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Abstract : Determining early-stage Brain tumor through gene expression data offers significant challenges for effective treatment.
Gene expression datasets typically consist of a multitude of features, each representing specific genes. However, the presence of
irrelevant or redundant features often leads to multicollinearity issues, complicating analysis and decision-making processes. To
overcome these problems, this research proposes the Bootstrapping Guidance Strategy based on the Spider Wasp Optimization
(BGS-SWO) approach for the feature selection of brain cancer gene expression. Initially, the two standard datasets as Curated
Microarray Database (CuMiDa) and the Cancer Genome Atlas (TCGA) are used for the estimation of the proposed method. Pre-
processing techniques like handling missing values and min-max normalization are performed to enhance the quality of the input
data. Then, the BGS-SWO approach is used for the selection of important features and these are classified by proposing the
Contextual Bayesian Optimization based Support Vector Machine (CBO-SVM) approach. The experimental results demonstrate
that the proposed BGS-SWO with CBO-SVM approach attains a better accuracy of 99.35%, precision of 98.34%, recall of 99.10%
and Fl1-score of 98.71% on CuMiDa dataset as compared to Depth-wise Separable Convolutional Neural Network (DSCNN)
method.

IndexTerms - Bootstrapping Guidance ‘Strategy, Gene Expression Data , Contextual Bayesian Optimization, Spider Wasp
Optimization, Support Vector Machine..

1.INTRODUCTION

Gliomas are the utmost general prime Central Nervous System (CNS), exhibiting the highest incidence and mortality rates among
tumors in both paediatric and adult populations [1]. Gliomas are categorized into major types, including glioblastomas, mixed
gliomas, oligodendrogliomas and astrocytomas [2]. World Health Organization (WHO) partitions the gliomas into different types:
Grade | (pilocytic astrocytomas), grade 11 (difuse astrocytomas), grade 111 (anaplastic astrocytomas), and grade 1V (glioblastomas),
with increasing levels of malignancy and aggressiveness [3]. Glioblastoma Multiforme (GBM) is the most aggressive and severe
form of glioma, with a median survival of 12 to 15 months following diagnosis [4]. It accounts for 15% of primary brain tumors,
46% of malignant brain tumors, and 60—75% of astrocytomas [5]. Early detection of cancer cell growth is crucial to improving
survival rates. However, the development of new therapies for gliomas is significantly hindered by their high heterogeneity across
molecular subgroups [6]. Histology itself is inappropriate for providing precise diagnosis and prognostic delamination required for
successful treatment. Integration of histological evaluation through molecular markers enables the most precise patient diagnosis as
well as hazard delamination [7]. Nevertheless, the most important prognostic molecular markers are specially required for
enhancing the diagnosis and long-term life quality of the patients through long-winded gliomas [8].

The present classification of gliomas incorporates both genomic alterations and histopathological features, providing
insights into tumor aggressiveness and patient diagnosis [9]. For lower-grade gliomas (Grades Il and II1), the mutation status of
isocitrate dehydrogenase 1 or 2 (IDH1/2) genes and 1p/19q codeletion are key molecular characteristics used for classification [10].
Microarray provides genome-wide patterns in gene expression, enhancing the clinical utilization of this advancement for illness
diagnosis, prognosis and treatment [11]. The identification and classification of gene expression using microarray data is an
efficient tool for cancer diagnosis and prognosis for particular cancer subtypes [12]. Artificial Intelligence (Al)-based learning
methods are essential tools widely used to extract significant features from gene expression data, playing a crucial role in gene
classification [13]. In cancer classification, it is important for the explicit identification of the features due to large data
dimensionality [14]. In modern days, Machine Learning (ML)-based approaches have obtained admiration in distinguishing cancer
cells because of the significance of the identification of important features as well as the applicability of the data [15].

The primary highlights of this paper are given as follows:

Pre-processing techniques like handling missing values and Min-max normalization are used for improving the quality of the input
features of CuMiDa and TCGA. This leads to more reliable, accurate and interpretable results in ML tasks.
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The Bootstrapping Guidance Strategy based Spider Wasp Optimization (BGS-SWO) approach is proposed for the selection of
important features from the brain cancer gene expression. The BGS-SWO crucially minimizes the dimensionality through the
selection of the most informative features, resulting in better accuracy results.
Contextual Bayesian Optimization (CBO) algorithm is utilized optimally tuning the hyperparameters of the Support Vector
Machine (SVM), commonly called the CBO-SVM approach. The CBO-SVM approach is utilized for the categorization of Brain
tumor gene expression.
This research paper is given as follows: Section 2 describes a literature survey. Section 3 demonstrates a proposed methodology.
Section 4 illustrates the results and discussion and Section 5 provides a conclusion of this research.

