[ Downloaded from tumj.tums.ac.ir on 2026-03-13 ]

oo lis

O (08T sladadn V o,lat Av 0,50 N6+ ) o 5log5 (S pople oISt ity 0uStils dhas Il ”\/”

SIdwd g3 iao (ko (L€ 9 sl iy 9N (b g (il
oS P SRy B ClblB b dad by 1 el

A

.

AR VRA/RR R IR F R VER Y TN SR VY R VIV JRR SN-A PP SRVEE ¥) SECH I

Al Bdaa Ly st 5 33 Gla b Sl oS 5 S S S S ol a5 i 5 4t
OIS 5 (S i ged Dbt s L s p e 0Ll dssazs Sl (ol (4l Ol gl 5 (olen Cnds
S o Y S35 5 Syt 0 Shas o BlE () 53 sblie Sl 2l cal cnl b e 3luesly
323 b Matlab R2021a i3l 5 53 S ()bl b3l sl 53 (Sis lsl slagz, K e S
S5 Kb e (s edd slamg Jolie Sledbl a1 La S5 bl Wil (3ladia VE0) Cligsl
Mini Batch K- 25,4z ool 45 gazes (suad 5 5| g 2550 il dotins 055 0 SV b gy S5 45 s0ea )
L o Jlasl OBl a8 gazee 45 S T 5 st 6‘%&)}@ el duasy s Shs gl 5 means

3C el s ( J5Ssn elidcans s 080D wosazes gl ol S Sl gl S5 lawsil
Cte 3550 05 Sl 2l ) sl (Sl 4 oS ims o a1 74 YL Sl b Coes Ll Ecoli (g SL
L€ ooila oy g eals de gamme gl conl oot Olziy sl dle b giuanas 55 O3S dw 5 OB
7A470Y FL 3Laal 5 ZAAAY (dlivar s S35 Sis ToA ook Sua Wl ki 54 Ol
s e doe |y TAMVA 33 oy Ot SO b 5 Sy dsed 5,05, kT e Cndws

p e OLSls as sazme (sl a8 S (S Sl slas o) siall 5 a0l Jol gl (g5t
s bduaas e a6 pdemens CoblB Aib o s Ol 03l 48 gezms Ogzen (S5s Voslal b 2
Glas 18 51 ol 3 L Las Sy ol (Sis olsnl aul 3 Jsb s wup la S sliws 8355

Sl o pdicilanl ooy N.Lp Sy sslSesls

K i gt o o Olar o s cpedle duatws (s 0l oLKL S 5 S ol oS lals

eyl blite ST e il

Slawle Oboy oS (gduatws C35 35 Lufjw S5 o 2eS
5 bl S sbdedls Tl Bolnohe 5 S s
S Oaa () besls 5 ame 3,555 55 S e s oS
Sl s besls Sl oline Cio 5 abl cay a5 il Jlesl
Soa cpiedkdastls (PCA) Lol gladd po o sl i

Tehran Univ Med J (TUMJ) 2022 October;80(7):546-62

http://tumj.tums.ac.ir

* Z. .. -
o336 5 5SS (5528 1L

o] Sy i g G piilign 59,5
oige oSS o Soa S Lot L oL ol 0]
isoish ol ot o oSl W

Ol s

*
axly s oK Ol g 1 ghee sk 55

055 B i oIS sb M
SN 5 B eige
CYV-AE YV il
E-mail: manavizadeh@kntu.ac.ir

4o dle

e S bl bt s bl p See Sl SO

Dl o Sd sl oS ool (Curse of dimensionality) sl -y &

Js 3 Kss 55 Loslal 2alS 0T wds sl 05SL el slenty
Lis Uslal J2alS Lol Glaal .ol Sy ol 5 S


mailto:manavizadeh@kntu.ac.ir
https://tumj.tums.ac.ir/article-1-11963-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-13 ]

IKas 5 5,548 LG otV

e sl SR Jals 58 s Jilie sl

b syt A b pen 5,00, SO L e sl
She S5k Gl s blie Sl (e B8 ks
L ooslinad 5550 alad Ko duazes o1, 5 o0 4lf (RFE)
Cnts FL 5Ll 5 Gl b s (235 byl gl asls

AN W]

Sorotmar shen wlie ey S
bl olein (Shs esmme fline Sl & ola S5
S s S b Shs b by GRIB S ey
2o Bl Sl jlude ol oad eslizul Sx§ oS!
G OAE bl B ed e S e e S (PMI)
3550 S memen Cosd Sl a5 ke e Shs
K K8 w JBs SIS B s e Sy bl
T3 Obe odd lmig blize Dbl Jlae 5 opes o ,sSl
S e gl a gy sl G st oo Ll S
ol el

