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[FBE] AP IR R R B A i = s 2 JTRYE R IR, 456 Spearman A 56 R B HE F-score B35 TEIL

Fehl L AAL R R IR R T —Fh R T BE F-score F1 JE i AR AR 550925 0 Jib Js 36 IR e 2 3500, 150k, B 0E

FRIEZ (B AH DG, TH RN R ) F-score {ELFNAFAE 22 [B] ) Spearman AH I R E W 45 X HE ; 285, TR A E R 4L
SRR BRI YE S BRI THEY , 2 B W R IE 48 s 5 , 38 A YR S PR 19 S vs il 4 AT bR Ak

/zt‘ﬁl:ﬂﬁ# T RARSES TR 2 R R ARS8 R BT o LU ], W45 4 R4 R e 7 4R S R R R A AT A

A (IR , SR THARAE S B0 A0 FS M RE FNROR A3 B e RARAE T2, £ 9 A big 56 PR B0 4 - L 4 4500k, 76 4

SRR AN L AR AE S H A8 bR L AT 0 B IF 5 4 R LA SRR R AT X b, 006 G SR B T R Rk R

RAT, AT A SRR B 4 B I A AT i 4 2N B

[KER] JMIEILE , Fisher-score , Spearman AHIC R EL, —E il BRI AL 1 | FRAFBESE
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Tumor Gene Selection Based on F-score and
Binary Grey Wolf Optimization
Mu Xiaoxia,Zheng Lijing
(College of Computer and Information Engineering, Henan Normal University , Xinxiang 453007 , China)

Abstract : According to the tumor gene situation of high dimensionality, noise and redundancy, this paper improved the
F-score algorithm by the Spearman correlation coefficient,optimized the binary gray wolf algorithm,and proposed a gene
feature selection algorithm with the improved F-score and the binary gray wolf algorithm. Firstly, by considering the
correlation between features ,the F-score value of each feature and the absolute value of Spearman correlation coefficient
between features were calculated. Secondly, by calculating the weight coefficient, the weight value of each feature was
derived to be ranked according to their importance and select a primary feature subset. Finally, the binary gray wolf
algorithm was optimized through adjusting the proportion of global search and local search to enhance the global search
capability and improve the speed of local search,so that the time overhead could be saved and the optimal feature subset
was selected ,which can improve the classification performance and efficiency of feature selection. The designed algorithm
is tested on nine tumor gene datasets and simulated on two indexes of correct accuracy and number of filtered features.
When compared with four other algorithms,the experimental results prove that the algorithm performed well ,reduced the
dimensionality of gene data,and had better classification accuracy.

Key words: tumor gene, Fisher-score, Spearman correlation coefficient, binary grey wolf optimization algorithm , feature

selection
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TE R AT AR S 2 i ) e AR AR e A5 Sy T IR B2 1 2 2 500k, T 43 Ry i B B e R AR s ikt
W 5 I B 2 BTG, — B B A T DI R (9 G PR RE T AR RRAE 3B A0 Foscore B3
Relief F1655 HIEAL 5 5205 ) Bk AT BB IR 25 50K B SUARME A IS 2227 21 S i VI SR e i 2 1P A
RRIEF4E M2/ (BT R R o & Uk AR 4 sUSR s 232 F TR AR AF e 428 ) J ) n AR
PSR BB DR REOUAL T S5 ik A BR300 ) A Y R AT R e 4, R X RRIE ST
ST TREAR Y | B RSCRAF H BE PR H A3 ORI D0 AR (ER SO E I 5 Y 77 B2 UM, dn
PLARbR DR SR Bk 25

F-score J&=— &} BLPREE iy ik 1 S 500 (0 AR AR e A A0 (L TG 12 W JE 22 00 I S B il oK. I B
SELTAR I T EET Foscore 5 3CRRI AL (SVM) HYRFAEREFE I Uk B o3 AT 4 g 2293 25 W IR BE B AR AR
TEZ R ZBIBEN AT. ZAEE LGS F-score FIRZI R 2: ST HLITT T — R AR URFIE SE B E | il KRR FE
TR0 1 11 SRR R 3R (FURAXAE F-score 45 L J5 AT FLT%. S WEaHE S 1) il P 2K [ IR o A e K
AR B FREON F-score FEMATHGE  HYTR 1R/ A S BE T [6] — > 2590 vt i fige 1) 0 e 175 20, (H 2
it B R I 04 BB 1E R BBk W SR 2R . Z2 8 SCAEY SN T RHEHEIT R AL, 7E F-score A
% BBV RFIE A AR B2 A 2 AT B0 # s T RREAEAS [ bR 2 K08 B T 10 H B H T 5 28
X, FEDR I IA]. AR SCEE X BRI, 51 A Spearman FR X [ERFIEZ A AHLIE , $2 HY T 20 B9 F-score 4#1iE
VERER B RIUAR BRI

