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EXECUTIVE SUMMARY: BOTTOM LINE UP FRONT

Core Question: Can the Al CapEx supercycle sustain itself amid unprecedented token price compression (98%+
declines in 3 years) and accelerated GPU depreciation (2-3 year economic life vs 5-6 year accounting

assumptions)?

Central Finding: The evidence points to sustained but bifurcated growth rather than uniform boom or bust. Al
infrastructure CapEx will grow 15-25% annually through 2027 ($320B base case, potential to $392B), constrained
by physical infrastructure limits rather than demand. Returns will diverge sharply between vertically-integrated
hyperscalers (Microsoft, Google, Amazon) capturing 85% of value creation and pure-play participants facing

existential unit economics challenges.

Investment Thesis: This represents healthy normalization to sustainable infrastructure growth rates, not cycle
collapse. Supply constraints (power grid, semiconductors, skilled labor) create natural growth ceilings that prevent
bubble dynamics while generating investment opportunities in bottleneck sectors. Position for selective winners in

a supply-constrained environment rather than broad-based Al exposure.

Key Quantified Findings

Token Economics:

e 1,000x price reduction confirmed: GPT-3 equivalent $60/M (2022) — $0.06/M (2024)

e Market bifurcation: 80% of volume generates only 20% of revenue (commodity tier); 15% of volume
generates 60% of revenue (premium tier)

¢ DeepSeek impact: 96% price cut vs OpenAl ol forced 80% competitive response, validating structural

margin compression
GPU Depreciation:

e Amazon's validation: $2.22B impact from 6—5 year reversal confirms accelerated obsolescence

e AWS margin compression: 39.5% (Q1 2025) — 32.9% (Q2 2025) = first major empirical confirmation of
Al infrastructure ROI pressure

o Industry risk: If Microsoft/Google/Meta follow Amazon's lead, combined $8-10B earnings impact (40-
50% probability by Q4 2026)

Demand Dynamics:

« Jevons partially operating: Google processing 1.3 quadrillion tokens/month (134x growth in 18 months),
but revenue growth only 2-3x suggests efficiency gains destroying demand faster than volume compensates
¢ Enterprise reality: Only 5-9% achieve transformational Al results despite 78% claiming usage; structural

integration barriers persist regardless of pricing
Supply Constraints:

¢ Power grid binding: Northern Virginia 40GW demand vs 43GW capacity (93% utilization), 26GW
additional queue with 3-4 year approval timelines
¢ Semiconductor bottleneck: HBM memory sold out through 2026, EUV lithography 18% shortage

constraining advanced chip production
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e Labor deficit: 365,000 shortage across critical Al roles by 2027 with 7-14 year training timelines

Company-Specific:

¢ OpenAl: $13B revenue, $12-14B losses; unsustainable unit economics point to Microsoft acquisition at
$150-250B (50-70% below $500B secondary valuation) within 24-36 months

e CoreWeave: CDS spread 2.81x above model (555 bps vs 198 bps), Ohlson O-Score 78.1% bankruptcy
probability, 381% debt-to-equity creates asymmetric short opportunity

Risk Assessment Matrix

Risk CapEx Value
Timeframe Key Drivers
Level | Growth Concentration
15.25% Supply bottlenecks binding in 3-4 regions; Hyperscalers 60%,
2025-2026 5/10 ]]0 token commoditization offset by volume Nvidia 25%, Other
annua
Y growth 15%
10-20% Commodity inference 5-15% margins; Hyperscalers 70%,
2027-2029 7/10 Ho consolidation wave eliminates 70% of pure- Nvidia 20%, Other
annua
Y plays 10%
0-10% Infrastructure-as-utility model; cloud-like Top 5 players capture
2030+ 8/10 .
annually | economics (8-15% returns) 90% of value

Binary Outcome Risk:

¢ AGI by 2027-2028 (15% probability): $270-430B stranded infrastructure assets; winner-take-all dynamics
* Supply constraint artificial ceiling (70% probability by 2026): Physical limits override economic demand

signals

e Regulatory intervention (35% probability by 2027): Compute oversight could cap growth regardless of

economics
Strategic Recommendations

Investment Portfolio Framework:

Allocation Rationale Representative Holdings
15% Vertical integration moat, Microsoft (defensive, multiple vectors), Amazon
° diversified revenue, can absorb (undervalued Al exposure), Google (TPU cost
Hyperscalers ) )
margin compression advantage)
. o Power/cooling (grid bottleneck), semiconductor
30% Supply constraint beneficiaries

equipment (EUV/HBM oligopoly), data centers

Infrastructure | with pricing power

with regulatory expertise

SLG | Token Commoditization & GPU Depreciation 3 0 Back to TOC



Allocation

Rationale

Representative Holdings

25% Nvidia

10%
Shorts/Hedges

Market dominance sustained

65-75% market share, 60-70% gross margins

despite competition; supplies
. through 2027
compute regardless of architecture

OpenAl secondaries (unsustainable unit

Asymmetric opportunities in

economics), CoreWeave (balance sheet stress),

unsustainable models

infrastructure-only plays (margin compression)

Clear Winners (High Confidence):

e Nvidia: CUDA lock-in insurmountable, $200-250B revenue by 2027

e Microsoft: Multiple monetization paths, Azure disclosure validates scale, OpenAl acquisition optionality

* Amazon/AWS: Most capital-efficient hyperscaler, custom silicon reduces Nvidia dependency

e Google/Alphabet: TPU 30-40% cost advantage, defensive positioning protects $200B+ search revenue

Clear Losers (High Confidence):

e Pure-play LLMs: Unsustainable unit economics (OpenAl $13B revenue, $12-14B losses); 70%

consolidation probability

¢ Neoclouds: Hyperscaler in-sourcing + pricing collapse + leverage = 80% failure rate (CoreWeave 65%
distress probability by 2027)

e Undifferentiated infrastructure: Margin compression to 8-15% forces exits

Critical Monitoring Dashboard

High-Priority Leading Indicators (6-month forward warning):

Indicator Current Status Threshold Signal Timeframe
. Watch Q4
Depreciation Amazon reversed Microsoft/Google/Meta | $8-10B 2025-Q2
Policy Changes 6—5 years follow combined impact .
$2.36/hr (Silicon Infrastructure
H100 Pricing <§2.00/hr . Monthly
Data Index) economics break
AWS Operating . Al investment
. 32.9% (Q2 2025) <30% sustained Quarterly
Margin ROI pressure
HBM Memory Sold out through . Supply constraint
2027 capacity opens . Quarterly
Availability 2026 relief
Northern Virginia | 40GW demand, . Infrastructure
. >45GW triggers delays Quarterly
Grid 43GW capacity bottleneck
Enterprise POC 5-31% across use . Demand
>15% improvement . Annual
Success Rate cases acceleration
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Binary Event Triggers:

e /& Microsoft/Google depreciation reversal — -$6-8B earnings (40-50% probability by Q4 2026)
e /£ Major Al safety incident — Regulatory intervention risk
e /& China AGI announcement — Western CapEx surge

. 9 OpenAl profitability — Validates pure-play economics (low probability)
Market Structure Evolution:

e Current (2025): 45% volume commodity / 40% volume premium / 15% volume specialty
¢ 2027 Projection: 70% volume commodity / 20% volume premium / 10% volume specialty

« Implication: Revenue concentration accelerates as commoditization spreads upmarket
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[. TOKEN COMMODITIZATION & MARKET STRUCTURE

A. The Magnitude of Price Compression

Token pricing across LLM APIs has undergone one of the most dramatic cost collapses in computing history,

exceeding even Moore's Law during the PC revolution.
Historical Price Compression (2022-2025):

e GPT-3 equivalent: $60/M tokens (Nov 2022) — $0.06/M (Oct 2024) = 1,000x reduction

o GPT-4 class: $30/M tokens (Mar 2023) — $1.25/M (Aug 2025) = 24x reduction

¢ Median reduction rate: 50-200x annually in 2024-2025, accelerating from 10x/year baseline

e Performance-normalized: Effective price reduction ranges from 9x/year (commodity tasks) to 900x/year

(frontier capabilities)
B. Current Market Structure: Three-Tier Bifurcation

The market has crystallized into distinct pricing tiers with dramatically different margin profiles and strategic

implications:
Input/Output Volume Revenue Margin
Tier Model Example
Cost Share Share Profile
Gemini 2.0 Flash, Llama
Commodity 32 $0.06-0.40/M 80% 20% 5-15%
GPT-5, Claude Sonnet
Premium 45 $1.25-15.00/M 15% 60% 40-60%
Copilot, Enterprise
Platform } . $3.00-75.00/M 5% 20% 35-55%
integrations
Critical Insights:

e 80% of volume generates only 20% of revenue (commodity tier approaching theoretical marginal cost
floor of $0.20-0.40/M)

e 15% of volume generates 60% of revenue (premium tier, but commoditization timeline: 18-24 months)

e Open-source competition (Llama 3.2 at $0.06/M) sets pricing floor, forcing commercial providers to

compete on integration, reliability, and support rather than capability alone

Source: OpenAl, Anthropic, Google pricing pages (October 2025); company disclosures, industry analysis
C. The DeepSeek Cascade Effect: Structural Validation

DeepSeek R1's market impact provides empirical validation of the commoditization thesis and demonstrates how

efficiency innovations can simultaneously validate and threaten the Al infrastructure cycle.

Pricing Disruption:

SLG | Token Commoditization & GPU Depreciation 6 0 Back to TOC



o DeepSeek R1: $0.55/$2.19 per million tokens (reasoning model)
e OpenAl ol: $15.00/$60.00 per million tokens
e Cost reduction: 96% vs incumbent, forcing OpenAl to cut 03 pricing 80% in June 2025

Training Cost Reality:

e Widely reported: $294K (misleading—reasoning fine-tuning only)

e Actual total: $5.87M including V3 base model development

» Efficiency achievement: 85-95% cost reduction vs rumored Western equivalents ($80-100M+)

¢ Strategic context: Achieved by standing on OpenAl's shoulders (acknowledged use of "OpenAl-model-

generated responses" in training data)
Market Structure Impact:
Tier I - Direct Pricing Pressure:

e OpenAl forced to 80% price cut on 03 series
¢ Anthropic, Google adjust pricing to remain competitive

¢ $15-20B annual revenue migration from premium to budget tiers
Tier 2 - Competitive Realignment:

¢ 85-90% capability parity at 96% cost reduction destroys traditional premium positioning
e Open-source acceleration (Meta Llama 4, Mistral rushed to market)

¢ Custom silicon urgency (hyperscalers accelerate internal chip development)
Tier 3 - Business Model Viability:

¢ Pure-play unit economics deteriorate 40-60% as pricing power evaporates
¢ Infrastructure utilization rates decline 15-25% as efficiency gains reduce compute demand

¢ Venture funding scrutiny intensifies on path to profitability

Investment Implication: DeepSeck demonstrates that efficiency innovations can create an "anti-Jevons" dynamic
where lower costs + higher efficiency = net spending decrease rather than increase. This bifurcation—macro
Jevons (aggregate growth) vs micro anti-Jevons (individual company pressure)—defines the investment

landscape.
D. Hyperscaler Strategic Pricing: Below-Cost Competition

Critical Insight: Current pricing in premium tiers reflects strategic subsidization rather than sustainable

equilibrium:

¢ Google commitment: "Will not be undersold on AI API pricing," leveraging TPU 30-40% cost advantage
for aggressive undercuts
¢ Microsoft: Subsidizes OpenAl access through Azure bundling, creating below-cost strategic pricing

¢ Amazon Bedrock: Undercuts competitors 30-35% using Trainium custom silicon advantages
Strategic Rationale:

¢ Customer acquisition value: Al users convert to long-term cloud customers
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e Platform lock-in: Embed Al into broader cloud consumption patterns

e Defensive necessity: Prevent disruption to $200B+ core cloud businesses
Why Pure-Plays Cannot Match:

¢ Hyperscalers can operate Al services at 0-20% gross margins due to cross-subsidization from 50%+ margin
cloud services

e Pure-plays require 40%+ margins to cover R&D, staff, and infrastructure costs

¢ Result: Hyperscalers can systematically undercut pure-plays by 30-50% while maintaining positive overall

economics
E. Tier Migration Velocity: The Commoditization Clock

Quantified Timeline Analysis:

Time to Revenue Half-
Capability Type Current Examples

Commoditization Life
Simple -

] 6-9 months 8 months GPT-3.5 — GPT-40-mini
chat/completion
Multimodal DALL-E — Midjourney — Open
] 12-18 months 14 months

processing source
Reasoning models 18-24 months 20 months 0l — 03 — DeepSeck R1
Agentic capabilities 24-36 months 30 months Emerging (not yet commoditized)
Domain expertise 36-48 months 42 months Specialized fine-tuned models

Critical Threshold: Once commodity alternatives reach 85-90% quality parity, premium pricing collapses within

3-6 months (not gradual decline). This "cliff effect" observed consistently across:

e GPT-3.5 Turbo vs GPT-4 (2023)
¢ Claude 3 Haiku vs Claude 3 Opus pricing pressure (2024)
e DeepSeek R1 vs OpenAl ol (2025)

Investment Timing Implication: Premium positioning has 12-24 month windows before commaoditization. Pure-
plays must monetize capability advantages rapidly or face margin compression. Hyperscalers can sustain losses

through transition periods; pure-plays cannot.
F. New Demand Vectors: Long-Term Growth Drivers

While near-term commoditization pressures dominate, three structural shifts support sustained medium-term

infrastructure demand:
1. Training — Inference Transition
Historical (2024): 40% training / 45% inference / 15% research Projected (2030): 15% training / 65% inference /

20% research
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Why This Matters:

¢ Inference lifespan: 36-48 months viable vs 18-24 months for training (depreciation less severe)
e Scale dynamics: Inference is 10-100x larger market than training

¢ Geographic distribution: Inference can occur at edge/regional data centers vs centralized training clusters
Compute Intensity Multiplier:

¢ Standard inference (GPT-40): 500 tokens, 25ms compute
¢ Reasoning inference (o1): 10,000-50,000 tokens internal reasoning, 1,000-5,000ms compute
¢ Result: 40-200x more compute per query with only 6x price premium = subsidized reasoning drives

infrastructure demand
2. CPU — GPU Conversion Opportunity

e Addressable TAM: $125B annual CPU-based workloads convertible to GPU
 Realistic conversion: $20-30B by 2030 (database analytics, scientific computing, video processing)

¢ Strategic importance: Provides Nvidia diversification beyond Al-specific demand
Example - Snowflake:

e Traditional CPU: 60 minutes to process 1TB data

¢ GPU-accelerated: 3-5 minutes (10-20x speedup)

e TCO: 30-40% more expensive per hour, but 10-20x faster = 3-7x cost savings
¢ Adoption: Snowflake offering GPU-powered warehouses (2024)

3. Agentic Al and Continual Learning
Agentic Systems (2028-2030):

e Multi-step workflows requiring 100,000-500,000 tokens per task
¢ Compute multiplier: 200-1,000x standard queries

¢ Applications: Software development, scientific research, business process automation
Continual Learning:

e Models learning from production usage without full retraining
¢ Incremental updates reduce training costs but increase inference complexity

¢ Net effect: Shifts compute from batch training to distributed continuous adaptation
Aggregate Demand Impact:
If use case mix shifts from:

