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 The Integration of Machine Learning (ML) techniques holds significant promise in 
addressing challenges across various sectors, particularly within healthcare and biomedical 
fields. In this study, we focus on leveraging ML methodologies to address the longstanding 
issues surrounding the prediction and treatment of Parkinson's Disease (PD). PD prediction 
has historically suffered from inaccuracies and inconsistent treatments. Our research aims to 
mitigate these challenges by developing a predictive system tailored specifically to PD datasets. 
To achieve this, we systematically explore various ML algorithms for binary classification tasks, 
comparing their efficacy in predicting PD. By analyzing and comparing the performance of these 
algorithms, we aim to establish a robust pathway for accurately examining and diagnosing PD, 
thereby reducing discrepancies and associated risks. Our findings underscore the importance of 
employing ML techniques in developing effective decision support systems for PD prediction. By 
synthesizing results from multiple algorithms, our study not only contributes to filling existing 
research gaps but also provides actionable insights for the development of advanced medical 
applications. Overall, this research offers a comprehensive evaluation of ML approaches in 
the context of PD prediction, highlighting their potential to revolutionize diagnostic processes 
and improve patient outcomes. Our work not only enhances our understanding of PD but also 
underscores the transformative impact of ML in addressing complex medical challenges.

Keywords: Binary Classification; Healthcare; Machine-Learning; Predictive Modeling;
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 Machine Learning (ML) has emerged 
as a prominent technological trend due to its 
modernity and intricate technical applications, 
permeating various sectors with its versatility and 
capabilities1. In the realm of artificial intelligence, 
ML stands as a pivotal sub-domain, adept at 
harnessing data from diverse sources and formats 
to derive actionable insights2. Despite its prowess 
in managing extensive datasets, challenges persist, 

particularly in the domain of healthcare, where 
accurate data classification remains a formidable 
hurdle3. Within healthcare, the application of ML 
algorithms holds significant promise, particularly 
in disease prediction. By uncovering intricate 
patterns within medical data, these algorithms 
demonstrate remarkable predictive capabilities, 
underscoring their potential to revolutionize 
healthcare practices4. The significance of ML 
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algorithms in healthcare is highlighted in recent 
literature surveys, which emphasize their role 
in enhancing disease prediction and diagnostic 
accuracy.
 In this study, we aim to delve deeper into 
the landscape of ML algorithms in healthcare, 
with a specific focus on disease prediction, 
particularly in the context of Parkinson’s disease. 
Parkinson’s disease(PD), a neurodegenerative 
turmoil characterized by motor or non-motor 
signs, presents unique challenges in terms 
of accurate prediction and early detection. 
Despite advancements in medical technology, 
the identification of PD remains elusive, often 
plagued by miss-predictions and pre-diagnostic 
errors. To address these challenges, we propose a 
comprehensive analysis of ML methods for binary 
classification, with a keen emphasis on accuracy 
and performance evaluation. By systematically 
comparing and contrasting various ML algorithms, 
we seek to identify the most suitable approach 
for developing a predictive system tailored to PD 
detection. Our overarching goal is to establish 
a coherent pathway for accurately identifying 
individuals at risk of PD while mitigating the 
occurrence of miss-predictions and diagnostic 
inaccuracies. The significance of our research lies 
in its potential to contribute to the refinement of PD 
prediction methodologies, thereby enhancing early 
detection and intervention strategies. By leveraging 
the power of ML algorithms, we aspire to pave the 
way for more precise and reliable PD diagnostics, 
ultimately improving patient outcomes and quality 
of life. 
 This study endeavors to link the gaps 
between ML methodologies and healthcare 
applications, particularly in the realm of PD 
prediction. Through meticulous analysis and 
evaluation, we aim to advance the field by 
offering insights into the optimal utilization of ML 
algorithms for disease detection and management.
Literature Survey
 Machine Learning (ML) has emerged as 
a prominent trend in various industries due to its 
modernity and intricate technical applications5. 
In the realm of healthcare, ML holds significant 
promise, particularly in the context of neurological 
disorders like Parkinson’s disease (PD). PD is a 
progressive neurological ailment characterized by 
motor symptoms like tremors, stiffness, and slow 

