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“Data Science is the practice of

Wh at | S transforming raw data into valuable
insights through a combination of
D at d statistical analysis, machine learning, data

mining, and domain knowledge to support
. decision-making and strategic planning"
Science?




Data

Science

Key
Concepts

Data

Gathering raw data from various sources such as databases,

Collection: APls, web scraping, and sensor data.

Data _ Processing and transforming raw data to remove errors, handle

Cleaning: missing values, and correct inconsistencies to ensure high-quality
data.

Exploratory Analyzing data sets to summarize their main characteristics, often

Data with visual methods. EDA helps in understanding the data

Analysis distribution, identifying patterns, and spotting anomalies.

(EDA):

Data Creating graphical representations of data to communicate

Visualization:

insights clearly and effectively. Common visualizations include
charts, graphs, and maps.

Statistical Applying statistical techniques to interpret data and draw

Analysis: conclusions. This includes hypothesis testing, regression
analysis, and variance analysis.

Machine Developing algorithms that can learn from data and make

Learning: predictions or decisions. This involves supervised learning (e.g.,

classification, regression), unsupervised learning (e.g., clustering,
dimensionality reduction), and reinforcement learning.



Data

Science

Key
Concepts

Modelling &

Building mathematical models to represent data relationships

Algorithms:  and solve problems. This includes choosing appropriate
algorithms and tuning them for optimal performance.
Big Data Utilizing tools and frameworks designed to handle large-scale

Technologies

data processing and storage, such as Hadoop, Spark, and
NoSQL databases.

Data! ] Designing and managing the infrastructure for data collection,

Engineering:  storage, and processing. This involves creating data
pipelines, databases, and ensuring data integrity.

Ethics & Ensuring ethical standards and privacy protection in data

Privacy: handling and analysis. This includes data anonymization,
consent, and compliance with regulations like GDPR.

Domain Applying expertise from specific fields (e.g., finance,

Knowledge:  healthcare, marketing) to contextualize data analysis and
tailor models to the domain-specific requirements.

BUSif_'eSS Integrating data science with business strategy to provide

Intelligence:  actionable insights, optimize operations, and drive decision-
making.

Deployment  |mplementing data science models into production

& Monitoring:  environments and continuously monitoring their performance

and impact.



Importance of Data Science
in Modern Applications

*Enhanced Decision-Making: Provides data-driven insights and
predictive analytics for proactive decisions.

«Improved Operational Efficiency: Optimizes processes and automates
tasks, increasing productivity.

*Enhanced Customer Experiences: Enables personalized marketing
and services through customer behavior analysis.

*Innovation and Development: Drives product development and
uncovers new opportunities.

*Risk Management: Detects fraud and assesses risks, enhancing
security.

+Competitive Advantage: Offers market insights and helps tailor
strategies to meet customer demands.

*Healthcare Improvements: Advances medical research and
personalizes patient care.

*Enhanced Decision Support Systems: Provides real-time analysis and
scenario simulation for strategic planning.

*Scalability and Adaptability: Manages large data volumes and adapts
to new data for relevant insights.

*Sustainability and Environmental Impact: Optimizes resource use and
monitors environmental impact.



What is
Artificial

Intelligence
(Al)?
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“Artificial Intelligence (Al) is the field of computer
science focused on creating systems capable of
performing tasks that typically require human
intelligence”

These tasks include learning from experience,
recognizing patterns, understanding natural
language, solving problems, and making decisions.

Al encompasses a range of technologies and
techniques, including machine learning, neural
networks, natural language processing, robotics, and
computer vision, aimed at building systems that can
adapt to new inputs, improve over time, and perform
complex functions autonomously.



Viachine Learning: Algorithms that enable systems to learn from data anc
improve their performance over time without being explicitly programmed for

C) . L A

Neural Networks: Computational models inspired by the human brain,
used in deep learning to recognize patterns and make predictions.

Natural Language Processing (NLP): Techniques that allow machines
to understand, interpret, and respond to human language.

Key

Computer Vision: Technology that enables machines to interpret and
make decisions based on visual input from the world.

Component
s of Al

Robotics: The design and use of robots to perform tasks autonomously
or semi-autonomously.