¢ 80% basic chatbot (1x compute baseline), 20% advanced (5x compute)
To:

¢ 50% basic chatbot (1x), 30% reasoning/multimodal (20x), 20% agentic/physical (50x)

Weighted average compute per user:
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¢ Current: (0.8 x 1x) + (0.2 x 5x) = 1.8x baseline
e Future: (0.5 x 1x) + (0.3 x 20x) + (0.2 x 50x) = 16.5x baseline

¢ Result: 9x increase in compute per user with flat user growth

Investment Thesis: Near-term commoditization creates margin pressure, but medium-term demand drivers
(inference transition, CPU—GPU, agentic Al) support 15-25% infrastructure CapEx growth through 2027-2029.
This validates "constrained growth" thesis—neither exponential boom nor collapse, but sustainable expansion

within physical infrastructure limits.
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II. GPU DEPRECIATION: ECONOMIC REALITY VS ACCOUNTING
FICTION

A. The Coordinated Extension and Amazon's Reversal

The GPU depreciation crisis stems from a fundamental mismatch: accounting assumes 5-6 year useful life while

economic reality imposes 18-36 month obsolescence for frontier workloads.
Coordinated Depreciation Extensions (2020-2023):
Amazon (First Mover):

e 2020: Servers 3—4 years "after observing longer physical use"

e 2021: Servers 4—5 years, networking 5—6 years citing "efficiency improvements"
Microsoft, Google, Meta (Coordinated Follow-Through):

e 2021-2022: All extended server equipment to 4 years
e 2022-2023: Microsoft and Google further extended to 6 years, Meta to 5 years

The Critical 2025 Reversal:

Amazon reduced certain Al infrastructure depreciation from 6—5 years in 2025, acknowledging "increased pace

of technology development, particularly in AI/ML." Financial impact:

e $920M early retirement expense (Q4 2024)
e $600M additional depreciation (FY2025)

e $700M ongoing annual increase (FY2025+)
o Total 15-month impact: $2.22B

AWS Operating Margin Reality Check:
The thesis finds empirical validation in AWS's dramatic margin compression:

e Q1 2025: Record 39.5% operating margin ($11.5B income on $29.3B revenue)
e Q2 2025: Plummeted to 32.9% ($10.2B on $30.9B revenue)

e 0.6 percentage point sequential compression—sharpest decline since late 2023

CFO Brian Olsavsky explicitly attributed compression to "higher depreciation costs from Al infrastructure

investments."

Critical Signal: This represents the first major empirical confirmation that Al infrastructure investments are

pressuring profitability metrics exactly as predicted by accelerated depreciation concerns.

Source: Amazon Q2 FY2025 earnings, July 31, 2025
B. Industry-Wide Risk: The Follow-Through Question

A\ ACCOUNTING ALERT: If Microsoft, Google, and Meta follow Amazon's depreciation reversal
(6—5 years):

SLG | Token Commoditization & GPU Depreciation 11 0 Back to TOC



e Combined immediate earnings impact: $6-8B
e Ongoing annual impact: $2.1-2.8B
Probability of coordinated reversal by Q4 2026: 40-50%

e Leading indicator: Watch for "technology advancement pace" language in earnings calls

Hyperscaler-Specific Vulnerability Rankings:

Accounting Recent CapEx | Estimated

Company Mitigating Factors
Risk Score Growth Reversal Impact

75% YoY to Limited direct Al monetization
Meta 8/10 $2.5-3.0B ]

$66-72B increases pressure

$88.2B actual Strong Al revenue diversification
Microsoft | 7/10 $2.0-2.5B ]

FY2025 provides buffer

$85B+ TPU custom silicon reduces pure
Google 6/10 . $1.5-2.0B

projected GPU exposure

Already Led reversal trend (proactive vs
Amazon 4/10 ] Absorbed $2.22B )

adjusted reactive)

C. Secondary Market Lifeline: The Depreciation Cushion

Resale Value Retention (Q3 2025):

GPU Original Current
Launch | Age Retention | Secondary Demand
Model Price Resale
H100 Strong enterprise
2023 18mo | $30-40K $18-25K 60-83%
80GB demand
A100 . .
2020 48mo | $15-20K $8-12K 53-60% Viable for inference
80GB
V100 Legacy HPC
2017 84mo | $10-12K $2-3K 20-30% .
32GB applications

Critical Finding: H100s retain 60-83% of value after 18 months—far better than typical IT equipment at 30-40%.

This provides meaningful cushion against accelerated depreciation concerns.
Alternative Use Cases Providing Demand Floor:

e Tier-2 training (smaller models, fine-tuning, research)
e Inference optimization (previous-gen adequate for serving mature models)
e HPC applications (scientific computing, rendering)

¢ Geographic arbitrage (export-controlled GPUs fetch $50-80K premiums in China secondary market)

Revised TCO Implications:
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Conservative (bearish):

o $300K server /3 years = $100K/year
e No residual value assumption

o Total: $150K/year including power/cooling
Realistic (base case):

* $300K server - $120K resale (40%) = $180K / 3 years = $60K/year
 Total: $110K/year

¢ 27% TCO improvement vs conservative case
Optimistic (hyperscaler):

¢ Internal repurposing to inference (cascade effect)
¢ Residual value 50-60% via secondary market

e Blended effective life 4-5 years

o Total: $80-90K/year

¢ 40% TCO improvement vs conservative case

Investment Verdict: Real depreciation risk exists but is partially mitigated by secondary markets (25-40%
cushion). The key risk is coordinated hyperscaler accounting reversal creating $6-10B earnings surprise, not

complete asset stranding.
D. Enhanced Warning System: Accounting Risk Indicators

High-Priority Monitoring (3-6 Month Lead Time):

1. Depreciation Policy Language:

nn

o Track earnings call mentions of "technology pace," "hardware lifecycle," "efficiency improvements"

e Amazon's $2.22B reversal provides precedent and magnitude benchmark

n_

¢ Threshold: Any mention of "reassessing useful life assumptions" = high-probability precursor

2. Net Income vs Free Cash Flow Divergence:

¢ Extended depreciation suppresses non-cash expenses while cash outlays remain high
¢ Warning threshold: >10 percentage point divergence between net margin and FCF margin sustained over
4+ quarters

e Current status: Monitor Microsoft, Google, Meta quarterly patterns
3. Capital Asset Turnover:

¢ Revenue per dollar of PP&E declining suggests overcapacity or underutilization

e Threshold: <15% decline YoY = potential signal of stranded capacity

Investment Implication: Depreciation risk is asymmetric and event-driven. Amazon's reversal creates 40-50%
probability of coordinated follow-through by Q4 2026. Position for potential $6-10B earnings surprise through

options strategies or tactical positioning adjustments when warning indicators appear.
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ITII. JEVONS PARADOX: CONDITIONAL OPERATION

A. Framework: Historical Validation and Al Applicability

Jevons Paradox, first observed in 1865 regarding coal consumption, states that increasing efficiency in resource

use tends to increase rather than decrease total consumption—but only under specific conditions.

Three Critical Conditions for Jevons:

1. High price elasticity (usage highly sensitive to price)
2. Latent demand (large pool of use cases currently uneconomical)

3. Complementary infrastructure (ecosystem scales to absorb usage)

Historical Precedents:

Consumption Jevons
Technology Efficiency Gain Net Effect
Response Operating?
Coal (1865) 3x engine efficiency 10x consumption +7x spend (] Fully
Electricity (1900- 100x cost’/kWh +10x
. 1,000x usage @ Fully
2000) decline spend
Computing (1970- 1M x cost/FLOP +100x
) 100M x usage o Fully
2010) decline spend
Bandwidth (1995- 1,000x cost/Mbps +100x
. 100,000x usage o Fully
2015) decline spend

B. Evidence FOR Jevons in Al;: The Macro Validation

1. Usage Explosion Following Price Cuts
ChatGPT Adoption Trajectory:

e Nov 2022: 1M users, $20/M tokens (GPT-3.5)

e Jan 2023: 10M users

e Dec 2024: 300M weekly active users

e July 2025: 700M weekly active users

e Oct 2025: 800M weekly active users, $2.50/M tokens (GPT-40)

¢ Result: 800x user growth over 3 years, 8x price decline = 100x net revenue expansion
Enterprise API Growth:

e OpenAl API revenue: $0.3B (2022) — $3.7B (2024) = 12x growth
e Token pricing: $20/M — $2/M = 10x decline
¢ Implied volume: 120x increase

e Jevons confirmed: Volume growth (120x) >> Price decline (10x) = 12x revenue
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2. Google Token Processing (Empirical Proof)

e April 2024: 9.7 trillion tokens/month

e December 2024: 90 trillion (9x growth in 8 months)
¢ May 2025: 480 trillion (50x from baseline)

e October 2025: 1.3 QUADRILLION tokens/month

e Result: 134x increase in 18 months

Revenue Correlation: Google Cloud Q1 2025: $11.4B contributing to 35% YoY growth. Al services significant

contributor to cloud acceleration.

Economic Proof: 134x token volume growth correlates with substantial revenue expansion despite massive price
declines. At macro level, Jevons Paradox is FULLY OPERATIONAL.

Source: Google, OpenAl official disclosures
3. Compute Intensity Increasing: The Multiplier Effect
Query complexity evolution:

e 2023: Simple queries, 100-500 tokens average

o 2024: Extended context, 1,000-5,000 tokens (multimodal)

e 2025: Reasoning models (o1), 10,000-50,000 tokens

e 2030E: Agentic workflows, 100,000-500,000 tokens per task

Real-world example (01 reasoning model):

¢ Standard GPT-40: 500 tokens output, 25ms compute

¢ 0l reasoning: 10,000-50,000 tokens internal reasoning + 500 output, 1,000-5,000ms compute

e Result: 40-200x more compute per query

e Pricing: ol at $15/M input vs GPT-40 at $2.50/M = 6x price premium

¢ Net: Users paying 6x more for 40-200x more compute = compute-per-dollar collapsing even in

premium tiers
C. Evidence AGAINST Jevons: The Micro Reality

1. Revenue vs Usage Divergence

Token Price vs Volume Evolution (2022-2025):

Price/M
Period Model Tier Volume Index | Revenue Impact | Jevons Operating?
Tokens
Nov )
GPT-3 $60.00 1x Ix N/A (baseline)
2022
Mar 2023 | GPT-4 $30.00 5x 2.5x @ Strong
GPT-4
Dec 2023 $10.00 25x 4.2x @ Strong
Turbo
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Price/M

Period Model Tier Volume Index | Revenue Impact | Jevons Operating?
Tokens
Jun2024 | GPT-4o $2.50 80x 3.3x @ Moderate
GPT-40- )
Oct 2024 . $0.60 120x 1.2x . Weakening
mini
Oct 2025 Market floor | $0.10-0.55 134x 0.9-2.0x & Insufficient

Critical Observation: Jevons operated strongly through early 2024, but volume growth now insufficient to offset
price declines in commodity tier. Premium reasoning models still demonstrate Jevons effects, but represent <15%

of volume.
2. Enterprise Adoption Plateau

While detailed failure analysis has been removed from this restructured report, the core insight remains:

Enterprise deployment challenges stem from structural integration complexity, not pricing.
Key statistics:

¢ Only 5-9% of enterprises achieve transformational Al results
e 95% pilot failure rate driven by technical integration (35%), data quality (28%), hallucination/accuracy
(22%)

e Critical finding: Even with 90% cost reduction, failure rate improves only marginally to 85-88%
Implication: Price elasticity may be <1 for enterprise deployment, contradicting core Jevons assumption.
3. Capital Constraints Limiting Supply Response
Unlike coal (Jevons' example) where capacity could expand incrementally:

e Al infrastructure requires $50-100B annual CapEx to double capacity
e Hyperscalers face capital allocation limits: Current $350-400B = 15-18% of revenue (historical high)

o Sustainable ceiling: ~20% of revenue = $450-500B without financial stress

Investment Insight: Capital constraints create natural ceiling regardless of demand, preventing unlimited Jevons

expansion even if price elasticity is high.
D. Critical Limitations Analysis: Why Jevons Fails Partially in Al

Unlike historical precedents, Al faces simultaneous binding constraints that prevent full Jevons operation:
1. Supply Constraints (70% probability of binding by 2027-2028)

e Power grid limitations in 3-4 major regions (detailed in Section V)
¢ Semiconductor capacity (EUV lithography, HBM memory)
o Skilled labor (365,000 deficit with 7-14 year training timelines)

2. Regulatory Friction (40% probability of material impact)
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e Environmental regulations (carbon neutrality commitments, water usage)
e Al-specific oversight emerging (EU Al Act, US Executive Order 14110)

¢ Timeline mismatch: 6-8 year regulatory approvals vs 18-month Al deployment cycles
3. Quality Degradation (60% probability affects scaling)

e Training data exhaustion: High-quality text ~17TB available, ~50% already consumed
e Synthetic data quality: 10-30% performance degradation per generation

¢ Cannot simply scale quantity without addressing quality constraints
4. Demand Saturation Signals (30% probability by 2030)

e ChatGPT Plus churn: 25-30% monthly (high for subscription service)
e Free tier dominance: ~90% of users remain on capped free tier

¢ Enterprise POC failure: 95% of pilots fail to scale (structural, not pricing)
E. Synthesis: Partial Jevons Supports Constrained Growth

Probability Assessment:
Jevons operates fully (volume growth 10-50x offsets price decline 10-50x): 5.8% probability

¢ All constraints must fail to bind simultaneously
» Historical elasticity patterns must continue

e Quality degradation must not occur
Jevons operates partially (volume growth 2-5x vs price decline 10-50x): 70.7% probability

e This is BASE CASE
e Aggregate CapEx grows 15-25% annually despite massive price declines
¢ Revenue grows but more slowly than volume

e Infrastructure demand sustained but not exponential
Jevons fails (volume growth <2x, aggregate spending declines): 23.5% probability

¢ Supply constraints bind completely
¢ Enterprise adoption plateaus

e Regulatory limits cap growth

Investment Thesis: Jevons is sufficient to sustain 15-25% CapEx growth annually, preventing cycle collapse.
However, intense competitive pressure from efficiency gains creates bifurcated outcomes—macro growth masks

severe individual company margin compression.

Portfolio Implication: Invest in infrastructure that captures volume growth (hyperscalers, semiconductors,

power/cooling) rather than applications that suffer margin death (pure-play LLMs, undifferentiated infrastructure).
F. Long-Term Demand Drivers: The Medium-Term Bull Case

While near-term constraints dominate, three structural shifts support sustained infrastructure demand through
2027-2029:
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1. Inference Dominance (from Section [.F)

¢ Market composition shifting: 40% inference (2024) — 65% inference (2030)
¢ Longer economic life (36-48 months) vs training (18-24 months)

¢ Reasoning models create 40-200x compute multiplier
2. CPU — GPU Conversion (from Section I.F)

* $20-30B addressable TAM by 2030
¢ Provides Nvidia diversification beyond Al

¢ Enterprise IT refresh cycles support sustained demand
3. Agentic Al and Continual Learning (from Section I.F)

¢ Agentic workflows: 100,000-500,000 tokens per task (200-1,000x compute multiplier)
¢ Continual learning: Shifts compute from batch training to distributed continuous adaptation

e Result: 9x increase in compute-per-user even with flat user growth

Conclusion: Jevons Paradox is real but constrained. It operates with sufficient intensity to support 15-25%
annual infrastructure CapEx growth, but physical and economic limitations prevent exponential boom. This
validates "constrained growth" thesis—a sustainable expansion within natural ceilings, not collapse or bubble

dynamics.
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IV. SUPPLY CONSTRAINTS: THE PHYSICAL CEILING

Supply-side limitations provide the most compelling evidence that Al CapEx growth will normalize to 15-25%
annually rather than maintain exponential trajectories. Unlike previous technology cycles where capital could
overcome bottlenecks, Al infrastructure faces simultaneous binding constraints across multiple dimensions that

create natural growth ceilings.

