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elcome to Epicenter. I'm delighted that you've joined us for our inaugural issue—a space
where we journey to the heart of technological transformation.

Before launching Epicenter, I found myself asking: in a world teeming with tech analysis
and commentary, why introduce yet another publication? The answer emerged from the very nature
of technological change itself. Every day, groundbreaking innovations—from Al systems that rival
human cognition to quantum computers on the brink of revolution, and biotechnologies that redefine
life's possibilities—challenge our understanding even as they reshape our future. Yet, the implications
of these advances are far-reaching and often uncertain, requiring a forward-looking perspective that
goes beyond the conventional boundaries of tech analysis and forecasts.

We at Epicenter aim for something more. Our goal is to provide you with a clear perspective on the
deeper forces driving technological change, not just in terms of what is happening but in understand-
ing the strategic foresight needed to navigate what could happen. We explore why these shifts matter,
where they might lead, and how they intersect with broader social, economic, and geopolitical dy-

namics. By integrating futures and foresight thinking into our analysis, we aim to reveal the com-
plex connections between science, business, and society, empowering you to anticipate change
and make better-informed decisions. In doing so, we provide more than just knowledge—we
offer a strategic vantage point from which to see the emerging contours of our shared future.

In this debut issue, we spotlight two stories that exemplify our mission. First, we explore
DeepSeek—a surprisingly disruptive Al breakthrough making waves across the industry.

Then, we examine how Al is driving a fundamental reimagining of data centers, with impacts
that stretch far beyond computing. More than reviews of technology; they are narratives of
disruption, innovation, and the relentlessly creative human spirit.

To help navigate this evolving world, introduce our "Seismic Framework." Think of it as
a map of the innovation fault lines—from the initial tremors of novel ideas to the after-
shocks that overhaul entire industries. You'll find this framework woven throughout
our analyses, offering a consistent lens through which to view the unfolding story
of technological disruption.

For those eager to dive even deeper, we're excited to introduce our companion
e-book, Seismic Shifts in Al Infrastructure: Navigating the Future Through Strategic
Foresight (2025-2040). This comprehensive guide extends our analysis, detailing the
futures and foresight methodologies we use to anticipate and interpret technological revolutions.

In essence, Epicenter is about conversation—a vibrant meeting place for technologists, business
leaders, policymakers, and curious minds alike. I hope this inaugural issue not only informs you but
also sparks thoughtful dialogue and inspires new insights to help us all yield a more abundant future.

Thank you for embarking on this journey with us. I look forward to the discussions, debates, and
discoveries that lie ahead.

Warm regards,

John Schroeter
Editor-in-Chief, Epicenter
Executive Director, Abundant World, PBC
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The epicenter
"Seismic” Framework

A New Lens for Understanding
Technological Disruption

Technology doesn't just evolve—it fractures, ruptures, and reconfigures the foundations beneath
our feet. Traditional analysis of such disruptions often falls short, leaving us with dry technical
assessments that fail to capture the drama and inherent interconnectedness of these transforma-
tions, to say nothing of their far-reaching consequences.

Enter the Seismic Framework—a powerful analytical model that brings clarity and narrative mo-

mentum to technological disruption.

The Four Elements of the Seismic Framework
FAULT LINES . Tensions Below the Surface

Just as geological fault lines exist where tectonic plates meet, technological fault lines
represent underlying tensions that presage major change. These pressure points may
remain invisible to casual observers but create the conditions for disruption.

For example, in Al infrastructure, we're witnessing fault lines that run deep beneath the sur-
face of current systems. Data centers originally designed for traditional computing workloads
powered by public grids now creak and strain under the weight of massive Al models, creating a
compute density crisis that threatens to shatter existing paradigms. Network architectures built
for yesterday's needs increasingly show stress fractures as data volumes explode. These tensions
aren't unique to Al—similar fault lines emerge when regulatory pressures build in fintech, privacy
concerns create friction in social media platforms, or hidden vulnerabilities stress manufacturing
supply chains to their breaking point. Organizations that develop the sensitivity to detect these
underground tensions gain tremendous strategic advantage, positioning themselves to respond

before the ground shifts beneath them.

TREMORS -Early Warning Signals

As tension builds along these fault lines, tremors begin to appear—subtle vibrations

that astute observers recognize as harbingers of greater change. In today's Al land-
scape, these tremors manifest as experimental Al-native infrastructure designs and the quiet but
accelerating adoption of liquid cooling solutions in data centers. Like the seismologist who detects

minute ground movements, forward-thinking organizations monitor these early signals to pre- u
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pare for what's coming. The marketplace rewards this vigilance; while competitors dismiss these
developments as mere curiosities, tremor-attuned companies gain precious time to adapt their

strategies, reallocate resources, and position themselves for the disruption ahead.

QUAKES <Fundamental Disruptions

When accumulated pressure finally exceeds the breaking point, quakes erupt with

transformative force. We're witnessing this today as purpose-built Al data centers
rise from the rubble of conventional designs and companies increasingly decouple from tradi-
tional GPU architectures that once seemed unassailable. These aren't gentle evolutions but violent
reinventions that redraw industry boundaries overnight. During such seismic events, the market
doesn't politely wait for five-year digital transformation roadmaps—it ruthlessly separates orga-
nizations nimble enough to pivot from those too rigid to survive. These moments of upheaval often
determine which companies will dominate for decades and which will become cautionary tales at

business schools.

AFTERSHOCKS .Cascading Consequences

But perhaps most consequential are the aftershocks—those cascading impacts that

reverberate far beyond the initial industry. For Al infrastructure quakes, we're already
feeling aftershocks transform commercial real estate markets as specialized facilities command
premium values, reshape energy infrastructure as power demands concentrate in new regions,
and reconfigure urban development patterns around emerging Al hubs. These secondary and
tertiary effects create entirely new markets while extinguishing others, often catching companies
by surprise if they've focused narrowly on the initial disruption. Organizations that map poten-
tial aftershock patterns gain an invaluable strategic advantage, positioning themselves to capture
value not just from the primary technological shift but from all the collateral transformations that

follow in its wake.

Bridging Analysis and Action Through Narrative
The Seismic Framework's distinctive advantage lies in its integration of analytical precision with
narrative coherence. While most analytical models prioritize classification at the expense of con-

nection, this framework reveals the causal relationships between technological shifts.
This narrative structure serves multiple critical functions:

m First, it transforms information overload into meaningful patterns. Rather than drowning in
isolated data points about technological change, organizations can identify where each devel-

opment fits within a larger unfolding story.

B Second, it bridges the perpetual gap between technical specialists and strategic deci-

sion-makers. Technical teams gain a structure to communicate implications beyond technical
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specifications, while executives acquire a mental model for questioning and evaluating techni-

cal developments without requiring specialized expertise.

m Third, it enables more accurate temporal reasoning about technology shifts. By placing devel-
opments within a clear sequence—from building tension to aftereffects—organizations develop
better intuition about timing, allowing them to distinguish between truly urgent signals and

mere noise.

Perhaps most significantly, this framework facilitates collective sensemaking during periods
of high uncertainty. When technological change accelerates, organizations often fragment into
competing interpretations of what's happening and what matters. The Seismic Framework
provides a shared cognitive architecture that allows diverse stakeholders to coordinate their

understanding and response.

Putting the Framework into Action

When analyzing technological change through the Seismic Framework, consider these questions:

® What underlying tensions (faultlines) exist in the industry?
B What early signals (tremors) suggest imminent change?
® What fundamental shifts (quakes) might transform the landscape?

m What cascading effects (aftershocks) might follow across adjacent industries?

By mapping technological change to this intuitive model, analysts transform abstract develop-
ments into actionable intelligence. Where traditional models often flatten technological change
into linear progressions or isolated events, the Seismic Framework acknowledges the intercon-
nected and often non-linear nature of disruption. Its particular strength lies in balancing analyti-
cal rigor with intuitive comprehension—allowing organizations to approach technological change

as both a systematic process to manage and a narrative to navigate. e
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deepshake

he emergence of DeepSeek reflects deep structural tensions within

the Al industry. Western companies’ consolidation of technological
capabilities, paired with their increasingly unsustainable cost structures
and energy consumption, created natural vectors for disruption. The funda-
mental conflict between global Al advancement and national technological
sovereignty, particularly in the U.S.-China dynamic, made alternative devel-
opment paths inevitable. U.S.-led regulatory constraints on Al technology

further accelerated this divergence.

The industry's reliance on capital-intensive centralized infrastructure, combined with an
inconsistent regulatory landscape, exposed critical vulnerabilities. These foundational ten-
sions—between centralized and distributed development, between national control and global
innovation, between rapid advancement and sustainable scaling—ultimately manifested in
DeepSeek's technological breakthrough, transforming competitive dynamics.

But what does this mean for companies built on Al's infrastructure-heavy past? How does a
model trained for so little threaten Nvidia's market dominance? And how does China's grow-
ing Al capability factor into an increasingly volatile global tech arms race? To answer these
questions, we analyze DeepSeek's impact through our seismic framework, examining the fault
lines that created pressure for disruption, the tremors that signaled its arrival, the quakes that

shattered assumptions, and the aftershocks reshaping the industry.
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Nvidia’s Market Dominance Under Threat?

M Challenge: DeepSeek's ability to achieve GPT-4-level performance (a vague benchmark)
without relying on Nvidia's high-end GPUs signals a potential shift in Al hardware dependence.

B Implication: The Al industry "may” no longer require Nvidia's expensive chips, leading to a

potential decline in Nvidia's market stronghold.

B Predictability: The rising costs of Nvidia's GPUs and growing demand for cost-effective
alternatives foreshadowed this shift.

Nvidia has long maintained a dominant position in the Al hardware market, commanding
more than 80% of the Al chip market share through its versatile GPUs and proprietary soft-
ware ecosystem, notably CUDA, which has become integral to Al research and proven its
durability as a competitive moat.

However, DeepSeek’s R1 model challenges this status quo. By achieving GPT-4-level per-
formance using significantly fewer resources than typically required, training its model with
amere 2,000 H800 GPUs rather than the tens of thousands of GPUs often employed by lead -
ing Al companies.

This development suggests a potential shift in Al hardware dependence. The Al industry
may no longer require Nvidia's most advanced and expensive chips to achieve high-perfor-
mance outcomes. Consequently, Nvidia's market stronghold faces challenges as organizations
explore more cost-effective alternatives. (That said, Nvidia has a powerful ecosystem, and its
focus on high-performance computing is, and will remain, critical for many leading-edge Al

applications.)

Disruption of Nvidia’s Al Chip Monopoly?
Reconciling the Paradox

While DeepSeek's cost-efficient model training raises questions about Nvidia's long-term
market dominance, its breakthrough was, in fact, powered by Nvidia's hardware. DeepSeek
relied on Nvidia's H800 GPUs, an energy-optimized version of the A100, to achieve its ef-
ficiency gains. This presents a counterintuitive paradox—DeepSeek is both a demonstration
of Nvidia's hardware prowess and a signal that demand for Nvidia's highest-end GPUs could
decline in the future.

Nvidia's strategic evolution in the Al hardware ecosystem merits careful examination
within the context of DeepSeek's breakthrough. Two critical scenarios emerge: If DeepSeek's
innovations prove hardware-agnostic, transferable across AMD GPUs, custom accelerators,

or China's domestic Al chips, it could diminish Nvidia's market dominance. However, if these
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advancements remain optimally performant on Nvidia's architecture, it may reinforce their
position while transforming their market role.

Nvidia's vertical integration—from chips to supercomputer-scale infrastructure—provides
unique strategic advantages. Their comprehensive stack already spans:

Semiconductor design and manufacturing

GPU module and board production

Server architecture and systems integration

Rack and cluster-level GPU computing

Network infrastructure through Infiniband and NVLink

This end-to-end control positions Nvidia not merely as a component supplier but as the
foundational infrastructure provider for advanced Al development. The question becomes
whether DeepSeek’s architectural innovations will democratize Al compute or further en-
trench Nvidia's strategic importance in the Al hardware ecosystem.

Another possibility follows the Jevons paradox—making a resource more efficient often
increases rather than decreases its consumption. By reducing the cost and energy required for

Al training:

DeepSeek could lower entry barriers, making Al development accessible to more players
and increasing overall GPU demand.

Businesses previously priced out may now invest in model development, driving
expansion in Al infrastructure.

Al adoption across industries could accelerate, requiring more—not fewer—GPUs for

widespread deployment.

Nvidia's trajectory suggests an evolutionary rather than disruptive challenge. While DeepSeek
demonstrates shifting dynamics in Al hardware economics, the critical metric remains the
cost-to-performance ratio for Al workloads—a benchmark where Nvidia maintains signifi-
cant advantages. However, their focus on extreme performance computing creates potential
vulnerabilities.

A key inflection point emerges in the inference market. Model inference, requiring less
computational intensity than training, presents an opening for alternative hardware solutions.
The 2026-2028 period may mark a significant shift as the market bifurcates: high-perfor-
mance training remains concentrated in advanced GPU architectures, while inference work-
loads migrate to more diversified hardware solutions. This segmentation could fundamentally
alter the distribution of GPU compute market share.

The vulnerability in Nvidia's position stems from the classic innovator's dilemma: their

dominance in high-performance computing may have created blind spots in serving lower-

epicenter | number 1



m fault lines | underlying tensions and pressure points

performance, higher-volume market segments. As inference workloads proliferate across
industries, this market segment could become increasingly attractive to competitors offering
optimized, cost-effective solutions.

Al Cost Barriers and Inefficiencies

M Challenge: Traditional Al models require significant capital (often exceeding $100M)

for training and inference.

M DeepSeek's Response: Training its R1 model for a reported $5.6M demonstrates that
Al development can be significantly more cost-efficient.

B Implication: Al infrastructure investments require reevaluation as cost-effective

models gain traction.

But wait a minute...

The development of large-scale Al models has traditionally been capital-intensive. OpenAl's
GPT-4 reportedly incurred training expenses surpassing $100 million, while Google's Gemini
Ultra model reached approximately $191 million in training costs. DeepSeek's claim of a 95%
reduction in training costs while achieving comparable performance—and doing so in less
than two months using 2,000 Nvidia H800 GPUs—warrants closer examination. To under-
stand this, we must analyze Al model costs at a granular level:

DeepSeek R1

(65.6M) GPT-4 ($100M+) Comparison Insights

Cost Category

DeepSeek’s reported cost primarily includes GPU
v/ Reported v/ Estimated compute. GPT-4's full training cost includes many
additional factors.

Compute
Hardware Costs

GPT-4 likely incurred massive data costs, including

Data Acquisition . .
q ? Unknown v/ Included proprietary and licensed datasets. It's unclear

& Curation what DeepSeek used.

D k | FT, relyi Reinforce-
Supervised Xlmieg ¥ Human mant Larning (R0, T conributes o lower o
Fine-Tuning (SFT) Labeled Data 9 (%L

but may also impact model alignment quality.

OpenAl’s budget likely includes a large R&D team,
? Unknown v/ Included whereas DeepSeek'’s total personnel costs remain
undisclosed.

Engineering &
Development

GPT-4 likely required multiple training runs before
? Unclear v/ Multiple Iterations reaching final deployment. If DeepSeek optimized
in fewer iterations, it would further reduce cost.

Multiple
Training Runs
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Key Findings & Takeaways:
DeepSeek's Cost Advantage is Primarily in Compute Efficiency

Advanced Training Methodologies

« Multi-token parallel processing architecture

« Selective parameter activation protocols

+ Optimized precision reduction techniques

Computational Efficiency

« Implementation of FP8 floating point format

« 16x reduction in mathematical operations for core model calculations

- Single-pass optimization approach

Cost Structure Analysis The $5.6M figure represents primarily GPU compute expenses,
excluding broader development costs. This contrasts with OpenAl's $100M+ estimate,
which likely encompasses multiple training iterations and comprehensive development
cycles. The apparent cost differential thus reflects different accounting frameworks

rather than purely operational efficiencies.

Data Acquisition Costs May Be a Major Unknown

Did DeepSeek rely solely on publicly available datasets, or did it license proprietary data?
If DeepSeek's data acquisition costs were low, can its approach generalize to other Al
developers, or would scaling require expensive proprietary data sources?

OpenAl's reliance on human-labeled data (RLHF) increases costs but may improve

model alignment.

The Real Cost Difference Requires More Transparency

If DeepSeek’s $5.6M only includes GPU expenses, but OpenAl's $100M+ includes full
development costs, the comparison is not apples-to-apples.
A true cost disruption would require confirmation that DeepSeek'’s total development

budget (data, fine-tuning, engineering) is proportionally lower.

The Jevons Paradox: Lower Al Costs Could Drive Higher AI Demand

By making Al training cheaper, DeepSeek could increase the number of companies
training Al models, ultimately leading to a net rise in compute consumption.

This aligns with the Jevons paradox, where efficiency gains don't always reduce total
resource use—they can actually increase demand.

If more companies jump into Al training, Nvidia's GPU sales could continue to rise,

even if each individual model costs less to train.
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DeepSeek is widely suspected of employing distillation, a technique where Al models mimic
existing ones rather than being trained from scratch. OpenAl has further accused the compa-
ny of using ChatGPT's proprietary data, fueling concerns over intellectual property violations
and fair competition. Meanwhile, Google DeepMind CEO Demis Hassabis dismissed some of
DeepSeek's claims as "exaggerated,’ arguing that its reported training costs likely represent
only a fraction of the actual expense. He suggested that DeepSeek relied heavily on Western Al
models and used far more hardware than disclosed.

Bottom Line: While DeepSeek demonstrates that Al training can be far more efficient, sin-
gle-number cost comparisons require deeper context. The biggest disruption may lie in the
emerging shift toward leaner Al architectures that prioritize compute efficiency.

