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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

5 ekd ol 3 sy 55 gl Sy ol glag; S
o5ke 42Ls )3 UCH o313 45 sazms 10 (51, Matlab R2021a 1331,
ol Gua b oIS 5 € (S Sslime sl b 2
Aol (g3lwesly V sl Bllas Hla Gli L 5 (ole

ooy Sl Ools a5 gaes 13 o 5 (Sl S35 B2 s dlm o 00
American standard code Sl sla SIS Jsles (34 slalS & ola S5 5
b (sladised 4 ¢opiomen Ll J45 for information interchange (ASCII)
ol 05 0303 Cd oo 5 ) 0303 a5 azme 3l ediaS ol

Gl o aua bl bl e (pend 5 aeslisl ) shaess
o O et ol b pedle dnanes 4l ady 5 (et
-\o ‘J:J_.LA)'T A3 e dlea s e oslimad  Balal (515 i ged
5 odkd LSSt slar 3550l (gl g b (g3l 45 )0
ol 05 LSYM sz 33 5 o desls (gliazus &3 S0k
A (©) wzn sl odis b LibSVM ) wn 3l eslizad b jiags
Tl old gileely et s G600 bl 5 e

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

http://tumj.tums.ac.ir

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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