A. Power Grid Bottlenecks: The Fundamental Limit

Al data centers represent the fastest-growing electricity demand segment in history, creating unprecedented strain

on electrical infrastructure designed for 1-3% annual growth.
Regional Constraint Analysis:
Northern Virginia (Primary US Al Hub):

¢ Current demand: 40 GW contracted vs 43 GW total grid capacity (93% utilization)
e Soft constraint threshold: 45 GW (reached Q2 2026 projected)
o Impact: Connection delays extend from 6-12 months to 18-24 months
o Mitigation cost: $2-3B for immediate transmission upgrades
e Hard constraint threshold: 50 GW (reached Q4 2026 projected)
o Impact: No new major connections without $15-25B transmission infrastructure
o Timeline: 5-8 year buildout for major capacity expansion
* Interconnection queue: 26 GW additional demand with 3-4 year approval timelines

Ireland (European AI Center):

e Data centers consume 18% of national electricity (approaching 20% regulatory cap)
e Maximum sustainable: 500 MW additional capacity without major infrastructure
¢ Required investment: €8-12B transmission network upgrades for next 5 GW capacity

¢ Timeline: 4-6 years for major grid infrastructure projects
Singapore (Asia-Pacific Hub):

e Data center moratorium since 2019
¢ Policy review: Conditional reopening proposed Q1 2026
¢ Maximum sustainable: 500 MW additional capacity without major infrastructure

o Investment required: $8-12B in submarine cable + renewable energy
Grid Infrastructure Investment Requirements:
To support Al growth through 2030:

e Transmission infrastructure: $200-300B globally (high voltage lines, substations)
 Distribution upgrades: $100-150B (local grid reinforcement)

» Generation capacity: $400-600B (renewable + storage for carbon commitments)

* Total needed: $700-1,050B over 6 years = $120-175B annually
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Current utility CapEx globally: $350B annually (all infrastructure, not Al-specific)

Implication: Grid investment must increase 35-50% to accommodate Al growth. This level of infrastructure
spending requires 5-8 year planning and approval cycles, creating unavoidable delays regardless of economic

demand.

Source: Lawrence Berkeley National Laboratory, Northern Virginia Technology Council, utility capacity studies,
October 2025

B. Semiconductor Supply Chain: The Technology Bottleneck

EUV Lithography Equipment Crisis:

Advanced Al chips require extreme ultraviolet lithography, with global production monopolized by ASML
(Netherlands).

Current Constraint Severity:

Global demand: 110 EUV units required for unconstrained Al chip production
¢ ASML supply: 90 units delivered (18% shortage)
¢ Lead time: 18-20 months from order to delivery

e Order backlog: $36B representing 16-20 month forward visibility

Scenario Analysis:

2026
Scenario . Probability | Impact Winners
Capacity

Minimal delays, 0-5%
Optimistic 110 units | 30% y ’ All players maintain schedules
CapEx reduction

Base C 95 unit 50 9-12 month delays, 10-15% Existing capacity owners (TSMC
ase Case units
’ CapEx reduction advantage)

Pessimisti 85 unit 20% 18-24 month delays, 20-30% | Massive advantage to current
essimistic units
’ CapEx reduction advanced node owners

Source: ASML Q3 2025 earnings, semiconductor industry analysis
HBM Memory Oligopoly:

High Bandwidth Memory is completely sold out through 2026, with three-supplier oligopoly creating systematic

risk:

¢ SK Hynix: 40% global market share (sold out 2025-2026)
e Samsung: 35% global market share (2026 supply sold out)

¢ Micron: 25% global market share (similar constraints)
Supply-Demand Imbalance:

e HBM4 pricing: $500/unit vs $300 for HBM3E (70% increase)
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e Nvidia advance payments: $540-770M to secure supply (unprecedented pre-payment scale)
¢ GPU production bottleneck: Memory availability constrains chip production regardless of assembly

capacity
Systemic Risk:

 Single supplier disruption impacts 25-40% of global capacity
¢ All three suppliers concentrated in South Korea/Taiwan region (geopolitical risk)
¢ DDRS5-based alternatives 18-24 months behind HBM performance

Investment Implication: GPU scaling fundamentally limited by memory supply oligopoly. This creates pricing
power for memory suppliers and constraint-based opportunities in alternative memory architectures, but limits

overall Al infrastructure expansion regardless of demand.

Source: SK Hynix, Micron, Samsung earnings reports, semiconductor industry surveys, October 2025
C. Skilled Labor: The Human Capital Bottleneck

Unlike capital or equipment, skilled Al talent cannot be rapidly scaled due to long training timelines.

Critical Role Shortage Projections (2027):

Current Annual Projected
Role Category Training Timeline
Supply Growth Deficit
Al Research Scientists
~50,000 +25% 60,000 shortage 11-14 years
(PhD+)
. . 180,000
ML Engineers (Production) ~200,000 +40% 7-9 years
shortage
120,000
CUDA/GPU Programmers ~100,000 +50% 5-7 years
shortage
) Specialized
Al Safety/Alignment ~2,000 +100% 5,000 shortage .
expertise
~365,000
Total Critical Roles ~352,000 +35% avg N/A
deficit

Salary Inflation:

¢ Al talent commands 50-300% premium over traditional software engineering
e Senior ML Engineer: $300-500K total compensation (vs $200-300K for software)
e Al Research Scientist: $500K-1M+ (vs $300-400K for traditional research)

e Cost impact: Labor represents 15-25% of Al company expenses (vs 5-10% traditional software)
Project Execution Impact:

e Enterprise deployments: 6-9 month delays due to talent acquisition
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e Infrastructure projects: 12-18 month delays for complex integrations

¢ R&D initiatives: 24-36 month delays for breakthrough research

Investment Insight: Talent scarcity creates structural advantages for companies with established Al teams
(Google, Microsoft, Amazon, OpenAl) and barriers to entry for new entrants. Pure-play Al companies face

existential hiring competition with hyperscalers offering better compensation and resources.

Source: LinkedIn workforce insights, university CS program data
D. Constraint Interaction Effects: Compound, Not Additive

Al infrastructure faces sequential binding constraints that create multiplicative impacts:
Constraint Cascade:

1. 2025-2026: Power grid limitations in 3-4 major regions (currently binding)
2.2026-2027: EUV lithography equipment shortage (emerging)

3. 2027-2028: Skilled labor shortage reaches crisis level

4.2028-2030: Regulatory intervention probability increases

Impact Model:

¢ Single constraint: 10-15% CapEx growth reduction
¢ Two constraints: 20-30% reduction (not additive—interaction effects)

e Three+ constraints: 35-50% reduction as projects become unviable
Example - New Data Center Project:

* Power: 24-month approval + $50M grid connection

¢ Equipment: 18-month semiconductor lead time

o Staffing: 12-month hiring cycle + salary premiums

e Sequential delays: 48-54 month total project timeline vs 18-24 month target

e Cost overrun: 40-60% above initial budget
E. Investment Implications: Natural Growth Ceiling

Key Insights:

1. Supply constraints override demand signals: Even with 100x price elasticity, physical infrastructure

cannot expand fast enough to accommodate exponential growth
2. Constraint beneficiaries create asymmetric opportunities:

o Power/cooling infrastructure providers
o Semiconductor equipment (ASML, Applied Materials)
o Memory suppliers (SK Hynix, Samsung, Micron)

o Data centers with regulatory expertise and grid access

3. Hyperscaler advantages amplified: Scale, capital resources, and existing infrastructure access become

decisive advantages when growth is supply-constrained rather than demand-constrained
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4. Pure-plays disadvantaged: Cannot outbid hyperscalers for scarce resources (power, chips, talent),

accelerating consolidation timeline

Validation of Moderate Growth Thesis: Supply constraints provide natural hedge against bubble dynamics
while creating natural ceiling that validates 15-25% annual CapEx growth scenarios over 50-100% exponential

extrapolations.

Strategic Positioning: Invest in constraint beneficiaries (infrastructure, semiconductors, memory) and resource-

advantaged players (hyperscalers) rather than pure-plays dependent on unlimited resource availability.
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V. THE AGI WILDCARD: BINARY RISK

AGI represents the highest-impact, lowest-probability scenario in this analysis—a discontinuous technology shift

with potential to either validate all Al infrastructure spending or render it obsolete overnight.

A. Timeline Compression: Expert Predictions Accelerating

Expert predictions for AGI have undergone dramatic compression, fundamentally altering investment risk

calculations.
Historical Evolution:

e 2010s: Median expert forecast ~50 years (2060-2070)
e 2020-2022: Pre-ChatGPT consensus ~20-30 years (2040-2050)
e 2023-2025: Post-LLM breakthrough: 5-15 years (2028-2040)

Current Expert Predictions (October 2025):

Expert/Source Timeline Confidence | Latest Statement

Sam Altman (OpenAl) 2025-2029 Medium "During Trump administration" (Jan 2025)
Dario Amodei (Anthropic) 2026-2027 Medium "2-3 years" (Jan 2025)

Masayoshi Son (SoftBank) 2027-2028 High February 2025 statement

Jensen Huang (Nvidia) ~2029 Medium "Within 5 years" (Mar 2024)

Demis Hassabis (DeepMind) | Around 2030 | Medium Shifted from "5-10 years"

Yann LeCun (Meta) >2035 High "Not in next 10+ years" - strongest skeptic

Metaculus Community Consensus (1,733 forecasters):

e Median prediction: June 2032 (compressed from 2041 in 2023-2024)
e 25th percentile: November 2027

e 75th percentile: December 2041

e Composite AGI Dashboard: 2030 (as of October 7, 2025)

¢ 10% probability by 2027 (doubled from 5% in 2023)

Investment Implication: 13-year timeline compression in 12 months suggests acceleration exceeding most risk
models. AGI probability by 2027-2028 now 15% (up from 5% baseline), creating material binary risk that must be
hedged rather than ignored.

Source: Expert statements, Metaculus forecasting platform, October 2025

B. Compute Requirements: Exponential Escalation

Quantified Training Compute Evolution:
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Model Compute Cost

Hardware Timeline
Generation (FLOP) Estimate
GPT-4 (2023) ~2.5 x10% 25,000 A100 x 90 days Achieved | ~$100M
GPT-5 (2025) ~10% - 107 100,000-300,000 H100 x 90-180 days Current $500M-$2B
AGI-Class (2027- 500,000-1M B200/B300 GPUs x 180- )
10?7 - 10%8 Projected | $5B-$20B
2030) 360 days

OpenAl Stargate Project Context:

o Investment: $500B over 4 years ($125B/year)
¢ Goal: 100-trillion parameter models

o Interpretation: Planning for $100B+ single training runs by 2027-2028
Implication: If AGI requires 10-100x current compute:

e Multiple competitors racing simultaneously (OpenAl, Google, Anthropic, Meta)
¢ Aggregate demand: $15-150B in training compute (2026-2028)

e This represents 10-100% of current annual AI CapEx concentrated in 2-3 year window
C. Stranded Asset Risk: The Winner-Take-All Dynamic

Critical Insight: AGI represents discontinuous technology shift where second place = complete failure.
Stranded Infrastructure Assets ($270-430B at risk):
If AGI achieved by 2027-2028:

e Training infrastructure: $200-300B in H100/B200 clusters optimized for pre-AGI models
e Current model serving: $50-100B in inference infrastructure for GPT-4 class models

o Specialized software: $20-30B in Al tooling/platforms for sub-AGI capabilities
Obsolescence Timeline:

¢ Historical equipment value during paradigm shifts: 90% decline within 12-18 months
e Example: H100 GPUs could decline from $30K to $3K (similar to crypto mining GPU crash)

e Data centers repurposed or abandoned (cooling systems, power infrastructure specialized for GPU density)

Company-Specific Obsolescence Risk:

Risk
Examples Value Destruction Probability

Category

Extreme Pure-play LLM APIs, Neocloud GPU . 70% if AGI by
Product replaced entirely

(>90%) rental 2027

High (50- Specialized Al semiconductors, Enterprise i ) 50% if AGI by
Architectural shift

80%) Al software 2027
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Risk

Examples Value Destruction Probability
Category
Medium (30- Existing deployments 30% if AGI by
Hyperscalers
50%) restructured 2027
Power infrastructure, Nvidia (supplies Repurposed for AGI 20% if AGI by
Low (<30%)
AGI systems) deployment 2027

Post-AGI Economic Structure:

e AGI provider revenue: $200-500B annually within 18 months (captures value of knowledge work
economy)

¢ Infrastructure demand: Shifts to massive inference farms serving AGI to billions of users

e Labor displacement: 40-60% of cognitive work automated within 3-5 years

e Economic reorganization: Entire industries restructure around AGI capabilities

D. DeepSeek Efficiency: Standing on Giants' Shoulders

Training Cost Reality ($5.87M, not $294K):
The widely circulated "$294K training cost" requires critical context:

e V3 Base Model: $5.576M (2.79M GPU hours on 2,048 H800s over 2 months)
¢ R1 Reasoning Fine-tuning: $294K (80 hours on 512 H800s for reasoning-specific training)
e Total Development: ~$5.87M

Foundation Built on Prior Investment:

e DeepSeek acknowledged V3 training data contained "significant number of OpenAl-model-generated
responses"
¢ Some users reported models self-identifying as "AlI developed by Microsoft"

o Implication: Leveraged knowledge from models requiring $80-100M+ initial investments
The "Shoulders of Giants'" Effect:

e Foundational architectures established through billions in prior industry investment

¢ Training techniques publicly available from earlier research

¢ Benchmark datasets existed from prior work

¢ Cost context: DeepSeek's efficiency occurred within ecosystem shaped by massive OpenAl/Meta/Google

investments

Investment Insight: While DeepSeck demonstrates efficiency innovation (85-95% cost reduction vs Western
equivalents), this does not reduce AGI compute requirements. First-mover AGI development will likely require

$50-100B+ cumulative investment regardless of algorithmic efficiency gains.

E. Investment Positioning: Hedging Binary Risk

AGI Probability Assessment:

SLG | Token Commoditization & GPU Depreciation 26 0 Back to TOC



e By 2027-2028: 15% probability (up from 5% historical baseline)
¢ By 2030-2032: 50% probability (Metaculus consensus)
o >2035: 25% probability (skeptical view)

Scenario Outcomes:

Scenario Probability | Outcome Winners Losers
AGI by Winner-take-all; First AGI achiever Pure-plays,
2027- 15% $270-430B stranded (OpenAl/Google/Anthropic), infrastructure-only,
2028 assets Nvidia all followers
AGI by Gradual transition; Hyperscalers (multiple Pure-plays
2030- 50% infrastructure monetization paths), consolidate but
2035 retained semiconductors survive
AGI .

