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ABSTRACT:

In recent years, artificial intelligence (Al) has become an essential tool in engineering and experimental research, akin to the foundational principles of statistics
and calculus. Among the various subfields of Al, data science has emerged as a rapidly growing area of study, with machine learning (ML) and deep learning (DL)
serving as its core components. This paper explores the relationship between machine learning and deep learning, focusing on their applications within the domain
of computer vision. Machine learning, as a traditional approach, is widely used for various types of analysis and problem-solving. Deep learning, a subset of machine
learning, is increasingly recognized as the next frontier in tackling complex tasks such as image recognition and object detection. The paper provides an overview
of machine learning from its fundamental principles and also delves into the architecture of deep learning, highlighting its advancements. A comparative study of
machine learning and deep learning in the context of computer vision tasks is presented, offering insights into the strengths and limitations of both approaches. This
comparison helps researchers determine the most suitable technique for specific computer vision challenges.
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MACHINE LEARNING :

Machine learning is based on the premise that systems can learn from data, identify patterns, and make decisions with minimal human intervention [1].
It is a scientific field dedicated to the study of algorithms and statistical models that enable computers to perform specific tasks without explicit
programming or manual instructions [2]. Machine learning algorithms develop mathematical models based on sample data and use these models to make
predictions or decisions. This ability to adapt and improve performance from experience is what distinguishes machine learning from traditional
programming.

a) Machine Learning Procedure
Machine learning involves a structured procedure consisting of four key steps, as illustrated in Figure 2:
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Figure 2: ML Process Overview

1.  Feature Extraction: Identifying relevant features from raw data.
Selection of Corresponding Machine Learning Algorithm: Choosing the appropriate algorithm based on the task at hand.
Training and Evaluation: Training the model using labelled data and evaluating its performance using metrics such as accuracy, precision,
or recall.

4. Prediction: Utilizing the trained model to make predictions on new, unseen data [3].

b)  Requirements to Create Good Machine Learning Systems
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Creating effective machine learning systems requires several important capabilities and resources, including:

e  Data Preparation Capabilities: Proper pre-processing and cleaning of raw data are crucial for accurate model performance.

e  Basic and Advanced Algorithms: A range of machine learning algorithms, from simple linear regression to complex deep learning models,
should be employed depending on the problem.

. Scalability: Systems should be able to scale to handle large datasets and real-time processing requirements.

e  Automation and Iterative Processes: Automation is essential for efficient model training, while iterative processes ensure continuous model
improvement.

. Ensemble Modelling: Combining multiple models to improve prediction accuracy and robustness [4].

MACHINE LEARNING APPROACHES: DEEP LEARNING AND SHALLOW LEARNING :

Machine learning can be broadly classified into two categories: deep learning and shallow learning. Deep learning, a more advanced form of machine
learning, uses layered neural networks to automatically learn complex patterns in data, particularly suited for tasks like image recognition and natural
language processing [5]. Shallow learning, on the other hand, refers to traditional machine learning models like decision trees, linear regression, and
support vector machines, which are typically simpler and faster to train but may struggle with complex, high-dimensional data.

COMPARATIVE STUDY: DEEP LEARNING VS. TRADITIONAL MACHINE LEARNING :

The growing field of computer vision tasks has demonstrated the strengths and weaknesses of both deep learning and traditional machine learning
approaches. While deep learning excels at handling large-scale, high-dimensional data with minimal manual feature engineering, traditional machine
learning methods remain effective for smaller datasets or when computational resources are limited [5]. The comparative study highlights when and why
researchers should choose one approach over the other based on task complexity, dataset size, and computational efficiency.

a) Relationship with Other Fields
Machine learning is considered a subset of artificial intelligence. In the early days of Al as an academic discipline, researchers were focused on enabling
machines to learn. They explored symbolic methods and connectionist approaches, such as neural networks and pattern recognition. In the 1990s, machine
learning emerged as a distinct field, shifting its focus from symbolic approaches to statistical and probabilistic methods [6].

e  Relation to Data Mining: Machine learning and data mining often employ the same techniques and frequently overlap. However, machine
learning is more focused on prediction based on known properties, while data mining aims to discover unknown properties. Data mining
utilizes machine learning methods, but its goal is to extract insights from data, while machine learning applies these insights to improve
prediction accuracy.

. Relation to Optimization: Machine learning is closely tied to optimization. Learning problems in machine learning are typically formulated
as the minimization of a loss function, which measures the discrepancy between the predicted output and the actual data [7].

e  Relation to Statistics: Machine learning and statistics share a strong relationship, with machine learning borrowing many of its methods and
tools from statistical principles. This connection ranges from methodological techniques to theoretical tools used for model building and
evaluation [8].

b)  Who's Using Machine Learning?

