Volume 12 issue 2 CHITm

WALL FOR A

Department of Computer Applications
CUIET, Chitkara University, Punjab




CONTENTS

STUDENT LOUNGE
6g Technology — Future of Connectivity 1-4
Shail Singh, Sujal Chhabra
Artificial Intelligence in Healthcare 5-6
Sonali
Cloud Computing: Benefits, Challenges, and Future Trends..... 7-9
Tanveer Kaur
Neuromorphic Computing Software Architectures: The Dawn of Brain-Inspired It 10 - 15
Divya Khanna
The Impact of Technology on Modern Life 16-18
Himanshi Maan
Machine Learning in Healthcare — Predicting Diseases Before They Happen 19-20
Mehak Sharma
Quantum Computing: The Future of Problem Solving 21-22
Bhavya
Explainable Artificial Intelligence (XAI) 23-24
Simran

FACULTY LOUNGE
Attitude as a Key Determinant of Success: Personal and Professional Perspectives 25-28

Parshav Jain and Puninder Kaur

The Pressure to ‘Have Life Figured Out’ in Your 20’s 29 - 31
Aditya Wadhawan and Deepika Chaudhary



Contact Information

Dr. JAITEG SINGH

Professor& Pro-ViceChancellor
Department of Computer Applications
Jaiteg.singh@chitkara.edu.in

Dr. VARUN MALIK

Associate Professor Department of
Computer Applications
varun.malik@chitkara.edu.in

Dr. RUCHI MITTAL

Professor Department of Computer
Applications
ruchi.mittal@chitkara.edu.in

Dr. AMANDEEP BHULLAR

Professor Department of Computer
Applications
Amandeep.bhullar@chitkara.edu.in

n S



Dear Readers

The nostalgic feeling that one experiences while sifting through the dusty old pages of the college
magazine cannot be expressed in words. However, very few of us have retained those copies, and
most of those precious articles that we wrote during those golden days with enthusiasm are lost
forever. With the advent of e-books and other online media, the days of paper-bound college
magazines are gone, and the digital platform has paved way to allow retention of such
publications without much effort. Wall-for-All, the e-Magazine published by the Department of
Computer Applications, is one such effort that was started with an intent to provide a chance to
all students and faculty members to share their thoughts and knowledge, and hone their skills in
creative writing. [ am happy to see the enthusiasm of eminent members of the department to
contribute to Wall-for-All. This shows the positive and creative energy of the contributors.
However, it would be really wonderful if we can see the articles contributed by more students in
the next editions, for this e-Magazine is intended to be a writing pad for each member of the
department. I proudly present the current edition of Wall-for-All.

Dr. Jaiteg Singh

Professor & Pro-Vice Chancellor
Department of Computer Applications
Jjaiteg.singh@chitkara.edu.in






6G TECHNOLOGY — FUTURE OF CONNECTIVITY

Shail Singh and Sujal Chhabra
BCA-3E

Department of Computer Applications
Chitkara University, Punjab, India

1. Introduction The world is moving rapidly toward a hyper-connected era where humans, machines, and
intelligent devices communicate seamlessly. While 5G continues to expand globally, industries and research
bodies have already shifted their focus toward 6G—the sixth generation of wireless communication technology.
6G is not merely an upgrade of 5G; it is a complete transformation of how communication networks operate. It
is expected to merge the physical, digital, and biological worlds using real-time data transmission, artificial
intelligence, and immersive technologies such as holography and extended reality (XR). Chitkara University,
known for excellence in technology and innovation, aims to prepare students for this revolutionary shift. This
detailed article explores the architecture, features, applications, and research challenges associated with next-
generation 6G networks.

Fig 1.1: 6G Technology Overview

6G is envisioned as a fully integrated, intelligent, and autonomous communication ecosystem. Unlike
previous generations that primarily centered on faster data rates, 6G emphasizes human-centric and machine-
centric communication, enabling real-time interaction between humans, devices, environments, and digital
systems. With expected speeds up to 1 terabit per second (Tbps) and sub-millisecond latency, 6G will support
advanced applications like holographic telepresence, real-time extended reality (XR), the Internet of
Everything (IoE), autonomous robotics, digital twins, smart cities, and Al-driven networks.