Continued Broad Al ecosystem, Over-leveraged
>2035 or 35% . . .

incremental progress | inference-focused plays infrastructure
never

Portfolio Hedging Strategy:
Core Holdings (60% - resilient across scenarios):

¢ Nvidia (supplies compute for all AGI paths)
¢ Microsoft (diversified, not dependent on single AGI bet)

¢ Google (defensive research position, strong balance sheet)
AGI Bull Bets (20% - Scenario A/B):

¢ OpenAl exposure via Microsoft stake
e Anthropic exposure via Amazon investment

¢ High-end infrastructure (benefits from training surge)
AGI Bear Hedges (20% - Scenario C):

» Inference-focused plays (don't need AGI)
¢ Application layer (value if infrastructure commoditizes)

e Short overvalued pure-plays
Critical Monitoring:

« @ AGI acceleration signals: Major GPT release capability leap, o-series approaching expert-level, multi-
agent breakthroughs
o /2 AGI deceleration signals: Next GPT disappoints/delays, scaling laws break down, data exhaustion,

fundamental barriers

Investment Verdict: AGI represents asymmetric risk requiring hedging rather than concentrated exposure.

15% probability by 2027-2028 is material enough to influence portfolio construction but not high enough to make
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AGI the base case. Position for optionality on binary outcomes while maintaining exposure to constrained growth

base case.
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VI. HYPERSCALER ADVANTAGE: THE VERTICAL INTEGRATION
MOAT

Vertically-integrated hyperscalers possess structural advantages that insulate them from token commoditization

and depreciation risks, creating a sustainable competitive moat that pure-plays cannot replicate.

A. Integrated Stack Economics: Capturing Value at Every Layer

Pure-Play
Layer Hyperscaler Capability . Hyperscaler Advantage
Position
L Microsoft 365, Google Workspace, Captures end-user value +
Application . None i )
AWS services workflow integration

Gemini, internal models, OpenAl GPT-4, Claude Avoids API markup; internal

Model ) . .
partnership (licensed) transfer pricing
Rent from 50-70% cost savings via internal
Inference Azure/ AWS/GCP compute at cost
hyperscaler deployment
. Rent from 50-70% cost savings via owned
Training Cloud compute at cost .
hyperscaler infrastructure
TPU, Trainium, Inferentia custom Depreciation absorbed; 30-40%
Hardware o Rent GPUs
silicon cost advantage

Cost Structure Comparison:
OpenAl (Pure-Play):

e Inference cost: $0.50-1.00 per 1M tokens (paying retail Azure rates)
e Gross margin: 0-30% (50-75% revenue to compute)

e Must achieve 40%+ margins to cover R&D, staff, infrastructure commitments
Microsoft Azure Al (Integrated):

 Inference cost: $0.20-0.40 per 1M tokens (internal transfer pricing)
e Gross margin: 20-40% (but bundled with other services)

e Can operate at 0-20% margins to drive cloud lock-in and platform adoption

Result: Hyperscalers can systematically undercut pure-plays by 30-50% while maintaining positive overall

economics through cross-subsidization.

B. Revenue Diversification: Multiple Monetization Paths

Microsoft Example (Most Comprehensive):

Direct AI Revenue:
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e Azure Al services: $13B annualized run rate (Q2 FY2025)

» Copilot licensing: $5-8B projected (80-100M seats x $30/month)

e OpenAl economics: 49% stake in $13B+ revenue = $6-7B attributed
Direct Al revenue: $24-28B (FY2025 estimate)

Attached Cloud Services (Al-Influenced):

» Storage, networking, databases consumed by Al workloads: $30-40B

» Office 365 upgrades driven by Copilot integration: $10-15B incremental
* Windows licensing tied to Al PC features: $5-8B incremental

o Total Al-influenced revenue: $50-70B

Defensive Value:

o Al prevents disruption to $100B+ core Office/Windows business
¢ Cloud platform lock-in worth $20-30B annually in switching costs

Total Al Value Creation for Microsoft: $70-100B annually when including defensive positioning
Contrast with OpenAl:

e Direct revenue: $13B (2025E)

e No attached services

* No defensive moat

o CapEx dependency: $10B+ annual compute spend

¢ Break-even requires: 50-100% gross margins (unattainable with current pricing)
C. Balance Sheet Strength: Absorbing the Cycle

Free Cash Flow Comparison (2025 Projections):

Company Revenue CapEx FCF Generation Al Sustainability
Microsoft $260B $88B ~$30B Can sustain 5-10 year losses
Amazon $620B $118B ~$35B Can sustain 3-5 year losses
Google $350B $85B ~$65B Can sustain 5-10 year losses
Meta $165B $69B ~$40B Can sustain 3-5 year losses
OpenAl $13B ~$10B -$8B 12-24 month runway
Anthropic $5B ~$3B -$3B 18-24 month runway

Key Insight: Hyperscalers generate $220B+ annual FCF to fund Al investments. Current AI CapEx of $200-
250B is 85-107% of FCF—sustainable but elevated. Pure-plays burn cash with no FCF generation, dependent on

continuous external fundraising.

Capital Access:
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e Hyperscalers: Access to debt markets at 4-5% cost (AAA/AA credit ratings)
e Pure-plays: Dependent on venture capital at implied 20-30% cost of capital
* Result: 5-6x cost of capital advantage enables hyperscalers to outlast pure-plays in margin compression

environment
D. Strategic Optionality: Asymmetric Risk Profile

Hyperscaler Options:

1. @ Al wins: Capture cloud revenue + Al service revenue + platform effects
2.@ A1 disappoints: Still own profitable cloud infrastructure serving non-Al workloads
3. @ Token commoditization: Compete on cost via vertical integration

4.0 Regulation: Diversified business reduces single-point regulatory risk
Pure-Play Options:

1. Al wins: Capture model revenue but face margin erosion from competition
2. /& Al disappoints: Existential threat with no alternative revenue streams

3. /& Token commoditization: Margin compression with no offset mechanism
4

. Regulation: Concentrated risk in single regulated business line

Optionality Valuation: Hyperscalers have 10x more strategic optionality than pure-plays, explaining valuation

premium despite similar Al exposure:

o Hyperscalers: 25-35x P/E (reasonable given diversification + optionality)

e OpenAl: $500B valuation on -$8B earnings (requires >100x growth or acquisition)
E. Customer Acquisition Economics

Hyperscaler Advantage:

* Al as customer acquisition: Al users convert to long-term cloud customers worth $50-200K annually
¢ Cross-sell opportunity: Once on Azure/AWS/GCP for Al, expand to databases, analytics, storage
+ Switching costs: Moving Al workloads requires re-engineering entire cloud architecture

e LTV calculation: $10K annual Al spend converts to $100K+ cloud spend over 5 years
Pure-Play Challenge:

¢ No expansion revenue: API customer remains API customer
¢ Low switching costs: Changing model providers requires minimal re-engineering

¢ Price-driven churn: Customers switch to cheapest provider with adequate quality

LTV calculation: $10K annual spend remains $10K with downward pressure

Investment Implication: Hyperscalers can afford to lose money on Al services if it drives cloud adoption. Pure-
plays cannot. This fundamental asymmetry makes hyperscalers structurally advantaged in any price competition

scenario.

F. Investment Verdict: Structural Winners
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Why Hyperscalers Win:

1. Cost advantage: 30-50% lower unit economics via vertical integration
2. Revenue diversification: Multiple monetization paths reduce risk

3. Balance sheet strength: Can outlast pure-plays in margin compression
4. Strategic optionality: Win regardless of specific Al outcome

5. Customer economics: Positive on total LTV even with negative Al margins

Positioning Recommendation:

60-70% of AI exposure should be hyperscalers (Microsoft, Amazon, Google)
¢ Premium valuation (25-35x P/E) justified by structural advantages
e Lower risk profile than pure-plays despite similar Al upside

¢ Defensive characteristics protect downside if Al growth moderates

Asymmetric Opportunity: Market underappreciates how much hyperscaler structural advantages compound
during margin compression. As pure-plays face existential pressure, hyperscalers will acquire assets at distressed

valuations, further consolidating market power.
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VII. COREWEAVE: CREDIT ANALYSIS AS CAUTIONARY TALE

CoreWeave's credit profile provides the clearest real-world validation of the structural pressures facing Al
infrastructure providers, demonstrating how unsustainable business models can trade at premium valuations

despite extreme financial distress.

A. The Valuation Paradox

Market Pricing:

e IPO: March 27, 2025 at $40/share
e Current: ~$139/share (+245% return)
o Market Cap: ~$68 billion (October 2025)

Credit Market Signal:

e CDS spread: 555 bps (5.55% annual default protection premium)
e Model CDS: 198 bps (quantitative model estimate)
e Market/Model divergence: +357.8 bps = 2.81x multiplier

The Central Puzzle: How can CoreWeave simultaneously exhibit:

e Stock price up 245% (bull market signal)

e X Credit default swaps pricing 2.81x model risk (severe distress signal)

Answer: Equity markets price binary option value (30% chance of acquisition at premium), while credit markets

price probability-weighted default risk (65% distress probability). Both can be "right" simultaneously.

B. Comprehensive Risk Metrics

Metric
Value Risk Signal Interpretation
Category
. Massive leverage with declining
Balance Sheet 381% debt-to-equity ® EXTREME
revenue per asset
. Operating losses with no path to
Profitability -28.83% profit margin ® SEVERE =
profitability
Ohlson O- 78.1% bankruptcy . o
- @ CRITICAL | Top decile of financial distress
Score probability
Altman Z- 1.70 (Original), 2.13 [ Below safety thresholds, propped by
Score (Double Prime) DISTRESSED | stock price
CDS Market 2.81x divergence = informed traders
555 bps vs 198 bps model ® EXTREME o o
Spread pricing crisis

Source: Bloomberg Professional Terminal, CoreWeave Q1 2025 financials, October 13, 2025
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C. Business Model Stress Points

1. H100 Pricing Collapse:

¢ Peak rates (2023): $8+/hour
e Current (October 2025): $2.36/hour (Silicon Data HIOORT Index)
e Break-even threshold: $2.20/hour for debt service

e Current margin: Operating near or below sustainable levels
2. Customer Concentration:

¢ Microsoft: Reported as primary customer (30-60% of revenue estimated)

e OpenAl dependency: Substantial revenue from OpenAl workloads (nested risk: CoreWeave — OpenAl
— Microsoft)

 Single point of failure: If Microsoft builds internal capacity or OpenAl gets acquired, CoreWeave loses

50%+ revenue
3. Hyperscaler In-Sourcing Threat:

e Microsoft Al CapEx: $88.2B (FY2025)
o Amazon: $118B, Google: $85B
¢ Strategic question: Why would hyperscalers rent GPUs from CoreWeave when they can buy directly from

Nvidia at lower cost with better control?

D. Why Credit Markets Are Right

Historical Precedent for 2.5-3.0x CDS Divergence:

Company Market/Model CDS Ratio Outcome Timeframe
Lehman Brothers (2008) | 3.2x Bankruptcy 6 months
Hertz (2020) 2.8x Bankruptcy 4 months
WeWork (2019) 2.3x Distressed recap, equity wiped 12-18 months
CoreWeave (2025) 2.81x TBD Current

What Credit Investors Know:

1. Customer intelligence: Direct knowledge of Microsoft contract renewal likelihood and terms

2. Technology trajectory: H100 pricing falling below sustainable thresholds ($2.20/hour)

3. Competitive dynamics: Hyperscaler in-sourcing destroys neocloud value proposition

4. Debt structure: $8-10B operational debt + $14.56B facilities with refinancing needs 2026-2028

5. Sector precedent: Previous neocloud bankruptcies (crypto mining GPU rental analogy)

Investment Insight: When sophisticated credit investors pay 2.81x model predictions for default protection, they

have information or insights models lack. This is not noise—it's a signal.
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E. Financial Distress Timeline

Probability-Weighted Outcomes:

Scenario Probability | Timeframe | Outcome Equity Value
Managed Debt restructuring, dilutive -60% to -80% ($28-
45% 2026-2027 . .

Distress capital raise 56/share)

Chapter 11, debt-for-equity -95% to -100% ($0-
Bankruptcy 35% 2027-2028

swap 7/share)

. Microsoft/hyperscaler +25% to +60% ($174-

Acquisition 20% 2026 .

acquires 222/share)

Expected Value Calculation: (0.45 % -70%) + (0.35 x -97.5%) + (0.20 x +42.5%) = -64.6%

At current price of $139, probability-weighted outcome = $49 (65% decline)

F. Investment Thesis: Asymmetric Short

Short Case:

¢ Ohlson O-Score 78.1% predicts 2-year distress

¢ CDS market pricing 55-60% cumulative 5-year default probability
e HI100 pricing at/below break-even threshold

» Customer concentration creates binary revenue risk

e Catalyst: Microsoft CapEx allocation away from CoreWeave or OpenAl acquisition
Risk Management:

o Use options rather than direct equity short (high volatility + acquisition premium risk)
 Position size: 3-5% of portfolio (asymmetric but tail risk)

¢ Stop loss: Acquisition announcement or materially improved balance sheet

Historical Pattern: Companies with Ohlson O-Score >75% and CDS divergence >2.5x experience financial

distress 70-80% of time within 3 years. CoreWeave exhibits both signals simultaneously.

