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OUR VISION

To become a centre of excellence, moulding quality Computer Science
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promoting quality research.

Department of Computer Science and Engineering is committed to:

M1 - (Teaching-Learning): Inculcate a passion for academic excellence through
innovative teaching and learning process.

M2 - (Develop Entrepreneurial Skills): Create opportunities for students to pursue
research and develop entrepreneurial skills.

M3 - (Social Skills): Nurture the students to be technically competent, morally upright
and socially responsible Computer Science engineers to meet global challenges.
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HOD’S
DESK

It gives me immense pleasure to present this edition of our department technical

magazine, a platform that showcases the creativity and technical expertise of
our students. This magazine serves as a reflection of the dedication and hard
work of our department in fostering innovation, research, and academic
excellence.

Our department has always been committed to equipping students with the
knowledge and skills necessary to thrive in an ever-evolving technological
landscape. Through various academic and extracurricular initiatives, we aim to
nurture not only technical proficiency but also critical thinking, leadership, and
teamwork.

I take this opportunity to congratulate the editorial team, contributors, and
everyone who played a role in bringing this magazine to life. May this edition
inspire and motivate our students to reach greater heights.

Wishing you all success in your academic and professional journeys!

Dr. Paul P Mathai
Associate Professor & Head
Dept. of CSE




EDITOR’S
WORD

elcome to the latest edition of FISAT's Technical Magazine, a premier

forum celebrating the dynamic world of computer science.
It gives me immense pleasure to present this edition of our digital magazine, a

platform dedicated to showcasing the innovation, intellect, and ingenuity thriving
within our computer science community. This magazine stands as a testament to the
collaborative spirit and academic excellence that define our institution. Through
insightful articles, technical explorations, and research-driven narratives, we aim to
amplify the voices of emerging technologists and thought leaders among us.

This issue brings together a rich collection of contributions that delve into the
frontiers of computer science and engineering. From discussions on cutting-edge
developments in Al and to explorations of interdisciplinary innovations and
technology, the content reflects both depth and diversity. Each article has been
carefully curated to inform, inspire, and provoke meaningful thought—highlighting
not just technical proficiency, but the broader societal impact of these
advancements.

Extending sincere gratitude to the team for their dedication and critical insight, to
the contributors for their creativity and hard work, and to the college management
for their unwavering support. Together, we continue to foster a culture of excellence
and innovation that will define the future of technology. I extend my heartfelt
gratitude to everyone whose hard work and unwavering commitment have been
instrumental in bringing this magazine to fruition.

Hansa J Thattil
Chief Editor
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Green Computing

Aneeta Rose T R
S8 CSE A

Introduction

In an era where climate change and environmental degradation
are pressing global concerns, technology plays a pivotal role in
shaping a sustainable future. Green computing, also known as
green IT, refers to the practice of designing, manufacturing,
using, and disposing of computers, servers, and associated
systems in an environmentally friendly manner. The primary
goal is to reduce the carbon footprint of technology while
maintaining or improving performance and efficiency. This
article explores how technology drives sustainability through
green computing initiatives and innovations.




Importance of Green Computing

The rapid proliferation of technology has
led to increased energy consumption and
electronic waste. Data centers alone account
for a significant portion of global electricity
use. Green computing addresses these
challenges by implementing energy-efficient
hardware, optimizing software, and
promoting responsible disposal methods.
Organizations adopting green computing
not only reduce operational costs but also

contribute to global sustainability goals.

sustainability goals.

Key Areas of Green Computing

1. Energy-Efficient Hardware

Manufacturers are focusing on developing
energy-efficient such as
processors, power supplies, and displays.
Technologies like solid-state drives (SSDs)
consume less power compared to traditional

hard drives. Energy Star-rated devices

components

ensure compliance with stringent energy
consumption standards.

2. Virtualization and Cloud Computing
Virtualization allows multiple virtual
machines to run on a single physical server,

GREEN COMPUTING “

optimizing resource usage and reducing
energy consumption. Cloud computing
further enhances efficiency by distributing
workloads to data centers optimized for
energy use and powered by renewable

energy sources.

3. Software Optimization

Efficient software can significantly reduce
hardware resource demands. Developers are
lightweight

now focusing on creating

applications that consume less

thereby extending the lifespan of devices.

energy,

4. Sustainable Data Centers

Data centers are major energy consumers.
Green data centers employ advanced
cooling techniques, energy-efficient
hardware, and renewable energy sources.
Tech giants like Google and Microsoft have
invested heavily in carbon-neutral data
centers, setting industry benchmarks for

sustainability.

5. E-Waste Management

Proper disposal and recycling of electronic
waste prevent harmful substances from
contaminating the environment. Initiatives
like take-back programs and responsible
recycling are essential components of green
computing.




Role of Artificial Intelligence in Green
Computing

Artificial Intelligence (AI) is increasingly
used to enhance green computing practices.
Al algorithms can predict and optimize
energy consumption in data centers,
improve smart grid efficiency, and promote

sustainable manufacturing processes.
Challenges and Future Prospects

While green computing offers significant
benefits, challenges remain in terms of cost,
technological limitations, and industry
adoption. However, ongoing research and
global initiatives are paving the way for a
future where technology and sustainability
go hand in hand. With continued
investment and  innovation, green
computing can play a crucial role in

combating climate change.

GREEN COMPUTING n

Conclusion

Green computing is not just a technological
trend; it is a necessity in the face of
By adopting
leveraging energy-

environmental challenges.
sustainable practices,
efficient technologies, and promoting
responsible consumption, both individuals
and organizations can make a substantial
impact. As technology evolves, integrating
sustainability into its core will be

paramount in shaping a greener, more

sustainable world.
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of Al Development?

Ann Maria Raju
S8 CSE A

Introduction
Artificial Intelligence is growing at a fast pace, and developers
and data scientists require powerful but compact systems to
build and deploy models efficiently.

NVIDIA has introduced DIGITS, an AI computer that is small
yet delivers an extraordinary performance. Equipped with the
NVIDIA GBI10 Grace Blackwell Superchip, making it ideal for
Al researchers, developers and students worldwide. With
128GB of unified system memory, it can handle large Al
models with up to 200 billion parameters, supports intensive Al
workloads like prototyping, fine tuning, inference, data science
and edge applications.

The AI stack comes pre-installed, allowing users to begin
developing easily. The NVIDIA GB10 superchip serves as the
heart of DIGITS, it delivers up to one petaflop of Al
performance at FP4 precision.The integration of a 20-core Arm
CPU ensures seamless processing, while the NVIDIA Blackwell
GPU provides high-speed computation.



With 128 GB of LPDDRS5x coherent
unified system memory, Al models requiring
extensive data handling can run smoothly
without bottlenecks.

Connectivity options include four USB4
Type-C ports and Bluetooth, while high-
speed networking is enabled through
ConnectX, Wi-Fi, and Ethernet, allowing

multiple systems to work together for
requiring up to 405 billion
parameters. For storage, Project DIGITS
supports up to 4 TB of NVMe M.2 with

self-encryption, ensuring data security and

models

ample capacity for large Al projects.

It has the ability to accelerate Al workloads
across different domains. Developers can
use it for prototyping Al models, testing and
validating applications before deployment.
Fine-tuning capabilities allow researchers to
adjust AI models with up

to 70 billion
accuracy and efficiency. For inference, the

parameters, improving
system i1s optimized to handle AI models
with up to 200 billion parameters, enabling
real-time deployment of advanced Al
applications. The device also supports data
science  workflows through NVIDIA
RAPIDS, streamlining end-to-end data
processing tasks. Edge applications benefit
from its compatibility with NVIDIA Al
frameworks like Isaac and Metropolis,
allowing  real-world  deployment in
industries ranging from robotics to smart
surveillance.

Other than hardware capabilities, it has an
impressive software stack powered by the
NVIDIA Al. It provides a comprehensive
set of tools, frameworks, libraries and
pre-trained models for Al development.
This makes it the best choice for users who
need a full stack solution for generative Al

and Machine learning applications

NVIDIA DIGITS

The OS, NVIDIA DGX Base OS running
on Ubuntu linux ensures stability and
compatibility with a wide range of Al and
data science workflows. The device connects
to display through HDMI 2.1a port, which
makes it easy to integrate to existing
workstations.

With a growing demand for Al technology,
NVIDIA DIGITS stands out as a perfect

tool offering supercomputer  level
performance in a compact form. It
empowers Al  developers, students,
researchers and data scientists. The

combination of cutting-edge hardware and
seamless software integration makes it an
essential tool for anyone working in the Al
field. As AI continues to revolutionize
industries, having a high-performance, desk-
friendly supercomputer like Project DIGITS
will undoubtedly drive innovation and

accelerate  advancements in  machine

learning and deep learning applications.




Smingle Simon
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Artificial Intelligence (AI) has transformed rapidly over the
years, evolving from rule-based systems to advanced deep
learning models capable of generating human-like text, images,
and code. Despite these advancements, traditional Al remains
largely passive, requiring explicit human commands to perform
tasks. Now, we are witnessing a significant shift with the
emergence of Agentic AI-—a new breed of Al that operates
independently, sets goals, makes decisions, and adapts to

changing environments without constant human oversight.



Agentic Al marks a paradigm shift,
introducing AI models that function as
autonomous agents. These systems can
perceive their surroundings, reason through
possible actions, and execute decisions in
pursuit of long-term objectives. With its
ability to learn from experiences and
collaborate with other agents or humans,
Agentic Al is opening new frontiers in
automation, research, business, and even
creative domains. But what makes Agentic
Al different, and what does its rise mean

for the future of Al-driven technology?

Understanding Agentic Al

Unlike conventional Al models, which rely
on predefined tasks and require human
input for execution, Agentic Al functions
independently, acting much like a self-
sufficient digital assistant. These Al systems
possess several defining characteristics that
set them apart from their predecessors:

1. Autonomy :Agentic Al does not require
continuous human supervision. It can

take initiative, make decisions, and execute
actions on its own.

2. Learning and Adaptability :These Al
agents improve over time by analyzing
adjusting
decision-making processes accordingly.

past experiences and their
3. Planning and Execution :Instead of merely
responding to commands, Agentic
Al systems can set goals, develop strategies,
and carry out complex tasks with
minimal intervention.
4. Collaboration :Agentic Al can interact
with humans, other AI agents, and
software systems to optimize processes and
enhance efficiency.

These features enable Agentic Al to be
much more than just a tool—it acts as an

THE RISE OF AGENTIC Al

independent problem-solver, capable of
handling sophisticated challenges across

multiple industries.

The Real-World Applications of
Agentic Al

The rise of Agentic Al is already making
waves in various industries, unlocking new
were

possibilities that previously

unimaginable.

Automated Research and Data Analysis
Imagine an Al that can browse vast
amounts of information, identify key
insights, and generate research summaries
without human intervention. Agentic Al
can assist in scientific discoveries, financial

forecasting, and business intelligence by

autonomously analyzing data, spotting
trends, and making informed
recommendations.
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Software Development and Debugging

Agentic Al is poised to revolutionize the
software industry by writing, testing, and
debugging code independently. Al-
powered agents can detect errors, suggest
optimizations, and even collaborate with
human developers to streamline the
software development lifecycle.

Customer Support and Business
Automation

Companies are increasingly adopting
Al-driven agents for customer support,
marketing automation, and operational
management. These agents can handle
repetitive inquiries, process transactions,
and provide personalized assistance,
enhancing customer experiences while
reducing operational costs.

Healthcare and Medical Advancements
The healthcare sector is witnessing a
transformation with Al-driven
diagnostics,
personalized treatment plans, and drug
discovery. Agentic Al can analyze patient
records, detect patterns, and recommend
treatments,  significantly = improving
healthcare  efficiency and  patient

outcomes.

Cybersecurity and Threat Detection

With cyber threats becoming more
sophisticated, Agentic Al can proactively
monitor systems, detect anomalies, and
neutralize potential security risks in real
time.
These Al  agents can  enhance
cybersecurity by autonomously
responding to threats and collaborating
with security professionals to strengthen

digital defenses.

THE RISE OF AGENTIC Al

Challenges and Ethical Considerations
While the promise of Agentic Al is
immense, its rise also brings several

challenges and ethical dilemmas that need to
be addressed.

1. Ethical Concerns

One of the biggest concerns with
autonomous Al is ensuring that it aligns
with human values. Can an Al agent make
ethical decisions? Who is responsible if an
Al system makes a harmful choice?
Establishing guidelines for ethical Al
behavior will be crucial as these systems
become more independent.

2. Security Risks

As Al agents gain more control over
decision-making, they may become
vulnerable to adversarial attacks,
manipulation, or unintended actions.
Ensuring the security and robustness of

these systems is critical to prevent misuse.

3. Impact on Jobs and Workforce

As Al automates more tasks, concerns
about job displacement are growing. While
Al can increase efficiency, it also raises
questions about the future of human
employment. Finding ways to integrate Al
without rendering jobs obsolete will be a
challenge that industries must navigate.

4. Transparency and Explainability

Al models, including Agentic Al, often
function as black boxes, meaning their
decision-making processes are not always
transparent. Developing explainable Al

will be essential in ensuring trust and
accountability in Al-driven systems.



The Future of Agentic Al

Agentic Al is not just a concept—it is
rapidly becoming a reality. Companies like
OpenAl, DeepMind, and Anthropic are
investing heavily in the development of
autonomous Al agents. Future
advancements in reinforcement learning,
cognitive architectures, and multimodal Al
will further enhance the capabilities of these
systems.
Governments and organizations must
establish clear ethical guidelines, security
frameworks, and Al governance policies to
ensure the responsible deployment of
Agentic Al. Regulations will play a vital
role in shaping AI’s role in society while
minimizing risks associated with autonomy
and decision-making.

Conclusion

The rise of Agentic Al marks a significant
turning point in the evolution of artificial
intelligence. Moving beyond passive models,
Al is now stepping into the realm of
autonomous decision-making and
execution. By enabling Al to reason, plan,
and perform complex tasks independently,
Agentic Al has the potential to revolutionize
industries, enhance productivity, and
transform the way we interact with
technology. However, with great power
comes  great  responsibility.  Ethical
considerations, security measures, and
transparency will be key factors in ensuring
Al’s beneficial integration into society. As
we stand at the brink of a new Al era, the
focus should not be on whether Agentic Al
will take over, but rather on how we can
guide its evolution to create a smarter, more
efficient, and ethically sound world. The
future of Al is unfolding rapidly, and with
careful planning and governance, Agentic
Al can become one of the most powerful
tools humanity has ever created.

THE RISE OF AGENTIC Al
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Low-Code/No-Code

Development

The software development landscape is
undergoing a dramatic transformation,
driven by the rise of low-code and no-code
(LCNCO) platforms.These
platforms promise to democratize software
creation, allowing individuals with little to
no coding experience to build applications
interfaces

development

using  visual and pre-built
components. This shift raises a critical
question:

Will low-code/no-code development replace

traditional programming?

While these platforms offer undeniable
benefits in terms of speed, accessibility, and
efficiency, traditional programming remains
indispensable for complex, high-
performance applications.

In this article, we explore the potential,
limitations, and future of LCNC
development in comparison to traditional

software engineering.

What is Low-Code/No-Code Development?
Low-code and no-code platforms provide a
visual approach to software development.
Instead of writing extensive lines of code,
users can drag and drop components,
automate workflows, and integrate APIs to
create functional applications.
« Low-Code
developers and business users, these

Platforms: Designed for
platforms still require some coding
knowledge but significantly reduce
manual programming efforts.

« No-Code Platforms: Built for non-
technical users, these platforms allow
application development using pre-built
templates and logic-based automation
without any coding knowledge.

Examples of popular LCNC platforms
include Microsoft Power Apps,
OutSystems, Bubble, Zapier, and Appian.



LOW-CODE/NO-CODE DEVELOPMENT

Advantages of Low-Code/No-Code

Development

1. Speed and Efficiency

One of the biggest advantages of LCNC
platforms is the ability to rapidly develop
software

applications. Traditional

development involves complex coding,
testing, and debugging, which can take
With LCNC tools,

businesses can deploy applications within

weeks or months.

hours or days, significantly accelerating
digital transformation.

2. Accessibility for Non-Developers
LCNC business
analysts, marketers, and entrepreneurs to

platforms  empower
create custom applications without relying
on IT departments. This democratization of
development fosters innovation and allows
companies to quickly adapt to changing
business needs.

3. Cost Savings

Hiring and skilled
developers is expensive. LCNC platforms

retaining software

reduce development costs by enabling
organizations to build applications without
requiring a large team of specialized
programmers.

4. Seamless Integration
LCNC platforms
integration  and

Many support API

third-party  service
connections, allowing users to link their
applications with existing enterprise systems
like CRMs, ERPs,

solutions.

and cloud storage
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The Limitations of Low-Code/No-
Code

1. Limited Customization and Scalability
While LCNC
development, they often lack the flexibility

platforms simplify
and scalability
applications. programming
developers to  build highly
customized, performance-optimized
software that LCNC tools struggle to
replicate.

2. Security and Compliance Concerns
Many businesses handle sensitive data that

required for large-scale
Traditional
allows

must comply with regulations such as
GDPR, HIPAA, and ISO 27001. LCNC

platforms may have limited security
controls, raising concerns about data
privacy, access ~ management, and
compliance.

3. Dependence on Platform Providers

Applications built on LCNC platforms are
often locked into specific vendors, making it
difficult to migrate to other technologies.
lead to
increased costs and reduced flexibility over

This vendor dependency can

time.

4. Lack of Deep Technical Control

For applications that require complex
algorithms, real-time processing, or highly
customized workflows, LCNC platforms

fall short. Traditional coding remains
essential for developing Al-powered
applications, high-frequency trading

systems, and large-scale enterprise software.



LOW-CODE/NO-CODE DEVELOPMENT

Will Low-Code/No-Code

Traditional Programming?
While LCNC development is transforming

Replace

the industry, it is unlikely to replace
traditional programming entirely. Instead,
LCNC and traditional coding will coexist,
each serving different needs:

« LCNC for Rapid Prototyping and
Business Applications: Ideal for internal
tools, workflow automation, and non-
complex applications.

« Traditional Coding for Advanced
Software Development: Essential for
building scalable, secure, and high-
performance applications with deep
customization.

The Future of Software Development:
A Hybrid Approach

The future of software development lies in
a hybrid approach where LCNC and
traditional programming complement each
other. Many enterprises are adopting citizen
development models, where business users
build basic applications using LCNC tools
while professional developers focus on
enhancing them with advanced features.

With  Al-powered development tools
emerging, LCNC platforms will continue to
evolve, integrating machine learning,

automation, and  natural language
processing to further simplify software
creation. However, as technology advances,
traditional programming skills will remain
invaluable for pushing the boundaries of

what’s possible in software engineering.

Conclusion

Low-code and no-code development
platforms are revolutionizing the way
software is built, making application
development more accessible and efficient.
While these tools offer incredible speed and
convenience, they cannot fully replace
traditional programming, especially for
complex, high-performance applications.
Instead, the future of software development
lies in the collaboration between LCNC and
traditional coding, leveraging the strengths
of both approaches to drive innovation and
efficiency.

As technology continues to evolve,
businesses and developers must adapt,
learning when to use LCNC for speed and
efficiency and when to rely on traditional
coding for flexibility and power.The
software development landscape is shifting,
but coding remains an essential skill in the
digital era.

Rinsha Yasmin

S8 CSE B
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Artificial Intelligence (Al) systems thrive
on data. However, acquiring large, diverse,
and high quality datasets for training and
testing Al models is often fraught with
challenges, including cost, privacy concerns,
and inherent biases in real world data. This
is where synthetic data emerges as a
groundbreaking solution, enabling Al
without the hurdles of
traditional data collection and usage.

development

What is Synthetic Data?
Synthetic data refers to data that is
artificially generated rather than collected
from real world events. It mirrors the
statistical properties and patterns of real
world datasets but contains no actual user
or sensitive information.

Synthetic data can represent a wide range
including

of data types, images,

numerical data, or time series data, and it’s

text,

created using advanced algorithms and
simulations.

Why is Synthetic Data Important?
1. Addressing Data Scarcity

In domains like healthcare, autonomous
vehicles, or robotics, obtaining labelled
datasets is often costly, time consuming, or
outright impossible due to the rarity of
certain events. Synthetic data fills these gaps
by generating datasets that mimic real world
conditions, allowing models to train
effectively even in data scarce scenarios.
2. Ensuring Privacy Compliance

With regulations like GDPR and HIPAA
enforcing strict data privacy guidelines,
using real world data for Al development
can be legally and ethically challenging.
Synthetic data eliminates these concerns as
it does not include any identifiable or
sensitive information.
3. Reducing Bias

Real world datasets often reflect societal
or systemic biases, leading to skewed Al
models. Synthetic data can be -carefully
designed to counteract these biases, ensuring

fairer and more accurate Al outcomes.
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How is Synthetic Data Created?

Synthetic data is generated using a variety
of methods:
1. Simulation Based Approaches:

Developers create virtual environments to

simulate real world scenarios. For
instance, autonomous vehicle companies
use simulation software to generate
diverse driving conditions, including rare
like pedestrian
crossings or extreme weather conditions.
2. Generative Models:

Deep learning techniques like Generative
Networks (GANs) and
Variational Auto encoders (VAEs) are

events unexpected

Adversarial

used to create realistic data. For example,
GANSs can generate high quality synthetic
images or videos that are nearly
indistinguishable from real-world data.

3. RuleBased Systems:

In domains where subject matter expertise
1s available, synthetic datasets can be
crafted based on predefined rules and
constraints. For example, in finance,
synthetic transaction data can be created
and

to mimic fraudulent legitimate

activities.

SYNTHETIC DATA IN Al

Applications of Synthetic Data
1. Autonomous Vehicles:

Synthetic data is used to simulate millions
of miles of driving, including rare but
critical scenarios such as accidents,
jaywalking pedestrians, or sudden vehicle

malfunctions.

2. Healthcare:

Privacy preserving synthetic patient records
enable researchers to train Al models for
diagnosis and treatment planning without
exposing real patient data.

3. Retail and Marketing:

Synthetic customer behaviour data allows
businesses to test predictive models and
marketing strategies without needing real
user data.

4. Robotics:

Robots are often trained in virtual

that
conditions, reducing the risks and costs

environments mimic real world

associated with real world testing.

Challenges of Synthetic Data
While data
promise, it is not without challenges:
1. Quality and Realism:

Synthetic data must closely replicate real

synthetic offers immense

world patterns to ensure models trained on
it generalize well to real world scenarios.
Poor quality synthetic data can lead to
underperforming Al systems.

2. Computational Costs:
Creating high quality data,
especially with advanced generative models,

requires significant computational resources

synthetic

and expertise.
3. Validation:

Ensuring that synthetic data accurately
captures the variability of real-world data
without introducing new biases is a complex
process.



Future of Synthetic Data

As Al continues to advance, the demand

for high quality data will only grow.
Synthetic data, powered by improvements in
generative models and simulation
techniques, is poised to play a critical role in
meeting this demand. By addressing data
scarcity, privacy concerns, and bias,
synthetic data is set to become a cornerstone
of Al development across industries.
Combined with techniques like data
augmentation and transfer learning, it offers
a sustainable and scalable path forward for
Al innovation.
In a world where data is the lifeblood of Al,
synthetic data is proving to be an invaluable
resource, enabling innovation  while
navigating the challenges of real world data
constraints.

v
-

Nandakishore K
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Introduction

Reinforcement Learning (RL) has emerged
as a fundamental paradigm in artificial
intelligence (Al), allowing agents to learn
optimal decision-making strategies through
trial and error. Over the past decade, RL
has demonstrated remarkable success in
areas such as robotics, game playing (e.g.,
AlphaGo and OpenAl Five), autonomous
systems, and financial modeling. However,
despite its progress, RL still faces several
challenges, including sample inefficiency,
generalization issues, and ethical concerns.
The future of RL lies in addressing these
challenges while expanding its applications
across various industries, ultimately
pushing the boundaries of artificial general
intelligence (AGI).

Advancements in RL

1. Sample Efficiency and Model-Based RL
Traditional RL algorithms, such as Q-
learning and policy gradient methods,
require massive amounts of data to learn
optimal policies, making them impractical

for real-world applications. Model-based
RL aims to overcome this limitation by
incorporating an internal model of the
environment, allowing agents to predict
outcomes before interacting with the real
world. Research in world models and
hybrid learning approaches combining
model-free and model-based techniques is
expected to improve sample -efficiency
significantly.

2. Generalization and Transfer Learning

One major drawback of current RL
systems is their inability to generalize across
different environments. Humans can
quickly adapt to new situations by
leveraging prior knowledge, but RL agents
often fail when faced with slightly altered
scenarios. Meta-learning, transfer learning,
and unsupervised pretraining are promising
techniques that enable agents to generalize
better by
representations of tasks.

learning higher-level



THE FUTURE OF REINFORCEMENT LEARNING

3. Multi-Agent and Cooperative RL

Future RL systems will increasingly focus
on multi-agent reinforcement learning
(MARL), where multiple agents interact and
learn in a shared environment. MARL is
critical for applications like autonomous
driving fleets, swarm robotics, and financial
markets, where multiple decision-makers
must coordinate strategies. Cooperative RL
will enable more efficient and robust Al
real-world

systems capable of handling

complexity.

4. Offline RL and Safe RL

Real-world deployment of RL systems often
requires training in high-risk environments,
such as healthcare and finance. Offline RL,
which learns from pre-collected datasets
rather than real time interactions, is gaining
traction as a safer alternative. Additionally,
safe RL ensures that AI agents follow
constraints and human-aligned objectives,
preventing unintended harmful behaviours.

Applications of RL in Industry
Finance and Quantitative Trading

RL is transforming algorithmic trading and
portfolio optimization by dynamically
adjusting trading strategies based on market
conditions. Future RL models will enhance
risk management, high-frequency trading,

and automated market-making strategies.

Healthcare and Drug Discovery

RL is expected to play a crucial role in
personalized medicine, robotic surgery, and
drug discovery by optimizing treatment plans
and accelerating clinical trials. Al-powered
RL agents could revolutionize healthcare by
making real-time, data-driven decisions.

Autonomous Systems and Robotics

Self-driving cars, drones, and robotic
assistants will rely on RL for real-time
decision-making. Future advancements in
hierarchical RL will allow these systems to
learn complex tasks efficiently, improving
safety and adaptability.

Artificial General Intelligence (AGI)

RL is considered one of the key
components in the pursuit of AGI. Future
developments in hierarchical decision-
making, reasoning, and long-term planning
human-level

will bring us closer to

intelligence.

Challenges and Ethical Considerations
Despite its potential, RL poses several
challenges:

« Computational Costs: Training deep

RL  models requires enormous
computational resources.
« Reward Engineering: Designing

appropriate reward functions remains
difficult.
« Bias and Fairness: RL models can

inherit biases from training data,
leading to unfair decisions.

. Safety and Explainability: RL decisions

lack

in high-risk domains like

often transparency,  raising
concerns

finance and healthcare.
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Stable Diffusion:

Redefining Digital Art
and Beyond

What is Stable Diffusion?

Stable Diffusion is a revolutionary
technology in the world of artificial
intelligence, specializing in generating high-
quality images from textual descriptions. It
uses advanced diffusion models to create
visuals that are incredibly detailed and
lifelike. Whether you’re an artist or a
designer, Stable Diffusion opens up new

dimensions of creative expression.