Industry leaders acknowledge the need for substantial investment in Al infrastructure. For
example, Baidu's CEO, Robin Li, emphasized the importance of continued spending on cloud
infrastructure and data centers despite DeepSeek's success. Yet, if high-performance models
can be developed with significantly lower costs, companies may need to reassess their strat-
egies, potentially shifting focus from large-scale infrastructure investments to more efficient,
cost-effective approaches. &

For deeper analysis, see our AI Model Evaluation Framework.
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he true innovation of DeepSeek R1 lies
not just in its cost efficiency, but in its funda-
mental reimagining of how Al models should
work. Traditional Al models operate like a
crowd where everyone speaks at once—all
neural pathways activate for every task, con-
suming massive energy and computational
resources. DeepSeek R1 instead works more
like a specialized team, where only the rele-

vant experts step forward when needed.
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inside deepseek R1’s technical revolution

t its core is the Mixture of Experts (MoE) architecture, housing 671

billion parameters—but with a major twist. Rather than engaging
all parameters simultaneously, DeepSeek R1 activates only 5% of them for
any given task. Think of it as a vast library where, instead of searching every
book, you consult only the relevant section. When handling a scientific que-
ry, it engages biology-specialized parameters; for coding tasks, it activates
programming-focused pathways. A sophisticated gating system acts as the

librarian, directing queries to the right experts.

The model's processing approach is equally innovative. Rather than handling text one token at
a time, DeepSeek R1 processes multiple chunks simultaneously, like a master chef managing
several cooking stations at once. It also uses 8-bit precision instead of the standard 32 or 16-
bit, reducing memory usage by as much as 75% while maintaining performance through adap-
tive compensation—similar to how a skilled artist might use fewer, more precise brushstrokes
to create the same effect.

Perhaps most revolutionary is DeepSeek's training methodology. It inverts the traditional
approach of supervised learning followed by reinforcement. Instead, it begins with reinforce-
ment learning, allowing the model to develop reasoning capabilities before incorporating hu-
man feedback. This is like teaching someone to solve puzzles by letting them experiment first,
rather than showing them solutions immediately. The model's Group Relative Policy Optimi-
zation (GRPO) continuously refines its reasoning, enabling it to learn from its own experiences
and corrections.

This architecture scales remarkably well across different deployments. While the full ver-
sion requires 16 Nvidia A100 GPUs for peak performance, stripped-down versions with 1.5 to
70 billion parameters can run on a single consumer GPU. It's like having both a Formula 1 car
and a practical everyday vehicle built on the same innovative platform.

DeepSeek R1 represents more than just efficient Al—it's a fundamental rethinking of how
artificial intelligence can work. By prioritizing selective expertise over brute force, it points

toward a future where Al becomes both more powerful and more accessible.

epicenter | number 1

15



inside deepseek R1’s technical revolution

Challenge: The Al industry has long relied on Nvidia's GPUs, but major tech companies are
aggressively developing in-house Al chips to reduce dependency and optimize performance
for their specific needs.

e Tech Industry Shift: Companies such as Microsoft, Meta, Amazon, and Google have all
invested in proprietary Al accelerators:

- Microsoft: Azure Maia, an Al accelerator for cloud computing.

- Meta: Training and Inference Accelerator, designed for Al workloads at scale.

- Amazon: Trainium?2 and Inferentia, tailored for Al inference and training on AWS.

- Google: Tensor Processing Units (TPUs), optimizing deep learning performance.

- Apple: Neural Engine and custom silicon, optimizing on-device Al processing.

- Baidu: Kunlun Al chips, focused on cloud and edge computing workloads.

- Tesla: Dojo supercomputer and custom Al training chips.

- DeepSeek's Position: DeepSeek's ability to achieve GPT-4-like performance with
lower-end GPUs parallels this trend—demonstrating that Al models can succeed
outside Nvidia's ecosystem.

Implication: The acceleration of vertical integration in Al development foreshadows a
potential erosion of Nvidia's market position. As major technology companies pursue pro-
prietary Al hardware optimized for their specific workloads, they can achieve efficiency
gains that Nvidia's general-purpose GPUs fundamentally cannot match. These custom chips,
designed with precise workload requirements in mind, eliminate the silicon overhead re-
quired for general-purpose computation. The resulting systems deliver both cost savings and
enhanced energy efficiency, challenging Nvidia's historical role as the default provider of Al
computing infrastructure. This shift suggests that while Nvidia may maintain its position in
general-purpose computing, the future of Al hardware likely lies in increasingly specialized,
company-specific architectures that optimize for particular computational patterns rather
than universal applicability.

Predictability: The rising costs of Al training and inference, coupled with supply chain
risks associated with third-party hardware dependency, made this shift inevitable. DeepSeek
represents an external manifestation of the same forces driving internal Al chip development
within major tech firms.

This development reinforces that Nvidia's monopoly faces pressure from multiple fronts—
both from within the industry and from emerging competitors. The Al paradigm is shifting
away from reliance on a single chip vendor toward a more fragmented and customized eco-

. L : 16
system, where cost-efficiency and performance optimization define the future of AL
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Challenge: DeepSeek's model has raised concerns about security vulnerabilities, including
the potential for generating harmful content.

Implication: The need for Al governance and regulation is intensifying.

Predictability: Similar concerns have arisen with other Al models, highlighting the
ongoing challenge of Al safety alignment.

DeepSeek’'s R1 model has sparked serious security
concerns. Researchers found it is 11 times more likely
to generate harmful content compared to other large
language models, making it particularly vulnerable to
misuse. The model's susceptibility to manipulation,
including the potential to assist in creating chemical,
biological, and cybersecurity weapons, poses a signif-
icant global threat. Moreover, DeepSeek consistently
failed in adversarial attacks, including jailbreaks.

DeepSeek's accuracy issues are also well-docu-
mented. According to tests by Vectara, the R1 model hallucinates at a rate of 14.3%, compared
to about 2% for OpenAl's GPT-4, and even more than its predecessor, DeepSeek-V3.

In light of these vulnerabilities, regulatory bodies have responded swiftly. Italy's data pro-
tection authority blocked the chatbot over privacy concerns, and New York State banned it
from government networks due to surveillance risks. The European Data Protection Board is
also considering broader regulatory measures, reflecting growing scrutiny of Al safety.

However, the open-source nature of DeepSeek fundamentally alters the risk-benefit cal-
culation for enterprise Al adoption. While the model's capabilities raise security concerns, its
open architecture provides unprecedented control over deployment and security parameters.

Organizations can:

Exercise complete architectural control through local deployment on private, non-Chinese
compute infrastructure.

Implement rigorous code review processes to identify and eliminate potential security
vulnerabilities.

Maintain absolute data sovereignty by isolating model operations within their security
perimeter.

This capability for controlled deployment creates a critical distinction between DeepSeek and

proprietary Al models. Rather than relying on external assurances of security, organizations can

epicenter | number 1

17



inside deepseek R1’s technical revolution

directly implement their security protocols and data governance frameworks. The ability to ex-
amine and modify source code provides transparency that closed systems cannot match, while
local deployment eliminates concerns about unwanted data transmission to foreign entities.
The open-source model thus transforms a potential security liability into a governance ad-
vantage, providing organizations with both advanced Al capabilities and granular control over
their implementation. However, it's important to note that smaller, local instantiations of these
models come with limitations, particularly in the size of their context windows—the amount
of text they can process at once. This constraint can impact performance on tasks requiring
extensive context unless the system has substantial memory and a high-performance graph-

ics card to accommodate larger models.

Al is no longer just about technolog-
ical advancement—it’s a battlefield in global geopolitics. While India and the Middle East race to
become Al powerhouses, China’s DeepSeek has reignited concerns over security, data privacy, and
influence, drawing comparisons to TikTok’s controversy but with even greater stakes.

India, with its vast talent pool and strong ties to global tech, is emerging as a major Al contender,
especially as investors wary of China shift their focus. The Middle East, led by the UAE and Saudi
Arabia, is pouring billions into Al, aiming to move from Al consumers to creators. Yet, it's China that
has sent shockwaves through the industry, with DeepSeek’s rise triggering a $1.3 trillion rebound in
Chinese markets—a clear sign of investor confidence in the country’s Al ambitions.

But DeepSeek’s rapid adoption as the preferred (or mandated) decision-making tool for local gov-
ernment officials in China has raised international alarm due to its extensive data collection prac-
tices and political bias. The Al stores user inputs—including text, audio, and keystrokes—on servers
in China, where national security laws mandate data sharing with intelligence agencies. This has
led to widespread bans in Western nations over concerns of espionage, influence operations, and
corporate theft. Furthermore, DeepSeek’s responses consistently align with Chinese state narratives,
fueling fears of its potential use in disinformation campaigns and propaganda. The platform’s dual
role as a decision-making aid and a data collection mechanism suggests it could be leveraged as
both a surveillance tool and an instrument for political influence.

The backlash has been swift. South Korea suspended downloads, the U.S. Navy banned it, and
lawmakers in Texas, Virginia, and New York have moved to block its use on government devices.
Australia, Italy, and Taiwan followed suit, citing security risks. Meanwhile, the White House is investi-
gating its implications, with growing calls for broader restrictions.

China, unsurprisingly, has defended DeepSeek, accusing critics of politicizing Al while actively
promoting its adoption. But the pattern is clear—DeepSeek is becoming as controversial as TikTok,
if not more so.

As Al evolves into a tool of digital sovereignty, the battle over its control is escalating. Govern-
ments are realizing that Al isn’t just about intelligence—it’s about power. And with DeepSeek at
the center of a growing global rift, the world may be witnessing the early stages of an Al Cold War.
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Challenge: The global Al landscape is evolving from a US-China technological arms race
to a multi-polar ecosystem, with the U.S., China, and Europe each pursuing independent Al

capabilities.

DeepSeek’s Position: Despite U.S. semiconductor restrictions, China has rapidly devel-
oped competitive Al models, signaling that American attempts to throttle China's Al progress

may have limited efficacy.

Implication: Governments worldwide are accelerating Al policies and infrastructure in-

vestments to reduce foreign technology dependence.

From a Bipolar to a Multi-Polar Al World
DeepSeek demonstrates how global Al competition has evolved past simple U.S.-China rivalry.

Three key dynamics are reshaping the field:

1 European Strategic Positioning

The rise of European Al initiatives, particularly France's aggressive positioning, introduces
new centers of Al innovation and governance. This multi-polar dynamic complicates tra-
ditional assumptions about technological competition and creates opportunities for novel

development approaches.

2 Democratization of Advanced Al

DeepSeek demonstrates that breakthrough Al capabilities are no longer limited to established
tech giants. The "unicorn effect” observed in other software markets is beginning to manifest
in mixed-mode Al models, suggesting rapid proliferation of powerful new architectures from

unexpected sources.

3 Path to AGI Remains Uncertain
The race toward AGI-level capabilities introduces additional complexity, as fundamentally
different approaches compete to achieve human-like cognition, creativity, and imagination.
This technological uncertainty means that breakthrough innovations could emerge from any
number of competing paradigms or geographic regions.

This evolution toward a multi-polar Al landscape, combined with accelerating technological
advancement, suggests a future where Al leadership becomes increasingly distributed and

contested across multiple centers of innovation.
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China’s Al Resilience and the Limits of U.S. Export Controls

U.S. semiconductor export restrictions aimed at slowing China's Al progress have had un-
intended effects. Rather than crippling China's Al industry, these restrictions have driven
domestic innovation, forcing Chinese engineers to optimize performance under constrained

conditions. China's response includes:

Massive government subsidies to ensure Al development continues despite restrictions.
Expanded Al research collaborations with non-U.S. allies.
Accelerated domestic Al infrastructure development, including new supercomputing

centers and alternative chip architectures.

Development of sophisticated parallel “gray” markets where restricted technologies command
premium prices, creating resilient supply channels that circumvent export controls despite
elevated costs and legal risks.

Instead of slowing China's Al ambitions, U.S. policies may be fueling an Al decoupling, lead-

ing to two competing, closed Al ecosystems.

Europe’s Al Struggles: Between Regulation and Innovation
Europe finds itself caught between aggressive Al expansionism from the U.S. and China
and its own regulatory tradition. Despite strong research institutions and a deep talent pool,

over-regulation threatens to stifle innovation. Key developments include:

France and Germany implementing aggressive Al acceleration initiatives, working to
reposition the EU as an innovation hub rather than a regulatory stronghold.

Persistent talent migration challenges as leading Al researchers and engineers gravitate
toward U.S. institutions and companies, attracted by superior resources and compensation.
Strategic investments in sovereign Al computing infrastructure and research facilities to
establish technological independence from both U.S. and Chinese ecosystems.

Structural impediments in the innovation ecosystem, including underdeveloped venture

capital networks, limited startup support infrastructure, and risk-averse investment culture.

Deep-rooted labor market rigidities, including widespread engineering union agreements,
creating institutional resistance to rapid technological adoption and organizational

transformation.

If Europe hopes to become an Al powerhouse rather than a regulatory backwater, it must
balance safety guardrails with innovation—particularly as China demonstrates how quickly
the competitive landscape can shift. While Europe's regulatory caution is understandable, the
rapid rise of companies like DeepSeek shows that hesitation in Al development risks ceding

ground to more aggressive players.
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The competition extends beyond model development to infrastructure control, governance,

and deployment rules. As nations recalibrate their strategies, expect:

More aggressive government subsidies for Al infrastructure.
The rise of regional Al champions.

Tighter regulatory frameworks shaping Al use in defense, commerce, and governance.

The Al world is fracturing into regional power blocs, with DeepSeek exemplifying how inno-

vation can thrive under geopolitical constraints.

Data Sovereignty and Resource Centralization
Challenge: Al development resource concentration raises critical sovereignty concerns.

Implication: Nations and organizations increasingly

prioritize data autonomy and distributed infrastructure.

Predictability: Growing tensions between global Al

development and national data protection regulations.

DeepSeek's emergence highlights critical concerns
about data sovereignty and resource centralization.
While demonstrating potential for Al development out-
side traditional Western tech hubs, it raises questions
about data control and sovereignty. Chinese companies
must comply with domestic regulations requiring data
storage within China's borders, potentially limiting in-
ternational collaboration.
The centralization of Al development resourcesin a
handful of major tech companies has created systemic vulnerabilities. Currently, over 80% of
high-performance Al training capacity is controlled by fewer than ten organizations globally.
This concentration creates single points of failure and raises concerns about the resilience of
the Al ecosystem. For example, when Microsoft's Azure Al infrastructure experienced an out-

age in January 2025, it affected thousands of downstream Al applications and services.

Energy and Environmental Impact

Challenge: Al model training and inference increasingly strain global energy resources.
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Implication: Sustainable Al infrastructure becomes critical.
Predictability: Growing energy demands from Al development were anticipated.

Traditional Al training approaches consume enormous energy resources. A single GPT-4
training run uses as much electricity as 100 American households do annually. While Deep-
Seek's efficient approach shows promise, its R1 model's training still consumed approximately
3.2 million kilowatt-hours of electricity.

This energy consumption has broader environmental implications. Al training could ac-
count for up to 10% of global electricity consumption by 2030. Major tech companies are
responding by investing in renewable energy sources and more efficient cooling systems for

their data centers.

Regulatory Framework Gaps

Challenge: Existing regulatory frameworks struggle
to keep pace with Al advancement.

Implication: The need for adaptive, technology-

neutral regulation is becoming urgent.

Predictability: Early warning signs of regulatory
inadequacy were visible in previous Al developments.

DeepSeek's breakthrough has exposed significant gaps

in current regulatory frameworks. Traditional regula-

tions, designed for slower-moving technologies, prove

inadequate for rapidly evolving Al systems. Current export regulations focus primarily on
hardware specifications, but DeepSeek'’s success demonstrates that software optimization can
achieve similar results with less advanced hardware.

Global regulatory bodies struggle to establish effective oversight. The EU's Al Act, while
comprehensive, may already be outdated by developments like DeepSeek’'s R1 model. U.S. reg-
ulatory frameworks remain primarily voluntary and may not adequately address advanced Al
system risks. This regulatory lag creates uncertainty for both developers and users, potentially

slowing adoption while increasing risks.

22
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hrough reinforcement learning replacing human fine-tuning, cost-cutting

optimizations democratizing access, open-source models challenging pro-
prietary monopolies, or infrastructure reshaping around “Al-first” principles, these
advancements reveal deep change. Companies that recognize and adapt to these

shifts will thrive, while those that resist may struggle to maintain relevance.

The Emerging Shift: From Supervised Fine-Tuning to RL-Driven Al
For years, the dominant paradigm in LLM development has been supervised fine-tuning
(SFT)—refining models using carefully curated, human-labeled datasets. While effective, this
approach is labor-intensive, costly, and limited by labeled data availability.

DeepSeek's reinforcement learning approach challenges this model. Instead of relying on
manually labeled datasets, DeepSeek's model learns through self-play, reward mechanisms,
and iterative refinement, developing sophisticated reasoning skills with minimal external

guidance. This marks a paradigm shift in Al training, enabling models to:

Optimize performance dynamically without vast human-generated annotations.
Develop novel problem-solving strategies autonomously, rather than imitating
pre-existing human responses.

Reduce training costs and labor demands, making high-performance Al more accessible

to organizations beyond Big Tech.

The Strategic Implications of RL-Driven Autonomy
The implications of DeepSeek's RL-first approach suggest future models will:

Self-improve through environmental interaction, similar to AlphaGo's mastery of Go.
Adapt dynamically to new domains without extensive retraining.

Outperform human-annotated models in complex reasoning tasks.

Reduce reliance on expensive human-labeled data—historically a bottleneck in Al development.

