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Abstract

High-dimensional medical data generally exhibits characteristics such as high feature dimensionality,
small sample size, and interference from redundancy and noise, which easily lead to problems includ-
ing excessive computational burden, model overfitting, and reduced diagnostic accuracy. Feature se-
lection serves as a key technique to address these issues. Although metaheuristic algorithms have
been widely applied in the field of feature selection, the original Artemisinin Optimization Algorithm
is prone to convergence stagnation when handling high-dimensional medical feature selection tasks,
resulting in low efficiency of feature screening. To this end, this paper proposes an improved Artemis-
inin Optimization Algorithm integrating a differential collaboration strategy and a stable growth
strategy. It realizes effective information interaction and collaborative optimization through differ-
ential collaboration among individuals, maintains population diversity via the stable growth strategy,
and synergistically enhances the global search and local optimization capabilities of the algorithm.
Consequently, it improves the efficiency and performance of feature selection on high-dimensional
medical data, providing a more efficient feature optimization method for medical data mining and
intelligent diagnosis and treatment.
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1. 518

BEAE IS . SEARA RS AR NI R E, EEHE R HAEARRE D RN S, TIRS
M P HEAE ML RE i BT UR S ORI, XK 4 IR 0 B T 12 5 7 SR AL
MU KRG EIEY, 1855 Rt & SERZ ALRE 1 T BFESE 8, 7 55 61 2016 R4 B2 W (9 e
PES AT S, BHHC LRI A MGHFERRA ), ELHI TSRS W IR TE[L]. R, £ s
SRR S S, FR1E ik B (Feature Selection, FS) B/ E X B, (LS EFFST %, (EAELEH
Xof R /IR AR B 5 TR TR B I A7 AE B BRI BR [2] o 3X 851 K 2 A N T80 s O s 5 B 8 148 he,
DAFHHRARFAE [0 52 2 ) AR 2R M IR, 25 5 it th K TURBE R RHE, SEERBZ GRS MR, mioc)a
R ARMAFIE AL RGN R SER2R TR T, RO = 4EFS i 8 ) 3230 55 [3]. 4t
S JE GG 1 2 A AL 532 (Artemisinin Optimization, AO)7E i 4 B2 22 IE S F HH A7 15 5 B UE= i, S8
REAE G AR i), AR SCHE T — ik T 22 S A SRm A AR v A K S 1) 5ot 75 v R AR 2,
TR AN ] 22 T ME SEIUE AUE B B S E G0 AR B AR e AR K R g Re P 2 AR, 3 b IE
Bog T EVEN AR RS RIS, 35T RE L = 4 IR AR R IE R S AR

2. EXEARNAE
2.1 AO BN

AOFR SHIETRIATT LR A KB R T %o JEJR BUR AN ARZL AR 3 5 NI WA 3k, A 8
FIBTTEARIN =R B AxIHBRI BE. R i BR B B LA B R DL B [4] -
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SHEBRP B EERIGIT I, B T R m R R R DL R R 2 AR
IR AT BES AL AOTIAN A ERIY BB LIX — i A%, @I 40T 257009 Hoii AL 1523
EE kL FNLSUS YR

A A +cx A x(-1), r<O05andr, <K O
b A +cxbest;x(-1), r<05andr, <K
Horr, CAMEGERREL n. ne[01], A NEIMNERMAIEELEME, best; AR ML RAI LA
B BEIEAHEDE, FOESIATERE ¢ (B 2GR FEAR), HAat 5 LA K(2):
C—1lxe  Mait @)

o, BROR AT PP UCEL,  TIMaxPROR RV A5 URH . 25 16 B AN LRG0 77 85 3 1 P 24570 B o 2R e 2
VIR AFAEE A A2, ARE)RIFE S AR TR ZIN TN R L SRS, Bl
PRIGTT R AN 22 53 (O B R B 502Gt , NAOSIVARIR B BN 1 B BERIE RN, LARDS A2 ] A
7 DA 5 3 T SR 22 5

fve

K :1_W (3)

JATE BRI B RAERTRE E RIGIT H B A GRS IR AR IE R, (H BN sk b 8ie
JR . NGRS R B, IWIRIATT &R RS & T 8 R L HAT A R i bR ks [4]. AO
SRR — i R, i AR @) e S R AR T B, SEIU A (R N R A R

A1+1:A‘)3+dx(A§l—A§2), r, < Fit,om (i) (4)
bl,bz,bgeZ/l(l,N), b #b, #h, (5)
fit (i) — min ( fit)
max(fit)—min(fit)
Horr, dAfIRA[0.1,0.6] X TR 3 AR IBENLEL, r, 9[0,1] XTH] A I SIBENLEL: &b« b+ b AL N]
V0 B A ELASAR ) B, RO A :R(GB) s« Beah,  Fit,,, (1) AR IR RATLM T — 0 IE N RE
i, Bt& A5 AX(6).