One of the defining characteristics of 6G is the integration of artificial intelligence (Al) at the core of

network design. Instead of being just an application layer, Al will be deeply embedded into routing, resource
allocation, security, and optimization processes, enabling networks that can self-heal, self-learn, and self-
adapt.The use of terahertz (THz) frequency bands, quantum communication, and edge intelligence will further
enhance bandwidth efficiency and increase communication reliability.

In addition, 6G aims to support ultra-massive machine-type communication (umMTC), enabling billions

of interconnected sensors and devices to communicate seamlessly. The vision of 6G goes beyond faster
mobile internet; it seeks to create a connected, intelligent, and immersive digital world where physical and
virtual environments merge.

As global universities, industries, and governments invest in 6G research, the year 2026 marks a crucial

early phase where foundational technologies, prototypes, and experimental deployments begin to surface.
These developments will shape the future communication backbone for industries like healthcare, education,
transportation, defense, and entertainment.

The road toward 6G standardization and the first 6G specifications began officially at the 3GPP (3rd
Generation Partnership Project) TSG RAN (Technical Specification Group Radio Access Network) meeting
#108, which was held in Prague from June 9th to 13th, 2025.

Study Items for 6G have been reviewed over the summer, including e.g. the approved Study Item “RP- 251881:
Study on 6G Radio”. It explains the reasons and objectives behind developing a 6G Radio Access
Technology.


https://www.3gpp.org/3gpp-groups/radio-access-networks-ran
https://www.3gpp.org/
https://www.3gpp.org/3gpp-groups/radio-access-networks-ran

The motivation for developing 6G stems from the technological advancements that will be made in the coming
decade. Through observing the maturation of 5G systems, it has been possible to determine that the
development of existing technologies is not sufficient to meet all future use cases

2. 6G Core Architecture
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Fig 1.2: Architecture of 6G

6G architecture represents a major transformation from traditional network structures. Instead of only focusing
on speed, the 6G architecture is built to support intelligent, autonomous, and fully connected digital
ecosystems. It integrates communication, computing, sensing, and security into one unified system.

2.1 Physical Layer

Future wireless communication systems leverage Terahertz (THz) and sub-THz frequency bands to provide
extremely wide bandwidth and ultra-fast transmission capabilities. By operating in these higher-frequency
ranges, the network can support data rates of up to 1 Tbps, enabling advanced applications such as real-time
holographic communication, immersive XR, and large-scale machine-type connectivity. These systems also
incorporate Intelligent Reflective Surfaces (IRS), which dynamically manipulate electromagnetic waves to
enhance signal strength, extend coverage, and create programmable wireless environments with improved
energy efficiency. Additionally, the integration of environment-aware sensors within network nodes allows the
system to continuously sense, analyze, and adapt to surrounding conditions, resulting in more reliable
connectivity, better mobility management, and intelligent optimization of network resources.

2.2 Data-Link Layer

Future wireless networks incorporate Al-assisted channel access, enabling intelligent and dynamic allocation of
radio resources based on real-time traffic conditions, user behavior, and environmental factors. This Al-driven
approach improves spectrum efficiency, reduces congestion, and ensures smoother communication, especially in

dense or rapidly changing network scenarios. Additionally, these systems are designed to achieve ultra-low
latency, often below 0.1 milliseconds, which is essential for mission-critical applications such as autonomous
vehicles, remote surgery, and industrial automation where immediate responsiveness is required. To maintain
high reliability and security, the networks employ enhanced error control mechanisms along with edge-based
encryption, allowing faster detection and correction of transmission errors while ensuring that sensitive data is
securely processed closer to the user. This combination of Al-driven optimization, extreme responsiveness, and
robust security makes next-generation wireless communication highly efficient, resilient, and trustworthy.