How Does It Work?

At the core of Stable Diffusion lies its
ability to transform random noise into
coherent images. Here's how it works:

Noise to Clarity: The model starts with a
noisy image and refines it step by step,
guided by the input prompt.

Learning from Data: Trained on vast
datasets, it learns to associate textual
prompts  with  corresponding  visual
representations.

Al-Driven Creativity: This iterative process
allows the Al to generate unique and highly
customizable visuals.

Imagine describing a sunset over a
mountain range, and within seconds, the Al
generates a stunning, lifelike image that
perfectly matches your description. That’s

the magic of Stable Diffusion.

Fixed forward diffusion process

Noise

Generative reverse denoising process



The Creative Potential

Stable Diffusion is not just a tool; it’s a
creative powerhouse. Here are some of its
most exciting applications:
Artistic Masterpieces: From abstract designs
to photo realistic images, it empowers artists
to push the boundaries of creativity.
Entertainment Revolution: Movie studios
and game developers use it to design
characters, environments, and storyboards

with ease.

Education  Redefined:  Teachers and
researchers leverage Stable Diffusion to
create educational visuals and bring

concepts to life.

an image generated using S

The Ethical Dilemma

With  great power great
responsibility, and Stable Diffusion is no

comes

exception. Some of the challenges it faces

include:
Misuse Concerns: The ability to create fake
or manipulated content raises ethical

questions.

Data Ownership: Training the AI often
involves datasets that may include
copyrighted material.

Bias and Fairness: Ensuring the model
generates unbiased and inclusive content is a
key area of focus. It’s up to developers and
users to navigate these issues responsibly
and ensure that Stable Diffusion is used for

the greater good.

STABLE DIFFUSION

The Future of Digital Art

Stable Diffusion is just the beginning of a
new era in digital creativity. As Al
continues to evolve, we can expect even
more sophisticated tools that merge human
imagination with machine intelligence.
From personalized art to large-scale design
projects, the possibilities are limitless.

The future of digital art is here, and Stable
Diffusion is leading the charge. It’s not just
about creating images; it’s about unlocking

the potential to innovate and inspire.

Ashhad Ali MP
S8 CSD

Farhan M Saigil
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Introducing Cloud Computing
Cloud computing has become an essential

part of our daily lives, even if we do not
always realize it. When we stream a movie,
use social media, or store files online, we
benefit from cloud computing. Cloud
computing refers to using the internet to
store and manage data instead of keeping it
on a personal computer or a local server.
Businesses and individuals rely on cloud
their
and

computing to access data from
reduce costs,

efficiency. As technology advances, cloud

anywhere, improve
computing is evolving to provide faster,
more secure, and more flexible solutions.
Understanding Cloud Computing

In the past, businesses stored their data
servers and

and software on physical

computers in offices. This meant that if a

company needed more storage or
computing power, they had to buy and
maintain  expensive hardware. Cloud

computing changed this by allowing

businesses to store data and run
applications on remote servers owned by
cloud service providers like Google,

Amazon, and Microsoft. Users can now
access their files and programmes over the
internet, making work more flexible and
reducing the need for costly infrastructure.
There are three main types of cloud
computing services.

« Infrastructure as a Service (IaaS), where
companies rent computing power and
storage instead of buying expensive
Servers.

« Platform as a Service (PaaS), which
provides tools for developers to build
applications without worrying about
hardware or operating systems.

« Software as a Service (SaaS), which
allows wusers to software

applications, like
processors, through a web browser

access
email or word
without needing to install anything on
their devices



Key Innovations in Cloud Computing
One major innovation is multi-tenancy, a
system that allows multiple businesses or
users to share cloud resources while keeping
their data private. This makes cloud
computing more affordable and helps
companies avoid wasting computing power
and storage. Another example is edge
Computing, which brings cloud services
closer to the users. Instead of relying on
distant data edge

processes data closer to where it is being

centers, computing
generated, such as in a smart device or a
nearby server. This reduces delays, making
it ideal for real-time applications like self-
driving cars, smart cities, and online
gaming.

A newer concept gaining popularity is data
mesh architecture, which makes it easier for
businesses to access and manage large
amounts of data across multiple cloud
environments. Traditional cloud storage
often creates isolated '"data silos," where
different departments in a company cannot
easily share information. A data mesh
these

collaboration and efficiency.

connects silos, improving

Challenges, Future Trends, and the

Road Ahead

Despite its many benefits, cloud
computing still faces some challenges. One
major concern is data security. Since cloud
computing involves storing information on
external servers, businesses must ensure
their data is protected from cyberattacks
and unauthorized access. Another challenge
is reliability. If a cloud service experiences
an outage, users may be unable to access
their data or applications. Companies are
strategies,

where they use multiple cloud providers to

now developing multi-cloud

CLOUD COMPUTING

ensure continuity in case one service goes
down.

Looking ahead, Artificial Intelligence (AI)
in cloud computing is expected to play a
significant role. Al can help automate cloud
management, improve security, and
Another

emerging trend is server-less computing,

optimize computing resources.

where developers can build applications
without managing any servers, reducing
costs and complexity. With advancements in
security, edge computing, and Al-driven
cloud management, the future of cloud
computing is promising. As businesses and
individuals continue to rely on the cloud for
everyday tasks, we can expect even greater
innovations that will shape the digital world
to come. Whether you are
streaming your favourite show or running a

for years

business, cloud computing is the invisible
force that keeps everything connected and
running smoothly.

Salmiya Nazeer
S8 CSD



Recent Advances in

Toueh Sensors for

Flexible Displays

Introduction
Flexible displays are
technology, from foldable smartphones to

revolutionizing

wearable devices. A key component is the

touch sensor, which must maintain

sensitivity, transparency, and durability
while adapting to flexible substrates. As
demand grows for thinner, more energy-
efficient displays, researchers are developing
new materials and fabrication methods to

enhance touch sensor performance.
Materials for Flexible Touch Sensors
Touch that
combine conductivity, transparency, and
flexibility. While Indium Tin Oxide (ITO)
has been widely used, its brittleness limits its
application in bendable
nanowires (AgNWs) offer greater flexibility

sensors rely on materials

devices. Silver
and conductivity, while graphene provides
electrical
properties. polymers like
PEDOT:PSS are promising but require

exceptional  strength  and

Conductive

improvements in stability and efficiency.

Fabrication Techniques

Advancements in fabrication techniques
have significantly enhanced the performance
and integration of touch sensors in flexible
displays. Key methods include:

« Printing Techniques: Inkjet and screen

printing enable low-cost, scalable
manufacturing of flexible touch sensors
with intricate patterns.

« Laser Processing: Used for precise
patterning of conductive materials while
maintaining substrate integrity.

« Vacuum Deposition: Methods such as
sputtering and  chemical
deposition (CVD)

coatings but may be cost prohibitive for

vapour
ensure uniform
large-scale production.

« Roll-to-Roll A high-
throughput manufacturing approach

Processing:

that facilitates large-area fabrication of
flexible touch sensors.



ADVANCES IN TOUCH SENSORS FOR FLEXIBLE DISPLAYS

Performance Enhancements

Recent advancements focus on durability,
responsiveness, and energy efficiency.
Researchers are  improving material
compositions and structural designs to
enhance Dbending stability. Optimized
electrical resistance and refined signal
processing improve sensitivity and response
times. Multi-touch and pressure-sensitive
technologies enhance user interactions, while
low-power designs make sensors more
suitable for portable devices.

Applications and Future Prospects
Flexible touch sensors are transforming
consumer electronics, healthcare,
automotive interfaces, and smart textiles.
Their ability to conform to curved surfaces
makes them ideal for foldable and wearable
devices. Future developments in Al-driven
interfaces and self-healing materials will
further enhance functionality, making
sensors more resilient and adaptable across
industries.

In conclusion, innovations in materials,
fabrication, and performance continue to
drive the evolution of flexible touch sensors.
As researchers overcome existing challenges,
these sensors will play a critical role in next-

generation interactive devices, enabling
seamless and adaptive user experiences
across various industries.

Rayhan Abdullah

S8 CSD




Understanding SEO
Search Engine Optimization (SEO)

improves  website  visibility, increases

organic traffic, and enhances user
engagement. It involves optimizing content,
structure, and external links to help search
engines rank pages effectively. Websites on
Google's first page capture over 71% of
clicks, making SEO crucial for online
success. A well-optimized website not only
attracts visitors but also improves user

experience and credibility.

SEQO in SPAs vs. MPAs

Multi-Page Applications (MPAs) have
separate HTML documents for each page,
making them easy for search engines to
They follow SEO
practices, where crawlers can easily scan

index. traditional

and rank individual pages. Single-Page
Applications (SPAs), on the other hand,

rely on JavaScript to update content
HTML
document. Since search engines prioritize

dynamically within a single
server-rendered content, SPAs often face

challenges in indexing and ranking,
requiring additional optimization strategies

to improve search visibility.

Optimizing SPAs for SEO

To enhance SEO in SPAs, developers use
Rendering (SSR) and pre-
rendering techniques to generate fully
structured HTML before it is sent to the
browser. This ensures that search engines

Server-Side

can properly crawl and index the content.
Additionally, Incremental Site Regeneration
(ISR) and Deferred Static Generation (DSG)
help keep content fresh by dynamically
updating pages while maintaining fast load
times and efficiency.



MASTERING SEO FOR MODERN WEB APPLICATIONS

Another important approach is progressive
enhancement, which ensures that essential
content remains accessible even if
JavaScript is disabled. Using proper URL
structuring, avoiding hash fragments in
URLs, and leveraging the History API helps
search engines recognize different views as
distinct pages,

discoverability.

improving overall

Performance optimization also plays a
crucial role in SEO. Lazy loading ensures
that images and content are only loaded
when needed, reducing initial page load
time. Optimizing JavaScript execution and
minimising  render-blocking  resources
further enhance SEO by improving page
speed, making the site more accessible and
user-friendly for both visitors and search

engines.

SEO Tools and Best Practices

Google’s PageRank algorithm evaluates
website authority based on backlinks,
that external
improve ranking. Tools like
Google Analytics, Seobility, and PageSpeed

ensuring high-quality

references

Insights help track performance, analyze
traffic
improvement.

sources, and identify areas for

Implementing  structured
data, optimizing metadata, improving mobile
responsiveness, and reducing page load times
can significantly boost rankings. Regularly
updating content and monitoring SEO
metrics are essential for maintaining high

visibility.

Conclusion

SEO is essential for all web applications, as
it determines how effectively they reach and
engage While MPAs
traditional SEO practices, SPAs require
SSR, pre-
URL
As search engines evolve,

users. follow

extra optimization, such as

rendering, and structured
management.
continuous adaptation is necessary to stay
competitive and maintain visibility in search
results. Developers and content creators
must work together to implement best
practices, that

applications achieve both high performance

ensuring modern web

and search engine discoverability.
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EXPLORING QUANTUM
COMPUTING:

THE FUTURE OF TEGHNOLOGY

Quantum computing is poised to revolutionize
the world of computation by harnessing the
principles of quantum mechanics to solve
problems that classical computers cannot.
This emerging field holds the promise of
exponentially  faster  processing speeds,
potentially  reshaping  industries  from
cryptography to drug discovery and artificial
intelligence. But what exactly is quantum
computing, and why does it matter?

The Basics of Quantum Mechanics

To understand quantum computing, it's

essential to first grasp some fundamental

s I principles of quantum mechanics, which
\’ “ 9 governs the behavior of particles at a

HARRY THOMAS BINU microscopic scale. Quantum mechanics is
S6 CSEB unlike classical mechanics, where objects

behave predictably and deterministically. In
the quantum realm, particles like electrons or

photons exhibit strange behaviors, such as

superposition and entanglement.




Superposition: In classical computing, bits
represent data as either a 0 or a 1. In
quantum computing, quantum bits, or
qubits, can exist in a state of 0, 1, or any
combination of both at the same time due
to superposition. This property allows
quantum computers to process a vast

amount of information simultaneously.

Entanglement: This
when two or more particles become linked

phenomenon occurs

in such a way that the state of one particle
directly influences the state of another, even
at vast distances. This can enable quantum
computers to perform tasks in parallel,
providing a substantial advantage over
classical computers.

Quantum Interference: Just as waves can
interfere with each other, qubits can
interfere in ways that amplify correct
answers and cancel out incorrect ones. This
can help quantum computers find solutions
more efficiently by narrowing down
possibilities quickly.

Quantum Computing vs. Classical Computing

Traditional computers rely on bits, which
store information as binary values (0 or 1).
In contrast, quantum computers use qubits,
which quantum  mechanical
properties to represent information in much

leverage

more complex ways. The key differences
between classical and quantum computing
include:

Speed and Efficiency: Classical computers
process information sequentially, meaning
they perform one operation at a time.
Quantum computers, on the other hand,
can perform many calculations at once due
to superposition and parallelism, making
them ideal for certain complex tasks, such
as factoring large numbers or simulating
molecular structures.

QUANTUM COMPUTING

Parallelism: Classical computers are limited
by Moore's Law, which predicts the
doubling of processing power every two
years. Quantum computers, however, are
not constrained in the same way, offering a
potential leap in processing power as qubits
scale up.

Problem-Solving:

excels in solving problems involving large

Quantum  computing
datasets and optimization tasks, such as in
drug design, climate modeling, and artificial
intelligence, where classical methods can be
slow or impractical.

Quantum Algorithms and Applications

Quantum computers could be a game-
changer in several fields:

1. Cryptography: Quantum computers have
the potential to break current cryptographic
protocols used to secure sensitive data.
Shor's algorithm, for example, could factor
large numbers exponentially faster than
classical algorithms, posing a threat to RSA
encryption, which underpins much of
modern online security. On the flip side,
quantum cryptography methods like
Quantum Key Distribution (QKD) could
offer unprecedented security, enabling
communication that is theoretically immune
to eavesdropping.

2. Drug Discovery: The ability to simulate
level could

molecules at a quantum

revolutionize pharmaceuticals. Quantum
computers can simulate the behavior of
atoms with

accuracy, allowing researchers to discover

and molecules incredible
new drugs faster and more efficiently,
potentially saving years of development
time and millions of dollars.

3. Optimization Problems: Many industries,
from logistics to finance, require solving
complex optimization problems, such as
determining the most efficient routes for



delivery or  portfolio  optimization.
Quantum computers could perform these
calculations exponentially faster than
classical computers, offering transformative

benefits in efficiency.

4. Artificial Intelligence and Machine
Learning: Quantum computers could
significantly enhance machine learning

algorithms. By processing large datasets
more efficiently, quantum algorithms could
Al models,
enabling advancements in areas like natural

reduce training time for
language processing, computer vision, and
autonomous systems.

5. Material Science and Manufacturing:
Quantum simulations can lead to the
discovery of new materials with desirable
result  in
energy storage,

superconductivity, and nanotechnology, all

properties.  This  could

breakthroughs  in
of which have vast implications for
industries such as electronics and renewable
energy.

Challenges in Quantum Computing

Despite the enormous potential of quantum
computing, significant challenges remain in
making this technology practical and
scalable:

Quantum Decoherence and Noise: Qubits are
highly  susceptible to

interference, causing them to lose their

environmental

quantum state (a phenomenon known as
decoherence). This can introduce errors in
calculations, making it difficult to maintain
stable and reliable quantum computations.

Correction: Unlike  classical
which have well-established
error-correction

Error
computers,
mechanisms, quantum

computers require  specialized error-
correction techniques that can be incredibly
resource-intensive. Researchers are
developing methods such as surface codes

to address these challenges.

QUANTUM COMPUTING

Hardware Scaling: Building a large-scale
quantum computer requires maintaining
qubits in a stable state long enough to
perform complex calculations. Current
quantum computers have relatively few
qubits (e.g., IBM’s Eagle chip has 127
qubits), and scaling this up to thousands or
millions of qubits is a massive engineering
hurdle.

Quantum  Software and  Algorithms:
Developing efficient quantum algorithms
and software tools for practical applications
is still in its early stages. Most quantum
algorithms today are theoretical or limited
to specific types of problems. To unlock the
full potential of quantum computing, more
robust and versatile quantum software is

required.

Conclusion

Quantum computing represents a paradigm
shift in how we approach computation.
With its potential to solve problems beyond
the capabilities of classical computers, it
promises to revolutionize fields as diverse as
cryptography, medicine, and artificial
intelligence. While the path to practical,
large-scale quantum computing remains
filled with challenges, the ongoing research
and development efforts make it clear that
quantum computing is not a distant dream
but an exciting reality in the making. As we
continue to push the boundaries of what’s
possible, the quantum revolution is just

beginning.




The Future

of 6G
Networks:

THE FUTURE OF 6G NETWORKS

A Leap Beyond

Connectivity

Introduction

The evolution of wireless networks has
drastically reshaped communication, work,
and interactions with technology. While 5G
adoption is still in progress worldwide,
researchers are already laying the
groundwork for sixth-generation (6G)

networks. 6G is expected to push
technological boundaries in speed, latency,
connectivity, and intelligence, ushering in an
era of hyper-connectivity that could

revolutionize  industries and  human
interactions. With a projected commercial

rollout by 2030, 6G will integrate cutting-

edge technologies such as artificial
intelligence (AlI), quantum computing,
terahertz (THz) communication, and

satellite-based networks.

Key Features of 6G

1. Ultra-High Speed and Minimal Latency
6G networks are anticipated to deliver data
speeds of up to 1 terabit per second (Tbps)
—a significant leap from the gigabit speeds

offered by 5G. This advancement will enable
real-time, ultra-high-definition experiences
in fields like holographic communication,
virtual reality (VR), and augmented reality
(AR). Additionally, latency is expected to
decrease to the

microsecond  range,

facilitating instantaneous communication
for applications such as remote surgeries,

smart robotics, and autonomous vehicles.

2. Utilization of Terahertz (THz) Spectrum
Operating within the 100 GHz-10 THz
range, 6G will support massive data transfer
rates. However, due to the short range and
high energy absorption of THz signals, new
innovations like advanced beamforming and
Al-powered network optimization will be
required to maintain seamless coverage and
efficiency.

3. AI-Driven and Self-Optimizing Networks
Artificial intelligence (AI) and machine
learning (ML) will play a crucial role in 6G
network management.



Al will enable self-optimizing and self-

healing networks, leading to greater
efficiency, reduced energy consumption, and
improved reliability. Moreover, Al-driven
cybersecurity will help detect and mitigate

cyber threats in real time.

4.Holographic and Immersive
Communication - With its high bandwidth
and ultra-low latency, 6G will enable
holographic communication and brain-
computer interfaces (BCI). This technology
could transform remote collaboration,
gaming, and education by facilitating real-
time 3D holographic interactions without

the need for specialized wearable devices.

and Satellite
extend beyond

5. Space-Based Internet
Integration - 6G will
terrestrial

networks by incorporating

satellite-based communication, ensuring
global connectivity, especially in remote and
underserved regions where fiber optics and
traditional mobile networks are impractical.
Additionally, space-based 6G could play a
key role in interplanetary communication

for future space missions.

Potential Applications of 6G

1. Healthcare and Telemedicine

6G will revolutionize healthcare by enabling
real-time remote surgeries, Al-powered
diagnostics, and intelligent medical devices
capable of monitoring and predicting health

conditions with high precision.

2. Autonomous Transportation

Self-driving cars, drones, and smart
transportation systems will benefit from
instantaneous vehicle-to-everything (V2X)
communication, enhancing traffic safety

and efficiency.

3. Smart Cities and Industry 5.0
6G will power the next generation of smart
cities, improving Al-driven traffic

THE FUTURE OF 6G NETWORKS

4. The Metaverse and Digital Twins With its

high-speed connectivity and near-zero
latency,

offering

6G will propel the metaverse,
immersive digital environments
with real-time interaction. Additionally,
digital twins—virtual models of real-world
objects—will become more sophisticated,
industries  like

aiding manufacturing,

engineering, and urban planning.
Challenges and Considerations

1. Infrastructure and Deployment Costs

The implementation of 6G will require
significant investments in infrastructure,
including advanced semiconductors, high-
frequency antennas, and extensive network
upgrades.

companies will need to allocate substantial

Governments and telecom

funding for research and development.

2. Energy Efficiency and Sustainability

Due to its high-speed data processing and
extensive device connectivity, 6G could lead
to increased energy consumption. The
development of energy-efficient network
architectures and the integration of green
technologies  will be  essential for

sustainability.

3. Security and Privacy Risks

As Al-driven automation and quantum
computing capabilities advance,
cybersecurity threats may become more
complex. Implementing quantum
encryption and blockchain-based security
protocols will be critical in safeguarding

sensitive data.

4. Regulatory and Spectrum Allocation
Challenges

Governments and international regulatory
bodies must allocate THz spectrum bands,
establish legal frameworks, and harmonize
global standards to ensure the seamless
deployment of 6G networks.



THE FUTURE OF 6G NETWORKS

Expected Timeline for 6G Development and connectivity that surpasses the
capabilities of 5G. By integrating Al,
quantum security, and satellite-based

* 2024-2026: Research and prototype

development. K " lock  futuristi
* 2027-2029: Standardization and early netw.or .S’ 6G ~ wi un. ¢ uturistic
trials applications such as real-time holography,

.+ 2030 and Beyond: Commercial Al-driven automation, and global seamless

deployment and widespread adoption. communication. While the journey toward

6G presents infrastructure, security, and
Conclusion regulatory challenges, its potential to

i ) redefine industries, revolutionize
6G is poised to become the next

] ] ] communication, and create a hyper-
transformative leap in wireless technology,

connected world makes it a promising

offering unprecedented speed, intelligence, technological milestone.

Digital World
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Trustworthiness : <
intelligence

Extreme
experience

Global service
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WIRELESS INTERNET

In today’s fast-paced digital world,
internet connectivity is more essential than
ever. With increasing demand for high-
speed, secure, and efficient data
transmission, Li-Fi (Light Fidelity) has
emerged as a revolutionary technology
poised to transform wireless
communication. Unlike traditional Wi-Fi,
which relies on radio waves, Li-Fi uses

visible light to transmit data, offering

numerous advantages in speed, security,
and connectivity.




LI-FI: THE NEXT GENERATION OF WIRELESS INTERNET

What is Li-Fi?
Li-Fi is a
technology that uses light-emitting diodes

wireless communication
(LEDs) to transmit data. It operates by
modulating the intensity of light, which is
then detected by a receiver, such as a
photodetector, and converted back into
electronic signals. Since the modulation is
extremely fast, it remains undetectable to
seamless

the human eye, allowing for

communication.

How Does Li-Fi Work?

Li-Fi technology works similarly to Morse
code but at an incredibly high speed. When
an LED light is switched on and off at ultra-
fast rates, it creates a binary code that can
be interpreted as data. A Li-Fi-enabled
receiver captures these variations and
processes them into usable internet signals.
Since Li-Fi relies on visible light, it does not
interfere with radio frequencies, making it
an excellent alternative to Wi-Fi in sensitive

environments.

Advantages of Li-Fi

1. Ultra-Fast Speed

One of the most significant advantages of
Li-Fi is its incredible speed. In laboratory
conditions, Li-Fi has been demonstrated to
achieve speeds of up to 224 Gbps, far
exceeding the maximum speeds of Wi-Fi.
This makes it ideal for high-bandwidth
applications like video streaming, cloud
computing, and virtual reality.

2. Enhanced Security

Unlike Wi-Fi signals, which can penetrate
walls and be intercepted by hackers, Li-Fi is
confined to the space where the light is
present. This physical limitation makes it
more

secure, reducing the risk of

cyberattacks and unauthorized access.

3. No Radio Frequency Interference

Li-Fi does not rely on radio frequencies,
making it a perfect solution for
where RF

restricted, such as hospitals, airplanes, and

environments signals are
military operations. It can also function in
areas with high electromagnetic interference,
where Wi-Fi signals struggle to perform
efficiently.

4. High Device Density

With Wi-Fi, congestion becomes a problem
when multiple devices connect to the same
network. Li-Fi, however, can provide
dedicated light-based networks, allowing for
better connectivity in crowded spaces such

as stadiums, offices, and public transport.

5. Energy Efficiency

Li-Fi can be integrated with existing LED
lighting infrastructure, reducing additional
power LEDs are
already widely used for illumination, Li-Fi

consumption. Since
technology can provide both lighting and
internet connectivity simultaneously,

making it an energy-efficient alternative.

Challenges of Li-Fi

Despite its promising potential, Li-Fi also
faces some challenges:

Line-of-Sight Dependency: Since Li-Fi relies
on light, any obstruction (such as a hand or
object) between the transmitter and receiver
can disrupt the signal.

Limited Range: Light cannot pass through
requires multiple

walls, meaning Li-Fi

access points in different rooms for
complete coverage.
Upgrade: Widespread

adoption of Li-Fi would require significant

Infrastructure

changes to existing lighting systems and the
development of compatible devices.
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Future of Li-Fi

Li-Fi is still in its early stages, but it has the
potential  to
connectivity. Researchers and companies

revolutionize  internet
are working on integrating Li-Fi into smart
homes, offices, and public spaces. With
hybrid  Li-Fi/Wi-Fi
networks, we may soon see a world where
light-based
traditional wireless networks.

advancements in

communication enhances

As internet demands continue to grow, Li-
Fi presents an exciting opportunity for
faster, more secure, and more efficient

wireless communication. With ongoing

innovations, it could soon become the next-
internet

generation standard for

connectivity.

Conclusion
Li-Fi is a groundbreaking technology that
remarkable

offers advantages

conventional Wi-Fi. With ultra-fast speeds,

over

enhanced security, and
it holds

various industries.

efficient energy

usage, immense potential for

While challenges remain, continued research
and investment could make Li-Fi a game-
changer in the world of wireless internet.
The future of connectivity may very well be
powered by light.
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HIDDEN BARRIER TO VR’S SUCCESS

Why UI/UX Is Its

Biggest Problem

The Promise vs. The Reality

VR has been hyped as the next big thing
since the early ‘90s, when the first consumer-
grade VR devices started hitting the market.
One of the most infamous was Nintendo’s
Virtual Boy—a device that was technically
ahead of its time but ultimately a massive
failure. The reason? Its display could only
render in red and black, making it incredibly
uncomfortable for extended use.

This highlights a problem that still holds VR
back today: how do you create an interface
that’s immersive, intuitive, and actually
practical?

Fast forward to today, and we’ve got
headsets like the Valve Index, Meta Quest 3,
and Apple Vision Pro—all far more
powerful and capable than anything from
the past. But despite all this progress, VR
still hasn’t fully broken into the mainstream.
Why? Because instead of making the
transition easy, VR’s UI/UX actively works
against new users, often making them feel
confused and frustrated.

Why VR Still Feels Clunky

Even back in the ‘90s, researchers were
asking big questions:

What’s the best way to interact with VR?
How should UI elements be structured?

How do we minimize motion sickness?

It’s telling that these same discussions are still
of the
unresolved issues? Input methods.

happening today. One biggest

Most VR systems (except for a few, like the
Apple Vision Pro) still rely on controllers,
and while they work, they bring their own
set of problems. One of the most frustrating
is the Heisenberg Effect
Interaction—a phenomenon where, when

of Spatial

you try to select something in VR, pressing a
button slightly shifts the controller itself,
causing you to misclick. It’s a tiny flaw, but
those tiny frustrations add up, constantly
pulling users out of the experience.

