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Simultaneous Feature Selection Optimization Based on Hybrid Sooty

Tern Optimization Algorithm and Genetic Algorithm
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Abstract In view of the shortcomings of traditional support vector machine in data classification, this paper com-
bines support vector machine classification with feature selection synchronously, and uses intelligent optimization
algorithm to optimize algorithm parameters. Firstly, the genetic algorithm (GA) is mixed with the sooty tern op-
timization algorithm (STOA). In this paper, the average fitness value is evaluated first. When the fitness function
value of the individual is less than the average value, the GA is used to deepen the local search. Otherwise, the op-
timization process of the STOA itself is carried out.The SVM kernel function and the feature selection target are
taken as the optimization object. The improved STOA-GA is used to find the most suitable solution and get the se-
lected feature classification results. Secondly, through the data classification research of sixteen groups of classic
UCI data sets and real breast cancer data sets, the best fitness value, the number of selected features, specificity,
sensitivity and algorithm time-consuming are compared. The experimental results show that the algorithm pro-
posed in this paper can deal with data more accurately, avoid redundant feature interference, and have a broader
work in the field of data mining application prospect of the project.
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[0, 1] Z 18], SR J K A — AN FE 3R AT 33 o) A {1 110 At
BRTF{0, 1}z 18], HK AR NI Dy FIEREE Do

2) ARHE P RE R N 12 500 5 K S /ME = AR a6 AL
FhEE;

3) B E RS B S O, ¢ R R RFIE T 4
HIAFE] SVM g ol A, faX (20) 5 R F 03E
NLEAH fis

4) MR E R fi SR f;

5) W fi < f, W GA k. 2 XA R EREE
WAMENLE, BIARYE STOA fI (6) Ak (11) #2470
ANMAERLE ;

6) 5 19 % G R HIRRAE AR 1 BORRAE A K dE S Pk ik
ok, okl S ke H RFE C A0 ¢ L — SN SVM, 1
i STOA-GA-SVM 432548,

7) A AE XU T RE B AR, A5 E 24 A s R AR
L e, S B SR A A

8) I A& 1518 B e R IEARUEL, 58 2 ) 4t e LA,
Nk 5 3) 4kskiaty.

F T 8L 5 RS LI FDRHIE IR B R SVM
ACHIRAR I ] 4 Fros.

3 SEENEITRERD

3.1 EWRE

N T BAIE AL S (STOA-GA) B %L
PE, RCRH UCT #dls 2 A 16 /> 28 i 5 s £
(FHA R 6 MEBCRT 100 =454 ) 347177
BN M IR BE S IME L BT REAEAN BT 3 4A
T NP IR E bR 2E RS AT I AP S48 ) LA T T
SRAF A VE AT VAL . R, N ARAIE 5256 B A 4
T, ASCIEERL T FoAth LR £ 28 87 FH 7E R RAE 12 £ 40
W EESAT X R, 435102 PSO. SHO. EPO IR
X H A B A B GA B2 STOA. 45 B, A
SCR A FRRE W A B TERFE LR L S m oy
FNE 11 [R) A 2 328 3 0 O TU AR RRAIE, 6 5080 T4k
AR K5 .

T HHE S5 BRFIE AN B BEAS BRI 2 5 %
VEARE B 1,

ESIG b e HA 5 ADNEVEAE X Bk,
FREE RN E N 30, 5 KRB 100, ARIIE
AFHEN], BT S5 #R7E Intel(R) Core (TM) i5-
5200U CPU @2.20 GHz BT 8 F, {8 f§ MAT-
LAB R2014b #ATHI, 17 IXECN 30. XF L EER
SHBE K 2.

3.2 28 UCI HiE&EsEl
SN R I T2 A I B A SR A SR AE ]

N FH A
v
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Fig.4 Hybrid algorithm flow chart
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3) JGRLE R IR EEMPINHbR s HCR. PTIEE R R A A