‘ Expert Systems: Al systems that emulate the decision-making ability of a

human expert in a specific domain.

make decisions by taking actions in an environment to maximize cumulative
CVWdl U

‘ Reinforcement Learning: A type of machine learning where an agent learns to

4




2. Al Important \

Loncepts




Narrow (Weak) Al Definition

Narrow Al is designed to
perform a specific task or a
narrow range of tasks. It
operates under a limited set of
constraints and is highly
specialized.




General (Strong) Al

General Al is a type of Al » Adaptability to different * Currently, General Al is
that can understand, tasks theoretical and does not
learn, and apply . Understanding and exist yet It remains a
knowledge across a wide reasoning long-term goal of Al
range of tasks at a level + Self-learning and research.

comparable to human improvement » Foundation Models are
USIGENES. L Eall the initiative that will
perform any intellectual * Transfer of knowledge ve later in th

task that a human can. from one domain to eyolve fater In e

another General Al concept.




Foundation Models

A starting point to develop ML models that power new
applications more quickly and cost-effectively.

arge deep learning models that are trained In
generalized and unlabelled data and can perform various

JC1IC]I d AS N

Used as the basis for further faster training and specialization
of tasks.
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“Superintelligent Al surpasses human \
intelligence in all aspects, including
creativity, general wisdom, and problem- \
solving. It is an Al that is far more advanced
than the best human brains in practically
every field, including scientific creativity,
general wisdom, and social skills.”

Superintellige

Nt Al | swus

» Superior decision- » Superintelligent Al is
making capabilities currently a speculative

« Advanced problem- concept and is the
solving and innovation subject of much

- Potential to improve debate and

speculation about its
implications for
humanity. It is not yet
achievable with
current technology.

itself autonomously




3. Historical
Context &
Evolution
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Historical Context of Al and Data Science

 Alan Turing proposes the Turing Test to evaluate machine intelligence.

1950s: Early Concepts

. » The term "Artificial Intelligence" is coined by John McCarthy at the Dartmouth Conference. This event marks the |
and Foundations

birth of Al as a field.

 Early Al programs, such as the Logic Theorist and General Problem Solver (GPS), demonstrate problem-
solving and reasoning capabilities.

N
1960s: Rule-Based « Development of symbolic Al and expert systems. Notable systems include Dendral (for chemical analysis)
Systems and Early and ELIZA (an early natural language processing program).
i ‘1
Enthusiasm » Joseph Weizenbaum creates ELIZA, an early natural language processing program that simulates a
conversation with a human.
J
<

» The initial excitement about Al wanes due to limited computational power and unrealistic expectations,
1970s: The First Al Winter leading to reduced funding and interest (known as the "Al Winter").

* Revival of Al with the success of expert systems like MYCIN (for medical diagnosis) and XCON (for computer
configuration).

1980s: Expert Systems « Another Al Winter occurs due to the high cost and limited scalability of expert systems.
and Renewed Interest )

N

+ Shift from rule-based systems to machine learning techniques. The rise of algorithms such as decision trees,
support vector machines (SVM), and neural networks.

1990s: Machine Learning
and Statistical
Approaches /

* IBM's Deep Blue defeats world chess champion Garry Kasparov, showcasing Al's strategic game-playing
capabilities.




Historical Context of Al and Data Science

 Explosion of digital data and advancements in computational power fuel progress in Al. The
development of big data technologies and cloud computing.

2000s: Big Data and
Computational
Advances

J

\

» Geoffrey Hinton popularizes deep learning with the introduction of deep belief networks.

J

» Rapid advancements in deep learning, particularly in image and speech recognition, natural|
language processing, and autonomous systems.

J

* IBM Watson wins the quiz show Jeopardy!, demonstrating advanced natural language
processing and information retrieval capabilities.

2010s: Deep Learning

J

A
» AlexNet wins the ImageNet competition, significantly advancing the field of computer vision.
J

and Al Integration

» Google's AlphaGo defeats Go champion Lee Sedol, demonstrating Al's proficiency in
complex strategic games.

2020s: Ubiquity and
Ethical Considerations

» Al becomes increasingly integrated into everyday applications, from virtual assistants to
autonomous vehicles.

R ECECEC KB £

Focus on Ethic « Growing emphasis on ethical considerations, fairness, transparency, and
Al accountability in Al systems.