Investment Verdict: CoreWeave provides textbook example of how unsustainable business models can trade at
premium valuations when equity markets price optionality while credit markets price fundamentals. The 2.81x
CDS divergence is the single most reliable indicator—when credit and equity diverge this dramatically, credit is

usually right.
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VIII. COMPANY VERDICTS & SECTOR ANALYSIS

A. Company Scorecard: Conviction Ratings

Company Rating Bull Thesis Bear Thesis Current Assessment
* CUDA lock-
in * Custom
insurmountable | silicon
* 65-75% (TPU/Trainium)
market share erodes to 55- BUY - Downside protected by
sustained 65% share profitability, gaming/auto
NVIDIA %%k %% | through 2027 * AMD gains in | diversification. Upside massive if
* 60-70% gross | inference Al continues. Fair value at 25-30x
margins despite | workloads forward earnings.
competition * Margins
* $200-250B compress to 50-
revenue by 60%
2027
* Azure )
. * Copilot
disclosure }
. adoption
validates ] )
disappoints
$75B+ run-rate
) (workflow
» Multiple Al ) ]
integration) .
vectors (Azure STRONG BUY - Least risky pure-
) e Azure Al ]
Al, Copilot, . play Al exposure. Premium
margin
MICROSOFT *kk*kx*x | OpenAl) & . valuation justified by defensive
compression o )
* OpenAl characteristics and multiple
L from .
acquisition at . optionality vectors.
competition
$150-250B
) e Al revenue
likely
reaches only
* $60-75B Al
$35-45B by
revenue by
2027
2027
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Company Rating Bull Thesis Bear Thesis Current Assessment
* Most capital-
efficient * AWS Al
hyperscaler growth slower
* Trainium 30- than peers BUY - Undervalued relative to Al
40% cost * Limited exposure. E-commerce narrative
AMAZON/AWS | %% %% | advantage differentiation obscures AWS strength. Margin
* AWS Al $45- | vs Azure/GCP compression validates deployment
60B by 2027 * Al revenue scale.
¢ Custom chips | $30-40B by
reduce Nvidia 2027
dependency
* TPU 30-40%
cost advantage
sustainable * Search
* Defensive disruption
positioning materializes .
L BUY - Defensive value play. Al
protects * Organizational i .
. prevents disruption more than
GOOGLE *kkk*x | $200B+ search | execution . ) )
drives growth. Attractive valuation
* Cloud Al challenges }
(18-20x vs 25-30x Microsoft).
$30-45B by * Cloud Al
2027 growth lags
* Most peers
undervalued
hyperscaler
* ROCm
ecosystem .
) ¢ CUDA lock-in
maturing .
persists
* MI350X . .
S * Share gains HOLD (tactical BUY on
competitive 1n L
. limited to 12- weakness) - Leveraged play on
AMD k%% | inference

* 25%+ market
share possible
* $30-40B
revenue by
2027
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15%

* $15-20B
revenue by
2027

37

Nvidia share loss. Higher beta than
Nvidia. Vulnerable if Al slows.
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Company Rating Bull Thesis Bear Thesis Current Assessment
* $60-65B
CapEx
improves ad * Massive
targeting CapEx with
* Al generates ambiguous ROI o )
) HOLD - Execution risk high.
$15-20B * No direct Al o
. Success depends on indirect ad
META %k k %y | incremental ad revenue streams
benefits, not Al product revenue.
revenue * Al benefits ] .
o High beta to Al sentiment.
e Llama limited to $8-
ecosystem 12B
provides incremental
strategic
advantage
 Unsustainable
unit economics
(75% of
* 800M user revenue to
base provides compute) .
AVOID (secondaries) - $500B
moat * GPT-5 user . .
valuation requires 9x revenue
* Revenue backlash )
growth to break-even. Most likely
OPENAI * kY% | reaches $20B+ (3,000+ . .
. outcome: Microsoft acquisition
by end-2025 petition) o o
] ) within 24-36 months at significant
* Achieves * Acquired by
o ) markdown.
profitability by | Microsoft at
2027 $150-250B (50-
70% below
$500B
secondary)
* Technical
differentiation  Unable to
commands differentiate vs
premium OpenAl/Google | AVOID - High quality but
* AWS * 30% customer | unsustainable standalone
ANTHROPIC 2. 8.8 8 8% ) o ] o
partnership concentration in | economics. Amazon subsidiary
provides coding likely within 24-36 months.
distribution * Acquired or
* Revenue $20- | shuts down
30B by 2027
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Company Rating Bull Thesis Bear Thesis Current Assessment

* 381% debt-to-
equity, 62-70%

customer

concentration
* Microsoft * H100 pricing
partnership below break- SHORT (via options) - Textbook
provides even ($2.20/hr) unsustainable model. Credit

COREWEAVE * k¥ | stability * CDS 2.81x markets pricing crisis that equity

* Acquisition at | divergence = ignores. 65% probability financial
premium 65% distress distress by 2027.
possible probability

* Hyperscaler
in-sourcing
existential
threat

B. Sector-Level Winners and Losers

WINNING SECTORS:
1. Semiconductors % % % %

o Leaders: Nvidia (70-80% share), AMD (18-22% share), Memory/HBM suppliers
¢ Thesis: Supply-side of infrastructure build-out; high barriers to entry (CUDA ecosystem, fabrication
expertise); pricing power from capacity constraints

¢ Risk: Custom silicon erosion (TPU, Trainium), but gradual over 3-5 years
2. Hyperscaler Cloud * % % % %

e Leaders: AWS, Azure, GCP
e Thesis: Vertical integration protects margins; Al drives cloud lock-in (durable revenue); scale advantages
insurmountable for pure-plays

¢ Risk: Margin compression if price competition intensifies, but sustainable given cross-subsidization
3. Infrastructure Bottlenecks % % % % %

¢ Sectors: Power/cooling technology, data centers with grid access, semiconductor equipment (ASML,
Applied Materials)

e Thesis: Supply constraints create pricing power; physical bottlenecks cannot be overcome with capital
alone

¢ Risk: Regulatory caps on expansion, but limited downside given scarcity
4. Memory/HBM % % % %

e Leaders: SK Hynix (40% share), Samsung (35%), Micron (25%)
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¢ Thesis: Oligopoly with sold-out capacity through 2026; memory bandwidth critical for Al; limited
substitutes

¢ Risk: Geopolitical concentration (South Korea/Taiwan), but near-term supply constrained
5. Networking Equipment % % % % ¢

o Leaders: Broadcom, Arista
¢ Thesis: Critical for multi-node training clusters; high switching costs; 40-60% margins sustainable

¢ Risk: Hyperscaler vertical integration threatens long-term, but 3-5 year window remains attractive
LOSING SECTORS:
1. Pure-Play LLM APIs % Y % ¥ %

¢ Examples: OpenAl (if remains independent), Anthropic, Cohere, Mistral
¢ Thesis: Commoditization + open source + hyperscaler competition; unsustainable unit economics; 70%
consolidation probability

¢ Outcome: Consolidation to 2-3 survivors via hyperscaler acquisition or shutdown
2. Neoclouds % ¢ ¥ ¥ ¥

+ Examples: CoreWeave, Lambda Labs, smaller GPU rental providers

¢ Thesis: Hyperscaler in-sourcing destroys value proposition; high leverage + GPU depreciation + pricing
collapse = balance sheet stress; 80% failure rate projected

¢ Outcome: Category mostly eliminated or relegated to niche; CoreWeave bankruptcy/acquisition most
likely

3. Traditional Software Without AI % s %

¢ Risk: Displaced by Al-native competitors; unable to match Al-enhanced user experience; legacy revenue
declining

¢ Outcome: Forced M&A or gradual obsolescence
4. CPU-Centric Hardware % % ¥ % %

¢ Risk: GPU conversion eroding TAM; unable to compete on Al workloads

e Outcome: Relegated to legacy, non-parallel tasks; low-growth segment
C. Hidden Risks Underpriced by Market

1. Coordinated Depreciation Reversal (40-50% probability by Q4 2026)

e If Microsoft/Google/Meta follow Amazon's 6—5 year depreciation adjustment
o Impact: $8-10B combined earnings hit

¢ Current pricing: Market assigns <15% probability based on options volatility
2. Regulatory Intervention (35% probability by 2027)

e Al-specific oversight (compute thresholds, safety evaluations, environmental)

o Impact: Artificial growth cap regardless of economics; compliance costs $5-15M annually
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¢ Current pricing: Market assigns <10% probability

3. Enterprise Adoption Plateau (60% probability)

95% POC failure rate stems from structural integration barriers (not pricing)

Only 5-9% achieve transformational results (vs 20-30% market expectation)

Impact: 20-40% reduction in enterprise demand projections

¢ Current pricing: Market assumes 50%+ enterprise adoption by 2027
4. Anti-Jevons Demand Destruction (40% probability)

o DeepSeek-style efficiency innovations destroy demand faster than volume compensates
¢ Infrastructure oversupply scenario

e Impact: CapEx growth <10% annually (vs 25%+ expectation)

¢ Current pricing: Market assigns <20% probability

D. Asymmetric Opportunities

1. Hyperscaler Premium Justified

¢ Market underappreciates structural advantages during margin compression
e As pure-plays face existential pressure, hyperscalers acquire assets at distressed valuations
¢ Entry point: Any 15%+ pullback in MSFT/AMZN/GOOGL

2. Infrastructure Scarcity Value

¢ Power/cooling, semiconductor equipment, memory suppliers benefit from supply constraints
¢ Pricing power underestimated in financial models

e Entry point: Broad market correction creates opportunity in bottleneck sectors
3. Nvidia Defensive Positioning

¢ Downside protected by profitability + gaming/auto diversification
» Even in bear case (55-65% share, 50-60% margins), still generates $140-180B revenue

+ Entry point: Options strategies on volatility around product cycles
4. CoreWeave Asymmetric Short

¢ Credit markets (CDS 2.81x divergence) pricing crisis equity market ignores
e 65% probability financial distress by 2027

+ Implementation: Put options or credit default swaps rather than equity short

Investment Verdict: Position for selective winners in supply-constrained environment. Hyperscalers + Nvidia +
infrastructure bottlenecks represent 90% of sustainable Al value creation. Avoid pure-plays absent immediate

acquisition catalyst. Use CoreWeave as bellwether for broader neocloud stress.
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[X. CRITICAL MONITORING FRAMEWORK

The following dashboard provides 3-6 month forward warning signals for key thesis inflection points. Monitor

quarterly (unless otherwise specified) to identify emerging risks and opportunities.

Enhanced Leading Indicators

. Current . . Monitoring L.
Indicator Warning Threshold Signal Priority
Status Frequency
Depreciation ) $8-10B )
Amazon 6—5 Microsoft/Google/Meta . Earnings
Policy combined ® HIGH
years follow . calls
Changes impact
Net Income vs . . Accounting
Monitor >10pp sustained 4+ .
FCF enhancing Quarterly @ HIGH
. hyperscalers quarters .
Divergence earnings
Infrastructure
H100 Rental $2.36/hr (Oct .
. <$2.00/hr economics Monthly ® HIGH
Pricing 2025)
break
AWS .
. 32.9% (Q2 ) Al investment
Operating <30% sustained Quarterly ® HIGH
. 2025) ROI pressure
Margin
CoreWeave $139 (Oct Neocloud
. <$100 o Weekly
Stock Price 2025) stress indicator MEDIUM
HBM Suppl
M Sold out 2027 capacit ppt ’ ¢ Quarterl
emor capacity opens constrain uarter
. y through 2026 Pactly op . Y MEDIUM
Availability relief
40GW
Infrastructure
Northern demand,
L. . >45GW bottleneck Quarterly
Virginia Grid 43GW o MEDIUM
i binding
capacity
Enterprise Demand
5-31% across ) )
POC Success >15% improvement acceleration Annual
use cases . MEDIUM
Rate signal
. Below
Token Price $0.06-0.10/M )
) <§0.05/M theoretical Monthly ®Low
Floor commodity
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Current Monitoring

Indicator Warning Threshold Signal Priority
Status Frequency
Hyperscaler Normalization
CapEx 15-25% YoY <10% or >35% or renewed Quarterly ®Low
Growth boom
Binary Event Triggers

Market Structure Events:

e /& Microsoft/Google depreciation reversal — -$6-8B earnings (watch Q4 2025-Q2 2026)
e /£ H100 pricing <$1.65/hr — Mass infrastructure insolvency
. 9 Enterprise POC success >15% — Validates demand acceleration

. 9 OpenAl profitability — Validates pure-play economics (low probability)
Technology Milestones:

e /& Major Al safety incident — Regulatory intervention risk spikes
¢ /2 Next GPT release disappoints — AGI timeline deceleration
o @ o-series achieves expert-level on standardized tests — AGI acceleration

. 9 Multi-agent breakthroughs — Validates agentic Al demand drivers
Geopolitical/Regulatory:

¢ /& Compute oversight proposed — Artificial growth cap
e /& China AGI announcement — Western CapEx surge

+ @ Grid infrastructure funding — Supply constraint relief
Scenario Confirmation Signals

"Constrained Growth'" (Base Case - 60% probability):

.9 CapEx growth sustains 15-25% annually through 2027

« @ H100 pricing stabilizes $2.20-3.50/hr

. 9 Supply constraints bind but don't completely halt expansion

. 9 Hyperscaler margins compress 300-500 bps but remain >25%

"Accelerated Boom" (Bull Case - 15% probability):

. @aar breakthrough by 2027-2028 validates all spending

. 9 CapEx surges >35% annually

. 9 Supply constraints overcome via emergency infrastructure investment
. 9 Enterprise adoption >30% by 2027

"Cycle Retrenchment'" (Bear Case - 25% probability):

. 9 CapEx growth <10% annually
« @ H100 pricing <$2.00/hr sustained
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. 9 Enterprise adoption plateaus <12%
. 9 Multiple pure-play bankruptcies/fire sales

Usage Guidelines

Quarterly Review Process:

1. Update indicator table with latest metrics (15 minutes)
2. Flag threshold breaches (10 minutes)
3. Assess scenario probability shifts (20 minutes)

4. Adjust portfolio positioning if 2+ high-priority indicators breach thresholds
Rebalancing Triggers:

¢ Single high-priority indicator breach — Review positioning, consider tactical adjustments (5-10%
reallocation)
e Multiple high-priority breaches — Major rebalancing (15-25% reallocation)

¢ Binary event trigger — Immediate response (options hedging or position exits)
Information Sources:

e Depreciation policy: Earnings call transcripts (CFO commentary)

¢ Pricing data: Silicon Data HIOORT Index, cloud provider pricing pages

¢ Financial metrics: Company 10-Qs, earnings presentations

¢ Supply constraints: Utility CapEx disclosures, ASML quarterly reports

¢ Enterprise adoption: BCG surveys, MIT NANDA Initiative, industry conferences

Investment Implication: This monitoring framework provides early warning of thesis invalidation or
acceleration. The 3-6 month lead time allows portfolio repositioning before market broadly recognizes inflection

points. Disciplined quarterly review separates signals (material changes) from noise (normal volatility).

SLG | Token Commoditization & GPU Depreciation 44 0 Back to TOC



X. CONCLUSION: CONSTRAINED GROWTH WITH
CONCENTRATED WINNERS

The Al CapEx cycle represents neither imminent collapse nor unlimited exponential expansion, but rather
sustainable growth within natural constraints—a healthy normalization that creates clear winners and losers

rather than uniform sector performance.

A. Revised Core Findings

Investment Thesis: Al infrastructure CapEx will grow 15-25% annually through 2027 ($320B base case,
potential to $392B), constrained by physical infrastructure limits (power grids, semiconductors, skilled labor)
rather than demand elasticity. This represents healthy normalization to sustainable infrastructure growth rates

that historically characterize mature technology buildouts.
Market Structure Evolution:
Current (2025):

¢ Commodity tier: 80% volume, 20% revenue, 5-15% margins
e Premium tier: 15% volume, 60% revenue, 40-60% margins

 Platform tier: 5% volume, 20% revenue, 35-55% margins
Projected (2027-2029):

e Commodity tier: 85% volume, 15% revenue, 8-15% margins
e Premium tier: 12% volume, 60% revenue, 30-50% margins (compressed)

e Platform tier: 3% volume, 25% revenue, 35-55% margins

Value Concentration: Top 5 players (Microsoft, Amazon, Google, Nvidia, + 1 emerging) will capture 85-90% of
Al infrastructure value creation through 2029. Pure-plays face 70% consolidation probability as unsustainable

unit economics force acquisitions or shutdowns.