2.3 Network Layer

Next-generation communication architectures employ Al-driven routing and switching, enabling the network to
make intelligent, real-time decisions about the most efficient paths for data transmission based on traffic
patterns, device mobility, and network conditions. Building on this intelligence, the networks exhibit self-healing
and self- optimizing capabilities, automatically detecting faults, rerouting traffic, adjusting resource allocation,
and improving overall performance without human intervention. These advanced systems also support seamless
handover across terrestrial, aerial, and satellite networks, ensuring continuous connectivity for users and devices
moving between ground-based infrastructure, UAVs, high-altitude platforms, and space-based systems.
Underpinning these capabilities are Software-Defined Networking (SDN) and Network Function Virtualization
(NFV), which provide flexible, programmable, and scalable network management by decoupling control
functions from hardware and virtualizing traditional network services. Together, these technologies create a
highly adaptive, resilient, and unified communication ecosystem.



2.4 Transport Layer

Future communication systems employ quantum-safe encryption to protect data against emerging threats from
quantum computing, ensuring long-term security and safeguarding sensitive information across all network
layers. These networks are engineered for high reliability and ultra-low jitter, delivering consistently stable
transmission with minimal variation in delay—an essential requirement for time-critical operations and
precision-dependent applications. With these capabilities, the system can seamlessly support real-time extended
reality (XR), advanced robotics, and holographic communication, enabling highly interactive, immersive, and
latency-sensitive experiences. This combination of quantum-resilient security, deterministic performance, and
support for next- generation applications establishes a robust foundation for the future of intelligent, responsive,
and secure digital ecosystems.

2.5 Application Layer
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Fig 1.3: Comparison of 5G with 6G

6G (Sixth Generation Mobile Network) is the next major evolution of wireless communication expected
around 2030. It focuses not only on speed but also on Al-driven, intelligent, immersive, and fully
connected communication.

3.Key Features of 6G

Next-generation wireless networks operate in the Terahertz (THz) spectrum ranging from 100 GHz to 10
THz, providing extremely wide bandwidth and enabling unprecedented data transmission capabilities.
Utilizing this high-frequency range, these systems can achieve speeds of up to 1 terabit per second (Tbps),
supporting data- heavy and immersive applications with ease. They are engineered for ultra-low latency as
low as 0.1 milliseconds, ensuring near-instantaneous communication essential for mission-critical and
interactive technologies. The network is Al-native, meaning it continuously learns, adapts, and repairs itself
through self-learning and self-healing mechanisms. It also features integrated sensing and communication,
allowing devices and infrastructure to sense their surroundings while transmitting data, enhancing accuracy
and context-awareness. With such capabilities, the system can fully support holographic communication,
delivering lifelike real-time 3D projections, and provides quantum-secure communication to withstand future
quantum-based cyber threats. Additionally, these advanced networks are built to handle massive IoT
ecosystems comprising billions of interconnected devices, enabling seamless connectivity across smart cities,
industries, and autonomous systems.

4. Applications of 6G

Holographic meetings

Digital twins of cities

Autonomous transportation systems
Smart healthcare (remote robotic surgery)
Space—air—ground integrated networks
Brain—machine interfaces

Internet of Senses (IoS)

5.Advanced Features of 6G

Future communication architectures will leverage Terahertz (THz) communication, enabling ultra-high data rates
and extremely low latency to support the most demanding digital applications. These capabilities make real-time
holographic telepresence possible, allowing lifelike 3D interaction across vast distances with seamless motion and
minimal delay. Advancements in neural interfaces will further enable Brain—Computer Interaction, allowing users
to control devices, communicate, or collaborate through direct neural signals.



The entire network will be orchestrated by Al-managed autonomous systems, which continuously optimize
performance, allocate resources, and self-heal without manual intervention. Connectivity will become truly global
through satellite-based internet infrastructures, integrating terrestrial, aerial, and space networks into a unified
communication fabric. Supporting all this is an ecosystem of intelligent IoT devices, capable of sensing, learning,
and collaborating in real time to power smart homes, cities, industries, and autonomous environments.

