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Comparative Analysis of Gemini Al, ChatGPT, Grok Al, and OpenAl
Introduction

As artificial intelligence continues to redefine human-computer interaction, several advanced
Al platforms have emerged as industry leaders. This article provides a technical comparison of
Gemini Al by Google DeepMind, ChatGPT by OpenAl, Grok Al by xAl (Elon Musk's Al
venture), and the broader OpenAl ecosystem. We assess each in terms of architecture,
capabilities, integration potential, training data, and real-world applications.

1. Overview of the Al Platforms
1.1 ChatGPT (OpenAl)

o Developer: OpenAl
e Model: GPT-4 (as of 2024, GPT-4.5 and GPT-4.1 variants are also referenced)
o Key Features:
o Natural language understanding and generation
o Code writing and debugging
o Multimodal capabilities (image, text, code)
o Plugin and tool integration (Python, DALL-E, browser tools)
o Deployment: API, ChatGPT app, Microsoft Copilot

1.2 Gemini Al (Google DeepMind)

o Developer: Google DeepMind
e Model: Gemini 1.5 Pro (as of 2024)
o Key Features:
o Native multimodal processing (text, images, video, code)
o Massive context window (up to 1 million tokens)
o Deep integration with Google Workspace
o Advanced retrieval and reasoning abilities
o Deployment: Bard (rebranded as Gemini), API via Google Cloud Vertex Al

1.3 Grok Al (xAl)

o Developer: xAl (Elon Musk)
e Model: Grok-1 and Grok-1.5
o Key Features:
o Integrated with X (formerly Twitter)
o Designed for "rebellious” or candid responses
o Open-weight models available (Grok-1 via Apache 2.0)
o Deployment: Embedded in X app, some APl exposure

1.4 OpenAl Ecosystem

e Core Products:
o GPT models (e.g.,GPT-3.5, GPT-4, GPT-4.5)
o DALL-E for image generation
o Codex for code generation
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o Whisper for speech recognition
o Strength:
o Highly versatile and extensible platform
o Strong developer ecosystem with tools and APIs

2. Technical Comparison

ChatGPT

Feature / Model (OpenAl) Gemini Al Grok Al
LLM Version  GPT-4/GPT-4.5 Gemini 1.5Pro  Grok-1.5
) Yes (text,
g/llj ultl(;r;:)dal images, audio,  Yes (native) Limited
PP code)
~128k tokens 1M tokens
Context Length (GPT-A-turbo).  (Gemini 1.5) 128k tokens (est.)
Open-Weight ~ No (except older 1
Models models) No e IR

GPTs (custom  Google Vertex Al Model weights

Customizability

agents), APIs fine-tuning available

Limited to 2023— Internet access via
Data Access 2024 (ChatGPT) Up to early 2024 X
Real-Time Plugins & Deep search & X iftearation
Access browsing tools  Workspace data g

Code, customer
service,
education,
content creation

Enterprise search, Social media
multimodal tasks, analysis, open
productivity experimentation

Best Use Cases

3. Multimodality and Context

Gemini Al

OpenAl
Ecosystem
GPT-4, Codex,

DALL-E

Yes (via
multiple tools)

Varies by tool

Partially
(Whisper,
CLIP)
Via API +
toolchains

Depends on
product

Bing, browsing
tools

Creative Al,
voice, image,
and code apps

Gemini leads in native multimodality with tight integration across video, audio, images, and
code. Its 1 million token context window is ideal for long documents, codebases, or

film/video analysis.

ChatGPT (OpenAl)

Supports multimodal input/output, particularly via GPT-4-turbo in the ChatGPT Plus plan.

DALL.-E handles images, Whisper for audio, and Python for computation.

Grok Al

Focuses more on conversational.and contextual analysis, with emerging support for
multimodal input. Its integration with X suggests potential for real-time event summarization.
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4. Training Data and Model Philosophy

e ChatGPT / OpenAl: Trained on a mix of licensed data, public internet data, and
RLHF (reinforcement learning from human feedback).

e Gemini: Uses vast Google-scale datasets (web, documents, videos, and internal data
like YouTube transcripts) with strict safety and alignment mechanisms.

e Grok: Has a libertarian-leaning conversational tone and access to X's proprietary data
for training and context.

e OpenAl Ecosystem: Tools like Whisper and DALL-E are trained on focused datasets
(audio transcripts, paired image-text data).

5. Integration Ecosystems

o ChatGPT: Integrated with Microsoft (Copilot), Slack, Zapier, and via API.

o Gemini: Integrated into Google Workspace, Android (Pixel), and Chrome.

o Grok: Tied deeply into X; less traditional enterprise focus.

e OpenAl Ecosystem: Embeddable in apps across platforms using OpenAl API;
widespread support across languages and environments.