As industries generate increasingly large volumes of data, machine learning technologies have become essential for efficient data analysis. These
technologies help organizations enhance productivity and uncover insights from vast datasets. Below are some areas where machine learning is making
a significant impact:

e  Financial Services: Machine learning helps financial institutions mine data for critical insights, detect fraud, and identify investment
opportunities. By analyzing patterns in transactional data, machine learning models can predict market trends and alert investors about potential
risks or opportunities [9].

e  Healthcare: In healthcare, wearable devices and sensors track patient health in real-time. Machine learning algorithms help medical
professionals analyze patient data, leading to improved diagnostics and treatments. These technologies can also predict patient conditions and
suggest preventive measures.

. Retail: In the retail sector, machine learning is used to analyze customer behavior, enabling personalized shopping experiences. Retailers use
machine learning for inventory management, pricing optimization, and targeted marketing campaigns [10].

e  Transportation: Machine learning improves route efficiency for delivery companies and transportation organizations by analyzing traffic
data and predicting disruptions. This allows companies to optimize schedules, reduce delays, and improve profitability.

. Oil and Gas: In this sector, machine learning is used to analyze mineral deposits and predict equipment failures, such as in refinery sensors.
It also helps streamline distribution processes, making them more cost-efficient [11].

¢) Processes and Techniques Associated with Machine Learning
Numerous processes and techniques are employed to improve the performance of machine learning systems. Some of the key methods include:
. Feature Learning: This technique enables the algorithm to automatically discover useful features from raw data without manual feature
engineering.
. Sparse Dictionary Learning: This method helps in creating sparse representations of data, improving computational efficiency.
e Anomaly Detection: Machine learning algorithms identify unusual patterns that do not conform to expected behaviour.
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e  Decision Trees: A predictive model used for classification and regression tasks.
e  Association Rules: These are used to discover relationships between variables in large datasets, often applied in market basket analysis [12].

d) Applications of Machine Learning
Machine learning has a wide range of applications across different industries, including:

o Adaptive Websites: Websites that adapt their content to user preferences and browsing history.

. Bioinformatics: Machine learning algorithms are used to analyze biological data, such as gene sequencing.

. Brain-Machine Interface: ML enables communication between the brain and external devices, providing support for individuals with
disabilities.

e  Computer Vision: Machine learning is used to analyze and interpret visual data, powering applications such as facial recognition, object
detection, and image classification.

e  DNA Sequence Classification: Machine learning techniques are used to classify DNA sequences for genomics research.

e  Handwriting Recognition: Machine learning is employed to recognize and transcribe handwritten text, facilitating automation in document
processing.

MACHINE LEARNING APPROACHES :

Machine learning methods can be broadly categorized into two categories: shallow learning and deep learning [16]. Shallow learning typically utilizes
simpler models, such as neural networks with a single layer or Support Vector Machines (SVMs), whereas deep learning uses neural networks with
multiple hidden layers, enabling more complex data representations.

a) Shallow Learning
Shallow learning includes both supervised and unsupervised learning techniques, as well as other specialized approaches:

. Supervised Learning: In this approach, algorithms are trained using labeled data. The system learns to map inputs to the correct outputs by
comparing its predictions with the actual outcomes. Common supervised learning algorithms include Nearest Neighbor, Naive Bayes, Decision
Trees, and Regression Trees [13].

e Unsupervised Learning: In unsupervised learning, the model is trained using data without explicit labels. The goal is to identify underlying
patterns or structures in the data. Popular unsupervised learning algorithms include K-means clustering and Association Rules [14].

e  Semi-supervised Learning: This method is used when only part of the data is labeled, which is common when labeling data is expensive.
Semi-supervised learning algorithms learn from both labeled and unlabeled data, improving model performance when labeling is limited.

e  Reinforcement Learning: This approach focuses on training software agents to take actions that maximize cumulative rewards. It is used in
applications such as autonomous driving and game playing, where an agent learns through trial and error [15].

e  Active Learning: This method optimizes the learning process by selecting the most informative samples for labeling, which is useful when
labeling costs are high.

. Meta Learning: Also known as "learning to learn," this approach allows algorithms to learn and adapt based on previous experiences.
Examples include ensemble methods like Bagging and Boosting [16].

b) Deep Learning
Deep learning is a subset of machine learning that uses multiple layers of artificial neural networks to learn hierarchical representations of data. It is
particularly effective in tasks such as voice synthesis, image processing, and handwriting recognition [10]. Deep learning can be classified into three
types:

e  Generative Models: Used for unsupervised learning, examples include Deep Belief Networks (DBN) and Deep Auto encoders.

e  Discriminative Models: These models are typically used for supervised learning tasks, such as Convolutional Neural Networks (CNNs) for

image recognition.
. Hybrid Models: These combine the strengths of both generative and discriminative models, such as Deep Neural Networks (DNNs) [17].

