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Abstract

The monkeypox virus is the virus that causes mpox, often known as monkeypox. It can lead to symptoms such as fever, en-
larged lymph nodes, and a severe rash. The majority of patients experience full recovery; however a few may get seriously ill.
Transmission of monkeypox from animals to humans happens by bites, scratches, or actions including hunting, skinning,
trapping, cooking, handling carcasses, or consuming animals. Identifying and analyzing the monkeypox virus is of great sig-
nificance. This study conducted a comparative analysis of ensemble learning techniques, specifically focusing on boosting
models using datasets related to monkeypox. In this study, we conducted an analysis on a publically accessible dataset by
subjecting it to evaluation using five pre-existing ensemble learning techniques, specifically focusing on boosting models.
For the boosting classification of the monkey pox disease, five different classification models are used: Adaptative boosting
(AdaBoost), Gradient Boosting Machines (GBM), Extreme Gradient Boosting Machine (XGBM), Light Gradient Boosting
Machine (LGBM), Cat Boost Classifier (CBC). Four assessment measures were employed in this study to compute the classi-
fication accuracy, which involves F-Score, Accuracy, Precision, and Recall. Five ensemble learning boosting models were em-
ployed to classify the training model. Among them, the AdaBoost model demonstrated superior performance in terms of
both time consumption and accuracy, with a score of 97.67%. GBM model obtain accuracy score 93.02%. The classification
accuracy of the Extreme Gradient Boosting Machine (XGBM) was found to be 95.34%, Light Gradient Boosting Model (L-
GBM) (achieved accuracy of 93.02%), Cat Boost Model achieved accuracy of 93.02%. The AdaBoost method demonstrated

the highest level of accuracy for this specific task, resulting in an approximate accuracy rate of 97.67%.
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Introduction

The monkeypox virus was initially identified in Denmark in 1958 in monkeys used for research. Despite the global disturbance
caused by the outbreak of Covid-19 in 20020, the occurrence of Monkeypox in 2022 has brought to light the arrival of another
highly prevalent virus. In order to distinguish Monkeypox disease from other der-matological conditions with similar charac-
teristics, such as chicken pox and measles, it is imperative to accurately identify it. The utilization of artificial intelligence (AI)
tools could aid in the identification of viruses through the application of virus image processing and analysis. Various diseases
are currently posing a threat to public health, peace, and safety worldwide. Early diagnosis and detection of monkeypox are cru-
cial for efficient treatment and prevention of further disease transmission [1, 2]. Since May 2022, there have been documented
instances of massive monkeypox epidemics in many places worldwide [3, 4, 5]. The symptoms of the viral zoonotic disease
monkeypox are comparable to those of smallpox patients [6]. The primary etiology of the disease is attributed to infection with
the DNA viruses that cause orthopox and monkeypox [7]. The orthopoxvirus genus utilizes many techniques to circumvent the
host's immune defenses. enabling the virus to infiltrate the host's systems without being identified or recognized [8]. Africa is
home to two separate strains of the Monkeypox Virus (MPXV), namely clade I, which is prevalent in central Africa, and clade
I1, which is found in western Africa [9]. In contrast to smallpox and chickenpox viruses, which are transmitted solely through
direct interpersonal contact with an affected individual, MPXV has the potential to be transmitted between animals and hu-

mans through the exchange of blood and other bodily fluids.

The transmission of Monkeypox primarily occurs through direct contact with infected individuals or con-taminated objects,
and the spread is further exacerbated by factors such as high population density and unrestricted international travel [10-12].
The primary diagnostic methods, including the polymerase chain reaction (PCR) technique and electron microscopy examina-
tion of skin lesions, while accurate, are often time-consuming and resource-intensive [13]. These challenges highlight the ur-
gent need for faster, more accessible diagnostic solutions. Recent research by Sitaula and Shahi (2022) [14] examined and com-
pared 13 pre-trained deep learning models to identify the Monkeypox virus. However, these approaches heavily depend on
high-quality patient photos, which may not always be available, especially in resource-limited settings. Similarly, Khafaga et al.
[15] employed a deep convolutional neural network and achieved a high accuracy of 0.98, yet this method is also restricted by
the need for extensive image datasets. Bala et al. [16] developed MonkeyNet using the MSID (Monkeypox Skin Images Da-
taset), building a modified DenseNet-201 deep neural network, while Ahsan et al. [17] created the GRA-TLA model, combin-
ing Transfer Learning techniques for classification tasks. Although these image-based models show promise, their reliance on
visual data restricts their application in scenarios where rapid or early symptom-based diagnosis is critical. In contrast, predic-
tive modeling approaches focus on forecasting case numbers but are less applicable to direct diagnosis. Marwa Eid et al. (2022)
[18] introduced a novel approach using optimized Long Short-Term Memory (LSTM) models trained on tissue data to forecast
confirmed monkeypox cases, which, although innovative, does not address immediate diagnostic needs. Iftikhar et al. [19] pro-
posed a method for predicting monkeypox cases using machine learning models applied to trend and residual subseries of time
series data. Similarly, Bhosale et al. [20] conducted a study using time-series data analysis for epidemic prediction. However, th-
ese methods prioritize trend analysis over direct symptom-based diagnostic capabilities, limiting their practical use in clinical
settings. Kumar Mandal et al. [21] combined machine learning with Particle Swarm Opti-mization (PSO) to analyze monkey-
pox cases, demonstrating a computational algorithm inspired by biology to find optimal solutions [22]. Despite offering valu-
able insights, PSO and similar complex algorithms are computationally intensive and less suited for real-time or accessible diag-
nostics. These limitations underscore the critical need for novel approaches that can bypass the dependency on images and

computationally demanding processes, paving the way for more accessible, symptom-based diagnostic models.

