaptation function that integrates the number of feature selections and the
correct classification rate. The experimental results show that DAFSFOA achieves the highest classification accuracy on
most datasets. Meanwhile, for the high dimensional dataset SRBCT, DAFSFOA has a large improvement over feature
selection using a forest optimization algorithm (FSFOA) in terms of dimensionality reduction rate and classification
accuracy. DAFSFOA has a stronger feature space exploration capability than FSFOA and can adapt to datasets with
different dimensions.

Keywords: feature selection; evolutionary algorithm; duplication analysis; information entropy; information gain; re-

start mechanism; forest optimization algorithm; dimensionality reduction
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Fig. 4 Flowchart of DAFSFOA
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A AR REOR AL AT e P )

12 10-fold N 738 XLHRIIE, 2-fold Jy F 4138 L IGIE

42 BESHEHIZE

T % DAFSFOA X} F FSFOA ik it 1A
Btk BR T HGHER Y, HA S+ 5 FSFOA —
o Tiige BN 15, Pransrer BEH 0.05, Sypeq WM 50,
LIl 3 43505 FSFOA Kk BAHIF, Siniia 7E FS-
FOA " B B, AR SCP BN 507, N, 1 Ny,

WAL FEH FSFOA ] . FSFOA 8 Hi Nige Fl Ny,
SEARERE A K, [R5 Y Ni=D/5, Ny =
D2 I, BEIR T AR 0 500 Ak R 4 i A A
SR E AR ISR 1 R,
43 HFEIBFMEWIEF N

AR FH KNN, rbf-svm, C4.5 = Fh /325 253+
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BHAC, Hirp KNN R T n=1,n=3 fll n=5 X 3 ff
ANFESE, C4.5 K J48 B8, AR H 70%~
30% e S K4 L 10 H7 58 HRAIE | 2 7538 X5
WEIX 3 FpA ] B Bt 45 3 0 =X 5256 b SR AR
] 1) S 36 45 PR 1T A5 R AR B B R 1 AC R
DR, % H i i, AC 1 DR B3R A X =k (5).

44 KIGHERSW

DAFSFOA 5 H A S B X} HE Y 45 5 i3k 3
TN o R T B v E R SR R B v 4 R 4 R 3 X iR Ak
. 7F Dermatology . Sonar, Cleveland, Heart-stat-
log . Hepatitis, SRBCT ., Segmentation iX 7 %4 £
L SRS [R) 89580tk 4R X 0 5 sURI 93 2K 4%, DAFS-

(6) FIr7m . FOA #R U fre 155 (4 A %
% 3 DAFSFOA 53t EEMLIHER
Table 3 Experimental results of DAFSFOA and comparison algorithms

ACITE S RES AC/% DR/% 702 || Bdndk Ak AC/% DR/% AR

DAFSFOA  98.89(10-fold) 61.15  J48 DAFSFOA 98.05(10-fold)  70.59  J48

NFSFOS 97.25(10-fold)  53.85  J48 NFSFOS 96.62(10-fold)  61.76  J48

FSFOA 96.06(10-fold)  21.42  J48 FSFOA 93.16(10-fold)  68.57  J48

FS-NEIR 95.04(10-fold)  61.53  J48 FS-NEIR 92.59(10-fold)  82.35  J48

DAFSFOA  98.33(10-fold)  53.85 3nn DAFSFOA 95.28(10-fold)  77.06  3nn

NFSFOA 95.61(10-fold)  61.54  3nn NFSFOA 93.83(10-fold)  76.47  3nn

FSFOA 98.87(10-fold)  42.58  3nn FSFOA 92.30(10-fold)  61.76  3nn

NSM 98.00(10-fold)  53.84  3mn NSM 92.00(10-fold)  88.23  3mn

DAFSFOA 98.16(70%~30%) 69.23  Inn DAFSFOA 95.00(10-fold)  79.70  5nn

NFSFOA  95.61(70%~30%) 61.54  Inn NFSFOA 93.23(10-fold)  79.41 5nn

FSFOA  98.07(70%~30%) 50.00  1nn FSFOA 89.43(10-fold)  54.28  Snn
. SFS 97.69(70%~30%) 35.38  1nn || Ionosphere DAFSFOA 97.27(2-fold) 67.65 rbf-svm
Wine SBS 94.77(70%~30%) 46.15 Inn NFSFOA 95.16(2-fold) 58.82 rbf-svm
SFFS 96.56(70%~30%) 36.92  1nn FSFOA 94.58(2-fold) 57.14 rbf-svm
DAFSFOA 98.61(70%~30%) 68.46  J48 HGAFS 92.76(2-fold) 82.35 rbf-svm