Focuses on creating
intelligent systems
capable of performing
tasks that typically require
human intelligence, using
models often developed
through data science

Focuses on extracting
insights from data
through statistical
analysis, data
preprocessing, and
machine learning.

A

ues. 1

Relationship

Between
Data Science
& Al

Complementary Roles: Data science provides the data and models that
underpin Al systems, while Al enhances data science with advanced algorithms,
real-time processing, and automation.

Interdependence: Al relies heavily on data science for data preparation,
analysis, and modeling. Conversely, data science leverages Al techniques to
enhance data analysis and interpretation.



BEI:
Science & Al

Application
S

Healthcare

Finance

Retail

Transportation

Manufacturing

Medical Imaging
Predictive Analytics
Personalized Medicine

Fraud Detection
Credit Scoring
Algorithmic Trading

Recommendation Systems
Inventory Management
Customer Sentiment Analysis

Autonomous Vehicles
Route Optimization
Traffic Management

Predictive Maintenance
Quality Control
Supply Chain Optimization



Smart Grid Management
Predictive Maintenance

Energy

Renewable Energy
Forecasting

Customer Segmentation

Marketi ng Campaign Optimization

Sentiment Analysis

Personalized Learning
Predictive Analytics for

Ed ucation Student Performance

Administrative Efficiency D a ta
|
Content Recommendation S CI e n Ce & l \ I

E nte I"tal nment Content Creation

Audience Analysis Ap p I i Cati O n S

Talent Acquisition

Human Resources Employee Retention

Performance Management




4. Importance of
Large Language
Models (LLMs)
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“Large Language Models (LLMs) are \
. advanced artificial intelligence systems
Introductio designed to understand, generate, and

n to Large

manipulate human language.”

Lan g Lid g e They are built using deep learning
M Od e I = techniques, primarily utilizing neural
network architectures like transformers,
which enable them to process and
generate text with remarkable fluency
and coherence.




Deep Learning
and Neural
NeTWOIKS:

Scale and Training
Data:

Contextual Generative
Understanding: Capabilities:

* LLMs are trained * These models use * LLMs can » Beyond
on massive sophisticated generate understanding
Ke datasets that neural network contextually text, LLMs can
include diverse architectures, appropriate generate new text

Characteristics
of Large

Language
Models

text from books,
articles, websites,
and other sources,
which allows them
to learn the
nuances of human
language.

The training
involves millions
or billions of
parameters,
making these
models capable of
understanding and
generating
complex and
contextually
relevant text.

particularly
transformers,
which enable them
to handle long-
range
dependencies and
contextual
information more
effectively than
previous models.

The transformer
architecture relies
on mechanisms
like self-attention,
which allows the
model to weigh
the importance of
different words in
a sentence
dynamically.

responses by
understanding the
context of the
input text. They
can answer
questions, write
essays, translate
languages, and
even create poetry
or code.

Their ability to
maintain context
over long
passages of text
makes them
useful for a variety
of natural
language
processing (NLP)
tasks.

that is coherent
and contextually
relevant. This
capability is used
in applications
such as chatbots,
content creation,
and automated
storytelling.

They can perform
tasks like
summarization,
paraphrasing, and
completion of text
based on the input
they receive.



LLMs enhance the capabilities of Al and data science by improving how
machines understand and interact with human language, automating
complex tasks, and providing deeper insights into data. Some reasons that
LLMs are important can be:

I m p 0 rta n C e 1. Language Skills: LLMs excel in understanding and generating human

language, useful for tasks like summarization and translation.

Of L L M S i n 2. Data Analysis: They can analyze and interpret large volumes of

unstructured data, extracting valuable insights.

t h e C 0 ntEXt 3. Automation: LLMs automate routine tasks such as report drafting and

customer responses.
Of AI & D ata 4. Data Exploration: They enable more intuitive, natural language queries
for exploring and interacting with data.
S C i e n C e 5. Knowledge Synthesis: LLMs synthesize information from multiple

sources, providing comprehensive summaries.