movement6. The prevalence of PD has increased 
dramatically over the years, with a significant 
impact on global health7. Alzheimer’s disease 
(AD) stands as the predominant manifestation of 
neurodegenerative dementia, now recognized as 
one of the most economically burdensome chronic 
illnesses. Automated diagnosis and management 
of Alzheimer’s disease could significantly impact 
both society and patient welfare. Among the most 
prevalent symptoms of AD is language disorder, 
a direct consequence of cognitive decline8. 
The diagnosis of PD relies on the analysis 
of gait kinematics and other spatiotemporal 
characteristics9. However, due to the variability 
in symptoms and disease progression, PD is often 
misdiagnosed, leading to delays in treatment. 
Employing machine learning and voice analysis 
for diagnosing Parkinson’s disease holds potential 
for offering non-invasive, cost-effective, and 
potentially more accessible diagnostic approaches. 
Nevertheless, additional research and validation are 
imperative to guarantee the reliability and accuracy 
of these methodologies in clinical settings10. 
 To address this challenge, researchers 
have been exploring the application of ML 
algorithms to improve the accuracy and efficiency 
of PD detection. Through the integration of 
supervised learning methodologies with suitable 
feature selection techniques applied to voice 
datasets, researchers have the opportunity to 
create precise and comprehensible models for 
forecasting Parkinson’s Disease. This endeavor 
holds the potential to facilitate early detection and 
intervention efforts11. Numerous scholarly inquiries 
have delved into the realm of speech impairment 
within the context of Parkinson’s disease. These 
investigations have scrutinized a multitude of 
factors influencing speech challenges, assessed the 
efficacy of diverse therapeutic interventions, and 
evaluated the ramifications of speech impairment 
on various facets of patients’ well-being12.
 Continuing research endeavors seek to 
deepen our comprehension of the fundamental 
mechanisms underlying speech and swallowing 
challenges in Parkinson’s disease, with a specific 
focus on refining therapeutic strategies. This 
encompasses endeavors to unravel the intricate 
involvement of brain circuits in motor regulation 
and to explore innovative treatment modalities such 
as deep brain stimulation (DBS) and transcranial 
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magnetic stimulation (TMS) aimed at enhancing 
speech and swallowing capabilities13. Recently, 
there has been a growing interest in utilizing ML 
and artificial intelligence (AI) approaches for 
disease prediction and diagnosis14. The emergence 
of deep learning (DL) has reshaped the landscape of 
artificial intelligence (AI) tools, igniting significant 
enthusiasm for AI applications in recent times15. 
In this study, we focus on the implementation 
of binary classification techniques, including 
logistic regression, SVM, kNN, Naive Bayes, 
decision trees, and Random Forest, to analyze the 
performance of PD detection algorithms16. The 
primary objective of XAI methodologies is to 
offer clarity and comprehensibility to AI models, 
enabling clinicians to grasp the reasoning behind 
their predictions. This is particularly critical in the 
medical field, where decisions carry substantial 
implications17. By adhering to these procedures and 
conducting thorough evaluations of the algorithms 
using pertinent datasets, one can proficiently 
gauge their precision and efficacy in forecasting 
Parkinson’s Disease18.
 Furthermore, the advancement of ML, 
particularly deep learning (DL), has revolutionized 
medical diagnosis by enabling the analysis 
of large volumes of data with unprecedented 
accuracy19. Throughout the diagnostic journey, 
clinicians integrate various forms of information, 
including patient complaints, medical imaging, 
and laboratory findings. However, existing 
deep-learning models designed to assist in 
diagnosis have not fully addressed the need 
to incorporate multimodal information. The 
development of unified multimodal transformer-
based models holds promise in enhancing patient 
triage and expediting clinical decision-making 
processes20. This technological advancement has 
empowered healthcare professionals to make 
quicker and more accurate prognoses, diagnoses, 
and treatment decisions. Overall, the integration 
of ML and AI techniques in medical diagnosis 
signifies a paradigm shift in healthcare, where 
these technologies complement the expertise of 
healthcare professionals, leading to improved 
patient outcomes and quality of care.