Then there’s the design of VR interfaces
themselves. Most VR Uls are just clunky
adaptations of traditional 2D interfaces—



floating windows, dropdown menus, and
pointer-based Instead  of
designing Ul elements that feel native to a

selections.

three-dimensional space, many developers
stick to familiar but awkward solutions,
making simple tasks feel way harder than
they should be.

The Bigger Problem: Comfort and

Accessibility

Even if you get past the frustrating UI, VR
still has a wusability problem. Motion
sickness, bulky controllers, and unreliable
hand prolonged use
uncomfortable for a lot of people. Unlike

tracking make

smartphones, which became second nature
to people of all ages, VR remains something
that only gamers and tech enthusiasts tend
to embrace.

The
commands,

potential fixes are there—voice
gesture-based controls, Al-
driven interactions—but most VR systems
still rely on the same outdated interaction
methods. Until VR figures out how to make
itself more intuitive and natural to use, it
will keep struggling to break into the

mainstream.
How Developers Can Actually Fix VR UX

The good news? There are clear ways to fix
these issues and make VR feel smoother.

1. Respect the User’s Space

Unnecessary pop-ups, floating menus, and
UI elements that constantly get in the way?
Get rid of them. VR should feel immersive,
not cluttered.

2. Standardize the Ul

Right now, switching between VR systems
often means re-learning how to navigate
every time. If companies agreed on a
universal UI structure, users could spend
more time enjoying VR and less time
fumbling through settings.

HIDDEN BARRIER TO VR’S SUCCESS

3. Prioritize Hand Tracking Over Controllers
With issues like the Heisenberg Effect,
controllers often feel like an awkward
middleman between users and the virtual
world. More effort needs to go into refining
hand-tracking technology, which would

make VR feel way more natural and

intuitive.

What’s Next for VR?

VR isn’t going anywhere—it’s just waiting
for its breakthrough moment. The
technology is here. The potential is
undeniable. But until UI/UX is treated as a
core issue rather than an afterthought, VR
will stay stuck in limbo—always on the edge
of mainstream success but never quite
getting there.

The solution isn’t just about improving
graphics or hardware. It’s about making VR
feel as natural as picking up a smartphone.
And the moment that happens? VR will
finally become the revolutionary tech it was
always meant to be.
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SELF-HEALING SOFTWARE

SELF-HEALING SOFTWARE

Can Al Fix Bugs Before We Even Find
Them?

Software bugs are inevitable. From tiny
glitches that cause minor annoyances to
critical vulnerabilities that can bring down
entire systems, debugging is one of the most
time-consuming tasks n software
development. But what if software could fix
itself—Dbefore we even notice a problem?

Enter self-healing software, a revolutionary

concept where Al and automation detect,

diagnose, and resolve software issues in real-
time, reducing downtime and minimizing
human intervention. Tech giants like Google,

el Microsoft, Amazon, and IBM are investing
ol ¥/ heavily in self-healing systems, aiming to
| M automate debugging, enhance cybersecurity,
) . . and optimize cloud computing.But how does
Johan Binu self-healing software work? Can Al truly
S6 CSE B replace human debugging? And what does this
mean for the future of software engineering?
Let’s dive in.



How Does Self-Healing Software
Work?
Self-healing software monitors its own

performance and automatically fixes issues
using Al-driven mechanisms. Here’s how it
functions:

1. Continuous Monitoring and Anomaly
Detection

* Al constantly scans logs, error reports, and
system performance in real-time.

* Machine learning models detect anomalies,
such as unexpected behavior, slow response
times, or crashes. Example: Cloud providers
like AWS and Microsoft Azure use Al-
based monitoring to detect abnormal CPU
usage, network failures, or security threats
before they escalate.

2. Predictive
Diagnosis

Analysis & Root Cause

* Al doesn’t just find errors—it predicts
when and where failures might occur.

 Using past data, machine learning models
identify patterns and pinpoint the root cause
of an issue. Example: Google’s Site
Reliability Engineering (SRE) teams use Al-
driven analytics to predict server failures

and take preventive action.

3. Autonomous Bug Fixing & Patching
detected, Al-driven
algorithms apply automatic patches, restart

Once an issue 1is
processes, or reallocate resources to prevent
system failure. Self-healing software can
modify code dynamically to fix known
vulnerabilities without manual intervention.
Example: Microsoft’s Azure Service Fabric
automatically reroutes network traffic and
deploys self-healing patches if a failure is
detected.

SELF-HEALING SOFTWARE n

4. Reinforcement Learning for Continuous
Improvement

* Al learns from past incidents, improving
its debugging abilities over time.

» The more issues it encounters, the better it
gets at fixing them automatically. Example:
Facebook’s Al-powered self-healing systems
can auto-correct failed processes and restore
system health in seconds.

Real-World Applications of Self-
Healing Software
Self-healing software is already

transforming industries. Here are some real-
world use cases:

1. Cloud Computing & DevOps

* Cloud platforms like AWS, Google Cloud,
and Azure use self-healing infrastructure to
keep applications running smoothly.

* Auto-scaling, automated failover, and
predictive  maintenance

ensure Z€10

downtime for mission-critical services.
Example: Netflix’s Chaos Engineering team
Al-driven

automatically reroutes traffic and restarts

developed an system that

services when failures occur.




2. Cybersecurity & Threat Detection
*Al-driven self-healing systems detect and
neutralize cyber threats before they cause
harm.
*Machine learning

algorithms  patch

vulnerabilities automatically, preventing
zero-day attacks. Example: IBM’s Watson
for Cybersecurity continuously scans
networks for vulnerabilities and applies real-
time fixes before hackers can exploit them.

3.Al-Powered Bug Fixing

Development

in Software

Self-healing Al can automatically debug
code, fix syntax errors, and even refactor
code for efficiency.

GitHub
Copilot and Amazon CodeWhisperer are
automated debugging.
Example: Facebook developed SapFix, an

*Al-assisted coding tools like

moving toward

Al-powered debugging tool that
automatically suggests bug fixes to
developers.

Challenges and Limitations of Self-

Healing Software

While self-healing software is promising, it
comes with challenges:

1. AP’s Limited Understanding of Complex
Logic

Al can identify patterns but may struggle
rules, or

with complex logic, business

creative problem-solving. Example: Al
might suggest fixing a bug, but without
understanding the full context, it could

create unintended side effects.
2. Security Risks and Ethical Concerns
* Automated self-healing systems require

full access to software infrastructure, raising
concerns about data privacy and control.

SELF-HEALING SOFTWARE

* Al-driven patches could be exploited by
hackers if not properly secured. Example: If
a hacker manipulates a self-healing system,
they could introduce malicious code into
automated updates.

3. Over-Reliance on Automation

*Developers might become too dependent
on Al, leading to a decline in human
debugging skills.

*Al systems must still be monitored by
human experts to preven unforeseen issues.
Example: Boeing’s MCAS software failure
(in the 737 MAX crashes) showed that over-
reliance on automated systems without
human oversight can lead to

catastrophic consequences.

The Future of Self-Healing Software
1.AI-Augmented Developers, Not Al-
Replaced Developers
software  won’t

*Self-healing replace

programmers but will assist them in
debugging and maintenance.

*Al will handle repetitive tasks, allowing
developers to focus on innovation and

complex problem-solving.

2. Self-Healing Al in Edge Computing & IoT
*As ToT devices become more widespread,
self-healing AI will enable smart devices to
fix themselves in real-time.

*Al-powered self-healing networks will
improve autonomous vehicles, smart cities,
and industrial automation.
over-the-air

Tesla’s (0OTA)

software updates use Al to self-heal and

Example:

optimize car performance without human
intervention.



3.AlI-Driven
Development

Autonomous Software
*Future Al systems may write, test, and
deploy software with minimal human input.
*Auto-generated code, self-fixing bugs, and
Al-driven testing could make software

development more efficient than ever.

Example: Google’s AutoML is already
experimenting with Al-generated machine
learning models without human
programmers.

Conclusion: he Future is Self-Healing

Self-healing software represents the next
evolution in software engineering, merging
Al, automation, and cybersecurity to create
While
challenges remain, the potential benefits like

resilient, self-maintaining systems.

faster debugging, enhanced security, and
reduced downtime are too significant to

ignore.

SELF-HEALING SOFTWARE

*Will
obsolete?

human  programmers  become
No. Al will assist, not replace, developers.
*Will software debugging become fully
automated?

Partially, Al can handle predictable issues,
but humans will still be needed for complex

logic and decision-making.

*Should you start learning Al-driven
debugging?
Absolutely!  Understanding  self-healing

software will be a valuable skill in the future
of software engineering.

Are you ready to code in an era where
software heals itself? The future is here—
embrace it!




Generative
Al

Beyond Text &

Images:

GENERATIVE Al

Generative Al

Applications in Music, Coding, and Scientific Discovery

Generative Al has made a massive impact in
fields image
synthesis , now it has expanded it’s reach to

like text generation and

other domains .With advancements in deep
learning and neural network , Al has made
significant improvements in code
generation, music composition and scientific

discovery.
1. Generative Al in Music Composition

of Al driven music
composition is drastic , from simple rule-

The evolution

based systems to deep learning models that
generate original pieces in various genres in
shaking the music industry around the
globe.The key technologies powering Al
music generation include:

Neural networks, particularly Recurrent
Neural Networks (RNNs), Long Short-
Term Memory (LSTMs), and Transformer
models like OpenAl's MuseNet, have
enabled Al to compose complex, multi-
instrumental pieces. These technologies are
being used in various applications such as
Al-assisted composition, where tools like

AIVA and Amper Music help musicians
generate background scores for films and
video games. Additionally, Al facilitates
style
compositions to mimic the styles of famous

transfer in  music, allowing
composers. Another exciting application is
where Al

musicians,

real-time  improvisation,
with  human

responding dynamically to

collaborates
inputs and
enhancing live performances.

2. Generative Al in Code Generation

With the emergence of models like OpenAl's
Codex and DeepMind's AlphaCode, Al is
now capable of generating code, optimizing
algorithms, and even debugging software.
These models leverage transformer-based
code
repositories, enabling Al to understand and
generate code efficiently. Al-assisted coding
tools such as GitHub Copilot suggest code
snippets based on natural language input,

architectures trained on massive

significantly boosting developer
Al-powered

static analysis tools detect and fix

productivity.  Furthermore,



vulnerabilities in codebases, ensuring more

secure  software  development. The
integration of Al into low-code and no-code
platforms 1is also expanding access to
software development, allowing users with
minimal programming experience to build

applications seamlessly.
3. Generative Al in Scientific Discovery

Al is accelerating research across scientific

domains by  generating  hypotheses,
designing experiments, and even discovering
new materials and drugs. In drug discovery,
Al leverages Generative Adversarial
Networks (GANs) to

molecular structures,

generate novel
speeding  up
pharmaceutical  research.  Transformer
models analyze vast scientific literature to
extract meaningful insights, assisting
identifying trends and

Physics-Informed

researchers in
Neural
Networks (PINNs) are proving invaluable

correlations.

in solving complex differential equations,

aiding advancements in physics and
engineering. Al is also playing a crucial role
in material science, predicting new materials
with specific properties, which is essential
for innovations in semiconductors and
battery technology. Additionally, Al-driven
theorem proving is aiding mathematicians in
verifying proofs and uncovering new

mathematical principles.

GENERATIVE Al n

Conclusion

Generative Al is pushing boundaries
beyond text and images, transforming music
composition, software development, and
With

advancements, Al is set to become an

scientific exploration. continuous
indispensable collaborator across diverse
fields, driving innovation and creativity in
unprecedented ways. As these technologies
considerations,

human-Al

mature, ethical
interpretability, and

collaboration will be crucial in shaping their

future impact.

NEERAJ SURESH
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Latest Trends and Relevance in 2025

Introduction

Penetration testing and ethical hacking
are crucial for strengthening
cybersecurity in an increasingly digital
world. With cyber threats evolving
rapidly, organizations rely on ethical
hackers to identify vulnerabilities
before malicious actors can exploit
them. In 2025, penetration testing and
ethical hacking are more advanced than

ever, incorporating Al, cloud security,

and zero-trust frameworks to protect
businesses and governments from
cyberattacks.




PENETRATION TESTING & ETHICAL HACKING

Key Trends in Penetration Testing
Threat (APT)
Simulation Testing: APT simulation testing

1. Advanced Persistent

replicates sophisticated, long-term
cyberattacks used by nation-state actors and
organized cybercriminals. Unlike traditional
penetration testing, these simulations assess
how well organizations can detect and
respond to prolonged attacks, helping
improve cyber defense strategies.

2. Cloud Security & DevSecOps Integration:
With businesses shifting to cloud platforms,
penetration testing has adapted to focus on
misconfigured environments, insecure APIs,
Tools like

CloudSploit and Burp Suite help automate

and unauthorized access.

security validation. Moreover, integrating
security into DevSecOps allows continuous
testing of cloud applications throughout
development, reducing vulnerabilities before
deployment.

3. IoT & Blockchain Security Testing:

IoT devices, from smart home gadgets to
industrial sensors, present major security
risks. Ethical hackers focus on testing device
network

firmware, configurations, and

communication protocols to prevent
cyberattacks on IoT systems. Similarly,
blockchain penetration testing evaluates
smart contracts and consensus mechanisms
to identify security gaps in decentralized
applications.

4. Zero Trust

Engineering Simulations:

Architecture & Social
Zero Trust Security, which assumes no user
or device i1s inherently trustworthy, has
become a core cybersecurity principle.
Ethical hackers conduct penetration tests to
assess access control measures and detect

insider  threats.  Additionally, social
engineering testing is evolving to mimic real-
world attack tactics like phishing,

pretexting, and deepfake-based deception.

Ethical Hacking Trends in 2025

1. AI-Powered Ethical Hacking

Al enhances ethical hacking by automating
vulnerability detection, improving
penetration testing accuracy, and predicting
cyber threats before they occur. Al-driven
tools help hackers analyze vast amounts of

data to detect security flaws in real time.

2. Bug Bounty Programs & Crowdsourced
Security

Companies are investing more in bug
bounty programs, offering financial rewards
to ethical hackers who discover security
Platforms like HackerOne
and Bugcrowd enable organizations to

vulnerabilities.

crowdsource cybersecurity expertise,
providing 24/7 testing and a cost-effective
way to strengthen defenses.

3. Ransomware Prevention & Incident
Response

Ethical hackers play a key role in preparing
organizations for ransomware attacks by
simulating cyber incidents, assessing backup
strategies, and identifying security flaws that
could be

exploited by ransomware

operators. Case studies show how ethical

hackers have helped mitigate ransomware

threats in critical industries like healthcare.




PENETRATION TESTING & ETHICAL HACKING

4. Quantum-Resistant Security

With the rise of quantum computing, ethical
hackers are testing quantum-resistant
encryption methods. Organizations are

beginning to implement post-quantum
cryptography to protect sensitive data from

future quantum-enabled attacks.

Conclusion

Penetration testing and ethical hacking are
at the forefront of cybersecurity in 2025.
With Al-driven testing, security
enhancements, and a focus on zero trust and

cloud

ransomware prevention, ethical hackers are
essential in protecting digital infrastructure.
As cyber threats continue to evolve,
businesses and governments must prioritize

ethical hacking as a proactive security

measure.
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These platforms allow creators to generate
realistic avatars that can deliver scripted
content without ever having to appear on
camera. With sophisticated algorithms that
clone a creator's look and gestures, these
tools enable the production of dynamic
videos that maintain brand consistency even
when the influencer is off-screen. This
capability means that a new video can be
released within minutes after an event or
idea arises, ensuring that the content
remains timely and engaging.

Voice Cloning and Natural Language
Scripting

Another game-changing development is the
emergence of voice cloning tools like Eleven

Labs. These technologies can replicate a
Al Tools at the Forefront of Content Creation ~ creator's unique vocal characteristics,
providing a seamless audio track that
matches their brand identity. When paired

Virtual Avatars and Cloned Personas
Influencers like Varun Mayya have become

) ) o ALdri deo tool b with advanced language models such as
PIONCETS T USIE AL-CHIVER VIACO toos Suc ChatGPT and Claude, creators can generate
as Heygen.

entire scripts in minutes.



These tools not only streamline the content

creation process but also open up
possibilities for rapid ideation and real-time
engagement, where the voice and the words
are both tailored by Al to suit the context

perfectly.
The Tools Behind the Transformation

Several Al-driven tools are enabling this new
era of automated content creation.
1.Heygen - Al Avatars for Video Production

Heygen allows creators to generate Al
avatars that mimic their likeness and speech.
By recording a short video, users can train
the Al to replicate their facial expressions
and mannerisms. This eliminates the need
for frequent on-camera appearances,
enabling creators like Varun Mayya to scale

their video production exponentially.
2. Eleven Labs — Al Voice Generation

Eleven Labs offers highly realistic voice

cloning, enabling content creators to
generate voiceovers in their own voice
without constant recording sessions. This
tool ensures consistency in video narration
and makes it possible to produce content

almost instantly

3.ChatGPT and Claude -
Scripting

Al-Powered

Generative Al models like OpenAl's
ChatGPT and Anthropic's Claude assist in
generating scripts, brainstorming ideas, and
refining content. Creators can use these
tools to develop engaging narratives within
seconds, cutting down the time spent on
ideation and writing.

4. Al for Post-Production and Optimization

Other Al-driven tools, such as AlphaCTR
(for  Al-generated  thumbnails) and
AutoCodePro (for automating text-to-code
further

distribution and engagement optimization.

conversion), streamline content

AT IN CONTENT CREATION

These tools help creators enhance video

discoverability and tailor content for

different platforms.

The New Content Creation Workflow

The traditional content creation pipeline-
ideation, scripting, filming, editing, and
publishing has been compressed into a
remarkably efficient process. A creator can
now:

1. Input a concept or topic into a language
model

2. Generate a script optimized for their
platform and audience

3. Feed that script into an avatar generation
system using their digital likeness

4. Clone their voice to narrate the content

5. Use Al editing tools to refine the final
product

6. Publish to
simultaneously

multiple  platforms

The Benefits of Al in Content Production

1.Speed and Efficiency

One of the most notable advantages of Al in
content creation is the dramatic reduction in
production time. Videos that once took
hours to film and edit can now be generated
in a fraction of the time. This speed is
particularly valuable in today's fast-paced
digital  environment where audience
attention spans are short and trends evolve
rapidly. Creators can capture breaking
news, capitalize on viral moments, or simply
experiment with new ideas without being
traditional

constrained by production

timelines.
2.Cost-Effectiveness and Scalability

By automating several aspects of content
production-such as scriptwriting, voiceover
generation, and even post-production
editing-Al tools significantly lower the costs
associated with traditional video

production.



This democratizes content creation,
allowing smaller creators to compete with
established names by reducing reliance on
expensive studios, equipment, and freelance
talent. Moreover, the scalability provided by
Al means that creators can maintain a
steady without

stream of content

compromising quality.
3.Enhancing Creativity and Personalization

Al isn't just about automation-it also acts as
a creative collaborator. With Al-generated
insights, creators can explore novel angles
and tailor their content to diverse audiences.
By analyzing trends, audience preferences,
and even linguistic nuances, Al can suggest
new ideas or optimize existing content for
better engagement. This ability to
personalize content at scale fosters a closer
connection with the audience, reinforcing
the creator's personal brand and increasing
viewer loyalty.

The Benefits of Al in Content Production

1.Democratization vs. Authenticity

of Al tools has
democratized content creation,

The accessibility
enabling
virtually anyone with an internet connection
to produce high-quality digital media.

AT IN CONTENT CREATION

However, this shift raises questions about
authenticity. When the line between human-
created and Al-generated content becomes
blurred, struggle to
differentiate between genuine personal

audiences may

expression and algorithmically produced
This
authenticity could lead to trust issues among

material. potential erosion  of

viewers and consumers, as seen in debates

about ‘"real" influencers versus digital
avatars.

2.Ethical Considerations and Job
Displacement

While Al-driven efficiency offers clear

benefits, it also presents ethical dilemmas.
The automation of creative processes might
lead to a decrease in traditional roles such as
video editors, voice actors, and scriptwriters.
This displacement raises broader concerns
about the future of creative employment.
Additionally, the ability to generate hyper-
realistic digital personas has sparked
debates over intellectual property rights and
the ethical wuse

of one's likeness i1n

perpetuity, even without direct consent.
Conclusion

The Al content revolution represents one of
the most significant shifts in digital media
since the advent of social platforms. For
creators, these tools offer unprecedented
efficiency and scalability. For audiences,
they promise more content from their
favorite creators, though questions of
authenticity and connection remain.

What's clear is that Al in content creation is
not merely a passing trend but a
fundamental transformation of the digital
landscape. The most successful creators will
likely be those who find the optimal balance
between technological efficiency and
genuine human connection-leveraging Al
not as a replacement for their creative voice,

but as an amplifier for it.



* THE FUTURE OF ARTIFICIAL
INTELLIGENGE

& Beyond Chatbots and Recommendation Systems

0101

Artificial Intelligence (AI) has moved far
beyond its initial applications in chatbots and
recommendation engines. Today, Al is
transforming industries and everyday life in
ways that were once thought to be the domain
of science fiction. From reshaping healthcare
and education to revolutionizing how

businesses operate, Al is paving the way for
unprecedented innovation. As we delve into its

future, we explore how Al is evolving to

Susan Joy
S6 CSE C

address complex challenges and create
solutions that will redefine human experiences.




Al in Healthcare and Beyond
One of the most significant advancements of

Al lies in healthcare, where it has begun to
save lives and improve outcomes. Machine
learning models can now predict diseases
with remarkable accuracy by analyzing
Al-driven
doctors in

patient data, while imaging

systems  assist diagnosing
conditions like cancer in their earliest stages.
Moreover, Al is enhancing drug discovery,
drastically reducing the time it takes to
bring new medications to market. Beyond
healthcare, Al is being integrated into smart
traffic

consumption, and public safety, making

cities, optimizing flow, energy
urban living more efficient and sustainable.

Education is also witnessing an Al-driven
Personalized

transformation. learning

platforms powered by Al analyze students'
strengths and  weaknesses, tailoring
educational content to individual needs.
This approach not only helps bridge gaps in
traditional education systems but also
with

pathways to success. These developments

empowers  learners customized
underscore how Al can address societal
challenges and foster equity in access to
critical resources.

The Rise of Autonomous Systems
Autonomous systems powered by Al are set
to reshape industries, from transportation to
logistics. Self-driving vehicles, for instance,
are expected to revolutionize mobility by
reducing accidents and improving traffic
efficiency. These vehicles rely on complex
neural networks and real-time data to
navigate roads, demonstrating the power of
Al in solving intricate problems. Similarly,
drones equipped with Al capabilities are
transforming supply chains, enabling faster

deliveries and better disaster response.
In agriculture, autonomous systems are

optimizing farming practices by predicting

THE FUTURE OF Al

weather patterns, monitoring crop health,
and automating labor-intensive tasks. This
agriculture
yields

environmental impact. As these systems

precision approach  helps

maximize while  minimizing
become more sophisticated, they promise to
enhance productivity and sustainability
across multiple domains.

Creativity Meets Artificial Intelligence

Al’s role in creative fields is expanding
rapidly, challenging the that
creativity is uniquely human. Generative Al

notion

tools are now capable of composing music,
creating art, and even writing stories,
offering new opportunities for collaboration
between humans and machines. These tools
enhance creativity by providing inspiration
and automating repetitive tasks, enabling
artists, writers, and designers to focus on

higher-level conceptual work.

In the entertainment industry, Al is creating
hyper-personalized experiences by tailoring
content to individual preferences. Whether
it’s recommending movies or generating
interactive storylines in video games, Al is
elevating the way people engage with media.
As these capabilities evolve, the line between
human and machine creativity continues to
blur, fostering innovation in unexpected
ways.

Ethical Considerations and Challenges

While Al holds immense potential, it also
presents ethical and societal challenges that
must be addressed. The use of Al in
decision-making systems, such as hiring or
lending, has raised concerns about bias and
fairness. Ensuring that Al algorithms are
transparent and equitable is crucial to
preventing discriminatory outcomes.
Additionally, as Al systems become more
autonomous, questions about accountability

and responsibility arise, particularly in



in  scenarios involving  safety-critical
applications like autonomous vehicles.
Privacy remains a pressing issue, as Al
systems often require access to vast amounts
of data to function effectively. Striking a
balance between innovation and protecting
individual rights is an ongoing challenge.
Policy makers, technologists, and ethicists
must work collaboratively to create
frameworks that govern Al's development
and deployment responsibly.

Al in Environmental Sustainability

Artificial Intelligence is becoming a critical
tool in the fight against climate change. Al-
driven analytics are being used to monitor
environmental changes, such as
deforestation, air quality, and water
pollution, in real-time. By analyzing vast
datasets from satellite imagery and sensors,
Al can help identify areas that require
immediate intervention. Moreover, Al
models are optimizing renewable energy
systems by predicting energy demand and
managing energy grids more efficiently,
thereby reducing wastage and maximizing

output. )
In agriculture, Al systems are advancing

sustainable practices by enabling precision
Machine
analyze soil quality, weather conditions, and

farming. learning algorithms
crop health, guiding farmers on the optimal
use of water, fertilizers, and pesticides. This
not only improves yields but also reduces
the environmental footprint of farming
operations.

Al in Workforce Transformation

The integration of Al into workplaces is
transforming the nature of jobs across
industries. Automation of repetitive tasks is
freeing up human workers to focus on more
strategic and creative responsibilities. For
Al-powered

example, in manufacturing,

robots are handling assembly line

operations with precision and efficiency,

THE FUTURE OF Al

allowing human workers to oversee and
In the
service industry, Al-driven chatbots and

innovate production processes.

virtual assistants are handling customer

inquiries, streamlining operations while
maintaining high levels of service quality.
While these advancements raise concerns
about job displacement, they also open
avenues for upskilling and creating new
roles centered around managing and
enhancing Al systems.

The Road Ahead

The future of Al is not just about making
systems smarter; it’s about integrating them
lives. As Al

continues to evolve, its potential to solve

seamlessly into human
global challenges—such as climate change,
poverty, and pandemics—becomes
increasingly evident. Collaboration between
governments, academia, and private
enterprises will play a pivotal role in
harnessing AI’s power for the greater good.
Al’'s journey 1is far from over. As it
progresses, it will reshape how we work,
live, and interact with the world. Rather
than replacing human capabilities, Al is
poised to augment them, unlocking
possibilities we can only begin to imagine.
The key lies in steering this transformative
technology with wisdom and foresight,
shared

ensuring that its benefits are

equitably across society.




Al in Space Exploration
Al 1is revolutionizing space exploration,

enabling scientists to venture deeper into the
cosmos.Autonomous spacecraft equipped
with Al can analyze data in real-time, make
decisions without human intervention, and
adapt to unforeseen challenges. For
instance, Al systems are being used in Mars
rovers to navigate rugged terrains and
conduct experiments, maximizing the
scientific yield of these missions.

Moreover, Al plays a critical role in
processing the immense amounts of data
generated by space telescopes and satellite
missions. Machine learning algorithms can
identify patterns and anomalies in this data,
leading to groundbreaking discoveries about
distant planets, galaxies, and the origins of
the universe. As space exploration becomes
more ambitious, Al will be instrumental in
overcoming the logistical and technical
challenges of interstellar missions.