Furthermore, it is imperative to conduct thorough validation and testing of these algorithms to guarantee their reliability and
accuracy prior to their use in real-world scenarios. This study conducted a comparative analysis of ensemble learning tech-

niques, specifically focusing on boosting models using datasets related to monkeypox. Traditional image-based diagnostic meth-
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ods often face challenges, such as the need for high-quality images, limited accessibility, and high computational costs, which
can hinder timely and accurate diagnosis. To summarize, this research showcases the capability of employing ensemble learn-
ing boosting methods to identify monkeypox by analyzing symptoms rather than relying on photos. The XGBoost model and
AdaBoost model have demonstrated favorable outcomes in terms of accuracy and possess the capability to be employed in prac-
tical scenarios to enhance the speed and precision of monkeypox diagnosis. Among the five models tested, AdaBoost showed
superior performance with an accuracy rate of 97.67%. However, additional investigation and verification are necessary to guar-
antee the dependability and precision of this model prior to its practical application. As far as the author knows, it is the first

method of diagnosing monkeypox illness based on symptoms.

The key contributions of this work are listed as follows:

1.Generating a dataset based on symptoms by utilizing published reports of monkeypox sickness;

2.Introducing the inaugural prototype for diagnosing monkeypox only relying on symptomatology;

3.Applying comparison to analyze the results of the ensemble learning boosting methods;

4.Assessing and contrasting various ensemble learning boosting methods, namely AdaBoost, GBM, XGBM, LGBM, and CBC.

For the boosting classification of the monkeypox disease, five different classification models are used: Adaptive boosting (Ada-
Boost), Gradient Boosting Machines (GBM), Extreme Gradient Boosting Machine (XGBM), Light Gradient Boosting Machine
(LGBM), and Cat Boost Classifier (CBC). Four assessment measures were employed in this study to compute the classification
accuracy, which involves F-Score, Accuracy, Precision, and Recall. These findings underscore the importance of leveraging
ensemble learning boosting techniques in symp-tom-based classification of monkeypox, marking a step forward in non-im-

age-based diagnostic approaches Five ensemble learning boosting models were employed to classify the training model.

Method and Data Source

Data Sets Collection

The dataset utilized in this research is publicly available on Kaggle, uploaded by the user 'Larxel’, and is labeled "Global Monkey-
pox Cases (daily updated)" [23]. The data is gathered by the organization "Global Health" and utilized by the "World Health Or-
ganization". This dataset provides a chronological record of confirmed instances in relation to their corresponding dates. Addi-
tionally, it includes supplementary information for each reported instance [24]. The dataset exhibits a wide range of symptoms
that lack a distinct and organized framework. Moreover, the sickness is not influenced by cities or countries. After analyzing
the data, we extracted only two specific columns, namely "Symptoms" and "Status". Consequently, we created a new dataset us-
ing this selected information. This was accomplished by generating columns for each symptom present, assigning a value of 1 if
the patient exhibited the symptom and 0 if not. Due to the absence of a standardized structure for documenting patient infor-
mation, even identical symptoms were documented in varying ways, as the data was renewed on a daily basis. For instance, the
term "Rash" is grouped together with other titles like "Rashes", "Rash on the skin", "skin rashes", and so on, due to their similari-
ty, and so they were merged. Ultimately, there were about 46 columns total; one was for identification, 44 were for symptoms,
and the last column was for the condition of the disease. Following the specified procedures for data cleaning, only 44 instances
exhibited clear and distinguishable characteristics, thereby constituting our dataset. The resulting dataset exclusively consisted

of binary values (0 and 1) and did not require any additional preprocessing.
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Label Encoded Features Extraction Method

A method used in data analysis and machine learning to portray discrete classification as continuous measures is label encod-
ing. Given that the majority of machine learning models exclusively operate with numerical data, it is highly advantageous to
utilize methods that require numerical input. We have dissected the internal mechanisms of label encoding and will now de-

monstrate how to implement it in Python.

For a clear example, consider a dataset that has information about various diseases. In this dataset, there is a column called "dis-
ease ‘monkeypox" which includes categorical values such as "positive monkeypox" and "negative monkeypox". Label encoding
is a process that turns categorical data into a numerical format by assigning a unique numerical label to each discrete category

[25]. The monkeypox virus dataset, used for validation and demonstration purposes, was acquired via Kaggle [26].

Extraction of Features: The monkeypox disease affected the significant characteristics or attributes that were used to differenti-
ate between the two categories, which were extracted from the datasets. Given an input X with 47 independent test set features,
only 47 of these features had an impact on the label or target monkeypox labels values. The remaining feature, "ID," is unimpor-

tant or uncorrelated. Therefore, we utilized these 10 features for model training [27].

Data Pre-processing is an essential step in transforming data into a useful and effective format for the machine learning algo-
rithm. Data normalization is the initial approach employed for data pre-processing. Next, the employed pre-processing ap-
proach is label encoding. This technique is utilized to assess the dependent variable, specifically whether or not an individual
has monkeypox. All string values in the output variable are substituted with 0 and 1, which determine the targeted class as
shown in Table 1. The dataset included several values for many features, including HIV infection, swollen tonsils, oral lesions,
solitary lesions, penile edema, sore throat, rectal pain, and systemic illness. The values that were missing were filled in by replac-

ing them with the median value of a specific property. This data-preprocessing approach is alternatively referred to as median

replacement.
Table 1: dataset used in our work 211 ID column, 47 columns of symptoms, labels outcome

ID |rash| skinlesions |headache| ulcerative lesions blisters on .| .| . |47 | Outcome
1 1 0 0 0 0 0j0|0| 0 1
2 1 0 0 0 0 00|11 1
3 1 0 0 0 0 1/1(0|0 1
4 1 0 0 0 0 0/0(0| 0 1
5 1 0 0 0 0 11011 1
6 1 0 0 0 0 0(0|0|0 0