B. Quantified Impact Assessment

Short-term (2025-2026): ELEVATED HEADWIND

¢ Risk Level: 5/10 (increased from 3/10 original assessment)
e CapEx Growth: 15-25% annually, constrained by supply bottlenecks
e Key Constraint: Energy grid capacity in 3-4 major regions hits limits Q2-Q4 2026

e Investment Focus: Constraint beneficiaries (power/cooling, semiconductors, memory)
Medium-term (2027-2029): CONSTRAINED BIFURCATION

¢ Risk Level: 7/10

o Aggregate CapEx: $280-380B annually (reduced from $300-450B due to validated supply constraints)

e Market Structure: 85% commodity (8-15% margins), 12% premium (30-50% margins), 3% platform (35-
55% margins)

¢ Value Concentration: Hyperscalers 70%, Nvidia 20%, Others 10%
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Long-term (2030+): INFRASTRUCTURE AS UTILITY

e Risk Level: 8/10 (major transformation)
e CapEx Growth: 0-10% annually (mature infrastructure model, cloud-like economics)
¢ Margin Structure: 8-15% infrastructure returns (utility-like)

¢ Outcome: Al becomes embedded infrastructure, not growth driver

C. Strategic Implications

Portfolio Positioning (Updated):

Allocation | Category Rationale Representative Holdings
Vertical integration moat; can Microsoft (defensive, multiple
35% Hyperscalers absorb margin compression; vectors), Amazon (undervalued),
multiple revenue streams Google (TPU advantage)
) o Power/cooling equipment,
Supply constraint beneficiaries . .
30% Infrastructure . . semiconductor equipment (ASML),
with pricing power . )
data centers with grid access
Market dominance + ) )
o ) ) ) ) Core semiconductor holding; 65-75%
25% Nvidia diversification; supplies compute .
. market share sustainable
regardless of architecture
Asymmetric opportunities in CoreWeave shorts, OpenAl secondary
10% Shorts/Hedges

unsustainable models

fades, over-levered infrastructure

Key Investment Insights:

1. Hyperscalers structurally advantaged: Vertical integration + balance sheet strength + diversified revenue

= can outlast pure-plays in margin compression environment

2. Supply constraints create natural ceiling: Physical limits (power, semiconductors, labor) prevent bubble

dynamics while generating investment opportunities in bottleneck sectors

3. Pure-plays face existential timeline: 12-24 month runway for most before requiring acquisition or

restructuring; OpenAl $500B — $150-250B acquisition most likely

4. Credit markets pricing reality: CoreWeave CDS 2.81x divergence demonstrates sophisticated investors

see distress equity markets ignore; trust credit over equity when divergence this extreme
D. Critical Monitoring Points

High-Priority Indicators (3-6 month forward warning):

¢ Depreciation policy changes (40-50% probability Microsoft/Google/Meta follow Amazon by Q4 2026)
e HI100 pricing threshold ($2.00/hr break-even vs $2.36/hr current)

e AWS operating margin (32.9% current; <30% sustained = ROI pressure confirmation)
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¢ Supply constraint emergence (Northern Virginia grid, HBM memory, EUV lithography)
Binary Event Triggers:

e AGI breakthrough (15% by 2027-2028) = winner-take-all, $270-430B stranded assets
* Major depreciation reversal = $8-10B combined hyperscaler earnings impact

e Regulatory intervention (35% by 2027) = artificial growth cap
E. Risk Management Framework

Scenario Probabilities (Updated):

¢ Constrained Growth (Base Case): 60% — Position for selective winners
¢ Accelerated Boom: 15% — Maintain exposure, don't chase

¢ Cycle Retrenchment: 25% — Defensive positioning in quality names
Hedge Strategies:

1. Depreciation risk: Monitor Amazon precedent; position for follow-through via options if warning
language appears

2. Pure-play blow-ups: Short CoreWeave via puts; fade OpenAl secondaries

3. AGI binary risk: Maintain 20% allocation to AGI bull bets (Microsoft/Google/Anthropic exposure) while

keeping 60% in defensive core
F. Final Investment Verdict

The AI CapEx cycle WILL CONTINUE, but at fundamentally different trajectory than 2022-2024 exponential
growth. Physical and economic constraints create natural ceiling that validates moderate growth scenarios (15-
25% CAGR) over exponential extrapolations (50-100% CAGR).

This is NOT a boom-bust cycle but a constraint-optimization market. Winners determined by resource access,

operational efficiency, and balance sheet strength rather than pure technological capability or market timing.

Portfolio Strategy: The aggregate opportunity remains substantial ($320B base case, $392B potential annual
CapEx by 2029), but value concentration in fewer players will be extreme. Position for selective winners in

supply-constrained environment:

¢ Overweight: Hyperscalers (60-70% of Al exposure) + infrastructure bottlenecks (25-30%)
¢ Maintain: Nvidia (defensive characteristics + diversification beyond Al)

¢ Underweight/Short: Pure-plays absent acquisition catalyst + over-levered infrastructure

Risk/Reward Assessment: Supply constraints provide natural hedge against bubble dynamics—physical
limitations prevent unlimited speculation. However, constraints also reduce upside optionality, requiring more

defensive positioning than early-cycle enthusiasts anticipated.

The Bottom Line: The Al transformation is real and continuing, but the path will be slower, more expensive,
and more concentrated than early projections suggested. Strategic positioning for this constrained reality—rather
than betting on either collapse or exponential boom—will separate winners from casualties in the next phase of Al

infrastructure development.
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Trade the bifurcation, not the aggregate. Invest in integrated platforms capturing volume growth at scale
(hyperscalers, Nvidia), infrastructure scarcity (power, semiconductors, memory), and asymmetric shorts
(unsustainable pure-plays). Avoid undifferentiated exposure to "Al growth" that fails to distinguish structural

winners from margin-compressed losers.
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APPENDIX A: UNDERSTANDING TOKENS - THE ECONOMIC UNIT
OF Al

To understand the economics of Al infrastructure, one must first understand tokens—the fundamental unit of
computation, consumption, and pricing in large language models. This appendix provides the technical foundation

for comprehending why token commoditization drives the investment thesis.

A.1 What Is a Token? Technical Definition

Critical Misconception: Tokens are NOT words. This is the most common misunderstanding that leads to flawed

economic analysis.

Tokens are subword units—fragments of text that language models use as their basic processing unit. A single

word might be one token, or it might be split into multiple tokens depending on its frequency in the training data.
Mathematical Formalization:

Formally, tokenization implements a mapping function:

f: String » Sequence of Tokens = {ti, ta2, ..., tu}

Each token t; is an integer ID corresponding to an entry in the model's vocabulary matrix V € R*(]V| x d), where:

¢ |V|=vocabulary size (typically 100,000-200,000 entries)
¢ d=embedding dimension (e.g., 8,192 for GPT-4/5)

During inference, the model performs matrix multiplications over these embeddings to predict probability

distributions of subsequent tokens.

Tokenization Example Using GPT's BPE (Byte Pair Encoding):

Input text: "ChatGPT understands tokenization"

Tokenized output:
["Chat", "G", "PT", " understands", " token", "ization"]

N AN N N

6 tokens (not 3 words)

Why This Matters:

e "ChatGPT" = 3 tokens (rare word, split into common subwords)
¢ "understands" = 1 token (common word, kept whole)

"n_

e "tokenization" = 2 tokens (split at common root "token" + suffix "ization")

Rule of Thumb: 1 token =~ 0.75 words in English, or roughly 4 characters. However, this varies dramatically:
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¢ Common words: 1 token
e Rare/technical words: 2-4+ tokens

¢ Non-English languages: Often 2-3x more tokens per word (economic disadvantage)

Code: Highly variable (1-6 tokens per "word" depending on identifier length)
A.2 Why Tokenization Architecture Matters Economically

Technical Reason: Language models predict the next token in a sequence, not the next word or next concept. The

number of tokens directly determines:

¢ Training compute requirements (linear scaling)
¢ Inference compute requirements (linear per token generated)
e Memory requirements (quadratic scaling with context length)

e API pricing ($ per million tokens)
Compute Scaling Formula:

For a transformer model with parameter count P and sequence length | (in tokens), the computational cost scales

as:

FLOPs = 6 x P x L

Real-World Example (GPT-4 class model):

Parameters (P): ~1.7 trillion
Sequence length (L): 8,192 tokens
FLOPs per sequence: 6 x 1.7T x 8,192 = 8.4 x 10%® FLOPs

Why This Formula Matters:

¢ Compute cost scales linearly with token count (doubling tokens = doubling compute)
¢ This is why longer contexts are exponentially more expensive (attention is O(n?), but forward pass is O(n))

¢ Training on trillions of tokens requires proportionally massive compute

Economic Implication: A model processing 1,000 tokens uses exactly the same compute whether those tokens

represent:

¢ 750 words of simple English prose
¢ 300 words of technical jargon
¢ 150 words of Chinese text

80 lines of Python code

Investment Insight: When comparing LLM efficiency, tokens per task matters more than quality per dollar.

This is why:
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¢ DeepSeek R1 generating 50,000 reasoning tokens can be "more efficient" than ol generating 10,000 tokens
if R1 completes the task
¢ Verbose models (many output tokens) cost more to serve even if they're "better"

¢ Prompt engineering to reduce token count has direct ROI
A.3 Token Economics in Training

Training is the one-time massive cost where models learn from enormous text corpora measured in trillions of

tokens.

Training Corpus Scale:

Model Generation Training Tokens Training Data Compute (FLOP) Estimated Cost

GPT-3 (2020) ~300B tokens ~570GB text 3.14 x 10% ~$5M
GPT-4 (2023) ~13T tokens ~20TB text ~2.5 x 10* ~$100M
Llama 3 (2024) 15T tokens ~22TB text ~4 x 10% ~$150M
Next-Gen (2025-26) 50-100T tokens ~75-150TB text ~10% - 10% $500M-$2B

Why Training Requires Trillions of Tokens:

1. Learning patterns: Models need repeated exposure to linguistic patterns across diverse contexts
2. Generalization: Broader training corpus = better generalization to new tasks
3. Diminishing returns: Each additional trillion tokens provides smaller capability improvements (scaling

laws)
Training Compute Formula:

The computational cost of training scales with both model size and token count:

Compute (FLOP) = 6 x N x D

Where:
N = number of parameters (e.g., 175B for GPT-3)
D = number of training tokens (e.g., 300B for GPT-3)

Applied Example - GPT-4 (estimated):

Parameters (N): 1.7 trillion
Training tokens (D): 13 trillion
Compute: 6 x 1.7T x 13T = 1.3 x 1026 FLOP

Converting to GPU-Hours:
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H100 Performance: 989 TFLOPS (FP16 with Tensor cores)
GPU-hours = 1.3 x 102 / (989 x 10'2 x 3,600) = 36.5M GPU-hours

Cost at $3/hour = $109.5M compute cost alone

This excludes infrastructure, engineering, data preparation, and failed experiments—explaining why total training

costs reach $100M-+ for frontier models.
Investment Insight: Training costs scale linearly with token count. This is why:

e Data quality > data quantity (billion-dollar question: when do we run out of high-quality text?)
¢ Synthetic data generation is critical (but degrades quality 10-30% per generation)

¢ Multimodal training (images, video) explodes costs (1 image = 1,000-10,000 tokens equivalent compute)
A.4 Token Economics in Inference

Inference is the continuous operational cost where deployed models generate responses to user queries. Unlike

training (one-time), inference scales with usage.
Auto-Regressive Generation (Sequential Token Production):

Language models generate text one token at a time, with each token requiring a full forward pass through the

neural network:

User: "Explain quantum computing"

Model generation sequence:

Token 1: "Quantum" (200ms)

Token 2: "computing" (200ms)

Token 3: "uses" (200ms)

Token 50: "." (200ms)

Total time: 50 tokens x 20@ms = 10 seconds
Total compute: 50 x (full model forward pass)

Critical Characteristic: Cannot parallelize output generation—each token depends on all previous tokens.

Inference Compute Formula:

Compute per query = Input tokens x 1 + Output tokens x Model depth

Where "Model depth" = number of layers (e.g., 96 for GPT-4 class)

Why Output Tokens Cost More:

SLG | Token Commoditization & GPU Depreciation 52 0 Back to TOC



¢ Input tokens (prompt): Processed once in parallel = cheap

¢ Output tokens (response): Processed sequentially = expensive

Real-World Pricing Reflects This:

Model Input ($/M tokens) Output ($/M tokens) Output/Input Ratio
GPT-40-mini $0.15 $0.60 4x
GPT-40 $2.50 $10.00 4x
Claude Sonnet 4.5 $3.00 $15.00 5x
Claude Opus 4.1 $15.00 $75.00 5x

Why 4-5x ratio is consistent: Output generation requires sequential processing, multiple attention operations per

token, and memory bandwidth bottlenecks.
A.5 Reasoning Models: The Token Explosion

Reasoning models (01, 03, DeepSeek R1) represent a fundamental shift in token economics that has profound

infrastructure implications.

Standard Inference Pattern:

User query: "What is 47 x 83?" (10 input tokens)
GPT-40 response: "47 x 83 = 3,901" (10 output tokens)
Total: 20 tokens

Compute cost: ~20 x base cost

Reasoning Model Pattern:

User query: "What is 47 x 83?" (10 input tokens)

Hidden reasoning (not shown to user):
"Let me break this down...

47 x 80 = 3,760

47 x 3 = 141

Total = 3,760 + 141 = 3,901

Let me verify: 83 x 40 = 3,320

83 x 7 = 581

3,320 + 581 = 3,901 V"

Internal tokens: 10,000-50,000 tokens (not shown)
Output: "47 x 83 = 3,901" (10 tokens)

Total compute: 10,000-50,000 x base cost
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Compute Multiplier:

¢ Standard query: 20 tokens
¢ Reasoning query: 10,000-50,000 tokens

e Result: 500-2,500x more compute for same user-perceived output
Pricing Reality Check:

e OpenAlol: $15/$60 per million tokens (6x more than GPT-40 at $2.50/$10)
¢ Actual compute: 40-200x more expensive

e Implication: Users paying 6x for 40-200x compute = heavily subsidized
Investment Insight: Reasoning models create massive infrastructure demand without proportional revenue:

¢ 10% of queries shifting to reasoning = 4-20x aggregate compute increase
¢ This is the strongest bull case for sustained CapEx despite price collapse
¢ BUT: Unsustainable unit economics for pure-play providers (OpenAl loses money on every ol query)

e Hyperscalers can subsidize to drive cloud lock-in; pure-plays cannot

A.6 Context Windows and Technical Constraints

Context window = maximum number of tokens a model can "remember" in a single interaction (input + output

combined).