6. Strengths and Limitations

Platform Strengths Limitations
ChatGPT Highly _v_ersatile, strong code Limited custom fine-tuning; no
capabilities, plugin ecosystem open weights
Gemini Native _multi.modality, large context,  Currently less accessible than

enterprise-friendly OpenAl for developers

Less mature ecosystem, fewer

Grok Real-time X integration, open weights enterprise tools

Spal Broad capabilities, modular toolkits Fragmented Foc_)ls CbECampiEle
Ecosystem integrate holistically
Conclusion

The competition among Gemini Al, ChatGPT, Grok, and OpenAl’s broader tools is
intensifying. Each brings unique strengths:

« Gemini excels in context length and multimodal integration.

e ChatGPT remains the most developer-friendly and widely adopted.

o Grok is an experimental, open-weight alternative with real-time social insights.

e OpenAl Ecosystem offers specialized tools (e.g., Whisper, DALL-E) for multimodal
Al development.

- Pratik Parsewar
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Continuous Glucose Monitoring (CGM)

Continuous glucose monitoring (CGM) devices help you manage diabetes with fewer
fingerstick checks. A sensor just under your skin measures your glucose levels 24 hours a day.
A transmitter sends results to a wearable device or cell phone so you can track changes to your
glucose level in real time. Learning how to use a CGM takes time, but it can help you more
easily manage your health.

Continuous glucose monitoring

Yossible display devices

nsulin pump

smart watch

smartphone or
1andheld device

"W rlaveland Clinice 2024 o T

CGM systems have different options for viewing your CGM data.
What is continuous glucose monitoring (CGM)?

Continuous glucose monitoring (CGM) is wearable technology that tracks your glucose (sugar)
levels over time. It measures the glucose level in the interstitial fluid just under your skin 24
hours a day while you’re wearing the device. People also call it a continuous glucose monitor
(aCGM).

A CGM device is mainly a tool for people with diabetes. Managing diabetes involves managing
your blood sugar levels. A CGM gives you real-time information on how your glucose levels
are changing. This is especially important because several factors affect blood sugar levels —
some of which you can’t predict.
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There are several types of CGM devices on the market, and the technology is rapidly evolving.
Some CGMs connect with insulin pumps to offer automated insulin delivery systems. Talk to
your healthcare provider if you’re interested in learning more about CGMs.

What is interstitial fluid?

Interstitial fluid is the fluid in the spaces around your cells. It comes from substances that
leak out of your blood capillaries. One of these substances is glucose (sugar).

The sensor in a CGM goes just under your skin where this fluid is — not in a blood vessel. It
measures the glucose in your interstitial fluid.

Glucose hits your bloodstream first and then leaks into your interstitial fluid. So, there’s a lag
between your blood glucose level and interstitial glucose level. This means there may be a
few minutes delay in your CGM sensor glucose readings compared with fingerstick (manual)
blood glucose readings.

How does a continuous glucose monitor (CGM) work?

You can choose among a handful of CGM devices available today. Each works pretty much
the same way. The main differences are in a device’s features, look and feel.

But all CGMs have three basic components:

e Sensor: The sensor is a tiny piece of material that measures real-time glucose levels in
your interstitial fluid. You’ll insert the sensor under your skin with an applicator. It uses
a needle to pierce your skin. You remove the needle, and it leaves the sensor in place.
Sensors typically last seven to 15 days, depending on the brand. The implantable CGM
system lasts for months. It’s a small pellet (about 18 millimeters long) that a healthcare
provider inserts under the skin of your upper arm.

e Transmitter: All CGM systems use a transmitter to wirelessly send the glucose data
from the sensor to a device where you can view it. For some CGM systems, the
transmitter is reusable and attaches to each new sensor. For other CGM systems, the
transmitter is part of the disposable sensor.

e Smartphone app, receiver or insulin pump: This technology displays your real-time
glucose level and shows a graph of the history of your levels. It can also show whether
your glucose level is trending up or down — and how drastically. Most CGMs offer
smartphone apps for viewing data. Some offer handheld devices if you don’t use a
smartphone. Some CGM devices can also send the glucose information to a compatible
insulin pump.

In general, here’s how a CGM works:

1. You insert a small sensor just under your skin, usually on your belly or arm. An
applicator makes this part quick and easy to do. Adhesive tape holds the sensor in place.

2. You’ll either connect the CGM transmitter to the sensor or the sensor and transmitter
will already be connected when you insert it. You must charge some transmitters before
connecting them to the sensor. You may also want to place additional adhesive over the
transmitter and sensor to keep it in place on your skin.
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3. Depending on the type of CGM, there’ll be a “warm-up” time before the sensor will
share data. This typically ranges from 30 minutes to two hours.

4. Most CGMs start sharing-glucose data automatically after the warm-up. Some require
a fingerstick blood glucose calibration before they start sharing data.

5. You’ll then see your current glucose level on your smartphone app, receiver or insulin
pump for as long as the sensor lasts. You can set certain alarms and settings for your
app, receiver or pump to alert you to when your glucose is out of range. These ranges
vary from person to person.

6. Once the sensor expires (or fails), you’ll start the process over again.

You can download CGM data (trends and history) to a computer at any time. Some CGM
systems will send data continuously. You can also share the information with your healthcare
provider.

Are CGMs easy to use?

CGM devices are complex little machines. They do require some upfront time to understand
their technical aspects.

For example, you’ll need to learn how to:
o Insert the sensor properly.
o Calibrate the device with fingerstick blood glucose readings (if necessary).
e Set device alarms.
o Transfer data to a computer (for long-term analysis) or your phone.
e Respond to and make changes to your care plan based on the collected data.