THE FUTURE OF Al



BRAIN-COMPUTER INTERFACES (BCI)

Brain-
Computer
Interfaces

(BCI)
The Next Big Revolution in

Computing

In the
technology,

ever-evolving  landscape  of
Interfaces

(BCI) are emerging as a revolutionary

Brain-Computer

innovation poised to redefine the way
humans interact with machines. By creating
a direct communication bridge between the
brain and digital systems, BCI technology
holds transform
healthcare, communication, gaming, and
With
neuroscience,

immense potential to

more. rapid advancements in

artificial intelligence, and
signal processing, BCIs are transitioning
from research labs to

applications faster than ever.

What is a Brain-Computer Interface (BCI)?

real-world

A Brain-Computer Interface (BCI) is a
system  that
individuals to control devices using their

communication enables
brain activity. Unlike traditional input

methods such as keyboards, mice, or
touchscreens, BCIs rely on interpreting
neural signals to initiate actions.

BCI to bypass

conventional motor functions, allowing

systems are designed

people with physical impairments to regain

control over devices, enabling
communication and mobility through
thought alone.

How Does a BCI Work?

A typical BCI system follows these four key
steps:

1. Signal Acquisition

Brain activity is recorded using specialized
that detect electrical signals
generated by neurons. Common methods
include:

Electroencephalography (EEG): A non-
invasive method using scalp electrodes to
measure brain waves.
Electrocorticography (ECoG): A
invasive method involving electrodes placed

Sensors

semi-

directly on the brain’s surface for higher
precision.

Functional Magnetic Resonance Imaging
(fMRI): Measures blood flow changes in the
brain but is typically used in research rather
than real-time applications.
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2. Signal Processing

The recorded brain signals are amplified and
filtered to Advanced
algorithms identify relevant patterns linked

remove  noise.

to specific thoughts or intentions.
3. Translation Algorithm

The processed signals are converted into
digital commands that can control external
devices, such as moving a cursor, typing
text, or controlling a robotic limb.

4. Device Control

The interpreted signals trigger actions in
connected devices, allowing users to

communicate or interact with their

environment.
Types of Brain-Computer Interfaces

BCIs are classified into two main types
based on how signals are acquired:

1. Invasive BClIs

Invasive BCIs involve implanting electrodes
directly into the brain. While they offer
precise data, they pose higher surgical risks.
Applications: Ideal for patients with severe
paralysis or neurological conditions
requiring high-precision control.

2. Non-Invasive BCIs

Non-invasive BCIs use external sensors
placed on the scalp. Though safer and easier
to deploy, their signal strength and accuracy
are relatively lower.

Applications: Widely used
rehabilitation, and cognitive enhancement.

in gaming,

Applications of BCI Technology

BClIs are transforming multiple industries
with innovative applications:

1. Healthcare and Medical Rehabilitation

Restoring Mobility: BCIs enable patients
with paralysis or spinal injuries to control
robotic arms, wheelchairs, or exoskeletons.

Neuroprosthetics: Individuals with lost limbs
can operate robotic prosthetics directly
through their thoughts.

Communication Assistance: For patients
with conditions such as ALS (Amyotrophic
Lateral Sclerosis) or locked-in syndrome,
BClIs offer the ability to communicate via

text or speech synthesizers.

2. Gaming and Entertainment

Mind-Controlled BCIs are
revolutionizing the gaming industry by

Gaming:

allowing players to control characters or
actions through brain signals. VR headsets
integrated with BCIs enhance immersion by
adapting gameplay based on players' mental
states.

3. Education and Cognitive Enhancement

Focus Enhancement Tools: BCI devices can
monitor focus levels and suggest techniques
to improve learning efficiency.

Memory Enhancement: Researchers are
exploring BCI-based memory augmentation

systems that improve retention and recall.

4. Military and Defense

Military organizations are exploring BCls
for enhanced battlefield communication,
drone control, and improved situational
awareness.

Mind-Controlled Weapons Systems are also
being researched for strategic military
advancements.

5. Smart Home Control

BCIs can help individuals with limited
mobility operate home automation systems
such as lights, fans, and doors using their
thoughts.

BCI in Popular Research and Technology

Several prominent companies and research
institutions are driving BCI innovation:
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1. Neuralink (Elon Musk)

Neuralink is developing high-precision
implantable BCI devices designed to restore
vision, motor functions, and even enhance
memory. The project aims to merge human

cognition with artificial intelligence.
2. Kernel

Kernel specializes in non-invasive BClIs
designed to enhance cognitive performance,
mental well-being, and data analysis for
brain mapping.

3. OpenBCI

OpenBCI is an open-source platform that
allows developers and researchers to build
custom BCI applications using non-invasive
headsets.

Challenges in BCI Development

Despite promising advancements, BCIs face
several challenges:

Signal Precision: Interpreting complex
neural signals accurately is challenging due

to noise interference.

Invasiveness and Risk: While invasive BClIs
offer higher precision, they carry surgical
risks.

Data Privacy Concerns: BClIs collect highly
sensitive data, raising concerns about data
misuse or hacking.

Ethical Issues: The ability to read and
thoughts
profound ethical and privacy debates.

potentially manipulate raises

The Future of BCls
The future of BCIs holds immense potential.
With advancements in machine learning,

data analytics, and neuroscience, BCIs are
expected to evolve in several key directions:

« Al-Powered Brain Mapping
« Wireless BCls
« Neuroenhancement

Conclusion

Brain-Computer Interfaces (BCls) are set to

revolutionize  computing by enabling
seamless interaction between the brain and
machines. From healthcare breakthroughs
to immersive gaming experiences, BCI
technology 1s wunlocking extraordinary
possibilities. As research continues, BCIs are
poised to reshape industries,
individuals with disabilities, and redefine

what it means to communicate and interact

empower

with technology.

Josna John

S6 CSE B
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. BIOINFORMATIGS

The Fusion of
Computer Science and Biology

.

Bioinformatics 1s a rapidly evolving
interdisciplinary field that merges biology,
computer science, and mathematics to analyze
and interpret biological data. The advent of
high-throughput sequencing technologies and
advancements in computational power have
fueled remarkable discoveries in genomics,
proteomics, and molecular biology. As a

computer science undergraduate with a keen

interest in bioinformatics, understanding its

: principles and real-world applications can
Lakshmi P Menon open up a realm of possibilities in both
S6 CSE B research and industry.




The

Milestone in Bioinformatics

The Human Genome Project (HGP) is one
of the most significant achievements in
1990 and
completed in 2003, the project aimed to map

Human Genome Project: A

bioinformatics. Initiated in

and sequence the entire human genome,
consisting of approximately 3 billion DNA

base pairs. This massive undertaking
required  sophisticated  computational
techniques for data storage, sequence

alignment, and pattern recognition.

The Role of Computer Science in the

Human Genome Project

The sheer scale of the HGP required
advanced computational methods for:
Assembly:  The
sequencing process produced small
DNA fragments that needed to be
assembled into a complete sequence.

« Sequence genome

Computational algorithms such as
Overlap-Layout-Consensus (OLC) and
de Bruijn graphs were employed to
reconstruct the genome from these
fragments.

« Data Processing & Storage: Handling
vast amounts of sequencing data

necessitated the development of efficient

data structures

GenBank

Browser.

and databases like
and Ensembl Genome
Techniques from database
distributed computing,

and cloud storage were crucial.

management,

« Sequence Alignment: The comparison of
DNA sequences was performed using
dynamic programming algorithms like
the Needleman-Wunsch and Smith-
Waterman algorithms. Today, tools like
BLAST (Basic Local Alignment Search
Tool) optimize these processes.

BIOINFORMATICS

o Gene Prediction: Hidden Markov
Models (HMMs) and neural networks
were applied to predict genes within the
vast genomic sequences. This field has
since evolved with the use of deep
learning techniques.

« Comparative Genomics: Computational
tools were used to compare the human
genome with those of other species to
identify evolutionary patterns and

functional genes.

Relevant Computer Science Concepts

in a B.Tech Curriculum
For a B.Tech student in Computer Science,

several subjects provide foundational

knowledge for

understanding bioinformatics:

« Data  Structures and  Algorithms:
Essential  for  designing efficient
sequence alignment and assembly
algorithms.

« Database Management Systems:
Fundamental for handling large
biological datasets and  genomic
databases.

o Artificial Intelligence &  Machine

Learning: Crucial for modern gene
prediction, protein structure modeling,
and drug discovery.

« Parallel and Distributed Computing:
Important for handling large-scale
genomic computations.

Useful in

identifying motifs in DNA sequences

. Pattern Recognition:
and analyzing biological patterns.

« Cloud Computing: Supports scalable
storage and processing of genomic data,
an increasingly important aspect in
bioinformatics.



Applications of Bioinformatics Beyond
HGP

While the HGP set the
bioinformatics

foundation,
continues to drive
advancements in various domains:

1. Personalized Medicine: Computational
models analyze genetic variations to tailor
treatments based on an individual’s genomic
profile. Pharmacogenomics, for instance,
predicts drug responses based on genetic
factors.

2. CRISPR and Genome Editing: Machine
learning models optimize guide RNA design
gene
advancements in genetic therapies.

for precise editing, accelerating

3. Cancer Genomics: Al-driven pattern

recognition  identifies = mutations  in
cancerous cells, aiding in early diagnosis and
targeted therapies.
4. Metagenomics: Bioinformatics tools
analyze microbial communities in diverse
ecosystems, leading to breakthroughs in
medicine, agriculture, and environmental
science.

5. Proteomics and Structural Biology: Deep

learning  techniques like  AlphaFold
revolutionize protein structure prediction,
impacting drug discovery and
biotechnology.

Challenges and Future Directions
Despite its potential, bioinformatics faces
several challenges:

« Data Overload: The exponential growth
of genomic data demands more efficient

storage, processing, and analysis
techniques.
« Algorithmic Complexity: Developing

scalable and accurate algorithms for

sequence alignment, structural
modeling, and functional annotation

remains an ongoing challenge.

BIOINFORMATICS n

o Interdisciplinary Collaboration: Bridging
the gap between biologists and
computer scientists requires integrated
educational programs and

disciplinary research initiatives.

Cross-

Looking ahead, advancements in quantum
computing, Al-driven bioinformatics, and
blockchain-based genomic data security
hold immense promise. The synergy
between computational techniques and
biological insights will continue to unravel
the mysteries of life and revolutionize

healthcare.

Conclusion

Bioinformatics stands at the forefront of
modern science, driven by computational
innovations that transform biological
research. The Human Genome Project
exemplifies the power of computational
biology, laying the groundwork for
groundbreaking applications in medicine,
genetics, and beyond. For a computer
science undergraduate fascinated by both
computing and biology, bioinformatics
offers an exciting frontier where coding
meets life sciences, fostering discoveries that

impact humanity on a profound scale.




MAJORANA 1

MIGROSOFT'S MAJORANA 1

The Quantum Chip That Could Redefine Computing

In a breakthrough that marks a
significant milestone in quantum
computing, Microsoft has unveiled

T - its Majorana 1 quantum chip,

representing one of the most

ambitious steps forward in the quest

5 _
¥ s 4 to build a practical quantum
| } ’ computer. This development could
:&/‘ potentially redefine our
' understanding of computing
Anantha Krishnan capabilities and open new frontiers

S6 CSD ) _
in  solving complex problems

previously thought insurmountable.



The Breakthrough: Topological Qubits

At the heart of Microsoft’s achievement
lies the successful creation of topological
qubits, named after the Italian physicist
Ettore Unlike
qubits that struggle with decoherence—the

Majorana. conventional

loss of quantum information due to
environmental interactions—topological
qubits are designed to be inherently more
stable and error-resistant.

The Majorana 1 chip works by harnessing
topological properties of matter, specifically
exotic quantum states that exist at the
boundaries between different materials.
These exhibit special
properties that shield quantum information

states protective
from environmental noise, allowing for
longer coherence times and potentially
greater scalability.

Why Majorana 1 Matters

The significance of Microsoft’s approach
cannot be overstated. Current quantum
computers, while impressive in their own
right, suffer from high error rates that
correction,

necessitate  extensive

limiting their practical applications. By

€rror

contrast, the topological approach pursued
by Microsoft could dramatically reduce the
resources needed for error correction,
potentially allowing quantum computers to
tackle more complex problems with fewer
physical qubits.

The implications extend far beyond
stable, scalable

quantum computer could revolutionize:

academic interest. A
- Drug discovery and materials science, by
simulating molecular interactions with
unprecedented accuracy

- Cryptography and cybersecurity, by
developing new encryption methods while
potentially breaking existing ones

- Climate modeling, by creating more

accurate simulations of complex surpass.

MAJORANA 1 n

The Long Journey to Majorana 1
Microsoft’s path to this achievement has
been anything but straightforward. The
company has pursued topological quantum
computing for over a decade, facing
significant skepticism from parts of the
scientific community. This persistence
reflects Microsoft’s long-term vision and
willingness to pursue high-risk, high-reward

research.
The theoretical groundwork for topological

computing was laid by
mathematician and physicist Michael
Freedman, who joined Microsoft Research

quantum

in 1997. Along with his colleagues, including
Fields Medalist Alexei Kitaev, Freedman
developed the mathematical framework that
would eventually lead to the creation of the
Majorana 1 chip.

Technical Challenges and Innovations
Creating topological qubits required solving
numerous technical challenges. Microsoft
needed to develop specialized materials that
could host Majorana zero modes—the
exotic quantum states that form the basis of
topological qubits. This involved extensive
research in materials science, including the
creation of novel  superconductor-
semiconductor hybrid structures.

The chip itself operates at extremely low
temperatures, typically just a fraction of a
degree above absolute zero. This extreme
cooling is necessary to maintain quantum
coherence and allow the delicate quantum
states to persist long enough for meaningful
computations.

The Road Ahead

While the Majorana 1
significant breakthrough, it’s important to
note that practical, large-scale quantum

represents a

computing remains a work in progress.
Microsoft will need to demonstrate that its
approach can scale beyond proof-of-concept
devices to systems with many interacting



The company has outlined an ambitious

roadmap that includes increasing the
number of qubits, improving gate fidelities
(the accuracy of quantum operations), and
developing the software infrastructure
needed to program and control these
advanced quantum systems.

Why Majorana 1 Matters

Microsoft’s achievement has significant

implications for the broader quantum
computing landscape. While companies like
IBM, Google, and IonQ have pursued
different approaches to quantum computing
—primarily using superconducting circuits

or trapped ions—Microsoft’s success with
topological qubits

paradigm that could potentially leapfrog

introduces a new

these established technologies.
This diversity of approaches is healthy for
the field, as each has its own strengths and

challenges. The competition and cross-
pollination of ideas will likely accelerate
progress  toward  practical

computers.

quantum

Conclusion

The Majorana 1 quantum chip represents a
potential inflection point in the development
of quantum computing. By addressing one
of the most fundamental challenges in the
field—the stability of qubits—Microsoft has
taken a significant step toward making
quantum computing practical and scalable.

While much work remains to be done, the
theoretical advantages of topological qubits
approach
fundamentally change our expectations

suggest  that  this could
about what’s possible in computing. If
successful, the Majorana 1 may one day be
remembered as the beginning of a new era in
our technological development—one where
previously intractable problems become
solvable, and entirely new categories of

applications become possible.

MAJORANA 1

As we stand at this threshold, it’s worth
reflecting on the remarkable journey that
has brought us here—from theoretical
physics to cutting-edge engineering—and
the potential this technology holds to
transform our world in ways we’re only

beginning to imagine.

Fr' g
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- Risks and Solutions for Modern Cyber
’ Threats

Artificial Intelligence (Al) is revolutionizing
industries worldwide, providing unparalleled
efficiency, automation, and predictive
capabilities. However, as Al technology
advances, so do the cyber threats that exploit
its potential. While Al enhances security
frameworks by detecting and mitigating
threats more effectively, it also introduces new
vulnerabilities that cybercriminals are quick to

leverage. From Al-powered malware to

deepfake scams, modern cyber threats have
become more sophisticated and harder to

detect. Striking a balance between harnessing
AT’s benefits and addressing its risks is crucial
Dona Anna Reniji in today’s digital landscape.

S6 CSEB




One of the most alarming threats posed by
Al in cybersecurity is the rise of automated
and adaptive cyberattacks. Cybercriminals
now use Al-powered malware that can
autonomously identify and exploit system

vulnerabilities n real-time. Unlike
traditional malware, these advanced threats
can modify their behavior to evade

detection, making it increasingly difficult for
conventional security systems to keep up.
The ability of Al to rapidly analyze vast
amounts of data allows hackers to optimize
their attack strategies, bypass security
measures, and launch large-scale breaches
with minimal human intervention.

Concerns

Deepfake technology has also emerged as a
serious cybersecurity concern. Al-generated
deepfakes can create realistic fake images,
videos, and voice recordings, making it
attackers to

easier for manipulate

individuals and organizations.
Cybercriminals use this technology for
phishing scams, identity fraud, and business
email compromise attacks, where fraudulent
transactions are authorized by fake
executives. As deepfakes become more
convincing, distinguishing between real and
fake communications becomes increasingly
difficult, posing significant risks to financial
institutions,

government agencies, and

businesses.

CYBERSECURITY IN THE AGE OF Al n

Another major concern is Al-powered
hacking and automated exploits. Hackers
use Al to

weaknesses,

scan networks, identify
and deploy attacks more
Al-driven

system

before.
predict
vulnerabilities, evade traditional security

efficiently than ever
hacking tools can
measures, and execute attacks on a large
scale with minimal effort. This automation
allows cybercriminals to carry out attacks
faster and more effectively, leaving
organizations with less time to detect and

respond to breaches.

Data poisoning is another threat that arises
from AI’s reliance on large datasets. If
attackers inject malicious data into Al
training models, they can manipulate the
This
could result in malware being classified as

system’s decision-making process.

safe software, biased Al decisions, or
compromised security mechanisms. Since Al
models continuously learn from new data,
even small manipulations can have far-
reaching consequences, affecting everything
from fraud detection to automated security
responses.

Privacy violations and mass surveillance are
growing Al-powered

surveillance tools become more widespread.

concerns as

While Al enhances security through facial
recognition and behavior analysis, it also
ethical tracking
individuals without consent. In the wrong

raises concerns about
hands, these technologies could be used for
unauthorized data collection, large-scale
identity theft, or mass surveillance that
infringes on personal freedoms. The
challenge lies in ensuring that Al-driven
used

surveillance is responsibly and

transparently, preventing its misuse for

malicious purposes.



Al-generated misinformation is another
growing issue, as cybercriminals use Al to
create fake news, misleading articles, and
deepfake videos to manipulate public
opinion. These tactics have been used to
influence elections, spread disinformation,
and disrupt businesses and governments.
content can be highly
difficult  for

individuals to distinguish between legitimate

Al-generated
convincing, making it
and false information. As misinformation
spreads rapidly online, it poses a significant
challenge to cybersecurity, trust, and digital
integrity.

Measures
To combat these evolving cyber threats,
organizations must adopt Al-driven

cybersecurity solutions. Al-powered threat
detection systems analyze patterns, identify
anomalies, and respond to threats in real
time. These advanced security tools help
organizations detect suspicious activities
before they cause significant damage,

automate incident response, and
continuously adapt to new cyber threats. Al
can also be used to develop adversarial
security techniques that identify and
neutralize deepfake content, detect phishing
scams, and resist Al-generated attacks.

A Zero Trust security model is essential in
an era where traditional security approaches
are no longer sufficient. Instead of assuming
internal networks are safe, this framework
ensures that no wuser or device is
automatically trusted. Implementing strict
access controls, multi-factor authentication,
and continuous monitoring of user behavior
helps prevent unauthorized access and
detect potential threats before they escalate.
By following the principle of least privilege,
organizations can minimize security risks by
restricting users to only the resources they

need.

CYBERSECURITY IN THE AGE OF Al

Regular  security audits and patch
management play a
strengthening  Al-driven  cybersecurity

defenses. Conducting frequent

vital role in

security
assessments allows organizations to identify
vulnerabilities before cybercriminals can
exploit them. Automated patch
management ensures that software is always
up to date, reducing the risk of attacks
caused by outdated systems. Penetration
with

monitoring, helps organizations stay ahead

testing, = combined continuous
of cyber threats by identifying weaknesses in

security infrastructure and proactively

addressing them.

Cybersecurity awareness and Al literacy are

equally important in reducing human-
related risks. Many cyberattacks exploit
human error, making employee training a
crucial aspect of cybersecurity.
Organizations must educate employees on
recognizing phishing attacks, deepfake
scams, and other social engineering tactics.
simulated cyberattacks

while

Conducting

improves response preparedness,
promoting good cyber hygiene such as
strong password management and cautious
data sharing helps mitigate risks at an

individual level.

Regulation

The ethical development and regulation of
Al in cybersecurity are essential for
preventing misuse. Governments and tech
companies must work together to establish
transparent Al decision-making processes
for ethical Al

Proper regulations

and develop guidelines
security applications.
must be in place to govern AI’s use in
sensitive areas such as surveillance, financial
transactions, and personal data protection.



By setting clear ethical standards,
organizations can ensure that Al is used
responsibly without compromising privacy
or security. Decentralized and blockchain-
based security solutions provide additional
protection against cyber threats. Blockchain
offers

technology tamper-proof

authentication mechanisms, decentralized
identity verification, and secure transaction
records, making it an effective tool for fraud
prevention. Integrating blockchain with Al-

driven security frameworks can enhance

data security, ensuring that sensitive
information  remains protected from
cybercriminals.

Conclusion

Cyber
international collaboration to combat them

threats are global, requiring
effectively. Organizations should participate
in cyber threat intelligence networks, share
threat data,

enforcement

and work alongside law

agencies to track
cybercriminals. Establishing unified security
standards across industries ensures a
collective defense against cyber threats,
making it harder for attackers to exploit

vulnerabilities across different sectors.

CYBERSECURITY IN THE AGE OF Al

Establishing unified security standards
across industries ensures a collective defense
against cyber threats, making it harder for
attackers to exploit vulnerabilities across

different sectors.

Al is both a powerful security tool and a
potential weapon for cybercriminals. As
cyber  threats continue to
organizations and individuals must stay

evolve,

ahead by leveraging Al responsibly,
enforcing strong security policies, and
fostering cybersecurity awareness. The

future of cybersecurity depends on the
ability to adapt, innovate, and collaborate.
By integrating Al-driven security solutions,
adopting ethical AI practices, and
maintaining a proactive approach to cyber
defense, we can create a safer digital world.
In this Al-driven era, security is not just
about

technology—it’s about vigilance,

strategy, and continuous evolution.
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BLOGKGHAIN IN
HEALTHCARE

The Future of Secure and Smart
Medicine

Imagine a world where your entire medical history is securely
stored, instantly accessible to authorized doctors, and completely
immune to tampering. No lost reports, no redundant tests, and no
fear of data breaches. This is not some futuristic dream—it’s the
potential reality of blockchain technology in healthcare.

The healthcare industry is notorious for its inefficiencies, data silos,
and security concerns. Patient records are often scattered across
different hospitals and clinics, making it difficult for doctors to get
a complete picture of a patient’s medical history.

‘ “ y *f At the same time, cyberattacks on healthcare databases have
{ oo L] 3 r-?f become alarmingly common, putting sensitive patient data at risk.
. Rl ” B Blockchain, originally developed for securing financial

transactions, is now stepping in as a disruptive force in
healthcare,promising unparalleled security, transparency, and
efficiency.
At its core, blockchain is a decentralized and tamper-proof digital
;_ “ivf ledger that records transactions across multiple nodes. Unlike
Maria Nathasha traditional cent'rahzed databases, \fvhe‘re a single entity cont.rols the
S6 CSE-B data, blockchain operates on a distributed network,ensuring that
no single party can alter information without consensus. Every
transaction or data entry is stored as a block, linked to previous
blocks, forming a chain of trust that remains immutable. In
healthcare, this means real-time access to secure, unalterable
patient data, preventing medical errors and fraudulent alterations.

\




The impact of blockchain extends beyond
just record-keeping. It is breaking down
between healthcare

barriers providers,

creating an ecosystem where

hospitals,pharmacies, laboratories, and
insurance companies can securely share
information while maintaining patient
privacy. This eliminates unnecessary delays,
improves decision-making, and enhances
overall patient care. Instead of patients
carrying bundles of reports from one doctor
to another, blockchain enables instant,
verifiable access to their medical history,
ensuring more accurate diagnoses and
efficient treatments.

Pharmaceutical supply chains are also
being revolutionized by blockchain. The rise
of counterfeit drugs is a growing concern,
threatening patient safety worldwide. By
supply
chain, every stage of a drug’s journey—from

integrating blockchain into the

manufacturing to distribution—can be
securely tracked and verified. With a simple
scan, patients and healthcare professionals
can confirm the authenticity of their
medications, ensuring they receive only
genuine, approved drugs.

The financial side of healthcare is another
area where Dblockchain is making a
significant impact. Medical billing fraud,
insurance claim disputes, and complex
paperwork have long plagued the industry.
Blockchain-powered smart contracts can
automate and streamline these processes,
ensuring transparent, real-time transactions.
Patients, hospitals, and insurers can interact
in a trustless system, where transactions are
executed automatically when predefined
conditions are met,eliminating delays and

reducing fraudulent claims.

BLOCKCHAIN IN HEALTHCARE

Beyond administrative efficiency,
blockchain is also transforming medical
research and clinical trials. Ethical concerns,
data manipulation, and lack of transparency
have often hindered scientific progress. By
leveraging blockchain, research data can be
securely stored and shared, preventing
tampering and ensuring credibility. Patients,
too, can control how their data is used,
granting permission for specific studies while
maintaining privacy. This shift fosters trust
between researchers and participants,paving
the way for faster, more reliable medical

advancements.

Despite its immense potential, blockchain
with
challenges. Many hospitals still rely on
traditional IT
transitioning  to

adoption in  healthcare comes
infrastructure, and
blockchain

investment and

requires
significant regulatory
approval. Scalability is another concern, as
healthcare generates vast amounts of data
daily. However, as technology advances and
blockchain solutions become more refined,

these hurdles are gradually being addressed.

The momentum behind blockchain in
healthcare is undeniable. From securing
medical records and preventing counterfeit
drugs to streamlining insurance claims and
blockchain is
While
widespread adoption may take time, it is no

revolutionizing research,

shaping the future of medicine.

longer a question of if blockchain will

transform  healthcare—but when. The
technology that once powered
cryptocurrency is now poised to build a
smarter, safer, and more trustworthy

healthcare system for all.
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THE OPEN-SOURGE SOLUTION T0
E- WASTE: CAN FREE
SOFTWARE SAVE THE PLANET?

Abstract

With the growth of technology, the issue of
electronic waste (e-waste) has become a
major environmental concern. Open-source
software (OSS) presents a possible
resolution by increasing the lifespan of
equipment,  decreasing  reliance  on

proprietary solutions, and creating a
‘ culture of repairability. This present
research investigates the possibility of OSS

in reducing technological waste, its

i
-
, |

sustainability aspects, and the hindrances to

' adoption. Based on real-life case studies
Cy;ﬂPius aflnd‘ bS-Lll-%geSt?d remedies, we te~:tvaluate the
S6 CSE A casibility of open-source software as a

solution to a more sustainable digital age.