NFSFOA  96.73(70%~30%) 61.54  J48 DAFSFOA  98.44(70%~30%) 74.56  Inn

FSFOA  96.00(70%~30%) 57.14  J48 NFSFOA  95.16(70%~30%) 58.82  1nn

UFSACO 95.08(70%~30%) 61.53  J48 FSFOA 89.52(70%~30%) 54.28  1nn

DAFSFOA 97.69(70%~30%) 70.00  5nn SVM-FuzCoc 89.46(70%~30%) 8823 Inn

NFSFOA  95.70(70%~30%) 38.46  Snn DAFSFOA  96.60(70%~30%) 73.82  J48

FSFOA  99.20(70%~30%) 30.76  5nn NFSFOA  99.06(70%~30%) 67.65  J48

DAFSFOA  96.07(2-fold) 53.85 rbf-svm FSFOA 95.12(70%~30%) 47.05  J48

NFSFOA 96.06(2-fold) 37.17 1bf-svm UFSACO  88.61(70%~30%) 11.17  J48

HGAFS 98.31(2-fold) 53.85 rbf-svm DAFSFOA  62.64(70%~30%) 69.23 Inn

DAFSFOA  98.26(10-fold)  71.18  J48 NFSFOA  62.22(70%~30%) 61.54  1nn

NFSFOA 97.81(10-fold)  73.53  J48 FSFOA 55.55(70%~30%) 71.42  1nn

FSFOA 96.99(10-fold)  21.42  J48 Cleveland SVM-FuzCoc 61.01(70%~30%) 46.10  1nn

Dermatology FS-NEIR 93.95(10-fold)  70.58  J48 SFS 51.79(70%~30%) 47.70  1nn

DAFSFOA 99.40(70%~30%) 67.06  1nn SBS 54.80(70%~30%) 38.50  1nn

NFSFOA  99.07(70%~30%) 58.82  1nn SFFS 49.55(70%~30%) 53.80  Inn

FSFOA  97.27(70%~30%) 45.71 Inn Vehicle DAFSFOA 78.00(10-fold)  33.33  J48




<1120 - /o R 4 ¥ W 517 &
&gR3
pIE/E S Ak AC/% DR/% Jr3es | Btk (AR AC/% DR/% 73K
SFS 94.02(70%~30%) 44.70  1nn NFSFOA  77.74(10-fold) ~ 44.44 148
SBS 91.78(70%~30%) 5823  Imn FSFOA  73.04(10-fold)  31.57 148
SFFS 93.70(70%~30%) 62.35  Inn FS-NEIR  70.98(10-fold) ~ 50.00  J48
SVM-FuzCoc 94.11(70%~30%) 64.70  1nn DAFSFOA 77.17(70%~30%) 51.11  5nn
Dermatology
DAFSFOA  98.95(70%~30%) 77.21  J48 ' NFSFOA  76.77(70%~30%) 55.56  5nn
NFSFOA  98.15(70%~30%) 70.59 148 Vehicle FSFOA  73.98(70%~30%) 50.00  5nn
FSFOA  90.09(70%~30%) 44.11  J48 PSO(4-2) 85.30(70%~30%) 68.40  5nn
UFSACO  95.28(70%~30%) 26.47 148 DAFSFOA  69.38(2-fold)  66.67 rbf-svm
DAFSFOA  88.51(2-fold)  62.83 rbf-svm NFSFOA  69.03(2-fold)  66.67 rbf-svm
NFSFOA 75.94(2-fold)  78.33 rbf-svm FSFOA 62.41(2-fold)  47.22 rbf-svm
FSFOA 65.86(2-fold) ~ 54.09 rbf-svm DAFSFOA  85.22(10-fold)  69.23  J48
HGAFS 87.02(2-fold)  75.00 rbf-svm NFSFOA  84.07(10-fold)  61.54  J48
DAFSFOA  92.06(10-fold) 7222  J48 FSFOA  85.15(10-fold)  48.07 148
NFSFOA 85.18(10-fold)  65.00  J48 FS-NEIR  79.86(10-fold)  46.15 148
FSFOA 82.69(10-fold) ~ 52.45 148 DAFSFOA  85.92(10-fold)  60.00  3nn
Sonar FS-NEIR 75.97(10-fold)  91.66 148 NFSFOA  83.33(10-fold)  53.85  3mn
DAFSFOA  98.33(70%~30%) 76.58 Inn || Heart-statlog FSFOA  85.18(10-fold) 3571  3mn
NFSFOA  76.19(70%~30%) 76.67  Inn NSM 84.00(10-fold)  69.23  3nn
FSFOA  85.43(70%~30%) 57.37  Inn DAFSFOA  85.22(2-fold)  53.85 rbf-svm