MethodoLogy

 The methodology employed in this 

study underscores a systematic approach toward 
leveraging ML methods for the prediction and 
detection of PD as depicted in Figure 1. The 
methodology encompasses several key stages, each 
tailored to facilitate the effective investigation and 
elucidation of data, ultimately culminating in the 
development of a predictive model.
 (i) Importing Dependencies: The initial 
step involves importing necessary libraries and 
dependencies essential for the execution of the 
ML pipeline21. As the behavior and quality of an 
ML system are contingent upon the input features, 
careful consideration is given to the selection and 
incorporation of relevant libraries to ensure optimal 
performance.
 (ii) Data Collection: The dataset used in 
this study is sourced from Kaggle, a renowned 
platform for data science competitions and 
datasets. Following the acquisition, the dataset 
is loaded into the pandas data frame, enabling 
comprehensive data analysis. Information regarding 
the dataset’s dimensions, including the number of 
rows and columns, is extracted, facilitating a 
preliminary understanding of the data’s structure 
and composition. Additionally, measures such as 
identifying missing values and statistical analyses 
are conducted to assess the dataset’s integrity and 
completeness22.
 ( i i i )  Da ta  P rep roces s ing :  Da ta 
preprocessing constitutes a critical phase wherein 
raw data is refined and organized into a cohesive 
format suitable for subsequent analysis23. This 
involves tasks such as data cleaning, normalization, 
and transformation to rectify inconsistencies and 
enhance the dataset’s quality and coherence.
 (iv) Exploratory Data Analysis (EDA): 
EDA serves as a fundamental exploratory tool 
aimed at uncovering patterns, trends, and anomalies 
within the dataset. By systematically scrutinizing 
the data, researchers gain valuable insights into 
underlying relationships and phenomena, thereby 
informing subsequent modeling and analysis 
strategies24.
 (v) Feature Engineering: Feature 
engineering entails the extraction and transformation 
of raw data into informative features conducive 
to model learning and interpretation25. Through 
this process, relevant attributes are identified and 
engineered to encapsulate essential characteristics 
pertinent to PD prediction. Features serve as pivotal 
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inputs to the ML pipeline, enabling the algorithm 
to discern meaningful patterns and associations 
within the data.
 (vi) Test-Train Split: The dataset is 
partitioned into distinct subsets, namely the 
training and validation sets, employing a train-test 
split methodology26. The training set is used for 
model training and parameter estimation, while 
the validation set facilitates model evaluation 
and performance assessment. This iterative 
process enables researchers to gauge the model’s 
efficacy and generalizability, thereby refining and 
optimizing model performance.
 (vii)  Data Standardization: Data 
standardization, also referred to as normalization, 
involves rescaling the attributes to adhere to a 
standardized scale, typically with a mean of 0 and 
variance of 1. This normalization process ensures 
uniformity across feature distributions, thereby 
mitigating biases and disparities in value ranges. 
Standardization enhances the interpretability and 
stability of the ML model, facilitating more robust 
and reliable predictions27. The algorithms are 
illustrated briefly as follows:
K Nearest Neighbor
 K-Nearest Neighbor (KNN) algorithm 
stands out as a fundamental yet potent tool in 
machine learning, valued for its simplicity, 
versatility, and non-parametric nature. While 
suitable for both classification and regression tasks, 

its predominant application lies in classification 
prediction. Functioning on the principle of 
proximity, KNN categorizes new data points by 
aligning them with previously trained instances, 
thereby organizing them into cohesive clusters or 
segments. This process hinges on the assumption 
of similarity between the new observation and 
the existing dataset, assigning the former to the 
classification that most closely resembles the latter. 
Prioritizing proximity, the algorithm arranges 
input data based on their likeness to neighboring 
instances, thereby determining their classification. 
Noteworthy is KNN’s adeptness in handling large 
datasets while preserving classification accuracy 
and performance28. 
Support vector machine
 The Support Vector Machine (SVM) 
model represents a powerful machine learning 
approach grounded in computational and statistical 
principles, focusing on the investigation of the VC 
dimension and the empirical risk minimization 
concept. This methodology offers distinct 
advantages in addressing challenges associated 
with pattern recognition tasks, particularly 
in scenarios with limited sample sizes, data 
heterogeneity, and computational intricacies. 
Notably, SVM effectively circumvents issues 
like the “curse of dimensionality” and mitigates 
risks of “over-learning,” showcasing robustness 
against various complexities. Supported by a 