6. Communication: They translate complex technical concepts into
simpler terms for broader understanding.

7. Innovative Uses: LLMs drive new applications in education, healthcare,,
and creative fields.




Advantages & Challenges

s . - Resource- : . e
Versatility: Efficiency: Bias and Ethics: Interpretability:

> (ATRlIRElsle > AUGITENS Ele . :-urginr;innggLaLnl\ﬂs . srigl;aoéating . aCr(z:rr??eliit( res

- itectu
acros_s LB enhance .taSkS require biases present make it difficult
domains and that require significant in the training to understand
tasks due to understanding computational data, and explain
their ability to and resources. necessitating how decisions
generalize generating careful are made by
from large human management the model.

and ethical

datasets. language. considerations.



LLMs & Impact of \

5. Use Cases of
Various Industries




Use Cases of LLMs
In Transportation

Intelligent LLMs can analyze real-time traffic data and predict
1“;Iraff|c congestion patterns, helping optimize traffic flow and
Management o4 ce delays.

Predictive

Maintenance:

They assist in analyzing sensor data from vehicles to
predict and prevent maintenance issues, improving
vehicle reliability and safety.

Automated LLMs power chatbots and virtual assistants for handling

(S:UStom?" inquiries related to public transportation schedules,
upport: ticketing, and route planning.

Route

Optimization:

They can generate and recommend the most efficient
routes for logistics and delivery services based on
traffic conditions and historical data.

Driver
Assistance
Systems:

LLMs enhance in-car navigation systems by providing
natural language interaction, such as voice-activated
route guidance and answering travel-related questions.

Incident
Reporting:

LLMs can analyze and categorize reports of accidents
or road issues from various sources, aiding in quicker
response and resolution.




Use Cases of LLMs
INn Smart Cities

Urban
Planning:

LLMs analyze data from various sources (e.g., social
media, sensors) to provide insights into urban trends,
helping city planners make informed decisions.

Energy
Management:

They assist in optimizing energy consumption across
city infrastructure by analyzing usage patterns and
predicting demand.

Public Safety:

LLMs analyze data from surveillance systems and
social media to identify and respond to potential
security threats or emergencies.

Waste
Management:

They help in optimizing waste collection routes and
schedules by analyzing data on waste production and
collection efficiency.

Citizen
Engagement:

LLMs power virtual assistants and chatbots that handle
citizen inquiries, provide information on city services,
and collect feedback.

Transportatio
n Integration:

They facilitate the integration of different modes of
transportation (e.g., buses, bikes, ride-sharing) by
analyzing user preferences and optimizing transit

f\h*ll\n(‘\
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Impact of
LLMs on

Education

1. Personalized Learning: LLMs create customized
learning experiences by adapting educational content
to individual student needs and learning styles.

2. Tutoring and Assistance: They provide on-demand
tutoring and homework assistance, answering
guestions and explaining concepts in various
subjects.

3. Content Creation: LLMs help educators generate
educational materials, such as quizzes, lesson plans,
and instructional content, more efficiently.

4. Language Learning: They support language learning
through interactive exercises, conversation practice,
and instant feedback on language use.

5. Administrative Support: LLMs assist with
administrative tasks like grading assignments and
managing student records, allowing educators to
focus more on teaching.

6. Research and Analysis: They aid in academic
research by summarizing existing literature,
generating research ideas, and analyzing large
volumes of academic data.



Impact of
LLMs on

Healthcare

. Clinical Decision Support: LLMs analyze patient

records, medical literature, and clinical guidelines to
assist doctors in diagnosing conditions and
suggesting treatments.

. Personalized Medicine: They help tailor treatments

based on individual patient data by analyzing genetic
information and medical history.

. Medical Documentation: LLMs streamline the

creation of medical documentation, reducing the time
physicians spend on paperwork and improving record
accuracy.

. Patient Interaction: Virtual health assistants

powered by LLMs provide patients with information
about symptoms, treatment options, and medication
management.

. Medical Research: They assist researchers by

summarizing scientific papers, identifying trends, and
generating hypotheses from large datasets.

. Telemedicine: LLMs enhance telemedicine platforms

by providing real-time language translation and
improving communication between patients and
healthcare providers.



1. Fraud Detection: LLMs analyze transaction data
and detect patterns indicative of fraudulent
activity, improving security and reducing financial
losses.

2. Customer Service: They power chatbots and
virtual assistants that handle routine inquiries,
manage accounts, and provide financial advice to
customers.