¢) Deep Learning Architecture
Deep learning architectures consist of multiple layers that enable learning of complex data representations. These networks mimic the structure of the
human brain, where each layer of artificial neurons processes data at a different level of abstraction [18]. The architectures commonly used in deep
learning include Convolutional Neural Networks (CNNs) for image-related tasks and Recurrent Neural Networks (RNNs) for sequence-based tasks. Each
neuron in the network performs weighted summation followed by activation to produce an output, and this process is repeated across multiple layers to
build deep architectures.

DEEP LEARNING COMPARISON WITH CONVENTIONAL MACHINE LEARNING TECHNIQUES :

Deep learning represents a significant advancement in the field of machine learning. It encompasses both supervised and unsupervised learning paradigms,
much like conventional machine learning techniques, but it introduces several improvements in how intelligence is provided to systems, enabling them
to make predictions based on past data [19, 20].
. Feature Extraction: One of the primary differences between conventional machine learning and deep learning is in the process of feature
extraction. Conventional machine learning algorithms cannot directly learn from raw data. They require careful engineering to extract
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meaningful features from raw data, which necessitates significant domain expertise. These features are then used to identify patterns in the
data. In contrast, deep learning automates this feature extraction process, eliminating the need for manual feature engineering. Deep learning
algorithms automatically learn and extract relevant features from raw data, which enhances their ability to handle complex data representations
[21, 22].

Fig. 9: Feature extraction is automated in deep learning.

. Performance on Data Size: Deep learning algorithms excel when dealing with large datasets, producing more accurate results compared to
conventional machine learning algorithms. On the other hand, traditional machine learning algorithms tend to perform better with smaller or
medium-sized datasets, where they can avoid overfitting issues that deep learning models may face when data is insufficient [23,24].

. Inference Speed: Deep learning models generally require less time for inference compared to conventional machine learning models. While
the initial training of deep learning models can be time-consuming, once trained, they tend to make predictions faster than traditional models
[25].

e  Computational Requirements: Deep learning algorithms involve substantial matrix multiplications and, therefore, require more
computational power. As a result, deep learning models typically run on high-performance computing resources, such as Graphics Processing
Units (GPUs) or Tensor Processing Units (TPUs). In contrast, conventional machine learning algorithms can function on less powerful
machines with lower computational requirements [26].

. Interpretability: One of the challenges with deep learning algorithms is their lack of interpretability. Deep learning models are often referred
to as "black boxes" due to the difficulty in understanding how they make decisions. While some conventional machine learning models, such
as decision trees and logistic regression, are relatively easy to interpret, others, like Support Vector Machines (SVM), can be difficult to
explain. This lack of transparency in deep learning models remains a significant challenge, especially in fields where model interpretability is
crucial [27].

e  Training Time: Deep learning models require more time to train compared to traditional machine learning models. This is because deep
learning involves multiple layers of neurons and requires processing large amounts of data to adjust the weights in the network. In contrast,
conventional machine learning algorithms can be trained more quickly, as they typically involve simpler architectures and fewer parameters
to tune [28, 29].

CONCLUSION :

This article examined the core concepts and challenges of machine learning, highlighting its growing significance in modern research and applications.
Machine learning has gained substantial attention due to its diverse features, with the paper addressing various methods for building robust machine
learning systems. Despite the potential, the journey of implementing machine learning is not without challenges, including issues related to insufficient
data, data bias, resource limitations, privacy concerns, and model evaluation difficulties.

The paper provided a comprehensive overview of machine learning by categorizing it into two main areas: shallow learning and deep learning. Shallow
learning techniques, such as supervised and unsupervised learning, utilize fewer hidden layers or SVMs, making them suitable for simpler tasks and
smaller datasets. In contrast, deep learning is presented as a distinct category due to its deep layered architecture, which offers superior performance in
handling large and complex datasets. However, deep learning comes with its own set of challenges, including higher computational requirements and
longer training times.

This comparison offers researchers a broad perspective on machine learning, helping them select the most appropriate technique based on the problem at
hand.

REFERENCES :

Deep learning is a growing field in a sector of predictive analytics. This paper provides a comparative study of conventional methods of machine learning
and deep learning which helps new researchers to choose which technique would be right to apply in a particular environment. Such as, if one is working on
small training data set then he must use machine learning algorithms rather than deep learning while, if dataset needed to choose the features then one
must use machine learning technique because in case of deep learning this feature selection procedure is automated researcher do not have to bother about
it. This paper creates base for the researcher who wants to pursue research in field of artificial intelligence or predictive analytics.
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