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The Ultimate Hardware

The biological reality of the human brain in the age of Artificial Intelligence
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The Digital Fixation

We marvel at the capabilities of modern Al
and agonize over the massive data centers
required to run them. But in our obsession
with building artificial intelligence, we
have lost perspective on the staggeringly
complex biological system that supports
human consciousness.

=
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The Energy Paradox

Biological Efficiency Digital Simulation
i~ ey . BRI S
== —=

= 20,000,000 to

20 Watts 30,000,000 Watts

Simulating a brain at the exascale level requires roughly one million times more power than the biological system it
attempts to mimic. The brain controls an entire human body and generates cognition on the power of a dim lightbulb.

T Germint Motebook
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Components

86 Billion Neurons
100 Trillion Synapses

Hundreds of Terabytes to |

Petabytes (Just to map
the structural
connections)

The Biological Spec Sheet

10™15 to 10”18 synaptic
events per second

Signals travel at 268 mph
(up to 120 m/s). Individual
neurons fire between 1
and 100 times per second.

M Gemini Natebook
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The Unbearable Slowness of Being

~1,000,000,000 bits per second.
Autonomic maintenance. Heartbeat,
breathing, digestion, temperature

(The retina alone transmits
The Unconscious Engine

millions of bits per second).

Sensory Input
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10 bits per second. (Typing, speaking,

hypothalamus. Vast internal process
reading, decision-making,

outside of awareness.
Conscious Awareness

per Zheng & Meister, 2025).

The brain is enormously active as a whole, but extremely narrow at the conscious end.

Takeaway



Calibrating the Scale of Simulation (FLOPS)

FLOPS (Floating-Point
Operations Per Second) are
mathematical calculations,
not biological events. But
they serve as our proxy for

digital simulation complexity.

The scale jumps in powers
of 1,000:

|

Megaflops
(1076)

Gigaflops (109)

- Modern laptops

| and phones

| Teraflops (10712) |

- High-end gaming

| graphics cards
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Petaflops
(10715)
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on Earth

Exaflops (10718)
- The largest
supercomputers
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Computational Power (Logarithmic FLOPS)
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The True Cost of Biological Emulation

4 Molecular Detail
1025 - 1027+ FLOPS
Reproducing proteins,
metabolism, and molecular
signaling. Far beyond current
capabilities.
3 Single-Neuron Biophysics

10*21 - 1023 FLOPS

Modeling dendrites and ion channels.

Requires 1,000x to 100,000x beyond

modern exascale.

2 Spiking Network
10*18 FLOPS
Individual units communicating via electrical
spikes. Requires the largest Exascale

Fo g supercomputers on Earth (20-30 Megawatts).
/ Abstract Model

1014 - 1017 FLOPS

Simple computational units.
Achievable by modern Al servers.

I | I
Abstract Model Spiking Network Single-Neuron Biophysics Molecular Detail
Levels of Biological Detail
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The Complexity of a Single Node

Modern Al relies on simplified artificial neurons. But biological neurons are not simple logic gates.

In 2021, Beniaguuev et al. demonstrated that accurately reproducing the behavior of just one
realistic cortical pyramidal neuron required a deep neural network spanning five to eight layers.

.

Takeaway: We are building artificial networks out of checkers, while biology is playing 4D chess at every single node.
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Two Different Paradigms of Processing

SILICON

BIOLOGY

Architecture

Activity

Signaling

Execution

Precision

Von Neumann bottleneck (constant
energy spent moving data between
separate memory and processing).

Constant global clock.

Continuous digital operation.

Sequential and blazing fast (billions of
cycles/sec).

Requires exact digital arithmetic.

Analog & Local (Memory and processing are
deeply integrated at the synapse).

Sparse activity (most of the brain remains quiet,
expending energy only when necessary).

Event-driven (neurons communicate through
brief electrical spikes only when needed).

Massive parallelism at low speed (billions of
slow components working simultaneously).

High tolerance for noise and imprecise
components.



Silicon Attempts to Catch Up

The staggering efficiency gap between Al and the brain is the driving force behind Neuromorphic
Computing—hardware explicitly designed to mimic the brain’s sparse, event-driven, spiking architecture.

e Chips like Intel's Loihi and IBM's NorthPole ditch the traditional global clock for brain-inspired processing
mechanisms.

» While these systems demonstrate substantial energy savings for specific tasks, they remain far from reproducing the
brain’s general, adaptive capabilities.
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Beyond the Wire: The Biological Soup

Neuromodulators: Dopamine,
Serotonin, Acetylcholine.
Altering the mood, attention,
and learning capacity of entire
circuits, not just passing 1s
and 0s.

Electrical Synapses: “Gap
junctions” providing direct,
ultra-fast synchronization
between specific neurons.

Hormones:

“Volume transmission.”
Chemicals diffusing slowly
through tissue and blood for
long-term state changes.
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Ephaptic Coupling: Invisible
electric fields generated

by neurons influencing
their neighbors without
physical connections.

communicating via calcium 4
waves to actively modulate Az
synaptic strength. g
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The Selective Interface

The brain does not bring everything it processes into the light of awareness. It is constantly
predicting, filtering, and prioritizing data in the dark.

Takeaway: Conscious awareness is not a reflection of everything the brain processes. It is a highly
curated, ultra-efficient selective interface built on top of a massive, hidden biological engine.



The Wrong Question

We spend immense resources and gigawatts The defining question of our era is not whether
of energy developing machines capable of Artificial Intelligence can eventually match
processing information. Yet, we still have human capabilities. The real question is whether
much to learn about the biological system that we are making proper use of the extraordinary

makes our own experience possible. biological capabilities we already possess.
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Look Inward

It is time to pay attention to the most sophisticated piece of hardware we will ever operate: Ourselves.
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