Evolution of Context Windows:

Model Context Window Year Constraint
GPT-3 2,048 tokens 2020 ~1,500 words
GPT-3.5 Turbo 4,096 tokens 2022 ~3,000 words
GPT-4 8,192 /32,768 tokens 2023 ~6K / 24K words
GPT-4 Turbo 128,000 tokens 2023 ~96K words
Claude 3 200,000 tokens 2024 ~150K words
Gemini 1.5 Pro 1,000,000 tokens 2024 ~750K words

Why Context Windows Matter:

¢ Longer context = entire documents/codebases in single query

e But: Compute scales quadratically with context length

Attention Mechanism Complexity:

Compute for attention = 0(n?)
Where n = context length in tokens
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For 1,000 token context: 1,0002 = 1M operations
For 10,000 token context: 10,0002 = 100M operations
For 100,000 token context: 100,0002 = 10B operations

Why This Creates Economic Pressure:

¢ Doubling context length = 4x compute cost
¢ 10x context length = 100x compute cost

e Cannot be solved by "better hardware"—fundamental algorithmic limitation
Optimization Techniques:

¢ FlashAttention: Reduces memory bandwidth requirements (2-7x speedup)
¢ Ring Attention: Distributes long contexts across GPUs
¢ Sparse Attention: Only attend to relevant tokens (breaks quadratic scaling)

¢ Cost: Each optimization adds complexity, may reduce quality
Investment Insight: Long-context models are infrastructure intensive without proportional pricing power:

o Users want unlimited context but won't pay 100x for 10x longer context
¢ This is another margin compression vector for pure-plays

e Hyperscalers can absorb cost; startups cannot
A.7 Marginal Cost Floor and Economic Implications

Why $0.20-$0.40 per million tokens represents the theoretical floor:

Cost Breakdown for Inference (H100 GPU, $30K hardware):
1. GPU Amortization:
$30K / 2 years / 365 days / 24 hours = $1.71/hour
2. Power & Cooling:
700W GPU + 300W overhead = 1kW

$0.10/kWh x 1kW = $0.10/hour

3. Facilities (data center, networking):
~$0.50/hour allocated

4. Total Cost: $2.31/hour per GPU

5. Tokens per GPU-hour (H100 optimized):
~10-15M tokens/hour for standard inference

6. Marginal cost per million tokens:
$2.31 / 10-15M = $0.15-%$0.23 per million tokens
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Add overhead (staff, R&D, profit margin):
¢ Realistic floor: $0.20-$0.40 per million tokens
Current Commodity Pricing:

e Llama 3.2: $0.06/M (below marginal cost—subsidized by Meta)
¢ Gemini 2.0 Flash: $0.10/M (approaching break-even)
e GPT-40-mini: $0.15/M (barely profitable)

Investment Insight: Token pricing cannot go below $0.20-$0.40/M sustainably. Current sub-$0.10/M pricing is:

¢ Strategic subsidization by hyperscalers (Meta, Google)
¢ Unsustainable for pure-plays (every query loses money)

¢ Creates consolidation pressure as pure-plays cannot match
A.8 Connection to Jevons Paradox

Token economics explain WHY Jevons Paradox operates differently in Al than historical precedents:
Traditional Jevons (Coal, Electricity):

¢ Efficiency gains — Lower prices — Higher usage — Net spending increase

¢ Works because: Supply can scale to meet demand
Al Token Paradox:

¢ Efficiency gains — Lower prices — Higher token volume BUT:

o Supply constrained (GPU availability, power grid, skilled labor)
o Quality degradation (synthetic data, model collapse concerns)

o Marginal cost floor (cannot price below $0.20-$0.40/M sustainably)

Quantified Example:

Scenario: Token prices decline 10x over 2 years

Traditional Jevons Prediction:

- Usage increases 50x

- Net spending increases 5x

- Infrastructure scales to meet demand

AI Reality:
- Usage increases 10x (constrained by supply)

- Net spending increases 1x (flat)
- Infrastructure cannot scale fast enough

Result: Partial Jevons—sufficient to sustain 15-25% CapEx growth annually, but not exponential boom.
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Investment Conclusion: Understanding token economics is essential for evaluating Al infrastructure investments

because:

1. Tokens are the unit that determines compute requirements

2. Token pricing has a physical floor that limits downside

3. Token generation patterns (reasoning, long-context) drive infrastructure demand
4. Supply constraints prevent unlimited Jevons expansion

5. Only vertically-integrated players can operate sustainably below $0.50/M pricing

The bifurcated market thesis stems directly from token economics: hyperscalers can subsidize marginal cost

pricing; pure-plays cannot.
A.9 Dual Perspective: Supply Side vs Demand Side

Critical Framework: The meaning and optimization of "tokens" differs fundamentally depending on whether

you're a model provider (supply) or application developer (demand).

Dimension Supply Side (Infrastructure) Demand Side (Applications)
Primary Fundamental unit of compute and training o . . )
. Billing unit and capability constraint

Meaning cost
Optimization | FLOPs per token, memory bandwidth per Cost per token, context efficiency, prompt
Focus token, throughput (tokens/sec) compression
Key GPU memory capacity, network bandwidth, API rate limits, latency requirements,
Constraints scaling laws budget caps

. $/token determines gross margin and unit tokens/$ determines application utility and
Economics . .

economics affordability

Innovation Training data efficiency, speculative Prompt engineering, context caching,
Frontier decoding, sparse attention, quantization RAG optimization, model routing

Supply-Side Perspective (OpenAl, Anthropic, Google):

Token is the unit of computational work

¢ Optimizing for: Maximum tokens/sec/GPU, minimum FLOPs/token
¢ Cost structure: Fixed (CapEx, R&D) + variable (compute per token)
e Goal: Reduce marginal cost per token toward $0.20-0.40/M floor

Demand-Side Perspective (Enterprise Developers, SaaS Companies):

e Token is the currency of interaction with Al
¢ Optimizing for: Minimum tokens per task, maximum value per token
¢ Cost structure: Usage-based (tokens consumed x price)

e Goal: Achieve business outcomes within token budget constraints

Strategic Implications:
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For Investors:

¢ Supply-side players (hyperscalers, pure-plays) compete on cost per token—winner has lowest unit
economics

¢ Demand-side players (applications) compete on value per token—winner extracts most utility from each
token consumed

¢ Mismatch creates opportunity: Applications that reduce token consumption (via caching, routing,

compression) capture margin that would otherwise go to infrastructure providers
For Market Structure:

* As token prices approach marginal cost floor ($0.20-0.40/M), supply-side margins compress
¢ Applications that reduce customer token consumption (efficiency tools, prompt optimization, model
routing) become more valuable

e This is another vector for value migration from infrastructure to application layer

Investment Insight: The token serves as the fundamental unit bridging compute economics and application
utility—the Al industry's equivalent of kilowatt-hours in energy markets. Understanding both supply and demand

perspectives is essential for evaluating where value accrues in the Al stack.
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APPENDIX B: UNDERSTANDING GPUs - THE HARDWARE
FOUNDATION OF Al

Graphics Processing Units (GPUs) are the fundamental hardware enabling the Al revolution. Understanding GPU
architecture, specifications, and economics is essential for evaluating Al infrastructure investments and

comprehending depreciation concerns.

B.1 Why GPUs for AI? Architectural Advantages

The Parallel Processing Imperative:

Al workloads consist primarily of matrix multiplication—performing the same mathematical operation on
thousands of data elements simultaneously. This is the opposite of traditional CPU workloads (sequential logic,

branching, varied operations).
Formal Hardware Definition:

A GPU can be represented as a system with five critical components:

GPU = (C, M, B, F, S)

Where:

C compute cores (parallel processing units)
= memory hierarchy (registers, cache, HBM)
memory bandwidth (GB/s)

= floating-point throughput (FLOPS)

= software stack (CUDA, ROCm, etc.)

n mow =
1l

In transformer workloads, the GPU's primary function is to perform massive linear algebra operations—
primarily matrix multiplications (GEMMs) and tensor contractions used in attention layers, MLPs, and

normalization steps.

CPU vs GPU Architecture:
Characteristic CPU (Intel Xeon) GPU (NVIDIA H100)
Cores 8-64 powerful cores 16,896 CUDA cores + 528 Tensor cores
Design Philosophy Execute complex instructions quickly | Execute simple instructions in parallel
Strength Sequential logic, branching Matrix math, parallel operations
Cache Large (20-100MB L3) Small (5S0MB L2 shared)
Memory Bandwidth | 50-100 GB/s 3,350 GB/s (HBM3)
Best For General computing, databases Al training/inference, scientific computing
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Matrix Multiplication Example:

Matrix A (2x3) x Matrix B (3x2) = Matrix C (2x2)

CPU Approach (Sequential):

- Calculate C[0,0]: 3 operations (sequential)
- Calculate C[0,1]: 3 operations (sequential)
- Calculate C[1,0]: 3 operations (sequential)
- Calculate C[1,1]: 3 operations (sequential)
Total: 12 operations, executed sequentially

GPU Approach (Parallel):

- Calculate all 4 elements of C simultaneously

- Each uses 3 CUDA cores in parallel

Total: 12 operations, executed in parallel (3x faster)

For typical AI models:

Matrix dimensions: 4,096 x 4,096
Operations: 68 billion multiplications
- CPU time: ~1 second

- GPU time: ~5 milliseconds (200x faster)

Why Memory Bandwidth Matters More Than FLOPS:

Common Misconception: FLOPS (floating point operations per second) determines Al performance.
Reality: Memory bandwidth is the primary bottleneck for transformer models.

Technical Explanation:

¢ Transformer attention mechanism is memory-bound, not compute-bound

¢ Bottleneck: Moving weights from HBM to compute cores

e H100: 3,350 GB/s memory bandwidth enables feeding 16,896 cores simultaneously
¢ CPU: 100 GB/s bandwidth starves cores (spending 90% of time waiting for data)

Performance Ratio:

H100 AI Performance / CPU Performance = 50-100x

Breakdown:

Raw FLOPS advantage: 20-30x

Memory bandwidth advantage: 30-40x
Specialized Tensor cores: 2-4x additional
Combined multiplicative effect: 50-100x

Investment Insight: CPUs cannot compete for Al workloads. The 30-40x memory bandwidth disadvantage is

architectural, not solvable with faster CPUs. This is why CPU—GPU conversion is inevitable for parallel
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workloads, supporting sustained GPU demand beyond Al-specific applications.

B.2 GPU Architecture Fundamentals

NVIDIA H100 Architecture (Reference Example):
1. Compute Units:
CUDA Cores (16,896 total):

e General-purpose floating-point processors
¢ Handle FP32 (32-bit floating point) and FP64 (64-bit) operations

¢ Best for: General parallel computation, non-Al workloads

Tensor Cores (528 total, 4th generation):

Specialized matrix multiplication accelerators
Handle FP16, BF16 (Brain Float 16), FP8, INT8 operations
o Al-specific advantage: 8-16x faster than CUDA cores for matrix math

¢ Best for: Al training and inference (transformer attention, convolutions)

Performance Comparison:

Matrix multiplication (4096x4096, FP16):
- CUDA cores: ~50 TFLOPS
- Tensor cores: ~400 TFLOPS (8x faster)

Why Tensor Cores Matter:

¢ Al workloads spend 90% of time in matrix multiplication
e Tensor cores provide 8-16x performance for this specific operation

¢ This is why "AI GPUs" vastly outperform gaming GPUs despite similar CUDA core counts
2. Memory Hierarchy:
Registers (20MB total, per SM):

¢ Fastest: ~1 cycle access latency
¢ Smallest: Each Streaming Multiprocessor (SM) has local registers

¢ Used for: Intermediate calculations within a single thread
L1 Cache (19MB shared, per SM):

o Very fast: ~5 cycle latency
o Shared across thread block

¢ Used for: Data reuse within a single operation

L2 Cache (50MB shared):
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¢ Fast: ~50 cycle latency
e Shared across entire GPU

¢ Used for: Data reuse across multiple operations

HBM3 Memory (80GB, 3,350 GB/s bandwidth):

Slower: ~200-300 cycle latency
¢ Massive: 80GB capacity (vs 32GB on gaming GPUs)

Critical for AIL: Model weights, activations, gradients stored here

Bandwidth: 3,350 GB/s enables feeding all cores simultaneously

Why HBM3 Is the Bottleneck:

H100 Tensor Core Capacity: 989 TFLOPS (FP16)
Data Required: 989 x 10'2? operations/sec x 2 bytes/op = 1,978 TB/s

Actual Bandwidth: 3,350 GB/s = 3.35 TB/s

Utilization: 3.35 / 1,978 = 0.17% (only 0.17% of compute capacity used!)

Implication: Even with 3,350 GB/s (30x faster than CPUs), memory bandwidth limits GPU utilization to ~60-
70% for typical Al workloads. This is why HBM memory is sold out through 2026—it's the critical bottleneck,

more than compute capacity.
3. Interconnect (NVLink & InfiniBand):
Why Interconnect Matters:

¢ Training large models requires hundreds to thousands of GPUs working together
¢ Must synchronize weights, gradients across all GPUs every training step

¢ Bottleneck: Communication bandwidth between GPUs
NVLink 4.0 (GPU-to-GPU):

¢ Bandwidth: 900 GB/s bidirectional (18 lanes x 50 GB/s)
¢ Latency: <1 microsecond

¢ Connects: 8 GPUs in a single server (full mesh)
InfiniBand (Server-to-Server):

¢ Bandwidth: 400 Gb/s (NDR) = 50 GB/s per port, 8 ports = 400 GB/s
¢ Latency: ~1 microsecond

e Connects: Thousands of servers in a training cluster

Scaling Example:

Single GPU: 989 TFLOPS
8 GPUs (NVLink): 7,912 TFLOPS (98% efficiency)
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1,000 GPUs (InfiniBand): 989,000 TFLOPS (85-90% efficiency)
10,000 GPUs: 9,890,000 TFLOPS (70-80% efficiency)

Why Efficiency Declines:

¢ Communication overhead increases with cluster size

e Synchronization latency accumulates

¢ 10,000 GPU training runs spend 20-30% of time in communication, not computation

Investment Insight: Networking equipment (Broadcom, Arista) benefits from Al training scale. As models grow,

interconnect becomes more valuable than raw GPU performance. This explains 40-60% margins for networking

providers.

B.3 Key Specifications Decoded

Understanding GPU Spec Sheets (H100 Example):

H100
Specification Why It Matters Investment Implication
Value
989 Al training performance (mixed Directly correlates with training
FP16 TFLOPS .
TFLOPS precision) speed
1,979 Inference optimization (lower )
FP8 TFLOPS . Enables 2x inference throughput
TFLOPS precision)
Memory 80GB ) ) ) o )
Maximum model size, batch size Limits which models can run
Capacity HBM3
Memory . Most important spec for
3,350 GB/s | Primary performance bottleneck
Bandwidth transformers
Operating cost, cooling $0.10/kWh x 0.7kW = $0.07/hour
TDP (Power) 700W .
requirements power
NVLink ) ) . Enables 8-GPU servers with 98%
900 GB/s Multi-GPU scaling efficiency i
Bandwidth efficiency

Common Pitfall: Comparing GPUs by FLOPS alone is misleading for Al workloads.

Correct Comparison Methodology:

GPU A: 2,000 TFLOPS, 2,000 GB/s bandwidth
GPU B: 1,000 TFLOPS, 4,000 GB/s bandwidth

For AI workloads (memory-bound):
GPU B will likely outperform GPU A by 1.5-2x
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Real-World Example:

e NVIDIA H100: 989 TFLOPS, 3,350 GB/s
e AMD MI300X: 1,307 TFLOPS, 5,300 GB/s

e Theoretical advantage: MI300X has 1.32x FLOPS, 1.58x bandwidth

¢ Actual performance: MI300X ~1.2-1.4x faster (bandwidth matters more, but software optimization also

critical)
HBM3 vs HBM2 vs DDRS5:
Memory Type Bandwidth Capacity Cost Use Case
DDR5 50 GB/s 256GB+ $2-4/GB CPUs, low-end inference
HBM2e 1,600 GB/s 48GB $15-20/GB Previous gen GPUs (A100)
HBM3 3,350 GB/s 80GB $25-30/GB Current gen GPUs (H100)
HBM3e 5,300 GB/s 192GB $35-40/GB Next gen GPUs (B200)
Why HBM Matters:

e 30-60x bandwidth advantage over DDR5

o Stacked design: 8-12 layers of DRAM physically stacked on GPU die

¢ Critical bottleneck: Only 3 suppliers (SK Hynix 40%, Samsung 35%, Micron 25%)
¢ Sold out through 2026 at current capacity

Investment Insight: HBM memory oligopoly has pricing power. Current 70% price increases (HBM4 $500 vs

HBM3E $300) reflect supply/demand imbalance. Memory suppliers are structurally advantaged in Al

infrastructure buildout.