6.Challenges of 6G Implementation

1. High energy consumption of THz devices

2. Need for advanced semiconductor technology

3. Security vulnerabilities due to Al-driven networks
4. Cost of infrastructure deployment

5. Privacy issues with hyper-connected environments

7.Conclusion

6G is expected to redefine global communication by enabling intelligent, immersive, and automated systems.
With its advanced features, 6G will support innovation in healthcare, smart cities, autonomous systems, and
digital learning. Chitkara University will continue fostering an environment for students and researchers to
explore and contribute to these technological advancements.
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Artificial Intelligence in Healthcare
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Artificial intelligence, or Al, in healthcare means using machine learning and other tech tools to work with
medical data, help with diagnosing diseases planning treatments, and managing hospital operations. The goal
is to make medical care better, faster, and more accurate.

1. What AI Does in Healthcare

Al can look at a lot of medical information, like X-rays, patient files, and lab tests, to figure out what might
happen to a patient, help doctors diagnose illnesses, suggest the best treatments, and track how diseases
progress. It helps make healthcare more predictable and personalized by finding patterns and risks that doctors
might miss.
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Fig 2.1: Future of Artificial Intelligence

2. Major Applications of Artificial Intelligence
Diagnostics and Imaging
Al scans medical images such as X-rays and MRIs to find early signs of diseases like cancer, heart problems, and
eye conditions.These systems often match or even beat human experts, helping doctors make quicker and better
decisions.Electronic Health Records (EHRs)Generative Al can read and summarize patient histories, helping
doctors work more efficiently and improve care quality.
Clinical Administration
Al helps with tasks like billing, scheduling, processing insurance claims, and sending patient reminders. This
frees up staff time so they can focus more on patient care.
Drug Development and Research
Al helps researchers find new drugs by analyzing large amounts of data.It can predict how drugs will work and
help design better clinical trials.
Predictive Analytics
Al uses patient medical histories to predict who might be at risk of certain health problems and suggests ways to
prevent them
2.1 Benefits

e More accurate diagnoses and better treatment plans. More efficient hospital operations and lower costs

Better tracking of diseases, predicting outbreaks, and managing community health
o Customized medical treatments based on each patient's unique traits



2.2 Challenges and Risks
e There are big concerns about keeping patient data private and secure, as well as following rules and
regulations.
o Al systems can have biases or make mistakes, which might affect the quality of care or make healthcare less
fair.
o There are also questions about whether Al can truly understand patients the way humans do or if it might
affect trust in medical care.
2.3 Future Outlook
Al has the potential to change healthcare by making treatments more precise, focusing more on preventing
illness, and using resources better. It can help combine technology with human expertise to improve patient
outcomes and make healthcare more sustainable. However, there are still ethical, legal, and practical challenges
that need to be addressed to use Al safely and effectively.

2.4 Current High-Impact AI Use Cases in Healthcare
Early Disease Detection and Diagnostics

Al models examine medical images, patient vital signs, and health records to detect diseases like Alzheimer’s,
cancer, epilepsy, and kidney disease before symptoms appear. These models can spot patterns that human experts
might miss, leading to earlier and more effective treatment.

Personalized Medicine and Treatment Plans

Al uses genetic information, lifestyle factors, and detailed medical data to create treatment plans tailored to each
patient. This makes treatment more effective, reduces side effects, lowers costs, and is especially helpful for
conditions like cancer.

Drug Discovery and Development

Machine learning speeds up the drug discovery process by predicting how molecules interact and finding
potential drug candidates faster than traditional methods. Tools like AlphaFold help scientists understand protein
structures, accelerating drug development.

Workflow and Administrative Automation

Al handles tasks like insurance claims, appointment scheduling, prescription checks, and data entry, allowing
healthcare professionals to focus more on patients and cutting down on paperwork and costs.