I I I I p a Ct Of 3. Risk Assessment: LLMs help in assessing credit
risk and analyzing market trends by processing
L L M S an large volumes of financial data and news.
4. Investment Insights: They analyze market data,
financial reports, and news articles to provide

inves_;tment recommendations and market
predictions.

5. Regulatory Compliance: LLMs assist in ensuring
compliance with financial regulations by
automating the monitoring and reporting of
transactions.

Finance

6. Personalized Financial Planning: They offer
tailored financial planning and advice based on
individual financial goals and behavior.




1 . C hatbOtS & « Examples: Siri, Google Assistant, Amazon Alexa, ChatGPT.
Virtual
Assistants

* Application: LLMs power conversational agents that understand and
respond to user queries in natural language. They assist with tasks like
answering questions, setting reminders, managing calendars, and
providing customer support.

2 . Content « Examples: Jasper, Copy.ai, OpenAl's GPT models.
. * Application: LLMs can generate articles, blog posts, product
Creation & Text

descriptions, and other types of written content. They are used in
. copywriting, content marketing, and even creative writing such as
Ge nera‘hon storytelling or scriptwriting.

| |
* Examples: Google Translate, DeepL.
A p p I I C a t I D n 3' Language * Application: LLMs enable high-quality, real-time translation between

Tra ns Iati on multiple languages by understanding context and idiomatic expressions,

f L L IVI improving the accuracy and fluency of translations.

4 Text - Examples: SummarizeBot, QuillBot.
. * Application: LLMs can condense long articles, documents, or reports into

H H concise summaries, making it easier for users to quickly understand key
S umma rlzatl on points without reading through all the text.

* Examples: MonkeylLearn, Lexalytics.

5 . Se ntl me nt + Application: LLMs are used to analyze customer feedback, product
. reviews, and social media posts to determine the sentiment (positive,
An a Iys IS negative, or neutral) behind the text. This is useful for brand monitoring,

market research, and customer insights.

&
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Application

s of LLMs

6. Code Generation &
Software
Development
Assistance

7. Question
Answering Systems

8. Recommendation
Systems

9. Email Drafting &
Writing Assistance

10. Knowledge
Retrieval &
Summarization

* Examples: GitHub Copilot, OpenAl Codex.

* Application: LLMs can assist developers by generating code snippets,
auto-completing functions, and offering solutions for programming
problems. They can also provide explanations of existing code or help
debug errors.

* Examples: WolframAlpha, IBM Watson.

* Application: LLMs power systems that can answer factual, procedural, or
complex queries by understanding context and retrieving relevant
information from databases or the web. These systems are used in
educational platforms and enterprise knowledge management.

* Examples: Netflix, Spotify, YouTube.

* Application: LLMs help generate personalized recommendations based
on users’ preferences and behavior. While recommendation systems
typically involve collaborative filtering, LLMs can enhance them by
understanding user feedback in natural language.

* Examples: Grammarly, Smart Compose (Gmail).

* Application: LLMs help users draft, edit, and refine emails or other
written communication. They suggest improvements, offer autocomplete
features, and correct grammar or tone, boosting productivity.

* Examples: IBM Watson, Microsoft Azure's Cognitive Search.

* Application: LLMs help extract and summarize information from large
datasets, documents, or knowledge repositories. This is used in legal
research, academic research, and enterprise knowledge management

systems.
&
o



Application

s of LLMs

11. Customer
Support
Automation

12. Speech-to-
Text & Text-to-
Speech Systems

13. Legal
Document
Analysis

14. Educational
Tools & Tutoring

15. Digital
Humanities &
Research

* Examples: Zendesk Answer Bot, Rasa.

* Application: LLMs automate responses to frequently asked questions
and customer queries in support centers. They can resolve common
issues or escalate complex problems to human agents, improving
response time and efficiency.

* Examples: Google Speech-to-Text, Amazon Polly.

* Application: LLMs support voice assistants by converting spoken
language into text and generating human-like speech from written text.
These applications are used in transcription services, accessibility tools,
and virtual assistants.

* Examples: Luminance, LawGeex.

* Application: LLMs are used in legal tech to review contracts, analyze
legal documents, and highlight potential risks or important clauses. This
automates repetitive tasks and enhances the efficiency of legal
professionals.

* Examples: ScribeSense, Duolingo (Al-driven language learning).

