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Neuromorphic Computing: Building Machines That
Think Like the Human Brain

As traditional computing approaches reach their limits, a new paradigm inspired by the human
brain is emerging. Neuromorphic computing promises ultra-efficient, adaptive, and intelligent
systems that could redefine the future of Artificial Intelligence.
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Introduction

Artificial Intelligence has made remarkable progress over the past decade, yet it still falls short to replicate
the efficiency and intelligence of the human brain. The current generation of computers consumes a lot of energy
to perform sequential processes in comparison with the way in which the human brain performs complex tasks
such as perception, learning, and decision-making using remarkably low energy.

As researchers try to find alternatives to current computing models, neuromorphic computing is becoming an
alternative. Neuromorphic computing is a field that seeks to design computer systems inspired by the structure
and functioning of biological neural networks.

With technological innovations in Pakistan growing at a fast pace, understanding next-generation computing
models like neuromorphic systems is crucial. These systems have the potential to enable smarter, more energy-
efficient technologies across industries, from healthcare to robotics.

"The future of computing may not be faster machines, but smarter ones that
learn like the human brain."

Technology Overview

The principle of neuromorphic computing involves mimicking the working of the brain wherein neurons and
synapses perform the function of processing and transmitting information between each other. Unlike traditional
computers which involves separate components for processing and memory, neuromorphic computing integrates
the two functions in order to achieve parallel and event-driven computing.

This model is based on the idea of Spiking Neural Networks (SNNs), which are distinct from the traditional
artificial neural networks. Instead of processing continuous values, SNNs transmit information using discrete
electrical spikes, like biological neurons do. This event-driven approach results in computational power usage
only when it is needed, meaning a lot of energy is saved.

Neuromorphic hardware is built to accommodate this model. Millions of neurons and synapses can be
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emulated in a single chip, like IBM TrueNorth and Intel Loihi. These chips are capable of real-time learning and
adaptation while consuming a lot less power than traditional GPUs or CPUs.
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Figure 1: Neuromorphic computing pipeline illustrating how biological neural structures such as neurons and synapses inspire artificial neural

networks and specialized neuromorphic chips for efficient computation.

Credit: Adapted from Source

Key Findings & Impact

Neuromorphic computing offers a number of revolutionary benefits compared to existing computing
systems, with energy efficiency possibly being the most compelling reason why people have been attracted to it.
The brain-like computing system uses significantly lower amounts of energy than its predecessors, which makes it
ideal for use in edge computing and Internet of Things (IoT) applications that must function within strict battery
limitations. On top of its energy efficiency, neuromorphic computing can perform operations on many inputs at
once, unlike other types of computing systems that process instructions sequentially.

One of the defining aspects of neuromorphic computing is that it is capable of real-time, on-the-fly learning,
unlike classical artificial intelligence that needs multiple rounds of training before deployment. A neuromorphic
system, once deployed, can learn and adjust itself according to any newly emerging situations without
undergoing full-scale relearning within a data center. This makes neuromorphic computing a truly autonomous
technology, able to self-develop and self-improve even after deployment. Within scalable hardware designs
capable of hosting large networks of neurons, neuromorphic computing promises to be very useful in robotics
and autonomous vehicles, where the robot fitted with a neuromorphic computer would be able to learn the way
to move around a new environment on its own. It could also be quite useful in sensor-based computing
applications because such sensors would be able to process and analyze information from the environment
independently, without having to send it to a cloud server.

Within Pakistan, the adoption of such technologies holds the potential to transform the key sectors of society
that are closely tied to people’s daily lives. In the agriculture sector, for instance, the use of low-energy sensors
would enable constant monitoring of soil conditions, crop health, and irrigation needs across vast farmland,
providing immediate information to farmers while not requiring consistent internet connections or power supply.
In the healthcare domain, neuromorphic-based portable diagnostic equipment could provide screening
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capabilities even in hard-to-reach places where there may be little to no electricity and internet connection.
Other applications are disaster management, environmental monitoring, and factory automation; which makes
Pakistan well equipped to be able to overcome some of its infrastructural challenges by adopting new
technologies.
Challenges and Open Problems
Although neuromorphic computing holds great potential, it still encounters several challenges that need to
be addressed before its widespread adoption:
e Hardware Complexity: Designing and building neuromorphic circuits is very complex and costly
e Programming Techniques: Conventional programming techniques cannot be used in neuromorphic
circuits, which makes it necessary to develop new tools and frameworks
e Lack of Wide Standardization: There is not a single standard for the field and it is hard to develop
and integrate
e Algorithmic Limitations: There are currently a number of Al algorithms that are not directly
applicable neuromorphic circuits
These challenges are being actively addressed with research into novel learning algorithms and software
tools to span the theory-application divide.

What's Next?

The future of neuromorphic computing is dependent on developing technology in terms of both hardware and
software. Neuromorphic computing technology will continue to advance through innovations in chip design and
learning algorithms, resulting in increased utilization.

Collaboration with emerging technologies such as edge computing and robotics will further improve its utility.
Looking ahead, the goal of neuromorphic computing could be the development of autonomous, self-learning
systems capable of operating within new environments, while consuming minimal energy.

For Pakistan, investing in research and education in this field can open new opportunities for innovation and
technological growth. Universities and startups could have a key role in discovering applications tailored to local
needs.

In a world driven by data and intelligence, neuromorphic computing offers a glimpse into a future where
machines don’t just compute, they think.

|About the Author

Eman Shahid is a Computer Science student at the University of Agriculture, Faisalabad, with a strong interest in cyber
security, systems design, and low-level computing. She focuses on bridging theoretical computer science with real-
world applications in emerging digital ecosystems. She can be reached at emanshahid278 @email.com.

Keywords: Artificial Intelligence; Neuromorphic Computing; Spiking Neural Networks; Edge Computing; Advanced Systems; Pakistan Tech

References

[1] Mead, C. (1990) Neuromorphic Electronic Systems, Proceedings of the IEEE.

[2] Merolla, P., et al. (2014) A Million Spiking-Neuron Integrated Circuit with a Scalable Communication Network, Science.
[3] Davies, M., et al. (2018) Loihi: A Neuromorphic Manycore Processor with On-Chip Learning, IEEE Micro.

[4] Smith, J. (2024) Artificial Intelligence in Industry, Tech Journal, 5(2), pp. 12—20.

© PakTech Today | www.pakjournals.com Page 562


mailto:emanshahid278@email.com.