Clinical Decision Support

Al helps doctors by offering evidence-based advice when making diagnoses or treatment decisions. This helps
keep care consistent, reduces mistakes, and improves decision-making.
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Cloud computing has changed the world of digitization in ways unimaginable a decade ago. Nowadays, nearly
all industries, from healthcare and finance to education and entertainment, use cloud-based services for efficient
data storage, running applications, and delivering services. Cloud computing is a model for delivering computing
resources, such as servers, storage, databases, software, and networking over the internet, rather than maintaining
physical hardware. As a result, this model allows individuals and organizations to access resources on demand,
pay only for what they use, and avoid the heavy costs associated with infrastructure management. With
advancements in technology, cloud computing is fast becoming an inherent part of modern IT ecosystems. This
article explains the benefits, challenges, and future trends that have turned cloud computing into one of the most
influential technologies in the 21st century.

1. Benefits of cloud computing:

1.1 Cost efficiencies main advantage with cloud computing is cost reduction. No expensive hardware, physical
data center, maintenance personnel, and electricity costs are required. This is a pay-per-use model in the cloud,
where the customer pays for what they use. It makes the computing highly affordable to startups, small
businesses, and even very large enterprises because they get to reduce their operational costs.

1.2 Scalability and Flexibility - Cloud platforms let businesses scale their resources up or down depending on
demand. As an example, an e-commerce company may have heavy traffic during festive seasons. Rather than
buying additional servers permanently, they temporarily scale up their cloud resources. Resources can be scaled
down instantly once demand decreases. This flexibility ensures efficient resource usage and prevents
unnecessary spending.

1.3 Accessibility and Collaboration - Cloud services are accessible from anywhere in the world with an
internet connection. This has made working from home and collaborations across the globe much easier than
ever. Employees can access files, run applications, and share documents in real time. Platforms such as Google
Drive, OneDrive, and Dropbox have revolutionized the way teams operate; work is more efficient and
coordinated.

1.4 Automatic Updates - All software updates, security patches, and maintenance are performed automatically
by the providers of cloud services. Users need not worry about having outdated systems or going through
complex upgrades. This ensures applications and services remain secure, optimized, and up-to-date without any
extra effort on the user's side.

1.5 Improved security - there are security apprehensions, several cloud service providers offer multi-factor
authentication, data encryption, identity management, and regular monitoring to protect sensitive information. In
fact, some cloud vendors, especially market leaders like AWS, Microsoft Azure, and Google Cloud, make heavy
investments in cybersecurity to protect their customers' data.

1.6 Disaster Recovery and Data Backup Cloud computing will provide reliable backup solutions and disaster
recovery systems. In case of accidents, data loss, cyber-attacks, or natural disasters, the organization can restore
its data in minimum time from cloud backups, hence reducing downtime and saving businesses from huge
financial losses

2. Real-World Risk: The Cloudflare Outage (Nov 18, 2025)

To illustrate the dangers associated with reliance on cloud-based infrastructure, a significant outage transpired at
Cloudflare on November 18, 2025, disrupting numerous widely utilized platforms — including ChatGPT,
Perplexity, and others.

2.1 What transpired???

Cloudflare, a prominent internet infrastructure provider responsible for CDN, DNS, and security services,
experienced a global outage. Some users encountered error messages such as “500 Internal Server Error,” while
many platforms displayed a message requesting users to “please unblock challenges.cloudflare.com to proceed.”
As reported by Cloudflare, the underlying cause was a latent bug within their bot-management system. A
configuration file unexpectedly expanded in size due to a change in database permissions, leading to a failure in
their routing software. The outage persisted for several hours until Cloudflare implemented a fix, after which
services gradually resumed. Cloudflare confirmed that there was no indication of a cyberattack.



Cloud Computing
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Figure-3.1 Cloud computing architecture

3. Why this is significant for cloud computing?

3.1 Centralized risk numerous websites and cloud-dependent applications depend on Cloudflare as an
intermediary for performance and security. The failure of this service had widespread repercussions.

3.2 Single point of failure Although data may reside with a cloud provider (such as AWS or Google), the
disruption of a service like Cloudflare can still severely hinder access, demonstrating that cloud architecture
encompasses more than mere storage and computation — infrastructure components like CDN and DNS are
essential.