48 gaze o550 5 Wodls DS A5l 53 (Shs obsl sl
ol edes e S bl biasl s 45 eap e OBl
JSs el ol Ok s ol LS 1 Esl
Vs e

GaLL e U 05 80k sl iss o3 Lol 6w
O Sl ade b Calid jlas SO 00 (Sl 5 4 p g se
abl 5 e Glp aupr b SSOk daol fb) ey
b eslid b oaysa b (silenr sl OSSN S
Aol Ll o Ul o it aenlasl cbajlas Mol alsls
5l a2 aols Slosen 5 0T Sl 5l adst 8 05,5 slaesls
A EANCRN N JCW K eNt

iy 4 gledys 5l eSO Jse 5 adyl dhis Sl
Coesl s o1 Ko 53wy ml loaig g > S0s
3 e lapa, S uad 5 labss op 538 5 5l o
S psbay badt dol 555 00 &S ey Sl aleda
Lol @loass 5 (Slek ol ) Ao Jitee U
aad s sliws s bl 5 aesls adilojlusy ol
o bl G badpt s 555, 53 5 (ISODATA)

las s laesls SuST, bl Shy w bl Saly
osls d((gliainn) oIS 4 il 5,555 oS J= 3 el L
syl o Aol D15l L sduail slex el cia L)
Gl 3 IS D5 sleesls SaS1, 1alS L oly SIS
ol Jgome psbar TS o B Sonl sl b (Shy b
ShAS i gl SIS b Olpew (LDA) o asils
RSB IBL L

Loasl 20l 5 ause, Shs ol sl Ly, S 5500
osls ln 2 (S el @ 5L 5 a2l (o308 Conle b S5
LS & Shs as s bl sl Lol (S glas o
2B S e seme ) it LB 3 b 552 Sk
Tl ane | G =6 oS L e il

M) 2 slafis) o Sda wls (IS sk
G, Loy G 5 bl g8 slajles da S5
ol end 35555 93 (ol 5 S 5 L s (Gdudil 255) e
Db DIl ol (S5 assezme 5 amslzel 5l s

rSile ol (g3luandiy g e A Sl slrs o
bpls oS 5 S o (Sitls Slosidis 58
(LDA o5y p3lie) SuSs 3l b Shy Il (giloaniy
5850, Lciaa &b ok ¢l SSUS slajlae 0 5SU AL e
U o 8l S0 e Mleds B e ba S s (Steas
Jlize SOl o ( S5 4 semme 5 Sl sk Gua
Vil NS ez sl (S 4 seme Ol

szl Sl gdoains Glafs, boalie 5o 2 s b,
03 epms ol bess Dl SV a5 Sa e
Sl 3,55 ol iolis Osls wepame (55lmer s
= oleeng 3 OF 5 (Sl slaws Gl b 5 (Sis ao s IS
53 Sl OS5I e 5,5 emmen 35l RIS Cua
(ol 5 das el Cesay Bda (OIS 5 Sy o bLISI s
Skl ezl Jsad Mo 5 o0 SVL gl Sy, 2o
S dakb ol B pl gyl boasls 58 pdieens
ot 5l Ad Sy bl ol ply 5 andls Coslant i,
53 gl Ao e oS Ol Sl mman 358 a8 0T o3
Al A5 0T gl a3 s ls s Sis ol

OFF GOFE Y o)los v 0,00 ) Fo ) o sl oKy ol olCils ( iy 0aCiils aloeo


https://tumj.tums.ac.ir/article-1-11963-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-13 ]

oA S (S QBT cull b s Glaidy s Spdle (sdbdicnd o iive s olaw (s S sé 5 adisii 0l U Al 5 (55l o

S S ol glag bl 3 (gluo s g laten
Loadpt OS5 0 0 opde a8 G s Sul ol L el
Sloisg ool asgeme Il skl gladsel 5 0
Xi € R™M oS D={X1, X2, X3, ..., Xp} 033 46 gaze ;5,3 L 555 0
Lo N i s 5 S8 53 ald b (Slad) sad 0 liasOLES Xi o
Dla o ¢ same (lotinS iy in w5 Gillae AL o M slas
A b5 (V) adaly po Bl Aol sl e (Omse) e
o gladgal 5 e S ERM ad gt S1oe 51 S apare K 88
s plonil SSleK a2 D o3y 4s ez 0

Juse = MinZ 2l f (S, x) — x|I? )