It takes time and patience to understand how a CGM device works. But you don’t have to do
it alone. Once you’ve decided to get a CGM — and have a prescription for it — a qualified
professional will help you learn how to use it safely. Your provider may recommend taking a
diabetes education class or speaking one-on-one with a certified diabetes care and education
specialist (CDCEYS).

-KUSHAL SUVARNA
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Humanoid Robots: Scope & Key Challenges

A humanoid robot is a robot designed to resemble and mimic the human body’s shape and
behavior, typically with a head, torso, arms, and legs. Its core purpose is to interact naturally
with human environments and people, performing tasks humans do or assisting in areas where

human-like presence is advantageous.

Fig 1: Sophia Humanoid

Scope of Humanoid Robots: -
1. Healthcare & Elderly Care

= Patient monitoring, mobility assistance, medicine delivery

= Companionship for elderly or isolated individuals

= Rehabilitation robots for physical therapy

= Example: Grace (by Hanson Robotics), a nurse-assistant robot

2. Hospitality & Customer Service
= Greeters, receptionists, and information assistants at airports, malls, banks, hotels
= Handling repetitive queries, guiding guests, and multilingual interaction
= Example: Mitra (India), Pepper (SoftBank)

3. Industrial & Manufacturing

= Material handling in warehouses, sorting and packaging
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= Assembly line support in factories where human dexterity is crucial
= QOperation in hazardous environments (high temperatures, chemicals, confined

spaces)
4. Education & Research

= Teaching aids for STEM education, robotics, and Al learning
= Experimental platforms in universities and R&D labs for Al, cognition, and HRI
(Human-Robot Interaction)

= Example: Manav (India’s 3D-printed humanoid)
5. Space Exploration

= Assisting astronauts in zero-gravity conditions (preparing for human presence)
= Performing maintenance, repairs, and safety checks
=  Example: Vyommitra (India/ISRO), Robonaut-2 (NASA)

6. Defence & Security

= Patrolling high-risk zones, defusing explosives
= Performing reconnaissance in environments unsafe for humans

= Example: DRDO’s humanoid in development (India)
7. Entertainment & Personal Companionship

= Interactive robots in theme parks, exhibitions, and advertising
= Personal Al-powered assistants for homes (early versions appearing in Japan, UAE)

8. Smart Cities & Public Services

= Traffic management and public guidance robots

= Autonomous humanoids in emergency management (disasters, fire, rescue)
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Current Challenges in Humanoid Robotics

» Technical Challenges

1. Mobility and Balance

Achieving stable bipedal walking and running on uneven, slippery, or dynamic
terrain is extremely complex.

Maintaining balance during unexpected disturbances (pushes, collisions, object
handling) requires advanced control systems and real-time sensing.

Challenges increase exponentially when adding tasks like climbing stairs, jumping,

or crouching.

Dexterity and Manipulation

Human hands are extraordinarily versatile — replicating precise, delicate, and
adaptive hand movements is still a major limitation.

Grasping irregular, soft, or fragile objects without damaging them is challenging
for current robots.

Many humanoids can pick up objects, but complex tasks like tying shoelaces or

folding clothes remain out of reach.

Power Efficiency and Battery Life

Humanoid robots consume a lot of energy, especially for motors, sensors, and
processors running real-time Al.

Current battery technologies restrict operating times to 1-3 hours for most
advanced humanoids.

The challenge is to balance power, weight, and functionality.

Real-time Al and Decision Making

Navigating dynamic, unpredictable human environments requires advanced
perception, reasoning, and adaptability.

Current Al models struggle with situational awareness, context understanding,
and long-term decision making.

Emotional and social intelligence (understanding human feelings, expressions,

social norms) is still in its infancy.
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> Integration Challenges
5. Human-Environment Compatibility

e Most human environments are built for flexible, intuitive human movement —
robots still struggle with obstacles like narrow spaces, uneven lighting, and
unpredictable human behavior.

o Complex environments (like busy homes, hospitals, or disaster zones) demand

high flexibility and adaptation.

» Economic and Manufacturing Challenges
6. High Cost of Development and Maintenance

o Advanced humanoid robots like Atlas (Boston Dynamics) or Optimus (Tesla) cost
hundreds of thousands (or even millions) of dollars.

« Custom components, precision sensors, and advanced Al software make scaling for
commercial or home use difficult.

o Maintenance and repairs require specialized technical expertise.

> Ethical and Social Challenges
7. Human Acceptance and Trust

« Public perception ranges from fascination to fear (commonly called the “uncanny
valley” effect — where robots that are almost human but not quite evoke
discomfort).

« Concerns about job displacement, privacy, and surveillance arise as humanoids
become more capable.

o Emotional dependence or misuse in vulnerable populations (like the elderly or

children) needs careful regulation.

8. Regulatory and Safety Issues

e Current legal frameworks for humanoids are limited.

o Challenges around liability, data privacy, safety protocols, and ethical
programming remain unresolved.

e How to regulate humanoid use in sensitive applications (security, policing,

healthcare) is a growing debate.
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Humanoid robots are transitioning from experimental concepts to commercially viable
solutions — especially in healthcare, hospitality, defence, and domestic assistance. The next
decade will witness their integration into everyday human environments, powered by rapid
improvements in Al, robotics, sensors, and battery technology but the challenges must be
addressed collaboratively by technologists, policymakers, ethicists, and society before

humanoids can become a safe, accepted, and useful part of everyday life.