The Counterintuitive Surprise: RL Models Can

Outperform Human-Labeled Al at Lower Cost

DeepSeek's reinforcement learning model achieved GPT-4-level performance with tremen-
dous efficiency. While conventional wisdom assumed more labeled data equaled better mod-
els, DeepSeek shows that smarter training methods can achieve comparable or better results

with fewer resources. This could:
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Undermine data-hoarding
strategies used by major Al
companies.

Level the playing field for
smaller Al startups.
Accelerate Al's evolution
through real-time feedback
and optimization.

Removes the errors that occur with Human labeling

The Next Step: Can RL Models Break Beyond Language?

The success of RL-driven Al in language models raises a broader question: can RL-based
architectures scale to robotics, scientific discovery, or real-world decision-making? If so, we
may be witnessing the dawn of Al that learns like humans—actively experimenting, iterating,

and improving over time.

Key Takeaways
DeepSeek's reinforcement learning approach challenges traditional supervised fine-tuning.
This shift reduces dependency on expensive, human-labeled datasets, fundamentally
altering Al economics.
RL-based training could accelerate Al development, making competitive Al accessible
to more companies and researchers.
The future Al race may center on building the smartest, most adaptable learning

architectures rather than accumulating the largest datasets.

DeepSeek's efficiency breakthroughs are more than optimizations—they represent a structur-

al disruption of the entire Al ecosystem.

25
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Open-Source
Al Models

and the Democratization of Al

he rise of open-source Al models is redefining how Al is developed and
controlled, challenging the dominance of closed ecosystems. DeepSeek
builds on Meta’s Llama strategy, proving that cutting-edge Al doesn’t
require proprietary constraints. As development decentralizes, competition
shifts from model superiority to infrastructure, data, and real-world

applications—forcing companies and nations to rethink their Al strategies.
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The Emerging Shift: Breaking Free
from Closed Al Ecosystems

The emergence of DeepSeek represents a fundamental challenge to the traditional closed-eco-
system paradigm of Al development. Meta's pioneering open-source strategy with Llama,
championed by Yann LeCun, established a precedent that DeepSeek now advances—demon-
strating that breakthrough Al capabilities need not be confined to proprietary systems.

This shift mirrors the historic transformation in operating systems, where Linux's open-
source model ultimately superseded proprietary UNIX implementations. Just as Linux fostered
rapid innovation through collective development, DeepSeek's open architecture creates the
potential for accelerated advancement through distributed collaboration. The parallel is par-
ticularly apt: both movements challenged

the assumption that cutting-edge technolo-

Just as Linux fostered rapid
innovation through collective

gy required centralized control and massive

corporate resources.

The effects extend beyond mere techno- development, DeepSeek’s
logical access. By open-sourcing its models open architecture creates
and methodologies, DeepSeek undermines the pote ntial for accelerated

the strategic moat that companies like

advancement through

OpenAl, Google DeepMind, and Anthropic L .
distributed collaboration.

have built around their Al systems. This

democratization of advanced Al capabilities

suggests a future where innovation velocity depends more on community collaboration than
corporate resource concentration, potentially redistributing power in the Al'landscape from a

few dominant players to a broader ecosystem of contributors.

The Implications: A More Competitive
and Decentralized Al Landscape

DeepSeek's approach could permanently alter the power structure of Al development:

M Lower Barriers to Entry: Open-source models enable smaller firms and research groups

to compete with Al giants.

M Decentralization of Al Research: Innovation may shift from centralized corporate labs

to distributed, global collaborations.

M Regulatory & Ethical Advantages: Open-source Al provides greater transparency for

auditing models' biases, risks, and ethical concerns.
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The Surprise Factor: The Competitive Edge Is Moving

Historically, Al dominance has been defined by who had the best model—the company with
the most powerful AI won the market. But as open-source models become increasingly viable,
the competitive advantage may shift away from model superiority and toward who controls

the surrounding infrastructure, data, and real-world applications. This means:

M Cloud and compute infrastructure become the new battleground.

M Proprietary datasets emerge as key differentiators.

M Businesses that can easily integrate Al into their products (e.g., Salesforce embedding Al
into enterprise tools, or Adobe enhancing creative workflows with Al) may derive more

value than companies focusing purely on Al model development.

Additionally, a new abstraction layer will emerge as a competitive arena in the Al infrastruc-
ture stack. This middleware, analogous to VMware's role in enterprise computing, will pro-
vide unified management interfaces across

heterogeneous compute, storage, and net-

As open-source models be-

working resources. By offering consistent . . .
come increasingly viable,

high-level APIs while maintaining hard-

ware-optimized implementations for each the com petltlve advanta ge
platform, this layer will become essential may s hift away fromm model
for managing the growing complexity of Al supe ro r|ty and toward who

systems. Organizations that establish domi-

controls the surrounding
infrastructure, data, and
real-world applications.

nance in this middleware layer could capture
significant value by bridging the gap between
diverse hardware architectures and applica-
tion-level Al development.

By making its models public, DeepSeek forces the Al industry to compete on new dimen-

sions—moving beyond model superiority toward infrastructure, data, and real-world impact.

China’s Al Ascent: A Challenge to Western
Dominance and China’s Al Self-Sufficiency

DeepSeek's appearance fundamentally challenges Western assumptions about the effective-
ness of semiconductor export controls in constraining China's Al development. Two parallel

dynamics are reshaping the competitive landscape:

11 Technical Innovation Under Constraints

China has demonstrated remarkable adaptability, developing novel approaches to AI model
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efficiency rather than merely replicating Western hardware-intensive methods. DeepSeek
exemplifies this strategy, achieving competitive performance through architectural innova-

tion rather than raw computational power.

2 1 Research Leadership Evolution
The shifting balance in Al research influence reflects a more sophisticated reality than hard-
ware restrictions alone would suggest. While U.S. researchers maintain primacy in high-im-
pact publications, commanding nearly 50% of the most cited papers, China's steady increase
in peer-reviewed research and foundational Al contributions indicates growing competence
in their Al ecosystem.

This dual advancement in both practical implementation and theoretical research suggests
that export controls may be accelerating China's development of independent Al capabilities

rather than inhibiting their progress.
The focus on efficiency-driven innovation A new abstraction |aye|—
and fundamental research could ultimately will emerge as a com-
petitive arena in the Al
infrastructure stack. This
The Implications: Recalibrating middleware, analogous to
Global Al Strategy VMware's role in enterprise
DeepSeek’ f West li- - . -

eepSeek's emergence forces Western poli computlng,WHI prowde
unified management in-
terfaces across heteroge-
without access to cutting-edge Western chips, neous Compl_“lte/ storage,

weakening the effectiveness of U.S. semi- and networking resources.

conductor restrictions.

yield approaches that transcend current

hardware-centric development paradigms.

cymakers and tech companies to rethink their

strategies:

M China is proving its ability to innovate

B The U.S. and its allies may need to escalate Al investment and policy incentives to
maintain an advantage.
M Geopolitical tensions around Al will likely intensify, pressuring Western nations to

reevaluate trade controls, research collaboration, and Al security measures.

The Surprise Factor: China’s Al Boom
Could Accelerate Global Al Decoupling

DeepSeek's success reflects broader trends:

M Heavy investment in domestic Al chip development.

M A parallel Al research ecosystem producing competitive, state-of-the-art models.
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M Expanding Al applications in military, economic, and surveillance sectors.

M Al positioned as a core driver of China's strategic ambitions.

Additionally, China's domestic GPU landscape has undergone strategic consolidation follow-
ing the 2024 U.S. export controls on Nvidia. The previously fragmented ecosystem of 25+
startups, which struggled with CUDA compatibility, has been transformed through concen-
trated investment in the top five manufacturers. DeepSeek's architectural innovations, by
demonstrating viable alternatives to CUDA-dependent approaches, have reduced technical
barriers for these domestic chip producers, accelerating their development trajectory with
renewed funding and clearer technical objectives.

If China continues advancing Al at this pace, we may see full decoupling of Al ecosystems—
where China's Al models, compute infrastructure, and governance frameworks operate inde-
pendently from the West.

Key Takeaways

M DeepSeek's success challenges assumptions about China's Al constraints.

M China is proving it can develop top-tier Al models despite limited access to high-end
Western semiconductors.

B The Al power balance is shifting, pressuring the West to accelerate investments
and policy measures.

M Global Al decoupling may accelerate, leading to separate Al ecosystems in China
and the West. &
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The Breakthrough: Open-Source Al
is Dismantling Proprietary Advantages

For years, proprietary Al models from OpenAl, Google DeepMind, and Anthropic have main-
tained dominance through closed-source architectures, exclusive datasets, and controlled
APIs. The prevailing belief was that only massive compute budgets and proprietary data pipe-
lines could produce cutting-edge Al

DeepSeek's open-source release is the aftershock that is dismantling Big Tech's competitive
advantage. By making high-performance models freely accessible, it erodes the exclusivity
that industry leaders have relied on for control. The traditional Al powerhouses now face a
harsh reality: their walled gardens no longer guarantee dominance.

This shift forces a strategic reckoning. If proprietary data and compute monopolies no longer
serve as insurmountable moats, how do Al firms differentiate? The aftershock of open-source
Al means innovation, fine-tuned applications, and infrastructure efficiency will determine
success—not just raw scale. The industry must adapt to an environment where advantage is

no longer locked behind closed doors, but freely available to all.

The Implications: Al Companies Must Pivot

With open-source Al becoming competitive with proprietary models, companies must

shift their value proposition:

Al Hosting & Compute Services: The competitive edge moves to who can provide the

best infrastructure for deploying and scaling models efficiently.

Proprietary Datasets & Customization: Al firms may monetize through fine-tuned,

domain-specific models trained on exclusive, high-quality datasets.

Al Integration & Workflow Optimization: Businesses seek easy Al integration into
enterprise applications, shifting focus toward workflow automation rather than raw

model performance.

The Surprise Factor: Al Models are Becoming Commodities

What this means for Al companies:

Big Tech's advantage is eroding. Exclusive access to high-performance models no longer
provides sufficient competitive moat.

The Al arms race is shifting to ecosystem building.
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Investors may rethink Al valuations based on scaling and real-world application
potential rather than model superiority.
Business models dependent on high revenue from the Al models are now suspect.

The Breakthrough: Capital is Moving
Away from Massive Al Training Projects

The dominant Al investment strategy centered on large-scale, high-capex Al model training—
where billions went into compute-intensive projects led by OpenAl, Google DeepMind, and
Anthropic. DeepSeek disrupts this model by achieving cutting-edge Al performance with a
fraction of the traditional budget.

The Implications: A New Era of Al Capital Allocation

As the industry shifts toward cost-efficient Al architectures, venture capital and corporate

funding strategies are transforming:

Less Investment in Monolithic AI Labs: Investors may hesitate to fund billion-dollar
Al projects if similar results can be achieved through efficient architectures.

More Funding for Al Optimization & Infrastructure: Focus shifts toward companies
specializing in cost-efficiency, inference acceleration, and model deployment.

Prioritization of Specialized AI Applications: Companies receive funding for high-impact
domain-specific Al (biotech, legal A, financial modeling, robotics, manufacturing).

The Surprise Factor: Al Efficiency
is the New Competitive Advantage

Efficiency—not scale—is becoming the dominant investment metric. Investors increasingly

examine:
Compute-to-performance ratio: Who delivers the most intelligence per dollar?
Inference efficiency: Which models are most cost-effective to deploy?

Scalability & adaptability: Which Al architectures offer modularity and efficiency gains

without excessive resource demands?

This shift will likely accelerate the rise of lean Al startups—smaller firms that prioritize

optimization over brute-force compute. 33
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Key Takeaways

I DeepSeek's low-cost training method is forcing a reallocation of Al investment capital,
favoring efficiency-driven Al over capital-intensive projects.

1 VC and corporate investors will likely shift funding away from large-scale Al training
toward infrastructure, fine-tuning, and real-world applications.

I Al companies that fail to demonstrate cost-efficient architectures may struggle to
secure funding.

I Al efficiency—not sheer model size—is emerging as the new competitive advantage.

The Evolution of Al Regulation and Safety Standards

The Breakthrough: Al’'s Growing Role
in Security and Governance

As Al grows more sophisticated, its potential risks—from misinformation to cybersecurity
threats—draw increased regulatory scrutiny. Indeed, DeepSeek’s emergence highlights an
urgent security challenge in Al governance that extends far beyond traditional regulatory
concerns. The rise of novel attack vectors across Al systems introduces vulnerabilities that
current security frameworks are ill-equipped to address.

The expanding attack surface in Al systems takes multiple forms: models can be intercept-
ed and replaced during transmission,

inference data can be maliciously mod- _
ified, and model behavior can be com- The expanding attack surface

promised through subtle manipulations, in Al Syste ms takes multi 8 le
demanding a fundamental rethinking of

Al security infrastructure. forms: models can be inter-

This evolution is driving the de- ce pted and I’ep| aced duri ng

1 t of hensi i- c -
VEIOPIIENT Of comprenensive secur: transmission, inference data
ty measures, including end-to-end

encryption for models and data, cryp- can be maliciously modified,

tographic signatures to verify au- a nd model beh aV|Or can be
thenticity, and enhanced monitoring

compromised through subtle

systems to detect anomalous behavior.

Just as critical infrastructure required mani pu lation S, demandin ga
new security paradigms with the ad-

, fundamental rethinking of Al
vent of networking, Al systems now

demand architectural-level security security infrastructure.
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solutions that can scale with increasing model sophistication. The challenge lies not just
in implementing these measures, but in doing so without significantly impeding the pace

of Al innovation.

The Implications: Stricter Al Compliance
and Global Regulation Tensions

DeepSeek's impact has reshaped the regulatory conversation:

Governments may impose stricter Al transparency requirements.

Geopolitical regulation battles may escalate as the U.S. and EU accelerate Al legislation
while China develops state-controlled compliance frameworks.

Al safety becomes a competitive differentiator rather than just a regulatory

requirement.

The Surprise Factor: Al Regulation
Could Become a Competitive Weapon

Regulation is emerging as a strategic tool beyond user protection, potentially designed to favor

domestic Al firms and block foreign competition:

Western Al regulations may tighten against open-source models, forcing Al firms to
comply with stricter training and deployment standards.

China may increase Al oversight while selectively favoring national Al models.
Companies leading in Al safety compliance could secure government contracts and

enterprise trust over less-regulated competitors.
Regulation is becoming a key battleground shaping the Al industry's competitive landscape.

Key Takeaways

DeepSeek’s emergence accelerates the need for global Al safety and compliance
frameworks.

Stricter transparency and Al governance rules will likely emerge.

Al regulation could become a geopolitical tool, reinforcing divisions between Western
and Chinese Al ecosystems.

Al firms that integrate safety and compliance measures early may gain strategic

advantages.
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The Breakthrough: Al Compute Diversification
and the End of Nvidia’s Dominance

The Al hardware market has long been dominated by Nvidia's high-end GPUs. Howev-

er, DeepSeek’s ability to achieve GPT-4-like performance without relying on Nvidia's most
powerful chips indicates a fundamental shift in Al compute economics. This development
reinforces the growing trend toward alternative Al chip solutions, as companies seek cost-

efficient, scalable, and adaptable hardware architectures for next-generation Al models.

The Implications: A More Competitive
and Decentralized Al Compute Market

DeepSeek's success is accelerating diversification in Al chip infrastructure:
The Rise of Non-Nvidia AI Accelerators:

Established Tech Giants:

» Google TPUs: Custom ASICs delivering 2-3x performance advantage for specific
Al workloads

e Amazon Trainium?2 & Inferentia2: Purpose-built for training and inference on AWS,
claiming 50% cost reduction

o AMD MI300X: Direct competitor to Nvidia H100, with 192GB memory and similar
performance claims

e Intel Gaudi2: Focused on training efficiency, with built-in RoCE networking

 Apple Silicon: Neural Engine optimized for on-device Al processing

e Microsoft Azure Maia: Custom-designed for large language model training

e Baidu Kunlun: Al chips optimized for cloud and edge deployment

Emerging Challengers:

e Cerebras CS-2: Wafer-scale engine claiming faster training than GPU clusters

» Tenstorrent RISC-V: Novel architecture focusing on sparse neural networks
 Graphcore IPU: Intelligence Processing Units with unique parallel processing approach
» SambaNova: Reconfigurable dataflow architecture

e Groq: Tensor Processing Unit with predictable performance claims

Energy Efficiency Innovation:
e New architectures reduce power consumption by 40-60% compared to traditional GPUs

» Specialized memory hierarchies minimize data movement 36
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e Dynamic voltage and frequency scaling
for workload optimization
» Advanced cooling solutions enabling

higher sustained performance

China's Domestic Ecosystem:

e Hygon DCU: Server accelerators for Al
training

» Biren Technology: High-performance
GPU alternatives

e Moore Threads: Graphics and compute
solutions

e Cambricon: Al inference optimization

e Huawei Ascend: Full-stack Al infrastructure

As Al models evolve, the market increasingly

favors:

Application-specific integrated circuits (ASICs) optimized for particular Al tasks.
Flexible architectures supporting multiple precision formats.
Hardware-software co-design for maximum efficiency.

Edge-optimized processors balancing performance and power consumption.

Such diversification threatens Nvidia's dominance while potentially accelerating Al innova-

tion through specialized solutions.

The Surprise Factor: The Next Al Bottleneck May Be Energy

Energy consumption, not just compute power, may become the next major Al constraint. As Al
workloads scale, concerns over power efficiency, thermal management, and sustainability are

gaining prominence. This could lead to:

Emergence of specialized Al processors that prioritize performance-per-watt over raw
computational power, fundamentally reshaping chip design priorities.

Accelerated adoption of edge computing architectures that distribute Al processing

across networks, reducing central data center energy demands.