Fig.1. Proposed System
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Fig. 2. Evaluation of accuracy and complexity for SVM

solid theoretical foundation and a straightforward 
mathematical framework, SVM has significantly 
propelled advancements in pattern recognition, 
regression analysis, function estimation, time series 
forecasting, and related domains29. 
Logistic Regression
 Logistic regression stands as a statistical 
technique employed for modeling the likelihood 
of discrete outcomes based on input variables. 
Particularly in classification tasks, it serves as 
a valuable analytical tool for determining the 
probability of a new sample belonging to a specific 
category. Given the classification nature of various 
aspects. Leveraging its capabilities, logistic 
regression contributes significantly to addressing 
classification challenges inherent in cyber security 
domains30. 
Naive Bayes
 It is a supervised learning procedure, that 
employs the Bayes theorem to tackle classification, 
particularly prevalent in text categorization 
scenarios necessitating substantial training 
data. Serving as a foundational and efficient 
classification strategy, the Naive Bayes Classifier 

enables the development of rapid machine learning 
systems conducive to accurate predictions. As 
a probabilistic classifier, it operates by deriving 
predictions from the probabilities associated with 
respective objects31. 
decision tree
 It is also a supervised learning method, 
and serves as a versatile tool capable of addressing 
both classification as well as regression, although 
it finds its primary application in classification 
scenarios. Within this tree-like structure, internal 
nodes represent attributes of the dataset, branches 
signify the decision process, and every leaf 
furnishes the final wrapping up. The pivotal 
components of a Decision Tree include Decision 
Nodes, pivotal in major decision-making with 
multiple branches, and Leaf Nodes, which 
represent the outcomes of specific decisions 
without further branching. Leveraging dataset 
characteristics, Decision Trees enable decision-
making processes, experimentation, and testing. 
Functioning as a graphical representation, Decision 
Trees systematically explore various pathways to 
arrive at potential solutions for a given problem32. 
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Fig. 3. Evaluation of  KNN accuracy

Fig. 4. Evaluation of accuracy and complexity for the Naive Bayes Algorithm
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Fig. 5. Evaluation of accuracy and complexity for the Decision Tree Algorithm

Fig. 6. Evaluation of Logistic Regression Accuracy
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table 1. Accuracy of training and testing across various algorithms

Algorithm Name Training Data  Testing Data 
 Accuracy Accuracy

SVM (Support Vector Machine) 88.46% 87.17%
KNN Algorithm 97.43% 87.05%
Naive Bayes Algorithm 72.43% 61.53%
Decision Tree Algorithm 100% 61.53%
Logistic Regression Algorithm 87.17% 82.15%
Ramdom Forest Algorithm 88.46% 82.05%

Fig. 7.  Evaluation of Random Forest accuracy

Random Forest
 It stands as a prominent ML method within 
the domain of supervised learning, renowned for 
its versatility in addressing both regression and 
classification tasks. Embracing the concept of 
ensemble learning, Random Forest amalgamates 
multiple classifiers to tackle intricate problems, 
thereby enhancing model performance. This 
approach leverages the collective wisdom of 
diverse classifiers to navigate complexities 
inherent in data-driven challenges. The algorithm’s 
efficacy in handling a spectrum of machine 
learning problems is underscored by its reliance 
on ensemble-based methodologies33. 