209 1 0 0 0 0 0/1{0 0

210| O 1 0 0 0 1(0] 1 0

211 O 1 1 0 0 (0] 1 1
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Method

Proposed Method

This work aimed to boost, a machine learning method that can turn weak learners to a powerful classifier. An ensemble meta-al-
gorithm is employed to mitigate both bias and variation. On one hand, Weak learners are classifiers that perform only slightly
better than random guessing. On the other hand, strong learners are classifiers that achieve high accuracy and form the founda-
tion of boosting ensemble methods [28]. The core concept of boosting entails repeatedly applying the underlying learning algo-
rithm on modified versions of the input data Boosting techniques train a poor learner with input data, Identify the training sam-
ples that were categorized wrongly, calculate the predictions made by the weak learner, and then train the next weak learner us-
ing an updated training set that includes the previously misclassified cases. The proposed methodology has undergone empiri-
cal evaluation using advanced methodologies and base classifiers, including AdaBoost, GBC, LGBM, XGB and CatBoost. This
research focuses on enhancing the outcomes and precision of monkey pox disease detection. We have suggested employing an
ensemble of machine learning algorithms, utilizing a boosting classifier, to perform binary categorization of diseases as either
positive or negative. Data a pretreatment procedure has been performed before to inputting it into the model, and this is subse-

quently followed by data augmentation.

The proposed framework of the suggested ensemble technique, which utilizes a boosting classifier, is depicted in Figure 1. "Ada-
Boost, GBC, LGBM, XGB and Cat Boost" are acronyms for boosting methods, which are algorithms used in machine learning.
Boosting methods refer to a distributed gradient boosting library that prioritizes speed, adaptability, and user-friendliness. The
Gradient Boosting framework is utilized for its execution. It provides a parallel tree boosting technique to efficiently and accu-
rately tackle a broad spectrum of data science problems. Using a series of relatively weak individual classifiers, the ensemble
learning technique known as "boosting" creates a final classifier that is both strong and dependable. Boosting algorithms excel
in the bias-variance trade-off. Boosting algorithms are considered more efficient than other algorithms that only tackle high
variation in a model. This is because boosting handles both bias and variance, which are the two drivers of mistake. Due to its
capacity to easily adapt to different sizes and demands, it has recently experienced a surge in popularity and is now widely ac-
cepted as the norm for organizing and managing structured data. XGBoost is a faster and more efficient version of gradient
boosted decision trees (AdaBoost) that prioritizes speed and efficiency. A predictive model for assessing the risk of Monkeypox
virus in affected patients was developed using the XGBoost ensemble approach. This model was then compared to five boost-

ing methods which commonly used boosting machine learning algorithms.
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Figure 1: Proposed Framework Ensemble Learning for Boosting method

The machine learning technique known as ensemble learning, can be employed for the purpose of classifying monkeypox. This
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study conducted a comparative analysis of 1 Ensemble Learning technique, specifically boosting approaches, using datasets re-
lated to monkey pox. The results of ensemble learning tests conducted on the monkey pox datasets revealed that the Boosting
approach was effective. The AdaBoost model, GBM model, Extreme Gradient Boosting Machine (XGBM), (LGBM) models
and Cat Boost Model achieved the greatest accuracy using datasets. This study involved a comparison of ensemble learning ap-

proaches, specifically the boosting method, using monkeypox datasets.

Boosting is an ensemble learning technique that utilizes a single base model type and employs adaptive sequential learning,
where the results of each base model depend on the outcomes of the preceding base model. These results are then merged to

achieve optimal performance. The selected model for boosting ensemble learning is:

AdaBoost (Adaptive Boosting)

Using a basis algorithm, usually a decision tree, a base classifier is trained as part of the AdaBoost ensemble learning technique.
The sample weights are modified based on the classifier's predictions, and the revised samples are then used to train the next
classifier. Consequently, the samples that were categorized incorrectly are given higher weights, while the samples that were
classified correctly are given lower weights. This makes sure that samples that aren't correctly classified will be given more atten-

tion by subsequent classifiers.

This paper provides an overview of the critical factors influencing the AdaBoost algorithm gives weight to each item within
training set. The weight D, (i) of each sample x; and the weight update D, (i) are computed for a collection of labeled training
instances, represented as S={(x,, y,) (X, ¥))_ (X,.» Ym)}> Where y; denotes the target label of sample x; and y, belongs to the set

Y={-1, +1}. Multiple research have analyzed the consequences of this dataset.

1
Di(i) =~ i=12.,m (1)

. Di(d) .
Dt+1(7’) = eXp(_a’tyiht(xi))? 1= 1727 ceey (2)
t
The function h, (x) denotes the fundamental classifier, where t=1, ..., T represents the total number of iterations. Z, is a factor

used for normalization, the symbol a, represents the allotted weight for the classifier h, (x). The weight quantifies the signifi-
cance of the classifier h, (x) in determining the ultimate prediction of the classifier. The cases that are mispredicted in are given
higher weights in the training cycle. Moreover, is chosen in a way that guarantees the transformation of into a distribution. and

at are derived using the following equations:
Z Dy (i) exp(—aryihu(zi)) (3)

) (4)

1—-¢€
:éln( t

S

The classifier's error rate, represented as t, is obtained using the following method:

€ = Plh(x;) # y) = ZD Ihy(zs) # yi] (5)

According to recent research, the last strong classifier is calculated using the following methods once the designated amount of

iterations have been completed:
T

H(z) = sign() _ahi(z)) (6)

t=1
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Empirical evidence appears to confirm the notion that algorithm 1 provides a concise summary of the AdaBoost method. Imple-
menting AdaBoost is straightforward and requires minimal tuning of its hyperparameters [29]. In addition, AdaBoost is ver-
satile and may utilize many algorithms as the underlying learner. As a result, the underlying learner can be any method that is
appropriate for a given application, and AdaBoost can improve its performance. Due to the iterative nature of AdaBoost's learn-

ing process, overfitting may occur from noisy data and outliers.