- NUTAN MALEKAR
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Error Level Analysis (ELA): A Forensic Technique
Abstract

Error Level Analysis (ELA) is a forensic technique used in digital image forensics to
detect areas withinan image that may have been digitally altered. It exploits the properties
of lossy compression—specifically JPEG compression—to identify inconsistencies that
can point to tampering. This article discusses the theoretical background, methodology,
tools, advantages, limitations, and practical applications of ELA in image forensics.

Introduction

With the proliferation of image editing tools and the widespread use of social media,
digital image manipulation has become common. Detecting such manipulations is critical
in areas like journalism, legal investigations, and cybersecurity. ELA provides a quick
and relatively simple method for identifying possible tampered regions in an image by
examining the compression artifacts introduced during JPEG compression.

Theoretical Background
JPEG Compression

JPEG is a lossy compression format widely used for digital images. When an image is
saved in JPEG format, it loses some information due to compression. Each save operation
introduces compression artifacts, and these artifacts are consistent in an unedited image
that has been uniformly compressed.

Principle of ELA

ELA works on the assumption that different parts of an image should degrade similarly
under re-compression. If a region of the image has been altered or spliced from another
source, it may not degrade at the same rate due to differences in original compression or
content.

ELA involves:

e Re-saving the image at a known compression level.

o Calculating the absolute difference between the original image and the re-compressed
image.

« Highlighting the differences visually to spot potential tampering.

ELA-CNN
A CNN-based ELA model combines traditional Error Level Analysis (ELA) preprocessing

with the power of Convolutional Neural Networks (CNNs) to automatically classify images
as authentic or manipulated.
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Figure 1: Architecture of ELA CNN model

Error Level Analysis (ELA) CNN, that integrates ELA with a convolutional neural network.

ELA highlights compression inconsistencies introduced during tampering, and CNN leverages
these features for detection. Error level analysis (ELA) points out the difference between the
compression ratios of authentic and manipulated image and hence highlights the latter. The
extracted information is then fed to a CNN model which classifies the image as original or

manipulated.

Conclusion

Error Level Analysis is a valuable first-step forensic tool for detecting potential image
manipulations. While it offers rapid insights and is easy to implement, it should be
complemented by other forensic methods for robust verification. With ongoing research in deep
learning and image forensics, techniques like ELA remain relevant as accessible tools in the

broader toolbox of digital forensic analysis.

- Sonali Gaikwad
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Knowledge Representation and Classifier Learning
1. Introduction

Knowledge Representation and Classifier Learning are two core concepts in Artificial
Intelligence and Machine Learning. They help in designing intelligent systems that can
understand, learn from, and make decisions based on data.

2. Knowledge Representation

Knowledge Representation (KR) refers to the way information and rules are structured and
stored so that a computer system can utilize them to solve complex tasks.

e Techniques of Knowledge Representation:

» Semantic Networks — Graph-based structure to represent relationships.

* Frames — Data structures for dividing knowledge into substructures.

* Production Rules — IF-THEN rules used in expert systems.

* Ontologies — Define structured vocabularies and relationships among concepts.

e Applications:

* Natural Language Processing
* Expert Systems

* Robotics

3. Classifier Learning

Classifier Learning is a part of machine learning where algorithms learn to assign labels to
data points based on their features.

e Types of Learning:

* Supervised Learning — Learning from labeled data.

* Unsupervised Learning — Discovering patterns in unlabeled data.
* Reinforcement Learning — Learning through trial-and-error interactions.
e Common Classifiers:

* Decision Trees

* Support Vector Machines (SVM)

* k-Nearest Neighbors (k-NN)

* Naive Bayes

e Evaluation Metrics:

* Accuracy

* Precision

* Recall

4. Symbolic vs Statistical Approaches

 Symbolic (Rule-Based): Uses explicit rules and logic for decision making.
» Statistical (Data-Driven): Learns from data using probability and statistics. Often, hybrid
systems combine both approaches.
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5. Applications in Real-world Systems

* Medical Diagnosis

* Fraud Detection

» Autonomous Vehicles

* Personalized Recommendations
* Customer Support Systems

6. Conclusion

Understanding both knowledge representation and classifier learning is essential for building
smart systems. These methods enable machines to reason, learn from data, and perform tasks
in a human-like manner.

- JANAVI OVALKAR (TE)

VIVA Institute of Technology, Virar (East) ISSN: 2581-8805




Department of Electronics & Telecommunication Engineering VIVA-CONVERGE-2025

Payloads of a Nano Satellite
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Introduction

The payload is the part of the satellite that allows it to fulfil the mission for which it was
designed, It's the reason for the CubeSat's existence.

If a company wants to take images of the Earth, the payload is the camera; if you want to
receive, process and send information, could be an SDR platform (Software Defined Radio);
and if you want to see how a certain technology behaves in space, it is the device or electronic
component to be tested.