THE OPEN-SOURCE SOLUTION TO E- WASTE

Introduction

Electronic waste, or e-waste, is one of the
rapidly increasing waste streams worldwide,
with millions of electronic products being
discarded each year through software-
induced obsolescence. Proprietary software
environments tend to limit users from
making changes and reusing their devices,
which results in the wasteful disposal of
hardware. = Open-source software, by
contrast, is more flexible and enduring,
enabling users to prolong the working life of
their devices past the manufacturer-defined

lifespan.

This research talks of the role of open-
source software in reducing technological
reduce

waste, explaining how it can

environmental impacts, cut costs, and

increase  digital  sustainability.  The

discussion addresses the technological,

ethical, and financial effects of adopting
open-source software as a strategy for
countering planned obsolescence.

The Role of Open-Source Software in
Minimizing Technological Waste
Open-Source as a Sustainability Tool:
Open-source software offers a realistic
alternative to coercive upgrades through the
capacity of older hardware to perform well
with light and

operating systems. A few examples are:

community-maintained

« Linux operating systems such as
Ubuntu, Lubuntu, and Debian enable
older computers to function efficiently
without compromising performance.

« Specialized Android ROMs such as
LineageOS, providing smartphone

functionality well beyond the end of

official support.

« Open-source firmware such as Coreboot
replaces closed-source BIOS code with
more performance, security, and long-
term reliability.

The Case for Open-Source Innovation

Supporters of OSS contend that it
democratizes technology, allowing people
and organizations to reuse hardware instead
of throwing it away. Organizations and
governments that have embraced open-
source solutions have seen considerable cost
savings and e-waste reduction:

« Government Programs: France and

Germany have adopted Linux-based

open-source solutions in the public

sector to ensure the longest possible life
of hardware and lower the software
licensing cost.

« Nonprofits and Digital Inclusion:
Nonprofits refurbish older computers
with OSS to bridge the digital divide
and make technology available to
underrepresented groups.

« Corporate Adoption: IBM and Google
are just some of the corporations that
get involved in open-source

their

responsibility towards sustainability and

communities, embracing

efficiency.
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Challenges and Ethical Implications

While open-source software is promising,
problems remain to its acceptance at large:

« Hardware Lock-In: Most manufacturers
develop hardware that cannot easily be
fixed or modified, inhibiting OSS

potential.

« User Awareness: Users are unaware of

open-source software and its

advantages.
« Software Compatibility: Proprietary
applications have no open-source

equivalents, hindering full adoption.

The Need for
Institutional Support

Sectoral and

To effectively maximize the contribution of
OSS in curbing tech waste, industry and
policymakers need to work together to:

« Encourage open standards that ensure
interoperability and repairability.
. Facilitate open-source learning to
enhance knowledge and application.
o Implement right-to-repair legislation
that enables users to repair and upgrade
their devices without restrictions from

the manufacturer.

The
Sustainability

Future of Open-Source and

The future of open-source software in
sustainability will probably consist of:

« Improved legal protection for user's
rights in hardware modification and
repair.

« Sustainable  software  development

prioritizing sustainability over planned

obsolescence.

« Corporate social responsibility
programs that integrate open-source
software into circular economy systems,
hence reducing the environmental

footprint of technological production.

Conclusion

Open-source software is a strong argument
for minimizing technological waste and
achieving digital sustainability. By enabling
hardware to continue functioning beyond
the lifespan of proprietary software, open-
source solutions mitigate electronic waste,

minimize expense, and encourage a
repairability culture. However, obstacles
such as hardware limitations, software

compatibility, and opposition from industry
players need to be combated via policy shifts
and greater awareness. The trajectory of

should
methods as a step to make the digital world

technology include open-source

more sustainable and eco-friendly.



EDGE Al

In a world where speed, efficiency, and
real-time decision-making define
technological advancements, Edge Al
stands as a game-changer. From self-
driving cars to intelligent surveillance
cameras, Edge Al 1is transforming
industries by bringing artificial intelligence
closer to the source of data generation. But
how does this technology work, and what
makes it a revolutionary step in
computing? Let’s dive into the fascinating
world of Edge AI and explore its working

principles, technological framework, and

real-world applications.

Charles P Manoj
S6 CSE A




Understanding Edge Al

Edge AI refers to the deployment of
artificial intelligence algorithms on local
edge devices, such as smartphones, IoT
sensors, and autonomous machines, rather
than relying on
computing. Unlike traditional Al systems

centralized  cloud
that process data in the cloud, Edge Al
enables data processing at the point of
collection, ensuring low latency, improved

security, and reduced bandwidth
consumption.

How Edge AI Works

The core functionality of Edge Al hinges on
edge  computing, which  distributes
computational workloads across

decentralized nodes instead of central cloud
servers. The working of Edge AI can be
broken down into three key steps:
1. Data Edge
continuously gather data from sensors,

Collection: devices
cameras, or other IoT inputs.

2. Local Processing: Instead of sending all
data to the cloud, Edge AI devices process
the information locally using AI models
trained beforehand.

3. Real-Time Making: The
processed information allows the device to
take
reducing response time and enhancing

Decision

immediate  actions, significantly

efficiency.

EDGE Al

For instance, in autonomous vehicles, Edge
Al ensures real-time object detection and
obstacle avoidance without relying on

remote cloud servers. Similarly, smart
surveillance cameras equipped with Edge Al
can instantly detect anomalies and trigger
alerts without sending raw footage to

external data centers.

Technological Framework of Edge Al
Several advanced technologies power Edge
Al, ensuring its efficiency and adaptability
across various applications. These include:
-Neural Networks & Machine Learning
Models: Lightweight, optimized Al models
such as TinyML and pruned deep learning
architectures allow Al to function effectively
on limited hardware resources.

-Al Hardware Accelerators: Specialized Al
chips (like NVIDIA Jetson, Google Edge
TPU, and Intel Movidius)
computation speed and energy efficiency.
S5G & IoT
connectivity combined with smart devices

enhance

Integration: High-speed
enables seamless real time communication
and automation.

-Federated Learning: A decentralized Al
edge
collaboratively learn from data without

training method where devices
sharing it with a central server, ensuring
data privacy.

Key Benefits of Edge Al

1. Low Latency: Real-time processing
eliminates delays associated with cloud
communication.

2. Enhanced Security: Sensitive data is
processed locally, reducing the risk of cyber
threats.

3. Reduced Bandwidth Usage: Only essential
data is transmitted to the cloud, lowering
network congestion and costs.



4. Offline Functionality: Al-driven decisions
can be made even without an active internet
connection.

5. Energy Efficiency: Optimized edge devices
consume less power, making them ideal for
IoT ecosystems.

Real-World Applications of Edge Al

Edge Al is reshaping numerous industries,

making technology smarter and more
autonomous. Some notable applications
include:

- Healthcare: Wearable health monitors
detect abnormalities in real-time, enabling
early intervention.

- Manufacturing: Smart factories utilize
predictive ~ maintenance  to  prevent
machinery breakdowns.

- Retail: Al-powered checkout systems in
stores analyze customer behavior and
streamline operations.

Edge Al-driven traffic

management systems optimize road safety

- Smart Cities:

and congestion control.

- Agriculture: Drones and sensors monitor
crop health and suggest real-time actions for
better yield.

EDGE Al

The Future of Edge Al

As Al models become more compact and
computational hardware evolves, the scope
of Edge Al will expand even further. Future
advancements in quantum computing,
advanced Al chipsets, and 6G connectivity
will unlock new possibilities, enabling Edge
Al to power next-gen innovations in
autonomous robotics, smart grids, and

hyper-personalized Al assistants.

Conclusion

Edge Al is at the forefront of the Al
revolution, bridging the gap between cloud
computing and real world decision-making.
By enhancing speed, security, and efficiency,
it is redefining how intelligent systems
with  their
industries continue to adopt and innovate
with Edge AL, we are heading towards a

interact environments. As

smarter, more connected world where Al is
not just in the cloud but at the very heart of
our everyday experiences.




BACKEND DEVELOPMENT n

SERVERLESS IN THE GLOUD

The Future of Backend Development

Introduction

In today’s rapidly evolving digital
landscape, businesses and developers are
constantly looking for ways to build
scalable, cost-efficient, and  high-
performing applications. One of the
most transformative innovations in
cloud computing is serverless computing.
By abstracting infrastructure
management, serverless architectures
allow developers to focus entirely on
writing and deploying code, leading to
faster development cycles and optimized
resource utilization. As cloud computing
continues to advance, serverless
solutions are emerging as the future of
backend development.



What is Serverless Computing?

Serverless computing is a cloud computing
execution model where cloud providers
automatically manage the infrastructure
required to run applications. Contrary to its
name, “serverless” does not mean there are
no servers; instead, it signifies that
developers do not have to provision, scale,
Cloud

providers dynamically allocate resources

or maintain them manually.
and charge users based on actual compute
usage rather than pre-allocated capacity.

How Serverless Computing is Transforming
Backend Development

The shift towards serverless computing is
fundamentally changing how applications
are built and deployed. Traditionally,
backend development required provisioning
servers, managing configurations, ensuring
uptime, and manually scaling resources
based on traffic fluctuations. This approach
not only increased operational complexity
but also led to inefficiencies in resource

utilization and cost management.
With serverless architectures, these concerns

are eliminated. Developers write functions
that execute in response to events, such as
HTTP requests, database updates, or file
uploads. The cloud provider automatically
provisions the necessary compute resources,
scales them as needed, and shuts them down
when they are no longer required. This
event-driven execution model ensures that
applications remain highly responsive and
cost-effective, without the need for constant
infrastructure oversight.

The Decline
Architectures

of Traditional Backend

For decades, backend development followed
a monolithic approach, where applications
were built as a single, tightly coupled unit.
Scaling such applications required adding
more servers or increasing the capacity of

BACKEND DEVELOPMENT

often leading to over-provisioning and
higher operational costs. Even with the rise
of microservices, developers still needed to
manage infrastructure, configure load
balancers, and handle server maintenance.
However, as businesses increasingly
prioritize agility, efficiency, and scalability,
traditional backend models are becoming
less viable. Serverless computing removes
the need for managing physical or virtual
machines, reducing both infrastructure costs
and development effort. Instead of
dedicating time to setting up environments,
developers can focus on writing code that
delivers value to users.
Real-World  Applications of Serverless
Computing

Many companies are already Ileveraging
serverless architectures to streamline their
backend operations. E-commerce platforms
use serverless computing to handle dynamic
sales

workloads periods

infrastructure

during peak

without worrying about

constraints. Streaming services rely on

serverless functions to processn vast

amounts of data in real time, ensuring
seamless content delivery. Even Al-driven
applications utilize serverless models to run
inference  without

machine  learning

maintaining expensive servers.




Additionally, startups and enterprises, alike
benefit from serverless databases, such as
AWS Aurora Serverless
Firestore, which ecliminates the need for

and Firebase

manual database scaling. By integrating
serverless functions with managed databases
and storage solutions, businesses can build
fully
resilient, scalable, and cost-efficient.

serverless applications that are

The Future of Backend Development

As cloud providers continue to enhance
backend
development is gradually being replaced by
more efficient, event-driven architectures.

serverless offerings, traditional

The rise of edge computing, where serverless
functions execute closer to users for reduced
latency, is further pushing the boundaries of
modern backend systems.

While challenges such as cold starts and
ongoing
computing are
addressing these issues, making serverless a
more viable option for a broader range of

vendor lock-in  still  exist,

innovations in cloud

applications. As businesses seek to minimize
infrastructure overhead while maximizing
agility, serverless computing is poised to
become the dominant paradigm in backend
decline of

development, marking the

traditional server-based models.

In the coming years, backend development
will no longer be about managing servers—
it will be about writing scalable, event-
driven code that runs efficiently in the
future of digital

cloud, shaping the

innovation.

BACKEND DEVELOPMENT
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BLOCKCHAIN AND

Blockchain technology has revolutionized
the way we store data in recent years by
offering a secure and decentralized
alternative to traditional systems.
Blockchain was built on the concept of
enabling secure communication between two
nodes or parties in a blockchain network. In

blockchain we mainly use two important
concepts: hashing and cryptography.
Blockchain is used to encrypt messages in
peer-to-peer networks, and cryptography is
used to secure information in a block and
link blocks in blockchain.

S6 CSE B




Definition of cryptography

In Greek terms 'Kryptos' means hidden and

'Graphien' means to write. So by the
name

cryptography is the process of developing a
set of protocols and techniques to prevent
any third party to access the peer- peer

communication.

Cryptography i1s a fundamental pillar of
blockchain technology,
security, integrity,
privacy. It enables secure transactions and

ensuring data
authentication, and
prevents unauthorized access by converting
data into a format that can only be read by
authorized users. In blockchain
cryptographic techniques
encrypting transactions, securing user
riudtie®fandherifiaipimioiesi’ion Meeds. 1n
cryptography are:

systems,
are used for

Encryption: It is the process of converting
plain or normal text to ciphertext (a random
sequence of bits).

Decryption: Decryption is the inverse
process of encryption. It converts ciphertext
to plain text.

Key: Some amount of information that is
required to induce information from a
cryptographic algorithm.

Cipher: It is a mathematical algorithm that

is used to convert plain text to cipher text.

Cryptography i1s a fundamental pillar of
blockchain technology,
security, integrity,
privacy. It enables secure transactions and

ensuring data
authentication, and
prevents unauthorized access by converting
data into a format that can only be read by
authorized users.

BLOCK CHAIN AND CRYPTOGRAPHY n

In  blockchain
techniques are

systems, cryptographic
used for encrypting
transactions, securing user identities, and

verifying digital signatures.

There are two types of
cryptography in blockchain: symmetric-key
cryptography

cryptography. Each has its own use cases

primary

and asymmetric-key

and security mechanisms.

1.Symmetric-Key Cryptography
(Secret-Key Cryptography)
Symmetric cryptography is an encryption
method that relies on a single key for both
encryption and decryption. This means that
both the sender and receiver must share the
same secret key.

Due to its simplicity, symmetric encryption
1s fast and efficient, making it suitable for
encrypting large amounts of data. However,
the biggest challenge 1is key
distribution—if an attacker gains access to
the they decrypt  all
communications.

How It Works:
1. The sender encrypts the data using a

securc

key, can

shared secret key.

2. The encrypted data is sent over the
network.

3. The receiver uses the same secret key to
decrypt the data.

Examples of Symmetric Cryptography:

« AES (Advanced Encryption Standard):
A widely used encryption method that
provides  high fast
performance.

« DES (Data Encryption Standard): One
of the earliest encryption methods, now
considered outdated due to security

security and

weaknesses.



Key Features of Symmetric Cryptography:

. Also known as Secret-Key
Cryptography — Both parties use the
same key.

 Fast and efficient — Ideal for encrypting
large volumes of data.

« Less computational power required —
Suitable for high-speed transactions.

« Security concern — Requires a secure
method to exchange the secret key.

2. Asymmetric-Key Cryptography
(Public-Key Cryptography)

Asymmetric cryptography, also known as
public-key cryptography, is a more secure
encryption method that uses two different
keys:

« Public Key: Available to everyone; used

for encrypting data.

o Private Key: Known only to the

recipient; used for decrypting data.

Unlike symmetric cryptography asymmetric
encryption eliminates the need for a shared
secret key, making it more secure for digital
communication. This method is commonly
used in digital signatures, authentication, and
blockchain transactions.

How It Works:

1. The sender encrypts the data using the
recipient’s public key.

2. The encrypted data is sent over the
network.

3. The recipient decrypts the data using their
private key.

Since the private key cannot be derived
from the public key, asymmetric encryption
provides a high level of security. However, it
requires more computational power,
making it slower than symmetric
encryption.

BLOCK CHAIN AND CRYPTOGRAPHY

Examples of Asymmetric Cryptography:

« ECC (Elliptic Curve Cryptography):
Provides strong security with smaller
key sizes, making it more efficient.

« DSS (Digital Signature Standard): Used
for verifying the authenticity of digital
messages and transactions.

Key Features of Asymmetric Cryptography:

. Also known as Public-Key
Cryptography — Uses two different keys
for encryption and decryption.

« More secure — No need to exchange a
shared key, reducing risk.

« Supports digital signatures — Verifies the
authenticity and integrity of
transactions.

« Computationally intensive — Requires
more processing power than symmetric

encryption.

Cryptographic Hashing in
Blockchain

Cryptographic hashing is a fundamental
mechanism in blockchain technology,
ensuring security, data integrity, and
immutability. It transforms input data
into a fixed-length hash value, making it
unreadable and irreversible. This process
guarantees that even a slight modification
in the original data results in a completely
different hash, making tampering easily
detectable.



Limitations of
Blockchain

Below are some of the limitations of

Cryptography in

cryptography in the blockchain:
o Information difficult to access: Strongly
encrypted and  digitally
information can be difficult to access

signed

even for a legitimate user at the most
critical time of decision-making. The
network can be attacked and rendered
non-functional by an intruder.

« High availability: It
fundamental

is one of the
aspects of information
security and cannot be ensured through
the use of cryptography. Other methods
are needed to guard against the threats
such as denial of service or complete

breakdown of the information systems.

BLOCK CHAIN AND CRYPTOGRAPHY n

« No protection against vulnerabilities:

Cryptography does not guard against
and threats that
the poor

the vulnerabilities
emerge from
protocols,

These issues need to be fixed with the

design of
procedures, and systems.

proper design of the defense
infrastructure.

. Expensive: Cryptography needs huge
time and money investments. Public key
cryptography needs setting up and

maintenance of public key infrastructure

which

Addition of cryptographic techniques

requires huge investment.
while sending messages and information
processing adds to the delay.

o Vulnerability: The

cryptographic techniques depends on

security of

the complexity and difficulty of the

mathematical problem. Any
breakthrough  in solving such
mathematical problems can make

cryptographic techniques vulnerable.

Conclusion

Cryptography is an essential part of the
internal workings of blockchain technology.
Public key encryption serves as the basis for
blockchain wallets and transactions, and
cryptographic hashing functions provide an
immutability feature and Merkle trees

organize transactions while allowing
blockchains to be more efficient. The basic
cryptography  perfectly
correspond to the basic characteristics of
blockchain While
signatures are trusted tools for encrypting
blockchain network

cryptographic hash has better potential for
cryptography.

principles  of
technology. digital

communication,



THE RISE OF EDGE GOMPUTING:
TRANSFORMING DATA
PROGESSING IN 2025

Introduction

In the rapidly evolving digital landscape, data
processing is at the heart of technological
advancements. With the increasing reliance on artificial
intelligence (Al), the Internet of Things (IoT), and real-
time analytics, traditional cloud computing is facing
new challenges. Cloud-based data centers, though
powerful, often struggle with latency, bandwidth
limitations, and security concerns when dealing with the
ever-growing data influx.

This is where Edge Computing comes into play. By
shifting data processing closer to its source, Edge
Computing is revolutionizing data handling, enhancing

speed, and ensuring efficient decision-making in real-
time applications. From autonomous vehicles and
smart cities to healthcare and industrial automation,
Edge Computing is poised to transform digital
infrastructures by 2025.



What is Edge Computing?

Edge a decentralized
computing paradigm that brings data
processing closer to the devices and sensors

Computing is

generating the data, rather than relying
solely on a distant centralized cloud server.

In traditional cloud computing, all data is
sent to remote data centers for processing
and storage. However, as real-time
applications become more prevalent, the
need for faster response times has grown.
Edge Computing minimizes the need to send
all data to the cloud by processing it locally
on edge nodes, devices, or servers situated

near the data source.

How Does Edge Computing Work?

Edge Computing follows a three-tiered
architecture:
1. Edge Devices - These include IoT devices,
autonomous machines, smart cameras, and
sensors that collect and generate data.
2. Edge Nodes (Edge Servers & Gateways) -
These intermediate devices process data
locally before sending only relevant insights
to the cloud,
bandwidth use.
3. Cloud Computing - The cloud still plays a

reducing latency and

vital role in long-term data storage, large-
scale AI model training, and deep analytics.
However, real-time data processing happens
at the edge.

COMPUTING

By keeping computational power closer to
the source, Edge Computing enables faster
response times, reduced network congestion,
and improved privacy.

Advantages of Edge Computing
1.Reduced
Processing:

Latency for  Real-Time

Edge Computing minimizes the delay
caused by transmitting data to distant cloud
This 1is
applications like

servers. particularly crucial in

autonomous vehicles,

where real-time decision-making can

prevent accidents. Similarly, in remote
healthcare, quick processing of patient vitals
can trigger timely medical interventions.

2. Bandwidth Optimization:

IoT devices generate an enormous amount
of data every second. Instead of sending all
this raw data to the cloud, Edge Computing
processes relevant data locally and transmits
This
reduces network congestion and lowers data

only wuseful insights. significantly
transmission costs.
3. Improved Security and Privacy:

Sensitive  data,

transactions or personal health records,

such as financial

benefit from local processing, reducing
exposure to cloud-based cyber threats. Edge
Computing minimizes the risk of data
breaches by ensuring that critical data
within localized

remains secure,

environments.




4.Reliable Operations in Remote Locations:
Industries like oil and gas, mining, and
space exploration often operate in locations
with poor connectivity. Edge Computing
allows them to continue processing data

without relying on stable internet
connections, ensuring uninterrupted
operations.

5. Energy Efficiency and Cost Savings:

Transmitting data over long distances and
storing large volumes in centralized data
centers consume a lot of energy. Edge
Computing cuts down on this by processing
data at the reducing energy
consumption and operational costs for

source,
businesses.
Challenges of Edge Computing

1. High Infrastructure Costs

Setting up Edge Computing requires
investment in hardware such as edge servers,
networking infrastructure, and security
protocols. Small businesses may find the
initial cost of implementation a barrier to
adoption.
2. Complex Data Management
Unlike traditional cloud computing, where
data is centralized, Edge Computing
involves distributed data across multiple
locations. Managing, synchronizing, and
ensuring consistency between different edge
nodes can be complex.
3. Security Risks at the Edge
While Edge Computing enhances privacy, it
also introduces vulnerabilities. Edge devices
are often physically accessible, making them
susceptible to tampering, cyberattacks, and
unauthorized access. Robust encryption and
authentication measures are necessary to

secure these endpoints.

4. Scalability Issues

Deploying Edge Computing across multiple
locations  requires  efficient  resource
management. Organizations must strategize
how to allocate processing power, network
resources, and storage to ensure smooth

scaling without performance bottlenecks.
Future Trends of Edge Computing in 2025

1. Integration with 5G Networks

The deployment of 5G technology will
enhance Edge Computing by enabling ultra-
fast, low-latency data transmission, which
will  be
autonomous transportation, and industrial

essential for smart cities,
automation.

2. Al-Driven Edge Computing

Al models deployed on edge devices will
enable real-time analytics and decision-
making, reducing the need to depend on
cloud-based AI processing. This will be
critical for applications such as predictive
maintenance and security surveillance.

3. Hybrid Edge-Cloud Architecture
Businesses will adopt a hybrid approach,
combining Edge Computing for real-time
processing with cloud computing for long-
term storage and analytics.
4. Advanced Security Measures

To mitigate security threats, industries will
implement blockchain-based authentication,
zero-trust security models, and enhanced
Al-driven threat detection mechanisms.

5. Growth in Edge Computing Markets By
2025, industries such as healthcare, finance,
manufacturing, and telecommunications
will significantly invest in Edge Computing
to optimize efficiency and productivity.



Applications of Edge Computing
1. Smart Cities

Intelligent traffic management, real-time
surveillance, and smart energy grids rely on
Edge Computing to process and respond to
data
conditions.
2. Healthcare

Edge Computing enables wearable devices

instantly, improving urban living

to monitor patient vitals and process data in
real time, allowing for instant diagnosis and
emergency alerts without depending on the
cloud.
3. Autonomous Vehicles

Self-driving cars require real-time sensor
data processing to make split-second driving
decisions, which is only possible through
Edge Computing.
4. Industrial IoT (I1oT)

Manufacturing plants use Edge Computing
equipment health, predict
maintenance needs, and prevent costly

to monitor

downtime.
5. Augmented Reality (AR) & Virtual
Reality (VR)

For AR and VR applications to function
smoothly, low-latency processing is crucial.
Edge
experiences by reducing lag.

Computing enhances immersive

Conclusion

Edge Computing is transforming the future
of data processing by offering ultra-fast,
secure, and efficient solutions for real-time
applications. As businesses increasingly
integrate Al, IoT, and 5G, Edge Computing
will play a pivotal role in shaping digital

transformation beyond 2025.

THE RISE OF EDGE COMPUTING n

Despite its challenges, advancements in Al-
driven security, hybrid architectures, and
improved infrastructure will make Edge
Computing more accessible and reliable. By
bringing data processing closer to the
source, this technology will continue to
drive

innovation industries,

and

across

improving  efficiency,  security,

responsiveness in the digital age.




XAI & GROK:AI IN EDUCATION

xAl & Grok:
Al in Education

Artificial intelligence (Al) is no longer just a futuristic concept
—it’s here, and it’s changing the way we live, work, and even
learn. In higher education, Al-powered tools like xAI’s Grok
are making a big impact, helping students and educators
navigate the challenges of learning in the digital age. From
personalized study plans to instant tutoring, conversational Al
is shaping the future of education in ways we never imagined.

With Al becoming more sophisticated, it has the potential to
bridge learning gaps and provide students with real-time
academic support. As institutions increasingly integrate Al into
their curriculum, the role of technology in education is evolving

. at an unprecedented pace.
Jonus K Sathish

S6 CSE B xAl is an Al research company founded by Elon Musk, with a
mission to develop cutting-edge Al systems that enhance
human intelligence and understanding. One of its key
innovations is Grok, a sophisticated conversational AI model
designed to go beyond simple question-answering. It engages
users in meaningful discussions, provides in-depth explanations,
and adapts to individual learning styles to create a more
personalized experience.

Grok is not just a tool for retrieving information—it acts as an
interactive assistant that helps students analyze complex topics,
break down difficult concepts, and refine their critical thinking
skills.



Unlike traditional search engines or static
online resources, Grok offers real-time,
context-aware responses that evolve based
on a student’s learning progress. This makes
education more engaging, efficient, and

accessible to learners worldwide.

How Al is Changing Higher Education

1. Learning That Fits You
Every student learns differently. Some grasp

concepts quickly, while others need more
time. Grok helps by tailoring learning
experiences to fit each student’s pace. If
you're struggling with a topic, it can break
things down into simpler explanations. If
you're ahead, it can challenge you with
deeper insights. This kind of personalized
learning was once only possible with one-
on-one tutoring but now, Al makes it
accessible to everyone.

2.Always Available Help

Imagine having a tutor available 24/7.
Whether you’re pulling an all-nighter before
an exam or trying to understand a tricky

concept on the weekend, Al like Grok is
there to help. This is especially useful for
students juggling jobs, family
responsibilities, or other commitments. No
need to wait for office hours answers are
just a chat away.

3.Smarter Tutoring, Less Stress

Grok isn’t just about giving answers; it’s
about guiding students through the learning
process. It can quiz you, explain where you
went wrong, and even suggest new study
techniques. Think of it as a patient tutor
who never gets tired of your questions.
4.Instant Feedback on Assignments

Waiting for grades and feedback can be
frustrating. Al can speed up the process by
reviewing assignments and providing instant
feedback on essays, reports, and problem-
solving exercises.

XAI & GROK:AI IN EDUCATION

While professors still play a crucial role in
grading and mentoring, Al can handle the
routine stuff, giving students faster insights
into their progress.