GBM Stands for Gradient Boosting Machines

A machine learning technique called gradient boosting makes advantage of the boosting technique to build strong ensembles.
The primary methodology primarily use decision trees as the foundational learner to construct a resilient ensemble classifier,
commonly referred to as a gradient boosted decision tree (GBDT). The notion of gradient boosting was initially proposed by

Breiman, who observed that boosting may be seen as an optimization method employed on a specific loss function.

Later on, Friedman [30] created an improved gradient boosting technique. The algorithm's learning procedure entails sequen-
tially training new models in order to acquire a resilient classifier. The technique is created incrementally, following a similar
approach to previous boosting approaches. However, Its primary goal, though, is to develop base learners with a significant

link to the ensemble's loss function's negative gradient [31].

By utilizing a training set S={xi, yi} N1, the gradient boosting technique aims to minimize the given loss function L(y, F(x)) by
approximating the function F.(x), which transfers the predictor variables x to corresponding responder variables y. The Gradi-
ent Boosted Decision Tree (GBDT) approach builds an additive estimation of the function F(x) by computing a weighted com-

bination of several functions:

fi(@) = Fon1(2) + pmbhm () (7)

The mth function, h (x), has a magnitude denoted by the symbol. Decision tree models within the ensemble are represented by
these functions. The approximation is performed iteratively by the algorithm. Meanwhile, a continuous estimation of Fy(x) is

obtained using:

Fy (z) = argmin, Z L(y;,a) (8)

Subsequent base learners strive to minimize.
N

(Pmhum(2)) = argming,, Z L(yi, Fin-1(zi) + ph(z:))  (9)

Instead of directly solving the problem of optimization, every hm can be viewed as a step of a greedy gradient descent optimiza-

tion for F0 Thus, each h,, undergoes training using a distinct training set D={xi, r,,;} Ni=1, where r,; denotes the false residuals,

mi

this is the difference between the actual label and the output of a single base classifier. Pseudo residuals, another name for the

term "false residual,” are computed using the following formula:
OL(yi, F(x))
Tmi = [5;—(56)]1?(@:%1@) (10)

Afterwards, the value of is determined by the process of line search optimization. However, if the iterative job is not sufficiently
regularized, this technique may suffer from overfitting. When it comes to certain loss functions, like the quadratic loss func-
tion, an early iteration termination will take place if the inaccurate residuals reach zero in the subsequent iteration, even if h,, ac-

curately models the incorrect residuals.
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In addition, much research has been conducted on various regularization hyperparameters to improve the optimization of the
additive learning strategy used by the GBDT. Nevertheless, the inherent method of regularizing the Gradient Boosting Decision
Tree (GBDT) involves utilizing shrinkage to restrict each gradient descent step Fi (¢) = Fy—1 (2) + vpmhm (), where 0.1 is

typically assigned to the value of v [32]. Algorithm 2 provides a concise summary of the gradient boosting technique.

It is generally accepted wisdom that significant benefit of gradient boosting is its ability, similar to other methods for boosting
algorithms, to effectively learn intricate patterns seen in the input data. In order to accomplish this, the model undergoes train-
ing to rectify errors generated by the preceding model. However, if there is noise in the input data, a model constructed using
this technique has the potential to overfit and capture noise, as indicated by references [33] and For applications that use small

datasets, this method works well .

XGBM, Short For Extreme Gradient Boosting Machine, Is a Powerful Machine Learning Technique

An ensemble model is produced by the machine learning algorithm known as XGBoost, which mixes decision trees with the
gradient boosting framework. This approach is highly scalable and exceptionally precise, making it well-suited for both regres-
sion as well as classification applications. XGBoost has emerged as the dominant algorithm in the realm of applied machine
learning and has achieved victory in numerous Kaggle tournaments. The approach was created in 2016 by Chen and Guestrin,
and it offers significant improvements over the traditional gradient boosting algorithm. The loss function of XGBoost incorpo-

rates a regularization term to mitigate overfitting, distinguishing it from gradient boosting [34].
n M
L(F(2:) = ) L(ys, Flz)+ ) Qhw) (11))
1=1 m=1

The discrepancies between the target variable's actual class and its anticipated class are calculated using a loss function called
L(*). While F(x,) is the forecast for the i-th occurrence during the M-th iteration, on the other hand. A regularization term is de-

noted by the symbol Q(h,,) and is described as follows:
1
Q) =" + A | wl? (12)

The complexity parameter, represented by the symbol Y; is the minimum amount of loss reduction gain needed to divide an in-
ternal node. Increasing the value of results in the generation of less complex trees. Furthermore, represents the leaf nodes' out-
put, is the number of leaves in the tree, and is a penalty parameter. The objective function is approximated by a second-order
Taylor algorithm in XGBoost, as opposed to first-order derivative employed in GBDT. Hence, Equation 13 is consequently al-

tered as follows:
Ly & ; [9iFm0) + Shifn (2] + Qi) (13)

Here, gi and hi stand for the loss function's initial and secondary derivatives. To determine the final loss value, We can add to-

gether each leaf node's loss values, where Ij represents the leaf node j samples. Therefore, the objective function is expressed as:
T
1
2
Lar =) 1Y _gwi+ 53 hi+ Nwf] +yT (14)
J=1 €lj i€lj

In essence, the goal function is approximated quadratically through the optimization process. Furthermore, XGBoost is resis-
tant to overfitting since it incorporates a regularization term [35]. The XGBoost approach, similar to the gradient boosting algo-

rithm, utilizes maximum tree depth, learning rate, and subsampling to avoid overfitting the model.
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LGBM Stands for Light Gradient Boosting Machine

Microsoft developers developed LightGBM, a very effective version of the gradient boosting technique, in 2017. [36]. This tool
is versatile and may be applied to various machine learning tasks such as classification, ranking, and other similar challenges.
To improve training speed and yield better accuracy, the LightGBM algorithm combines two cutting-edge methods: Exclusive
Feature Bundling (EFB) and Gradient-based One-Sided Sampling (GOSS). GOSS is a modified gradient boosting technique
that considers training examples with greater gradients, resulting in accelerated learning and reduced computational complexi-

ty in the model.