FUAT, AR FE T B R stk S 80b 5 SRR 2N ) 32 6T, Emary % RIS
sl — R R AR AL B (binary grey wolf optimization algorithm , BGWO) | 31z F T bR 1E BE BRI
PRl R b EERAEN BT R AR SR 1 35 I B pR A, EA TR TR A O 5 58 SR AR i S A R
FHE R NS EOE T HE— k. MRS LA R oA M X R b 1L , 38 e AR 52
BT (4 3 ) 46 bR S, DAL T BGWO B3k, (H IS SOt [l . TR HE 40T 2 1 oot 1 3 4 Joy 9 28 5 ) i 4
R Hef] A TR RIS A - el T WS B (BRSO TR A TR B THE T B9 AR k. AT
BEXF R ), 52 0 T 0 A AR R 54 s AR BT A SO S R - o T %, SR FHECHE 1) F-score B2 T Spearman £
REBO TR NE R S JEA TR V2% A7 S8R TR AL (1 I [ . [ I 8 B i SR - 1 it 4%
$& 5 BGWO Bk ny 2 R R A8 Ty, kit ARl i flt.

1 JEaheie

1.1 F-score &3k

F-score B[l Fisher-score , f&=—F fA] B HLEE 4R AE BEPRAE AL, 7E 223250 F-score FRFEFRAF AL v 44
FENGEBIRFEAR " e R, WYIGFEA o XFRIEE & ANEFIEAY F-score & LA ;
> Lt -ty

n

i=1

EIDNEETL

Horp o" FORFEAR » TE58 & NRFIE L EBUE , m! FR55 | IFEARTES & NMRRIE L BUE R IIE, m" £
TN SR REATESS & ANFIE LR BB R YA, T2 B2, 2532819 F-score 3 12 28 N 7 22 FIZE 1]
T3 2R3 0 F, 4355, AT DIARSF S AR RTAR 2 0 S B DTRREE. F, B 0 Rz AR A %) DX ) o A0 st ek .
1.2 Spearman fHX R ]

Spearman 56 22 K0 e 9 A8 B A AR M A A SR BR Y. AR SO X PR 3 DR TR 2 ]
Y Spearman A R E, HARS AT,

(1) THE LR Mo e 5 PR 45 AR Z AR ) S 88, 3R R

dSZXiS_st’ (2)

Hop s e 11,2,3 - n| X, FX 7000855 s DREARTESRS ( DS j IR RYSGEHRHES  d, o s
ARLES § ARG jANRRIE Z (8] () 55 2 2.

(2) A PP R A Z (8] /) Spearman FH5C R %L, iR W0F .
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sp(x;30;,)=1-6 i d’/n*(n-1), (3)
Horx, A, FoR5S § ADRE j AR n KRB, T o, BOREAS N E
Spearman AR EAEN T -1,1] 2208 ,sp=1 %’%ﬂiﬁ/l\%‘?ﬁa%fﬂﬁ$ﬁ9‘é,sp= -1 KRR IE 2B
A, HA RHE G T 1, PIARRAE 22 18] (8 A S A,
1.3 ZHHEIRALEZ
ZHERBORIEAL (BGWO) F i A SRR R R S 40U 5y SR  L IORIE RS W 228
S URIL//BISONSIN R S &Y & 2 BRI

D=C-X(1)-X(t), (4)
A=2acr,-a, (5)
C=2r,, (6)

Forp e D9 HRTIEACUCEL, o 3R hadamard FRFURAE, A A C =PI R, X, FoRBYIIALE, X (1) %
R YR RAR AL B, FERE A AR ISR F o 2 RMERER 0, ALy JEL0, 1] R BEHL I
TR BRARE A R 7 B STy G o DA R s e A AR

1, %Nand,
1% _{ 1+ 10(A0=05) (7)
0, HoAth,
H,p=a,B,6,¢q=1,2,3,V, 7350 « AR B RN 6 IR 21 i FH &G A5 ) 02 8 1Y BB A — ki 3%, D, Fil
A, TLLE S R (4) B (5) T rand RR[0,1] N B REALIE
1, (x+V)=1,
x ={ Py (8)
"o, HoAth,
Hr,g=1,2,3,x, S FR IR SO WS o AR B IRAN 8 RAGALE. A SCR I AE SUHMEH «
1

d<—
a,, rand<—-,
= 1 2
%a b,, ?Smnd<?, (9)
€y HiAth,
X' =Crossover(x, ,x,,%;) , (10)

Hrr a, b, F e, A3 5IC SRR EHLECE BB A A7 A, DA 3 A 5 rb e BBOGT 1 2801 5 B 58 S, S B0
ENYCBININE i A
2 e kR ik
2.1 i H) F-score

AICHIA Spearman 2 E0E FERFAE 2 [A] B AR RAPE | 32 H 202E Y F-score (improved F-score method with the
Spearman correlation coefficient, IFSSP) , {ii F 1FSSP 5530 X fifr g i PR K5 41 45 R4 7 8508 T A #8170 A
RORFERRTHE T, EBRIC LD AR AR RE . BAAORYE, S Tk DR B8 78075 PR IE 22 8] A RH 1 i 3t i 22
AR RS 3 S0 FE FT 91, AR HE P S8 5, 52 me R iE 228 B [B) 80, ARl Spearman AH G 58 8048 %) [ 4
RICARNE, 5 I ARCGE 2250, W HEARAE 5 2800 2Z (R AH DG FVRRAE 2Z 0] TUAR BE 38 3 TU R PR AR A e B R IR 1Y
A , it F-score S5 | A AR WEAFAE AR AR 25 28 1) b i) 0 SRR 32 3 1T 2 o 400 38 AR iR 1) A 4880 AR A
T L.