* Application: LLMs are used in educational platforms to provide
personalized learning experiences, automated grading, and real-time
tutoring in various subjects, enhancing the student experience.

* Examples: BERT for text analysis, GPT models for literature study.

* Application: LLMs assist researchers in analyzing large corpora of
historical documents, literature, and other textual data, allowing for
insights into cultural, linguistic, and social trends over time.

&



6. Ethical
Considerations &

Future Trends
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 Data Bias: Al models often inherit biases

from the data they are trained on, leading to \
unfair or discriminatory outcomes, especially

- In sensitive areas like hiring, law
Ethlcal enforcement, and healthcare.
C ons | d e rati on « Algorithmic Bias: Some Al systems may
disproportionately favor certain groups due to
S — biased algorithms, perpetuating inequality

and reinforcing harmful stereotypes.

Bias in Al

« Mitigation: Ensuring diverse, balanced
training data and implementing fairness-
aware algorithms are essential for minimizing
bias.




Ethical
Consideration

S —
Privacy &
Data Security

”

« Data Collection: Al systems often rely on
massive datasets, raising concerns about
how personal information is collected, stored,
and used without explicit consent.

- Data Breaches: Sensitive data, if not
properly secured, can be vulnerable to
cyberattacks, leading to privacy violations
and significant harm to individuals.

* Regulation: Strict adherence to data privacy
regulations (like GDPR) and robust
encryption methods are critical for
safeguarding users' privacy and security.

N\

\



Since matured Al is a new trend,
new and evolving regulations aim
to balance innovation with safety,
privacy, and accountability in Al-
powered transportation systems.

Regulatory Things to consider when using Al
g In transportation:

‘ Safety Standards

‘ Data Privacy Compliance

Compliance
Issues

‘ Accountability and Liability

‘ Transparency Requirements

nvironmental anc ICa
onsideration




Reqgulatory
&

Compliance
Issues

Safety Standards:

* Regulatory bodies require that any Al-driven system in transportation,
including LLMs, must meet strict safety standards, ensuring that
autonomous vehicles and traffic management systems do not
endanger public safety.

Data Privacy Compliance:

* LLMs used in transportation must comply with data protection laws like
GDPR and CCPA, ensuring that personal information gathered from
vehicles, passengers, or infrastructure is secured and anonymized.

Accountability and Liability:

* Legal frameworks are being developed to clarify who is responsible
when an Al system causes harm, ensuring accountability in the case
of accidents or malfunctions in autonomous transportation systems.

Transparency Requirements:

* Regulators push for transparency in how LLMs and generative models
are used in transportation, requiring companies to disclose algorithms
and decision-making processes, particularly in safety-critical scenarios
like autonomous driving.

Environmental and Ethical Considerations:

* As Al in transportation expands, regulations are increasingly
considering the ethical and environmental impact of Al models, aiming
to minimize energy consumption and promote sustainability in
transportation Al solutions.




1. Real-Time Traffic 2. Natural Language
Management & Route Interfaces for

Emerging

Optimization Autonomous Vehicles
A p p S Of * LLMs can analyze vast * LLMs enable more intuitive
: amounts of traffic data in interaction between
L L M S I n real-time to predict passengers and
congestion patterns, autonomous vehicles.
. accidents, and road Passengers can use
I nte I I | g e nt closures. They assist in natural language
dynamically optimizing commands to set
' routes for autonomous destinations, adjust vehicle
T ra n S p D rta tl vehicles and smart settings, or ask questions
infrastructure, improving about the trip, making
.-) n traffic flow and reducing autonomous driving more
travel time. user-friendly.




Emerging
Apps of
LLMs in

Intelligent
Transportati
n

3. Predictive Maintenance
for Smart Infrastructure

* By analyzing sensor data
and maintenance logs,
LLMs can help predict
when critical components
of smart transportation
systems, such as traffic
lights or autonomous
vehicle hardware, are
likely to fail. This allows for
proactive maintenance,
reducing downtime and
increasing system
reliability.

4. Multimodal
Transportation System
Coordination

* LLMs can be integrated
into intelligent
transportation systems to
coordinate between
different modes of
transport (e.g., buses,
trains, autonomous cars,
ride-sharing services).
They facilitate seamless
transitions by processing
schedules, optimizing
transfers, and providing
real-time updates to
passengers.



End of Session 1