In particular, the GOSS technique [only computes the information gain using the remaining training instances after a signifi-
cant number of cases with tiny gradients are removed. The rationale for removing samples with modest gradients is that exam-
ples with substantial gradients are more valuable in computing the information gain (IG). Therefore, the GOSS approach pre-
cisely computes the IG with a smaller sample size. The EFB technique decreases the number of characteristics by combining
sparse features that are not compatible with each other, hence accomplishing a feature selecting task. There are certain qualities
that are very rare in a feature space with few values, indicating that they seldom have simultaneous non-zero values. An exem-
plary illustration of distinctive characteristics is the utilization of One-hot encoded features. In addition, the EFB approach com-

bines these features in order to decrease the size of the feature matrix.

LightGBM provides a notable benefit in terms of speed and generally yields an extremely efficient model. Moreover, because
continuous data are converted into discrete bins, it exhibits a small memory footprint. Furthermore, it attains significantly
greater precision in comparison to the majority of boosting algorithms, due to the integration of GOSS and EFB techniques.
The LightGBM algorithm is particularly effective when trained with huge datasets, Due to its shorter training period in com-
parison to the XGBoost algorithm, it is faster. An inherent drawback of LightGBM is its proclivity to overfit small training da-
tasets, as it is specifically designed to be optimized for bigger data sets. Moreover, partitioning the tree according to particular
leaves can result in overfitting due to the creation of too complex trees. LightGBM has proven to be highly effective in several
classification difficulties, producing exceptional results. The algorithmic technique for LightGBM is outlined in Algorithm 3.
For a comprehensive understanding of the LightGBM approach, refer to the description provided in. In addition, a thorough

mathematical analysis of the LightGBM method is provided in reference.

CatBoost is a Machine Learning Algorithm

The CatBoost algorithm, developed by Prokhorenkova et al. [37] in 2017, is a gradient boosting solution. The method efficient-
ly manages categorical features throughout the training phase. The ability of CatBoost to do unbiased gradient estimation is a
notable improvement as it substantially reduces overfitting. Thus, the CatBoost technique excludes each instance from being
utilized to train current models to calculate the gradient during every iteration of boosting. A significant enhancement in the
CatBoost method is its automatic conversion of categorical input into numerical values. Categorical characteristics are defined
by a finite collection of values known as categories, which are generally not able to be compared. Therefore, these characteris-
tics are currently unsuitable for constructing decision trees. During the preprocessing phase, categorical characteristics are com-
monly converted into numerical features by replacing them with numerical values. A common technique for handling categori-
cal variables with few unique values is one-hot encoding. The process entails substituting the initial attribute with a binary vari-
able. Nevertheless, CatBoost utilize an enhanced and resilient methodology. that prevents overfitting and ensures the use of all
training set samples To train model. This method involves the random rearrangement of the training dataset. The average label
value for a sample is calculated for each sample based on the sample that belongs to the same category and occurs earlier in the
shuffled sequence. If 0 = (01, . . ., on) represents a permutation, then the value of xop;k is substituted with a value determined
by the prior value P and its weight a. Furthermore, it is important to note that the parameter an is greater than zero. In addi-

tion, incorporating the previous value and weight in the CatBoost algorithm effectively decreases the noise generated by cate-
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gories with low frequency. The CatBoost approach exhibits outstanding performance and outperforms other machine learning
algorithms in scenarios where the input comprises category data. Furthermore, it has the capacity to efficiently handle missing

data. However, if the settings are not properly changed, the system's performance may be below average.
>0 [Tosh = Topalyes +a
j=1 rojk — Lopk Yoj -p

];;:1[ [xaj,k: - xap,k]yaj +a

(15)

The Decision Tree model is chosen as the base model because to its consistently superior performance in earlier research
studies. To divide the data set into training and test sets, a random allocation technique was applied.. ensuring an equal number
of positive and negative cases in an 8:2 ratio. We conducted a 5-fold cross-validation on the training set to evaluate the effective-
ness of the models and subsequently evaluated their performance on the test set. Five evaluation criteria were used to assess the
models: F1-score, accuracy, recall, specificity, and area under the receiver operating characteristic curve (AUC). The continu-
ous features were normalized using the mean and variance of each feature, and any missing values were replaced with the

means of the respective features.

Data processing and modeling were conducted using the Python 3.6.5 kernel. These experiments were performed on an isolat-
ed intranet Linux server using the anaconda environment manager. Four algorithms were implemented using the Scikit-learn
module and the Python programming language. Boosting method is part of ensemble learning techniques in machine learning.
Ensemble learning is the process of algorithm for the prediction of monkeypox disease based on several models to enhance pre-
diction accuracy. During boosting, a series of models are trained data. Every model is trained using a training set that has been
assigned weights. We allocate weights according on the errors of the preceding models in the series. Samples training involves
each model correcting the errors of the previous one. This process continues until the specified number of models has been
trained or until other requirements are satisfied. Incorrectly classfied cases during training are given larger weights to prioritize

them in the next model training.