FELE W B AR D BRI R E LR N S, WRRAIE RIS 31 =22 [8) A A DG M 3R 7R T A3 F-score H9F-241H,
HIRWT .

F(S)=max LIZFJ, (11)

S | x;€S
Hop  F, WFHESE S FIRHE x, [ F-score {H, |s | WHFHELE S H I RHEELH.
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TELG RE VBRSO RT e AR IR EE S, TR 22 18] JCT8 2 42500 TE AR S 2 AR 3G, FE A S 1k
REVTEOLT , I RFAE S SAFAETUAY , IR AR 22 18] A9 TUAR PR 7R 9 BT A R IE Z ] ) Spearman A5G 52 %X
AL R ELR P2 AE, TR AT

1
SP(S)=min L NE 2 spa(xi;xj)} , (12)

x,»,xjeé

Hrr spa (o, 50,) 4 «, Al x, BAHFIEFFH1 Y Spearman AH G FREH 2 %) {H.
EX 1 N 7O F(S) R SP(S) M 2K, H b E 2, 1T/ RE Z [ TCRBER SP(S)
AEAE BB A B R BUE Lanh .

p=—"r2 (13)

spat+F
Hrp ,Spi(lﬂ‘? SR Z 18] Y Spearman FH 2 2B AY 46 SHE R 1E , F A HFAERY F-score AYFEX(H.
EX 2 XN TUEAMEMFIEE S, TERFEFSNAOCHE R EEAN b, Y75 I8 T RMIEZ A TOAR MR, RRE
TR S HIE I L PRASCE AT
FSP(S)=max[BF(S)-(1-B)SP(S)]. (14)
R T B RS R RS B ORI E & m—1 MR GRS, TR ZE AR T
SFUESE A o SIS 2 AR DGR R HLIUAR R S/ M RHE , R AN F
FSP,= max |:,8Fi - nll_'lenglspa(xi;xj)] (15)

PIVREE3 33 B A F-score 530 0 35 FEAR T Z AR08 MO RRIE 28 B, i T H A 2R 00R. R
2816 5 38 5 | A 2K ) 50 8 - AR e K LA AL Rk F-Score, JEERUIS T 0 8 MY ML, th DL B4R ml 40, 3
AL B F-score BLILIEATRFEALUE , REASTH v 27 T HE 42 52 AT A RRAE /E 0 Bk 1F 48, 15 B A B
2 f H .

2.2 Mi#R BGWO ik

ST nsR BGWO Hk (1 42 Je i R B8 MR TS R A8 T, A5 a0 SIS B, AT
ANy T

(1) it s B 7

FEBCWO Bk A J& R ) A R MR RS G, Y 1A > 1 I, BORBHAGY K R
AT AR AR 2 LA <1 I JRAR B AR 4 /NG 1Bl VL 56 Joxt A8 i ek, (A7 R4 &k 2L i (s) T
HLA PRI T o BRE Y, BRI BRI T o i1 2 ZRERESN 0, a=1 B, k4
JAHE R AR R AE %5, I, a7 DL i o o SInsE 2R R AE 7, B IR R TE AR S AL

EX 3 U IEUA T o Mt R T

a=2e")° (16)

Horriter R 4T INEARKEL, Trer,,, R REARUEL

TAE R S8 i AR LR ISR ok St g £ G A BT A 4 Ry A RN RS I R A BE AT, ke LB
A JRFB IRl A s A T AR M I SR T R ORI AL TR 25 5 B A R B e e i e skt JEF L 4%
Br, Bl RS SR - LAk A B X, T UG BGWO Bk 1 4 Jey i R BE 1 AR T & e .

(2) et R BERI R AL

R T fEYE BGWO Bk Pl an AL BEALYE) 2 BEA T AQ TR ) R4 A IR) L, AR RSP, (B K/t
BLACANRFAE A BE PR AR | i REERUEA TARRAE BEFF , 47 85 WA AR R Ay B[] 35

EX 4 (1) T S AR AN REIE R FSP, (H, EULIERE DR B PP, R AT

FSP,~FSP,..
‘"FSP__—FSP_’
Hrr FSP,, N FSP,, 57 2 S HTRRAE b 0 e K AE Rl IMA.
EX S A MNHERERE R PRI .
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Pi:PPi/i PP, (18)
J

Hrp pp, al DI (17) THEAS 3.

(3) T I JE PR K

TERFIEERE D 38 N R B E B LS MR 3 45 SR 10 2 SRUER 38, AR SCERG 25 1B 0 S TR SR T 1k
FAOEECH B0 S8 0 3 L PR EOH -

ﬁtness=a(1—ACCR)+y%, (19)

Hor fitness S S HT 935 N B2 (A ,ACCR ST R ANFRRIERS BIERG 2 R ik R AR IEEH , C
RAE S, o Fly IR EH. at+y=1.
2.3 Hitfhik

B9, TR N RRIER) F-score FI4RE Z 8] Y Spearman HFH 5¢ 22 B 46 X ; SR I, iR HE =0 (12) 114X
AR, U 16) THARFEAE 4o i Z A HEAT R T eI B AR AE T4 s B, (O B9 BGWO A1
TR RR , 15 B AR IE 45, Ak, 3 —Fh S Tk atk F-score ,Spearman FH 2 22 E0F BGWO kR
Jipr g PR %6 5575 (tumor gene selection algorithm with the improved F-score,Spearman correlation coefficient ,
and BGWO,TGSFSB) , HIE4nth (AR I T .

