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Brief Abstract:

The advent of the Artificial Intelligence (AI) era has induced continual cycles of 
adaptation in a number of domains — cyber, software development, etc. The 
operational tempo is so frenetic that one of the prevailing mantras for technology 
firms in the AI sector has centered upon the notion that “the risk of underspending is 
far greater than the risk of overspending” (e.g., due to competitive dynamics, AI 
talent shortage, etc.). The current race for frontier model development can, for 
some facets, be compared to the Space Race. Pertinent historical case studies will be 
reviewed, and it turns out that “rapid Innovation & operationalization” is a common 
thematic at the frontier and infrastructural levels.
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Brief bio:

Dr. Steve Chan is an inventor with 14 granted international and U.S. patents. He is the 
author of 92 peer-reviewed book chapters, journal articles, and conference papers, 
which include 38 Institute of Electrical and Electronics Engineers (IEEE) papers. For 65 
of the refereed publications, he was first author, and 21 of these received Best 
Paper/Best Presentation. Over the years, he has served as a reviewer for 51 peer-
reviewed publications, which include 10 IEEE/IET journals and 7 IEEE conference 
proceedings. He has also served as Chief Scientist/Principal Investigator for dozens of 
governmental/intergovernmental reports (e.g., U.S. Government, ASEAN Member 
States, United Nations).
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NASA invested millions of Taxpayer dollars dollars in research 
and development to create a state-of-the-art writing tool to withstand 
the harsh conditions of space exploration

rival counterpart 
saved money by using alternative technology - a pencil
Soviet space program
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Space pen history



URBAN MYTH
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(Paul C. Fisher) and his company, the Fisher Pen 
Company, reportedly invested $1 million to develop what is now 
commonly known as the Space Pen. None of that funding came from 
NASA.

Fisher

Source: Fisher pen company; NASA

Fisher Pen
Company Founder

Paul Fisher 
U.S. astronaut Walter Cunningham writes with a 
Fisher Space Pen during the flight of Apollo 7

Fisher original AG7 model, 
the very first Space Pen

Source: Fisher pen company; NASA

Source: Fisher pen company; NASA
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Copper vs Optical & Photonic Technologies

The path to future AI data centers is paved 
with optical interconnect
chip-level optical interconnect represents more of a revolution than an evolution.

Fiber Optics is Replacing Copper in Data Centers
by the end of 2025, most new backbone deployments, estimated at about 85%, will leverage fiber 
optics rather than copper, a trend expected to solidify further as machine learning and edge 
computing accelerate.
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URBAN MYTH
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Copper vs Optical & Photonic Technologies: FACT

“i can see a point in time in the future when it [silicon photonics] 
matters as the only way to do it […]. We are not quite there yet.” 

— Hock Tan, Broadcom CEO 
This suggests that copper-based interconnects remain significant in rack-scale 
AI systems before silicon photonics becomes necessary.

“that’s [using optical connections directly between GPUs] not worth it [...]. Copper is 
far better.”

“We should use copper as much as we can, for as long as we can, but copper has its 
limits […] So you use optics wherever you must, you use copper wherever you can.”

— Jensen Huang, NVIDIA CEO
NVIDIA still prefers copper for direct GPU-to-GPU connections due to reliability concerns.
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100-Day Internet Growth

“internet traffic Was doubling every 100 days. […]. The rapidly expanding 
use of the Internet has boosted interest in developing this vehicle into a 
thriving marketplace”
— u.s. department of commerce in “the emerging digital economy” report 
and its consumer Bulletin Number 13
This statement helped facilitate the large-scale production and deployment of
fiber-optic capacity during the dot-com era
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URBAN MYTH
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100-Day Internet Growth: Fact

“internet traffic is approximately doubling each year. This 
growth rate applies not only to the entire
Internet, but to a large range of individual institutions”

 
— K. G. Coffman and A. M. Odlyzko on Internet growth: 
Is there a “moore's laW” for data traffic?
this rate of growth is slower than the frequently heard claims of a doubling of traffic
every three or four months
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100-Day Internet Myth: From Hype to Fiber Optic Glut

five years following the Telecommunications Act of 1996, telecommunications companies spent 
more than $500 billion on fiber optic cables, switches, and wireless networks. A major portion 
of this spending was financed with debt. Companies expanded infrastructure faster than 
actual demand grew.

When the dot-com bubble burst, demand for fiber dropped sharply, and many of the companies 
behind these networks collapsed. Many fiber companies went bankrupt, while those that 
survived lost most of their dot-com-era value.

In short, companies took on significant debt to build infrastructure ahead of actual demand; the unused fiber became known as  dark fiber.
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From Dark Fiber to AI: Could AI Data Centers Create a Capacity Glut?

A Cast AI report found that the average GPU utilization is only 5% across the Kubernetes 
clusters it analyzed, suggesting that some AI/cloud infrastructure may be significantly 
overBUILT.