2.LITERATURE SURVEY

In this section, the existing works related to ML and DL based brain cancer gene expression are discussed, along with their
advantages and limitations.

Heba M. Afify et al. [16] introduced the Convolutional Neural Network (CNN) and Recurrent Neural Network (RNN) for various
categories of brain cancer gene expression. The 1-dimensional CNN (1D-CNN) approach pursued through the RNN approach with
and without Hyperparameter tuning approach of the Bayesian Optimization (BO) approach which is commonly called BO+1D-
CNN+RNN was also introduced for the classification process. A classification based on an introduced hybrid approach provided
the most precise and effective analysis for patients with various classes of brain cancer. However, BO supported to optimize
hyperparameters, and the performance of BO+1D-CNN+RNN hybrid was highly sensitive to initial choices such as the kernel size
in CNN.

Anju Das et al. [17] developed the DL approach of the Depth-wise Separable CNN (DSCNN) approach for categorization of large
cancerous and non-cancerous classes. In the pre-processing step, data augmentation was utilized to enhance data size and Min-max
normalization was utilized for normalize the input brain cancer gene expressions. An Enhanced Optimization (ECO) approach was
utilized for the selection of important features while the elimination of irrelevant and redundant features. The effectiveness of the
developed DSCNN approach was significantly enhanced through the resolution of dimensionality as well as overfitting issues.
However, data augmentation introduced synthetic artifacts that do not accurately model the biological variations potentially
minimized the model's ability to generalize effectively.

Amena Mahmoud and Eiko Takaoka [18] presented the various ML approaches for the diagnosis of liver cancer, integrated feature
selection approaches with the stacking ensemble learning approach. The feature selection procedure was performed for the
identification of the most appropriate gene expressions integrated with liver cancer. The selected features were utilized further to
train the stacking ensemble approach, integrated various individual approaches like Multi-Layer Perceptron (MLP), Random Forest
(RF), K-Nearest Neighbour (KNN) as well as SVM through meta-learner Extreme Gradient Boosting (XGBoost) approach to
predictions. However, the feature selection inadvertently discarded the features that were weakly correlated with the cancer.

Rabia Emhamed Al Mamlook et al. [19] proposed to apply ML methods to the classification of GBM instances from The Cancer
Genome Atlas (TCGA) data. Various supervised learning approaches like SVM, Gradient Boosting (GB), KNN, Logistic
Regression (LR) and Decision Tree (DT) were performed in an analysis. This finding demonstrated that the DT and GB approaches
were the most efficient for this classification task as well as attained better accuracy results. However, the presented ML approach
does not inherently provide insights into the underlying biological mechanisms or gene interactions associated with GBM.

Amol Avinash Joshi and Rabia Musheer Aziz [20] introduced the novel optimization algorithm of Particle Swarm Optimization
(PSO) through Cuckoo search (CS) commonly called PSCS. Then, the classified gene expression data of brain tumour through the
DL approach was utilized for the identification of various groups or classes based on the specific tumour along through the PSCS
optimization approach. An introduced PSCS approach with DL attained effective performance. However, the hybrid PSCS
optimization algorithm combined with deep learning, lacks interpretability.

From this overall analysis, some of the limitations have been identified: Highly sensitive to the model, affected the model’s
generalization ability, lack of interpretability and inadvertently discarded the features. Hence, to overcome these problems, this
research proposes the BGS-SWO approach for the optimal selection of features from the brain cancer gene expression. Then, the
CBO approach is performed to effectively tune the hyperparameters of the SVM approach.

3.METHODOLOGY

This research’s aim is to the effective and precise classification of Brain tumor gene expressions by proposing a feature
selection algorithm based on the BGS-SWO. This research comprises four important steps data acquisition using Curated
Microarray Database (CuMiDa) and The Cancer Genome Atlas (TCGA), pre-processing, feature selection through BGS-SWO and
classification by CBO-SVM approach. Figure 1 signifies a systematic diagram of the proposed CBO-SVM.
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Figure 1: Systematic Diagram of a Proposed Method
3.1 Data Acquisition:
The primary phase of this research is the data acquisition to validate the importance of the BGS-SWO with the CBO-SVM
approach. The two standard datasets named CuMiDa [21] and TCGA [22] are considered in this article for the evaluation of the
proposed method. The detailed information of these data is described below.
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3.1.1 CuMiDa Dataset:

CuMiDa is an open-source gene expression dataset that involves large-scale tumor microarray datasets curated from
30,000 Gene Expression Omnibus (GEO) educations. As demonstrated in CuMiDa, various classes were removed due to their
insufficient representation and failure to meet the standards required for reliable ML analysis. The data set is demonstrated in a
CSV file through 130 cells (samples) in rows and 54678 features (genes) in columns.