Final Prediction

Figure 2: Ensemble Learning Boosting model how it works

Weaker models n are given lower weights compared to strong models when their predictions are merged to get the final result.

We start by setting the data weights to a uniform value and then proceed with the following steps in a repetitive manner:
e Train a model using all occurrences.
o Determine the overall inaccuracy in the model's output across all instances.
o Assign a weight to the model based on its performance (high for good performance and low for poor performance).

¢ Revise data weights. Assign more weights to samples with significant mistakes.

Annex Publishers | www.annexpublishers.com Volume 12 | Issue 1



11 Journal of Immunology and Infectious Diseases

o If the performance is unsatisfactory or other halting circumstances are encountered, repeat the previous procedures.

Ultimately, we merge the models to create the one we will utilize for making predictions.

Trained the Model

System training involves dividing the data into two parts, using 80% of the data is used for training and 20% is used for testing.
During the training process, we provide both the input and output for 80% of the data in the training sets. The model exclusive-
ly utilizes training data for the purpose of learning. In order to construct our model, we utilized a diverse range of machine
learning techniques (namely, the chosen model for boosting ensemble learning). Once our suggested boosting ensemble learn-
ing is implemented, it will be based on our test set datasets. During testing, the model is provided with the remaining 20% of
the data that it has not before encountered. The boosting ensemble learning algorithm generated a predicted value, which we

then compared to the actual output in order to assess its accuracy.

Supervised Learning Method

In the field of classification, a technique is employed to acquire the ability to predict the category-based output variable or class

label, such as identifying whether a case is negative or positive for monkeypox [38].

Evaluations of Classification Models

The evaluation metrics employed for each model encompass Accuracy, Precision, and Recall. The calculation of these three
metrics involves the utilization of variables from the confusion matrix, which include true positive (TP), true negative (TN),
false positive (FP), and false negative (FN). Accuracy is determined by dividing the sum of true positives and true negatives by
the entire amount of data. An essential step in machine learning is assessing the performance and generalizability of a monkey-
pox disease prediction model by the evaluation of its classification capabilities on new and untested data. For the monkeypox in-
fected human illness prediction problem and goals, a classification model can be assessed using several metrics and approaches.

We utilized a roster of commonly employed assessment criteria for employees.

Classification Accuracy: refers to the proportion of instances correctly categorized as monkeypox patients out of all the exam-
ples in the test set. The metric is clear and comprehensible, but in datasets with imbalanced class distribution, Due to the pre-

vailing dominance of the majority class, the accuracy score can be misleading.

Confusion matrix: A table employed to generate various assessment metrics, the output displays the number of true positives,
true negatives, false positives, and false negatives for each class. Precision can be defined as the ratio of all expected positives to
true positives. Whereas recall is the ratio of true positives to all real positives. These metrics are useful in situations where there
is a trade-off between the occurrence of false positives and false negatives, or when one class holds greater importance than the
other. The F1-Score is computed using the formula 2 x (precision x recall) / (precision + recall), and it represents the harmonic
mean of precision and recall. In datasets with imbalanced class distribution, when both accuracy and recall are important, this

statistic proves to be valuable.

ROC curve and AUC: The Receiver Operating Characteristic (ROC) curve is a graphical representation of the relationship be-
tween the true positive rate (recall) and the false positive rate (1-specificity) for different threshold values of the decision func-
tion of the classifier. The overall efficacy of the classifier is evaluated using the Area under the Curve (AUC), which can have

values between 0.5 (representing random guessing) and 1 (indicating flawless categorization).

Cross-validation: is a technique used to provide a more precise evaluation of the model's performance. It involves dividing the
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data into many folds, training the model on each fold, and subsequently testing it on the remaining folds. In order to address
the issue of overfitting, it is crucial to select the most suitable evaluation metric(s) depending on the particular problem and

needs, and to evaluate the model's performance using separate test data.

Results

The algorithms' performance has been assessed based on their accuracy percentage rate. The performance measurements of
various machine learning algorithms on the monkey pox dataset are being proposed. This section presents the results obtained
from the experimental study conducted on the proposed system. This study utilized experimental analysis by applying diverse
machine learning algorithms to the monkey pox dataset for the purpose of label-based categorization. The initial step involves
assessing the precision of the algorithms. Subsequently, a confusion matrix has been constructed for the high-precision classifi-
er, utilizing the AdaBoost, GBM, XGBM, LGBM and CatBoost models achieved almost all classifiers score is more than above
93% and highest accuracy score is 97.67%. As shown in Table 2 the percentage accuracy achieved by different algorithms.

Table2: Boosting classification accuracy comparison performance

ML Classifiers Accuracy
AdaBoost 97.67%
GBM 93.02%
XGBM 95.34%
LGBM 93.02%
Cat Boost 93.02%

Based on the data presented in the table above, It is clear that the AdaBoost, GBM, XGBM, LGBM and CatBoost model had the
best accuracy percentage among the other classifiers. The accuracy rate obtained is illustrated by the curve displayed in Figure
3.