Implementation of stringent energy consumption regulations for Al operations, particularly

in regions with aggressive climate targets.
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A paradoxical energy challenge: while training efficiency improves dramatically, the
exponential growth in inference operations—driven by widespread Al deployment across
industries—creates unprecedented energy demands that could dwarf historical Al power

consumption.

DeepSeek's emergence is reshaping the economics and infrastructure of AI compute, ush-
ering in an era where cost-efficiency, adaptability, and power savings matter as much as

performance.

All told, DeepSeek represents both a technological breakthrough and a strategic inflection
point in Al development. By leveraging reinforcement learning and cost-efficient training
methods, it challenges long-standing assumptions about Al scalability and infrastructure
dependence. The seismic shifts outlined in this analysis—spanning Nvidia's threatened domi-
nance to the open-sourcing of Al-highlight the profound transformations underway in the Al
industry.

For businesses, investors, and policymakers, understanding these Fault lines, Tremors,
Quakes, and Aftershocks is essential for navigating the evolving Al landscape. Those who
anticipate and adapt to these shifts will be best positioned to capitalize on emerging opportu-

nities while mitigating risks.

Navigating Al Hype—Use Our Al Model Evaluation Framework

The Al landscape evolves at unprecedented pace, with new models launching almost weekly. But how
does one separate genuine innovation from overhyped marketing? Our Al Model Evaluation Frame-
work provides a structured methodology for assessing Al models based on:

Benchmarking Validity: Are performance claims backed by standardized, reproducible tests?
Source Credibility: Who conducts the evaluation, and what are their incentives?
Comparative Metrics: How does the model perform in real-world tasks?

Inference Costs vs. Model Accuracy: Is the Al both affordable and effective?

Scalability & Practical Use: Does it work beyond controlled environments?

Recent findings suggest cheaper Al models are outperforming more
expensive counterparts—defying conventional wisdom. Businesses, investors, and researchers must
look beyond branding to make informed Al decisions. Before investing in or deploying an Al model,
use our framework to evaluate its true potential. Let data, not hype, dictate your Al strategy.

epicenter | number 1

38



Reverberations in the Semiconductor Sector

The semiconductor industry’s pursuit of smaller, faster chips—epitomized by ASML's EUV sys-
tems targeting sub-2nm nodes—has been the benchmark for progress. However, DeepSeek
challenges traditional assumptions about Al hardware requirements, demonstrating that perfor-
mance breakthroughs can be achieved without relying on cutting-edge chips. This raises a critical
question: Is the industry’s fixation on next-generation fabrication missing more cost-effective
paths to progress?

DeepSeek shows that algorithmic efficiency, model architecture optimization, and intelligent
hardware utilization can sometimes deliver greater performance gains than transistor scaling
alone. The semiconductor sector must expand beyond lithographic shrinkage to advancements
in chiplet architectures, memory interconnects, and domain-specific compute accelerators that
redefine Al efficiency.

1 Advanced Packaging Technologies: Innovations in chiplet designs and 3D integration rev-
olutionize component assembly. By connecting multiple smaller chips within a single package,
manufacturers achieve superior performance and yield compared to monolithic designs. Tech-
niques like die-to-wafer bonding and wafer-to-wafer stacking enhance density and reduce costs.

2 Algorithmic Optimization: Tailoring software algorithms to leverage existing hardware capa-
bilities can result in substantial performance improvements. This approach reduces the need for
constant hardware upgrades, offering a more sustainable path to efficiency.

3 Alternative Semiconductor Materials: Materials beyond silicon, such as gallium nitride (GaN)
and silicon carbide (SiC), present opportunities for better performance and energy efficiency.

The industry’s fixation on
traditional scaling mirrors historical monopolistic practices that stifled innovation, like Standard
Oil, whose vertical integration and infrastructure control stifled energy innovation in its day,
crushing everything in its path. Today’s semiconductor and data center behemoths likewise exert
immense control through their dominance in critical infrastructure, fabrication capabilities, and
intellectual property. This concentration creates formidable barriers for newcomers, especially in
advanced chip manufacturing, where establishing a modern fabrication plant demands invest-
ments exceeding $20 billion.

To foster a more dynamic semiconductor landscape, the industry must broaden focus beyond
miniaturization. Embracing alternative materials, advanced packaging, and algorithmic efficien-
cy can lead to performance gains rivaling traditional scaling. While the pursuit of smaller nodes
has driven remarkable progress, recognizing and investing in alternative strategies offers sustain-
able and substantial performance improvements.
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Epicenter Advisory Services
empowers institutional clients,
investors, policymakers, and
industry leaders to not just keep
up, but to lead. We specialize in
turning disruption into

Strategic Advisory Services

Technology & Market Evaluation: We dive deep into emerg-

ing technologies and competitive landscapes, leveraging a
powerful suite of tools to assess feasibility, scalability, and
market potential. Our Seismic Framework and strategic fore-
sight tools help clients anticipate industry shifts before they
happen, keeping them multiple steps ahead.
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Contact : For inquiries, please contact
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”Race How.Do You

Choose When Every Model
Is the Best—For a Week?

N ot long ago, Al development resembled a steady mara-
thon, where a handful of dominant players carefully built upon
their breakthroughs over years. Today, it has become an Olympic
sprint relay, where the baton of superiority is passed from one
model to another at an almost absurd pace. What was once

considered cutting-edge Al can now be obsolete within weeks.
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the ai leapfrog race

ven as XAl flexes its GPU muscle with Grok, Mistral is redefining the game with

regionalized Al models, proving that dominance in Al is no longer a one-size-
fits-all contest. The question is no longer just who has the best Al—it’s for how long?
And more importantly, how do businesses and individuals navigate an ecosystem

where the best model today might be outdated before it's even fully integrated?

The Acceleration Paradox :
Faster Progress, Slower Adoption

Alinnovation has reached an inflection point in how iteration cycles are measured. The sheer
speed at which Al models are evolving has introduced a paradox: while technical capabilities
skyrocket, real-world adoption struggles to keep up. A growing gap is emerging between what
Al can do and what can actually be implemented at scale. Companies, researchers, and even
casual users now face a dilemma—should they integrate the latest Al model today, knowing
that a better one could arrive in a matter of weeks? This breakneck evolution is driven by sev-

eral key factors:

Hyper-Rapid Iteration: The time between Al breakthroughs has collapsed. xAl, OpenAl,
DeepMind, Anthropic, and Mistral are engaged in a cycle where each major update immediately
renders previous benchmarks obsolete. Grok-3's triumph may last only weeks before DeepSeek
R3 or Claude 4 takes its place.

The Compute Arms Race: Powering these Al leaps requires unprecedented hardware
investments. XAl's rumored 200,000 GPU cluster is a testament to the escalating
infrastructure war, but whether such scale is sustainable or even necessary remains an open

question. How long before this arms race becomes economically unfeasible?

The Specialization Shift:

SRSl B et The question is no longer just who
round to specialized, domain- .

= has the best Al—it’s for how long?
specific models. Mistral's move _

toward regional Al tailored to Aﬂd maore |mDOrta ﬂt|y, hOW dO

local cultures and languages businesses and individuals navi-

suggests that niche, fine-tuned

gate an ecosystem where the best
valuable than an all-knowing model today might be outdated
generalist model. before it's even fully integrated?

intelligence may prove more
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The Practical Challenge :

For companies and developers, the constant leapfrogging of AI models presents three major

challenges:

1 Decision Paralysis - The risk of choosing the “wrong” model is higher than ever. With new
iterations appearing so frequently, businesses hesitate, fearing that today's choice will be

obsolete tomorrow.

2 Integration Lag — Even if a company commits to an Al model, the time required to imple-
ment it can often exceed the lifespan of its relevance. By the time deployment is complete,

newer models may already offer superior performance.

3 Resource Allocation — Al models require not just money but also time, talent, and infra-
structure. With such rapid turnover, companies must carefully balance the need for cut-

ting-edge performance against the practical realities of stability and long-term value.

A Smarter Al Strategy :

Instead of blindly chasing every new breakthrough, organizations and developers must
rethink their Al adoption strategies. The key lies in flexibility, modularity, and strategic
patience. Rather than jumping on every new release, businesses should focus on whether a
model offers tangible, immediate improvements over existing solutions. If a new Al model
does not provide at least a 10x improvement, waiting for a more stable version might be the
wiser move. One way to mitigate the impact of rapid Al turnover is by adopting model-ag-

nostic architectures. This means:

Designing flexible Al systems where models can be swapped in and out without
disrupting workflows.

Investing in middleware that abstracts model dependencies, allowing seamless
transitions between providers.

Maintaining compatibility with multiple Al vendors, ensuring that no single model

becomes a bottleneck.

Risk Management and Future-Proofing
Al models are evolving too fast to rely on any single vendor. Smart companies are hedging
their bets by:

Developing contingency plans for when (not if) models become outdated.
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Maintaining relationships with multiple Al providers to avoid vendor lock-in.

Ensuring that critical operations do not depend entirely on a single Al system.

The Future of Al: What Comes After the Leapfrog?

While today's Al landscape feels chaotic, history suggests that this level of competition
won't last forever. Patterns from past technology booms indicate that the market will even-
tually stabilize and consolidate, but not in the way many expect. Instead of a single domi-
nant player taking over, we may see:

An Al ecosystem of specialized models, where different Als excel in different domains.

Increased collaboration, as interoperability becomes more valuable than brute-force

intelligence.

A shift toward efficiency, as the cost of massive models forces the industry to prioritize
sustainability and precision.

The future winners in Al won't be whoever has the biggest model—it will be those who balance
innovation with usability, efficiency, and adaptability. The Al leapfrog race is exhilarating,
but it can also be overwhelming for businesses and developers trying to keep up. The real
challenge is not just building the best Al—but figuring out how to navigate an ecosystem that

refuses to stand still. Success in this new era requires:
Patience to wait for truly transformative advances rather than chasing marginal gains.
Agility to switch models quickly without disrupting entire workflows.
Pragmatism in evaluating what actually works versus what's just a fleeting benchmark leader.
Ultimately, the true winners in Al won't be those who jump the highest but those who land the

smartest. So, the question isn't just, “What’s the best AI model right now?"It's "How do we build

a system that thrives no matter what comes next?”
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hen DeepSeek released its
R1 model as open source, it wasn't
just sharing code—it was executing
a sophisticated market strategy
straight from Schumpeter’s creative
destruction playbook. The move
appeared counterintuitive: why give
away technology that cost millions
to develop? But like Linux before it,
DeepSeek understood that controlling
the ecosystem could be more valuable

than controlling the code.




the open source gambit

he timing proved masterful. Launching at the peak of Al investment

hype, DeepSeek’s announcement sent shockwaves through the mar-
ket, erasing hundreds of billions in value from Al-dependent companies
overnight. Unlike Meta’s Llama, which emerged in a less mature market,
DeepSeek arrived when the industry was primed for disruption—with in-

frastructure ready, developers eager, and competitors vulnerable.

The impact rippled through China's Al landscape with particular force. Within weeks, Baidu
announced plans to open-source its Ernie chatbot—a seismic shift for a company that had
carefully guarded its Al technology. Alibaba had already seen the writing on the wall with its
open-source Qwen model. Only ByteDance's Doubao, with its 60 million monthly users, re-
mains a proprietary holdout.

Perhaps most intriguingly, this shift extends beyond software to physical infrastructure.
The Stargate initiative—Masayoshi Son's ambitious $100 billion Al data center project—now
faces existential questions. If high-performance Al can be developed and deployed without
massive computing clusters, the economics of centralized Al infrastructure may need funda-
mental reconsideration.

The future appears to be hybrid: OpenAl's announcement that GPT-5 will be free, with
premium features available to subscribers,
suggests even the industry's pioneers are
adapting to this new reality. The battle-
ground is shifting from model ownership
to ecosystem control and specialized capa-
bilities—a transformation that DeepSeek's
open-source strategy helped catalyze.

This represents more than a business
strategy; it's a fundamental restructuring
of the Al industry's power dynamics. Just
as Linux transformed computing by mak-
ing high-quality operating systems accessible to all, DeepSeek's move could democratize
Al development while paradoxically strengthening its own market position through eco-

system dominance.
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Schumpeter's creative destruction principle describes how innovation fundamentally re-
structures markets from within, destroying old systems while creating new ones. DeepSeek
represents this principle in action, demonstrating how disruptive innovation can rapidly ob-
solete established business models while creating entirely new economic paradigms. Consider

the following:

1 Destruction Phase

Established Model: Al development required massive capital investment, proprietary
technology, and centralized infrastructure

Market Structure: Dominated by well-funded players (OpenAl, Google, Anthropic) with
high barriers to entry.

Value Capture: Based on licensing fees and API access to proprietary models.

2 Creative Phase

New Model: Open-source, efficiency-focused development with dramatically lower
capital requirements.

Market Restructuring: Democratized access forcing incumbents to adapt or risk

obsolescence.

Value Capture: Shifts to ecosystem control, services, and specialized applications.

1 Technological Innovation

Proves high performance possible without massive resources.
Challenges assumption that bigger models require bigger budgets.

Demonstrates efficiency's superiority over brute force.

2 Business Model Disruption

Open-source approach forces proprietary players to adapt.
Shifts value from model ownership to ecosystem control.

Creates new monetization pathways through services and specialization.
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3 ¢ Market Structure Transformation

Erases hundreds of billions in incumbent market value.
Forces strategic pivots (e.g., Baidu open-sourcing Ernie).

Challenges traditional infrastructure investments (e.g., SoftBank's Stargate project).

4 - Ecosystem Evolution

Accelerates industry-wide shift toward open source.
Spawns hybrid models blending free access with premium features.

Creates new competitive dynamics focused on specialization and efficiency.

The Multiplier Effect: What makes DeepSeek a perfect example of Schumpeterian creative

destruction is its cascading impact across multiple layers of the Al industry:

Technical: Challenges conventional Al development approaches.
Economic: Disrupts established business models and value capture.
Infrastructure: Questions massive data center investments.

Geographic: Reshapes US-China Al competition dynamics.

This multilayered disruption exemplifies Schumpeter's vision of how radical innovation drives
economic progress—not through gradual improvement of existing systems, but through funda-

mental transformation that renders old models obsolete while creating new opportunities.

The Next Wave: As this creative destruction continues, we're likely to see:

More hybrid business models emerging.
Infrastructure investment shifting toward distributed systems.
New forms of value capture beyond traditional licensing.

Accelerated innovation in specialized Al applications.
DeepSeek demonstrates that in Al, as in other industries, the most powerful disruption comes

not from doing existing things better, but from fundamentally changing how value is created

and captured—the essence of Schumpeter's creative destruction principle.
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Thlat of

Disruption

When Less is More

I n the technology sector,
lished companies often rely c
brute force solutions—throwi
massive computing resources,
substantial budgets, and armies
engineers at problems. When you
command such resources, agility be
comes optional; market dominance

can be maintained through sheer

organizational mass. However, this
very strength contains the seeds of
vulnerability: with scale comes orga- :
nizational inertia—a systemic resis i
tance to pivot, adapt, or dismal
profitable but aging solutions i
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m the art of disruption

The Power of Constraint: Why Small Teams Triumph
Small teams don't have the luxury of inefficiency. Constrained by limited resources, they're
compelled to innovate not by choice but by necessity. This isn't merely intuitive; it's supported by
organizational behavior research. Studies have shown that teams under 10 members consistently
outperform larger groups in innovation tasks, primarily due to reduced coordination overhead and
increased individual accountability.

The Apollo 13 mission provides a compelling parallel to DeepSeek's journey. When the spacecraft's
oxygen tank exploded 200,000 miles from Earth, the crew faced a seemingly impossible challenge:
survival with severely limited resources. NASA's ground team had to innovate solutions using only
materials available on the spacecraft—duct tape, plastic bags, and primitive tools. They couldn't rely
on NASA's vast resources; they had to transform what they had into what they needed.

DeepSeek faced a similar constraint that proved transformative: they lacked access to NVIDIA's
top-tier GPUs that their well-funded competitors considered essential. Just as Apollo 13's crew
couldn't requisition new equipment from Earth, DeepSeek couldn't simply purchase the industry's
most powerful computing hardware. This

limitation forced them to fundamentally nn tion isn’t al b ¢
rethink their approach to Al model archi- B O 15 aiwdys 4bou

tecture and training methodology. groundbreaking technology
But here's the kicker: DeepSeek’s genius or billion-dollar R&D bud gets.
wasn't in inventing something new—it Sometimes. it's about seein g
/

realizing what no one else did: the pieces the same puzz le pIECES every-
were all lying on the table, just waiting to one else Is staring at and saying,
be rearranged. They didn't build a better “\Wait a minute what if we
mousetrap. They built a smarter maze. . . .

flipped this one upside down?

was in seeing what was already there and

And that's the real story here: innovation
isn't always about groundbreaking tech-
nology or billion-dollar R&D budgets. Sometimes, it's about seeing the same puzzle pieces every-
one else is staring at and saying, “Wait a minute... what if we flipped this one upside down?"
Constraint sharpens vision. DeepSeek’s inability to access NVIDIA's top-tier GPUs wasn't a set-
back; it was a catalyst. It forced them to look at the computational ecosystem differently, to rethink
architecture and training methodologies not as luxuries but as necessities. They didn't invent;

they orchestrated. And the result was a global paradigm shift.

The DeepSeek Paradigm Shift

DeepSeek succeeded by reimagining the rules of the game. While established players followed

conventional wisdom about model scaling and computational requirements, DeepSeek developed
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novel approaches to model efficiency and training optimization.

This exemplifies Clayton Christensen's theory of disruptive innovation: truly disruptive prod-
ucts don't merely improve existing solutions—they fundamentally alter the value proposition.
Likewise, DeepSeek didn't just create a more efficient Al model; they revolutionized how Al mod-

els are conceived, trained, and deployed.