5.Making Research Easier

Writing papers and doing research can be
overwhelming. Al tools like Grok can help
students find relevant sources, summarize
key information, and even suggest ways to
improve their writing. This doesn’t replace
critical thinking, but it does save time and
help students focus on deeper analysis
instead of getting lost in endless research.
6.Helping_Professors and Students Connect
Better

Al isn’t just for students it also helps

can use Al to
tasks,
common student questions, and even create

educators. Professors

automate administrative answer
interactive lesson plans. With Al handling

routine work, educators can focus more on

meaningful discussions, mentorship, and in-
depth learning experiences.




Despite its many benefits, Al in education
1sn’t perfect. There are concerns about data
privacy, misinformation, and over-reliance
on technology. Schools and universities
need to establish clear guidelines to ensure
Al is used ethically and responsibly. Also,
Al should support learning, not replace
critical thinking or human interaction.

The rise of XAl and Grok is transforming
the landscape of higher education, creating
a more dynamic and adaptive learning
environment. By making education more
personalized, accessible, and interactive, Al-
powered tools are breaking down barriers
that once limited students’ ability to learn at

their own pace and in their own way.

XAI & GROK:AI IN EDUCATION

Beyond just answering questions, Al serves
as a mentor, a research assistant, and a
constant companion in the learning journey.
Students can benefit from instant feedback,
in-depth  discussions, and  structured
guidance, while educators can optimize their
teaching strategies and free up time for more
This synergy

between Al and human intelligence holds

meaningful interactions.
immense potential for shaping the future of
education.

While Al is not without its challenges such
as data privacy concerns and the need for
ethical
outweigh the risks when used wisely.

implementation its benefits far



Al AS THE SILENT GUARDIAN n

Substance abuse among students and
employees has become a pressing issue,

AI aS the Silent necessitating a shift from outdated detection

methods—such as random drug testing and

® :
G“ardlano manual observation—to advanced Al-
. driven systems that offer a non-invasive and
intelligent approach. Traditional methods

(] (] (]
RGVOI“thllllelg often fail to identify early warning signs,
leoug Abuse leading to delayed intervention, whereas Al-

powered drug abuse detection leverages

[ ]
DEtECth“ behavioral analytics, biometric tracking,
In Schools and and machine learning to recognize subtle

Workplaces

deviations indicative of substance use.
Computer vision algorithms analyze
surveillance footage to detect impaired
motor coordination, irregular gait, and
excessive drowsiness, while keystroke
dynamics and voice analysis provide insight
into cognitive impairment, slurred speech,
and delayed response times. These systems
extend beyond surface-level monitoring by
incorporating wearable devices such as
smartwatches, EEG headbands, and
biometric rings to track physiological
markers like heart rate variability, pupil
dilation, and  micro-expressions—key
indicators of  substance influence.
Additionally, Natural Language Processing
(NLP) models scrutinize speech tone,
coherence, and conversational patterns to
flag signs of intoxication, while multimodal
Al fuses facial recognition, body language
assessment, and sentiment analysis for
comprehensive detection.

Beyond physical symptoms, Al-driven
detection extends into digital behavior
analysis, where machine learning models
scan web activity, search history, and dark
web interactions to identify engagement
with drug-related content. Social media

sentiment analysis enhances this capability
by flagging

Devananda S
S4 CSE B



behavioral shifts and discussions suggestive
of substance abuse.

To address ethical concerns, federated
learning and anonymized data processing
ensure that Al models detect anomalies
without compromising individual privacy.
Schools can integrate Al-driven smart
surveillance and automated  wellness
tracking to provide early intervention
strategies, shifting from punitive measures
to proactive support systems. Workplaces
benefit from Al-based wellness monitoring,
which helps HR departments recognize
stress-induced substance use patterns and
develop adaptive policies that focus on
rehabilitation rather than punishment.

Unlike traditional methods that rely on
periodic testing or subjective human
observation, Al-driven systems
continuously analyze behavioral and
physiological patterns, allowing for early
identification of at-risk individuals before
addiction takes hold. By combining
computer vision, biometric tracking, speech
analysis, and digital footprint monitoring,
these systems create a holistic approach to
substance abuse prevention, ensuring a
balance between accuracy and privacy.

Ultimately, the future of Al-driven drug
abuse detection lies in responsible
deployment. By embracing this technology
while maintaining ethical safeguards,
institutions can move toward a future where
substance abuse is not just detected but
actively prevented, fostering safer, healthier,
and more supportive environments for
individuals to thrive.

Al AS THE SILENT GUARDIAN



Revolutionizing
the Future of
Technology

Imagine a world where we can predict
hurricanes with pinpoint accuracy, develop
life-saving drugs in days instead of years,
and unlock the secrets of the universe—all
thanks to the raw power of computing. That
world is closer than ever with exascale
These
capable of performing one quintillion (10'®)

computing. supercomputers —are
calculations per second, making them the
most powerful machines ever built. They
have the potential to transform industries,
advance scientific discoveries, and tackle
some of humanity’s biggest challenges.

The road to exascale computing has been
decades in the making. Scientists and
engineers have been pushing the limits of
computer power, moving from teraflops to
petaflops, and
Governments and  tech

now to  exaflops.
companies
worldwide have poured billions into making
these U.S.

Department  of Exascale

systems a reality. The
Energy’s
Computing Project played a key role,
leading to Frontier, the first officially
recognized exascale computer, launched in
2022. Other countries, like China and
members of the European Union, are also in
the race to build even more powerful

systems.

EXASCALE COMPUTING

A major breakthrough has been the ability
to make these machines both incredibly
powerful and energy-efficient. Engineers
have developed advanced cooling systems,
new processor designs, and smarter ways to
manage data, ensuring that these machines
don’t just consume massive amounts of
power but also remain sustainable.

The potential applications are breathtaking:
& Medicine:

discovering new drugs in record time or
creating personalized treatments based

« -Healthcare Imagine

on a person’s genetic makeup.

« -Climate Science: Exascale computing
allows us to model climate change more
accurately, helping us develop better
strategies to protect our planet.

« - Artificial Intelligence: Al models will

faster,
everything from better self-driving cars
to more advanced robotics.

e - Space
Governments can simulate deep-space

be smarter and enabling

Exploration &  Security:

missions or improve cybersecurity

defenses in ways we never imagined.

Exascale computing isn’t just about speed—
it’s about unlocking the future. It will help
us solve some of the world’s most complex
problems and open doors to possibilities we
haven’t even dreamed of yet. The future of
technology has arrived, and it’s more
exciting than ever.

Avantika Vijay
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High-Performance
Computing §AI
Revolution:
Presenting the NVIDIA
GH200 Grace Hopper
Superchip

Aleena K J
S4 CSE A

"GPUs are not just about gaming anymore.
They have become essential tools in scientific
research and artificial intelligence."

— Jensen Huang

In the fast-paced world of technology, the
Grace Hopper Superchip is one of
NVIDIA's most significant and
groundbreaking innovations, designed to
push the boundaries of artificial intelligence
(AI) and high-performance computing
(HPC). Announced in 2024, this new chip
combines two major components: the Grace
CPU (designed for high-performance
computing) and the Hopper GPU (designed
for AI and machine learning workloads).
The GH200 is built to handle massive
workloads, particularly in data centers,
supercomputing, and Al research.
NVIDIA's first server-class processor, the
Grace CPU, is designed to handle large
datasets and process data in parallel.
NVIDIA's newest high-performance
graphics processor, the Hopper GPU, was
created especially for deep learning and
artificial intelligence applications. By
providing a single platform that combines
CPU and GPU power, the GH200 optimizes
data flow between the two processors and
enables workloads to scale across both.
With a 900 GB/s coherent interface, the
GH200 Superchip offers a 10X performance
boost for applications handling terabytes of
data. Two GH200 Superchips can be fully
connected thanks to its NVLink-C2C
connectivity, which offers up to 3.5X more
GPU memory and 3X more bandwidth than
the NVIDIA H100 Tensor Core.



“ The NVIDIA GH200 Grace Hopper
Superchip is a breakthrough processor
designed from the ground up for giant-scale
Al and  high-performance

applications. It delivers up to 10X higher

computing

performance for applications running
terabytes of data, enabling scientists and
researchers to reach unprecedented solutions
for the world’s most complex problems. ” —

Jensen Huang, CEO of NVIDIA.

The GH200 Superchips integration of
HBM3 and HBM3e GPU memory is one of
its most notable features. With an incredible
10 TB/s of memory bandwidth and up to
288GB of high-bandwidth memory, the
superchip is well-suited to manage the most
memory-intensive applications. This makes
it the perfect option for applications where
quick access to and processing of data are
essential, such as recommender systems,
(LLM), and
molecular dynamics simulations. The
GH200 is built to scale for the most taxing
workloads, including big data processing,

large language models

scientific simulations, and supercomputing.
The HPC SDK, Omniverse™, NVIDIA Al
Enterprise, and other NVIDIA software
stacks and platforms are all compatible,
allowing developers to take advantage of
pre-existing tools and libraries to maximize
performance. Because of this ecosystem
support, incorporating the GH200 into

existing workflows is streamlined.
The  superchip  supports

interconnects like NVLink, which enable

high-speed

multiple nodes to communicate at high
bandwidth with low
performance degradation brought on by

latency, avoiding
scaling. Energy efficiency has become an
important consideration due to the growing
complexity and size of workloads. With
power efficiency in mind, the GH200's
developed to
businesses to optimize performance while

architecture was allow

using the least amount of energy. By
providing a more energy-efficient solution
for Al and HPC workloads, GH200 can
help reduce the total cost of ownership
(TCO) for and research
facilities.

data centers

GPT-like architectures and other large-scale
NLP models that require a lot of processing
power for both training and inference are
best trained by the GH200. Its AT hardware
optimization allows it to significantly reduce
the time needed to train these complex
models. Robotics and autonomous vehicles
are two examples of Al-driven applications
that can use the GH200 to process real-time
sensor data and make prompt, accurate
decisions. Whether simulating molecular
phenomena, or
GH200 s
exceptional at completing computationally

astrophysical
forecasting, the

dynamics,
weather

demanding simulations more quickly than
traditional CPU-only systems.

For industries like biotechnology and
pharmaceuticals, where data-driven insights
from genomics research and drug discovery
require powerful computing resources, the
GH200's integration of CPU and GPU
capabilities is a blessing. With its unmatched
performance, scalability, and

efficiency, this superchip is the perfect

energy

answer for data centers, cloud services, and
research institutions seeking to address the
most challenging computational issues. The
GH200 Superchip is positioned to be a key
player in and HPC
capabilities in the future, allowing for novel

expanding Al

discoveries and advancements at a never-

before-seen rate.




EXPLORING DEEPSEEK n

« “What we’ve found is that DeepSeek
is the top performing, or roughly on

par with the best American models”
-Alexandr Wang, CEO of Scale Al

“In our fast-moving digital world, finding
information quickly and accurately is very
important. Traditional search engines often

The Futul'e Of struggle as the amount of data keeps

increasing. This is where DeepSeek comes
SeaPCh Techno'“gy in, offering a new way to search that could
change how we find and use information.

« What is DeepSeek?

Deepseek is a new kind of search engine that
aims to make searching for information
easier and more accurate. Unlike regular
search engines that mainly look for
matching  keywords, DeepSeek  uses
advanced  technology and  artificial
intelligence (Al) to understand the meaning
and purpose behind what you are searching
for. This means it can give you results that
are more relevant and tailored to your

needs.
DeepSeek's current release, R1, competes

with industry heavyweights such as OpenAl
and Anthropic, but stands out for being
cost-effective, open source, and providing

limitless free access.

Anlin William
S4 CSE A




According to an NDTYV report, it provides
high-performance Al access for a fraction of
the cost of comparable technologies.
DeepSeek R1, which is believed to replicate
human thinking, differs from other Al
models in that it provides reasoning before

responding to a request.

Who is behind DeepSeek?

According to Chinese corporate records,
Liang Wenfeng, co-founder of quantitative
hedge fund High-Flyer, is the controlling
stakeholder in DeepSeek, a Hangzhou-
based business. Liang's fund declared on its
official WeChat account in March 2023 that
it was starting again, shifting resources away
from trading and toward developing a "new
and independent research group, to explore
the essence of AGI" (Artificial General
Intelligence). DeepSeek was created later
that year. OpenAl, the company behind
ChatGPT, defines AGI as autonomous
systems that outperform humans in the
most economically valuable tasks.

It is unclear how much High-Flyer has put
into DeepSeek. High-Flyer has an office in
the same building as DeepSeek, and it also
possesses patents for chip clusters used to
train Al models, according to Chinese
corporate documents.

Features of DeepSeek

« Understanding meaning: DeepSeek can
understand the meaning behind words
in a search query. It looks at how words
relate to each other, which helps it
provide results that make sense in
context, even if your search isn't
perfectly worded.

. Natural conversations: DeepSeek can
understand questions and requests made
in everyday language. You can talk to it
like you would to a person, thus making

it easier for anyone to use.

EXPLORING DEEPSEEK

o Learning from users: DeepSeek gets

smarter over time by learning from how
users interact with it. By looking at what
you click on and how long you stay on a
page, it improves its search results to
better match what users want.
« Personalized Suggestions: Deepseek can
searches and
preferences to suggest content that fits
your interests. This helps make your

remember your past

search experience more enjoyable and
relevant.

DeepSeek's Global Impact

Although DeepSeek is a product of China's
increasing Al capabilities, its impact extends
beyond Chinese borders. As a cutting-edge
Al model, it has the ability to shape the
worldwide AI ecosystem. Countries and
businesses around the world may look to
DeepSeek as a blueprint for developing their
own Al tools and applications, establishing
a new standard for what Al can accomplish.
As China develops and refines DeepSeek,
the model has the potential to become a key
export in the global AI market,competing
with Western heavyweights such as Google,

i0]0)




Microsoft, and OpenAl. DeepSeek's global
reach has the potential to drive Al adoption
across businesses, economies, and even
geopolitical dynamics.

The Future of DeepSeek

As technology advances, DeepSeek may
work with new technologies like augmented
reality (AR) and virtual reality (VR). This
could allow users to explore information in
exciting new ways. Additionally, as Al
continues to grow, DeepSeek will become
even better at understanding complex
human questions. This will lead to new
innovations in many fields. DeepSeek is
changing the game in search technology,
offering a smarter, more user-friendly way
to find information. Its potential uses in
various areas show how it can be a powerful
tool for the future. As we welcome new
advancements in search technology,
DeepSeek is leading the way toward a more
informed and connected world.

EXPLORING DEEPSEEK
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Alin Space

Exploration:
Exploring the
Universe with
Smart Machines

Lakshmi P
S4,CSE D

Al IN SPACE EXPLORATION

Space is vast, mysterious, and full of
possibilities. But how do we explore planets
that are millions of kilometers away? How
do we keep in touch with spacecraft drifting
through deep space? The answer: Artificial
Intelligence (AI).

Al is changing the way we explore the
universe. From self-driving Mars rovers to
Al-powered planet hunters, intelligent
machines are helping us go farther, faster,
and smarter than ever before. As we prepare
for missions to the Moon, Mars, and
beyond, Al is playing a key role in making
space travel safer and more efficient.

Al-Powered  Space  Missions:  Smart
Explorers

In the past, space missions depended on
instructions sent from Earth. But sending
commands across space can take minutes or
even hours. What if a Mars rover comes
across an unexpected obstacle? Waiting for
human input isn't always possible. That's
where Al comes in!

NASA'’s Perseverance Rover is an example
of an intelligent explorer. It uses an Al
system called Auto Nav to navigate Mars,
avoiding rocks and planning its own route.
AT also helps it analyze rock samples in real
time, searching for clues about ancient life.
And it’s not just Mars! NASA’s upcoming
Dragonfly mission to Saturn’s moon Titan
will use Al to fly through Titan’s dense
atmosphere and search for the building
blocks of life.
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Al is also helping in other space missions:

» Satellites use AI to track asteroids,
monitor climate changes, and take high-
quality images of Earth.

* SpaceX’s Star link satellites use Al to
avoid collisions with space debris
automatically.

* The JUICE mission to Jupiter’s icy moons
uses Al to calculate the best path through

Jupiter’s strong gravitational forces.

Al isn’t just following orders anymore it’s
thinking and acting on its own!

Al and the Search for New Planets

Could there be another Earth out there? Al
is helping scientists find out faster than ever
before.

* NASA’s Kepler and TESS telescopes have
already discovered thousands of exoplanets
(planets outside our solar system).

* In 2017, Google’s Al discovered two new
exoplanets that human scientists had
missed!

* Al analyzes tiny changes in a star’s
brightness to detect planets orbiting distant
suns, even when their signals are incredibly
faint.

The biggest discovery—a planet that could

support life may be just around the corner.
And Al will likely be the first to find it

Al IN SPACE EXPLORATION

The biggest discovery—a planet that could
support life may be just around the corner.
And AT will likely be the first to find it!

Al in Deep Space Communication

Talking to a spacecraft millions of
kilometers away is not easy. Signals from
probes like Voyager 1 (which is over 24
billion km from Earth) take more than 22
hours to reach us. Al is making deep space
communication better by:

* Filtering out space noise so we don’t lose
contact with our spacecraft.

* Predicting space weather like solar storms,
which can damage satellites and put
astronauts in danger.

* Helping Mars missions by forecasting dust
storms, so rovers and astronauts can stay
safe.

* Al 1s making sure our messages travel

across the vastness of space loud and clear.

Challenges and the Future of Al in
Space

Al in space isn’t perfect. It still faces many
challenges:

* Al needs lots of data to learn, but deep
space provides very little.

* If an AI system makes a mistake, it could
put an entire mission at risk.

* There are ethical questions too how much
control should Al have in making mission-

critical decisions?
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Despite these challenges, the future of Al in
space is incredibly exciting! It could help
with:

* Mars colonization — Al-powered habitats
that support human life.

* Asteroid mining — Al-assisted robots
extracting valuable resources.

* Interstellar travel — Al-powered navigation

that takes us beyond our solar system.

Al IN SPACE EXPLORATION

Al isn’t just helping space exploration it’s
leading it! From self-driving rovers on Mars
to planet-hunting telescopes, Al is
unlocking the universe’s greatest secrets.
One day, it might even help us find alien life.
The future of space travel is here, and Al is

taking us further than we ever imagined!
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SPACE-BASED SOLAR POWER 105

As the global demand for clean and
sustainable energy sources continues to
grow, scientists and engineers are looking
beyond the Earth's surface for solutions.
One of the most promising and futuristic

S p ac e _ B ase d innovations in renewable energy is space-

based solar power (SBSP).

°
SOIaP Power° Unlike conventional solar energy harvested

on Earth, SBSP involves capturing solar

The Next energy in space and transmitting it wirelessly

to Earth. This revolutionary approach could

Frontier in overcome many of the limitations faced by

traditional solar power and provide an

Renewable uninterrupted supply of clean energy.

A #
Keerthana R Nambiar
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One of the biggest challenges of ground-
based solar power is its dependency on
weather conditions and the day-night cycle.
Solar panels on Earth generate electricity
only when the sun is shining, and their
atmospheric

efficiency 1s reduced by

interference.

In contrast, solar power collected in space

remains unaffected by clouds, atmospheric
filtering, or darkness. A space-based solar
station could operate 24/7, continuously
generating and supplying energy without
interruption. Moreover, the intensity of
sunlight in space is much higher than on
Earth's surface, allowing for greater energy
capture and efficiency.

The concept of SBSP involves deploying
massive solar panels into orbit, where they
collect sunlight and convert it into
electricity. This energy is then transformed
into microwave or laser beams and
transmitted wirelessly to receiving stations
on Earth. These ground-based receivers,
known as rectennas, convert the transmitted
energy back into usable electricity, which
can then be fed into the power grid.

If successfully implemented, this system
could provide a virtually limitless and
sustainable energy source, reducing our

reliance on fossil fuels and helping to

combat climate change.

SPACE-BASED SOLAR POWER

However, while the idea of space-based
solar power is incredibly promising, several

challenges need to be addressed before it
can become a reality.

One of the primary obstacles is the cost of
launching and maintaining large solar
power stations in space. Transporting heavy
equipment into orbit remains expensive,
though advancements in reusable rockets
and space gradually
reducing costs.

technologies are

Additionally,
energy transmission is still being refined to

the efficiency of wireless

minimize energy loss during transfer. Safety
concerns also need to be carefully managed,
as high-powered energy beams must be
directed precisely to avoid interference with
satellites or aircraft.

Despite these challenges, many countries
and organizations are investing in SBSP

China has
announced ambitious plans to establish a

research and development.

space-based solar power station by 2050,
while NASA and private companies like
SpaceX are also exploring possibilities in
this field. Japan has already demonstrated
successful microwave-based power
transmission, a crucial step toward making

SBSP viable.
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These advancements indicate that, while
complex, the dream of harnessing solar
power from space is gradually becoming
more achievable.

If successfully deployed, SBSP
revolutionize global energy production. It

could

would provide a consistent and renewable
power source, reducing dependence on fossil
fuels and decreasing greenhouse gas
emissions. Furthermore, it could supply
energy to remote locations where traditional

power infrastructure is lacking, offering a

sustainable solution for energy accessibility
worldwide.

SPACE-BASED SOLAR POWER

Space-based solar power represents the next

frontier in renewable energy, bringing
humanity closer to an era of clean,
abundant, and uninterrupted energy. While
it may still be years away from practical
implementation, the  research  and
innovations happening today will shape the
future of energy generation. For students
and researchers passionate about space and
technology, SBSP presents

opportunity to contribute to one of the most

an exciting

groundbreaking energy solutions of the 21st
century.
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QUANTUM CRYPTOGRAPHY

Imagine a world where hackers, no matter

Q“ant“m how advanced, are unable to break into
your most sensitive data. Sounds like science
[ ]
Cryptography:

fiction? Thanks to quantum cryptography,
this may soon become reality. As we enter

the age of quantum computing, traditional
The Future Of encryption methods are facing a growing
Unbr e akab] e threat of being outpaced. However,
Security

quantum cryptography, which relies on the
strange and powerful principles of quantum
mechanics, offers a new frontier in
cybersecurity. By utilizing the fundamental
properties of particles at the quantum level,
this technology promises a level of security
that could make data breaches a thing of the
past.

Quantum Cryptography ?

Quantum cryptography is a new way of
protecting data using the principles of
quantum mechanics. Unlike traditional
encryption methods, which use complex
math to protect information, quantum
cryptography uses the behavior of tiny
particles, like photons, to keep
communication secure. One of its most
important features is the ability to detect if
someone is trying to spy on the data. If
someone tries to intercept  the
communication, the particles will be
disturbed, and the parties involved will
know that their data has been compromised.

Quantum cryptography relies on two key
ideas from quantum mechanics:

Alen Alias
S4 CSE A

superposition and entanglement.




Superposition means that particles can exist

in  multiple states at once, while
entanglement means that two particles can
be linked together, no matter how far apart
they are. These principles make it extremely
hard for hackers to interfere with or steal

data without being noticed.

Applications of Quantum
Cryptography
1.Quantum Key Distribution (QKD):

This is a method that allows two parties to
exchange secret keys securely. Even if
someone tries to intercept the key, they will
disturb the quantum state, alerting the
parties that the communication has been
compromised.

2.Quantum-Resistant Encryption Algorithms:
As quantum computers grow more
powerful, traditional encryption methods
might not be secure enough. Quantum-
resistant algorithms are being developed to
protect data from future quantum-powered
attacks.

3.Secure Communication Networks:
Quantum cryptography is also used to
create ultra-secure networks for sensitive
communications, such as those used by

governments, banks, and corporations. This

helps protect important data from hackers.

QUANTUM CRYPTOGRAPHY

Conclusion

Looking ahead, as quantum computing
continues to progress, quantum
cryptography will become increasingly

essential in securing communication and
protecting sensitive data. The future of
cybersecurity will likely rely heavily on this
technology to defend against threats that
could easily break current encryption
systems. As research and development in
quantum technologies grow, we can expect
to see the wider adoption of quantum-
secure networks and encryption methods,
ensuring that our digital world remains safe
in the face of evolving technological
challenges.



THE ROLE OF RUST IN SECURE SOFTWARE DEVELOPMENT

Security vulnerabilities in software
often arise from memory management
issues such as buffer overflows, null
pointer dereferences, and use-after-free

errors. Traditionally, languages like C
The ROIe Of and C++ have been widely used for
~ system programming, but their lack of
R“St ln built-in memory safety has led to
frequent security flaws. Rust, a modern
systems programming language, was

Secure designed to address these challenges by

providing memory safety guarantees

Sﬂﬁware without sacrificing performance. With

its unique features, Rust has emerged as

a powerful tool for secure software
Development [

One of Rust’s most significant
advantages is its approach to memory
management. Unlike languages that rely
on garbage collection, Rust enforces
memory safety at compile time through
its ownership model and borrow
checker. This ensures that memory is
allocated and deallocated in a controlled
manner, preventing common issues such
as dangling pointers and double-free
errors. As a result, developers can write
high-performance software without the
risk of runtime memory leaks or
crashes.

Rust also plays a crucial role in
preventing common security
vulnerabilities. Many software exploits
arise from improper memory handling,
but Rust eliminates entire classes of
these vulnerabilities. Buffer overflows,
for instance, are a major concern in C
and C++, as they allow attackers to
overwrite memory beyond allocated
Devananda Devakumar bounds. Rust enforces strict bounds

S4 CSE B checking on arrays and slices, ensuring
that data cannot be accessed out of its

defined range.
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Similarly, use-after-free errors, where a
program accesses memory that has already
been deallocated, are impossible in Rust due
to its ownership system. Rust also prevents
data races in concurrent programs by
enforcing strict rules about how multiple
threads interact with shared data, making it
one of the safest languages for multi-
threaded programming.

Due to these security benefits, Rust has
been adopted in several high-risk and
security-critical applications. In the field of
operating systems, Rust is gradually being
integrated into the Linux kernel to reduce
memory-related vulnerabilities. Redox OS, a
Unix-like operating system written entirely
in Rust, demonstrates the language’s
potential for creating secure and stable
system software. In web security, Rust has
also proven its value. Mozilla, one of Rust’s
original developers, has integrated Rust into
its Firefox browser, using it in the Servo
rendering engine to improve security and
performance. Rust is also widely used in
cryptographic applications, with libraries
such as RustCrypto and Ring leveraging its
memory safety guarantees to provide secure

encryption solutions.

Despite its many advantages, Rust does
come with some challenges. One of the
primary obstacles for new developers is its
steep learning curve. The ownership model
and strict type system, while beneficial for
security, can be difficult to grasp for those
to more flexible memory

Additionally, while Rust’s
ecosystem is growing rapidly, it is still not as

accustomed
management.

mature as that of C or C++, meaning that
developers may sometimes struggle to find
well-supported libraries for specialized
tasks. Interoperability with existing C and
C++ codebases

requiring extra effort to integrate Rust into

can also be complex,
legacy projects.