Hix1 TGSFSB #iik

BN 25 € R BB AL m DB n DFEAR W) EEREE p

i B AR RRIE F4E Phest

/ * RIEAHERY LFSSP 33 + /

Step 1. W) IHE AN F,(1< i < m), R (3) HEHHEE 1) Spearman 3¢ 25T

Step 2. While i<=p,where i=1,2,---p

Step 3. MRAE(13) RS R L B, X (15) HHAFIERITRAE Z 7] FSP {H

Step 4. ARAEFRAE bR Z (B FSP (A, i i (B e R LR AR S S

Step 5. End While

Step 6. i FIHIUCHH 1 ) A RAIE T4 S,

/ # flHEGHER BGWO SvE S TS e R AE + /

Step 7. FIRALFPEERE particle , FRAELEE dim | Fx FIERIREL Ttermax , =k IR BY1553 score_alpha score
_beta score_delta, = IR B X_alpha, X_beta, X_delta; 12 (17) FEHLRIEA 1L AR MR R B X

Step 8. While iter< =Iliermax

Step 9. MR (19) THE Y HIE N FE score

Step 10. If score<score_alpha then S #T o AR YA 43 FIL B

Else If score>score_alpha and score<score_beta then H8T B AR Y1553 AL B

Else If score>score_beta and score<score_delta then B 8 JRAYAS 43 R4 &

Step 11. End IF

Step 12. MR (16) WA T o, BEEHULSEL 1 2 T3 1R 350(4) - (6) 7351353 A€ Fl D AR
P (7) A (8) THE V A =VCAR AR 7 B R0 (9) A= (10) AT 38 UM @ ROIRFFOLE, B8
UL FE I 0 B S A A B

Step 13. iter =iter+1

Step 14. End While

Step 15. 1322 i Z I FFIE T4 Phest

SR 1 RIS TR S 2 B A AR < Step 1 TR RFIEFIFR S Z 6] 1Y) F-score ARS8 0 O (m) % %%
AFRICTH R IRALE R 24 BE R O (mlogm) ;Step 2 % Step 6 ff I3 i 712 , 8 H 400 K 0 326 1 G AiE 7
S, IS HSZAPEHR O(mp) ;Step 8 F| Step 14 ZILALIF 1Y BGW FEH R 72, o Step 9 2 Step 11 155
TN BE R — DEARAYAG 2> AL E RIS 22 B2 O (p) , Step 12 BUHIRIEAL B AN I 2% O (p) , B
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L) Step 8 | Step 14 FIRFAIZ Z4FE N O(2iter * p+iter). it TGSFSB B3k BHI ] &2 2B R O (m+mlogm+
mp+2iterp+iter).
3 5
3.1 XIEE

N T K% TGSFSB 39k 1A Rk Fnpe st | AR SCOR A W38 B IE J7 361" 5 A 5 2 e B DR BSORT
A RUERR OO IEAI A X R IR I 2R RE. AR SCILIR A5 SR 3R T4 A SR T I I 58 SR e e 4G
B AE UCLERE B EC T 9 A2 A% 25 R 3R i E0 A AR E A 7 90 06, LA B AR 34 L3R 1. EXT LU AR
ARG R R I RS . IRl AR SCRE BRI B SVM KNN Fl RF 1B o3 2ds il 285 1Y
5B UE TGSFSB 5k i SE B8R 5 BLse g BT HLEL B 27 Windows 10 Intel Core i7-9750H ,2.60
GHz .16 GB A, 3R FH Pycharm 2022 Fl jupyter lab SZPACAS 45 5 .

F1 INEERFEMBERS

Table 1 9 gene expression profile datasets information

s B2 HEH B FEAEL A s P2 SR REAK HEARZES
1 Colon 2 000 62 2 6 GLI 9 430 85 2
2 Leukemia 7 129 72 2 7 Medulloblastoma 5893 34 2
3 Lung 12 600 203 2 8 CNS 7129 60 2
4 DLBCL 5 469 77 2 9 SRBCT 2 308 54 2
5 Brain 10 509 102 2