JEDUERY B : fEJ iR B S G, REGARZHEIR ROBIEM, B0E DR R gex &
ER PG IFEARIRRS [4]. LI R T B 1ILIE 7 &R M DLE VR 7 kms, @)t 7 —FEE
MAB R T, A I 2 8] IR SRR S B AR A, W R BV RIS & JR B AL e«

t+l _ At‘p r, <0.05

Ay = best!, r;<0.2
Hd, no AR [0,1] XA S AR KIBEHL A & s best] 27 4K S A# -
2.2. BEEERARN B

A SRR IR 3 77 12 (Wrapper-Based FS) [5]/2 B BOA AT B 5 i I FSAR A Tu =0, HoiZ 0 LS 2 40 FS
HALNHAG AT R, BB LR ) B I RE TR AR, AR 2 B RR R A VR E PPN
PR, RICTERFE RN BRI R, 2T E R RS 5e iR IE TR IE . YN 5. METRIM
FFESTTE, AEAFSIRELE G T a0 g R, AT DLTE RS A M 077 120 6 S 280 1 R 2 HAE FH e K 1R
FELH A, 3T S P s AR5 A 2 SR

Fitnorm (I) = (6)
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K-F L4070 2545 (KNN) [6152 — RN 2 2 3y SR, A0 AR BB rT ARG . A X iisedn e
FINGRREARSE G, AP REA AT 20 AE RS, B St SR A 2 (AL B A A KA RRIE A, K
T 2 HHCEE N SE R 2 AR IKAN R SRR T 3 — I e A 5ty BRS04
RIAEZA . (ERE R R, ASCRARKIRIEE . P12 [ R PR S T 3 n 5X(8) s -

Distance = zn:(Mk—Nk)2 (8)
k=1
Hrp, DistancefU 1 /MFEARIAERES, MALK TINZREEA, NARERINKFEA, nAUREAAN 4L

PSR A% L JEL 2 Bt o 7 0 A d /S RO RFAE T8, BETATIA B A ) 0 N P FL Ao BNV — 5 THT 2K
TR IEIR, ST RUEM A, o — O M RE KR IS 48 T 5 AR ZE R, RS IE S .
B A oK, FSIE T M B B S AL I . Fe T, ASCR A —HEfI gm0, DB A1 R
XL, B MARER IR B BRFAE,  SECRHIEIRS I B AR IR . AE3EAE 1, %o a R AT £ 10t
PERCHE S IE RS, PRAFSEE AT e ROR R FSIX 2R BBl DAt 7 57 I 1o AR ST P ) —— ) e ke i
AR(Q)FIA K (10) Frow:

1
SR ©
|1 rand<Tr(x)
|0 rand>Tr(x)

Tr(x)=

(10)

o, X, B MOMETE S O Tr(x) 0% IEROSigmoid s i, 4% S (M AT

MR rand g [0,1] X1 P AOBEHLEL, 1052 REAE RO R (1) B A 950).
SO FSPLA e R IR RAR, PR b 6 B 4 7R (L0)
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ok, Errorash B SAETIZS, INDIFTERHE THE KL, MRS R S aFIB7 I 25

SRS (LR B TR TR K BE OB, AT SKe o B H0.95, S5 50,05, W {IRSHeFl )

R, STATL0 A X HEE MBS . FSHY 52 BT I 1%
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Figure 1. Flowchart of feature selection
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3. DOAO ¥

AOE — M AL A FIHLEL AR LR A a8, R BR T HAR b 75 T8 R A PR UL R B AR
JUEIRIT G BREAL LS o SR, FEAC PR DAL DR K v 4 H b e S, AR 2 /R S
JEERIF I AT A SR AR PEA R I 1) O T SRANAOTLIRAEIX P T T A BRFE , A SCTIN T 257 WM ESR
W%, 3 T A AR A (5 B A TR T A R DRI ), RIS S5 SR8 AR KA, S oMY 2 R
CLSEAL U R AL RE R I B R RE D, AL RRR S R KB BT . 456 B4 skims ok
Ja BB i 44 N FE T 22 S DR RIS R A 52 AR K SIS 175 1 R L 5E12:(DOAD) .

3.1. ERVMER

7 5 B 1E SR W% (Differential Collaboration Strategy, DS) & K I T 2 57 4L 81 387 #% & (Differentiated
Creative Search, DCS) [7], H:AZ 03T 240 #E40(DE) B i current-to-pbestHE 44 [8], il i 8 4448 2 A
SEIL T BRI BEAYME S R . HAZ O AR R Y BT MATE IR U T A SR T R, RERE (S
TAERIZOA LR, NEERIEE GBI ZRIE S, MMERR SIS IS P4 . DEFLM
current-to-pbest i 2 2(12) %7 :

Vi:F><Xbest—(Fxsz—Xi)+Fx(Xrl—Xi) (12)

Horp, VRIREBINMERIAE R R, FRRGIR T, X B SRR R ME, X, o X, R

AR BENLIE N, 5 X, EAMERAME, X, RS iR E.
LGN =AML R, KL T X MEAT RO HERE R AR X A HIBA G X, AT X, B
15 2 X BIBAMZ O (A X o FTRTRBEAT AL 535 - 2T 0, A (A2) AT HHrHE S v~ iE
Vi = Wx Xpo + A (X, = X )+ @ x (X = X)) (13)

XA A A8 5N =AML R B, S TR EMEAT VRS RS wl AN o, B
A B VRS 2410 10) B BEATL ) B ) ZE (B DTk 7 AR AN FVE R . BT w T RS R A ( Xy )
IR REE . HBRIME AL, EAS [EHUE 2 2O i 3% AL A 45 A BAAZ O (B AN A) FAR IR PRI AT s =X
#rw=l, MATT B B AZ O I SIEAESE, BL TR BT T A AR SEtIOE AR M 2 REUE, %
REWHE AR T

4 =0.1+0518x(1-[FEs /FEs,,, ) (14)