The cloud computing industry has also
recognized Rust’s security benefits. AWS
Firecracker, a lightweight virtualization
technology used in AWS Lambda, is built
with Rust to ensure secure and efficient
container execution. Networking companies
like Cloudflare have also adopted Rust to
improve the security and reliability of their
services, particularly in areas such as DDoS
protection and communication

protocols.

secure

: rust (11 branches, 92 tags)
: 9844245 (master, origin/master)
: 3+
: 1.53.8
: 11 years ago
: Rust (97.4 %) Python (B.5 %)
JavaScript (B.4 %) CSS (8.3 %)
C+ (8.3 %) Markdown (8.3 %)
Dther (8.7 %)
: 5% Brian Anderson 5259
4% Niko Matsakis 4874
3% Alex Crichton 3616
: a day ago
: 4525
: https://github.com/rust-lang/rust
: lBB84B8B
: 1881429
: 63.53 MiB (29784 Tiles)
: Apache-2.8, MIT
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Looking ahead, Rust’s role in secure software development is expected to expand. Its
potential applications in cybersecurity, embedded systems, and blockchain technology are
vast. With major companies like Microsoft, Google, and the Linux Foundation investing in
Rust, its adoption is likely to increase in areas where security is a top priority. The language
is already being explored for use in secure firmware, malware analysis, and exploit
prevention, as well as in critical industries such as automotive software and aerospace.

In conclusion, Rust is revolutionizing secure software development by eliminating memory
safety vulnerabilities while maintaining high performance. Its unique combination of safety,
speed, and concurrency makes it an ideal choice for writing secure and reliable applications.
Although it has a learning curve, its growing adoption in the tech industry signals a
promising future. As security concerns continue to shape the software landscape, Rust’s
influence is set to grow, making it one of the most important programming languages for the
future of secure computing.
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Neuralink

Neuralink 1s a name that has undoubtedly

caught the attention of the global
technological community. Founded in 2016
by Elon Musk, Neuralink aims to develop a
brain-machine interface connecting the
human brain with computers. What was
once considered science fiction is edging
closer to reality, with the power to
dramatically augment health, allow humans
to unlock unparalleled capabilities, and even
redefine how we work and communicate
with technology.

Neuralink, at its basis, is the characteristic
of installing a small chip into the skull wired

with thousands of tiny wires. These wires

capture neural activity and enable
communication between the brain and
external devices, transmitting signals

wirelessly. Notwithstanding the ability of
the interface, the user is able to operate
computers or prosthetics by thought alone
while feedback is delivered directly into the
brain. This may range from reestablishing
lost functions in those suffering from serious
neurological  disorders to  cognitive
enhancements and some far-fetched ideas

such as telepathic communications.

Neuralink is spearheaded by none other
than Musk, who
synergies

envisions futuristic
between artificial and human
intelligence. Through the merger of human
intelligence and a machine, Neuralink could

help humans to keep up with the fast-racing

NEURALINK

technological race. Just think about learning

something in no time, operating an
electronic device by thought, or aiding the
blind or crippled back to a state of being
able to see or walk again through
stimulation.

Despite that, many challenges lie ahead; the
top of the list is its technology. Different
tests have to be carried out to enable
precision in care that will ensure the safety
of the target sites during implantation,
enhance quality of life, extend the life of
devices, and address ethical

concerns. Clinically, questions are raised by

various

privacy, security, and wusage of the
technology going forth, necessitating
extreme caution as the technology
progresses.

Even when we are faced with all these
challenges, Neuralink steps forward into the
forthcoming uncertain future, where the
clear line between biology and technology
starts to fade. It possesses gigantic powers to
uplift living standards from curing
neurological disorders to various kinds of
cognitive upgrades. As we continue to
explore technological complexities as well as
ethical complexities from the experience of
Neuralink, the human tendency to try to

push the limits of innovation won't cease.

Aryan Shibu Thomas
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AI-GENERATED ART 114

Introduction

Al—Generated Art created by artificial intelligence has

developed at an accelerated pace from
Arto rudimentary  algorithmic  designs  to

extremely advanced, hyper-realistic, and
abstract works. While some segment of the
audience accepts Al as a new means of
artistic expression, critics argue that it is
largely based on available human-made art.

The moral challenge comes into play when
Al mimics styles of art without explicit
permission,  raising issues  regarding
intellectual property rights and just
compensation for human artists. This study
explores Al-created art through
technological, ethical, and legal lenses to
ascertain whether it is a means of creative
advancement or an act of digital plagiarism.

The Function of Al in Artistic Creation

Al as a Creative Tool

Artificial intelligence-based software like
Deep Dream, Runway ML, and DALL-E
uses machine learning algorithms to create
stunning images. Al algorithms, particularly
Generative Adversarial Networks (GANs)
and diffusion models, browse through
massive collections of paintings to create
new art based on learned styles and
patterns. Artists view Al as an assisting tool
and not an alternative to human
imagination and can explore new unknown
dimensions of art.

The Case for Al as Innovation

Supporters claim that AI democratizes art
creation because it enables individuals
without the conventional skills of an artist

to create effective images. Artists such as
Refik Anadol, who employs Al in his data-
based art installations, demonstrate how Al
can be a partner and not a mere imitator.



Ethics and Copyright Issues

As potential as it is, Al-made art 1is
brimming with profound ethical and legal
issues. Large data pools accessed from the
internet by most Al algorithms are gathered
without the knowledge or permission of the
owners. This has triggered legal battles, such
as the 2023 Stability AI and MidJourney
lawsuits, when artists claimed Al companies
profited from the unapproved use of
Additionally, art
created by Al can copy the unique style of

copyrighted content.

an artist, leading to confusion in the
marketplace and possible economic loss to
the human artist.

Legal Problems and Consequences of
Copyright

Copyright Law and AI-Generated Works

The existing law on works produced by
artificial intelligence is characterized by
uncertainty. The U.S. Copyright Office
(2023) clarifies that works produced by Al
independently are not eligible for copyright
protection unless they are combined with
notable human contribution. This ruling has
been controversial about Al as a standalone
creator or as a human tool.

The Need for Regulatory Mechanisms

With more Al-generated content on the rise,
new licensing models and regulatory
schemes must be established to safeguard
both AI creators and human artists. Some
proposed solutions are:

* Opt-in databases for Al training -
Allowing artists to decide if their creations
are appropriate to be used within Al
training sets.

* Royalty-based models of compensation —
Compensation of artists if their work is
utilized to produce an Al-generated work.

AI-GENERATED ART

* Legally unambiguous definitions of Al
authorship — Determining whether works
created by Al are owned by the
programmer, the user, or no one.

The Future of AI-Generated Art

The future of art produced by artificial
intelligence will most certainly be a hybrid
path, where artificial intelligence is a co-
creator and not an independent artist.
Anticipated trends are:
* Ethically trained Al
on open-source Or
artwork.

— Al models trained
ethically obtained

Artists
leveraging artificial intelligence to enhance

* Al-human collaboration -
their creative process rather than replace it.

* More robust legal protections — More
defined global laws regulating the rights of
Al content creators.

Conclusion

Art generated by artificial intelligence

challenges  conventional concepts of

creativity and ownership, igniting fiery
debates about its place in the world of art.
Although Al may democratize art and open
creative doors, it also raises critical ethical
and legal concerns. There is a need to
balance innovation and justice to ensure
that Al is used as an assistant to human
creativity and not as an instrument of
artistic exploitation. The future will depend
on how artists, legal academics, and
technology experts create systems to ensure
proper utilization of AI in the creative

industry.
d

1

115




DeepSeelk vs.
ChatGpt:

A Clash of
Titans in the
Al Chatbot
Industry

Daniel Geo
S4 CSE B

DEEPSEEK

DeepSeek-V3 and R1 have emerged as
strong competitors to OpenAl’s ChatGPT
models, particularly excelling in areas like
answering questions, generating code, and
providing contextual reasoning. While
OpenAl has dominated the AI chatbot
landscape with ChatGPT, DeepSeek’s
advancements are making waves by offering
similar, if not superior, capabilities in
various domains.

One of DeepSeek’s most attractive features
is its integration of web search capabilities,
which allows users to access the most up-to-
date and precise information directly
through the platform. This gives it an edge
in real-time knowledge retrieval, making it a
formidable alternative to  ChatGPT,
especially for users seeking Al-generated
responses with current data.

In terms of accessibility, DeepSeek stands
out by offering a free-to-use chatbot with no
limitations, making it an appealing choice
for students, researchers, and casual users
who require a reliable Al tool without
financial constraints. In contrast, ChatGPT
offers both free and paid tiers, with
advanced features and higher-quality
responses reserved for paid users. While
OpenAlI’s approach provides an option for
premium Al experiences, DeepSeek’s cost-
free model significantly lowers the entry
barrier for those who want to leverage Al

without restrictions.
For developers and enterprises, DeepSeek

also presents an economic advantage in API
pricing. The platform charges only $0.55 per
million input tokens and $2.19 per million
output tokens, a fraction of OpenAl’s rates,

which stand at $15 and $60 for the same
metrics, respectively. This substantial

difference makes DeepSeek an attractive
choice for businesses looking to integrate Al
into their products while keeping costs
manageable.
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Furthermore, DeepSeek's models are

optimized for efficiency, offering lower
latency and faster processing speeds
compared to traditional AI models. This
makes it a powerful tool for real-time
applications, such as chatbots, customer
support, and backend automation. As a
result, many companies and independent

developers are considering a shift towards

DeepSeek’s ecosystem for both cost-
effectiveness and improved performance.
Despite these competitive advantages,

ChatGPT still holds a strong position due
to 1its established reputation, extensive
training data, and integration into
with
DeepSeek rapidly evolving, OpenAl may

need to reassess its pricing strategies and

Microsoft’s ecosystem. However,

feature offerings to maintain its market
dominance. The future of AI chatbots is
increasingly looking like a battle between
these two giants, with innovation and
affordability driving user adoption.

Economic Impact of DeepSeek’s $500
Billion Investment: A New Disruption in
the AI Market

The rise of DeepSeek has sent shockwaves
through Silicon Valley, particularly with its
announcement of a staggering $500 billion
investment in Al. This development comes
at a time when the US markets have
enjoyed a significant rally over the past
three years, largely driven by th

performance of tech stocks. However, the

(¢)]

emergence of DeepSeek as a major

competitor has introduced new
uncertainties, putting pressure on the once-

dominant tech sector.

DEEPSEEK

The rise of DeepSeek has sent shockwaves
through Silicon Valley, particularly with its
announcement of a staggering $500 billion
investment in Al. This development comes
at a time when the US markets have enjoyed
a significant rally over the past three years,
largely driven by the performance of tech
stocks. However, the emergence of
DeepSeek as a major competitor has
putting
pressure on the once-dominant tech sector.

introduced new uncertainties,
DeepSeek’s rapid ascent has already begun
influencing global financial markets. Stock
prices of leading chip manufacturers such as
NVIDIA, Broadcom, Super Micro,
Qualcomm, AMD, and Intel experienced
sharp declines in overnight trading, with
losses nearing 5%. This market reaction
underscores the growing concerns about
heightened competition in the AI space,
especially from a company backed by a
substantial financial war chest. The tech-
heavy NASDAQ futures also took a hit,
dropping nearly 400 points and threatening
to erase $1 trillion in market value at
Monday's opening bell. The ripple effects
were felt globally, with Indian IT giants like
TCS, Infosys, Tech Mahindra, and HCL
Technologies seeing their shares fall between
2% and 2.5% on Monday morning.
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The implications of DeepSeek’s expansion
extend beyond just market fluctuations. The
company’s entry into the Al arena is poised
to reshape not only global markets but also
geopolitical dynamics. The recent rally in
US markets, fueled by optimism around Al
advancements, now faces a potential
cooling-off period as tech stocks, which had
soared to bubble-like valuations, begin to
stabilize. Companies like NVIDIA, which
saw meteoric rises in their share prices, are
now under scrutiny as investors reassess the
sector’s growth prospects.

Moreover, DeepSeek’s advancements could
weaken the impact of US sanctions on
China’s access to cutting-edge technologies,
potentially shifting the balance of power in
ongoing trade negotiations between the two
nations. If DeepSeek manages to circumvent
restrictions on semiconductor and Al
advancements, it could set a precedent for a
new wave of technological independence in
China, which would have far-reaching
effects on global trade and tech regulations.
With Al driving economic and technological
advancements, companies worldwide must
brace for a competitive and rapidly evolving
landscape. As the AI race intensifies, the
global market is set for a transformative
phase, with DeepSeek at the center of this
seismic shift.

In the ever-evolving landscape of Al
chatbots, both ChatGPT and DeepSeek Al
bring wunique strengths to the table.
ChatGPT, with its vast knowledge base,
conversational fluency, and adaptability,
has established itself as a leading Al
assistant. On the other hand, DeepSeek Al,
with its focus on deeper reasoning and
potentially  advanced  problem-solving
capabilities, offers a fresh perspective on Al-
driven interactions.

DEEPSEEK
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Not the kind of shading you do with
pencils, this is a program run on the GPU
(Graphics Processing Unit) for
manipulating the pixels on screen. Almost
all  kind graphics is
implemented by a shader somehow. Even

of modern

though you may be manipulating graphics
using an app or a programming language
library, it is just a high level abstraction on
top of shaders. This small article tries to
give the reader an overview of why they
exist and how to program them.

So how does a shader work, well a cpu
executes a program once for what it needs
to, so if it needs to draw a circle, it checks
all the pixels on the display one by one to
see if it is in the circle or not. Say we make
the pixel white when in, and black when
out. Say it takes 2 units of time to do that
checking, and there are 4 pixels(yes i
know, this is a very small display) then
total time is 2 times 4 which is 8. A gpu
could do the checking part in 3 units of
time (since the core is weaker than a cpu),
but since the gpu has more cores than cpu,
gpu does does the checking for all 4 pixels
at the same time so, total time i1s still 3.

SHADERS

Now if you’re thinking doesnt the cpu also
have cores, well yes but they are
considerably smaller in number when
compared to gpu, and modern computer
displays have 1920 times 1080 pixels, and
the number is getting bigger with 4k and 8k
displays. Another thing to note, is if parallel
processing is always faster than sequential,
then why wasn’t the orginal design of cpus
like this, because most tasks depend on
other tasks, so for one task to be executed
another had to be finished. drawing is
different, mostly you dont need to know the
color of the pixels around the current pixel.
so the code could be ran for any pixel in any

order.

A technical deep dive into how shaders
work, requires a little math. f(x)=y means
when given x as input to f ,we get y as
output. Think of f as the shader, x as the
coordinates of the pixel, y as the color of the
pixel. Therefore it looks something like
s(x,y)=(r,g,b,a).
correspond to a channel, the values of all

Here the four outputs

channels are between 0 and 1, r stands for
red, where the value indicates how much red
exists in the final pixel color. Similarly g is
green and b is blue. a stands for alpha,
which indicates the transparency of the pixel
color,(0 means completely transparent and 1
means completely opaque). Your goal is to
code in such a way that given any pixel, the
function will return a color, irrespective of
it’s neighboring pixel’s state. Psuedocode for
a static blue screen will look like :
s(x,y)=(0,0,1,1)

a gradient from left to right of black to blue
will look like :

s(x,y)=(0,0,(x/1X),1)
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here x corresponds to the pixel coordinate
of the current pixel being executed for. X is
the largest value that x can take, 1.e it is the
current width of the screen. So the values of
x will look like ( for a screen width of 4):

x: 0 1 2 3 4

x/X:0 025 0.5 0.75 1

So we have effectively normalised the x
coordinate of the pixel, this allows us to use
the value of x coordinate as a channel.
Normalization is a process of transforming
values of a range from it’s original range to
an interval between 0 to 1. Shaders can take
any input from the cpu, not just the pixel
coordinates, a notable inclusion is the time
since the shader has started for animations.
so for a screen blinking red :

s(x,y,t)=(abs(sin(t)),0,0,1)

again the goal is to normalise the time
variable so that we can use it as a channel. t
linearly increases, therefore sin(t) restricts
the values of t to be between 1 and
-1(because range of sin is [1,-1]). abs(x) takes
the distance of x from origin, i.e it will
return x when x is positive, and -x when x is
negative. So abs(sin(t)) restricts the values of
t to be between 1 and 0, which was our
initial goal(of normalisation). Hence the
screen blinks.
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For those who want hands on experience,
try  shadertoy(website) and  shader
editor(android app)

For those who think that complex visuals
are going to be too difficult to do, look at:

https://www. Shadertoy. Com/view/ Xs XX Dn

and marvel at the code size and diverse
output achieved by Silexars .

Junaid Ibrahim
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THE XZ UTILS BACKDOOR 121

CVE-2024-3094:

THE XZ UTILS
BACKDOOR

& OPEN SOURCE'S
WAKE-UP CALL
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March 2024, San Francisco. A Microsoft
engineer and his curious mind stumble upon
an anomaly—one that would lead to the
discovery of a backdoor, threatening XZ
Utils, Linux, and perhaps the entire internet!
But how did it come to this?
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Open Source Software

Open-source software is the backbone of
modern technology. Unlike proprietary
software controlled by a single company,
open-source projects are developed publicly,
with contributions from people worldwide.
In proprietary software, companies are
responsible for pushing updates, likewise
open source projects have maintainers,
generally founders and co-founders and
genuine collaborators on the project.
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But unlike proprietary software, the

transparency of Open Source software
allows anyone to inspect, modify, and
improve the code, leading to innovation and
security improvements, and the maintainer
prevents tampering and  unnecessary
changes to the codebase. But what if a
maintainer misplaces his trust, to be more
specific, what if unwanted and malicious
changes get approved and pushed? But that
can’t happen, right? Maintainers would
definitely be cautious enough to not let any
threats near their precious project. Surely,
maintainers would be cautious enough...

Yet, this is exactly how Lasse Collin, the
maintainer of a well known set of
compression tools for Unix-like operating
systems — XZ Ultils, got lured into the trap
of brilliant Social Engineering. The XZ Utils
backdoor (CVE-2024-3094) is a chilling
example of how open-source trust can be
a hidden

vulnerability; it was a deliberate, long-term

exploited. This wasn’t just
infiltration of a widely used project. Here’s
how it happened and why it’s a wake-up call
for the entire open-source community.

The Perfect Long Con

To understand the severity of CVE-2024-
3094, we
methodical patience of the attacker. Unlike

must first understand the
common cyber threats that exploit existing
vulnerabilities, this was an elaborate
infiltration that played out over years. It all
started with an unknown developer, going
by the alias "Jia Tan." This individual didn’t
just contribute minor fixes; they became an
integral part of the project, with over 60,000
lines of code added and about 30,000
deleted,
earning Collin’s trust through consistent,

spanning across 451 commits,

seemingly valuable contributions.

THE XZ UTILS BACKDOOR

By 2023, Collin—overburdened and

exhausted—granted them higher access
privileges. This was the turning point. With
privileged access, malicious code was subtly
introduced into the XZ Ultils source, hiding
in plain sight. This wasn’t a rushed insertion
of malware; it was an advanced, carefully
backdoor that

undetected through multiple updates.

obfuscated remained

The Microsoft Engineer Who Saved
the Day

Now you could say you’re safe, because
you don’t use Linux do you? But most of
the world’s server mainframes and every
top 500
supercomputers do. Hence the backdoor,

single one of the world’s
planted cunningly with tiring efforts and
methodical patience, was approaching the
peak of world wide control of computers,
faster than ever. Fast forward to March
2024. A Microsoft engineer, Andres Freund,
was troubleshooting performance issues in
SSH authentication on Debian unstable.
What seemed like a minor anomaly quickly
unraveled into something much more
sinister. Freund discovered that certain SSH
connections were consuming excessive CPU
cycles, but only when specific versions of
XZ Utils were used, and now his curiosity
wouldn’t allow him to let it slide.

His analysis revealed something alarming—
code that shouldn’t have been there. XZ
Utils, a trusted compression tool, had been
compromised with a backdoor capable of
intercepting and  manipulating  SSH
authentication. This meant attackers could
potentially hijack systems at will, posing a
catastrophic risk to millions of Linux-based
critical

systems, servers, and even

infrastructure.
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Upon his discovery, Freund immediately
raised the alarm, and within hours, the
cybersecurity community sprang into action.
Major Linux distributions like Debian, Red
Hat, and Arch Linux pulled the
compromised versions their
repositories. But the damage could have

from

been much worse if this had gone unnoticed
for just a few more weeks.

A Wake-Up Call for Open Source

Security
CVE-2024-3094 was not just a
vulnerability; it was a test of the open-
source model itself. The very strength of
open  source—its  collaborative  and
decentralized nature—was turned into a
weakness. A single maintainer,
overwhelmed with responsibility,
unknowingly allowed a malicious actor to
embed a backdoor into software that
powers the internet.
This incident raises crucial questions:
How do we verify the trustworthiness of
contributors?
Should widely used open-source projects
have stricter oversight?
How can we support maintainers to prevent

burnout and social engineering attacks?

Strengthening Open Source Security

The XZ Utils backdoor is a stark reminder
that security in open source cannot be taken
for granted. Here are some steps the
community can take to prevent such
incidents in the future:

« Maintainer Support & Redundancy:
Projects must have multiple active
maintainers to distribute workload and
reduce the risk of single points of

failure.

THE XZ UTILS BACKDOOR

o Automated Code Audits:
security audits and Al-driven anomaly

Regular

detection could catch suspicious code
changes earlier.

Multi-Person
Critical projects should enforce multiple

- Mandatory Reviews:

maintainers signing off on major
updates.

Trust, but Verify: Contributions should be

scrutinized with rigorous peer review,

especially when a new developer gains

influence over a project.

Conclusion
CVE-2024-3094 could have been the worst
security disaster in recent open-source

history, and even computer history. Instead,
it became a wake-up call. The open-source
community must adapt, implementing
stronger safeguards while preserving the
collaborative spirit that drives innovation.

And as for “Jia Tan”? Their true identity
remains unknown, their intentions still a
mystery. But one thing is clear—the battle
for open-source security is far from over. If
this incident has shown us anything, it’s that
trust is the most valuable—and most
vulnerable—currency in the digital world.
To this day, "Jia Tan" still rests among the
28 valuable collaborators listed in the XZ
Utils GitHub
reminder of how deeply trust can be

manipulated.

repository, a lingering
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ZERO-DAY

EXPLOITS &
MARKETS

Adithya Krishna J Nair

S2 CSE A

In the realm of cybersecurity, few threats
pose as significant a risk as zero-day
exploits. These vulnerabilities, unknown to
software vendors and security researchers,
can be leveraged by attackers before a patch
1s available, making them invaluable to both
cybercriminals and nation-state actors.
Accompanying this phenomenon is the
underground economy of zero-day markets,
where these exploits are bought and sold,

often for exorbitant sums.

The term "zero-day" itself reflects the
urgency of these vulnerabilities—once they
are discovered, developers have zero days to
fix them before they can be exploited. While
software companies strive to identify and
patch security gaps before they become
public knowledge, attackers and researchers
are often ahead of the curve, uncovering
these flaws before they can be addressed.

This article explores the nature of zero-
day exploits, their impact, and the
intricate ecosystem that sustains the
zero-day market.

Understanding Zero-Day Exploits

A zero-day exploit refers to a
software vulnerability that is unknown
to its developer or vendor. Because no
official patch or mitigation exists at the
time of discovery, attackers can
leverage such exploits for various
malicious activities, including cyber
espionage, financial theft, and critical
infrastructure disruption.

Zero-day exploits are particularly
bypass

traditional security defenses. Antivirus

dangerous because they

software and intrusion detection

systems often rely on known
vulnerabilities and attack signatures to
protect systems. A zero-day attack,
however, operates under the radar
until it is identified and mitigated,
sometimes weeks or months after its
first use. The damage caused by such
an attack can be catastrophic, with
organizations losing sensitive data,
suffering financial losses, or even

experiencing operational shutdowns.

rg.apache. logging. log*

rg.al

rq.apache- 1ogging-
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The Zero-Day Market

Zero-day exploits are not just tools
of malicious actors; they are also
highly valued commodities in
underground and legitimate markets.
The zero-day market consists of
multiple players, including hackers,
security researchers, brokers,
government agencies, and private
cybersecurity firms. Depending on the
buyer and seller, zero-day exploits
can be worth anywhere from tens of
thousands to millions of dollars.

. Black Market: Cyber criminals
and hacker groups sell zero-day
exploits on dark web
marketplaces, often demanding
payments in cryptocurrencies to
maintain  anonymity.  These

exploits can be used for deploying
ransomware, stealing data, or
breaching enterprise networks.
The black market for zero-days
has grown significantly with the
rise of cyber-crime-as-a-service
less-skilled

attackers can purchase exploits

models, where

and launch sophisticated
cyberattacks.

« Gray Market: Governments and
intelligence agencies purchase
zero-day vulnerabilities to

conduct  cyber-espionage  or

counter-terrorism operations.

ZERO-DAY EXPLOITS & MARKETS

Security firms and exploit brokers
also operate in this space, offering
large bounties to independent
researchers in exchange for
undisclosed vulnerabilities. The
presence of private exploit
brokers, such as Zerodium and
Crowdfense, has fueled this
market by offering lucrative
rewards for high-impact zero-
days targeting operating systems,
messaging apps, and web

browsers.
White Market: Ethical hacking

programs and bug
platforms encourage researchers

bounty
to disclose vulnerabilities
responsibly.  Companies  like
Google, Microsoft, and Apple
offer financial rewards to security
experts who identify and report
zero-day flaws before malicious
actors can exploit them. While
bug bounty programs help
strengthen cybersecurity, they
often compete with the higher

payouts offered by private

brokers and government entities.
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The Ethics and Legal Implications

The existence of a thriving zero-day
market raises significant ethical and
legal concerns. While some argue that
government use of zero-day exploits
1s necessary for national security,
others warn that stockpiling such
vulnerabilities instead of disclosing
them poses a risk to public
cybersecurity. The ethical dilemma
becomes even more pronounced when
offensive

governments  prioritize

cyber capabilities over defensive
security measures, leaving millions of
users vulnerable to potential attacks.

Additionally, if zero-day exploits fall
into the wrong hands, they can be
weaponized for devastating
cyberattacks. High-profile incidents,
such as the WannaCry ransomware
attack,

consequences of vulnerabilities being

have demonstrated the
exploited on a global scale. Some

researchers argue that security
agencies should be more transparent
in their handling of zero-day exploits,
ensuring that critical vulnerabilities
are patched rather than hoarded for
offensive use.

International efforts, such as the
Wassenaar Arrangement, aim to
regulate the trade of cybersecurity
remains

tools, but enforcement

challenging due to the clandestine

ZERO-DAY EXPLOITS & MARKETS

nature of the
Cybersecurity experts
greater

zero-day market.
advocate for
transparency,  responsible
disclosure policies, and coordinated

global regulations to mitigate the risks

associated with zero-day
vulnerabilities. However, achieving
consensus among nations  with

differing cyber policies remains a
significant hurdle.

The Future of Zero-Day Exploits

As technology evolves, so too does the
threat
complexity of

landscape. The increasing
software and the
widespread adoption of artificial
intelligence (AI) and the Internet of
Things (IoT) create new opportunities
for attackers to uncover and exploit
vulnerabilities.  Governments  and
organizations must invest in proactive
security measures, such as Al-driven

threat detection, vulnerability research,
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and collaboration between the public
and private sectors to stay ahead of
threats. One
solution 1s the development of global

emerging potential
frameworks for zero-day vulnerability
management, where governments and
software vendors work together to
disclose and patch security flaws
responsibly.  Some  cybersecurity
experts have also suggested creating
an independent regulatory body to
research  and

oversee  zero-day

transactions, ensuring that ethical
considerations are prioritized over

financial incentives.