3.2 it F-score AIGHIEIRE RO
M1 e RE 8 MURMEBIELE , 76 0 FEUER R AR AR T, i SVM KNN F1 RF 1 Ry 43 24s % B iy
F-score il IFSSP AL R MEREHEA T45 X HE , BRI T U R . 7€ Colon ZXHE4E I ¥E SVM 70285 T, IFSSP
BRI A3 R AE R I F IR F-score B35, JUHY N B 40 1, TFSSP B3k 1943 2R 2 L JRUAR F-score &
AR T 4.999% ;78 KNN 432585 T, IFSSP 51 19 43 S ME 3 5 J5U iR F-score SL L RIAHIA]  7E RF 702K 4%
T, IFSSP B3k (4 43 FEWER 48 T 546G F-score 3%, JLHIE N HU 50 B, IFSSP 53k L5 4R F-score F7%
LR T 1.901%. 7F Leukemia 44 I, 76 SVM 20248 1, IFSSP B3 10 70 K UERG R 1 5 G F-score 1%
FHAE s 7E KNN 432888 T, IFSSP 5336 1 40 S HEf 408 T IR F-score 535, JUIH Y N HL 90 B, IFSSP 533k
H G F-score B T 2.679% ;78 RF 732588 |, IFSSP B2 )0 2 MEFR R M T IR 4R F-score Bk, 0
HIJE N B 150 B, TFSSP 8.3k U UR F-score k425 T 2.678%. £ Lung FU#&4E I, 7F SVM 432K 4 T,
IFSSP Bk 5 5 R F-score B BUR Y M [F]; 78 KNN 73026258, IFSSP 44 1 11 40 25 i iff SR s A T JR 4
F-score B35 76 RF 432848 T, IFSSP Bk 5 AR F-score BIRMURITI—FE. X AT BEJE T Lung £
SAE 2 ] B AR BE R/ NG Y. #F DLBCL B4 I, 78 SVM 43245 T, IFSSP BvE 1 43 R UEw R XL F
JFUA F-score Bk, Ju 24 N L 50 B, 3255 T 4.999% ; 76 KNN 432588 K, IFSSP B3 (1 20 2 e R s A T
JFlf F-score B3, JLIH M N B 50 B, #2155 T 6.607% ; 7 RF 73258 T, IFSSP B35 10 73 S HER R m A T
A F-score B3k, JUH N HL 30 i, IFSSP 3% U JF AR F-score BILHE R T 6.429%. £ Brain 5054 I, 76
SVM 432548, IFSSP B3k B 4r FEUERA R BE AL T IR IR F-score B35, JLHY N B 100 B, IFSSP B3k Ho R G
F-score BIEEE T 1.909% ; 7F KNN 432528 T, IFSSP Bk 70 Z5HER R T IR 4G F-score Bk, L H Y
N HZ 20 B, IFSSP &3k 5 G F-score B HEES T 2.818% ; 7 RF 43288 T, IFSSP 41 (19 40 K HE i R 941
F IR F-score 595, U HJE NV BU70 F1 130 B, IFSSP 3% H AR F-score 4T T 2.000%. 1E GLI %4
£ b TE SVM 432688 T IFSSP Bk I 7 R AER I P0 T I 1R F-score B35, JUHY N B 110 W, 73 JE e
FILF IR F-score FIEER S T 7.222% ;76 KNN 432545 T, IFSSP 56 19 4 S i 2R 0% B0 T B 4y F-score
L TE RF 02588 T IFSSP Bk i 43 ZRUMERH P T IR 4R F-score 53 JUHE N B30 B, IFSSP 53k 11
JE4R F-score FEEHEE T 2.222%. 7 Medulloblastoma ${3E4E b 76 SVM 432588 T, IFSSP 5315 14 43 2 Ui oy
R T RUR F-score 535, HiJa#a T VA m a8, LIS N H100 B, IFSSP 5332 FL R R F-score 57542
1 5.833% ;£ KNN 232888 F, IFSSP B3k 19 40 K MEAf 2 348 T IR 4R F-score 53 7€ RF 732K T,
IFSSP 3% i 43 R UERG R L T IR 4R F-score 1L JUHIE N B 70 B, IFSSP 532 U R R F-score B84 5
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T 3.333%. {E CNS BE4E I, 76 SVM 7302588 1, IFSSP B4k il 70 i R T IR B Foscore Bk, U
24 N B 40 A, TFSSP 334k LR F-score TR S T 11.667% ; 7F KNN 432548 |, TFSSP B3k 1 40 S i
I T IR IR F-score Bvk, JEHY N B 150 B, IFSSP B3 B F-score B E T 3.333% ; 1£ RF 732
P8R IFSSP 545 8 0 4y 2 HE A R 40 T IR AR F-score 2315, JUHE N B 20 F1 30 ), IFSSP 445 4= b 5 44
F-score B3 745 T 5.000% 1 6.667%.

T B AGESE TFSSP 35 5E A0 A %k i SVM L KNN il RF 1E 402585, LA 3 AN 2888 19+ 38 X
B UE -1 foe A A L U R B R B R 1 45 5 SR RS Foscore BRI R IE T 42 AR H
IFSSP FIEWIE R T 5 A 40 FEER R IEA T XT L, N6 2 BT/, 402848 SR Xt B IR S 1 icdk 9 TRSSP Bk 1Y
A RLE.