The Future Gap: From Identification to Creation

Futurists excel at identifying technological inflection points—moments when emerging capabili-
ties intersect with unmet needs. But DeepSeek went beyond identification; they actively created
a new future trajectory. They demonstrated that the conventional wisdom about computational
requirements for advanced Al models was fundamentally flawed.

By developing innovative training methodologies and architectural improvements, they
achieved what their larger competitors thought impossible: state-of-the-art performance with a

fraction of the computational resources.

The Innovation Paradox in Large Organizations

The failure of large companies to innovate isn't due to incompetence—it's a natural consequence of
optimization for current success. This phenomenon, known as the “innovator’s dilemma,” mani-

fests in several ways:

m Risk aversion driven by shareholder expectations.
m Organizational antibodies that reject radical innovation.

m The "success trap” where past victories dictate future strategies.

When big companies try to buy innovation by acquiring startups, they inevitably fail. Their
corporate immune systems treat the startup like an invasive pathogen and attack it mercilessly.
The cultures clash, the corporate

antibodies mobilize, and the in-

These corporate antibodies do

novation dies a quiet death in the

basement of some forgotten divi- exa Ct|y what they are dESig ned
sion. These corporate antibodies tod 0—p rotect the status quo at
do exactly what they are designed .

to do_protect the status quo at all all costs. In the process, organiza-
costs. In the process, organiza- tional se |f—p reservation instincts
tional self-preservation instincts stra ng le innovation in its crib.

strangle innovation in its crib. And

And then they become vulnera-
then they become vulnerable to _ _
disruption. ble to disruption
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DeepSeek’s Strategic Advantage
DeepSeek's success stemmed from their ability to turn constraints into catalysts for innovation.

Without access to premium GPU resources, they were forced to:

m Develop more efficient model architectures.
m Create novel training optimization techniques.

m Question fundamental assumptions about computational requirements.

While established players focused on scaling existing approaches, DeepSeek reimagined the foun-
dational principles of Al model development.

DeepSeek's triumph demonstrates that innovation thrives under constraint. Their success
wasn't despite their limitations but because of them. They proved that ingenuity and architectur-
al innovation can overcome resource advantages, establishing a new paradigm for technological
development.

The lesson extends beyond Al true innovation often emerges not from abundance but from
scarcity—not from having every resource available but from finding creative ways to transcend
limitations. In an age where technological advancement is often equated with more—more com-
puting power, more data, more resources—DeepSeek showed that the path to breakthrough inno-

vation might actually require less. &
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DeepSeek's Infrastructure Challenge:

] M

Missingthe

-I-he U.S. government’s $500 billion Stargate initiative,
which aims to build massive Al supercomputers, high-

lights a problematic trend: trying to solve Al challenges
primarily through brute-
force computation. While
shooting for Artificial

General Intelligence (AGI),

Stargate risks over-investing
in raw computational power
while overlooking architec-
tural innovation and efficient

resource utilization.
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his is in sharp contrast to DeepSeek’s approach, which shows how smart

engineering can achieve comparable or superior performance with far
fewer resources. Meanwhile, the widespread deployment of RAG (Retrieval-Aug-
mented Generation) without sophisticated underlying models creates a false
sense of advancement, failing to address core limitations in reasoning capabili-

ties and efficient infrastructure use.

These limitations go beyond massive government projects. Retrieval-Augmented Generation,
while certainly a useful design pattern for grounding language models in specific knowledge,
still faces fundamental constraints due to its lack of deep reasoning capabilities. It works well as
aband-aid but isn't really a cure for the underlying problem of giving LLMs true understanding.
When deployed across enterprise infrastructure, it often creates a false sense of progress and
can actually increase infrastructure demands due to retrieval and integration overhead, without

necessarily delivering proportional

improvements in task performance. The wides prea d de D | oyme nt of

(RAG also puts strain on vector data-

bases, which aren't optimized for this RAG (Retrieva I-Au gme nted Gen-

use case,) eration) without sophisticated
DeepSeek's comprehensive techni-

cal innovations really drive home the unde F|yl ng m odels creates a

inadequacy of these computational- false sense of advanceme ﬂt,

ly-intensive and reasoning-limited o o

approaches. Unlike many LLM proj- failing to address core limita-

ects that experiment with one or two tions in reasoni ng capa bilities

algorithms, DeepSeek introduced over ) _

a dozen significant developments and efficient infrastructure use.

concurrently, showing what a holistic

approach to Al infrastructure looks like. These innovations span:

M Extremely Long Context Windows (128K-1M tokens): Allowing models to process signifi-
cantly more information, enabling more complex reasoning and reducing the reliance on
retrieval mechanisms like RAG for many tasks.

M Mixed Precision Training: Optimizing memory usage and computational throughput, allowing

for faster and more efficient model training.
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B MoE (Mixture of Experts) Load Balancing: Distributing workloads across multiple parallelized
"expert" sub-models within a larger model, enabling efficient scaling and resource utilization.

M GRPO (Group Relative Policy Optimization): Improving the stability and efficiency of
reinforcement learning training, leading to better model performance with less data.

M PTX Optimization: Pioneering the use of PTX (the assembly language in GPU programming)
for model training, showing that infrastructure optimization needs to happen at the lowest
levels for maximum efficiency. This meant manually re-writing routines and required

deep knowledge of the entire stack.

This breadth of innovation challenges conventional infrastructure planning. When DeepSeek
can achieve GPT-4-level performance using just 2,000 H800 GPUs, it raises serious questions
about projects like Stargate that assume linear scaling requiring ever-larger hardware deploy-
ments. The implications ripple through the entire infrastructure stack, affecting everything from
data center design to energy consumption and edge deployment strategies.

The company's HAI training platform,
built from the ground up for efficiency,
shows us how infrastructure design DeepSeek’s abil |ty to run so-
needs to evol\.Ie. Rat.he.r than ]u.st incre- Dh isticated models on consum:-
mentally scaling existing architectures,

HALI takes a fresh look at Al infrastruc- er-g rade GPUs, paired with their
ture organization, focusing on resource

progress in model compression

allocation and scheduling to maximize
throughput—and requiring far less raw and quantization, suggests that
compute to achieve desired results.

edge Al deployment may be

Take alook at how these innovations
affect data center design. Traditional viable much sooner and at a
Al 1nfra§tructure 1).1ann1.ng assumes g reater scale than expected .
anear-linear relationship between
model complexity and required com-
puting resources, particularly in terms of GPU count and interconnect bandwidth. DeepSeek's
multi-token prediction system, mixed precision architecture, and MoE load balancing break this
assumption, suggesting that existing and planned facilities may be dramatically oversized and
under-optimized for future workloads. The focus shifts from raw compute to intelligent resource
management and efficient interconnects.

The implications for infrastructure investment are profound. Major cloud providers have com-
mitted billions to Al infrastructure expansion based on traditional scaling assumptions. Micro-

soft's Azure Al infrastructure roadmap alone involves dozens of new facilities designed around
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GPU clusters and high-bandwidth networking. Google's TPU pods represent massive invest-
ments in specialized hardware optimized for specific types of Al workloads. All these plans may
need radical revision in light of DeepSeek's demonstrations of efficiency, potentially requiring a
shift towards more flexible, software-defined infrastructure. They also point to opportunities to
refactor the stack, not just building more.

This efficiency revolution extends to edge computing infrastructure. DeepSeek's ability to run
sophisticated models on consumer-grade GPUs, paired with their progress in model compression
and quantization, suggests that edge Al deployment may be viable much sooner and at a great-
er scale than expected. This could fundamentally reshape how Al infrastructure is distributed
between centralized facilities and edge locations, potentially creating a more decentralized and
resilient Al ecosystem. The need to send all data back to a centralized cloud is reduced, improving
privacy and reducing latency.

The contrast with Stargate's approach really tells the story. While Stargate represents an at-
tempt to solve Al challenges through sheer computational force—a "bigger hammer" approach—
DeepSeek shows how intelligent architecture, combined with a deep understanding of the
underlying hardware, can achieve superior results with fewer resources. Especially when con-
sidering that monolithic infrastructure projects may become obsolete quickly. The "build it and
they will come" approach looks risky when the market is changing faster than the infrastructure
can be built, which points to a shift
towards more agile and software-de-

Al infrastructure capacity may

fined infrastructure.

The semiconductor industry faces be less constrained than com-

similar disruption. Chip designs op-

monly assumed. DeepSeek’s

timized for traditional AI workloads,

focusing on raw FLOPs (floating point breakthrou g hs su ggest that

operations per second), may need

existing infrastructure, properly

significant revision to support Deep-

Seek-style architectures. The empha- ODtI m ized/ could su pport su b-

sis shifts from maximum computa-

stantially more Al workloads

tional power to efficient handling of
mixed precision operations, dynamic than current models 8) redict.
load balancing, and low-latency inter-
connects. This might favor chip archi-
tectures that are more flexible and reconfigurable, rather than highly specialized—a particular
strength of FPGAs.

These changes could accelerate faster than many expect. Unlike traditional infrastructure

updates that require physical buildout, many of DeepSeek’s innovations can be implemented
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through software updates to existing hardware. This could lead to rapid adoption as organiza-
tions look to optimize their current infrastructure rather than endlessly expanding it. Open-
source contributions become more valuable than proprietary hardware.

For investors and industry planners, here's the key insight: Al infrastructure capacity may
be less constrained than commonly assumed. DeepSeek's breakthroughs suggest that existing
infrastructure, properly optimized, could support substantially more Al workloads than current
models predict. This fundamentally changes the calculus for infrastructure investment and ex-
pansion planning.

Moreover, DeepSeek-style optimizations can unlock new economic opportunities by making
Al more accessible to smaller organizations and individuals. By reducing the barrier to entry,
these innovations can foster a more diverse and competitive Al ecosystem.

The industry faces a crucial decision point: continue with planned infrastructure expansions
based on traditional scaling assumptions, or reassess in light of DeepSeek's architectural in-
novations. The choice will shape the physical footprint and economics of Al for years to come.
Those who recognize and adapt to this infrastructure disruption early—prioritizing efficiency,
adaptability, and a holistic understanding of the Al stack—may gain significant advantages in the
evolving Al landscape. Ignoring these tremors risks building stranded assets and missing out on

the opportunities presented by a more efficient and accessible Al future. &
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§ Ventures

Greating a Future of Abundance

Abundant World is a Public Benefit Corporation dedicated to exponentially expanding humanity's potential

and empowering every person to experience a life of abundance. We envision a future where global grand

challenges are transformed into massive opportunities, leading to unlimited human flourishing. To achieve this

ambitious goal, we holistically integrate science, technology, media, education, entrepreneurship, and the arts.
Our organization comprises three interconnected entities: Abundant World Media, Abundant World

Institute, and Abundant World Ventures, forming an ireducible complexity designed to advance our mission.

Abundant World Ventures: The Engine of Innovation
Abundant World Ventures is our technology development arm, serving as the source of enabling technologies for
our focused abundance missions. It focuses on:

Al Platforms : Developing novel Al platforms converging advanced mathematics (category theory), causal
inference, and the emergent Spatial Web to radically improve outcomes for shareholders and stakeholders.

Interoperahle Backplane : Architecting an interoperable “backplane” to support models, data,
applications, and other technologies. This backplane is designed to advance the reinvention of
high-impact fields including healthcare, energy, food systems, education, and defense.

Synergy and Impact

These orchestrated initiatives work together to create a whole that is greater than the sum of
its parts. By combining technology development, deep research, and media operations, we
are building a dynamic ecosystem that enables our mission to succeed and our stakeholders to win.

Announcing a New Fund

To further accelerate our mission and expand the reach of Abundant World Ventures, we are in the process of
establishing a new fund. This fund will focus on supporting and scaling the development and deployment of the
foundational technologies serving our target areas. Would you like to join us?

Contact : For inquiries about Abundant World, Abundant World Ventures, or the upcoming
fund, please contact executive director John Schroeter via www.abundantworldinstitute.com


https://www.abundantworldinstitute.com/

-l-he artificial intelligence revolution is forcing a radical reinvention of the
modern data center. As Al workloads grow exponentially, traditional CPU-

centric architectures are giving way to heterogeneous compute environments
optimized for neural network training and inference. This architectural trans-
formation extends far beyond silicon, reshaping everything from physical infra-
structure to geopolitical dynamics. The magnitude of this transformation prom-
ises to eclipse the cloud computing revolution initiated by AWS in the mid-2000s,
fundamentally altering not just technology infrastructure but entire market
structures, business models, and competitive dynamics across industries.
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m charting the seismic disruptions

t the hardware layer, hyperscalers are racing to break free from GPU

dependencies by developing custom Al accelerators, while integrating
diverse compute elements including TPUs, ASICs, and FPGAs. The networking
fabric itself is undergoing wholesale renovation, with silicon photonics
promising order-of-magnitude improvements in bandwidth and energy
efficiency. These technical advances are necessary but insufficient—the true

challenge lies in scaling Al infrastructure to meet surging global demand.

This scaling imperative is catalyzing unprecedented changes across multiple industries.

Real estate developers are reimagining data center locations, prioritizing access to abundant
power and favorable regulatory environments over traditional criteria. Energy providers are
scrambling to support power densities that dwarf traditional IT workloads. Meanwhile, nations
beyond the US-China Al axis are pursuing sovereign Al capabilities, viewing domestic Al in-
frastructure as critical to their technological independence and economic security.

The end state of this transformation will be an "Al Grid"—a distributed utility delivering Al
capabilities as ubiquitously as electricity. This grid will fundamentally alter how computation
is provisioned and consumed across society, creating massive opportunities for those who can
navigate the transition. For investors, enterprises, and governments, the strategic imperatives
are clear: secure sustainable compute capacity, establish energy and location advantages, and
develop sovereign Al capabilities. Those who succeed will help shape an Al-powered future;

those who fail risk digital

irrelevance. The end state of this transformation
treoljsrf::i:tilsnrz:lflziefra— WIH be an “Al Gl'id”— d diStribUtEd
structure using a seismic Utlllty delivering Al Capa b|||t|es
framework that reveals both as UbiQUitOUS|y as E|ECtriCity.

immediate disruptions and

long-term structural changes. By examining technological faultlines, early tremors of market
realignment, major quakes in industry structure, and cascading aftershocks across adjacent
sectors, we provide decision-makers with a systematic approach to anticipating and capitaliz-
ing on this technological upheaval. This framework helps parse the complex interplay between
hardware evolution, infrastructure deployment, and market dynamics that will reshape the

competitive landscape over the next decade. &
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fault lines | critical pressure points reshaping data center architecture

Al model training now demands processing power that exceeds Moore's Law projections by
orders of magnitude. While Nvidia's H100 and GB200 GPUs dominate today's market, their
$30,000+ per GPU module costs and limited availability are forcing innovation in custom
silicon. Hyperscalers' aggressive push into chip design signals an impending democratization

of Al compute.

Workloads are driving power density requirements past I00kW per rack—a 5x increase that
renders traditional data center designs obsolete. This isn't merely a technical challenge; it's
triggering a fundamental rethink of data center locations and energy partnerships. Small
modular reactors and hydrogen solutions are emerging as critical enablers of Al infrastructure
scaling. The shift toward private microgrids at massive scale reflects a strategic imperative:
liberating Al infrastructure from both the technical constraints and volatile pricing of public

power grids.

Current interconnect technologies can't sustain the massive data movement required for dis-
tributed Al training. While 400G Ethernet and InfiniBand offer incremental improvements,
silicon photonics promises a 10x leap in bandwidth while slashing energy costs by 70%. This

transition will reshape the competitive landscape for networking equipment providers.

The shift to liquid cooling isn't just a technical upgrade—it's forcing a complete redesign of
data center architecture. New immersion cooling technologies are enabling power densities
above 100kW per rack while reducing water consumption by 95%. This transformation is
creating opportunities for innovative cooling solutions that optimize both performance and

sustainability.

Alis inverting traditional data center site selection criteria. Proximity to power sources now
trumps network latency, while thermal management capabilities outweigh traditional tier
classifications. This shift is creating unexpected winners in secondary markets and driving

new partnerships between utilities, real estate developers, and technology providers.
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tremors | early signals of industry transformation

While Nvidia dominates today's Al compute market with 95% share, the next wave of silicon
innovation is gaining momentum. Cerebras's wafer-scale engine and Groq's tensor processing
units demonstrate 3-5x performance gains over traditional GPUs. Meanwhile, CXL memory
pooling technology is enabling 40% better resource utilization, fundamentally changing the

economics of Al infrastructure.

Traditional storage architectures force massive data
movement, consuming up to 60% of Al training en-
ergy budgets. Companies like VAST Data and Mem-
Verge are pioneering storage-compute integration
that slashes both latency and power consumption by
80%. This architectural shift is creating opportunities
for startups to challenge established storage vendors.

Silicon photonics promises to increase data center interconnect speeds by 10x while reducing
power consumption by 70%. Ayar Labs's optical I/0 technology and Arista's 800G platforms
represent early commercialization of these advances. This transition will trigger a wholesale
remake of the $30B networking equipment market.

Small modular reactors (SMRs) are emerging as a viable solution to Al's exponential energy
demands. Companies like TerraPower and NuScale are developing 300MW reactors that can
power massive Al campuses while eliminating carbon emissions. This convergence of nucle-
ar and Al infrastructure is creating novel partnership opportunities between tech companies
and energy providers.

Al-driven data center management platforms from Schneider Electric and Vertiv promise 30%
improvements in energy efficiency while reducing operational costs by 40%. These systems
leverage predictive analytics and real-time optimization to manage increasingly complex Al
workloads, transforming data center operations from a cost center into a strategic advantage.
Unlike traditional data center operations that targeted 40-60% resource utilization, Al work-
loads demand sustained utilization rates above 90%, fundamentally transforming capacity

planning and infrastructure economics.
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m quakes | fundamental shifts reshaping the ai infrastructure landscape

The Rise of Al-Native Infrastructure

Traditional data centers are proving fundamentally unsuitable for Al workloads, with 80%
requiring complete redesign or replacement. This mismatch is creating a $100B+ opportu-
nity in purpose-built Al infrastructure over the next five years. Winners will be those who
can rapidly scale high-density compute while managing unprecedented power and cooling

demands.