3.1.2 TCGA Dataset:

TCGA is a standard data platform for tumor genome schemes. It gives experimental as well as pathological information
on 33 types of tumor which are simple to acquire. TCGA dataset was utilized to identify clinical data and high-throughput RNA
sequencing (RNA-seq) data from patients with glioma. Then, the Fragments Per Kilobase Mer million (FPKM) involved in
HTseq were utilized for the identification of SLC31A1 transcript expression levels. Moreover, for the subsequent analysis of
RNA-Seq gene expression level 3 HTSeqFPKM data of 703 patients through glioma, clinical data are renovated into Transcripts
Per Million (TPM) recites.

3.2 Pre-processing:

Here, acquired data is utilized as income to improve the quality of a dataset. Pre-processing of raw data is important for
accurately classifying a brain tumor gene expression. In this research, pre-processing techniques like handling missing values and
Min-max normalization are performed.

3.3 Feature Selection using Spider Wasp Optimization:

When analysing the microarray data, selecting the important genes based on the gene expression data poses a significant
challenge. SWO [23] is a meta heuristic optimization algorithm which is encouraged through the behaviours of the hunting, nesting
and important parasitism of offspring of particular wasp species. The SWO algorithm involves hunting replication, nesting and
mating behaviour of female spider wasps in nature. A mathematical description of the SWO approach is provided below.

3.3.1 Population Initialization:
In SWO, every spider wasp is a candidate approach for an optimization issue which is formulated in equation (2) as
follows:

SW = [x1, X5, X3, o) Xp, | (2)

Where, D demonstrates the dimension; SW signifies an individual female wasp. A cohort of spider wasp population is initialized
through equation (3) as follows:

SW,=L+7#x(H-L) ©)

Where,  signifies an individual’s index; L and H depicts the lower bound and upper bound of problem solution; 7 denotes a
randomly produced D dimensional vector.

3.3.2 Exploration and Exploitation:

This phase imitates how female wasps identify more suitable spiders to forage their children. A female wasp utilizes the
continuous phase to arbitrarily look for a search space concerning tracing a spider that is appropriate for their offspring. This
searching process is implemented in equations (4) to (8) as follows:

SWi = SWE + g + (SWf — SWy) )
p = |rnf*m ()
W}f+1=ﬁf2+yz*(i’+?2*(ﬁ—f)) (6)

U, = B * cos(2ml) )
B=1/(1+¢Y ®)

Where, 7, and 1, denotes the consistently distributed random variables in [0,1]. t signifies the present iteration number. @, b and ¢
denotes the metrices of the intentionally selected wasps. {4 is utilized for an identification of the wasp movement’s direction; [

depicts the randomly produced from -1 to 2 respectively. rn signifies the random number produced through an actual distribution.
In pursuing the escaping phase, capturing wasp behaviour is formulated in equations (9) to (11) as follows:

S = {SE + i |2 % 75« SWf —SWE| 5 <y o
SWt xwvc otherwise

C= (2 —2x (t/tmax)) * T (10)

k=1—(t/tmax) 11)

Where, 73, 1, and 7y denote the random numbers in the range between 0 and 1; 7's denotes the vector where every element is a

random number; t,,,4, depicts the maximum number of iterations; vC’ signifies vector generated among —k and k based on an
actual distribution. During a nesting phase, a female wasp forces a paralysed spider into the pre-prepared nest. A nesting attitude is
formulated in equations (12) to (14) as follows:

SWHY = SW* + cos(2nl) * (SW* — SW}) (12)
SWH = SWE 475 # |y| + (ST/I&{ — Wf) +(1—r) *U = (Wbt - ST/I/'J) (13)
x4 1 ?7 > ?8
= 14
{0 otherwise, (14)
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Where, SW* signifies the present wasp through best fitness; U denotes the binary vector; 177 and 778 denotes the two random

vectors where every component is an arbitrary number in a range between 0 and 1; ¥ denotes the number generated based on levy
flight.