Everything else (the external structure, batteries, solar panels, etc.) is the satellite platform,
which serves as a support for the payload, so that it can perform its task. This brings us to the
second part of the question: to what extent does it affect the mission? Obviously, its influence
is absolute, because it is what will allow the satellite to fulfil the objective for which it was
designed.

Types of Payloads in Nano Satellites:

Nano satellites can be equipped with various types of payloads, depending on their mission
objective. Major payload types include:

Earth Observation Payloads:

Let's think about the difference between observing constructions, measuring humidity levels,
seeing the amount of vegetation in a certain area, observing the salinity of the oceans or
detecting spills into the sea. Each of these missions requires a different type of camera.

But that's not the only factor that is evaluated when deciding on a payload for an Earth
observation mission. Other important elements are the type of images to be obtained and their
resolution.

Communication Payloads:
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Unidirectional systems. These are more e oriented towards gathering information, making use
of technologies such as ADS-B (Automatic Dependent Surveillance - Broadcast) or AIS
(Automatic Identification System), which make it possible to track aircraft and ships.

Navigation Payloads:

In these types of missions, the use of CubeSats is for now focused on applications that do not
require high precision or as a complement to the large navigation constellations. The most
common is that the payloads used in this type of mission are based on SDR platforms (Software
Defined Radio) or radiocommunications systems.

Scientific and Technological Payloads:

In the field of scientific research, we could be referring to a research group that wants to carry
out a biological experiment to verify how a specific type of bacteria reproduces in space. In the
technology field, CubeSats make it possible to carry. out tests in authentic conditions in order
to verify how specific types of devices or products in the development phase function in orbit.
Can Several Payloads Be Used in One Satellite?

Yes, advanced nano satellites can integrate multiple payloads. For example, a single satellite
can perform Earth imaging and act as a communication node. However, this requires smart
resource allocation, modular design, and scheduling systems to avoid conflicts and overload.
Designers must balance trade-offs in weight, space, and energy for efficient multi-payload
deployment.

Multi-payload satellites maximize the utility of limited space and power, allowing missions to
achieve multiple objectives simultaneously.

Design Considerations for Payloads

In general, the following basic checks can be performed to ascertain whether the payload is
feasible or not:

- Mass: Student satellites typically fall in the nano-satellite class. This means that the weight
should be less than 10 kgs. Hence, a heavy payload instrument cannot be used.

- Power: Available power is usually under 10 watts, so payloads must be energy-efficient.

- Size: Payloads size needs to be less than 1 feet.

- Communication Frequencies: Most of the student satellite operate in the UHF or VHF bands.
- Orbit: Match instrument needs with intended orbit (Low Earth Orbit mostly).

Nano Satellite Structures

The satellite structure is like the skeleton—it provides physical support, protection, and
mounting for all internal components including payload, power systems, and control
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electronics. Structure must be designed to survive launch vibration, space thermal conditions,
and deployment stress.

The structure should be designed to be both lightweight and durable, ensuring that all internal
components remain intact and functional throughout the satellite's mission.

Functions of the Satellite Structure:

- Satellite structures give spacecraft their shape, secure all sub-systems and other components,
and provide vital protection from mechanical stresses during launch, radiation while in-orbit
and vibration at all stages

- Structures and structural products for satellites of any size are often sub-divided into primary
and secondary components for simpler classification.

- Secondary structures are components such as struts and brackets that can be used in different
configurations as needed, typically for more complex space craft setups.

Selecting the Best Structure for Your Satellite:

-Selection depends on the mission type, available budget, and environmental tolerance
required. Factors include material choice (Aluminum 6061-T6 is common), modularity for easy
integration, and compliance with CubeSat design standards. Good design ensures that the
satellite stays within weight limits while maximizing payload space

- Advanced materials like carbon fiber composites may also be used for high-performance,
lightweight structures.

Conclusion

The success of a nano satellite mission hinges on the synergy between payload and structure.
The payload defines the mission's purpose, while the structure ensures that all components
function safely and efficiently. As technology advances and space access becomes more
democratized, nano satellites are poised to play a crucial role in Earth observation,
communication, scientific research, and beyond.

- Kajal Kushwaha(B.E.)
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Serializability in Database Management Systems

Introduction

In today’s data-driven applications, databases must support concurrent transactions while
maintaining data consistency and integrity. This is where serializability plays a crucial role. It
is a key concept in concurrency control within Database Management Systems (DBMS) that
ensures the correctness of transaction execution in multi-user environments.

What is Serializability?

Serializability refers to the ability of a schedule (i.e., a sequence of operations from a set of
concurrent transactions) to produce the same final state of the database as if the transactions
were executed sequentially. It ensures that interleaved transactions do not result in data
anomalies or inconsistencies.

Objectives of Serializability:

- Maintain data integrity

- Prevent anomalies in concurrent executions

- Enable concurrent processing without conflicts

Types of Serializability
There are two primary types of serializability used in DBMS:

1. Conflict Serializability

Conlflict serializability is based on identifying and managing conflicting operations between
transactions. A conflict occurs when two operations:

- Belong to different transactions

- Access the same data item

- At least one operation is a write

A schedule is conflict-serializable if it can be transformed into a serial schedule by swapping
non-conflicting operations without changing the outcome.