 In each model, a dataset comprising 
labeled samples is utilized to explore the statistical 
relationship between attributes and objectives. 
The model demonstrating superior performance is 
subsequently evaluated against a distinct dataset, 
not employed during the training phase. This 
assessment ensures the creation and upkeep of 
a predictive model capable of generalizing well 
to new data. Drawing upon the methodologies 
discussed above, this summary encapsulates 
the scientific pursuit of model development and 
validation.
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Fig. 8. Comparison of accuracy among various algorithms

ReSuLtS aNd diScuSSioN

 This study contributes to the advancement 
of knowledge by conducting a comparative 
analysis of various binary classification algorithms. 
Through rigorous experimentation, distinct 
levels of accuracy are observed across different 
algorithms, emphasizing the significance of 
accuracy as a performance metric in Machine 
Learning. The machine learning pipeline begins 
with the importation of several libraries, followed 
by iterative stages of characteristic engineering 
techniques, including data homogeny and mock-
up training. Utilizing algorithms from the sklearn, 
such as SVM, KNN, Naive Bayes, and decision 
trees, the predictive model is developed to discern 
the presence of Parkinson’s disease. Comparative 
examination and complexity analysis reveals 
that SVM methods exhibit the highest accuracy 
on testing datasets, indicating their efficacy in 
predictive modeling. Consequently, a robust 
predictive model is established, paving the way 
for enhanced diagnosis and management of 
Parkinson’s disease.
Support Vector Machine(SVM)
 The Support Vector Machine (SVM) 
model demonstrates promising performance, 
achieving an accuracy of 88.46% on the training 
dataset and 87.17% on the testing dataset. 
These results underscore the efficacy of SVM in 
accurately classifying data points. Figure 2 visually 

depicts the accuracy and complexity analysis of 
SVM, providing insights into its performance 
characteristics. This notable accuracy on both 
training and testing datasets suggests that SVM 
holds potential as a reliable predictive model. 
Further discussion and analysis are warranted to 
elucidate the factors contributing to SVM’s success 
and to explore potential avenues for refinement and 
optimization.
K-Nearest Neighbor
 The K-Nearest Neighbor (KNN) algorithm 
demonstrates commendable performance, 
achieving an accuracy of 97.43% on the training 
dataset and 87.05% on the testing dataset. These 
findings highlight the robustness of KNN in 
accurately classifying data points. Figure 3 
presents the accuracy and complexity of KNN, 
providing valuable insights into its performance 
characteristics. Notably, the high accuracy on the 
training dataset indicates the model’s ability to 
effectively capture underlying patterns in the data. 
However, the slightly lower accuracy on the testing 
dataset suggests the need for further investigation 
to address potential over-fitting or generalization 
issues. Future research endeavors may focus on 
optimizing the parameters of the KNN algorithm to 
enhance its performance in real-world applications.
Naive Bayes
 The Naive Bayes Algorithm demonstrates 
moderate performance, achieving an accuracy of 
72.43% on the training dataset and 61.53% on the 
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testing dataset. These results indicate its capability 
to classify data points with reasonable accuracy. 
Figure 4 illustrates the accuracy of the Naive 
Bayes, providing insights into its performance 
characteristics. While the algorithm performs 
adequately on the training dataset, the lower 

accuracy on the testing dataset suggests potential 
challenges in generalization. Further investigation 
is warranted to identify factors contributing to 
this discrepancy and to explore strategies for 
improving the algorithm’s performance. Future 
research efforts may focus on refining the model’s 
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Fig. 9. Result of Predictive System

parameters or exploring alternative approaches 
to enhance its predictive capabilities in diverse 
contexts.
decision tree algorithm
 The Decision Tree Algorithm exhibits 
a remarkable accuracy of 100% on the training 
dataset, indicating its adeptness at capturing 
intricate patterns within the data. However, its 
performance on the testing dataset is comparatively 
lower, with an accuracy of 61.53%. Figure 5 
visually represents the accuracy of the Decision 
Tree, shedding light on its performance metrics. 
While the algorithm achieves perfect accuracy 
on the training dataset, its lower accuracy on the 
testing dataset suggests potential over-fitting or 
lack of generalization. Further investigation is 
necessary to identify the underlying causes and to 
explore strategies for improving the algorithm’s 
performance on unseen data. Future research 
endeavors may focus on optimizing the Decision 
Tree Algorithm parameters or employing ensemble 
techniques to enhance its predictive capabilities 
across diverse datasets.
Logistic Regression algorithm
 The Logistic Regression Algorithm 
demonstrates favorable performance, achieving 
an accuracy of 87.17% on the training dataset 