Cross validation accuracies with different classifiers

LogisticRegression . k I I |

DecisionTreeClassifier . ' :I:}_‘

KNeighborsClassifier t 1 l I

RandomForestClassifier ‘ ¢ | I I

BaggingClassifier . ¢ I:I:}—i

AdaBoostClassifier I 1 | |

GradientBoostingClassifier . I 1 | |

XGBClassifier ’ + I I I

LooMClasstier |+ I

CatBoostClassifier ] + I I I

05 06 o7 08 09 1.0
Accuracy

Figure 3: Accuracy performance basis on comparison of different classifiers

The proposed boosting classifier achieves the highest accuracy on the dataset in question due to its dependency on proximity,
which enhances the quality of predictions. The AdaBoost, GBM, XGBM, LGBM and CatBoost models demonstrate high effi-
ciency and yield competitive results on a multiclass dataset. Consequently, based on the proposed model, the AdaBoost and XG-

Boost classifier achieves the highest level of accuracy.
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Performance Based on ROC(AUC)

The renowned statistical approaches, including accuracy, precision, recall, and F1-score, are employed to measure and demons-
trate the overall experimental results. The following are the definitions attributed to them: We employed 5-Fold cross valida-
tion on the preexisting building design models equipped with the mechanisms to differentiate monkeypox from other related
diseases, such as monkeypox or non-monkeypox. The AdaBoost, GBM, XGBM, LGBM and CatBoost models demonstrate su-
perior performance in a two-class method, as seen by its exemplary performance in a 5-fold-wise evaluation, as depicted in Fig-
ure 4. Displays the performance of the model on the training and testing sets for each epoch in every study. Figure 4(b) shows
that the model's performance in Study Two reached its maximum at 100 epochs for both the training and validation dataset.
Figure 4 displays the AUC-ROC curves for study one and study two. In study one, TPR represents the true positive rate and
FPR represents the false positive rate. Similarly, in study two, TPR represents the true positive rate and FPR represents the false
positive rate. The Figure 4 (a) denoted the achieved score of AdaBoost algorithm, Figure 4 (b) GBC ROC(AUC) Score C., XGB
ROC(AUC) Score ,D. LGBM ROC(AUC) Score, and E. CBC ROC(AUC) Score. The AUC-ROC plot displays the performance
of the proposed model using ensemble feature, sequence-based feature, and graphlet feature, as measured by the AUC-ROC

score.
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ROC curves from the investigated models
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Figure 4: Performance based on ROC(AUC)

Comparison Analysis Results Based on ROC(AUC)

In the section 3.2 comparison analysis results of result of AdaBoost, GBC, XGB, LGBM and CatBoost. Best models validation
based on 5-fold-wise performance in a two-class approach. The optimal splitting method was determined to be 5-fold cross vali-
dation, while the optimal optimization approach was found to be CatBoost a. This conclusion was based on performance mea-
sures including accuracy, specificity, sensitivity, precision, G-Mean, F1-score, and AUC (Area Under Curve). AdaBoost AUC=
0.644, GBC AUC= 0.910, XGB AUC= 0.804, LGBM AUC= 0.756, and CatBoost AUC= 0.971 as shown in figure 5. Decision
tree AUC= 0.734, KNN AUC= 0.628, and RF AUC= 0.862 obtained score as shown in figure 6. The findings demonstrated that
the ensemble feature outperformed the other characteristics, attaining the greatest Area Under the Receiver Operating Charac-
teristic (AUC-ROC) score of 0.971. On the one hand, the sequence-based feature showed a decent performance, with an AUC-
ROC score of 0.974. The optimal splitting method was determined to be 10-fold cross validation, whereas the optimal optimiza-

tion strategy was found to be CatBoost classifiers, based on the performance of AUC (Area Under Curve).

ROC curves from the investigated models
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Figure 5: Best models based on 5-fold-wise performance in a two-class approach.
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ROC curves from the investigated models
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Figure 6: Best models based on 5-fold-wise performance with other ML classifiers.

Comparison Analysis of Machine Learning Models Based on Evaluation Parameters

Furthermore, Table 3 presents a comparison of the performance measures of the mentioned architectures. These metrics in-
clude Precision, Recall, F-Score, and test accuracy, which are evaluated on the selected datasets. The issue of classifying monkey
pox is more or less effectively addressed by the monkey pox disease compared to the other two models. The reason for this is
the utilization of auxiliary classifiers in addition to the trunk classifier. Moreover, due to its architecture having a reduced num-
ber of parameters to be learned compared to the boosting architecture, the computational cost is also enhanced and superior to
other models. Table 3 reveals that AdaBoost, GBM, XGBM, LGBM and CatBoost models can be combined with other machine

learning models or incorporated into suggested models.

Table 3: Performance Comparison evaluation parameters

Boosting ML classifiers accuracy precision recall f1-score
AdaBoost Classifier 97.67 91.62 98.71 93.79
GBM Classifier 93.02 80.83 73.71 76.67
XGBM Classifier 95.34 97.56 75.88 82.08
LGBM Classifier 93.02 78.57 96.15 84.36
Cat Boost Classifier 93.02 96.42 62.51 68.14

Accuracy Comparison Based on Boosting Ensemble Learning Method

Performance Comparision of Boosting ML Classifers

accuracy W precision ®recall mfl-score

97.67 98.71 97.56
9162 93.79 93,02 95.34 9302 9635 93,02 9512
84.36
80.83 82.08
73.71 76-67 75.88 a7
68.14
. 62.51
AdaBoost Classifier GBM Classifier XGBM Classifier LGBM Classifier Cat Boost Classifier

Figure 7: Performance comparison of boosting ML Classifiers
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The AdaBoost algorithm obtained best accuracy score as shown in figure 7 first blue bar which denoted AdaBoost classifiers.
Figure 7 reveals a significant disparity, as the number of variables in monkeypox positive individuals surpasses that in monkey-
pox negative patients. AdaBoost classifier accuracy score 97.67%, precision received score 91.62%, and recall received score
98.71%, GBM classifier received accuracy score 93.02%, XGBM classifier received accuracy score 95.34%, LGBM classifier re-

ceived accuracy score 93.02% and Cat Boost classifier received accuracy score 93.02% performance based on boosting method.