R FEE R BT R A5, A 45 SRS SR HE A Fitness — o (D) + 5121 o0

BB RN 23 SR LR G . AR SCHARIX IS bR R ress = e s |

PP IR B IS SV SCRF A A LR LIz 5 1 B

®1 LKL
Table 1  The data sets used in the experiments
P itk FHIEH A %
1 Iris 4 150 3
2 Immunotherapy 8 90 2
3 Tic-Tac-Toe 9 958 2
4 Wine 13 178 3
5 Zoo 17 101 7
6 Hepatitis 19 155 2
7 Forest Types 27 326 4
8 Dermatology 33 366 6
9 Tonosphere 34 351 2
10 Divorce Predictors 54 170 2
11 Urban Land Cover 148 168 9
12 SCADI 206 70 7
13 Arrhythmia 279 452 16
14 LSVT Voice Rehabilitation 309 126 2
15 Detect Malacious Executable (AntiVirus) 513 373 2
16 Parkinson’s Disease 754 756 2
£ ALEEOSH
Table 2 Parameters of the compared algorithms
Hik ZH W
PR Oy 2
FEHL AR Cp [0, 0.5]
STOA-GA IR R w, v 1
EXNGHE Pe 0.95
AR Pm 0.05
AR Oy 2
STOA™ FEHLAL & Cp [0, 0.5]
IETE T w, v 1
_e ZXH Pe 0.95
B Pm 0.05
SR T e, ca 1.5
PSO BERFT w 0.75
HE v [0, 1]
HHLa 2
SHOM EHIEF R [0, 5]
BEMLAE M [0.5, 1]
BEISH M 2
EPO!! RS f 2, 3]
EHZH0 (1.5, 2]

X, S8 o N ENEHE, AR NG E AR &
7P BRI o LG, AR o BUE N 0.991. 45 (D)
KRR, HFEEANRK (21). K, Accuracy
RN RIHETR L ; S8 B NPTk IR %, R
NPT R A B8 T L R b i S AR, b g =
1—a, RFRITIGRAETEMKE, B2 (19) 1)
Size, N FsBHaE L SEL.

vr (D) = 1—Accuracy (21)

4) TN IME: RonSEg SR 2 R S
o S PR )T A0 AEL, 3 LT 45 A /N U3 B R AR
MEFEAE BTN 5 73 G EE R i ik R > 2 1)
REJIBL5E, AR

;M
Mean = i Zl Fitness (i) (22)
K, Fitness (i) R FIEE ¢ IRSLE0 B B B A
5) &N FERREZ (std ): Fon LR A 5k
A B VERE Sy, b 22 80N U B SRR AR TR 4
FoRINT:

L& . ,
std = i Z (Fitness (i) — Mean) (23)

i=1

6) IBAT I RIS P I : SRR AE S50 I R A6 2 I )
KR AP RN, AE AR SEBR I [R) A 2 B 2
RIZR. DR, £E VP Fr i Hhobn b s 0K ) 5E SRR 1Y)
Pet, R AKX T:

M
Mean = % ; Runtime (i) (24)

3, Runtime (i) ZR 555 0 256 HH I [a).

1P 5 AT LA M, 7E4NFOREEE b, [ Hepatit-
is M1 LSVT Voice ##idEAh, A SCSHERE W HEM X
B BEAT R 7 M Re R B AP . BBl 5 IEWE
LSVT Voice FIERI BIGLEAZ T 00T, K
SO 8 TR A, AR — M. EAERKZ,
AR HIEALE Tic-Tac-Toe il Divorce predictors
AN AL ST 100% 5> K IE# 2, 1E De-
tect Malaciou £ #s EtHIAF] T 99.73% 114> 2R3
B RT PLIER, AR SCT7 VR AE [R) A5 R A% £ A0 5
R BNl R R A 5w ).

6 A& S5 A v ik £ A RRAEAN B 9 4E
AULE M, EZHUGHT, A SCH) A% 5 3 Rk
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1k =2 Eitd 48 %

e FRTUSCSHORE B AN e s RIS SR g BRIk, i oo s B
ST M ARG AIE T ASCEE B A A AT
33 ANEESHMBEAIR

Y B oA THT T 2 W kb PP AR SR 7 H 4 T
Aib PR AU B A BT AR, SORASCREE S HAh R
D H) 3 R TTIE AT R EE, 2 ) B FH DS (De-
cision trees, DT). #p 3 VI #72: (Native Bayes,

NB). KNN. SVM A5 4% 5 3G 5% (STOA-
GA) xF 5 HE I RAEAT LI b, [FI, DY
AHHbo6F EE I 23 SR 07 %, 5l NAE S oy S A 4R
Frir e AN BBURAE . e M (Specificity) FRAAL XS
BOREAS TR TN 68 77, R S P v i B ABE 2R 0] 7 A
HI TR 2Bk AT UM (Sensitivity)) FRBIRUN IEFF
AR R ), BUBVE R R, BN IEREA ) 4y P
RRAER, AR WT.