Hr, FEs, RRFURREUERIKEL,  FES,, R 5L VI K R BUE R IKEL

ZRIMEREL ISP “ZROERESE” 5 “ERUEERE” , IR EERIA SRR
TREFERSRE T, AR R Z R DO i N Rl s i, 3898 1 A AOSIE I fe .
3.2. BEEKKRE

FarE A K 3% (Ordered Population Growth, OG)Z H #A 748 & ik 2 I A= K AT A K [9], KA aEA A

PUVEEE, WEYIa AR RN RS iid gt i AR se AR -
BRI NMABE N, » PR RYERE N D, MEINMET RSN = (1, 1 ) » BRI
iai'ﬂfz(ll,~--,lN ) FERIARAREY BL, Al AL T 4% 2R 23 18] A 4% 22 sU(15) BE AL ZE 1o

pop

I =1 +1and (L, D) O (e = Iin ) =L+, Ny (15)

$o, rand (L D) H[0,4] A4 1 D BEBEHLITRL, 1, | SN L TR, 0 Rt LR
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Sz R N Eh SRR, KRR G, (t) BRI R AR A, AR R A R (16) A .
dG, (t
(;t( ):V/-Gv (t)-qJ(Gv (t)) (16)

He, oy AEHIREL (G, (1) WEKMZEBIER T
ais il e, KRR EEOAZE B, WA AT TR
AGY, (t+1) =rand’ ©(N (1, D) © AGY, (1)) 17)
b, rand? MR MR E R LRI BEHLE N (1, D) bR 7 2016 ) i
TR BB B, PR i o R HE R A8 1° =[|f,-..,|;mp], BARAMEN Vg = 15 5 ABJEE A

K (18) R
_ b L=l

Iii_{li' IiZIBest' (18)

ANRH DR T 10 o AR R B, LB SRR A A 3(19):
17 =1, +|N(1,D)|o(l; - 1;)+N(1,D) O AGy, (19)

Horpr, Az KodiRe el B REE A B & #E, A s0(20) i
AGY — L @ (1 = Vin ) Iter =1; 2
W_rm&OOMLMOA&Q,HH>L (20)

o, o ML, |N (1 D)| Fmud w0 A S R X A
SRR SE A, FAEBEN A RSN B MR SRR A | g R WA K (20) R

11" = 15, ©(rand(1,D)+N (L D) © AGY, ) (21)
WA A KR RS SR N A 2 (22) BT s :
AG'Vinew = |iﬂEW @ ( Imax - Imin ) (22)

R A K SR I R AR AR R (R i8R M) 5 4 R e U e (s R GBI MR 46 1 (KT P B BB AR £ OREF
Tl e 22 PP R TR I S e e 8, I B Bh A R R RSPy 1 SR R R 5T A e

3.3. DOAO EE4#

DOAOHIASE R IR AOSER |, Rl DS S OGH AN . fEAE—4eibAUERE ., k& iTAOK IG
AT A TERA R AIERE B, RS PATDS, EEEMAR R, B IEAT 5 4 )
I RERSE US> s N R VAN R E o SRV v 2 R0 87 S WA o S S5 B P U S B
BERERH & AT R L MR MR RS, thRess SRR MA S B S E 5 ST B . Hdh 2, SR
bR EOE AU G INIZ D B AR U]y DLIMORE T 0T foe D0 A 0 360 (1 ik S AOx S > 22 S A £ 2 0
o ARSI LI FIR, 35 6E R G A A R REALMA R Z A0S 2, BRI R 1%
RSSO R ETE, RGeS A S N R i s U R . BEEATOG: KAl
PRI BRI, R IR B BON R G S B, MUY AT J 7 i [ SEAR A A2 2, (5 Bhsh 4
KA G, (1) S ABHREMIRER, AEKE R R AGy, BILABT BB B, 2 RIS B, M 5%
PN o TTREEFIFEZR,  [FIL BB HT A MR R R, 35 P BOWL A L DRI RE 2 A P A R P S
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Bl Rl BB KA P EARIRR 5T RAE ). WRAEIEETRG, SEE S MR BT IPAG
PP AMRIERNE, A0 BORT A R e e MR o S BREOEAREL FEs , HL IR B H N EOEAE, &%
4 R B e S G N AR . IS REE I DS SEIL T RS HERI A M E S5 BB S, AEBIOGHIEE 1 H3E
MIEh LR SWEWLE], AR T IRIBACKIALE SN SIRZ T AV KSR 2 v LA 2 .

4. BTFERMERBIBEEE KRN T SRMUBE AL

4.1 SEENEE

AR S0 it R4 A 55 45 2 Intel (R) Core (TM) i5-14600K F 1 e b 7 2% (32 4513.50 GHz), #4132 GBIz
ITAE, ARG HWindows 11 24H2RR AT, 2 #ESEia ARSI IFEMATLAB R2021a% 4 58 i 5 iz
1T. NAETHHIEDOAOK LA ERE, W IEEE 2017431k i+ 4 K £:(2017 Congress on Evolutionary
Computation, CEC 2017) & #E Il B EUEETT FE M RE K. SRR LSRG A&, BT SIS
— SIS T ISAT: SRR AU B B N30, BRI AN IE AT 30U, AR in 4 ¥ 304k,
SR B ROE N FE VA BB N30 75 IR, FE RN R B S S HOIR - B 7 BOARL S, &R RS
BIRHBOARE . Bk 5 HFh oo a Rk SRR AT A 0) e S ge .
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Figure 2. Convergence plots of DOAO and ten meta-heuristic algorithms on CEC 2017 benchmark functions
2. DOAOS 7T /B & NEATECEC 2017EME iR 1 _E YU S ]
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S PRSI B T AT s & 5% HHO [10]. SMA[11]. RIME [12] AO [4]. OBSCA [13]. CAGWO
[14]. CLPSO[15]. IGWO [16]. RCBA[17]. ALCPSO[18], Fifa ¥ M M SEIkAAEAR R 2614 R k4T T EL%,
LR AISHITR R E . SRR ERETR. WNEFITINEES], DOAOFYRML K/, H
DOAO £ 5 AE s A %o B A B AL 45 R X R WIDOAOHI L & AL MR RE RLAT, FE BRI, U6 DL A IR & B 8
EYERELLIR IS, (HFERELE ST A R A E AR — .