Cod aiged 4SES adst S e o S35 F(SX) cakaly ol 5o &S
gl s A3l e KRS el sl 5o esls a1y X el
ol as Lol 55 La WS slas b ol baad s sl ((g5leesls
e S oy e 5K S s
e ol nd g S UK s (Shs a3 4se0 8
Shedal st Sl b5l gl olrs iz Sl
33 Sl Gla WIS 5 Sy sl 5 blijl sy 5o b zudIS
50 23 s gh g 25l pldl holal el S5
KT Do gesn 5 Ao gl slas ol S50 ST sl B OIS
=V Ll ol el 1 ol i collae IS 4l 0IS
S o Ol 2L Dy son | psede 0l (O
H(S) = — X, P(s;)logP(s;) ™
H(Q|S) =T, P(s;)(~Zx Pd]s;) logP(dels;)) ™

MI(2,5) = H(1) — H(1|5) = ¥; ¥, P(s; N
Pisjndy)

di)log o oran

(t)
S (Shannon Entropy) osls 550 Sl Hlads, ol 55 o
& gal g ezl P(S) daad s a5 gz [ IS 4o saes
P(si N di) 5 i a5 55 4505 52> Jlax>I P(dK) 8 S 55
‘(‘_j‘ﬁ 0o LAl e Ok 5 §f STl 4l 5 el sl Jlez
crodol LPE N dO) pls mis ab dols Sl MLQ,S)

= st Gobel Jazas o2 318 5 QS 553 el PGP

Tehran Univ Med J (TUMJ) 2022 October;80(7):546-62

http://tumj.tums.ac.ir

3 e Sad ) Lpdk e S S5 adp a0l plsl
NQUEWE

Slr s oS Mg 558 Dbl Lile aade el
S s opms b osd e sledy o slaesls Jos
5 035 sl S5 ol L OBsIs as sazme (gl VU Slslos
MLl g Ak 38 s Sl

S5 She Pl Gy Kok s gl O el e
normalized o)l blize Sledbl Jold gduars 23
Olatis Jls p wdle Auazws 118 5 mutual information (NMI)
s o3 slgi, Linear support vector machine (LSVM)(\‘?I»'
oedle (5S0k esls oKL Sl aens psle OBl 4 pere sl
YL sl L UC Irvine Machine Learning Repository (UCI)
bl ol Tosie ey Sller 205 b S
45 gere 3 (e 3 oS Sduad, eols asgeze gl S
St Sl e 5Ok xS e Sl (S
PSS bl e E S el ke S e 52 0850
il s A, B Sl S ol Sas i 3 5 W
o ol 350 doad 2 i lzel (Bolal ()5 pal sl 25
Pt

S Sl Sl aSbe s cpl Glaal IS gba
O sls sl mlin (Sis SLtl gl sater A oS 5
ssba Sns Qb Ce e 5 ik C3s 2 Sy
Sre Pl gl wlie b b boawlie 55 Olejen
oRIPl a3 s (Sl gl la Sy G (S S
A P kS

IR I

s il o il 53l annlous Oloj cosls 4e yames o311 2al330 L

e Bl sy ol il s baesls b ol g3V
OSSlrK sy gl Res £ weals a5 same D35 Sy 5000
wogazme Slp il Sl dal e 5 B 3 s
S S sl glaaies 4 o Silek duad b oS5 080

G Lg;wh.a ul};’b\ ol


https://tumj.tums.ac.ir/article-1-11963-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-13 ]

e 5 5i LG 089

S eslinad b gduaias e sbasOlsl daly Sl L NMI
Bl b S5y ar lpy slas ol il 55l b S5
Ll ol sy o G 0T aglie b 5 0l 250
il sty S 52500 Sy
S Sl g Shy e Sl s b
Senen! 3 s il Gilpel s g a0 bl (S5l el
Gl (A ) sl 56 S el e sduas; o
adlles G o algid 500 50 Sl sk ) gl LS e
Codty gl 5 ol oalitol gy Sy 4 sazme 5 Sl Gl
i) 33 36 53 oS Sl pl Lk e alie Ol 3 ekel
syl s Sl K Sde addllas s (et
ol a5y S Waesls (gaies (sl s Oleis s eile
ol el Gl el S SUYM (S e s
G e my ASlcte ol et Gadipresd Anates
J= sln 5k 2550 Obey s ol 5 (oUtliers) &y (glacsls
ol LSS B s LIk OF sl 5 e sleber L cali
o gan ladised Sl (6o gdome Slad 4y annly b alies Ol
Sl s S L i 5y opl 5l s s (Olanis bl ) el
0855 sy 4 iletingy mb amle b 355 0 > (sparse)
Laesls de 3l J&es SVM 5 Slae (Lagrangean duality) (31 SV
ails gl gl o ape bl JaS L sy el
3133 50 Ol d= B 1y iz TS 015 s LSVM 5wy
g Jsl 5 eddgtuas, e Shs 1 Shs Jsed
bl 3 oS ol (S5 asgeme ) & SKoa S ady Jos
03530 31 g OIS 8 53 5 Ksd e Lol (ol (S 40 O
ol 38 o e L3l e e ls oy VL L (S
L Sy a5 2l 485 G Foml b Sy S5 6 Ay,
Syt A5 A > Shs 0353 S Go5e 53 Ml welil 053
Sl S5 a8 goma s 55 (Shis OF clas am | (gdyasas 235
O w2 S 545 0 Bl O geaiyl o 3 5 0l s ilS sl
3500 b Shs e e luasy IS b 1) ), S