DAFSFOA  95.40(70%~30%) 75.67  5nn NFSFOA  84.81(2-fold)  76.92 rbf-svm
NFSFOA  74.60(70%~30%) 68.33  5nn FSFOA 84.07(2-fold)  50.00 rbf-svm
FSFOA  86.98(70%~30%) 44.26  5nn HGAFS 82.59(2-fold)  76.92 rbf-svm
PSO(4-2)  78.16(70%~30%) 81.26  5nn — — — —
DAFSFOA  79.90(10-fold) 3722 148 DAFSFOA  97.10(10-fold)  68.16  3nn
NESFOA  78.13(10-fold)  33.33 48 ~ NFSFOA  96.88(10-fold)  52.63  3nmn
FSFOA 75.70(10-fold) ~ 50.00  J48 Scgmentation FSFOA  96.20(10-fold)  30.00  3nn
FS-NEIR 68.53(10-fold) 2222 148 NSM 95.00(10-fold) ~ 63.15  3nn
DAFSFOA  77.23(70%~30%) 42.77  1nn DAFSFOA  91.56(10-fold) 6421  J48
NFSFOA  75.38(70%~30%) 55.56  lnn FSFOA  86.45(10-fold)  55.00 148
FSFOA  71.88(70%~30%) 40.00  Inn FS-NEIR  81.11(10-fold)  68.42 148
Olass SFS 72.24(70%~30%) 26.66  Inn DAFSFOA  91.68(10-fold)  63.68  3mn
SBS 71.77(70%~30%) 37.77  1nn FSFOA  87.09(10-fold)  42.10  3nn
SFFS 71.77(70%~30%) 37.77  1nn NSM 90.00(10-fold) 1578  3nn
DAFSFOA  66.83(2-fold)  55.55 rbf-svm Hepatits DAFSFOA 92.23(70%~30%) 66.57 148
NESFOA 68.69(2-fold)  33.33 rbf-svm FSFOA  84.40(70%~30%) 45.00  J48
FSFOA 68.22(2-fold)  60.00 rbf-svm UFSACO  78.87(70%~30%) 75.00  J48
HGAFS 65.51(2-fold)  44.44 rbf-svm — — — —
DAFSFOA  99.99(70%~30%) 9233  Inn — — — —
SRBCT NESFOA  94.73(70%~30%) 61.48  lnn — — — —
FSFOA  94.73(70%~30%) 49.06 Inn — — — —
SVM-FuzCoc 98.88(70%~30%) 98.57  Inn — — — —
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FE KRBT, ST FSFOA, H e ff R T+ T
5.26%, 1M H 4E B 45 i R 0y $2 FH 3 W E K FS-
FOA 7E X} I 505 5 1 i i1 % 15 38 94.73%, {H 2
i 3 45 98 R HH 49.06%, 1i SRBCT AU ¥ 45 il 4%
TE4E B A 2308 4k, FSFOA 15 3 (1) St A AT 88 41
7 REFE . T DAFSFOA 75 31 () 5 Al 4 4
iR ik 92.33%., %) Eb FSFOA, DAFSFOA fig
% O b Ak L v AR R B ), X A5 2% T DAF-
SFOA FRER BT 1Y i 4R B S W) 4R AR W o X T
] FF 2 15 4E 5 P5 45 i) Sonar, DAFSFOA ) 36 #i
Tt it i F FSFOA, 3 AC H 93.57%, H i
AC 4 98.33%, 1fii FSFOA HJF-) AC 2N 80.24%,
Hig & AC 4 86.98%, t1ik T DAFSFOA [#)-F-1
o R H rbf-svm 432845 -2k H 2-fold B Uk 1Y
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R 5 4 DAFSFOA B35 0.09%, DAFSFOA H 47§
1T 0.09% 9 DR, BEikF] T 98.33% ARG %, 1]
W, DAFSFOA By M REMR 3 . 7F 4 B 4 98 2 J7 1,
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A, EXF TR 4 B s 42 DAFSFOA #f I T FS-
FOA. Xt T —# 84, B8 DAFSFOA & f
VSRS B vy P 4 4 8%, (BLTE A0 R R % B0
BRMHE ., Hln, NSM 5 7 Tonosphere 21 5 42
L SRA 10 3738 LB E AT KNN(k=1) 43 25 45 A
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NSM Bk 19 73 S i % Lk DAFSFOA X T 3.2%.
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