5. ETERMERBAREE KRN EERMUHDEE T ZESEEF YIRS L
HOSEEE

At k) # DOAOTE % NbDOAO, Fi¥bDOAO SKNNZF R 4E L, e T 5 448
S5 SR IR JEE 4 2R S () I e BS AR AL BRI 3% 77325, ETbDOAO-KNNFAE 5 4

51 SKHRE

AT bDOAOTE i 4EFS ] P g, #4135 bAO0. bPSO [19]. bBA [20]. bWOA [21] A K bSCA
[22]5 —BE R A SFVEEAT R b o N ORIFSEIR ) — BN A IEPE, B LR BRI FE AR [F) 261 N AT . b
FERUBL 20, 0] 20 PR 248 52 B0 R I RRAE B il e, IR AR UCER I 2 500 FEREAT LU, e B
ZOSHERFE— 5, M — R0 X S B H0E Bl N A FRFSAT 25 1 I AR AR . SR 109738 LB IE
TIEXTUCH i 4EHE 52 A SBCB iy 4E T M 41 B4 82 J T SEBdt AT 201, LLIX109AE Uk )P 3545 A
VPG FIEFSTEBEMIbRHE . BEAh, R PRGN ISR EN P8R 2R PR R Ak
(PS4 T I 1R DU AR AR R VPR 23 M B . X DU TR P AR T 5 A 2K (23)~(26) i -

Fitness = %gfitness(i) (23)
Error = %g(l— Accuracy (i) (24)
Features_ num :%ﬁlpize(i) (25)

TimeziﬁgRuntime(i) (26)

H,
© K SRR B (U104 IR TERT K =10);
fitness (1) . s o i o3 o

Accuracy (i) = SEIHTIIE ) 73 FEHERS 5

Size(i): HHTRUET FTERFIL TR IR/
Runtime (i) : 2T IUERI BILIZATIN (B (BAL: s)o

5.2. #IEEHIR

SEEG K FHUCHEE 45 LA J SBCB ) CuMiDa%t4h e H it [ 71 B4 2 T e . ANUC IR 4 iz B ik 24
EAERE S, B Leukemia, SRBCTIX W Ffi = 2% 3 (R R A Bt s MSBCB B F1I 4 52 b ik B 74 v 4
T B 51 05 4 3E 47 91X, £ & Breast_GSE22820 . Colorectal GSE44861 . Colorectal GSE77953 .
Leukemia_GSE9476. Liver GSE14520 U133 2. Lung GSE7670. Liver GSE76427.

DOI: 10.12677/csa.2026.165176 203 TFEARY 5N H


https://doi.org/10.12677/csa.2026.165176

KB

5.3. FHEEFSLRERS O

Breast GSE22820 Leukemia GSE9476 Liver GSE76427
S 00248 T e ’4152'(()?1&0— 5 0024 = ""—"-’igErOiAn' 5 0.07 -- E%Ao—
20.023} ~-=-bPSO 1 Qg 0.023 ~=-DPSO “5 0.068} ~-=-bPSO ]
20.022) A 4 @ 0022 BBA 4 P et bBA ]
2 : --ewoa i - 002 o - B | s BWOA-
£00218 L BSCA g VO L BSCA |5 3 bSCA
3 0.020 £ 002 i £ 0.064
< 0.02§ i 8 : 8
200198 i B 0019y ] g 00y
g o 0.018K 3 o 0.06p
$0.0185) g ! g 3
oo S vourll I8 00580
70.017F |\ g OO 2 3
A = 2001608 o 1 B O056R Y Sms i s nie s e
0.016F *  mmmmmeeeeos I TP B 0054
i L . L 0.015f ">~ . . L E ’ b L L . .
10 20 30 40 10 20 30 40 10 20 30 40
Tteration ITteration Tteration
Colorectal GSE44861 Leukemia Lung_GSE7670
8 0'”{‘. ' I ' —-I{)]A)E))AO— 5 0,352 e v—ignozxo‘ 5 (s e *"—*-’imgm
o ! A0 1S 3 A0 8 ! 0]
Solssy =01 5 ahal =53 g
1 A - 1 LW _—
Zoa6h 7 ID R B 0346 WM g ooo4y L bWOA |
2 . ‘5 0344f N 1 g |
80 155F%, % 0342F T TTTTTTTTTTTTTTT < 0.0381
= 1 h
15} o L 0.34F E o 0.042[v,
§ 0.15 ) L § 03388 3 3 0.036) Y
L ENTE 3 ST S— Z 03367 iz T S
A R s Eg 0.334 e g 0.034F 14
0.146 "~ i . L L 1 L i . . L o
10 20 30 40 10 20 30 40 10 20 30 40
Tteration Iteration Iteration
Colorectal GSE77953 Liver GSE14520 U133 2 004 SRBCT
e I s I s I | T e
£0.046} 201 <€ o03f _Merd € 0035, LbAo
20.044F BA 4 @& 0.022 bBA ] @ bBA
2 - - bWOA = 0.021 --woad B 0.03f - - bWOA ]
Soowl| = wea{ B 00N A i 2 L oA
© ke = ¢ ]
S 0.045 R m— £ ul 1 5 0.025)
£0.038 £ 0.018-!‘: 1oe ) D——
£0.036P g 0.017p} 12 oot
50034 Lo = Ly s 2 0.016F', b7 R
. Nz m ().()157‘_\"-*--------------: 2] ‘\:_ ________________
PEPRE N ) Il L I AP TN S L kL L | W W e e { e
10 20 30 40 10 20 30 40 10 20 30 40
Iteration Iteration Tteration

