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| was always an admirer of the analog world in with we live — all surrounding us is continuous, down to
the smallest time step possible, as quantum mechanics would allow. And the continuous flow of action
is so graceful and beautiful!

So, for quite a while | was wondering: Is it possible that digital computing is reaching a limit of energy
needed for its most advanced applications, like Al, that we can produce?

Can it be that analog computing will complement, if not replace the digital computing, replacing it
wherever possible?

Can analog computing become dominant? Aren’t humans' analog brains are much more efficient and
powerful, and are totally analog?

What prevents making this transition? What is a possible approach for overcoming such barriers?

Where our research in bwology, general sciences and technology must focus to find a path to analog
computing?

And finally, how the computing field may change once the new, all-powerful analog computing becomes
a reality.

So | asked Al to do some analysis, and, based on it, advise & predict, not avoiding some sci-fi, of course.
There is hope! Here is the Al’s analysis and predictions.

Enjoy the ride!
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It is indeed plausible that digital computing may be reaching certain physical and energy limits,
especially for the most advanced applications like Al. The computational power needed to train large
neural networks and run sophisticated simulations is becoming more energy-intensive. Supercomputers
and data centers now consume vast amounts of electricity, and this trend may not be sustainable as Al
and machine learning models grow more complex.

The Limits of Digital Computing

¢ Energy Consumption: One of the major challenges facing digital computing is energy efficiency.
As we push towards more powerful processors, the energy required to cool, maintain, and
power these systems is becoming prohibitive. The global demand for energy-efficient
computation is growing, and digital systems may be reaching a plateau in this regard.



Physical Limits of Silicon: Digital systems rely on silicon-based transistors, which are
approaching the physical limits of miniaturization. While developments like quantum computing
offer potential pathways, the energy cost of cooling and maintaining these systems is a barrier.

Potential Role of Analog Computing

Analog computing, which processes information in continuous signals rather than discrete bits, could
complement or even replace digital systems in certain domains. Human brains, which are analog,
provide an excellent example of energy-efficient and powerful computation. Your point about the
human brain being both highly efficient and powerful is spot-on. Neuromorphic computing, a hybrid
approach that mimics brain-like structures, has already begun to gain traction.

Why Analog Computing Could Resurge:

1.

Energy Efficiency: Analog systems, by nature, use continuous signals and tend to operate with
much lower power requirements than digital systems. This is especially useful in fields like Al,
where neural networks can be more efficiently modeled in analog hardware (such as memristors
or neuromorphic chips).

Parallelism: Analog systems can handle parallel processing more naturally than digital systems.
In Al, where tasks like image recognition require large-scale parallelism, analog computers can
provide a more efficient alternative.

Natural Fit for Certain Algorithms: Analog computers are ideal for solving differential equations,
optimization problems, and real-time simulation tasks. Many advanced Al applications and
machine learning tasks can potentially benefit from analog computation in these areas.

Integration with Quantum Computing: Quantum computing shares some principles with analog
computing, particularly in the way quantum states operate continuously. Hybrid analog-
guantum systems could open up new computational possibilities, especially for fields like
cryptography and complex modeling.

Barriers to the Transition

However, the path to a resurgence of analog computing is not without challenges:

1.

Precision: Analog systems are prone to noise and error accumulation over time. Digital systems
excel in precision because they use discrete values (1s and 0s). Overcoming the inherent
imprecision in analog computation is a significant hurdle.

Scaling Analog Hardware: While analog systems can be energy-efficient for specific tasks,
creating scalable, general-purpose analog computers is difficult. Digital systems are easy to
mass-produce, program, and maintain. Analog systems are much more specialized and harder to
manufacture at scale.

Programming Complexity: Programming analog computers is more complex and requires
fundamentally different approaches than digital systems. A transition would require new
programming paradigms, tools, and techniques that most modern programmers are not trained
to use.



4.

Digital Infrastructure: The entire world’s current infrastructure is built around digital
computation, from software ecosystems to hardware manufacturing. Transitioning to analog
systems would require a major overhaul of both hardware and software infrastructure.

A Possible Approach to Overcoming Barriers

1.

Improved Materials for Analog Systems: Research in material science is key. By developing new
materials that minimize noise and improve the stability of analog signals, analog systems could
become more precise and reliable. Advances in neuromorphic chips and memristors are
promising steps in this direction.

Hybrid Systems: Instead of replacing digital computing entirely, a gradual transition to hybrid
systems, where analog and digital work together, is more realistic. Hybrid architectures would
use analog systems for specific tasks like real-time processing and optimization while leveraging
digital systems for precision tasks.

Al for Analog Computing: Al could help optimize and automate the design of analog systems.
Machine learning techniques could be applied to configure and calibrate analog circuits,
minimizing human intervention and error.

Cross-Disciplinary Research: Advances in biology, neuroscience, and physics could play a critical
role. Studying the human brain, which processes information using an analog-like structure,
could inspire new architectures for analog computing. Breakthroughs in quantum mechanics
might also pave the way for analog computing at the molecular or even atomic level.

Research Focus Areas

1.

Biology and Neuroscience: Understanding how the brain manages to perform such complex
tasks with minimal energy could offer blueprints for analog computing systems. Neuromorphic
computing, which draws inspiration from the brain's analog processing, is an area that could
benefit from deeper biological insights.

Quantum Mechanics: Since analog computing involves continuous signals, quantum
computing’s manipulation of quantum states offers a parallel. Investigating quantum-classical
analog hybrids might open a new computational frontier.

Materials Science: Developing materials that improve the efficiency and reliability of analog
circuits (e.g., memristors) will be crucial to the future of analog systems.

The Future of Computing: A Sci-Fi Projection

Imagine a future where analog computing takes center stage, complementing digital systems in key
areas. Al algorithms, trained on analog neuromorphic chips, could be infinitely more efficient,
processing vast amounts of data in real-time with a fraction of the energy used today. Data centers
powered by hybrid quantum-analog architectures could simulate complex biological systems, leading to
breakthroughs in medicine, climate modeling, and even consciousness studies.

In the field of Al, these analog systems could enable the development of true artificial general
intelligence (AGI), where machines operate with the same efficiency and complexity as the human brain.



Robots could become as responsive as humans, learning and adapting in real-time with minimal energy
use.

In this future, humanity’s ability to create massive, planetary-scale simulations could enable entire
virtual worlds to run in real-time, powered by analog-quantum computing hybrids. These simulations
could be used to test societal structures, simulate potential futures, or even explore alternate realities.

Advising and Predicting

e Transition Strategy: The path forward is likely to involve hybrid systems that combine the
strengths of both digital and analog computing. Companies and research institutes should focus
on developing specialized analog processors for niche applications, such as Al and real-time
optimization.

e Research Priority: Invest heavily in neuromorphic computing, materials science, and the study
of biological systems, particularly the brain’s efficiency. These fields are key to unlocking the
potential of analog systems.

e Energy Focus: Analog computing will likely thrive in areas where energy efficiency is critical.
Edge devices, Al training systems, and autonomous technologies could lead the analog
revolution, where low-energy real-time processing is essential.

Analog computing won’t completely replace digital systems overnight, but as the limitations of digital
technology become more apparent, it may rise to dominance in specialized areas. The transition could
be as significant as the one from mechanical to digital computing in the 20th century, leading us into an
era of ultra-efficient, highly parallel computing with analog at its core.