3.3.3 Mating Behaviour:
In SWO, each spider wasp symbolizes the possible resolution into the current generation, while spider wasp eggs stand for
newly created potential solutions into generation. The new solution is generated by using equation (15) to (18) as follows:

SWET = Crossover(SWY,SW},CR)  (15)

m/}”l=m/;+el*|,8|+v_1’+(1—el)*|/31|*77_2) (16)
Ge(ER M,
X, — X, otherwise
— Xp - Xc Xq < X,
vy = {xb e fxa) .f(xl) (18)
Xe — Xp, otherwise,

Where, EV_I/)it signifies the female wasps and Wft signifies the newly generated male wasps; Crossover denotes the crossover
tasks that happen with the probability CR. 8 and 3, depicts the randomly produced based on an actual distribution.

3.3.4 Population minimization and memory saving:

As a population iterates, some individuals persist for minimize, which is formulated in equation (19). For every individual,
if a wasp’s performance in a subsequent generation surpasses in the current generation, the unchanged individual will continue into
the following generation:

N = Npin + (N = Nppyin) X k (19)

Where, N;in, signifies a minimum population size which solves local optima. However, a present global optimal solution is in a
local optimal trap, a large number of individuals are directed into a trap, which improves the problem of local optima. Hence, to
overcome this, the BGS approach is incorporated into the conventional SWO approach. The detail of BGS is provided in the
following.

3.3.5 Bootstrapping Guidance Strategy

In nesting behaviour, Equation (7) directs a candidate solution toward globally optimal individuals, which helps enhance
the convergence speed of the approach toward a global optimum. To solve the local optima problem, the BGS is proposed in the
traditional SWO approach. The BGS is formulated in equation (20) as follows:

S—WitJr1 = m/)btetter + cos(2ml) . (SWbtetter 2 SWit) (20)

Where, S Wbtetter signifies the better individual in ¢ iteration. Bootstrapping with a better directing scheme ensures a convergence
speed of an approach that will enhance its capability to jump out of local traps.

3.4 Classification using Support Vector Machine:

The utilization of high-dimensional gene expression data to examine the state of a cell has significantly facilitated the
application of machine learning in cancer research. SVM [24] is a mathematical approach that is mostly used to solve classification
and regression problems. The SVM is mostly related for structural risk reduction idea as contrasting to an experiential error
minimization idea in Neural Networks (NN). SVM significantly employs linear as well as non-linear classification. This is
performed through the projection of the training dataset to higher dimensional space where an identified hyperplane separates the
classes of training data. Hence, the purpose of the SVM learning procedure is to pursue optimal linear support vectors in that
dimension.

3.4.1 Contextual Bayesian Optimization:

CBO allows the optimization functions based on an addition and external variables which are known as the contexts. A
concept involves a functional dependency on a context in the Gaussian Process (GP) process, however, to deliberate them fixed
when selecting further parameters to estimate.

For instance, provided a context z € Z defined by a background, this research models how the effectiveness and
constraint functions change across various contexts. This is achieved by extending a kernel function k, over parameters, along
with different kernel k,: Z X Z — R for the contexts, as formulated in equation (21) as follows:

AR
i N (21)

The kernel structure suggests that function values are connected when both parameters and contexts are equal. For
instance, selecting similar parameters “a” to a control approach leads the similar performance values if the contexts are similar.

Since the contexts lack an optimization condition, an improved type are utilized. This approach estimates the GP criterion

provided by the fixed context z,,, which is formulated in equation (22) as follows:
. 1/2
ay, = argmin p,_1(a,2,) + B/ 0n_1(a, 2, (22)

a€eA
Particularly, after observing a particular context sufficiently, Equation (22) will query parameters that are close to the

optimal solution.
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4. EXPERIMENTAL RESULTS

The importance of the proposed BGS-SWO with CBO-SVM approach is estimated by using different performance metrics such as
accuracy, precision, recall and F1-score.

4.1: Performance Analysis:

The effectiveness of the proposed BGS-SWO with CBO-SVM approach method is estimated with existing methods through two
different datasets like CuMiDa and TCGA respectively.

Table 1 demonstrates the performance analysis of feature selection approaches based on CuMiDa dataset. The significance of the
proposed BGS-SWO method is estimated and compared through other optimization approaches like Ant Colony Optimization
(ACO), Pelican Optimization Algorithm (POA), Golden Jackle Optimization (GJO) and SWO. The proposed BGS-SWO approach
attains a better accuracy of 99.35%, a precision of 98.34%, a recall of 99.10% and an F1-score of 98.71% on the CuMiDa dataset
respectively.