Figure 3. Convergence plots of bDOAO and other algorithms on nine high-dimensional medical gene expression datasets
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TETFEERP I RN 2 17.00013.6, TR 779 R RELR A £110075 47, 75 H A SBCBE H1| s 4
bDOAOH G IR KHIEH, iX K HbDOAOTER D FFAEEE M AR, (REF T 20 KIHERTE . FE FIEiRE
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A RHIERCE . Rl I, SR SR I EIVEAR, 7E-FII2 Thf %4, bDOAOKIET [ 45 i
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Table 1. Average fitness values of bDOAO and other algorithms datasets
Fz1. bDOAOS H it B AR FIE N E |

Datasets Metric bDOAO bAO bPSO bBA bWOA bSCA
Breast GSE228  STD  1.2702E-02 2.1225E-01 3.3612E-01 1.6088E-01 3.2016E-01  1.9749E-01
20 AVG 15531E-02 2.4189E-02 2.4371E-02 1.6319E-02 1.6193E—01 2.4108E-02
Colorectal_GS STD 25771E-02 2.3687E-01 2.3364E—01 1.0772E-01 2.3140E-01 1.6010E—-01
E44861 AVG 1.4064E-01 15308E—01 1.4505E—01 1.5302E-01 1.4686E-01 1.4821E-01
Colorectal_GS STD 1.6351E-02 1.9046E—01 3.1782E-01 1.9465E-01 2.0622E-01  2.3632E-01
E77953 AVG 3.3200E-02 4.4298E-02 4.2046E-02 4.3706E—02 3.4521E—-02 4.1075E-02
Leukemia STD 1.9779E-02 2.8918E-01 2.0279E-01 15189E—01 1.8025E—01 1.8546E—01
AVG 3.3307E-01 3.5314E—01 3.5228E—01 3.4780E-01 3.4303E-01 3.5160E-01
Leukemia_GSE STD 1.0057E-02 1.7790E-01 2.1742E-01 2.0529E—01 3.7698E—-01 1.2725E-01
9476 AVG 14871E-02 2.5297E-02 2.4333E-02 1.5854E—02 1.5702E—-02 2.5877E-02
Liver GSE1452 STD 1.6862E-02 1.9811E-01 2.4459E-02 1.8919E-02 2.8811E-02 9.4632E-02
0 U133 2 AVG 1.4768E-02 2.4864E—-02 2.3996E—02 1.6417E—02 1.5812E-02 2.5982E-02
Lung_GSE7670  STD  4.3806E-02 2.2996E—01 4.9056E—01 9.5589E-02 2.2399E-01  2.2466E-01
AVG 3.3412E-02 4.0543E-02 4.3171E-02 3.6182E—02 3.5075E—02  4.4134E—02
SRBCT STD 8.2649E—02 1.6315E-01 2.0167E—01 2.0859E—01 2.8431E-01 1.7347E-01
AVG 1.0661E—02 25079E—02 2.4627E-02 1.1261E-02 1.2566E—02 2.5933E-02
Liver GSE7642 STD 5.9197E-02 1.1334E-01 2.7213E-01 1.9823E-01 3.1295E-01 1.3521E-01
7 AVG 5.3523E-02 7.1720E-02 6.6486E-02 6.4790E-02 5.6160E—02 7.1910E-02
AVG 1.00 5.11 4,11 2.89 2.44 4.33
Rank 1 6 4 3 2 5
Table 2. Average size of the feature subsets selected by bDOAQO and other algorithms
F22. bDOAOTFAHE fth A i 4FE F SR A F 1K/
Datasets Metric  bDOAO bAO bPSO bBA bWOA bSCA
Breast GSE228 STD 180.4284 1155.7343 3015.4624 217.4665 7445710 1187.4131
20 AVG 176.8 1290.7 1153.7 952.4 656.1 1036.1
Colorectal_GS STD 10.5798 234.9949 201.8246 1392.0715 629.1884 228.8324
E44861 AVG 82.8 814.2 1585.4 2460.8 818.0 965.8
Colorectal_GS STD 219.8803 1389.5413 106.9187 920.5764 24.0391 964.1616
E77953 AVG 79.1 1384.6 1291.5 1318.1 424.1 1425.6
Leukemia STD 17.8725 129.5167 107.5479 25.0514 94.4807 92.4859
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AVG 171 104.7 119.5 98.4 61.7 118.0
Leukemia_GSE STD 116.9785 19.8108 1392.0440 275.6847 391.8748 115.1365
9476 AVG 84.2 693.8 1164.4 874.1 696.5 11915
Liver_GSE1452 STD 30.0570 697.1237 1368.9096 706.0919 282.3280 1271.4152
0_U133_2 AVG 911 625.3 1154.1 701.5 881.5 1191.0
Lung_GSE7670 STD 119.0889 41.1092 1459.4344 374.4762 79.2140 1169.5414
AVG 70.6 689.1 1161.6 769.6 723.3 1029.8
SRBCT STD 11.9683 127.7269 1447027 83.1348 92.2445 93.6460
AVG 13.6 58.5 166.3 109.9 89.7 109.4
Liver_GSE7642 STD 49.8819 119.2675 423.5947 105.9437 500.1140 110.0104
7 AVG 108.2 700.6 1154.4 846.0 382.3 1099.4
AVG 1.00 3.78 5.56 4.44 244 4.67
Rank 1 3 6 4 2 5
Table 3. Average error rates of bDOAO and other algorithms
#3. bDOAOS At BAR FHTRIRE
Datasets Metric bDOAO bAO bPSO bBA bWOA bSCA
Breast GSE228 STD  1.9994E-01  7.9058E-02 1.4639E-01 1.7607E-01 4.0350E-01 1.6092E-01
20 AVG 1.8000E-05 2.5005E-02 1.0895E—01 1.3500E-01 3.8749E-02 1.2250E—02
Colorectal_GS STD  2.3676E-01 1.0285E—01 2.1573E-01 2.8923E-01 2.4966E—01 1.9797E-01
E44861 AVG 4.4715E—04  2.7495E-01 4.1485E-01 4.1355E-01 4.0857E—02  3.5855E—01
Colorectal_GS STD  0.0000E+00  0.0000E+00 0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00
E77953 AVG 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Leukemia STD  0.0000E+00  7.9075E-02  2.176E-01  1.7495E-01 3.4255E-01 1.7215E-01
AVG 0.0000E+00 2.5005E—02  2.100E-01  1.0005E—02 4.8786E—02 9.2857E—02
Leukemia_GSE  STD  1.6131E-02  1.2495E-01 1.4415E-01 1.4355E-01 2.0536E-01 1.5264E-01
9476 AVG 2.9286E-02 9.6429E-02 2.6785E-02 2.7125E-01 3.8571E—02 1.6428E—01
Liver GSE1452 STD  2.0403E-01  1.6239E-01  2.236E-01  1.1735E-01 0.0000E+00 1.5034E-01
0_U133 2 AVG  3.4728E-04 2.1273E-01 3.0775E-02 3.2796E-02 0.0000E+00 2.5905E—02
Lung GSE7670 STD  2.2117E-01  1.0545E-01 2.2065E-01 2.9499E-01 2.1726E-01 2.2965E-01
AVG 2.3505E-03 4.9995E—02 1.9500E-01 1.6605E-02 3.2679E—02 1.9500E-01
SRBCT STD  0.0000E+00  0.0000E+00 5.9292E-02 5.9292E-02 1.9365E—02 6.7765E—02
AVG 0.0000E+00  0.0000E+00  1.875E—02 1.875E-02  1.5000E-02 2.1429E-02
Liver GSE7642 STD 1.16565E-03 9.0351E-02 1.5655E-01 1.4985E-01 1.6065E—01 1.5495E-01
7 AVG 8.57145E-06 4.2865E-02 7.2865E-02 8.5745E-02 1.1785E-01 4.9995E-02
AVG 1.11 3.33 4.33 3.44 2.67 3.22
Rank 1 4 6 5 2 3
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Table 4. Average runtime of bDOAO and other algorithms
Fz4. bDOAOFAHE fth A B F 1 IE1TRTIE]