2. View Serializability

View serializability focuses on the read and write behavior of transactions. A schedule is
view-serializable if it yields the same results as a serial schedule, considering:

- Reads of initial data

- Reads from other transactions' writes

- Final writes to data items

View serializability is more flexible and less restrictive compared to conflict serializability,
but also more complex to verify.

Precedence Graph - A precedence graph (also known as a serialization graph) is a graphical
tool to determine conflict serializability.

Structure:

- Nodes: Represent individual transactions

- Edges: Directed edges from transaction Ti to Tj imply Ti has a conflicting operation that
must precede Tj.
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Interpretation:

- If the graph is acyclic, the schedule is conflict-serializable.

- If the graph contains cycles, the schedule is not conflict-serializable, indicating serialization
issues.

Serializable vs Non-Serializable Schedules

Serializable Schedule:

- Maintains data integrity

- Prevents common concurrency anomalies like:
- Dirty Reads: Reading uncommitted data
- Non-repeatable Reads: Different results on re-reading the same data
- Phantom Reads: New data appearing in re-executed queries

- Ensures database consistency despite concurrent transaction execution

Non-Serializable Schedule:

- Risk of data anomalies

- Possible inconsistent results

- Leads to unreliable system behaviour and integrity loss

Testing for Serializability

Techniques:

1. Precedence Graph Analysis:
- Construct a graph of transaction dependencies
- Check for cycles to identify conflicts

2. Conflict/View Equivalence:
- Analyze the operation order
- Determine if it matches any serial schedule

3. Isolation Levels and Locking:
- Use database-supported isolation levels (e.g., Serializable, Repeatable Read)
- Implement locking mechanisms to prevent conflicts during transaction execution

Importance of Serializability

Serializability is foundational to the ACID properties of databases:
- Atomicity

- Consistency

- Isolation

- Durability

Applications:

- Banking: Ensuring accurate balance updates during concurrent transactions
- E-commerce: Managing orders and inventory simultaneously

- Airline Reservations: Avoiding double-booking scenarios

- Stock Trading: Ensuring real-time updates without conflicts

- Khush Patel ( T.E)
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Revolutionizing connectivity: Exploring FTT and FSO
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[Figure 2: Free Space Optics] [Figure 1: Fiber to the Home]

The rapid advancement of broadband technologies has led to groundbreaking innovations in
connectivity, with Fiber to the Home (FTTH) and Free Space Optics (FSO) playing crucial
roles. These technologies are transforming the digital landscape by enhancing internet speed,
reliability, and accessibility. FTTH leverages fiber-optic cables for high-speed data
transmission, while FSO provides a wireless solution using light beams. Their combined
potential is shaping the future of seamless and efficient communication networks. FTTH is a
cutting-edge broadband solution that delivers internet directly to users through fiber- optic
cables. It surpasses traditional copper-based networks in speed, reliability, and scalability.
FTTH provides gigabit-level internet access for seamless streaming, gaming, and data transfers.
Its infrastructure is scalable to meet increasing bandwidth demands, ensuring long-term
efficiency. Additionally, it offers consistent connectivity with minimal interference or
downtime.

FSO is a high-speed wireless data transmission technology that utilizes light beams to
transfer information.. This makes it an excellent alternative where fiber deployment is
challenging or costly. FSO eliminates the need for physical infrastructure, reducing costs and
installation time. It is highly flexible and adaptable, making it ideal for remote areas, temporary
networks, and emergency connectivity solutions. Moreover, it has a high bandwidth potential
and is capable of transmitting large volumes of data efficiently. While both FTTH and FSO
improve broadband connectivity, they serve different purposes. FTTH offers superior speed
and stability, whereas FSO provides rapid deployment and flexibility. FTTH powers smart
homes, supports remote work, and enables city- wide gigabit networks. On the other hand, FSO
bridges connectivity gaps in challenging terrains and serves as a backup for fiber networks. A
hybrid approach, combining FTTH and FSO, ensures comprehensive coverage and improves
global broadband access.

The integration of FTTH and FSO is paving the way for more inclusive and efficient
broadband solutions. With continuous advancements in optical technology, governments
and enterprises are investing in their deployment to enhance speed, reliability, and
accessibility. By leveraging FTTH for core infrastructure and FSO for last-mile
connectivity, the future of communication networks will be more adaptive and resilient. As
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digital demands grow, these technologies will remain vital in ensuring a connected world,
driving progress in smart cities, enterprise networks, and global communications.

The rapid advancement of broadband technologies has led to groundbreaking innovations in
connectivity, with Fiber to the Home (FTTH) and Free Space Optics (FSO) playing crucial
roles. These technologies are transforming the digital landscape by enhancing internet speed,
reliability, and accessibility. FTTH leverages fiber-optic cables for high-speed data
transmission, while FSO provides a wireless solution using light beams. Their combined
potential is shaping the future of seamless and efficient communication networks.

FTTH is a cutting-edge broadband solution that delivers internet directly to users through
fiber- optic cables. It surpasses traditional copper-based networks in speed, reliability, and
scalability. FTTH provides gigabit-level internet access for seamless streaming, gaming, and
data transfers. Its infrastructure is scalable to meet increasing bandwidth demands, ensuring
long-term efficiency. Additionally, it offers consistent connectivity with minimal interference
or downtime. The increasing adoption of FTTH in urban and rural areas highlights its
importance in bridging the digital divide, enabling smart cities, and supporting the rise of
remote work and telemedicine.