£2 [FIAHIE F-score EEHN IFSSP BEiA M5 4L BxTLL

Table 2 Comparison of classification results between raw data,F-score algorithm, and IFSSP algorithm

T IR ERAE JRAf F-score 51 IFSSP Bk
LR e ES FEHE SrAUER A TR e TES

Colon 2 000 0.804 7 920 0.869 0 90 0.885 7
Leukemia 7129 0.957 1 920 0.973 2 90 0.985 7
Lung 12 600 0.980 2 70 0.989 9 70 0.994 9
DLBCL 5 469 0.952 5 150 0.937 5 150 0.960 7
Brain 10 509 0.910 9 100 0.930 0 100 0.930 9
GLI 9 430 0.893 0 120 0.891 7 120 0.927 8
Medulloblastoma 5893 0.750 0 120 0.808 3 120 0.866 7
CNS 7129 0.600 0 70 0.800 0 70 0.8333
SRBCT 2 308 0.930 0 60 1.000 0 60 1.000 0
Avg. 6 940.78 0.864 3 96.67 09111 96.67 0.931 7

ZE LT, IFSSP B yEAE EA AR e 428 FF, T LA S B IR) st 2% 8 AR S P AT A B a8 K T G 3 [
FTURFEH  BAE G F-score BIE M UERGRA Tt o, JBn LS 0 2 Pk e
33 AEEEHETXTLE

AR T R 1 ) 9 N AR AR, 7E SVM KNN RF 702588 I, TGSFSB H.755 IFSSP
Ak EFEL BOWO MFFEEEETIE (BOWO) SEA TR 85 1 L LB 43 JEHERA R 1 X EL. 26 3 2k 3 Ry
HAET 3 P FIEAE 9 DMEHESE LI/ 25 Xt L.

M 3 LI, TGSFSB Bk AEIX = F 73 Jeas B3 HIAE 4 A 4 DAL AR 4R 97 JEEmh R ik
# 100% , 73 9IHE 7 4.6 A5 DBIEE FET 97.00%, 78 9 N4 R 2Rl R s T
95.00%. TE SVM 43245 &, TGSFSB Bk (1 °F- 13 43 5 i iff 2 4 IFSSP 55032 Fil BGWO F 3k 43 il $2 /& 1
5.89%#1 5.26% ; 1 Medulloblastoma $X #8242 I, TGSFSB 5 v 4 73 S M R 4% TFSSP 455 1 BGWO 51543
L 10.83% 1 10.00% , T BEHRFAFEEUHL 1FSSP B M BGWO Bk /0 Jilik > T 110 4~F1 3 251 4~ ;78 CNS
BARAE b TGSFSB 8 b i MR ME B TFSSP A1 BGWO 230 Bl /b T 60 ANFI 4 377 A4, 43 2 HERT 545 TFSSP
F BGWO 43 5l #2 Tt 16.67% 1 23.33%. ££ KNN 732525 T, TGSFSB 331 (1) V34 43 FE WA 2R 48 TFSSP S
BGWO B3E41 04 T 6.10% H1 5.84% ; 7 Colon FUHEHE I, TGSFSB i ¥k [ 4 1iF 544 IFSSP A1 BGWO 43
BT 74 AF L 042 A AR UER AL TFSSP F1 BGWO 435142 T+ 9.75% 1 6.43% ; 7F Brain BUHE4E I,
TGSFSB i 5 o 43 1 548 IFSSP Fl BGWO 435l /0 T 113 /N F1 6 388 A4, A0S UERG R 4L IFSSP Fl BGWO 43
HHETE 10.82%F1 10.82% ; 7E Medulloblastoma ${#4E I, TGSFSB i & (R AIE £ 4L IFSSP Fll BGWO 4331l U
BT 114 A3 506 A, 43S AERR R AL IFSSP I BGWO 43 942 T+ 8.33% 11 9.17% ; 7E CNS 3 #i 4 I,
TGSFSB i & HHRAE K8 TFSSP Fl BGWO 23 538 /0 106 ANF1 4 277 A, 43 SRR 248 TFSSP 1 BGWO 435
$EFt 10.00% F1 16.66%. TE RF 432548 T, TGSFSB 5.3 B -F- 35 73 FEHEAf 4% IFSSP .3l BGWO H.3 43
HIHER T 2.51%H1 5.05% ; #£ Medulloblastoma (44 I, TGSFSB i 2 () R 1iE 05 TFSSP A1 BGWO 4331l I
/DT 95 ANFN 3 347 A A3 UERA R EL TFSSP F1 BGWO 43 BT} 8.34% F1 9.17% , R R fe . iR scub 2
UERH] TGSFSB S BAT R AT 73 R

TR, 0 HE 4 MR MEBIRSE, 76 b 3 M2t [, TGSFSB #i ik 5 HAth 4 Fh#% (S-BPSO™ |
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Table 3 Comparison of classification results of 3 different algorithms under 3 classifiers on 9 datasets

IFSSP BGWO TGSFSB
Iredn PG/
FER AL Iy IUER AL P HES FEPEL I IHER

SVM Colon 90 0.885 7 1235 0.916 7 16 0.935 7
Leukemia 90 0.987 5 3 447 0.985 7 8 1.000 0