The Great GPU Decoupling

Nvidia's dominant market share in Al compute is driving a $300B annual spend that's be-
coming untenable. Major tech companies are investing billions in custom silicon, with Meta's
MTIA and Amazon's Trainium chips already showing 40% cost advantages. This shift toward
customized Al accelerators is creating openings for new chip designers and threatening

Nvidia's dominance.

The Liquid Cooling Mandate

With Al racks now exceeding 100kW, air cooling has hit physical limits. Liquid cooling
solutions from providers like Submer are enabling 90% better power efficiency while reduc-
ing water consumption by 95%. This transition is creating a $50B market opportunity while

fundamentally changing data center design and location strategy.

Al's Energy Inflection Point

Al training is driving unprecedented power demands, with a single large language model
requiring more electricity than 100 U.S. households use annually. This surge is pushing data
centers toward distributed energy systems combining nuclear, solar, and storage. The trend
is spawning new partnerships between tech companies and energy providers, with $30B+

committed to private power infrastructure.

Edge Al: The New Computing Frontier

Latency requirements for real-time Al are forcing computation closer to data sources. Com-
panies like Lambda Labs are deploying distributed inference networks that reduce response
times by 75% while slashing data transfer costs. This shift is creating opportunities in edge

computing infrastructure and threatening traditional cloud providers' dominance. &
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m aftershocks | cross-industry impacts

Al Infrastructure REITs Becoming Core Investment Assets
Equinix (EQIX) and Digital Realty (DLR) are actively shifting to high-density, Al-optimized
colocation services. Al-focused real estate investment trusts will increasingly dominate tech
infrastructure investing. As Al data centers scale from 300 MW to multi-gigawatt (2 GW)
facilities, the land footprint required for these sites expands significantly, driving demand

for strategically located real estate with access to high-capacity power grids and renewable
energy sources. This shift is creating new investment opportunities in large-scale data center
campuses, industrial zones, and energy-adjacent properties.

The conventional Real Estate Investment Trust model may no longer suffice to capture the
full economic potential of hyperscale Al data centers. Instead, new ownership structures are
emerging that allow property and site owners to participate in recurring service revenues
from colocation, cloud hosting, and Al-driven infrastructure services, rather than relying

solely on fixed lease agreements.

Massive Shifts in Data Center Geography

Legacy urban-centric data centers are rapidly becoming obsolete as rising power demands,

space constraints, and infrastructure limitations make them unsuitable for next-generation

Al workloads. The shift toward high-density Al computing, liquid cooling, and extreme power

requirements is rendering older, general-purpose data centers inefficient and costly to operate.
The next generation of Al data centers is

moving away from urban hubs into remote

. The rapid expansion of Al,
areas with abundant land, scalable energy _ _
infrastructure, and lower operational costs. lOT/ and real-time processing

Driven by multi-gigawatt power demands, demands is drivi ng m assive

th d for dedicated bl . -
e needior decicated renewabie Eneigy investments in edge servers,
sources, and cooling innovations, Al opera-

tors are prioritizing strategic locations near creati ng d tlg htly cou D|€d

hydro, wind, and nuclear energy sources, ecosystem between central-

transforming the global data center landscape. . .
g the g P ized data centers and dis-
The rapid expansion of Al, IoT, and re-

al-time processing demands is driving mas- tributed edge infrastructure.

sive investments in edge servers, creating a

tightly coupled ecosystem between centralized data centers and distributed edge infrastruc-

ture. This integration enables low-latency Al inference, real-time data processing, and opti-

mized workload distribution, ensuring compute power is positioned closer to data generation

while maintaining seamless connectivity with hyperscale Al data centers.
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Permanent Energy Market Disruptions

The exponential power demands of Al are forcing a complete reimagining of energy infra-
structure. Utilities must evolve from passive power providers to strategic partners in Al de-
ployment, driving unprecedented investment in microgrids, nuclear solutions, and intelligent
distribution systems. This shift is creating a new class of technology-enabled energy provid-

ers while threatening traditional utility business models.

Network Infrastructure’s Quantum Leap

The networking demands of distributed Al training are pushing data movement capabilities
beyond traditional bounds. While today's 400G networks struggle with Al workloads, emerging
photonic solutions promise 10x performance gains and 70% power savings. Companies like Ayar
Labs and Arista are pioneering chip-to-chip optical interconnects that will make current net-

working technologies obsolete, creating a $50B opportunity in next-generation infrastructure.

Al as the Fourth Utility

Al compute is rapidly joining electricity, water, and telecommunications as essential infra-
structure for modern society. This transition from luxury to necessity is driving new business
models in Al-as-a-Service, with companies like Scale Al and Anthropic delivering specialized
Al capabilities through utility-like interfaces. The implications extend beyond technology, re-
shaping regulatory frameworks and forcing governments to treat Al infrastructure as critical
national infrastructure.

While SMRs, microgrids, and liquid cooling are often cited as key enablers for Al data cen-
ters, their adoption faces significant challenges due to regulatory delays, scalability concerns,
and infrastructure constraints. In the short term (2025-2030), Al data centers will rely pri-
marily on natural gas and hybrid renewables to meet soaring power demands, as SMRs re-
main mired in lengthy approval cycles. Hyperscalers are already securing long-term Power
Purchase Agreements (PPAs), while colocation providers focus on smaller-scale grid hybrid-
ization. Wind, solar, and geothermal energy offer viable solutions, but land constraints and
intermittency require integrated battery storage or hybrid energy models.

Beyond 2030, SMRs and MMRs will scale significantly, reducing dependence on fossil fuels,
though the full transition will take time. Fusion energy remains a long-term prospect (post-
2035) but could eventually revolutionize Al power infrastructure. Meanwhile, liquid cooling
adoption will accelerate, though retrofitting remains costly—pushing new data centers to
integrate liquid cooling from the outset. Ultimately, Al energy infrastructure will evolve in
phases, requiring immediate solutions for today's growth while preparing for breakthrough

technologies in the next decade. &
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ai impact on data centers: the shift to ai-optimized infrastructure

ver the past two decades, data centers have primarily evolved to

meet the demands of hyperscalers like Amazon, Microsoft, and Goo-
gle, who developed infrastructure optimized for cloud services, storage,
and enterprise computing. However, the Al revolution has fundamental-
ly changed this equation, introducing exponential increases in compute
intensity, memory bandwidth, power consumption, and cooling require-
ments. Al workloads simply do not fit within the legacy data center model,
demanding a fundamental architectural overhaul to support their unprec-

edented processing, networking, and energy needs.

The transition from general-purpose CPU-based computing to Al-accelerated architectures
(GPUs, TPUs, FPGAs, and ASICs) is well underway and accelerating. Al workloads require 10x
the processing power and memory bandwidth compared to traditional enterprise applica-
tions. These models rely on high-performance tensor and matrix operations, which CPUs are
ill-equipped to handle efficiently. Instead, GPUs and Al accelerators offer massively parallel
processing, allowing for faster model training, inference, and data analysis. This shift is also
straining network architectures, pushing the industry toward low-latency, high-bandwidth
interconnects like NVLink, InfiniBand, and
emerging silicon photonics-based networking.

With Al compute density skyrocketing,
power consumption has seen unprecedented
growth. Traditional data center racks operate
at 10-20 kW per rack, whereas Al-optimized
racks are pushing 100-300 kW per rack, with
projections exceeding 300 kW per rack in
the next decade. This trajectory necessitates
reimagined power delivery strategies, as ex-
isting infrastructure cannot deliver or man-
age these growing energy demands. Further, each new generation of GPUs and Al accelerators
demands 20-25% more power per chip, requiring data centers to triple their power delivery

capacity over a 10-year design cycle just to remain viable.
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ai impact on data centers: the shift to ai-optimized infrastructure

The rapid escalation in power density has rendered traditional air cooling fundamentally
ineffective. Air-cooled racks struggle to dissipate heat from high-density Al clusters, result-
ing in thermal throttling, inefficiencies, and shortened hardware lifespans. This limitation

is driving widespread adoption of liquid and immersion cooling solutions. Technologies like
direct-to-chip liquid cooling, phase-change cooling, and full immersion cooling are becoming
standard for Al workloads. Companies such as Submer, GRC, and LiquidStack are leading this
transition, offering liquid immersion solutions that remove heat more efficiently while reduc-
ing operational costs. Phase-change cooling technologies further optimize heat dissipation
by leveraging advanced thermodynamic properties, reducing both water consumption and

environmental impact.

The cooling technology transition presents major investment opportunities across multiple
sectors. As Al workloads push data center power densities well beyond 100 kW per rack, tra-
ditional air cooling has become inadequate, driving widespread adoption of liquid and im-
mersion cooling solutions. Several key players are leading this transition with scalable, ener-

gy-efficient, and Al-optimized cooling technologies:

Submer, GRC, and LiquidStack are pio-

neering immersion cooling, where servers

are fully submerged in dielectric fluids

for superior heat dissipation and reduced

operational costs. LiquidStack's two-phase

immersion cooling is particularly effective

for high-density Al clusters.

Vertiv and Schneider Electric provide

comprehensive liquid cooling solutions,

including direct-to-chip cooling and

integrated data center management platforms. Vertiv emphasizes seamless scalability,
while Schneider's EcoStruxure™ platform enhances efficiency and sustainability.
CoollIT Systems and Asetek focus on direct-to-chip liquid cooling, enabling higher
performance and lower energy consumption for Al and high-performance computing

environments.

However, retrofitting existing data centers for liquid cooling presents significant challenges

and costs. Upgrading requires installing liquid cooling piping, raising racks across the facili-
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ai impact on data centers: the shift to ai-optimized infrastructure

ty, and adding external cooling towers—an
expensive and complex process. While
some retrofits will be feasible, many legacy
data centers will not be able to support the
transition without substantial investment,
making full-scale adoption impractical in
many cases.

Recognizing these challenges, new data
centers are now being designed with liquid
cooling infrastructure from the outset, or at
minimum, with future-proofed designs that
allow liquid cooling to be integrated without
requiring costly retrofits. This shift ensures that next-generation Al data centers will be built
for long-term thermal efficiency and scalability.

Additionally, companies like SuperMicro are pioneering custom liquid cooling solutions,
designing end-to-end thermal management systems—from the chip level to the rack, all the
way to purpose-built cooling towers. These fully integrated solutions maximize cooling effi-
ciency, reduce infrastructure complexity, and enhance the performance of high-density
Al workloads.

As Al compute power continues to scale, liquid cooling innovation will dictate data center
efficiency, cost-effectiveness, and sustainability, making early adoption and advanced inte-

gration strategies critical for future-proofing Al infrastructure.

The escalating demand for artificial intelligence capabilities has led to a significant shortage
of high-performance Graphics Processing Units (GPUs), making Al-dedicated colocation and
GPU cloud hosting services increasingly vital. These services enable organizations to scale
their Al workloads without substantial upfront infrastructure investments. Several compa-

nies have emerged as key players in this domain:

Lambda Labs offers cloud-based GPU instances tailored for Al and deep learning applica-
tions. Notably, they are among the first providers to offer NVIDIA H100 Tensor Core

GPUs on-demand, catering to the needs of Al researchers and practitioners seeking
high-performance computing resources.

CoreWeave specializes in providing cloud services optimized for Al workloads, offering resil-
ient and reliable GPU clusters ready for immediate use. Their infrastructure is designed to

support large-scale, GPU-intensive tasks, making them a preferred choice for Al developers.
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ai impact on data centers: the shift to ai-optimized infrastructure

Crusoe Energy focuses on sustainable computing solutions by utilizing wasted gas energy
to power modular data centers. They have expanded into Al cloud services, providing GPU
resources for Al workloads. Recently, Crusoe Energy secured a $500 million investment
led by Peter Thiel's Founders Fund to enhance their data center facilities, reflecting their

growing presence in the Al infrastructure sector.

The increasing complexity and scale of Al-driven data centers necessitate advanced manage-
ment solutions that can optimize operations in real-time. Companies like Schneider Electric
and Vertiv are at the forefront, developing Al-powered platforms to enhance workload sched-
uling, power distribution, and cooling efficiency.

Schneider Electric's EcoStruxure™ IT platform leverages Al to provide predictive analytics,
real-time monitoring, and proactive maintenance. This approach ensures efficient resource
utilization and minimizes downtime by anticipating potential issues before they escalate.

Vertiv's AI-DC solutions focus on integrating Al into data center infrastructure manage-
ment, enabling dynamic workload balancing and intelligent power management. By utilizing
machine learning algorithms, Vertiv's systems can adapt to changing operational conditions,
ensuring optimal performance and energy efficiency.

In addition to these industry leaders, other companies are contributing innovative Al-driv-

en solutions:

EkkoSense offers Al-driven data center optimization software that provides real-time op-
erational visibility. Their platform helps remove thermal risks, optimize cooling capacity, and
reduce energy costs by utilizing advanced analytics and machine learning techniques.

CommScope has introduced TRACi™, an Al-powered chatbot designed for data center

management. TRACi leverages Al to understand user inquiries' context and intent,

delivering accurate and relevant insights about data center operations, thereby enhancing

decision-making processes.

These Al-powered management solutions are becoming essential to meet the demands of
modern data centers, ensuring efficient operations and the ability to handle the increasing
complexity of Al workloads.

The transition to Al-optimized data centers represents more than an evolution of existing
infrastructure—it is a complete paradigm shift. Al workloads break traditional data center
models, requiring a new approach to compute, networking, power, and cooling. This transfor-
mation is already underway, with the winners in Al infrastructure being determined by their

ability to innovate and scale with these demands.
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m the critical infrastructure demands of ai data centers

Massively Parallel Compute Power

The transition from general-purpose CPUs to Al-accelerated architectures (GPUs, TPUs,
FPGAs, and ASICs) has fundamentally reshaped data center compute requirements. Al train-
ing and inference workloads require massively parallel processing, with floating-point and
tensor operations demanding at least 5x the compute power per rack compared to traditional
enterprise applications. Retrofitting legacy data centers is neither practical nor cost-effec-
tive, as they were not designed to deliver such high-power densities or advanced cooling
requirements. Instead, Al-driven infrastructure demands a tear-down and rebuild approach,
optimizing for power delivery, thermal management, and Al-optimized compute density from
the ground up. The traditional campus model of separated data and compute halls has become

obsolete in the Al era, where the continuous flow of massive data streams between storage

and compute requires intimate physical
proximity to minimize network latency and

power consumption.

High-Speed, Low-Latency
Networking

Al model training and inference workloads
generate enormous data flows, requiring
ultra-low-latency networking at a scale
far beyond traditional enterprise applica-
tions. Ethernet-based networking, which
has served data centers for decades, cannot
meet the needs of Al Instead, Al clusters
rely on InfiniBand and NVLink, proprietary
high-speed interconnects developed by
Nvidia, which dramatically reduce latency
and increase bandwidth. The transition to

photonics-based networking—leveraging

Retrofitting legacy data cen-
ters is neither practical nor
cost-effective, as they were
not designed to deliver such
high-power densities or
advanced cooling require-
ments. Instead, Al-driven in-
frastructure demands a tear-
down and rebuild approach,
optimizing for power deliv-
ery, thermal management,
and Al-optimized compute
density from the ground up.

silicon photonics and optical chip-to-chip communication—is already underway, with Ayar

Labs and Arista Networks driving innovation in this space.

Optimized Storage Architectures for Al Workloads

Traditional data centers have long separated compute clusters from storage for security and

operational efficiency, but this model proves inefficient for Al. Al workloads require high-

speed access to petabyte-scale datasets, with GPUs, FPGAs, and TPUs processing data at
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m the critical infrastructure demands of ai data centers

unprecedented rates. Legacy storage architectures, with compute and storage physically
separated, introduce latency bottlenecks that significantly increase training times and costs.
Al-optimized storage integrates compute and storage more closely, utilizing NVMe, in-stor-
age computing, and memory pooling to reduce data movement overhead. New solutions such
as Compute Express Link (CXL)-enabled

storage and memory disaggregation are d ft .
gaining traction, allowing Al data centers to Al data centers often require

streamline access to massive datasets while hundreds of megawatts,
improving efficiency. scaling into gigawatt-level
demands, straining the ca-

Unprecedented pabilities of public power

Energy Consumption &

: - rids. Many data centers are
Sustainability Challenges grias. Y
Al workloads consume exponentially more bU”dlng their own energy

power than traditional computing. Com- infrastructure, including ded-
pute power consumption alone is 5x higher, icated m iCI’OQ FidS, renewable
networking energy use has doubled, and energy sources, a nd nucle-

ar-powered Al campuses.

cooling requirements have grown by a factor
of 5x. Al data centers often require hundreds
of megawatts, scaling into gigawatt-level
demands, straining the capabilities of public power grids. Many data centers are building their
own energy infrastructure, including dedicated microgrids, renewable energy sources, and
nuclear-powered Al campuses (SMRs and MMRs) to ensure a stable and sustainable power
supply. Grid-independent Al data centers will become the new standard, as reliance on exist-

ing power purchase agreements is no longer viable.

Advanced Cooling Solutions:
Liquid & Immersion Cooling Becomes the Standard

The high thermal output of Al servers has rendered traditional air cooling obsolete. While
air cooling has improved over the past two decades, it cannot effectively dissipate heat from
high-density Al compute clusters. Liquid cooling, including direct-to-chip cooling and full
immersion cooling, is now essential to prevent thermal throttling, inefficiencies, and hard-
ware degradation. Submer, GRC, LiquidStack, Vertiv, and Schneider Electric are leading the
transition to liquid cooling, ensuring Al data centers can operate at peak performance while
managing extreme heat loads.