Methods | Accuracy | Precision | Recall F1-
(%) (%) (%) score
(%)
ACO 91.44 91.25 93.78 92.49
POA 92.19 93.28 94.12 93.69
GJO 94.28 95.29 95.32 95.30
SWO 96.28 96.39 97.56 96.97
BGS- 99.35 98.34 99.10 98.71
SWO

Table 1: Performance analysis of feature selection methods using CuMiDa dataset

The performance analysis of feature selection approaches based on the TCGA dataset is represented in Table 2. The significance of
the proposed BGS-SWO method is estimated and compared with the other optimization approaches like ACO, POA, GJO and
SWO. The proposed BGS-SWO approach attains a better accuracy of 99.01%, precision of 99.12%, and recall of 99.13% and
99.12% respectively based on the TCGA dataset.

Methods | Accuracy | Precision | Recall F1-
(%) (%) (%) score
(%)
ACO 91.48 91.12 91.38 91.24
POA 92.13 93.76 93.19 93.47
GJO 94.28 95.29 95.21 95.24
SWO 97.92 98.43 96.29 97.34
BGS- 99.01 99.12 99.13 99.12
SWO

Table 2: Performance analysis of feature selection methods using TCGA dataset

Figure 2 demonstrates the performance analysis of classification approaches based on CuMiDa dataset. The significance of the
proposed CBO-SVM method is estimated and compared through the other ML approaches like DT, RF, KNN and SVM. The
proposed CBO-SVM approach attains a better accuracy of 99.35%, precision of 98.34%, recall of 99.10% and F1-score of 98.71%
on CuMiDa dataset respectively.
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Figure 2: Performance analysis of classification methods using CuMiDa dataset

Figure 3 demonstrates the performance analysis of feature selection methods based on TCGA dataset. The significance of the
proposed CBO-SVM approach is estimated and compared through the other ML approaches like DT, RF, KNN and SVM. The
proposed CBO-SVM approach attains a better accuracy of 99.01%, precision of 99.12%, and recall of 99.13% and 99.12%
respectively based on the TCGA dataset.
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Figure 3: Performance analysis of classification methods using TCGA dataset
4.2 Comparative Analysis:

In this section, the effectiveness of the proposed BGS-SWO with CBO-SVM is estimated and compared with the existing
methods based on a CuMiDa dataset. Table 3 signifies a comparative analysis of the proposed method with the existing method. An
existing approach like 1D-CNN+RNN without BO [16] and DSCNN [17] are estimated and compared with the proposed BGS-
SWO with CBO-SVM approach using various performance metrics based on CuMiDa dataset.

Methods Accuracy | Precision | Recall F1-
(%) (%) (%) score
(%)
1D- 90 86 91.52 86.16
CNN+RNN
without BO
[16]
DSCNN 99.20 98.10 98.40 98.30
[17]
Proposed 99.35 98.34 99.10 98.71
BGS-SWO
with CBO-
SVM

Table 3: Comparative Analysis of proposed with existing methods based on CuMiDa dataset

4.2 Discussion:

In this section, the advantages of the proposed method and the limitations of the existing works are discussed. The limitations of
the existing works are: 1D-CNN+RNN without BO approach [16] performance was highly sensitive to the kernel size in CNN,
resulting in poor classification results. DSCNN [17] approach with data augmentation introduced the synthetic artifacts which do
not faithfully represent real biological variations, potentially impacting the model’s generalization ability. In [18], the feature
selection inadvertently discarded the features which were weakly correlated with the tumor. To overcome these problems, this
research proposes the BGS-SWO approach for the selection of important features for brain cancer gene expression. Gene
expression datasets are typically high-dimensional with many irrelevant or redundant features. BGS-SWO effectively reduces
dimensionality by selecting only the most informative features, which simplifies the model and speeds up computations. The
CBO-SVM approach is utilized for the classification of gene expressions.

5.CONCLUSION

The proposed BGS-SWO approach combined with the CBO-SVM, effectively addresses the challenges associated with brain tumor
identification using gene expression data. The research focused on optimizing feature selection by reducing redundancy and
mitigating multicollinearity issues in gene expression datasets, which are often characterized by a high dimensionality of features.
Primarily, the CuMiDa and TCGA datasets were utilized to evaluate the proposed method. Data pre-processing techniques such as
handling missing values and min-max normalization are performed to improve the quality of the datasets, ensuring more reliable
and accurate results. The selected features were classified through the CBO-SVM method, which leveraged CBO to fine-tune SVM
hyperparameters and improve classification accuracy. The experimental results demonstrate that the proposed BGS-SWO with
CBO-SVM approach attains a better accuracy of 99.35% and precision of 98.34% on CuMiDa dataset respectively as compared to
DSCNN. The future work will involve the Deep Learning (DL) approach to enhance the overall model performance.
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