Lung 100 0.990 0 5442 0.985 0 3 1.000 0

DLBCL 150 0.960 7 2786 1.000 0 8 1.000 0

Brain 100 0.930 9 6 446 0.960 0 8 0.990 0

GLI 100 0.881 9 4 980 0.904 2 16 0.965 3

Medulloblastoma 120 0.866 7 3 351 0.8750 10 0.975 0

CNS 80 0.816 6 4397 0.750 0 20 0.983 3

SRBCT 60 1.000 0 1082 1.000 0 3 1.000 0

Avg. 98.89 0.924 4 3685.11 0.930 7 10.22 0.983 3

KNN Colon 80 0.852'5 1048 0.885 7 6 0.950 0
Leukemia 90 0.971 4 4077 0.985 7 8 1.000 0

Lung 70 0.994 9 6 188 0.995 0 3 1.000 0

DLBCL 150 0.933 9 2924 0.960 7 12 1.000 0

Brain 120 0.871 8 6 395 0.8718 7 0.980 0

GLI 190 0.893 0 5529 0.916 7 8 09528

Medulloblastoma 120 0.891 7 3512 0.883 3 6 0.975 0

CNS 120 0.833 3 4291 0.766 7 14 0.9333

SRBCT 60 1.000 0 1185 1.000 0 3 1.000 0

Avg. 111.11 0.915 8 3 905.44 0.918 4 7.44 0.976 8

RF Colon 80 0.852 5 1048 0.885 7 6 0.950 0
Leukemia 90 0.971 4 4077 0.985 7 8 1.000 0

Lung 70 0.994 9 6 188 0.995 0 3 1.000 0

DLBCL 150 0.933 9 2924 0.960 7 12 1.000 0

Brain 120 0.871 8 6 395 0.871 8 7 0.980 0

GLI 190 0.893 0 5529 0.916 7 8 09528

Medulloblastoma 120 0.891 7 3512 0.883 3 6 0.975 0

CNS 120 0.833 3 4291 0.766 7 14 0.9333

SRBCT 60 1.000 0 1185 1.000 0 3 1.000 0

Avg. 111.11 0.915 8 3 905.44 0.918 4 7.44 0.976 8

R4 SHAREXREINEBELAILER
Table 4 Comparison results of 5 different algorithms on 4 datasets

Bk ESV AN DLBCL Colon Leukemia Lung Avg. Std.
TGSFSB 6};&7&@% 1.000 0.9500 1.000 1.000 0.9875 0.02
R 8.0 6.0 8.0 3.0 6.25 2.04

S-BPSO YA 1.000 0.908 0.973 0.972 0.963 0.03
LA 21.5 27.7 22.2 61.7 33.3 16.59

1S.SCA 5};&/@@%1 0.948 0.855 0.971 1.000 0.944 0.05
FER B 110.0 60.0 3.0 9.0 45.5 43.32

TSLR ﬁ%ﬁ/ﬁfﬁi — 0.938 0.937 0.964 0.946 0.01
FEREL — 5.0 7.0 9.0 7.0 1.63

LS-CNN ﬁﬁé«ﬁfﬁﬁ}; 0.980 1.000 0.990 — 0.990 0.01
FEREL 1 500.0 1 000.0 1 700.0 — 1 400.0 294.39

¢ 4 BT b gs ST A1, 78 DLBCL Bdi4E | TGSFSB 23 Fil S-BPSO 453 14 40 K e e g v, 3434

BT 100% , PR LB S-BPSO 7 13.5 4>, T TGSFSB 8325 1 43 28 530U i 1 1

fig ¥ ; 7€ Colon %%

PE4E I, LS-CNN B3 43 2R UERG R 1K 100% , (585 1 FE RO 1000, T EBE 2% , TGSFSB B 1) 43 25 1
R A TSR 7 08 M 17 i DR B BL 43 2 v R B 5 1 LS-CNN 370 994 A A 3% AR L R 4 7 | e de /b
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FBIEEE 45 . FE T F-score M UEH RARPCAY 10 e 6 DR 16 45

B TSLR Bk 2 1A (B2 SR RIS T 1.20% ; 7 Leukemia 30454 [+, TGSFSB .74 11 70 JE A B
=, 58T 100% , 8 3L IR e/ 1 1S-SGA FEZ T 5.0 4 (H2 7 28U F 48 5 T 6.30% ; 7 Lung
BdigE I, TGSFSB A Fl IS-SGA Sk 1 S WEmf 8 i fmr , Y3K 3] 100% , {H 3 45 19 25 PR B8040 1) 45 1S-SGA
W 6.0 1. Z5G KA, TGSFSB Sk I 7 AR M e M e At WS 3R 4 19 Ave. 1T 15, TGSFSB 5.3 °F
PRk BE R 6.25 IR T 534 4 FhEE , [RIHF-22 73 S MER 32 LU A ALY LS-CNN B341K 1 0.05%,
AR T-HBE R SE PRI 8 T 1 393.75 45 L4 Std. 1] 45, TGSFSB \ TSLR , LS-CNN X 3 Fia i (1) 732
HER RIS N T4 T 0.02, B 3h /N, {3 TGSFSB 81 1 - Y 40 K UER R T H AW . 48 LTk,
TGSFSB FE RBUE AR MR AR EE R 148 | IRt Jre 3 i) R 4 i Y 43 25 P e