Ao S 4 s 4 g
Input: The total set of ranked features, T={to, t1, to, ..., tn},

where n=total number of features, to=the highest ranked
feature, ta=the least ranked feature
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Input: The total set of ranked features, T={to, tu, tz, ..., tn},
where n=total number of features, to=the least ranked feature, tn

=the highest ranked feature

Output: The resultant subset for every eliminated feature
from the feature list

Begin

1. Lst=T and prev=0

2. [m,n]=size (data); Loop process

3. for k=0 to n-1, do (train the model based on LSVM
classifier and store the accuracy on acc)

4. data=data [Lst];

5. [labeltrain datatrain labeltest
datatest]=RandomSubsampling (data, 100, m, 1);

6. svmparms=-s 0 -t 0 -c 100

7. model=svmtrain (label (Iabeliain), datatrain, Symparms)
8. [labelassigned, acc, decision_value]=svmpredict
(label(labeltest), datatest, model);

9. if acc>prev then

10. prev=acc//to store the greatest accuracy

11. feature=k//to store the no. of feature eliminated

12. end if

13. Delete Lst [0] //deleting the least ranked feature
14. end for

15. return End
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Output: The selected set of features

Begin

1. Lst=T [0] and prev =0

2. [m,n]=size (data); Loop process

3. for k=0 to n-1, do (train the model based on LSVM
classifier and store the accuracy on acc)

4, data=data [Lst];

5. [labeltrain datatrain labeltest

datatest]=RandomSubsampling (data, 100, m, 1); svmparms="-s
0-t0-c100"

6. model = svmtrain (label (labeliain), datatrain,
svmparms);
7. [labelassigned, acc, decision_value]=svmpredict

(label(labeltest), datatest, model);
8. if acc>prev then

9. if (k#n-1) then

10. Add T[k+1] into the Lst
11. prev=acc

12. else

13. Print Lst

14. end if

15. else

16. Remove T [Kk] object from the Lst
17. if (k#n-1) then

18. Add T [k+1] to the Lst
19. else

20. Print Lst

21. endif

22. end if

23. end for

24. return Lst End
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Background: In the current study, a hybrid feature selection approach involving filter
and wrapper methods is applied to some bioscience databases with various records,
attributes and classes; hence, this strategy enjoys the advantages of both methods such
as fast execution, generality, and accuracy. The purpose is diagnosing of the disease
status and estimating of the patient survival.

Methods: Feature selection algorithms have been modeled in Matlab R2021a during April
and May 2022 in the framework of statistical pattern recognition. First, the features are ranked
based on normalized mutual information, as a metric of relevance and redundancy of features,
and accordingly, an optimum feature subset with the highest accuracy of classification is
selected. Two feature selection algorithms, i.e., inclusion of features enhancing the
classification accuracy and exclusion of irrelevant features are applied to the interest datasets,
subsequent to the mini-batch k-means clustering of records.

Results: At the end of the execution of both feature selection methods, evaluation
metrics including accuracy, precision, recall, and F1 score are measured and compared.
Both proposed feature selection approaches for the molecular biology, hepatitis C virus
(HCV), and E. coli bacteria datasets result in the precision and recall scores more than
98 percent, meaning that there are few false positives and false negatives in the linear
support vector machine (LSVM) classification. Regarding the HCV dataset, selection of
nine relevant features among the thirteen present ones using the feature exclusion
method yields the classification accuracy and F1 score of 98.92 percent and 99.02
percent, respectively. The feature inclusion approach also results in an accuracy of
98.78 percent with a slight discrepancy.

Conclusion: The results reveal superior strength of the feature selection methods used
here for life science datasets with higher-order features such as protein/gene expression
database. The potentials to generalize to other classifiers and automatically specify the
optimal number of features during the feature selection procedure make these
approaches flexible in many data mining applications for the life sciences.

Keywords: hybrid feature selection, life science datasets, linear support vector machine
(LSVM), mini-batch k-means clustering, normalized mutual information.
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