Datasets Metric bDOAO bAO bPSO bBA bWOA bSCA

Breast GSE228  STD  3.5472E+01 6.8295E+01 4.2634E+01 5.7827E+01 7.3351E+01 2.6698E+01

20 AVG 15264E+02 1.9457E+02 1.5784E+02 1.8250E+02 1.3527E+02 1.6972E+02
Colorectal_GS STD 4.2638E+01  7.9572E+01 4.5843E+01 6.2496E+01 3.1269E+01  5.8724E+01
E44861 AVG 1.1856E+02 1.8927E+02 1.6250E+02 1.7464E+02 1.9681E+02 1.2975E+02
Colorectal_GS STD  2.7295E+01 5.5618E+01 7.8347E+01 4.3762E+01  3.6589E+01  6.8426E+01
E77953 AVG 13174E+02 1.9366E+02 1.4938E+02 1.8153E+02 1.3896E+02 1.6744E+02
Leukemia STD  7.8564E+01 6.9273E+01 5.2495E+01 6.4638E+01 7.6812E+01  2.9753E+01

AVG 1.1529E+02 1.8749E+02 1.6573E+02 1.7385E+02 1.9125E+02 1.3258E+02
Leukemia_GSE ~ STD  2.4826E+01 4.6394E+01 6.5927E+01 4.8563E+01 5.2841E+01 4.5294E+01

9476 AVG 1.2038E+02 1.9565E+02 1.6829E+02 1.8254E+02  1.4482E+02 1.7326E+02
Liver_GSE1452 STD  3.1739E+01 7.3658E+01 4.9382E+01 6.1527E+01 3.8964E+01  5.7435E+01
0_U133_2 AVG 1.1459E+02 1.8873E+02 1.5638E+02 1.7529E+02 1.9265E+02 1.3147E+02