£3 REEEAN T (s)
Table 3  The average time of each algorithm (s)

it STOA-GA STOA GA PSO EPO SHO

Iris 12.71 12.09 18.49 14.36 15.28 14.41

Immunotherapy 7.09 6.95 13.89 7.52 10.23 9.22
Tic-Tac-Toe 169.67 169.29 180.41 171.52 181.08 189.53
Wine 40.23 39.67 50.34 39.67 48.81 51.26

Zoo 16.95 16.25 19.96 16.49 20.38 19.45
Hepatitis 22.90 22.48 26.62 24.51 28.24 27.51
Forest Types 120.54 120.35 122.63 115.57 120.82 119.60
Dermatology 97.69 93.76 120.28 97.74 117.21 115.87
Tonosphere 74.74 71.91 84.92 85.09 86.96 81.92
Divorce Predictors 29.17 27.26 45.24 32.63 42.41 32.87
Urban Land Cover 186.15 185.79 186.19 188.76 192.15 207.50
SCADI 45.54 42.27 61.18 58.72 61.47 61.06
Arrhythmia 4132.40 4286.94 5382.19 4802.38 4582.08 5129.23
LSVT Voice 110.32 104.39 110.07 105.10 103.71 102.43
Detect Malacious 151.86 109.94 466.58 837.45 664.20 829.48
Parkinson’ s Disease 138.06 135.02 149.29 145.62 146.73 144.75

® 4 BFFENE RO EE
Table 4 The average fitness of each algorithm

B STOA-GA STOA GA PSO EPO SHO

Iris 0.0138 0.0231 0.0637 0.1294 0.0277 0.0202
Immunotherapy 0.101 0.1431 0.2125 0.2129 0.2163 0.2172
Tic-Tac-Toe 0.004 0.1731 0.3477 0.2305 0.0118 0.2164
Wine 0.0282 0.0593 0.4352 0.2945 0.2925 0.2849

Zoo 0.0131 0.0563 0.1292 0.0744 0.0351 0.1767
Hepatitis 0.2551 0.3123 0.4532 0.4156 0.4174 0.2549
Forest Types 0.1256 0.1953 0.5817 0.5841 0.2799 0.1742
Dermatology 0.0221 0.0384 0.4647 0.0367 0.0614 0.6913
Tonosphere 0.0334 0.0681 0.3547 0.3508 0.0505 0.3561
Divorce Predictors 0.0113 0.0226 0.2088 0.0262 0.0226 0.3269
Urban Land Cover 0.3012 0.4443 0.5807 0.8244 0.6257 0.6422
SCADI 0.1316 0.1607 0.4573 0.1607 0.1647 0.5844
Arrhythmia 0.2564 0.2603 0.2801 0.2699 0.2766 0.2823
LSVT Voice 0.3349 0.3350 0.3357 0.3349 0.3352 0.3352
Detect Malacious 0.0048 0.0104 0.1777 0.0129 0.0124 0.1855
Parkinson’ s Disease 0.2628 0.2838 0.3936 0.4676 0.2817 0.2872
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Ko B TRIE N bR BRI 22
Table 5  The standard deviation of fitness of each algorithm

AR STOA-GA STOA GA PSO EPO SHO
Iris 0.0042 0.0067 0.0322 0.1 0.0067 0.0089
Immunotherapy 0.0206 0.1031 0.1821 0.2032 0.1988 0.0976
Tic-Tac-Toe 0.0067 0.0127 0.0148 0.0286 0.0174 0.0053
Wine 0.0101 0.0153 0.0218 0.0279 0.0101 0.0129
Zoo 0.0077 0.01 0.0272 0.0301 0.0089 0.0103
Hepatitis 0.0288 0.0429 0.2157 0.2891 0.1038 0.0302
Forest Types 0.0177 0.0282 0.0139 0 0.0234 0.0356
Dermatology 0.0133 0.0211 0.3036 0.0167 0.0314 0.3781
Tonosphere 0 0.0038 0.0287 0.0107 0.0183 0.0046
Divorce Predictors 0.0067 0.0133 0.1367 0.0083 0.0087 0.1492
Urban Land Cover 0.1044 0.1253 0.2517 0.1021 0.2089 0.2182
SCADI 0.0681 0.1372 0.1879 0.0706 0.1041 0.1645
Arrhythmia 0.1267 0.1146 0.1028 0.1382 0.1256 0.1474
LSVT Voice 0.0010 0 0.0012 0 0.0017 0.0039
Detect Malacious 0 0.0024 0.0147 0.0037 0 0.0183
Parkinson’ s Disease 0.0923 0.1032 0.1373 0.2104 0.1342 0.1567
Speci ficity — % «100%  (25) T RREOSIEATE, AT DULER A S A HOREE, N
Ja B AL B ARG o K /.
TP
Sensitivity =pprpy 0% 204 STOA-GA BRI SRR T