Al data centers represent a paradigm shift in compute, networking, storage, power, and
cooling infrastructure. The companies that successfully adapt to this new reality—developing
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Al-specific architectures, sustainable power solutions, and advanced cooling technologies—
will define the next generation of Al infrastructure.

Feature Traditional Data Centers All Data Centers

Compute CPU-dominant, some GPUs Al-optimized GPUs, TPUs, ASICs, FPGAs

Storage HDDs, SSDs, traditional SANs NVMe, CXL memory pooling, in-storage computing
Networking Standard Ethernet, 10-100Gbps InfiniBand, NVLink, Al-optimized 400G+ Ethernet

Power Usage ~10-30 MW per facility 50-200+ MW per facility

Cooling Air-cooled racks Liquid cooling, immersion cooling, direct-to-chip cooling
Sustainability Focused on efficiency Al-driven power management, renewable energy adoption

Grid Limitations, Regulatory Challenges,
and Al-Centric Energy Deployment

The deployment of Al-scale microgrids faces critical bottlenecks on multiple fronts. Existing
power grids lack the capacity to absorb and distribute large-scale energy generation from on-
site microgrids at Al data center campuses. While microgrids offer localized power generation,
their integration with regional and national power grids presents significant technical and
regulatory hurdles.

Expanding high-voltage transmission infrastructure, including substations, transform-
ers, and energy management systems, is capital-intensive and constrained by supply chain
limitations. Building new high-voltage power lines requires multi-year investments, often
hindered by permitting delays, regulatory oversight, and labor shortages. In the U.S., obtaining
permits to supply microgrid energy to the public grid can take up to seven years, delaying Al
infrastructure growth. Grid congestion and bureaucratic barriers exacerbate these challeng-
es, preventing Al data centers from operating at full efficiency while limiting their ability to

contribute excess energy to the grid.

Deployment Timelines and Energy Solutions
Al data center operators are actively deploying on-site microgrids (2025-2027) to reduce
utility reliance, with hybrid systems combining solar, wind, and battery storage emerging in
deregulated markets. However, grid integration remains a significant hurdle due to regulatory
barriers and inadequate infrastructure.

Small Modular Reactors (SMRs) and Micro Modular Reactors (MIMRs) represent a crucial de-

velopment timeline from 2025-2035. Several designs have received regulatory approval and are
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deployable today, with companies like Hitachi and GE,

alongside military-approved reactors, leading early The rise of Al has fundamen-
implementations. Trial reactors in the 10-50 MW tally reshaped data center
range are already in place, with plans to scale through real estate trends, shifting
clustering. Innovations include molten salt and heat

. . from urban-centric models
reservoirs for thermal energy storage. A major con-

straint in nuclear deployment is the availability of designed for internet ap-
TRISO fuel, originally developed at Los Alamos Na- plications to Al-optimized
tional Laboratory, which requires expanded nuclear

. e locations based on energy
fuel processing capabilities to meet Al energy needs.

availability, land access, and
Power Constraints: Market Dynamics regulatory flexibility.

The market has split into two distinct tiers:

1 ® Major hyperscalers (Microsoft, Google, Amazon, Meta) are securing Power Purchase
Agreements and water rights for facilities projected to launch in 3-4 years, often co-devel-
oping facilities with guaranteed energy sources. From permitting to construction and grid

integration, the process takes nearly three years, making early energy agreements essential.

2 o In contrast, enterprise Al firms and sovereign Al initiatives compete for energy resources
against hyperscalers with locked-in agreements. These second-tier players are increasingly
turning to green energy projects and private microgrid solutions. Some utilities now require
large Al data centers to include dedicated microgrids before granting approval, as exemplified

by Virginia's restrictions on Al data center approvals.

Energy-Driven Real Estate Transformation

The rise of Al has fundamentally reshaped data center real estate trends, shifting from ur-
ban-centric models designed for internet applications to Al-optimized locations based on en-
ergy availability, land access, and regulatory flexibility. Unlike traditional cloud data centers,
Al workloads require massive power resources, advanced cooling infrastructure, and scalable
site selection strategies, making energy infrastructure the dominant factor in Al-driven real
estate investment.

In today's market, owning land with power access is as valuable as owning the compute
itself—without power, even the most advanced Al chips are useless. Al data centers are now
designed for 300 MW to 4 GW power loads, far beyond the 10-30 MW envelopes of conven-
tional enterprise data centers. Hyperscalers are partnering with energy providers to develop
private energy grids adjacent to their facilities, ensuring predictable pricing, reduced reliance

on the public grid, and uninterrupted operations.
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As prime real estate near existing fiber exchanges and power grids becomes scarce, Al data
center operators are expanding into secondary markets. Decommissioned military bases and
government land offer pre-built infrastructure, enhanced security, and streamlined regula-
tory pathways. Native American tribal lands provide tax advantages, sovereign energy man-
agement opportunities, and access to geothermal power. Public-private Al hubs are emerging
as municipalities and states offer incentives, tax breaks, and fast-tracked approvals to attract
regional Al superclusters.

Al campuses are increasingly leveraging both public and private energy sources, creating
bidirectional power-sharing agreements that allow Al facilities to sell excess power back to
the grid or draw from it during peak demand. However, regulatory bottlenecks and power grid
expansion delays present significant challenges. Expanding public transmission infrastruc-
ture to accommodate Al-scale power demands takes 5-7 years, creating a scarcity premium
for land with pre-existing grid access.

Looking ahead, Al data centers will not solely rely on traditional power grids. Instead, they
will integrate microgrids with renewable energy storage, nuclear SMRs/MMRs for sustained
high-density power generation, and advanced fuel technologies like TRISO. The high ther-
mal output of Al servers has rendered traditional air cooling obsolete, making liquid cooling,
including direct-to-chip cooling and full immersion cooling, essential to prevent thermal
throttling and hardware degradation. Companies like Submer, GRC, LiquidStack, Vertiv, and
Schneider Electric are leading this cooling transformation.

The companies that successfully adapt to this new reality—developing Al-specific architec-
tures, sustainable power solutions, and advanced cooling technologies—will define the next
generation of Al infrastructure. As Al power demands reach multi-gigawatt levels, energy
innovation, policy reform, and infrastructure modernization will be essential for sustainable

Al-driven computing ecosystems.

Investment Opportunities in Al Data Center Infrastructure
The energy bottleneck and land scarcity crisis in Al infrastructure presents major invest-
ment opportunities. Hyperscalers are paying a premium for Al-capable land, with investment
firms like Blackstone and KKR aggressively acquiring land with power access, betting on
long-term Al expansion. Publicly traded data center REITs such as Equinix (EQIX) and Digital
Realty Trust (DLR) are focusing on high-density GPU colocation and liquid-cooled Al clusters.
Meanwhile, emerging Al colocation players like Crusoe Energy, Lambda Labs, and CoreWeave
are leveraging alternative energy models to offer Al-specific colocation and GPU cloud host-
ing. Companies like NuScale, Ultra Safe Nuclear, Hitachi, and GE are securing contracts with

Al data centers to deploy nuclear energy solutions at scale. &
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reducing costs: optimizing for regional energy prices

The reliance on high-end Nvidia GPU servers has led to supply shortages and pricing vola-
tility due to limited competition. Decentralized, multi-data center training provides flexibil -
ity, allowing organizations to allocate jobs where GPUs are available, mitigating delays and
reducing costs. Additionally, cloud bursting—temporarily scaling to cloud-based GPUs when
on-premise resources are fully utilized—helps manage spikes in demand while maintaining
cost efficiency.

The economics of advanced Al infrastructure is catalyzing novel financial models that
transcend traditional equipment procurement. A lease-plus-revenue-share framework is
emerging, where server suppliers become strategic partners in their customers' success. This
model reduces initial capital requirements for customers while allowing hardware providers
to participate in ongoing revenue streams
throughout the equipment lifecycle.

Beyond financial benefits, this part-
nership creates a powerful feedback loop:
suppliers gain unprecedented visibility
into real-world usage patterns, feature
utilization, and emerging customer needs.

This direct insight drives targeted innova-
tion, enabling suppliers to develop precisely
calibrated solutions that address specific
market challenges. The result is a virtuous
cycle of continuous improvement, where
operational data informs product devel-
opment, creating sustainable competitive
advantages for both providers and users.

This evolution from transactional sales to strategic revenue sharing represents a fundamen-
tal shift in the server market's business model, aligning supplier success directly with cus-

tomer outcomes.

Demand for Al compute power fluctuates. Dynamic allocation of training jobs across multiple

locations enables cost-effective resource utilization. This prevents:

Over-provisioning, which leads to wasted resources and higher costs.

Under-provisioning, which slows training and increases time-to-market.
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Accelerating Model Training:
Distributed Parallelism Techniques

Efficient model training requires strategic parallelization. Several techniques help distribute

training loads:

m Data Parallelism: The model is replicated across multiple data centers, each training on a
portion of the dataset. Gradients are synchronized across locations.

m Model Parallelism: Different layers or sections of the model are assigned to different data
centers, reducing per-node memory overhead.

m Hybrid Parallelism: A combination of data and model parallelism ensures faster training

and eliminates single-node bottlenecks.

Reducing Network Bottlenecks
Data center network architecture varies based on infrastructure age and upgrades. A single
data center's bandwidth limitations can slow gradient updates, creating inefficiencies.

Using multiple sites with high-speed interconnects minimizes congestion and speeds up
synchronization. If short-haul fiber connections link nearby sites, the added communication
cost is negligible. For long-haul interconnects, Federated Learning reduces inter-site data

transfers by sharing only essential updates, ensuring cost-effectiveness.

Minimizing Downtime & Training Interruptions

Redundancy is crucial for Al training stability. If one data center undergoes maintenance

or experiences hardware failures, training can seamlessly continue elsewhere. A shift from
N+1 to N+2 redundancy—where multiple backup sites handle failover—reduces the need for
expensive, over-provisioned infrastructure while maintaining reliability. Asynchronous
training further enhances resilience by enabling different sites to process independent data
chunks and sync periodically.

Al-Orchestrated Workload Optimization

Al-driven job schedulers, such as Kubernetes, Ray, and SLURM, dynamically allocate training
jobs based on real-time compute availability. Future developments in Reinforcement Learning
(RL)-based resource optimization could further enhance workload distribution by adapting

dynamically to infrastructure constraints, maximizing efficiency, and minimizing costs. &
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m compute: the shift to ai-optimized hardware

he evolution of data center infrastructure is increasingly driven
by Al workloads, necessitating a shift from traditional CPUs to

specialized Al-optimized hardware.

B Graphics Processing Units (GPUs): NVIDIA dominates the Al hardware market with its
advanced GPUs, such as the H100 and GB200, widely adopted across data centers.
Competitors like AMD and Intel are making inroads with products like the AMD MI300X
and Intel's Gaudi processors. Despite these efforts, NVIDIA retains approximately 80%
of the Al accelerator market.

B Tensor Processing Units (TPUs): Google's custom TPUs are optimized for machine learning
and were initially designed for internal use. Now available via Google Cloud, they provide
an alternative to GPUs for Al model training and inference.

B Application-Specific Integrated Circuits (ASICs): Companies like Cerebras and Groq are
developing custom Al chips to enhance performance and efficiency. Cerebras' CS-3 platform
reportedly surpasses traditional GPUs in Al inference tasks, while Grog has secured a $1.5
billion investment from Saudi Arabia to expand Al chip deployment.

M Field-Programmable Gate Arrays (FPGAs): FPGAs offer adaptable computing solutions for
Al acceleration. AMD, following its acquisition of Xilinx, leads in FPGA technology, while

Intel is spinning off its Altera-acquired FPGA division to focus on innovation in this sector.

Digital Storage in the Al Era:
Beyond Traditional Architectures

The surge in Al model sizes and training data has shattered traditional storage paradigms.
Today's large language models require over 100 petabytes of high-speed storage for train-
ing, while real-time inference demands unprecedented I/0 performance. This fundamentally
changes how we architect storage systems, driving innovation across the entire memory and

storage hierarchy.

High-Performance NVMe: The New Storage Foundation
The transition from HDDs to NVMe storage has become an architectural necessity. Lat-
est-generation NVMe drives deliver 7GB/s read speeds and sub-100ys latencies, enabling
10x faster model training compared to SATA SSDs. Companies like Samsung and Solidigm are
pushing boundaries with PCle 5.0 NVMe drives that achieve 13GB/s, while new form factors
like EDSFF E1.S optimize density and thermal management for AI workloads.
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CXL: Reimagining Memory Architecture

Compute Express Link represents a fundamental shift in how Al systems handle memory. By
enabling memory pooling and cache coherency across heterogeneous compute elements, CXL
2.0 allows dynamic resource allocation that can improve memory utilization by 40% while
reducing costs by 30%. This technology is particularly crucial for massive language models
that require terabytes of high-speed memory. Industry leaders like Intel, AMD, and Micron

are driving CXL 3.0 development, promising even greater flexibility and performance.

The Rise of Computational Storage

Data movement now consumes up to 60% of Al training energy budgets, making traditional
storage architectures unsustainable. In-storage computing moves processing closer to data,
reducing latency and energy consumption by

up to 70%. Companies like ScaleFlux and NGD Data movement now
Systems are pioneering computational storage

0)
drives (CSDs) that integrate ARM cores and FP- BPEEEes Up to 60% of Al

GAs directly into NVMe devices, enabling tasks trainin g energy bud g EtS,
like data preprocessing and feature extraction to maki ng traditional stor-
occur within the storage layer. This architectur- age arc hitectures unsus-

al shift is creating new opportunities in storage

tainable. In-storage com-

system design while challenging traditional stor-

age vendors to innovate. puting MOoves DI'OCQSSiﬂg
closer to data, reducing

Looking Ahead: Storage latency and energy con-

Class Memory & Beyond sumption by up to 70%

The next frontier in Al storage combines the

speed of DRAM with the persistence of NAND flash. Technologies like Intel's Optane and
emerging solutions from SK Hynix promise to blur the line between memory and storage,
potentially eliminating complex memory hierarchies. While these technologies are still ma-
turing, they represent the future of Al infrastructure where the distinction between compute,

memory, and storage becomes increasingly fluid.

Investment Opportunities

Several companies lead in Al storage innovation:

B VAST Data: Recognized for high-performance storage solutions, named to Inc.'s 2024 Best

in Business List for Al and Data.
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B SK Hynix: Leading in high-bandwidth memory (HBM) technology, now producing
HBMS3E chips with 50% greater capacity than previous models.

B ScaleFlux: Specializing in computational storage solutions integrating NVMe and CXL
memory for Al workloads.

m IBM: Offering Al-optimized storage with unified file, block, and object data services.

M Pure Storage: Partnering with NVIDIA and Cisco to simplify infrastructure for
large-scale Al cloud services.

B NetApp: Providing Al-specific storage products like the NetApp AlPod for converged
infrastructure solutions.

B Micron Technology: Advancing Al-powered storage technologies essential for Al
applications.

M Dell Technologies: Expanding Al-enabled infrastructure, including storage, through its
Dell Al Factory suite.

These companies are driving innovation in Al storage, ensuring high-performance, scalable

data management for next-generation Al workloads. &
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m_networking: high-speed connectivity for ai workloads

InfiniBand and NVLink

InfiniBand, developed by Mellanox (now part of NVIDIA), has become a standard for ultra-fast
Al model training clusters due to its high throughput and low latency. NVIDIA's proprietary
NVLink further enhances performance by enabling direct GPU-to-GPU communication,
which is crucial for large-scale Al workloads. However, as Ethernet standards evolve to match

these speeds, a transition toward Ethernet-based solutions is expected in the future.

M Short-Term (2024-2026): InfiniBand remains the dominant interconnect for Al training,
offering low-latency, high-bandwidth networking optimized for massive GPU clusters.
Meanwhile, Ethernet continues expanding in cloud Al and inference workloads, where cost
efficiency and scalability are prioritized.

B Mid-Term (2027-2030): The emergence of 800G+ Ethernet with Al-specific optimizations
significantly narrows the performance gap with InfiniBand. Advancements in congestion
control, workload-aware routing, and lower-latency switching make Ethernet a viable
competitor in Al workloads beyond inference, including distributed training at scale.

M Long-Term (2030+): Al infrastructure at exascale computing levels will demand next-gen-
eration networking. If Ethernet successfully closes the latency gap, improves congestion
control, and integrates high-speed optical interconnects, it could replace InfiniBand as the

dominant Al networking standard, driving greater cost efficiencies and interoperability.

The Next Generation of Ethernet:
Breaking InfiniBand’s Stronghold

A key factor accelerating this transition is the rise of next-generation Ethernet standards

designed to outperform InfiniBand in Al networking. These advancements will introduce:

M Ultra-Low Latency Ethernet (ULL-E): New packet prioritization mechanisms, conges-
tion-aware networking, and Al-optimized adaptive routing drastically reduce Ethernet's
latency, making it competitive with InfiniBand.

m High-Speed Optical Ethernet Interconnects: Silicon photonics-based optical switching will
enable extremely low-latency, high-bandwidth (1.6 Tbps+) connections for GPU-to-GPU
and rack-to-rack communication, eliminating Ethernet's biggest disadvantage.

B Multi-Supplier Ecosystem & Open Standards: Unlike InfiniBand, which is controlled by a
single dominant supplier (NVIDIA/Mellanox), next-gen Ethernet will foster a competitive,
multi-vendor market, reducing costs and accelerating innovation.