3.3 Resilience planning This incident underscores the necessity for redundancy and disaster recovery strategies
not only at the data level but also within the infrastructure layer. Organizations should consider fallback options
and multi-layered architecture to mitigate complete dependence on a single service.

4. Challenges of cloud computing ......

4.1 Security and Privacy Risks even with enhanced security, the cloud is not completely risk-free. Data being
located on third-party servers creates an issue of privacy, unauthorized access, and data breaches. If there is a
cyberattack on the cloud service provider, then all data stored is affected. The organization should consider
whether the chosen cloud service provider has sound measures in place for security and also adheres to the data
protection law

4.2 Internet Addiction Cloud services need a stable and high-speed internet connection. If the connectivity is
poor in any region, then accessing the cloud resources will be slow and unreliable. Without an Internet
connection, organizations might experience a standstill in important business operations

4.3 Downtime and Service Disruptions Even the best cloud service providers may have outages, technical
failures, or even large-scale maintenance activities. These might affect millions of people in the world and
disturb business operations. Though this happens less frequently, it does point out that it can be

risky if one were to wholeheartedly rely on a cloud-based system.

4.4 Limited Control Over Infrastructure With cloud services, users do not have full control over the hardware
or infrastructure.Organizations must trust decisions regarding maintenance, upgrades, and security policies taken
by the cloud provider. For some businesses with strict compliance or customization needs, limited control is a
challenge

4.5 Vendor Lock-In This usually involves incompatibilities between clouds, complicated data migration, and
added costs. This is typically referred to as "vendor lock-in," where the customer is being locked into one
provider for a considerably long period. This can create significant issues for the organizations in adapting to
newer technologies or negotiating prices.

5. Future Trends in Cloud Computing

5.1 Growth of Hybrid and Multi-Cloud Environments A hybrid cloud is a combination of private and public
clouds, where sensitive data can be kept private while normal operations run on the public cloud. Multi-cloud
environments make use of multiple providers at one time, such as AWS + Azure + Google Cloud. These types
of models provide flexibility and minimize risks while avoiding vendor lock-in. In the future, hybrid and multi-
cloud adoptions are expected to be the new normal for large enterprises.

5.2 Integration with Edge Computing: Instead of forwarding all data to an edge server located very far away,
edge computing processes it closer to the user or device, hence reducing latency and increasing speed by a
great degree.This,in turn, optimizes many real-time applications. Autonomous vehicles, smart cities, and IoT
depend a lot on edge computing. In the future, cloud and edge computing will work together to create faster
and smarter systems.



5.3 Artificial Intelligence and Machine Learning in the Cloud Al and ML services are fast getting integrated
into cloud platforms that allow businesses to harness their power without the expansive need for hardware. The
future is bright with Al-enabled cloud services, from chatbots to fraud detection, personalized recommendations,
and predictive analytics. Companies will rely on Al in the cloud to automate processes, make informed decisions,
and enhance customer experiences.

5.4 Rise of Serverless Computing Serverless computing allows developers to execute applications without
managing servers or infrastructure. Resources will be automatically allocated by cloud providers only when the
application is running. This reduces costs and simplifies development. Indeed, as organizations are focused on
efficiency, serverless models will become one of the major trends in modern software development.

6. Quantum Computing in the Cloud

While traditional computers might take years to solve complex problems, quantum computing can solve them in a
matter of a few seconds. With increasing quantum technology, cloud providers are expected to offer quantum
computing services. This will bring a revolution to industries such as healthcare, cryptography, finance, and
material science.