Lung_GSE7670 @ STD  6.9453E+01 5.0826E+01 7.2574E+01 5.6238E+01 4.4692E+01  6.9315E+01
AVG 1.4743E+02 1.9486E+02 1.6254E+02 1.8029E+02 1.4065E+02 1.6938E+02

SRBCT STD  3.5287E+01 6.7493E+01 5.5729E+01 6.3846E+01 7.1254E+01  3.2576E+01
AVG 1.1385E+02 1.8957E+02 1.5529E+02 1.7463E+02 1.9375E+02 1.3360E+02

Liver GSE7642 STD  6.6594E+01 4.2738E+01 6.8463E+01 5.0295E+01 5.4629E+01  4.7843E+01

7 AVG 15968E+02 1.9628E+02 1.6759E+02 1.8146E+02 1.4376E+02 1.7140E+02
AVG 1.11 6.00 3.22 5.00 2.22 3.00
Rank 1 6 4 5 2 3
6. &it

AR SCER TR AR A BN FH T 1 4 = 2R E IR PR AT 55 I W 5 Hh BN A SR B AR 5 R o AR Ay, I 5 A
TEFRIEBCRAR N AR, XTI, 48 kG 22 5 UME Sens 55 AR SRk (1 ok B EDOAO,
AR RS R AR, R A2 AR R R PR A R IR R S R T KR T NI R
SRR RE S, HETCEC 20173 UENNR R H4E, HDOAOS +Fit /s A RFIEHATIEREXT L, {ESZDOAO
EA A IR M. 2R B AE R IR BRI R AN, i R iR 4, K DOAOH AL N
ZikHIRCADDOAO, FFEKNNZ KA G, Ml EARHEE B YbDOAO-KNN, O 4kl 24k
PEETT RRIIESCS . PRIE- PG N EAE . P50 AR P IRHIE T SR AN S5 s AT FE R E AT 4
b, BT TS A RAT BTG, 45 RR W], DOAOREMSTESEHISATREN IATIE T, =RIBRIL
RFFHIE, [FINRIESE 7 KGR, (R R PRI AT S5 h R — e e 1 5 R A AT ¢

&E 3k

[1] Sajed, S., Sanati, A., Garcia, J.E., Rostami, H., Keshavarz, A. and Teixeira, A. (2023) The Effectiveness of Deep Learn-
ing vs. Traditional Methods for Lung Disease Diagnosis Using Chest X-Ray Images: A Systematic Review. Applied Soft
Computing, 147, Article 1D: 110817. https://doi.org/10.1016/j.as0c.2023.110817

DOI: 10.12677/csa.2026.165176 207 THEYLRE 5 N


https://doi.org/10.12677/csa.2026.165176
https://doi.org/10.1016/j.asoc.2023.110817

KB

[2]

(3]

[4]

(5]
(6]
[7]

(8]
[9]

[10]
[11]
[12]
[13]
[14]

[15]

[16]
[17]

(18]

[19]

[20]
[21]

[22]

Wang, X., He, Q., Jian, W., Meng, H., Zhang, B., Jin, H., et al. (2024) Hybrid Feature Ranking and Classifier Aggrega-
tion Based on Multi-Criteria Decision-Making. Expert Systems with Applications, 238, Article ID: 122193.
https://doi.org/10.1016/j.eswa.2023.122193

Madhusudhanan, B., Sumathi, P., Karpagam, N.S., Mahesh, A. and Suhi, P.A.P. (2019) An Hybrid Metaheuristic Ap-
proach for Efficient Feature Selection. Cluster Computing, 22, 14541-14549.
https://doi.org/10.1007/s10586-018-2337-2

Yuan, C., Zhao, D., Heidari, A.A., Liu, L., Chen, Y., Wu, Z., et al. (2024) Artemisinin Optimization Based on Malaria
Therapy: Algorithm and Applications to Medical Image Segmentation. Displays, 84, 102740.
https://doi.org/10.1016/j.displa.2024.102740

Wang, A., An, N., Chen, G., Li, L. and Alterovitz, G. (2015) Accelerating Wrapper-Based Feature Selection with K-
Nearest-Neighbor. Knowledge-Based Systems, 83, 81-91. https://doi.org/10.1016/j.knosys.2015.03.009

Govindarajan, M. and Chandrasekaran, R. (2010) Evaluation of K-Nearest Neighbor Classifier Performance for Direct
Marketing. Expert Systems with Applications, 37, 253-258. https://doi.org/10.1016/j.eswa.2009.04.055

Duankhan, P., Sunat, K., Chiewchanwattana, S. and Nasa-ngium, P. (2024) The Differentiated Creative Search (DCS):
Leveraging Differentiated Knowledge-Acquisition and Creative Realism to Address Complex Optimization Problems.
Expert Systems with Applications, 252, Article ID: 123734. https://doi.org/10.1016/j.eswa.2024.123734

Storn, R. and Price, K. (1997) Differential Evolution—A Simple and Efficient Heuristic for Global Optimization over
Continuous Spaces. Journal of Global Optimization, 11, 341-359. https://doi.org/10.1023/a:1008202821328

Ghasemi, M., Zare, M., Trojovsky, P., Rao, R.V., Trojovska, E. and Kandasamy, V. (2024) Optimization Based on the
Smart Behavior of Plants with Its Engineering Applications: lvy Algorithm. Knowledge-Based Systems, 295, Article ID:
111850. https://doi.org/10.1016/j.knosys.2024.111850

Heidari, A.A., Mirjalili, S., Faris, H., Aljarah, I., Mafarja, M. and Chen, H. (2019) Harris Hawks Optimization: Algorithm
and Applications. Future Generation Computer Systems, 97, 849-872. https://doi.org/10.1016/j.future.2019.02.028