FSO is a high-speed wireless data transmission technology that utilizes light beams to transfer
information. This makes it an excellent alternative where fiber deployment is challenging or
costly. FSO eliminates the need for physical infrastructure, reducing costs and installation
time. It is highly flexible and adaptable, making it ideal for remote areas, temporary networks,
and emergency connectivity solutions. Moreover, it has a high bandwidth potential and is
capable of transmitting large volumes of data efficiently. However, FSO technology is
weather-dependent, as fog, heavy rain, and atmospheric turbulence can affect transmission
quality. To counter these challenges, advancements in adaptive optics and hybrid FTTH- FSO
solutions are being explored to enhance reliability.

While both FTTH and FSO improve broadband connectivity, they serve different purposes.
FTTH: offers superior speed and stability, whereas FSO provides rapid deployment and
flexibility. FTTH powers smart homes, supports remote work, and enables city-wide
gigabit networks. On the other hand, FSO bridges connectivity gaps in challenging terrains
and serves as a backup for fiber networks. A hybrid approach, combining FTTH and FSO,
ensures comprehensive coverage and improves global broadband access. The integration of
FTTH and FSO can address the connectivity needs of disaster-prone regions, military
applications, and industrial automation. Several governments and private enterprises are
investing in these technologies to strengthen digital infrastructure and facilitate high-speed
communication networks.

The future of connectivity lies in the seamless integration of FTTH and FSO technologies.
With continuous advancements in optical technology, these solutions will play a key role in
meeting the growing demand for high-speed internet. Smart cities, autonomous vehicles, 5G
expansion, and space communication are expected to benefit from FTTH-FSO integration.
Governments and enterprises worldwide are focusing on deploying these technologies to
enhance speed, reliability, and accessibility. By leveraging FTTH for core infrastructure and
FSO for last-mile connectivity, the future of communication networks will be more adaptive
and resilient. As digital demands grow, these technologies will remain vital in ensuring a
connected world, driving progress in smart cities, enterprise networks, and global
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communications. The coming years will witness further innovations in fiber and optical
wireless communication, leading to enhanced global broadband coverage and digital
transformation.

-Niraj Dhadve (B.E)
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Understanding Wireless Networks and Security Risks

WLAN - TechTerms.com

[Figure 1: WiFi Network Concept] [Figure 2: WiFi Hacking Illustration]
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Wireless networks, commonly known as WiFi, have become integral to modern life, enabling
seamless communication and internet access. WiFi, short for Wireless Fidelity, is based on IEEE
802.11 standards and utilizes radio waves to transmit data between devices, routers, and
modems. A typical WiFi setup consists of a router functioning as an access point and a modem
that connects to the broader internet. Devices like laptops, smartphones, and smart home
appliances connect wirelessly to this router. WiFi networks generally operate on two frequency
bands—2.4 GHz and 5 GHz. The 2.4 GHz band offers broader coverage but is more prone to
interference, while the 5 GHz band provides faster speeds over a shorter range.

The applications of WiFi span-across numerous domains. In homes, it supports online
streaming, gaming, and the operation of smart devices. In public spaces like cafes, libraries,
and airports, WiFi hotspots enable travelers and remote workers to stay connected. Enterprises
use WiFi to streamline operations and boost employee productivity. Furthermore, the advent
of the Internet of Things (IoT) and industrial automation has expanded WiFi's role in
supporting interconnected environments, making it a cornerstone of the digital era.

However, the convenience of wireless connectivity comes with security challenges. WiFi
networks are vulnerable to unauthorized access and cyber threats if not properly secured.
Implementing WPA3 encryption—the most advanced and secure protocol—helps protect data.
Strong passwords and the use of a network firewall are essential defenses against brute-force
attacks and malware. Security awareness is also crucial for maintaining a safe network
environment.

WiFi hacking is a serious threat that involves exploiting vulnerabilities to gain unauthorized
access to wireless networks. Hackers may attempt to steal personal data, hijack identities, or
disrupt services. Common techniques include packet sniffing (intercepting network traffic),
man-in-the- middle attacks (intercepting communications between users), and brute-force
attacks (guessing passwords). Understanding these tactics is essential for developing
countermeasures.
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Several tools are employed by attackers in WiFi hacking. Aircrack-ng is a toolset for network
auditing and penetration testing. Wireshark enables real-time packet analysis, helping
attackers (and defenders) examine network activity. Reaver targets WPS (WiFi Protected
Setup) vulnerabilities, often allowing access to secured networks. Familiarity with these tools
allows network administrators to fortify their systems against potential breaches.

To mitigate risks, users should adopt a range of security strategies. Regularly updating router
firmware ensures that known vulnerabilities are patched. MAC address filtering limits
network access to approved devices. Using a Virtual Private Network (VPN) encrypts internet
traffic and conceals IP addresses, enhancing privacy. Lastly, educating users about phishing
and other social engineering attacks is a key component of overall cybersecurity.