A H, TN (True negative) s& 8K LA 7 N 17
FEAMIAEL. FP (False positive) s& 844 AFEA 5>
FRNIEFEARRANEL. TP (True positive) f&Fa K IE
FEAR 732N IEFEAR RIS FN (False negative) /&
TEWF IEREA 73 N REA 4L

FH T B0 AR 5 M 0 IS ) R 11 40 b
#HE, Wit bR e A i O R R AR AT S
55, SCIREE R 6 ~ 8. nTLUE H X T JE 4G SVM
I3 RTTVE, ARSI R FARAL FIARFAIE 3% 48 47 R S AR
X% G bR AR B R AR, 1 DT A NB J7ik B4
LIBRA L, B2l T HE MmN,  HArya w5
P KNN 25— H AT AT 82K 07
3, (HE NSEIGE5 SR FT LA Y, A SO AL 2 4L
T T BB 7, o RO i .

223 IX 3 M EARIRIE, A SO 7R £ R b 3
WS BN ARE , BR 8 BA T 1 43 S DK
I b2 s o BT VE R SERR 45 R FTLUR
t, A SCTTVEAE 2 HUE DL T #R 2 e UIRAS, W LAA
R 5 4 R UER I AE B M. DR, A ST kAT
AR, RS S I DS o SRR L BB A
HEWREE. 4565 3.3 TILEIE T I B, Refg 4
TH 4 SO IR B A SRR S TR A0 Kl T sk 3 it A

Rz

PR 22 e U2 K 73 S B0 B AT, £ TS
TUAR 2 M PR I, R A AR N A SR A 25
BB, ORI 2 R BT AR T A6 0 B 12
3 SR AT B TUAC R, M) P i PR S50 T 155
FLERSE A —MH L e, B 20 4 70 SEAUR
LISk, A BRILIE SR — B2 LTH@Es, e E
R R KR m A E K 1 ~ 24 7F
gr o DRI A BE AR e P B30 X6 5% T 45 A A L 93
T, R BE A M TR 1% B AR, AT A Rk i

ASTCER 5 A RS R WE T2 T 28 T B LR
Bm R BT O B g B RS 286 #I A A
fIid s (Frh 201 A FLIRE R B B E R 85 4 R
KEF), BALNREE 9 MRHE, & 9% H & FRHLE
FIEAfE .

R 10 AARFFAE LIS BE R 124T 10 K
ZiIR, Hrp I o SRR RN 97.51%, RALEL K
ZHREA N, AR SCHRUR] LLIE#A 20 ST dhs , 1
PP PERFAE N BON 4.5, B T 50% HIFFE, A XL
MR T BE 4R o, 28 5 SRR 1 73 SR HE
W2 i, N 98.21%, FTILFHIEECN 4, &N AH
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Fig.7  The convergence curve of fitness of each algorithm
®6  SHEEFRME (%) R SEIEGURME (%)
Table 6  The specificity of each algorithm (%) Table 7 The sensitivity of each algorithm (%)
/GRS DT NB KNN  SVM Ak Bt DT NB KNN  SVM Ak
Tonosphere 89.64  79.67 96.03 93.84 97.67 Tonosphere 88.67  76.37 91.78  90.13 95.48
Tic-Tac-Toe 90.56  84.32  99.43  98.54 100 Tic-Tac-Toe 87.13  83.67 95.43  93.27 99.54
Hepatitis 72.17  60.51 78.34  74.23 77.34 Hepatitis 71.96 55.82 T76.71  69.38 73.11
Immunotherapy 80.89  76.55  86.56  84.99 90.76 Immunotherapy 79.34  73.13  84.52  80.26 89.05
Divorce Predictors  91.32  85.33  98.76  93.67 100 Divorce Predictors  89.03  84.01  95.39  91.67 98.75
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K8 SEEHETE (%)