and 82.15% on the testing dataset. These results 
suggest its efficacy in accurately classifying data 
points. Figure 6 visually depicts the accuracy of 
the Logistic Regression, providing insights into its 
performance characteristics. While the algorithm 
exhibits strong performance on both training and 
testing datasets, the slightly lower accuracy on 
the testing dataset indicates the need for further 
evaluation. Potential areas for improvement 
may include fine-tuning model parameters or 
exploring feature engineering techniques to 
enhance predictive accuracy. Continued research 
efforts are warranted to optimize the Logistic 
Regression Algorithm for diverse applications and 
datasets.
Random Forest algorithm
 The  Random Fores t  A lgo r i t hm 
demonstrates strong performance, achieving 
an accuracy of 88.46% on the training dataset 
and 82.05% on the testing dataset. These results 
underscore its effectiveness in accurately 
classifying data points. Figure 7 provides a 
visual representation of the accuracy of the 
Random Forest, offering valuable insights into its 
performance characteristics. While the algorithm 
performs well on both training and testing 
datasets, there is a slight drop in accuracy on 
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the testing dataset compared to the training 
dataset. This discrepancy suggests the need for 
further investigation into potential over-fitting or 
generalization issues. Future research may focus 
on optimizing the Random Forest Algorithm 
parameters or exploring ensemble techniques to 
enhance its predictive capabilities across diverse 
datasets.
 Through these relative explorations 
and complexity investigation across multiple 
classification methods, it is evident that the SVM 
demonstrates superior precision on the test data, as 
illustrated in Table 1 and Figure 8.
 As a result of our research efforts, a 
predictive model capable of discerning the presence 
of Parkinson’s disease in patients has been devised. 
It was revealed through our analysis that among all 
algorithms investigated, the highest performance 
was exhibited by the SVM, followed closely by the 
KNN method. The significance of future endeavors 
focused on smart systems or developments about 
Parkinson’s syndrome is underscored by these 
findings. This observation is supported by Figure 
9, which visually represents the comparative 
performance of the algorithms.
 Hence, we have constructed an intelligent 
predictive model aimed at discerning the presence 
of Parkinson’s disease in patients. Among all 
algorithms examined in this study, the SVM 
algorithm exhibited the highest performance, 
with the KNN Algorithm following closely. 
These findings underscore the significance of 
further research in the realm of intelligent systems 
and Parkinson’s disease-related developments, 
highlighting promising avenues for future 
endeavors.

coNcLuSioN

 In this study, we conducted a thorough 
analysis of algorithmic complexity and performed 
a comparative examination of various algorithms, 
laying the groundwork for the development of a 
robust predictive machine learning framework 
aimed at addressing discrepancies in Parkinson’s 
disease prediction and enhancing overall prediction 
accuracy. While classification techniques have been 
extensively studied in the past, our exploration 
of different methodologies has revealed diverse 
outcomes depending on dataset characteristics, 

algorithm tuning, and enhancement strategies.
 The primary strength of this work lies 
in the establishment of a structured framework 
for the development of the predictive system, 
derived from comprehensive algorithm analysis 
and comparison. This framework holds the 
potential to mitigate barriers in diagnosis and 
prediction, thereby facilitating improved healthcare 
outcomes. However, a notable weakness is the 
system’s reliance on datasets, as manipulation 
or inaccuracies in data may lead to erroneous 
predictions. Opportunities for future research 
lie in exploring multi-directional approaches to 
algorithm selection and development, with the 
potential for creating specialized systems beyond 
prediction tasks.
 Despite these strengths and opportunities, 
the primary threat to our developed system 
stems from advancements in dataset quality and 
algorithmic improvements, which may render other 
algorithms more predictive and accurate, thereby 
diminishing the efficacy of our system. Continuous 
monitoring and adaptation will be essential to 
ensure the relevance and effectiveness of our 
predictive framework in an evolving landscape of 
machine learning research and application.
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