In conclusion, while WiFi offers unmatched convenience and utility, it also introduces
significant security risks. A sound understanding of wireless networking, potential hacking
techniques, and effective security measures is crucial. By employing best practices—such as
robust encryption, frequent updates, and user education— individuals and organizations can
enjoy a secure and reliable wireless experience.

- Sakshi More (B.E.)
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Understanding the Confusion Matrix: A Key Tool for Measuring Model
Accuracy

Introduction

In the world of machine learning and data science, evaluating the performance of a
classification model is crucial. One of the most effective and widely used tools for this purpose
is the confusion matrix. This matrix allows us to understand not only how accurate a model is
but also where it is making mistakes. It provides a clear visual summary of prediction results
and is fundamental in assessing the effectiveness of classification algorithms.

What is a Confusion Matrix?

A confusion matrix is a table used to evaluate the performance of a classification model. It
compares the actual outcomes with the predicted outcomes and helps in identifying the types
of errors made by the model.

It is particularly useful for binary classification tasks, although it can be extended to multiclass
problems as well.

In a binary classification scenario, the matrix is structured as a 2x2 table with the following
components:

- True Positive (TP): The model correctly predicts a positive outcome.
- False Positive (FP): The model incorrectly predicts a positive outcome (Type | error).
- True Negative (TN): The model correctly predicts a negative outcome.

- False Negative (FN): The model incorrectly predicts a negative outcome (Type Il error).
Structure and Interpretation

Here's how the confusion matrix is typically laid out:
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Each cell represents a count of predictions falling into that category.
Example in Practice

Imagine a hospital uses a machine learning model to detect Covid-19. The confusion matrix
might look something like this:

TP =100, FP =10, TN =50,FN =5
Using this matrix, several performance metrics can be calculated:
- Accuracy = (TP + TN) / Total = (100 + 50) / 165 = 0.91

- Precision=TP /(TP + FP) = 100/ 110 = 0.09
- Recall = TP/ (TP + FN) = 100/ 105 = 0.64

- Error Rate = 1 - Accuracy =1 -0.91 = 0.09

These metrics provide a more complete picture of model performance than accuracy alone.
For example, in healthcare, a high recall is more important, as missing actual positive cases
(false negatives) can be dangerous.

Conclusion

The confusion matrix is a fundamental tool for evaluating classification models. It not only
shows the correct and incorrect predictions but also supports the calculation of key metrics like
accuracy, precision, recall, and error rate. These insights help data scientists and engineers fine-
tune their models and make informed decisions based on the specific requirements of a
problem.

-Sushant Patil(TE)
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Anomalies in DBMS: Understanding and Preventing Data Issues

In the world of database systems, accuracy and consistency are crucial. However, without
proper design and organization, databases can encounter problems known as anomalies. These
are inconsistencies or errors in the data that arise mainly due to poor database structure or lack
of normalization. Anomalies affect data integrity, lead to redundancy, and can even result in
data loss. Understanding the types and causes of anomalies is essential to creating efficient and
reliable databases.

What Are Anomalies?

An anomaly in a Database Management System (DBMS) refers to an inconsistency or error
that disrupts the normal functioning of the database. These are usually caused by redundant
data, improper table structure, or lack of normalization—a process that organizes data to
reduce redundancy and improve integrity.

Causes of Anomalies:

- Redundant data: Repeating data across records increases the risk of inconsistencies.

- Data stored in multiple places: Updates become difficult when the same data appears in
several locations.

- Improper structure: Unstructured or unnormalized tables can cause major anomalies.

- Lack of normalization: Without-applying database normalization rules (like 1INF, 2NF, and
3NF), anomalies are likely to occur.

Types of Anomalies:

1. Insertion Anomaly -This occurs when certain data cannot be added to a database unless
additional data is also provided. For example, a new course cannot be inserted unless at least
one student is enrolled in it. This results from a design where unrelated data is stored
together.

2. Update Anomaly - When the same data is stored in multiple places, it must be updated in
all locations to maintain accuracy. Failing to do so causes discrepancies. For instance, if a
student's address is stored in several records and one is updated but the others aren't, it leads
to conflicting information.

3. Deletion Anomaly - Sometimes deleting a record can unintentionally remove valuable
related data. An example is removing a student's record and also losing the information about
a course because the course data was dependent on that student's record. This causes loss of
critical information.

Impact and Prevention:

Anomalies can have serious consequences, including:
- Data inconsistency

- Loss of important information

- Increased maintenance effort

- Unreliable data analysis

To prevent these issues, databases must be properly normalized. Normalization is a step by-
step process that reduces redundancy and separates data into logically related tables.
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Applying First Normal Form (1NF), Second Normal Form (2NF), and Third Normal Form
(3NF) ensures that data is structured efficiently.

Other preventive measures include:

- Eliminating duplicate or redundant data

- Using well-defined relationships between tables

- Designing the database to match real-world scenarios and data flow

Conclusion:

Database anomalies, though common, are avoidable with thoughtful design and normalization.
Whether it's preventing unnecessary data duplication or ensuring that updates and deletions
don’t compromise the system, a structured approach to database management ensures accuracy,
efficiency, and long-term scalability. As organizations increasingly rely on data-driven
decisions, maintaining a clean and anomaly-free database is more important than ever.

- Tanushree Sawant (T.E.)
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