Conclusion

Zero-day exploits represent a
significant and complex challenge in
Their

nature, combined with the high stakes

cybersecurity. clandestine

of cyber warfare and criminal
exploitation, makes them one of the
most sought-after tools in the digital
threat

market, while lucrative, raises critical

landscape. The zero-day
ethical and security concerns that

require urgent attention from

cybersecurity
technology

policymakers  and
professionals. As
continues to advance, so must our
handling  these
vulnerabilities—balancing  security,

approach  to

privacy, and ethical considerations in

ZERO-DAY EXPLOITS & MARKETS

a rapidly shifting cyber domain. The
key to mitigating the risks of zero-day
exploits lies in  transparency,
collaboration, and a commitment to
shared

Only by working

cybersecurity as a
responsibility.
together can we create a more secure
digital world for future generations.
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ALPHAFOLD 128

-Unlocking the Secrets of Life's Building Blocks

Introduction
In the realm of biology, proteins are one of the most important
structures that hold the secret to every intricate detail in every
organism. These complex molecules perform a myriad of
essential functions, from catalyzing biochemical reactions to
transporting oxygen and defending against pathogens.
Understanding the three-dimensional structures of proteins is
crucial to deciphering their functions and unraveling the
mysteries of life itself. However, determining these structures
has traditionally been a laborious and time-consuming process,
often requiring years of experimental work.

Enter AlphaFold, a groundbreaking artificial intelligence (AI)
system developed by DeepMind that has revolutionized the
field of protein structure prediction. By accurately and rapidly

Koresh A Paulose
S2 CSE B

predicting protein structures, AlphaFold has opened up new
avenues of research and accelerated our understanding of
biological processes.

The Protein Folding Problem

Proteins are made up of long chains of amino acids that fold
into intricate three-dimensional shapes. The specific shape of a
protein determines its function, and even slight changes in its
structure can have profound effects. For decades, scientists
have grappled with the "protein folding problem," seeking to
understand how amino acid sequences dictate protein
structures.



And just to put it into perspective An MIT
biologist, Cyrus Levinthal did a back-of-the-
envelope calculation for a small protein
chain of 35 amino acids that can be folded
in 1 x 10733 ways. And as such, traditional
methods for determining protein structures,
such as X-ray crystallography and cryo-
electron microscopy, are expensive and
time-consuming. AlphaFold has emerged as
a game-changer, providing a fast and
accurate way to predict protein structures
from their amino acid sequences.
AlphaFold's Impact on Biology
AlphaFold's to predict protein
structures with remarkable accuracy has had

ability

a transformative impact on various areas of
biology:

o« Drug  Discovery:  AlphaFold is
accelerating the discovery of new drugs
by enabling researchers to understand
how potential drug molecules interact
with target proteins. This is particularly
valuable in developing treatments for
diseases like cancer and Alzheimer's,
where protein misfolding plays a crucial
role.

« Disease Understanding: By revealing the

structures of proteins involved in
diseases, AlphaFold is helping scientists
understand the underlying mechanisms
and identify potential therapeutic
targets. This is crucial for developing

effective treatments for a wide range of

diseases.
« Enzyme Engineering: Enzymes are
biological = catalysts  that  drive

biochemical reactions. AlphaFold is
aiding in the design of novel enzymes
with enhanced properties for industrial

and biotechnological applications.

ALPHAFOLD

« Agricultural Advancement: AlphaFold is
contributing to the development of
crops with improved vyields and
resilience by providing insights into the
structures of proteins involved in plant
growth and defense mechanisms.

« Evolutionary Biology: By comparing
different
species, AlphaFold is helping scientists

protein  structures across

understand the evolutionary
relationships between organisms and
how proteins have evolved over time.

The Future of AlphaFold

AlphaFold's success has paved the way for
further advancements in Al-driven biology.
Researchers are now working on extending
AlphaFold's capabilities to predict protein
interactions, design new proteins with

desired functions, and even model entire

biological systems.
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Conclusion

AlphaFold represents a major breakthrough in biology, empowering scientists with a
powerful tool to explore the intricate world of proteins. By accelerating our understanding of
life's building blocks, AlphaFold is driving innovation in medicine, agriculture, and various
other fields, promising to revolutionize our approach to solving some of the world's most

pressing challenges.
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From a trading world that was previously
dominated by chaotic trading floors and
frantic rushes, the stock market has
dramatically transformed over the Ilast
couple of decades. It has been greatly
influenced by the fast-paced evolution of
technology, which has transformed the way
stock trading, analysis, and operations are
conducted. From algorithmic trading to
artificial intelligence, technology has not
only facilitated financial markets' efficiency
but has made them available to individuals
and institutions at large, in ways
unimaginable a couple of decades ago.
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The Rise of Electronic Trading

The most
innovation in the stock market has been the

important technological
shift from manual to electronic trading. In
the past, stock exchanges were busy
physical rooms where traders would call out
their orders loudly while brokers made
trades on behalf of their customers. With
the introduction of electronic trading
systems in the 1970s and 1980s, this
situation was changed, and trades were
made instantaneously through advanced
computerized systems. This shift has not
only reduced transaction costs but also
improved market liquidity and
transparency.

Electronic trading fuels the financial
markets of today. Institutions like the New
York Stock Exchange (NYSE) and
National Stock Exchange (NSE) effectively
have a presence only in cyberspace,
completing millions of trades every second.
This has acted to democratize the stock
market for small individual investors more
than ever before. They can trade stocks
from their homes using internet brokerage

sites like Groww, Upstoxs, Zerodha, etc.

Artificial Intelligence and Machine Learning

Artificial intelligence (AI) and machine
learning (ML) are being more utilized to
predict and analyze trends in the stock

market.

TECHNOLOGY IN THE STOCK MARKET

They have the capacity to process massive

datasets, ranging from historical prices,
news, and social media opinions, and
provide predictions. Asset managers and
hedge funds, for instance, leverage Al-
powered models to create trading strategies,
manage risk, and optimize portfolios.

Blockchain and Cryptocurrencies

Blockchain technology, the force behind
cryptocurrencies like Bitcoin and Ethereum,
is also causing ripples in the stock market.
Its open and segregated nature can
transform the settlement and trading of
securities. For example, blockchain can
simplify the clearing and settlement process,
thus reducing the cost and time of trading
stocks and other financial products.
Furthermore, the rise of cryptocurrencies
introduced a new class of assets on the stock
market. Though virtual currencies are
characterized by volatility and speculation,
they have not only captured considerable
interest among retail and institutional
investors, but also a few companies have
started to receive cryptocurrencies as
payment or hold them on their books, hence
reducing the separation between the stock
finance world and the world of crypto.
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Benefits of Technology in Stock Market

The integration of technology into the
stock market has been very beneficial. First,
it has increased the efficiency of the market
by reducing the cost of transactions,
improving price discovery, and increasing
liquidity. Second, it has made the financial
markets accessible to all, allowing people to
invest with little capital and without the
need for a conventional broker. Third,
technology has enabled more advanced risk
management and portfolio optimization,
which can help investors earn better returns.

Challenges and Risks
While it has
technology integration in the stock market

numerous benefits,
also has its demerits. One of the biggest

issues is the possibility of market
manipulation and fraud. Take, for instance,
"pump and dump" scams, where individuals
or groups artificially pump up the price of a
stock before selling it; these tactics have
become increasingly common with the rise
of social media and online forums. Yet
another danger is that of system failures. As
more and more markets become dependent
on technology, even a single malfunction or
cyber attack can lead to catastrophic
consequences. Lastly, the emergence of

technology has accompanied a countless

number of ethical and regulatory issues.

TECHNOLOGY IN THE STOCK MARKET

Conclusion

Technology has transformed the stock
market fundamentally, making it faster,
more efficient, and more accessible than
ever. From electronic trading to algorithms,
Al, and blockchain, all these
technologies have revolutionized the way we
buy, sell, and invest in our assets. But, like
every technological transformation, there
are some natural challenges and risks
involved with these developments, which
need to be resolved. As we progress, it will
be vital to achieve a balance between change
and safeguarding market stability and
equity. With this balance, we can use the
potential of technology to construct a more
resilient and inclusive financial system for
all.
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TIMES:
EXPLORING THE
IMPACT AND
FUTURE OF
AUGMENTED AND
VIRTUAL REALITY

Dennis Moonjely
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Introduction

Augmented Reality (AR) and Virtual
Reality (VR) are no longer just concepts
from science fiction. Over the past decade,
these technologies have evolved from niche
applications to  transformative  tools
reshaping industries, entertainment,
education, and more. AR overlays digital
information onto the physical world, while
VR immerses users in entirely virtual
environments. Together, they are
revolutionizing how we interact with
technology and each other.

This newsletter delves into the current
impact of AR/VR on our world, explores
their applications across various sectors,
and looks ahead to the future prospects of
these groundbreaking technologies.




Contents
1.The Current State of AR/VR

« Market Growth and Adoption
The AR/VR market has seen exponential
growth, with global revenues projected to
exceed $100 billion by 2026. Industries
ranging from gaming to healthcare are
adopting these technologies to enhance user
experiences and improve efficiency.

« Consumer Applications

AR/VR has become mainstream through
consumer products like VR headsets (e.g.,
Meta Quest, PlayStation VR) and AR-
enabled smartphones. Apps like Pokémon
GO and Snapchat filters have brought AR
into everyday life, while VR gaming has
created immersive worlds for players.

Impact on Industries

« Healthcare
AR/VR is transforming healthcare by
enabling virtual surgeries, medical training,
and patient therapy. Surgeons use AR to
visualize complex procedures, while VR
helps patients manage pain and anxiety

through immersive experiences.

« Education and Training

AR/VR is revolutionizing education by
creating interactive learning environments.
Students can explore historical sites,
conduct virtual science experiments, or
practice  skills

Companies are also using VR for employee

in a risk-free setting.
training, such as simulating hazardous work
conditions.

. Retail and E-Commerce
AR is changing the way we shop by
allowing customers to "try before they buy."
Virtual

placement, and

fitting rooms, AR furniture

interactive  product
demonstrations are enhancing the shopping

experience and reducing return rates.

AR/VR TIMES

constantly evolving. Indie developers are
also gaining prominence, thanks to digital
distribution platforms like Steam and
Itch.io. The future of game development is
bright,

innovation and storytelling.

offering endless possibilities for

Whether you're a budding developer or a

passionate  gamer, understanding the

intricacies of game development can

enhance your appreciation for the artistry
and effort behind your favorite games.

« Entertainment and Media
The entertainment industry has embraced
AR/VR to create immersive experiences.
From VR concerts to AR-enhanced movies,
these technologies are redefining storytelling
and audience engagement.

Challenges and Limitations

 Technical Barriers
Despite advancements, AR/VR still faces

challenges like high costs, hardware
limitations, and the need for faster internet
speeds (e.g., 5G) to support seamless
experiences.
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« Wearable Technology
The future of AR/VR lies in lightweight,
wearable devices like AR glasses and VR
contact lenses. These innovations promise to
make AR/VR more accessible and
integrated into daily life.

« Al Integration
The combination of AR/VR with Artificial
Intelligence (AI) will enable smarter, more
personalized experiences. Al-driven avatars,
real-time language translation, and adaptive
learning environments are just a few
possibilities.

« Social and Ethical Implications
As AR/VR becomes more pervasive, it will
raise important questions about digital
identity, privacy, and the blurring of reality.
Policymakers and tech companies must
work together to address these challenges.

Conclusion

AR and VR are no longer futuristic dreams
—they are here, and their impact is
profound. From transforming industries to
redefining how we learn, work, and play,
these technologies are shaping the present
and future of our world. While challenges
remain, the potential for AR/VR to create
immersive, interactive, and inclusive
experiences is limitless. As we look ahead,
the convergence of AR/VR with other
emerging technologies like Al, 5G, and the
Internet of Things (IoT) will unlock even
greater possibilities. The journey has just
begun, and the future of AR/VR promises
to be as exciting as it is transformative. Stay
tuned to The AR/VR Times for the latest
updates and insights into this dynamic field!
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VIDEO GAMES
AND
LINUX
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Linux is a free and open-source operating

system that was developed in 1991, by an
individual called Linus Torvalds. Although
Linux is used by a whole lot of servers
around the world, its global desktop usage is
overshadowed by Microsoft Windows, an
operating system we all know about and
use.

The low desktop usage of Linux has its
downsides, the main one being the reduced
compatibility of some commercial software
on Linux. Some of the most popular
commercial software like Adobe Photoshop,
Adobe Illustrator, AutoCAD, among many
others, are not supported on Linux. This
turns down a lot of people from installing
and trying out Linux.




Unfortunately video games are no
exception to this. There are little to no video
games that natively support Linux, mostly
due to the little market share Linux has on
the gaming space. This turns down a huge
chunk of desktop pc users, who like to play
video games, from installing Linux, after all
an operating system is supposed to run
software, there would be no point in
operating
majority of the software you want to run is

installing another system if

not even available on it!

Luckily there is some positive news, there
have been some advances in the Linux
gaming space recently, and more people are
trying out the OS. This is due to the release
of the “Steam Deck” in 2022, it is a portable
gaming handheld that comes with Linux
pre-installed! This seems quite impractical,
doesn't it? Almost all laptops in the market
come with Windows pre-installed, and in
these times, we're getting the Steam Deck,
which not only comes with Linux pre-
installed, but is also meant for gaming,
which is something Linux is not known for.

The Steam Deck is not just any device, it
was released by Valve, which holds the
highest PC game store market share. This is
great, more games on Linux means more
people would be willing to use Linux.
Shifting to something open source is always
nice, and if Linux gets a high global
adoption as a desktop OS, then there would
be many benefits, including no longer
having to pay for a Windows license.

VIDEO GAMES AND LINUX

Gaming is a huge industry, it's much bigger

than people think it is, and Linux adoption
by gamers has the potential to drive global
desktop adoption towards Linux, which is
why I think this article might be relevant
even to someone who doesn't know or care
about the PC gaming industry.

Anyway, the Steam Deck actually has a few
tricks that make Linux gaming viable. It uses
“Proton”, which is a software developed by
Valve itself, to run any Windows game on
Linux. This is huge! If you use Proton, then
you don't have to worry about a game not
being supported on Linux since Proton can
run any game, although practically a few
games are still not supported, mainly online
multiplayer based ones, which have their
own set of problems, but majority of the
games work fine using Proton.

The main ingredient behind Proton is
something that converts DirectX API to
Vulkan. You see, there is something that
makes developing video games for Linux
much harder, DirectX. DirectX is a graphics
API, a
communicating with the GPU and rendering

graphics API is used for
the graphics on the screen. Now the problem
with DirectX is that it's only available for
Windows and not for Linux, which makes
porting video games made for Windows to
Linux much harder, since it's hard to rewrite
the game in another graphics API like
Vulkan or OpenGL, which is available for
Linux.
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It's also hard for the developers to learn
another graphics API if they are already
familiar with DirectX. Proton brings a
solution to this and automatically converts
the DirectX API calls to relevant Vulkan
API calls.

The Steam Deck comes with their own Arch
Linux based operating system called the
SteamOS, which uses Proton to run games
made for Windows. The end user does not
have to know all this and can enjoy their
games without worrying about what OS
they are wusing. The Steam Deck has
increased Linux exposure, it's estimated to
have sold 3 million units by now, following
it, Lenovo has announced the Legion Go S,
that also has a model that comes with
SteamOS. We can see a trend here where

desktop Linux usage is increasing.

VIDEO GAMES AND LINUX

Although businesses may have their own
interests in pushing for Linux adoption, it’s
still great to see that we are moving away
from a closed source and proprietary
operating system to an open source one. We
can hope that this trend continues and we
will be able to use Linux as our desktop OS
about software

without  worrying

incompatibilities.
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HOW AILIS
RESHAPING
DIGITAL ART
AND 3D

MODELING
—FOR BETTER
OR WORSE

Artificial intelligence is transforming digital

art and 3D modeling, streamlining
workflows and pushing creative boundaries
in ways that were once unimaginable. Al-
powered tools can now generate stunning
visuals, automate complex modeling tasks,
and speed up production, raising both
excitement and concern among artists and
designers. While Al offers unprecedented
efficiency, debates over originality, ethics,

and job security continue to intensify.

Al in Digital Art: A Creative Revolution or
a Threat?

Al-generated art has exploded in popularity
with platforms like MidJourney, DALL-E 3,
and  Stable which
professional-grade images from simple text
prompts. These tools use deep learning
models trained on vast datasets, allowing

Diffusion, create

users to generate
stylised
needing years of artistic experience.

intricate and highly

artwork in  seconds—without

Mohammed Mahir Mobin

S2 CSD

Companies are rapidly integrating Al into
their creative tools. In 2023, Adobe Firefly
introduced Al-powered image generation
within  Photoshop,
manipulate visuals using text commands.
developers, Blizzard
Entertainment, have started using Al-
assisted tools to accelerate concept art
reducing the time needed to

allowing wusers to

Game such as

creation,
develop new game worlds.

But not everyone welcomes this shift. Al
models are often trained on publicly

available artwork—sometimes  without
artists’ consent. This led to lawsuits in 2023
against Stability Al, and
DeviantArt, as artists these

companies of using their work without

MidJourney,
accused

permission. With Al blurring the lines of
artistic battles are
unfolding that could redefine copyright laws

for the digital age.

ownership, legal
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Al in 3D Modeling: Speeding Up
Workflows or Replacing Artists?

The impact of Al on 3D modeling is just as
profound. Traditionally, creating high-

quality 3D assets required extensive
knowledge of software like Blender, ZBrush,
and Autodesk Maya. Now, Al is automating
these processes,

dramatically reducing the time needed to

many  of complex

produce detailed models.

NVIDIA’s Instant NeRF (Neural Radiance
Fields) is one of the most groundbreaking
advancements in this space. It can generate
full 3D scenes from just a few 2D images,
making it an invaluable tool for VR, game
development, and visual effects. Similarly,
Adobe’s Substance 3D uses Al to create
hyper-realistic textures, while Luma Al and
Poly.cam allow users to scan real-world
objects with their phones and convert them
into 3D models instantly.

Al is also reshaping the gaming industry.
Ubisoft has implemented procedural Al to
build massive game environments, allowing
developers to create expansive worlds with
less manual effort. Epic Games’ MetaHuman
Creator lets artists generate lifelike digital
humans with Al-powered facial animation,

a tool that could revolutionize CGI
characters in films and video games.
While these innovations offer exciting

possibilities, they also raise concerns. Will
Al-generated assets reduce the demand for
human 3D artists? Or will Al simply become
another tool that enhances creativity rather
than replacing it?

The Last Flowers of Summer by Hugues
Bruyére

This impromptu capture of the last days of
summer in Montreal provides a timeless
memory and free movement around the scene.
This render is an example of the power of
Instant NeRF to capture and reconstruct the
quality of the light of a moment, highlight the
specularity of the objects in the scene, and
synthesize novel views—all using only a few
photos! NeRF (neural radiance fields) opens
new possibilities to be explored in real time
that are, what Hugues calls, “magical”
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The Big Questions: Jobs, Ethics, and
the Future of Creativity

With Al rapidly automating tasks once
handled by artists and designers, many fear
for the future of creative jobs. A 2023
Goldman Sachs report estimated that 25% of
creative roles could be affected by Al
automation, including those in digital art,
animation, and game development. Some
argue that Al will create new opportunities,
shifting the focus from technical execution
to higher-level creative direction. Others
worry that businesses may prioritize Al-
driven efficiency over hiring human talent.

Beyond job security, Al raises fundamental

ethical questions. If an Al-generated
artwork is based on thousands of existing
images, who owns the final piece? Should
Al-generated content receive the
copyright protections as
work?  These debates are
governments and tech companies to rethink
property laws, but

regulations have yet to be established.

same
human-created
forcing

intellectual clear

Is Al a Tool or a Replacement?

Despite the controversies, Al is becoming an
essential part of creative industries. While it
can handle repetitive tasks and speed up
production, true creativity—the ability to
tell stories, evoke emotions, and push
artistic boundaries—remains a distinctly

human trait.

The future of digital art and 3D modeling
won’t be about Al replacing artists—it will
be about how artists use Al. Those who
embrace Al as a creative partner, rather than
resist it, will likely lead the next wave of
innovation. The challenge ahead is to strike
a balance between efficiency and artistic
integrity, ensuring Al enhances creativity
rather than diminishes it.

The Machine Vision series by Trevor Paglen

The Machine Vision series by Trevor Paglen

employs Al algorithms to generate abstract
images. These images are designed to reveal
how Al systems perceive and interpret the
world. By exposing the inner workings of Al
algorithms, Paglen’s work raises awareness
about the biases and limitations embedded
within these systems, encouraging a critical
examination of AI's impact on society.
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ETHICAL

CONSIDERATIONS

IN AL

THE CHALLENGES
WE CAN’T IGNORE

Artificial Intelligence (Al) is transforming
our world at an unimaginable pace. From
healthcare and finance to simple everyday
tasks, Al is becoming an unavoidable part
of our lives. But like any powerful tool, it
comes with its own set of ethical concerns—
some of which we may not fully realize until
it’s too late.

In this piece, we want to talk about three
Al-related ethical
becoming more

challenges that are
by the day:
deepfakes, job displacement, and biases in

urgent

Al systems. These aren’t just technical
issues; they impact real people, real jobs,
and the way we trust information. More
importantly, we need to start thinking about
how to handle them before they spiral out of
control.

Deepfakes: The Fine Line Between

Entertainment and Deception

We’ve all seen those viral deepfake videos
where famous personalities seem to say
things they never actually did. While some
of them are just for fun, deepfakes have a
darker side. They can be used to spread false
information, manipulate public opinion, or
even destroy someone’s reputation.
But why does it actually matter?

Deepfakes can make it nearly impossible
to distinguish between what’s real and
what’s fake.

They can be used for identity theft, cyber
bullying, and political propaganda.

Misinformation spreads fast, and Al-
driven content can make it even harder to
trust what we see online.

So what can be done?

Right now, Al tools are being developed
to detect deepfakes, but they are still a step
behind the technology creating them. Some
countries have started introducing laws to
regulate the misuse of deepfakes, but we
need global cooperation to truly tackle this
problem. Until then, the responsibility falls
on us as individuals—to question, fact-
check, and be more aware of what we
consume online.

Job Displacement: The Automation
Dilemma
Al and automation are making many jobs
easier, but at what cost? Machines don’t
need lunch breaks, sick days, or salaries,
which makes them attractive to companies
looking to cut costs. However, this also
means millions of people could lose their
jobs, especially in  industries like
manufacturing, retail, and customer service.
Why This Matters?
Many jobs that were once considered
stable are now at risk of being automated.
Not everyone will be able to adapt
quickly to new, Al-driven job roles.
The divide between high-skilled and low-

skilled workers will continue to grow.

What Can Be Done?
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The key is
Governments and companies need to invest

reskilling and upskilling.

in training programs that help workers
transition into new roles. Some countries
are even discussing ideas like Universal
Basic Income (UBI) to support those
affected by automation. But most
importantly, we need to shift the mindset
from seeing Al as a job killer to seeing it as
a tool that can help humans do their jobs
better, not replace them entirely.

Bias in Al: The Unseen Prejudice in

Technology

Al is supposed to be neutral, right?
Unfortunately, that’s not always the case.
Al systems learn from data, and if that data
1s biased, the Al will be biased too. This can
lead to serious problems in areas like hiring,
healthcare, and criminal justice.

Why This Matters?

Al-driven hiring systems have been
known to favor certain demographics over
others.

Medical Al tools sometimes misdiagnose
patients from minority groups due to biased
training data.

Al-based legal systems can unfairly label
people as high-risk, reinforcing existing
social inequalities.

What Can Be Done?

To fix Al bias, we need to ensure that the
data used to train Al systems is diverse and
representative of all groups. Al developers
should also make their systems more
transparent, so we can understand how
decisions are being made. On a larger scale,
governments and organizations need to
establish ethical Al standards to prevent
discrimination.

ETHICAL CONSIDERATIONS IN Al

The Role of Regulation: Finding the Right
Balance

Al is advancing so quickly that lawmakers
are struggling to keep up. Too much
regulation can slow down innovation, while
too little can lead to major ethical and
societal problems. The challenge is to strike
a Dbalance Dbetween encouraging Al
development and ensuring it doesn’t harm
people.

What’s the Solution?

Countries like those in the European
Union have already introduced Al ethics
guidelines focusing on fairness,
transparency, and accountability. However,
Al is a global phenomenon, and we need
international standards to make sure it’s

developed and used responsibly.

So, Where Do We Go from Here?

Al has incredible potential, but it also
comes with risks that we can’t afford to
Whether it’s
displacement, or biases in Al, the key to
tackling these issues is awareness and action.

ignore. deepfakes, job

As Al continues to shape our world, we
need to make sure it’s working for us, not
against us. That means questioning the
technology we use, demanding
transparency, and ensuring that ethical
considerations are at the forefront of Al
development. The future of AI isn’t just
about coding and algorithms-it’s about

people, fairness and responsibilities.
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THE
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Game development is the process of
designing, building, and refining video
games, blending creativity with technical
expertise. It involves multiple disciplines,
including programming, art, sound design,
and storytelling. From small indie projects
to massive AAA titles, game development is
an exciting and challenging field that
continues to evolve with new technologies.

Key Stages of Game Development

1.Concept and Planning - The journey begins
with an idea. Developers brainstorm the
game's mechanics, story, and objectives.
This phase often includes market research to
ensure the game appeals to its target
audience.




2.Design and Prototyping - Game designers
create detailed documents outlining
characters, levels, and gameplay mechanics.
A prototype is built to test core ideas before
full development begins.

3.Development - Programmers write code,

artists create visual assets, and sound
designers craft music and effects. This phase
involves a lot of testing and iteration to
refine gameplay and fix bugs.

4. Testing and Quality Assurance - Before
release, the game undergoes rigorous testing
to ensure it runs smoothly and is free from
major bugs. Playtesters help identify issues
with mechanics and user experience.
5.Launch and Post-Release Support - Once
the game is released, developers often
provide updates, bug fixes, and new content
to keep players engaged. Live service games,

in particular, require ongoing maintenance.

Tools and Technologies

Game development relies on powerful
engines like Unity and Unreal Engine, which
provide frameworks for rendering graphics,
handling physics, and managing assets.
Coding languages such as C++, C#, and
Python are widely used for scripting game
logic. Advances in artificial intelligence (AI)
and virtual reality (VR) are also shaping the

future of game development.
Challenges in Game Development

Developing a game is no easy task. Time
constraints, budget limitations, and evolving
player expectations can make it difficult to
create a successful title. Crunch time-when
work to meet

developers long hours

deadlines-is a notorious issue in the

industry.

The Future of Game Development

With the rise of cloud gaming, Al-driven
content generation, and immersive VR/AR
experiences, the gaming industry is

GAME DEVELOPMENT

constantly evolving. Indie developers are
also gaining prominence, thanks to digital
distribution platforms like Steam and
Itch.io. The future of game development is
bright, offering endless possibilities for

innovation and storytelling.

Whether you're a budding developer or a
passionate
intricacies

gamer, understanding the

of game development can
enhance your appreciation for the artistry

and effort behind your favorite games.

—
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"Technology is best when it brings people
together."
- Matt Mullenweg






