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Abstract 

Abstract: Artificial intelligence is now a critical resource in engineering and 

experimental science, comparable to statistics and calculus. As data science grows, its 

foundations—AI, machine learning, and deep learning—are paramount. This paper explores 

their interconnections. Machine learning is a prerequisite for most analytical tasks. We present 

an introductory explanation of machine learning and focus on deep learning as its contemporary 

evolution, describing its core architecture. A comparison between the two approaches provides 

researchers with a broad overview to guide the choice of the optimal solution for a given 

challenge. 

Introduction 

AI as the overarching goal of creating intelligent systems. ML as the key 

subset/approach that enables systems to learn from data. DL as a powerful, specialized 

technique within ML that uses deep neural networks. 

 
Fig. 1. AI, machine learning and deep learning paradigm 

Machine Learning 
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Machine Learning (ML) is the pivotal subset of Artificial Intelligence that enables 

systems to learn from data, identify patterns, and make decisions with minimal human 

intervention. Fundamentally, it is the scientific study of algorithms and statistical models that 

allow computer systems to perform specific tasks not through explicit instructions, but through 

inference and pattern recognition drawn from data. 

The operational principle of ML involves algorithms constructing a mathematical 

model based on sample data, known as "training data." This model is then used to make 

predictions or decisions without being explicitly programmed for the task. 

A. Machine learning procedure 

1 The ML Procedure/Workflow: Briefly describe the standard pipeline (data collection, 

preprocessing, model training, evaluation, deployment). 

2 Categories of Machine Learning: Introduce the primary types—Supervised, 

Unsupervised, and Reinforcement Learning—which is a classic and effective way to structure 

the core of an ML section. 

3 Application Areas of Machine Learning is power lies in its adaptability to a vast array 

of domains. By learning from data, ML algorithms automate complex tasks, uncover hidden 

insights, and enable new capabilities. Key application areas include 

B. Requirements to Create Good Machine Learning Systems 

1. High-Quality Data 

2. Clear Problem Definition & Objective Metrics 

3. Appropriate Algorithm Selection & Model Design 

4. Robust Computational Infrastructure 

5. The Machine Learning Pipeline (MLOps) 

6. Domain Expertise & Cross-Functional Teams 

 
Fig. 2. Machine learning model 

C. Relationship with Other Fields 

1 Domain-Specific Sciences (e.g., Biology, Physics, Finance) ML's Role: It acts as a 

powerful tool for analysing complex, high-dimensional data in these fields, leading to new 

discoveries in drug design, materials science, astrophysics, and quantitative finance. This 

creates hybrid fields like Computational Biology and Econophysics. 
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2 Applied Mathematics & Optimization Mathematics Provides: Linear algebra (for data 

and model representations), calculus (for gradient-based learning algorithms like in neural 

networks), and optimization theory (to find the model parameters that minimize error). 

3. Computer Science (CS) & Software Engineering CS Provides: The algorithmic 

foundations, complexity theory, and data structures necessary to implement efficient learning 

algorithms. 

D. Who’s Using Machine Learning?  

Machine Learning has moved from academic research labs to become a core 

competitive technology for organizations of all types—from global tech giants to traditional 

industries and public sector institutions. Its adoption signals a shift towards data-driven 

decision-making and automated intelligence. 

1. Technology & Digital Giants (The Pioneers) Powers search ranking, targeted 

advertising (AdSense), YouTube recommendations, Google Translate, Waymo self-driving 

cars, and Android features. e.g., Google / Alphabet, Meta  

2. Finance & Banking For algorithmic trading, credit scoring, detecting fraudulent 

transactions in real-time, and chatbot customer service. 

3. Healthcare & Life Sciences Accelerating drug discovery by predicting molecular 

interactions and optimizing clinical trial design. (ML played a role in analysing data for 

COVID-19 vaccine development). 

E. Processes and Techniques associated with machine learning: The application of 

machine learning to solve real-world problems follows a systematic, iterative process and 

leverages a diverse toolkit of algorithms. Understanding this workflow and the associated 

techniques is essential for implementing effective ML solutions. 