Li, S., Chen, H., Wang, M., Heidari, A.A. and Mirjalili, S. (2020) Slime Mould Algorithm: A New Method for Stochastic
Optimization. Future Generation Computer Systems, 111, 300-323. https://doi.org/10.1016/j.future.2020.03.055

Su, H., Zhao, D., Heidari, A.A,, Liu, L., Zhang, X., Mafarja, M., et al. (2023) RIME: A Physics-Based Optimization.
Neurocomputing, 532, 183-214. https://doi.org/10.1016/j.neucom.2023.02.010

Abd Elaziz, M., Oliva, D. and Xiong, S. (2017) An Improved Opposition-Based Sine Cosine Algorithm for Global Op-
timization. Expert Systems with Applications, 90, 484-500. https://doi.org/10.1016/j.eswa.2017.07.043

gk, FhVER, BB, & BA HIE N RN R AORM A BRI THEVIEL:, 2017, 44(S2): 119-122,
159.

Liang, J.J., Qin, A.K., Suganthan, P.N. and Baskar, S. (2006) Comprehensive Learning Particle Swarm Optimizer for
Global Optimization of Multimodal Functions. IEEE Transactions on Evolutionary Computation, 10, 281-295.
https://doi.org/10.1109/tevc.2005.857610

Seyyedabbasi, A. and Kiani, F. (2019) I-GWO and Ex-GWO: Improved Algorithms of the Grey Wolf Optimizer to Solve
Global Optimization Problems. Engineering with Computers, 37, 509-532. https://doi.org/10.1007/s00366-019-00837-7

Liang, H., Liu, Y., Shen, Y., Li, F. and Man, Y. (2018) A Hybrid Bat Algorithm for Economic Dispatch with Random
Wind Power. IEEE Transactions on Power Systems, 33, 5052-5061. https://doi.org/10.1109/tpwrs.2018.2812711

Chen, W., Zhang, J., Lin, Y., Chen, N., Zhan, Z., Chung, H.S., et al. (2013) Particle Swarm Optimization with an Aging
Leader and Challengers. IEEE Transactions on Evolutionary Computation, 17, 241-258.
https://doi.org/10.1109/tevc.2011.2173577

Cervante, L., Xue, B., Zhang, M. and Lin Shang, (2012) Binary Particle Swarm Optimisation for Feature Selection: A
Filter Based Approach. 2012 IEEE Congress on Evolutionary Computation, Brisbane, 10-15 June 2012, 1-8.
https://doi.org/10.1109/cec.2012.6256452

Mirjalili, S., Mirjalili, S.M. and Yang, X. (2014) Binary Bat Algorithm. Neural Computing and Applications, 25, 663-
681. https://doi.org/10.1007/s00521-013-1525-5

Mafarja, M. and Mirjalili, S. (2018) Whale Optimization Approaches for Wrapper Feature Selection. Applied Soft Com-
puting, 62, 441-453. https://doi.org/10.1016/j.as0c.2017.11.006

Taghian, S. and Nadimi-Shahraki, M.H. (2019) Binary Sine Cosine Algorithms for Feature Selection from Medical Data.
arXiv: 1911.07805.

DOI: 10.12677/csa.2026.165176 208 THEYLRE 5 N


https://doi.org/10.12677/csa.2026.165176
https://doi.org/10.1016/j.eswa.2023.122193
https://doi.org/10.1007/s10586-018-2337-2
https://doi.org/10.1016/j.displa.2024.102740
https://doi.org/10.1016/j.knosys.2015.03.009
https://doi.org/10.1016/j.eswa.2009.04.055
https://doi.org/10.1016/j.eswa.2024.123734
https://doi.org/10.1023/a:1008202821328
https://doi.org/10.1016/j.knosys.2024.111850
https://doi.org/10.1016/j.future.2019.02.028
https://doi.org/10.1016/j.future.2020.03.055
https://doi.org/10.1016/j.neucom.2023.02.010
https://doi.org/10.1016/j.eswa.2017.07.043
https://doi.org/10.1109/tevc.2005.857610
https://doi.org/10.1007/s00366-019-00837-7
https://doi.org/10.1109/tpwrs.2018.2812711
https://doi.org/10.1109/tevc.2011.2173577
https://doi.org/10.1109/cec.2012.6256452
https://doi.org/10.1007/s00521-013-1525-5
https://doi.org/10.1016/j.asoc.2017.11.006

	基于差异协作策略和稳定生长策略的青蒿素优化算法及其在高维医学特征选择问题的应用
	摘  要
	关键词
	Artemisinin Optimization Based on Differential Collaboration and Stable Growth Strategies and Its Application in High-Dimensional Medical Feature Selection Problems
	Abstract
	Keywords
	1. 引言
	2. 相关技术介绍
	2.1. AO算法简介
	2.2. 特征选择技术介绍

	3. DOAO算法
	3.1. 差异协作策略
	3.2. 稳定生长策略
	3.3. DOAO算法结构

	4. 基于差异协作策略和稳定生长策略的青蒿素优化算法对比实验
	4.1. 实验设置
	4.2. DOAO对比实验

	5. 基于差异协作策略和稳定生长策略的青蒿素优化特征选择方法在高维医学数据集上的实验
	5.1. 实验设置
	5.2. 数据集描述
	5.3. 特征选择实验结果与分析

	6. 结论
	参考文献

