This document analyzes the physical, economic, and geopolitical infrastructure underlying Al
scalability and leadership implications.

Al Scaling Is Industrial, Not Software

AT's growth depends on physical, economic, and geopolitical systems rather than just code
replication.

* Al scales through physics: materials, chips, energy, and infrastructure.

* Physical constraints include GPU availability, grid capacity, cooling density, water access,
fiber bandwidth, and permitting timelines.

» Capital investment is extensive: data centers (multi-billion dollars), substations (hundreds of
millions), fabs (tens of billions), EUV machines ($150-300M).

* Alrelies on a few irreplaceable actors: ASML (lithography), TSMC (advanced nodes),
NVIDIA (compute), and export controls.

* Geopolitical blocs influence capacity: US (frontier chips, hyperscalers), China (parallel
ecosystem), EU (standards), non-aligned states (balancing access).

* Al depends on multiple interdependent layers: materials, chips, assembly, data centers, data
flows, talent, capital, standards.

* Time asymmetry exists: physical layers take years to scale, digital layers evolve in months
or seconds.

The Real AI Supply Chain and Its Layers

Al's supply chain is a complex, interdependent system of physical and control layers that determine
capacity and control.

* Begins with extraction and refining of raw materials like silicon, rare earths, cobalt, lithium;
refining is dominated by China.

* Chips are designed (NVIDIA, AMD, ARM), lithographed (ASML monopoly), and
fabricated (TSMC, Samsung); no single actor controls entire chain.

» Chips are assembled into systems (motherboards, cooling, power) by companies like
Foxconn, Quanta, Supermicro.

* Data centers are the physical hubs of Al, constrained by energy, cooling, geography, and
regulation.

* Data flows via submarine cables, with training requiring months of compute; inference is
real-time and exponential.

* Distribution layers include CDNs and ISPs, which influence access, latency, regional
performance, and create dependency.

» Talent is scarce, mobile, and follows capital and infrastructure, not geography.

» Capital and governance are controlled by hyperscalers (AWS, Azure, Google Cloud), which
own infrastructure and set access terms.

* Software ecosystems (PyTorch, TensorFlow, APIs) shape how Al is built and accessed,
creating platform lock-in.

* Time asymmetry: physical layers take years to scale, while models and APIs evolve in
months or seconds.



Invisible Control Layers and Their Impact

Critical but less visible layers shape constraints, dependencies, and strategic risks, especially
energy, data, safety, and geopolitics.

Energy supply chain is a primary bottleneck; grid capacity, renewable PPAs, nuclear SMRs,
water rights, and transformers are key factors.

Data supply is increasingly regulated; licensing, localization laws, copyright, proprietary
data, and synthetic data pipelines limit access.

Safety and alignment are now operational requirements: evaluations, red-teaming,
interpretability, safety-tuned models, and compliance frameworks.

Geopolitical blocs (US, China, EU, non-aligned) influence access, rules, and dependencies;
export controls, cloud sovereignty, and standards shape capacity.

These invisible layers determine who can scale Al and under what conditions, often outside
direct control.

The Concentration of Value and Power

Value and control are concentrated in specific strategic positions within the Al ecosystem.

Low-value essential layers (mining, basic processing) are commoditized with limited
differentiation.

High-value chokepoints (ASML, TSMC, NVIDIA) have high barriers to entry, with scarcity
and specialization defining leverage.

Thin-margin layers (assembly, system integration) require engineering but face intense
competition and operational pressure.

Infrastructure (hyperscalers) captures massive value by owning data centers and GPU
clusters, creating lock-in and high switching costs.

Models are visible but fragile; rapid innovation, open-source competition, and dependence
on upstream compute make them unstable.

Access and distribution layers (APIs, platforms) create lock-in, shaping how Al is consumed
and monetized.

Hidden layers (talent, capital, standards) influence the entire system’s direction and
innovation boundaries.

The Key Pattern of Power and Control

Power and value concentrate in three structural positions: bottlenecks, control points, and interfaces.

Bottlenecks (ASML, TSMC, NVIDIA) control capabilities that are hard to substitute,
defining AI’s pace and feasibility.

Control points (hyperscalers) sit between chips and models, converting infrastructure into
recurring revenue and dependency.

Interfaces (APIs, platforms) shape how Al is accessed, creating lock-in and influencing
adoption.

These positions emerge from physics, economics, and dependencies, explaining
disproportionate value capture and dependency.

Leadership must understand these systemic leverage points to navigate AI’s industrial
landscape effectively.



Implications for Leadership and Governance

AT’s industrial nature demands new strategic and governance approaches, emphasizing
understanding dependencies, risks, and responsibilities.

Compute is a strategic asset; access depends on external actors and infrastructure.

Energy limitations increasingly constrain Al growth; long-term contracts and nuclear SMRs
are strategic assets.

Hyperscalers are systemic actors controlling critical infrastructure.

Regulation acts as a supply-chain constraint, shaping capacity and access.

Responsibility is complex: decisions depend on external systems outside direct control.

Al strategy is now an industrial strategy; understanding physical, economic, and geopolitical
layers is essential.

External dependencies mean timelines, costs, and capabilities can shift unexpectedly.
Stability is uncertain; model updates, API changes, and infrastructure reallocation can cause
unseen shifts.

Scaling is limited by physics, not ambition; capacity is finite and takes years to develop.
Critical parts of the system sit outside organizational accountability, creating accountability
gaps.

Leaders must build governance based on system realities to navigate dependency, risk, and
responsibility effectively.