1. The Machine Learning Workflow (The Process) 

2. Core Machine Learning Techniques (The Toolkit) 

3. Reinforcement Learning (RL): 

4. Other Paradigms: Semi-supervised Learning, Self-supervised Learning 

F. Applications of Machine Learning Machine Learning algorithms produce a wide 

spectrum of intelligent capabilities: These applications can be categorized by the core technical 

function they perform, each solving a distinct class of problem across multiple industries. 

1. Perception & Recognition 

2. Prediction & Forecasting 

3. Discovery & Insight Generation 

4. Generation & Synthesis 

5. Optimization & Automated Decision-Making 

Machine Learning Approaches 

Machine learning encompasses a spectrum of algorithmic approaches, which can be 

broadly categorized by the complexity and structure of the models they employ. A primary 

distinction lies between Classical ("Shallow") Learning and Deep Learning. This section 

explores this dichotomy and details the core architectures that define the deep learning 

paradigm. 
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III.A. Classical Machine Learning ("Shallow" Learning) 

Classical, or "shallow," learning algorithms are characterized by their relatively simple 

model structures, typically involving one or two layers of data transformation (feature 

extraction followed by classification/regression). Their power often depends heavily on 

informative, hand-crafted features provided by a human expert. 

III.B. Deep Learning 

Deep Learning is a specialized subset of machine learning based on Artificial Neural 

Networks (ANNs) with multiple layers between the input and output—hence "deep." These 

layers enable the model to automatically learn hierarchical representations of data, starting 

from simple features (e.g., edges in an image) to highly complex concepts (e.g., a face). 

 
III.C. Key Deep Learning Architectures 

Different architectures are designed to exploit the structure of specific data types. 

1. Convolutional Neural Networks (CNNs): 

Purpose: Designed for processing grid-like data, especially images. 

 
Fig. 3 CNN Model 

Key Mechanism: Uses convolutional layers with filters that scan the input to detect 

spatial hierarchies of patterns (edges → textures → object parts → objects). 

Applications: Image classification, object detection, medical image analysis. 
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2. Recurrent Neural Networks (RNNs) & Long Short-Term Memory (LSTM) 

Networks: 

Purpose: Designed for sequential data (e.g., time series, text, speech). 

 
Key Mechanism: Contain loops to persist information, allowing them to maintain a 

"memory" of previous inputs in the sequence. LSTMs are a specialized RNN variant that solves 

the problem of vanishing gradients in long sequences. 

Applications: Machine translation, speech recognition, time-series forecasting, text 

generation. 

3. Transformers: 

Purpose: A modern architecture that has largely superseded RNNs for many sequence 

tasks, particularly in NLP. 

Key Mechanism: Uses a self-attention mechanism to weigh the importance of different 

parts of the input sequence simultaneously, enabling parallel processing and capturing long-

range dependencies more effectively. 

Applications: Large Language Models (LLMs) like GPT and BERT, state-of-the-art 

machine translation, text summarization. 

4. Generative Adversarial Networks (GANs): 

Purpose: For generative tasks. 

Key Mechanism: Two neural networks, a Generator and a Discriminator, are trained in 

competition. The generator creates fake data, and the discriminator tries to distinguish it from 

real data. This adversarial process drives the generator to produce highly realistic outputs. 

Applications: Creating photorealistic images, image-to-image translation (e.g., turning 

sketches into photos), data augmentation. 

Deep Learning Comparison with Conventional Machine Learning Techniques 

 The primary difference between conventional machine learning and deep learning lies 

in how they process data and learn features. Conventional ML requires manual feature 

engineering, where human experts must carefully identify, extract, and pre-process the most 

relevant attributes (like specific shapes or word counts) from raw data before feeding them into 

a model. In contrast, deep learning automates this process through hierarchical feature learning, 

using multi-layered neural networks to automatically discover and extract progressively 

complex patterns directly from raw inputs like pixels or text characters. This allows deep 
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learning to excel with unstructured data but makes it computationally intensive and data-

hungry, whereas conventional ML remains more efficient, interpretable, and effective for 

structured, smaller-scale problems. 

Use Conventional ML when: You have structured data, a limited dataset, a need for 

model interpretability, or constrained computational resources. It is the efficient, precise tool 

for well-defined tasks. 

Use Deep Learning when: You are working with high-dimensional, unstructured data 

(images, text, sound), have access to massive labelled datasets and significant compute, and 

the primary goal is maximizing predictive accuracy on complex perceptual or generative tasks. 
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