Growing Emphasis on Sustainability Now, cloud providers are investing in green technologies and renewable
energy to reduce carbon footprints. Since data centers consume massive amounts of power, future cloud
infrastructure will be focused on energy-efficient systems and eco-friendly solutions. Sustainable cloud computing
will turn out to become a major trend for the next decade. Conclusion Cloud computing has totally changed the
way business operates and people use technology. The advantages accrued to the subscribers, such as cost savings,
flexibility, accessibility, and advanced security, have made cloud computing a vital component of the modern
digital world. However, challenges like security risks, downtimes, and vendor lock-in need to be tackled with due
care. In fact, as technology advances, cloud computing will become stronger, with the inclusion of Al, edge
computing, serverless architecture, hybrid models, and even quantum computing. Cloud computing's future
promises more innovation, better performance, and smarter solutions for every sector. With its rapid advancement,
cloud computing will remain a driving force behind global digital transformation for many years to come.
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Abstract

Conventional computing, built upon the von Neumann architecture, has reached fundamental limits in power
efficiency and performance for tasks involving complex data patterns and real-time adaptation. Neuromorphic
computing offers a radical alternative, drawing direct inspiration from the brain's structure and function to build
highly parallel, event-driven, and energy-efficient systems. However, unlocking the potential of neuromorphic
hardware requires an equally radical shift in software. This article explores the emerging landscape of
neuromorphic software architectures, detailing the core principles, programming models, software stacks, and
key challenges that define this new frontier. We examine how software bridges the gap between high-level
algorithmic intent and the low-level asynchronous, spiking dynamics of neuromorphic chips, heralding the dawn
of a new era in brain-inspired information technology.

1. Introduction

For over half a century, the digital world has been shaped by the von Neumann architecture, characterized by a
separation of processing and memory units. This design forces a constant shuttling of data, creating a "von
Neumann bottleneck" that consumes significant time and energy, especially in data-intensive artificial
intelligence (AI) applications. The biological brain, in stark contrast, co-locates processing and memory in a
massively parallel network of neurons and synapses, operating asynchronously and with remarkable energy
efficiency.

1.1 Neuromorphic computing aims to emulate this biological blueprint in silicon. It is not merely about
simulating neural networks on conventional computers; it is about building hardware where the physics of the
device mimics the electrochemical dynamics of neurons and synapses. These systems process information using
spikes discrete, all-or-nothing events that occur in continuous time much like their biological counterparts. This
fundamental departure from clock-driven, synchronous logic presents a profound software challenge. How does
one program a machine that has no central clock, where communication is asynchronous, and where computation
is inherently tied to the physical properties of its distributed components? The answer lies in the development of
novel neuromorphic software architectures. This article provides a comprehensive overview of this critical field.
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Fig4.1 Neuromorphic Computing Software Architectures
2.The Biological Inspiration: Lessons from the Brain

To understand neuromorphic software, one must first appreciate its biological muse. The brain's computational
process stems from a few core principles that are directly translated into neuromorphic architectural design.

2.1 Neurons and Spikes

The fundamental processing unit is the neuron. A biological neuron integrates incoming signals (spikes) from
other neurons over time. When its internal membrane potential crosses a certain threshold, it fires a spike of its
own, which is then transmitted to other neurons. This is an event-driven process; computation happens only
when a spike occurs, leading to sparse activity and immense power savings. Neuromorphic systems replicate this
with silicon neurons that operate asynchronously.

2.2 Synapses and Plasticity

Neurons are connected by synapses, which are not just simple wires but dynamic computational elements. The
"strength" or weight of a synapse determines the influence one neuron has on another. Crucially, these weights
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can change over time based on neural activity—a process known as synaptic plasticity, which is the basis for
learning and memory. A key learning rule emulated in neuromorphic systems is Spike-Timing-Dependent
Plasticity (STDP). In STDP, if a presynaptic neuron fires just before a postsynaptic neuron, the connection
between them is strengthened. If it fires just after, the connection is weakened. This local, time-based learning
rule allows the network to learn temporal patterns without a global supervisor.

2.3 Key Principles for Software Design

From these biological foundations, we derive the core requirements for neuromorphic software:

Event-Driven Execution: The software must manage asynchronous, discrete spike events rather than
continuous, clock-based instructions.