M Cloud & Al Integration: Ethernet's ubiquity in cloud infrastructure makes it the natural evo-
lution for Al networking, enabling a unified Al + cloud networking architecture with fewer

proprietary lock-ins.
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By leapfrogging InfiniBand's closed ecosystem, next-gen Ethernet will drive new competition
in Al networking, allowing multiple suppliers to emerge and reducing single-vendor depen-
dencies in Al data centers. If these advancements materialize, Ethernet could dominate Al
networking by 2030+, ushering in a new era of open, high-performance, and cost-efficient Al

infrastructure.

Silicon Photonics and Optical Networking

To support the exponential growth of Al workloads, silicon photonics and optical networking
are emerging as critical technologies for high-speed, low-latency data transmission. Compa-
nies such as Intel, Cisco, Broadcom, Marvell, Ayar Labs, and Arista Networks are pioneering
chip-to-chip optical interconnects that dramatically reduce power consumption while in-

creasing bandwidth.

M Silicon Photonics: By integrating photonics into semiconductor devices, data transfer
speeds exceed those of traditional copper-based interconnects while using significantly
less energy. Intel has been a leader in this space, offering silicon photonics transceivers that
enable ultra-fast data movement within Al and cloud data centers.

M Optical Networking: Leveraging light-based communication allows Al clusters to scale effi-
ciently, reducing network congestion and enhancing overall system performance. Cisco and
Broadcom are developing next-generation optical networking solutions that enable ultra-
high-speed data movement for Al workloads.

M Industry Adoption: Hyperscalers and enterprise Al players are actively investing in sili-
con photonics to future-proof their data center architectures, ensuring that Al workloads
remain efficient and cost-effective. Companies like Marvell and Ayar Labs are advancing
optical interconnect technology, enabling chip-to-chip and rack-to-rack communication

with minimal latency and power consumption.

As demand for Al infrastructure continues to grow, silicon photonics and optical networking
will play a pivotal role in scaling next-generation data centers by providing the bandwidth

and efficiency needed for Al-driven workloads.

Cooling Innovations for Al Data Centers

The high computational intensity of Al workloads generates significant heat, requiring ad-
vanced cooling solutions to maintain efficiency and prevent thermal throttling. Traditional
air-cooling methods are becoming insufficient, driving the adoption of more effective cooling

technologies.
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Liquid Cooling Solutions

M Direct-to-Chip Cooling: Liquid cooling systems that circulate coolant directly over proces-
sors and accelerators significantly enhance heat dissipation, reducing thermal bottlenecks
and enabling sustained high-performance Al operations.

B Immersion Cooling: By submerging servers in dielectric fluid, immersion cooling eliminates
the inefficiencies of air cooling and drastically reduces energy consumption. Companies like
Submer and GRC (Green Revolution Cooling) are pioneering this technology to meet Al data

center demands.

Phase-Change Cooling and Advanced Materials

B Phase-Change Cooling: Using phase-change materials (PCMs) to absorb and dissipate heat
efficiently is gaining traction in Al-driven data centers. This method enables better thermal
regulation without excessive energy usage.

M Graphene and Advanced Heat Sinks: Graphene-based heat sinks offer superior thermal
conductivity, enabling faster heat dissipation from Al accelerators, improving performance
stability.

Sustainability and Energy Efficiency in Al Data Centers
As Al workloads expand at an unprecedented pace, concerns over energy consumption and
sustainability have intensified. Al data centers, the backbone of this revolution, are rapidly
evolving to integrate more efficient and environmentally friendly energy solutions.

To mitigate their carbon footprint, hyperscale Al data centers are increasingly investing
in on-site renewable energy sources such as solar and wind power. By generating their
own electricity, these facilities reduce dependence on fossil-fuel-based grids while ensur-
ing a more sustainable power supply for their Al clusters. Additionally, many technology
giants are securing long-term Power Purchase Agreements (PPAs), locking in renewable
energy contracts that offset their rising energy demands and reinforce their commitment
to sustainability.

Beyond renewable energy, Al-powered optimizations are playing a crucial role in improving
efficiency. Dynamic workload scheduling enables Al-driven power management systems to
adjust computing loads in real time, optimizing energy consumption based on grid conditions.
Meanwhile, adaptive cooling algorithms predict and adjust airflow, liquid cooling rates, and
energy loads to maximize efficiency, ensuring that power-hungry Al workloads do not lead to
unnecessary waste.

However, as Al infrastructure expands, so do security risks. The surge in Al workloads
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necessitates stronger defenses against cyber threats, data breaches, and unauthorized access.
Zero-trust security models are becoming the standard, ensuring that data remains encrypt-
ed throughout its lifecycle—from processing and transmission to storage. Al-powered threat
detection tools continuously monitor for anomalies, proactively identifying and mitigating
potential security risks before they escalate.

Physical security is just as critical as digital protection. Al data centers are implementing
biometric authentication, Al-driven surveillance, and automated security systems to prevent
unauthorized access. Additionally, cryptographic hardware built on the concept of "hardware
root of trust” ensures data integrity while mitigating risks associated with supply chain vul-
nerabilities.

As Al technology continues to drive transformation, the intersection of sustainability, effi-
ciency, and security will define the future of Al data centers. By integrating renewable energy,
leveraging Al for energy optimization, and fortifying security protocols, these facilities are

setting a new standard for responsible and resilient Al infrastructure. &

Will Al Data Centers Consume 10% of Global Power?
Separating Hype from Reality

As Al adoption surges, concerns about its energy footprint grow. A widely circulated projection
suggests that Al data centers could account for 10% of global electricity consumption by 2030.
But is this a realistic scenario, or an overstatement of Al’'s power demands?

Examining the Facts = As of 2022, all data centers combined accounted for 2-3% of global
electricity consumption, with Al workloads representing just a fraction of that total. While hyper-
scalers like Google, Microsoft, and Amazon are rapidly expanding Al infrastructure, traditional
computing tasks—cloud services, enterprise applications, and web hosting—still dominate data
center activity.

Al’'s Growth vs. Efficiency Gains = The increasing complexity of Al models demands
more compute, memory bandwidth, and energy. Yet, efficiency improvements in chip design,
model optimization, and workload scheduling are mitigating energy growth. Al processors are
becoming exponentially more efficient, reducing power per computation. Additionally, advances
in sparse models, quantization, and knowledge distillation lower energy demands.

Infrastructure Adaptation & Innovation = The focus should not be on whether Al
will drain global electricity but on how fast infrastructure can adapt. Advances in microgrids,
SMRs, liquid cooling, and Al-powered energy optimization will shape the energy ceiling. The
bottom line? Al is here to stay, but its energy demands will be determined by innovation, not
inevitability.
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he training of Large Language Models (LLMs) is one of the most computationally F, i ,‘

demanding tasks in computing history. Traditionally, Al models have been trained within

single location hyperscale data centers. However, as model complexity and dataset sizes grow,

centralized Al data centers face limitations—power constraints, rising infrastructure costs,

and networking bottlenecks. This is driving a shift toward decentralized Al training, where

organizations distribute workloads across multiple data centers for efficiency and resilience.
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ecentralized Al training leverages distributed computing, model par-

allelism, and dynamic workload allocation. This reduces reliance on
single-location power grids, lowers total cost of ownership (TCO), and ac-
celerates model convergence by optimizing compute placement. Studies
from Microsoft, Meta, and Google confirm that distributing Al workloads

across multiple sites improves sustainability and efficiency.

By embracing decentralized Al training, the industry is redefining Al infrastructure strate-
gies. This shift creates challenges in synchronization, bandwidth management, and inter-data

center latency but unlocks opportunities for more scalable, efficient Al ecosystems.

Improving Resource Utilization in Decentralized Al Training
One of the major advantages of decentralized Al training is the optimization of resource
utilization across multiple locations. In traditional, single-site Al training models, work-
loads are concentrated in one data center, often overloading compute clusters while leaving
other resources underutilized. This inefficiency leads to higher training costs, power waste,

and prolonged model convergence times.

By dynamically allocating workloads across By embraci ng decentralized Al

multiple data centers, Al organizations can L. . .
o e training, the industry is redefin-
maximize compute efficiency, reduce energy

waste, and accelerate training times. mg Al infrastructure strategies.
This shift creates challenges
Load Balancing Across in synchronization, bandwidth

Single-Site Training

When training massive LLMs at a single

center latency but unlocks op-

site, compute demands can exceed available pOI’t}_J nities for more scala ble’
resources at peak utilization. Even well-pro- efficient Al ecosystems.

visioned hyperscale Al data centers face
imbalances—some nodes may be overloaded while others sit idle. Network congestion and
memory bottlenecks further slow the training process.

Some organizations have adopted a layer-wise training approach, where different layers of
a neural network are trained independently before being combined, validated, and re-trained

iteratively. However, this method remains constrained by the physical limitations of a sin-

epicenter | number 1



m tectonic shift in ai: how decentralized training is reshaping data centers

gle-site infrastructure. Decentralized Al training balances GPU, CPU, and memory usage by

distributing workloads across multiple data centers. These distributed sites may include:

M A single Al campus (e.g., a 7-10KM fiber-optic interconnect ring)

M Regional hubs (e.g., a 50-200KM interconnect, spanning multiple cities)

B A global Al infrastructure where sites dynamically exchange workloads based on
real-time capacity

This spatial distribution enables dynamic load balancing, ensuring that Al models efficiently
utilize dispersed compute power without overloading any single location.

Leveraging Idle Compute Resources

Al data centers experience significant workload fluctuations over a 24-hour cycle. Com-
pute-intensive workloads peak during business hours, while many GPUs, TPUs, FPGAs, and
Al accelerators sit idle during off-peak times—especially in facilities tied to enterprise Al
workloads or regional demand cycles.

How Multi-Site Training Unlocks Idle Compute Power

B Geographically distributed scheduling ensures that when one region experiences peak de-
mand, another region with excess compute can take over part of the training workload.

B Off-peak utilization of GPUs/TPUs prevents idle hardware from going unused, reducing
wasted capacity.

M Existing distributed computing frameworks (e.g., Kubernetes, Ray, Horovod, and Apache
Spark) enable efficient workload allocation, dynamically shifting compute needs based on

availability.

By leveraging these frameworks, organizations can dramatically improve efficiency, ensuring
that every available Al accelerator contributes to the training process—reducing both costs
and energy waste.

The Future of Al Training: A Hybrid Model

Decentralized training goes beyond scaling Al infrastructure—it enables intelligent compute
management to maximize efficiency, minimize power waste, and optimize global Al training
pipelines. However, this shift raises an important question: How does decentralized Al train-
ing reconcile with hyperscalers investing in massive GPU clusters?

In reality, Al workloads will not be strictly centralized or decentralized. Instead, a hybrid
model will emerge where training and inference take distinct but complementary paths:
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M Al training will remain largely centralized in power-dense Al campuses, as training tril-
lion-parameter models requires massive compute clusters, high-speed networking, and
tightly integrated storage solutions. Hyperscalers such as Microsoft, Google, and Meta are
already deploying distributed Al training architectures to improve efficiency and reduce
bottlenecks.

B Al inference workloads, on the other hand, are increasingly shifting toward the edge,
where lower-latency responses and reduced bandwidth costs make edge deployment more
practical for real-time Al applications (e.g., autonomous systems, industrial automation, and

personalized Al).

Why Decentralized Al Training Is Accelerating

M Trillion-parameter AI models demand distributed architectures: As model sizes exceed 1
trillion parameters, no single data center can efficiently train these models in isolation. Mi-
crosoft and other hyperscalers are already developing distributed training approaches that
allow Al models to be trained simultaneously across multiple locations.

B The push for faster model development: Organizations need to train models faster and scale
Al capabilities rapidly, pushing them toward parallelized, decentralized training approaches.

M Economic incentives for maximizing compute utilization: High-performance Al infra-
structure is costly to build and operate. Distributing training workloads across multiple
sites ensures higher utilization rates, improving cost efficiency and accelerating ROI on Al

investments.

Geographic Redundancy for Higher Reliability

If one site experiences failures, training can continue elsewhere without major downtime.
This approach provides built-in redundancy, reducing the risk of data loss in the event of
hardware failures. While datasets used for training need to be duplicated across multiple sites,

the decreasing cost of SSD storage makes this approach increasingly viable.

Bottom Line

While Al training and inference workloads will diverge in infrastructure needs, both central-
ized Al campuses and decentralized edge computing will play critical roles in the future of AL
Training will remain power-intensive and centralized, but distributed training methodologies
will become the standard for scaling large models. Meanwhile, edge inference will decentralize
Al applications, improving efficiency and responsiveness. Hyperscaler investments in cen-
tralized GPU clusters and the rise of decentralized Al architectures are not contradictory but

rather two essential components of an evolving Al ecosystem. &
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Global 6G Network Rollout & Al Training Impact

6G networks, expected to roll out in major Al data center regions between 2030 and 2032, will

bring several advancements:

M Ultra-Low Latency (<100yps Delay): Enables real-time Al model updates and synchroniza-
tion across globally distributed training nodes.

B Massive Bandwidth (1Tbps+): Large Al datasets can be transferred near-instantaneously,
allowing decentralized Al clusters to function as a unified training system.

M Energy Efficiency Gains: 6G optimizes data transmission energy use, reducing power con-
sumption and minimizing reliance on traditional optical networking.

B Multi-Layer Al Training: Different layers of an Al model can be trained in separate loca-

tions and merged in real-time, improving training efficiency.

While 6G promises exceptional speeds, real-time Al synchronization at this scale poses chal-
lenges. Time-domain synchronization between Tbps-speed 6G networks and slower (<800
Gbps) data center interconnects will require additional technologies, such as silicon photonics

and optical networking, to ensure seamless operation.

Edge Al Training: Reducing Data Center Load & Costs
While 6G enhances global Al interconnectivity, Edge Al training will shift computation-in-
tensive tasks from centralized GPU clusters to localized edge nodes, reducing reliance on

hyperscale data centers.

M Offloading Al Pre-Processing to Edge Nodes: Instead of transmitting raw data to central Al
clusters, edge devices (e.g., IoT sensors, industrial controllers, autonomous vehicles) perform
preliminary Al computations, reducing bandwidth demands and cloud processing costs.

M Federated Learning for Al Decentralization: Edge Al nodes train models locally across bil-
lions of distributed devices, merging updates into centralized Al models for refinement.

M Optimized Cost Structures: Intelligent workload distribution between data centers and Edge

Al nodes maximizes GPU utilization and reduces per-model training costs.

6G & Edge Al: Complementary
Technologies for Al Evolution

While 6G will revolutionize Al networking, Edge Al and centralized Al training serve distinct

functions:

M Edge Al models are significantly smaller than data center models, designed for localized,

task-specific processing. 98
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M The Edge's Scale far exceeds centralized GPUs, meaning Al training will increasingly shift
toward edge-driven models, reducing strain on hyperscale Al clusters.
M Centralized AI models will continue to handle the most sophisticated tasks as Al evolves

toward general intelligence and advanced decision-making capabilities.

Scalability & Regulatory Considerations
Unlike centralized Al infrastructure, Edge Al scalability is primarily limited by cost and power
constraints, rather than technological feasibility. As hardware costs decline, large-scale Edge
Al deployment will become increasingly viable.

Regulatory barriers to 6G and Edge Al adoption are minimal. Instead, the primary challeng-
es lie in infrastructure readiness, cost management, and deployment timelines. Governments
and enterprises must invest in power-efficient edge devices and high-speed networking to

fully leverage these innovations.

The Future of Al Training: A Hybrid Approach
By 2030, the integration of ultra-fast 6G networks and Edge Al training will redefine Al in-

frastructure, enabling:

M Efficient distributed Al training, reducing dependence on hyperscale GPU clusters.

M Lower Al deployment costs, by optimizing compute allocation between centralized and
edge-based processing.

B Advanced networking solutions, incorporating silicon photonics and optical interconnects

to enable real-time model synchronization.
Al training will become increasingly decentralized, while the most complex Al models will

continue to be refined in centralized Al data centers. The hybrid Al model—leveraging 6G,

Edge Al, and high-speed networking—will drive the next evolution of Al computing. &
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Next time Iin epicenter

The New Frontier:
The Intelligent Agentic Edge

Following our investigation of DeepSeek and next-generation datacenters, Epicenter returns with an
analysis of the intelligent agentic edge—where Al computation moves from centralized facilities to
distributed endpoints. This architectural evolution represents a fundamental shift in how Al systems
are built, deployed, and integrated into critical infrastructure. Our upcoming issue examines the
technical constraints driving this transition, evaluates its economic implications, and identifies the
emerging winners and losers as computational intelligence becomes increasingly decentralized.

Indeed, even as the dust settles on the DeepSeek disruption, a new seismic shift is already
underway. The intelligent agentic edge reveals the next evolution in Al, moving beyond conventional
large language models towards reasoning models and Al agents that operate with extraordinary

autonomy and capability.

Why This Matters

M Unprecedented Investment: Despite initial investor hesitation, Al funding is reaching record
heights. Tech giants are planning to invest over $215 billion in Al infrastructure this year, a 45%
increase from last year.

M Shifting Demands: While efficiency gains from models like DeepSeek have reduced some
computational needs, the rise of reasoning models is driving exponential growth in Al resource
requirements.

B Market Expansion: Experts predict the Al market could grow by a factor of 1,000 or more in the

coming decade, driven by the proliferation of reasoning models and widespread adoption.

What You'll Discover
The upcoming issue of Epicenter offers an in-depth look at:

M The transition from conventional language models to reasoning models and Al agents
M The implications of increased computational demands for businesses and infrastructure
M Real-world applications and case studies of agentic Al in action

M Expert insights on navigating this new Al landscape

Don’t miss this vital exploration of the forces shaping the future of Al. The intelligent
agentic edge is poised to transform industries, redefine technological capabilities,
and open new frontiers in human-machine interaction.
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