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8Butterfly Optimization Algorithm (BOA).
9Particle Swarm Optimization (PSO).
1Whale Optimization Algorithm (WOA).
18imulated Annealing (SA).

1Reptile search Algorithm (RSA).
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1Machine Learning (ML).

2Wrapper Based Approach (WBA).
3Filter Based Approach (FBA).

4Linear Discriminant Analysis (LDA).
SFeature Selection (FS).

6Chimp Optimization Algorithm (COA).
7Dragonfly Algorithm (DA).



fa Seogoly la Sy g 5lwainge 3l eolitnl b (g5e jliwlio (goiaib sgup « Hou 2135 9,155 3>

Gl ola K 00,0l e aileads (61050 e
oyl gadads cdo U ocal onls 1zl polal (gandals
S oSl saintik Spuge slp Al s 553 ]
@ kel sla Ty 2al5 5 oLl 12 RSA o )sSUl  Solas

Al g gumards b el ouls 48,5 IS

OB W3 Gezum vyl -

g Abualigah lawgs o5 el oz (g 5lwdigy o ,sN SG RSA
S5 g ablsl slaylis, ancs a5 ¥ ] conl atil anwg o] Kan
STy b @l aes QB0 dadioss,S ol J0555,5
oo Vb pUlgs lo Jas oy IS aiile 0,8 4 amie (SG508
St Ll g oSl (38, ol ) (028, ol ) s gloy 4 055 slaly
5 el a8 L IS 4 U ass e ojlxl Ll 4 o S5y oy
Sl 9 SLaST Gl bl oy ) sl fos canb
dasb K5 5 iedgn 0 pobre ulul y aS aas o 7,5 |, RSA
ool U’““““y M)}ij‘ aS Al g b.»ala) (;4‘55 su.al 5 05)15- |
Sl ubé‘; 09N 9 Core> g (S U""?) kS.tRSA Ll 00l
4 axg L) ool 5 oz iluainte Plaw Wlgi e oS

WS o ol slecusgase

adgl > o (Y

w] LS‘LQAM.EJ u,uLw‘ » =LJ9| xxlf LS‘LQJDOU ﬁ\.l}/vc lJ"l B
&b g e slad (pioran Wigd o adg (V) dolre wisle
dslnn ) 5 ey polie sle g el osh iy 5 o5 o

Xy oo Xl,j X1 X

X1 X2,j Xona Xon

D ' X
x= . Lo

XNo1g o XN—l,j o Xy

[ Xna 7 XN Xnn X |

oolaiwl b oo adgs wails” sla J> ol oaims las X o1 jo a8

pll o ol ) sozns Jule pmal] Comdgn Xij g el (V) dolss
ol Lis 50N .ol 0gdll sla J> ol y Slaai N g s oo LS |
o] Aliin c)’b&‘

x;=rand UB-LB)+LB, j=12,..,n (2)

3. Metastatic brain cancer.
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Algorithm 1 Pseudo-code of the Reptile Search Algorithm (RSA)

10:
11:

12:
13:

14:
15:

16:
17:

18:
19:

20:
21:
22
23:
24:
25:

Initialization phase

: Initialize RSA parameters a, 5, etc.

Initialize the solutions” positions randomly. X: i=1..... N.

1
2
3
4: while (r = T) do
5:
[}
>
B3
9

Calculate the Fitness Function for the candidate solutions (X).
Find the Best solution so far.
Update the ES using Equations (6).
The beginning of the RSA
for (i=1 to N) do
for (=1 to n) do
Update the y, R, P and values using Equations (4), (5) and
(7), respectively.
if (1 < {E} then
Xt + 1) = Bestj(1) % - Ry pir) X f - Ry (1) % rand,
{High walking}
else if (1 < 2% and r > %} then

Xt + 1) = Bestj (1) x X, 5y x ES(@) % rand, o {Belly
walking}

else if (1 < 3% and r > 2%] then
Xt + 1) = Besi(i) x Pyt % rand, > {Hunting
coordination}

else

Xt + 1) = Bestj (1) - ng (1) = e - Ry p(t) = rand, &
{Hunting cooperation}
end if
end for
end for
t=t+1
end while
Return the best solution { Besr(X)).
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el 00 &5l gls g0 4 RSA i )oY S j0 pion
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Initialize the RSA

lize the
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parameters B, a

candidate soluti

Apply the High
walking (£q. 3-a)

Fxnloration

Apply the Belly
walking (Eq. 3-b)

Return the best
solution

Apply the Hunting
cooperation
(Eq. 9-b)

Apply the Hunting
coordination
(Eq. 9-a)
Exploitation
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1Random Forest.
2Decision Tree.
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Improving brain metastasis classification using radiomic feature
optimization
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Abstract

This study aimed to improve the accuracy of brain metastasis classification on a comprehensive dataset of brain MRI images along
with clinical and morphological data. The increasing size of medical datasets has created a number of high-dimensional features
that negatively impact machine learning classifiers. In machine learning, the feature selection process is fundamental to selecting
the most relevant features and reducing redundant and irrelevant ones. Optimization algorithms demonstrate their ability to solve
feature selection problems. The Reptile Search Algorithm is a new nature-inspired optimization algorithm that simulates the
surrounding and hunting behavior of crocodiles. The unique search of the RSA algorithm yields promising results compared to
other optimization algorithms; therefore, this algorithm is used in this paper to search for the set of important features. In this paper,
the random forest algorithm is used to classify the data. That is, initially a random forest model was trained on all radiomic features
in the dataset. Then, a subset of important features was selected using the metaheuristic optimization algorithm for reptile search.
Then, the classification results were compared in two cases. The first case without applying the RSA algorithm, and the second
case with applying the RSA algorithm and selecting important features. The results showed that by applying the RSA algorithm,
data classification was improved, and this approach can help in faster diagnosis and prediction of brain metastasis. Also, by using
this powerful optimization, the speed of model training and its quality can be significantly increased.

Keywords: Brain metastasis, radiomic features, feature selection, random forest, reptile search algorithm.