The warning suggests the risk of capacity being built faster than actual demand can support

Zhao Haijun, co-chief executive of Semiconductor Manufacturing International 
Corporation (SMIC), warned that AI data centers are being built around the world at a 
rapid pace and could end up sitting idle, similar to the data centers built in china’s 
suburbs in the early 2020s, many of which still have not found Customers.

This alludes to the paradigm that some companies are reserving AI compute capacity ahead of actual demand.
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Assessing AI Data-Center Capacity Pragmatically

Source: United Nations (UN)

AI data-center capacity should be examined not 
only as a technology or investment issue, but 
also through its impact on water use, energy 
demand, economic development, infrastructure, 
local communities, and global partnerships.

The United Nations (UN) Sustainable Development Goals provide a useful 
lens for considering the wider impacts of AI data-center growth.
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Assessing AI Data-Center Capacity Pragmatically

Economic Growth Infrastructure Energy Demand Water USAGE Collaboration City and Community
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Assessing AI Data-Center Capacity Pragmatically

Infrastructure

Energy Demand

Water USAGE
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Assessing AI Data-Centers: ENERGY DEMAND ISSUES 

Energy Demand

Improve the 
efficiency of 
the existing 
infrastructure

Increase 
Renewable resource

Battery Energy 
Storage System

Intermittent energy sources
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Assessing AI Data-Centers: ENERGY DEMAND ISSUES 

Energy Demand

BASED on: achin d. n., “solving for optimization problems,” analytics vidhya on medium
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Assessing AI Data-Centers: ENERGY WASTE ISSUES 

Flaw by Design
Guessing Over Uncertainty Faking it reward system agentic failure

“language models hallucinate because the training and evaluation 
procedures reward guessing over acknowledging uncertainty” — OpenAI

The researchers say that the problem may come from how LLMs are trained. The models learn to 
guess because benchmarks often reward confident answers and punish uncertainty.

Reasoning loops can make AI agents repeat the same actions without progress, wasting compute and 
energy without producing a useful answer.
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Assessing AI Data-Centers: ENERGY WASTE MITIGATION

Retrieval-augmented generation (RAG)

RAG is a software technique that is used to reduce AI tendency to make up false information by 
pulling information from specialized databases, narrowing the AI's focus, and grounding responses 
in actual documents.

Optimize Hardware Allocation

Implementing smart optimizers that match each AI model with the most energy-efficient hardware 
mix, using high-power GPUs for demanding tasks, and lower-power CPUs for lighter workloads.

21Rapid Innovation & Operationalization 



Space-based Data Centers

data centers generate significant amounts of heat, which makes cooling expensive and 
energy-intensive. Space could help because heat can be released into the cold vacuum, and 
satellites can obtain power from the Sun. However, it is not as simple as just sending 
computers into orbit. They would still need large radiators and special systems to keep the 
heat under control.
companies are starting to build data centers in space to use solar poWer and avoid earth’s cooling limits. key companies include Google, SpaceX, 
Starcloud, Blue Origin, Aetherflux, Lonestar, and Axiom Space.
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Space-based Data Centers

Source: AstriaGraph by the University of Texas at Austin

A visualization 
of active and 
inactive 
satellites, 
discarded rocket 
bodies, orbital 
debris, and other 
space objects 
around Earth
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Space-based Data Centers

Space-based data centers have certain challenges 
at this stage. These challenges include radiation 
damage, high launch costs, limited repair options, 
and possible communication delays. The recent 
blue origin rocket explosion of 28 May 2026 
reminds us of the state of affairs. The most 
serious concern is the risk of adding more space 
debris, which could make the orbits around earth 
even more dangerous and harder to manage.
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Undersea Data Centers

Undersea data centers are being considered 
because the ocean can provide natural 
cooling, which may reduce the energy and 
cost required to prevent servers from 
overheating. Undersea data centers could 
be placed near coastal population centers, 
which may Help reduce latency. early tests 
suggest that sealed underwater systems 
may experience fewer hardware failures.

The underwater data center pictured here was a pilot project off the coast of Hainan

Source: Shanghai Hailanyun Technology; Scientific American
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Undersea Data Centers

The main risks of undersea data centers 
include difficult repairs, possible leaks 
and/or environmental damage, high 
installation costs, as well as damage from 
human activity such as fishing nets, ship 
anchors, underwater construction, and/or 
vessel accidents.

The underwater data center pictured here was a pilot project off the coast of Hainan

Source: Shanghai Hailanyun Technology; Scientific American
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micro-data centers

Both undersea and space data centers are described in the sources as micro-data centers 
or smaller modular systems, rather than large traditional data centers. Undersea 
examples are described as sealed pods or capsules, while space examples are described as 
computational satellites or prototype satellite modules.

Because these systems are smaller and more compact, they may not need the same level 
of photonic or fiber-optic infrastructure used in large data centers, especially for 
short internal connections. Thus, Copper remains vital in micro-data centers Since it 
supports short internal connections, power delivery, grounding, and heat management, 
while optical approaches are mainly used for longer-distance data transmission.
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Have a wonderful conference here at 
The International Conference on Reasoning and Decision-making in Intelligent Systems

Thank you!
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