£ 11 10 LR NIE IFE

Table 8 The accuracy of each algorithm (%) Table 11 The selected feature of 10 experiments
e DT NB KNN SVM AX7i% Fe5 FHIE
Tonosphere 89.23 7815  93.47  92.18 96.87 3 i PNAN
Tic-Tac-Toe 89.63  83.92 97.14  95.26 100 4 ML HL
Hepatitis 72.04 5743 7754 7231 75.19 5 “iTEA T
Immunotherapy 79.65  74.69 8571  82.97 90.00 6 Ty T At AR R
Divorce Predictors ~ 90.18  84.22 9791  92.36 100
I KA.

®9  FUMEEHEERLER

Table 9  The breast cancer data set feature information
Frg BECRIFR i HA
1 Age fERE, 10, 99)%, F10%5 HIA X, JL94N X [H]
2 Menopause M, 7 NKRGLL ., 408 2 JGH% . 4085 ZAI4%
3 Tumor-size MR AN, [0, 59)mm, &5NIAX A, FE124N X |A]
4 Inv-nodes BN, [0, 39], FE3IANANIANXIA, 134X [H]
5  Node-caps “iVEA L
6  Deg-malig  MVEEMEREEE, 20041, 2. 3=4h, SWMIEREE fm
7 Breast 53 IR PR 5
8 Breast-quad SN L. AR AL AR
9 Irradiat T H IR T &

% 10 STOA-CGA HiER 10 RELKIEITE R

Table 10  The results of 10 experiments of STOA-GA
L — T
1 97.62 5 0.0291 64.08 97.87 96.83
2 97.56 4 0.0286 63.83 97.75 96.12
3 96.74 5 0.0378 35.57 97.98 91.53
4 97.48 5 0.0305 64.15 98.64 96.05
5 98.21 4 0.0222 62.09 98.51 97.66
6 97.56 4 0.0286 60.49 97.87 96.83
7 97.66 5 0.0287 64.71 97.80 97.45
8 97.98 4 0.0244 62.01 98.03 97.89
9 96.28 5 0.0424 64.71 98.37 91.31
10 98.03 4 0.0239 68.29 98.37 97.76

9 0.0222, IBATI KN 62.00 5. 4 S 1 AU T
APty 158 284 1) TR0 36 77, LB B Ry, IR 12 A 2 otk
K, g8 L ATIR, 1AL 5 3He RS A5y ot 1 004 48 1 b 2
BRA T, BA R TERA W

11 8 10 IRSEER IR FIRRE, ARG XL
REE SR X 20 2 15 5 R S0 (1 S B RR IR . X SE R A
B35 B = A= W7 2 AP e AL R AT RE. 4
BE MG R 522 11 oSS0 KRB R, ml
SHERAK, FEEATE—DHLE. RIEERE
FRIERT UG ), BRI & A IR i K B
s REEAN SO Z I T, B4 sARA TR

5 Z5RiE

AT N A% G5 1 e Y vk FR AR R AR 22 18] )
AN PP 22 R PR S 1) R, $RE AR 2 RS BT
%, BGE T SR R R Be ) RIS RE Ja, AT
PR CSIOR B, DME SRS SE AL 5 . [RIR, Kot
8 5 e NS By 5 SRR I LAV IR IR B 45 6, X RE
FEFASZRE M R AL PSS BRI LA, 32 0 B
(3 BT 22 ST RE . @ X & i UCT Bl S 3017 9
%, 35 STOA. GA. PSO. SHO M1 EPO 2752
XPEE, SREG g5 ReT LUE AR SO VA R & R
JIEMEAILE, a] DA 258 B 73 25 TAE. XF
5 7L g W R B 0 R S B2 A, BAIERH T A S 7 vk
TE G 396 45 A0E A 23 K8 B A Sk, S B Ak B
PO T HOISKE, MR E R E ZENRAH. T
FRHIBE T, AT LLSE IR NI 00 B3 TR A A
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