4 &k

ARSI F-score FIRFAEZ [B] I AH M, 285 Spearman A 5¢ R EHE F-score 3%, I 7E L 3EAH L0
1t BGWO L WS IR+ 1 ek th G RN as Ak J i, & 13 T — P e T R0H Y F-score 1 BGWO 1 Jifg & [
VERE . B TFRE AR RY F-score {HAIFFE Z [ Spearman #H5¢ R EU 46X H ;SR )5 , TH R BUE &
B, NS AN RRIE AL (B, 000 B B MR- T HE Y, R MR DR IE 74 s i) , i G ) BGWO Bk
X JHE PRARFAIE A T3 4, 19 BN AR RRIE 2. 78 9 s BE R Bt 48 R o e b330k, A7 40 2R HER 3
PERESRL BT HE , 25 R R oA R T T 0 83UR. (B 78 5 HA R X FU s, A SCRE I R B I AS
ERTRIR B, B, TEARSKR ST TAE T R4S G LEs 7 > SO Bie , i — 20U Al g SR e R 58.

[ &% 30K ]

[1] RIS, 4. R4S mRMR A BEUR T 0 e 56 R R E e Rk [0 ] PEILR2 24 ( B ARBEM) ,2022,52(2)
262-269.

[2] PR, BB, 25000, 55, HE T ReliefF Al KAR G/ N ICAR I ZHRICHRAERERE [ J]. IR I R 2= 24 ( HARBLA R
2023,51(6) :22-30.

(3] Shlfl. T FCBF RAAEZERE AL BOE A ~] iR D SR B /0 2Rk T ] T HLBL AT ,2019,36(10) :2986-2991.

(4] ZEBR,FKA BT SRR RE LS SOOI ], iU 5ikit,2021,42(9) :2526-2535.

[5] GUYON I, WESTON J, BARNHILL S, et al. Gene selection for cancer classification using support vector machines[J].
Machine learning,2002,46.389-422.

(6] WHRZE, EHE,HM, 5. T U F-score 53R EMLIRFAELES 73k [ 1], HHHHLEIAT,2010,30(4) :993-996.

(7] WA R, BT, F-score Z58 MM BR 27 ST ALY B8 MU AE BB FE 0125 [ T ). BRPGIIE R “= 74 ( A AR )
2020,48(2) :1-8.

[8] ZRlGede, XERE. JE TG SR IHE S I A R HR[ T ). S PRHEHL R 224k ( B ARBEM) ,2021,33(5)

844-850.
(9] ZEIC,EW, TEE, S LT F-score IPFEAEEFREAEZ AP I MR EIRIHI[T]. KE Tl ko274, 2021,42(2) :
128-134.

[10] MIRJALILI S,MIRJALILI S M,LEWIS A. Grey wolf optimizer[ J]. Advances in engineering software,2014,69.:46-61.

[11] EMARY E,ZAWBA H M,HASSANIEN A E. Binary grey wolf optimization approaches for feature selection[J]. Neurocomputing,
2016,172(8) :371-381.

[12] BRkfl, Homese 48, 5. 256 @i m i sl bl R (b Bk 1], THEPL TS R ,2019,55(13) :145-150.

[13] JHSHERt, EAKE. — P TSN 7ok i IR AL SR (1] M2 AR AR, 2020,9(3) 12834,

[14] T, Bl K. TR SA 951X 00 44 SC T B2 23 SRR AR 52w PR R [ ] 0 R DS 274l ( A SRR
2023,51(2) :70-78.

https ://kns—cnki—net.webvpn.las.ac.cn/kems/ detail /51.1307.tp.20230214.1544.002. html.
[16] SR, SR EE. Pikf Fisher Score $FAELEFETT A KL HI[ J] . 10T TAREBOAR K #2744 ( A AR B RR) ,2019,38(5)
472-479.
[17] TR, SR, %, 2RI B &N s &AL )]. YL TR S5 131,2022,43(9) :2638-2645.
— 119 —



PSR 4R (AR R 5547 5 1 (2024 4F)

HEMG BHIR. BT Levy WATSRIE A JORMEALT L) ], LS HCF T, 2022,50(5) :948-952,958.
TERRTE , X0, 4537, 4. FEF Spark B9 MR B FIR A FEE B L[], AN TR, 2018,44(11) ;. 1-6.

SUN L,WANG L Y,DING W P,et al. Feature selection using fuzzy neighborhood entropy-based uncertainty measures for
fuzzy neighborhood multigranulation rough sets[ J]. IEEE transactions on fuzzy systems,2021,29(1) :19-33.

YANG J,LIU Y L,FENG C S, et al. Applying the Fisher score to identify Alzheimer’s disease-related genes[ J]. Genetics &
molecular research gmr,2016,15(2) :19-28.

SALEM H,ATTIYA G,EL-FISHAWY N. Classification of human cancer diseases by gene expression profiles[ J]. Applied soft
computing,2016,50;124-134.

ALGAMAL Z Y,LEE M H.A two-stage sparse logistic regression for optimal gene selection in high-dimensional microarray
data classification[ J]. Advances in data analysis and classification,2019,13(3) :753-771.

SHAH S H, IQBAL M J, AHMAD I, et al. Optimized gene selection and classification of cancer from microarray gene
expression data using deep learning[ J]. Neural computing and applications,2020, (3/4) :1-12.

[ =REMHE AT

— 120 —