Massive Parallelism: Architectures must be able to define and manage networks of thousands or millions of
parallel processing units (neurons). Distributed State: Memory and computation are co-located. Information (like
synaptic weights) is stored locally across the network, not in a central memory block. Support for On-Chip
Learning: The software must provide mechanisms to implement and manage plasticity rules like STDP directly
on the hardware.

3. Core Components of Neuromorphic Software
A neuromorphic software architecture is not a single program but a collection of models, rules, and structures
that represent a neural system. Its primary goal is to translate an abstract problem into a configured network of
spiking neurons.
3.1 Neuronal Models
The first step is to choose a mathematical model for the neuron's behavior. The goal is a trade-oft between
biological realism and computational efficiency. The most common model is the Leaky Integrate-and-Fire (LIF)
neuron. The LIF model describes the neuron's membrane potential, V(t), with the differential equation:
tmdtdV(t)=—(V(t)—Vrest)+Rml(t)
Where:

o tm is the membrane time constant.

o Vrest is the resting potential.

e Rm is the membrane resistance.

« I(t) is the input current from synaptic events.
When V(t) reaches a threshold Vth, it fires a spike and is reset. More complex models, like the Izhikevich model,
can reproduce a richer variety of spiking behaviors seen in biological neurons but at a higher computational cost.
The software provides libraries of these models for the user to choose from.
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Fig 4.2 Core Components of Neuromorphic Software

3.2 Synaptic Models and Plasticity Rules

The software must define how a spike from one neuron affects another. This involves specifying the synaptic
weight, transmission delay, and the plasticity rule. For STDP, the software needs to maintain a trace of recent
spike times at each synapse to calculate weight updates based on the precise timing difference (At) between pre-
and post-synaptic spikes.

3.3 Network Topologies

Finally, the software must provide tools to define the network's connectivity or topology. This describes "who
talks to whom." Topologies can range from simple, layered structures like those in conventional deep learning to

complex, recurrent networks with feedback loops and small-world or scale-free properties that mimic the brain's
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intricate wiring. The software allows a programmer to define populations of neurons and the rules for connecting
them (e.g., one-to-one, all-to-all, or probabilistic connections).

4.Programming Models and Abstractions

The immense complexity and non-traditional nature of neuromorphic hardware necessitate high-level
programming models to make them accessible. The goal is to allow developers to think in terms of neurons and
networks rather than low-level hardware configurations.
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Fig 4.3 Programming Models and Abstractions

4.1 High-Level Abstraction Layers

This is the most user-friendly approach. Frameworks like PyNN (Python Neural Networks) and Nengo provide a
unified API to describe spiking neural networks. A developer can write a single Python script defining a network
of LIF neurons with STDP synapses, and this script can then be executed on different backends—either a
software simulator or actual neuromorphic hardware like Intel's Loihi or Manchester's SpiNNaker. This
hardware-agnostic approach is crucial for algorithm portability and rapid prototyping.

Example (PyNN-like syntax):

Python

import py neuromorphic_lib as pnn

# Setup the hardware backend

pnn.setup(backend="loihi")

# Define two populations of neurons

popl = pnn.Population(100, pnn.LIF())

pop2 = pnn.Population(50, pnn.LIF())

# Define a learning rule

stdp_rule = pnn.STDPMechanism(timing_dependence=pnn.SpikePairRule())

# Create connections with the learning rule

pnn.Projection(pop1, pop2, connector=pnn.OneToOneConnector(), synapse_type=stdp_rule)

# Run the simulation on the hardware

pnn.run(1000) # Run for 1000 ms

4.2 Core-Level and Process-Based Programming

For more control, some frameworks expose a lower-level programming model.

e Corelet Model (IBM TrueNorth): In this model, programmers define a "corelet," a self-contained network
of 256 neurons that can be tiled and connected to create larger networks. This provides fine-grained control
but requires more hardware-specific knowledge.

e Process Model (Intel Lava): The Lava framework treats neural computations as communicating
"Processes." Users can define custom neuron models, learning rules, and even non-neural algorithms as
processes that communicate via asynchronous message passing. This offers immense flexibi