Accuracy Comparison Based on Boosting Ensemble Learning Method

100
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o
g
=
o
LT
20 4
N Boosting
0
AdaBoost GBM XGBM LGBM CatBoost

maodel

Figure 8: Accuracy comparison based on Boosting ensemble learning method

Figure 8 displays the classification outcomes of the Gradient Boosting algorithm, with a precision rate of 97.67%, for positive
findings and 64% for negative results. AdaBoost classifier accuracy score 97.67%, GBM classifier received accuracy score
93.02%, XGBM classifier received accuracy score 95.34%, LGBM classifier received accuracy score 93.02% and Cat Boost classi-
fier received accuracy score 93.02% performance based on boosting method. The precision of the AdaBoost algorithm classifica-
tion is 97.67% for positive results and 48% for negative outcomes, as shown in Figure 8. This finding suggests that ensemble

boosting method learning techniques is a superior predictor compared to the other models employed in this study.

Comparative Confusion Results Based on Boosting Ensemble Learning Method

The metrics for XGBoost model attain a perfect score of 97.67% in both the train and test set split, as evidenced in Table 4,
hence surpassing the metrics of any other approach. Consequently, the XGBoost model outperforms the other models. In order
to provide a clearer representation of the models' performance, we have included the confusion matrix for each technique in
Figure 9. AdaBoost model demonstrated superior performance compared to the other four machine learning algorithms. The
AdaBoost model attained a perfect score of 95.34% score. XGBoost demonstrated superior performance 97.67% score com-
pared to the other four machine learning algorithms. This is a result of multiple variables. XGBoost is a technique for ensemble

learning that integrates many decision trees, enabling it to capture intricate patterns in the data.

Table 4: Comparison machine learning models based on 5-Fold CV evaluation parameters

Boosting ML classifiers accuracy precision recall f1-score
AdaBoost model 95.34 75.62 97.56 82.08
GBM model 93.02 72.83 96.34 76.67
XGBM model 97.67 97.72 97.67 97.30
LGBM model 83,33 69.44 83.33 75.75
Cat Boost model 85.71 87.80 85.71 80.92
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Figure 9: Confusion matrix for each ML method

Future Work

In future work, additional techniques and strategies will be employed to enhance the performance of the model, such as employ-
ing advanced methods like word embedding (e.g., doc2Vec) and text labeling (e.g., Azure Machine Learning). Moreover, our in-
tention is to utilize deep learning and transformer algorithms to enhance the accuracy of sentiment analysis and emotion pre-
diction. We obtained the dataset and conducted training on it using classifiers. We used text normalization before we trained

and tested our models. Afterwards, we trained the model using 80% of the dataset for training and 20% for testing.

Discussion

This study presents and assesses six unique deep learning models that have been enhanced to distinguish between patients dis-
playing signs of monkeypox and those who do not. This study employed a range of physiological variables and applied machine
learning methods, including AdaBoost model demonstrated superior performance in terms of both time consumption and ac-
curacy, with a score of 97.67%. GBM model obtain accuracy score 93.02%. The classification accuracy of the Extreme Gradient
Boosting Machine (XGBM) was found to be 95.34%, Light Gradient Boosting Model (LGBM) (achieved accuracy of 93.02%),
Cat Boost Model achieved accuracy of 93.02%. The AdaBoost method demonstrated the highest level of accuracy for this specif-
ic task, resulting in an approximate accuracy rate of 97.67%. Among them, the AdaBoost model demonstrated superior perfor-
mance in terms of both time consumption and accuracy, with a score of 97.67%. GBM model obtain accuracy score 93.02%.
The classification accuracy of the Extreme Gradient Boosting Machine (XGBM) was found to be 95.34%, Light Gradient Boost-
ing Model (LGBM) (achieved accuracy of 93.02%), Cat Boost Model achieved accuracy of 93.02%. The AdaBoost method de-

monstrated the highest level of accuracy for this specific task, resulting in an approximate accuracy rate of 97.67%.
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Conclusions

Originally, there was a belief that machine learning (ML) approaches would act as the foundation for automating data mining
and classification. In the area of medical science, numerous AI models have been developed utilizing image analysis to detect
various viruses, indicating the significant growth in the adoption of AI models across diverse domains. The accuracy values ac-
quired from the experimental findings of ensemble learning methods, specifically Boosting, varied across the datasets. The cur-
rent monkeypox outbreak is a matter of concern worldwide. It would be prudent to prepare for improving outcomes notwiths-
tanding the relatively less severe nature of the 2019 coronavirus illness. The utilization of artificial intelligence in health science
applications and research has experienced a significant surge in recent years. In this study, we performed a comprehensive as-

sessment of the latest artificial intelligence strategies employed to combat the monkeypox virus.

We employed ensemble learning methods, specifically Boosting, a subdivision of artificial intelligence, to predict the outcome
of an event using modern techniques. In this paper, the rapid miner tool was utilized to construct a ensemble learning meth-
ods, specifically Boosting model that accurately forecasted the fate of the monkey pox outbreak based on the recorded cases.
The experiment included a diverse range of supervised learning classifiers, and the results were showcased through compara-
tive analysis. In the future, we can extend the application of this model to additional datasets. By increasing the amount of data
and incorporating other performance measures, we may enhance the model's accuracy rates and expand its capabilities. Based
on the outcomes of the monkey pox datasets, it is evident that the Boosting approach consistently achieves the most favorable
results. However, Boosting still outperforms in terms of Precision and Recall measurements. Hence, the Boosting technique has
the potential to surpass the performance of approaches. Light Gradient Boosting is a boosting algorithm that achieves the high-
est accuracy results on monkeypox datasets. However, the inclusion of Adaptative Boost in the boosting approach consistently
yields the lowest accuracy results compared to other models. We introduced a new ensemble learning boosting model in this
study that significantly enhances the prediction of monkey pox disease identification. Additionally, we conducted separate vali-
dation on four cross-species monkey pox csv format datasets. Our method has been shown to be successful and resilient in pre-

dicting monkey pox disease identification based on experimental data from cross validations and comparisons.
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