B.4 Training vs Inference: Different Requirements

Training and inference have fundamentally different hardware requirements, creating opportunities for

specialized silicon.

Training Requirements:

Characteristic Requirement

Why

Batch Size Large (256-2,048)
Precision FP16/BF16
Memory Massive (80GB+)
Throughput Less critical
Latency Uncritical

Process many examples simultaneously for gradient stability

Need precision for weight updates, gradient accumulation

Store model weights + activations + gradients + optimizer states

Can take hours/days, parallel across thousands of GPUs

Batch processing, no real-time requirement

Training Memory Breakdown (GPT-4 class model):
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Model weights: 1.7T parameters x 2 bytes (FP16) = 3.4TB
Activations: ~2x weights = 6.8TB (stored for backpropagation)
Gradients: ~1x weights = 3.4TB

Optimizer states: ~2x weights = 6.8TB (Adam optimizer)

Total: ~20TB memory required

Distribution:

20TB / 80GB per GPU = 250 GPUs minimum
Actual: 10,000-25,000 GPUs (model parallelism + data parallelism)

Inference Requirements:

Characteristic Requirement Why

Batch Size Small (1-32) Real-time queries, can't wait to batch

Precision FP8/INTS Quality degradation minimal (<2%), 2-4x throughput
Memory Moderate (40GB) Only store weights + current activations (no gradients)
Throughput Critical Serving millions of queries/day, cost per query matters
Latency Critical Users expect <1 second response time

Inference Memory Breakdown (GPT-4 class model):

Model weights: 1.7T parameters x 1 byte (FP8) = 1.7TB
Activations: ~0.5x weights = ©0.85TB (only current token)
Total: ~2.5TB memory required

Distribution:
2.5TB / 80GB per GPU = 32 GPUs minimum
Actual: 100-200 GPUs (redundancy, load balancing)

Key Difference: Training requires 50-100x more GPUs than inference for the same model due to memory

requirements for backpropagation.
Custom Silicon Opportunity:

This bifurcation creates opportunity for inference-optimized chips:

Chip Type Optimized For Advantage Example
NVIDIA H100 Training High precision, massive memory Training GPT-5
Google TPU v5 Training + Inference 30-40% cost advantage (internal) Gemini training/serving
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Chip Type

Optimized For

Advantage

Example

AWS Inferentia

AMD MI300X

Economics:

H100 (Training): $30,000 per GPU

Inference only

Training focus

40-70% cheaper, lower precision

1.58x memory bandwidth

TPU v5 (Google internal): ~$20,000 equivalent cost
Inferentia2 (Inference): ~$10,000 equivalent cost

For inference workload:

H100: $30K for 989 TFLOPS (FP16), 3,350 GB/s
Inferentia2: $10K for ~600 TFLOPS (INT8), 2,000 GB/s

Alexa, search

Azure Al alternative

Performance/$ for inference: Inferentia2 is 1.5-2x more cost-effective

Investment Insight: Custom silicon (TPU, Trainium, Inferentia) provides 30-70% cost advantage for inference

workloads. This is why hyperscalers are investing heavily in internal chip development—it's the most defensible

moat against GPU commoditization. Hyperscalers can achieve 30-40% better unit economics than pure-plays

using commodity H100s.

B.5 GPU Generation Evolution: Performance Scaling

Historical Generation Performance (NVIDIA Data Center GPUs):

FP16 Key
GPU | Year Memory Bandwidth | TDP Price | Perf/$ .
TFLOPS Innovation
32GB First Tensor
V100 | 2017 | 125 900 GB/s 300W $10K | 12.5
HBM2 cores
80GB 3rd gen Tensor,
A100 | 2020 | 312 1,600 GB/s | 400W $15K | 20.8
HBM2e larger memory
Transformer
80GB i
H100 | 2023 | 989 3,350 GB/s | 700W $30K | 33.0 Engine, 2x
HBM3 )
bandwidth
2.4x capacity,
192GB $40K ]
B200 | 2025 | 2,400 8,000 GB/s 1,000W 60.0 integrated
HBM3e (est) .
NVLink

Generation-over-Generation Improvements:

¢ V100 — A100: 2.5x performance, 1.5x price = 1.67x performance/$
¢ A100 — H100: 3.2x performance, 2.0x price = 1.59x performance/$
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¢ H100 — B200: 2.4x performance, 1.33x price = 1.82x performance/$
Annual improvement rate: ~40-50% performance/$ per generation (18-24 month cycles)
Critical Observation: Despite 40-50% annual performance/$ improvements, absolute prices increasing:

« V100: $10K (2017)
« HI100: $30K (2023)
« B200: $40K (2025)

Why Prices Increase Despite Better Performance/$:

¢« HBM memory costs rising (supply constraints, advanced packaging)
e Larger die sizes (more transistors, more expensive)
¢ Advanced manufacturing nodes (TSMC 5nm — 3nm = higher wafer costs)

¢ Demand exceeds supply (NVIDIA has pricing power)
Investment Implication: Even with 40-50% annual performance/$ gains, total CapEx still grows because:

1. Training larger models requires more absolute compute (not just better efficiency)
2. Inference volume growing faster than efficiency gains

3. GPU prices increasing in absolute terms

This validates sustained CapEx growth even with Moore's Law-like improvements.
B.6 Depreciation Reality: Economic vs Accounting Life

Why GPU depreciation concerns are valid:

Technology Obsolescence Timeline:

2023: H100 launches
- State of art: 989 TFLOPS, $30K
- TCO: $3/hour at 70% utilization, 3-year life

2025: B200 launches (actual)

- State of art: 2,400 TFLOPS, $40K (est)

- Performance/$ : 1.82x better than H100

- TCO: $2.50/hour at 70% utilization, 3-year life

2027: Next-gen launches (projected)
- State of art: ~5,000 TFLOPS, $50K (est)

- Performance/$: 2.4x better than H100
- TCO: $2.00/hour at 70% utilization, 3-year life

Economic Reality for H100 Owner:
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Year 1 (2023): Cutting edge, rent at $5-8/hour (high demand)

Year 2 (2024): Competitive, rent at $3-4/hour (B200 launches)

Year 3 (2025): Obsolete for training, rent at $2.20/hour (break-even)
Year 4 (2026): Inference only, rent at $1.50/hour (below break-even)
Year 5 (2027): Secondary market, sell for $12K (40% residual)

Accounting Assumption (6-year straight-line):

$30K / 6 years = $5K annual depreciation
Year 6 residual value: $0

But economic reality:
Actual revenue years 1-3: Profitable
Actual revenue years 4-6: Losses or forced sale at year 5

The $2.22B Amazon Reversal Validates This:

¢ Amazon extended to 6 years (2021-2023)
e Reversed to 5 years (2025) acknowledging "Al technology pace"

o $2.22B charge over 15 months = cost of over-optimistic assumptions
If Microsoft/Google/Meta follow (40-50% probability):

e Combined $8-10B immediate impact
¢ Ongoing $2.1-2.8B annual depreciation increase

¢ Validates accelerated obsolescence thesis
Secondary Market Dynamics:
Observed Resale Values (Q3 2025):

e H100 (18 months old): 60-83% retention ($18-25K)
* A100 (48 months old): 53-60% retention ($8-12K)
e V100 (84 months old): 20-30% retention ($2-3K)

Why Retention Better Than Typical IT Equipment:

1. Alternative use cases: Inference, research, HPC, geographic arbitrage
2. Supply constraints: New GPUs hard to procure (18-month lead times)
3. Export controls: Smuggling premiums (H100s $50-80K in China)

Realistic TCO Accounting:

H100 Purchase: $30K
3-year use for training/inference
Resale at 40% residual: $12K
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Net depreciation: $18K over 3 years = $6K/year
vs Accounting depreciation: $30K / 6 years = $5K/year

Difference: 20% understatement of true economic cost

Investment Insight: GPU depreciation risk is real but partially mitigated (25-40%) by:

¢ Secondary markets (40-60% residual values)
¢ Inference repurposing (extends economic life 24-36 months)

¢ Supply scarcity (maintains values above historical IT equipment)

However, accelerated replacement cycles (18-36 months) vs accounting assumptions (60-72 months) create
hidden earnings risk for infrastructure-heavy players. This explains CoreWeave's 381% debt-to-equity stress—

financing assumes 6-year life, but economics force 3-year replacement.
B.7 Economic Implications: TCO and Investment Conclusions

Total Cost of Ownership Breakdown (H100 Example):

Realistic 3-Year TCO:

1. Hardware:
GPU: $30,000
Server chassis: $15,000 (CPU, RAM, networking, power supply for 8 GPUs)
Networking: $5,000 (NVLink bridges, InfiniBand adapters)
Total: $50,000 per GPU

2. Infrastructure (amortized):
Data center: $10,000 per GPU (space, cooling, power distribution)

3. Operational Costs:

Power: 700W GPU + 300W overhead = 1kW x $0.10/kWh x 8,760 hrs/yr =
$876/year

Cooling: ~$500/year (1.2-1.3 PUE)

Maintenance: ~$200/year

4. Three-Year TCO:
Initial: $60,000
Operations: $1,576/year x 3 = $4,728
Total: $64,728

5. Residual Value:
Sell at 40%: -$12,000

Net 3-Year Cost: $52,728
Annual Equivalent: $17,576
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Hyperscaler Advantage (Vertical Integration):

Pure-Play (CoreWeave):

- Buy H100: $30K at retail

- Rent data center space: Premium rates
- Finance with debt: 8-12% interest

- Annual TCO: $20-22K per GPU

Hyperscaler (Microsoft):

- Buy H1@0: $25K (volume discount)

- Own data centers: Amortized over multiple uses
- Finance with equity: 4-6% cost of capital

- Annual TCO: $14-16K per GPU

Advantage: 25-30% cost advantage for hyperscalers

This explains market bifurcation: Hyperscalers can sustainably operate at prices ($2.20/hour) that destroy pure-

play economics.
Break-Even Analysis:

At $2.36/hour (current H100 spot price):

Annual Revenue: $2.36 x 8,760 hours x 70% utilization = $14,431
Annual TCO: $17,576 (pure-play), $14,576 (hyperscaler)

Pure-Play: -$3,145 loss per GPU (unsustainable)
Hyperscaler: -$145 loss per GPU (absorbable)

At $2.00/hour (bear case):

Annual Revenue: $2.00 x 8,760 hours x 70% utilization = $12,264
Annual TCO: $17,576 (pure-play), $14,576 (hyperscaler)

Pure-Play: -$5,312 loss per GPU (existential crisis)
Hyperscaler: -$2,312 loss per GPU (acceptable for customer acquisition)

Investment Conclusion from GPU Economics:
1. Hyperscalers Structurally Advantaged:

e 25-30% cost advantage via vertical integration
¢ Can sustain losses to drive cloud lock-in

¢ Balance sheets absorb depreciation risk
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2. Pure-Plays Structurally Disadvantaged:

Pay retail hardware prices
¢ Rent infrastructure at premium
¢ Higher cost of capital (8-12% debt vs 4-6% equity)

¢ Cannot operate sustainably below $2.50/hour
3. Custom Silicon Creates Moats:

¢ Google TPU: 30-40% cost advantage
¢ AWS Trainium: 30-40% cost advantage

¢ Defensible against Nvidia pricing power
4. Memory Bottleneck = HBM Oligopoly Pricing Power:

¢ SK Hynix, Samsung, Micron control 100% of HBM supply
e Sold out through 2026

e 70% price increases (HBM4 $500 vs HBM3E $300)

e Limits GPU scaling regardless of demand

5. Depreciation Risk Manageable but Real:

¢ Secondary markets provide 40-60% residual values (better than feared)

¢ BUT: Accounting assumptions (6 years) vs economic reality (3 years) create hidden earnings risk
* Amazon's $2.22B reversal validates concerns

¢ 40-50% probability Microsoft/Google/Meta follow with $8-10B combined impact

Final Investment Framework:
Position for structural winners:

¢ Hyperscalers with vertical integration (Microsoft, Amazon, Google): 60-70% allocation
¢ GPU suppliers with oligopoly power (Nvidia, AMD): 20-25% allocation
¢ Memory suppliers with sold-out capacity (SK Hynix, Micron): 5-10% allocation

¢ Infrastructure bottlenecks (power, cooling, networking): 5-10% allocation
Avoid structural losers:

e Pure-play GPU rental (CoreWeave): TCO economics unsustainable below $2.50/hour
e Pure-play LLM APIs (OpenAl, Anthropic): Margin compression + depreciation risk without hyperscaler
subsidization

¢ Undifferentiated infrastructure: Commoditization to cloud-like margins (8-15%)

Understanding GPU economics explains WHY the bifurcation thesis is correct: the same hardware creates
drastically different unit economics depending on ownership structure, forcing consolidation toward vertically-

integrated players.
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METHODOLOGY & IMPORTANT DISCLOSURES

Al Assistance Disclaimer

Technology Disclosure: This analysis utilized advanced Al research tools to enhance data gathering and
preliminary analysis capabilities. Recipients should exercise their own professional judgment when evaluating this

Al-assisted content and conduct independent verification of information that may impact business decisions.
Analytical Framework

This report employs comprehensive risk modeling and multi-scenario analysis to evaluate investment
opportunities within realistic market constraints. Our methodology incorporates supply-side limitations, enterprise
adoption challenges, technological development timelines, and regulatory uncertainties. All projections utilize
probability-weighted scenarios based on constrained market assumptions rather than theoretical demand

extrapolations.

Data Confidence Classification

Level 1 (95%+ Confidence - Regulatory/Verified):

e Company SEC filings and official earnings transcripts

¢ Direct company announcements and investor relations disclosures

Regulatory filings and government policy statements

Used for: Financial metrics, CapEx commitments, official guidance
Level 2 (85-95% Confidence - Institutional Verified):

e Major financial media same-day reporting (Bloomberg, Reuters, WSJ, FT)
¢ Technology trade publications with primary source attribution
¢ Verified industry analyst reports with disclosed methodology

o Used for: Market developments, pricing trends, strategic announcements
Level 3 (70-85% Confidence - Industry Intelligence):

e Market intelligence and pricing surveys (multiple provider validation)
¢ Academic research and survey data with disclosed methodology
¢ Industry association reports and trade group analysis

o Used for: Market sizing, trend analysis, competitive positioning
Level 4 (50-70% Confidence - Estimates/Modeling):

¢ Secondary market and broker estimates (range-based reporting)
e Author's analysis and modeling based on verified inputs

e Industry estimates with limited transparency

Used for: Projections, scenario analysis, directional guidance

Customer Concentration Disclaimer
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Where specific customer revenue percentages are cited, they represent estimates based on industry analysis,
analyst reports, and pattern recognition from public disclosures unless explicitly attributed to company filings.
Customer concentration analysis for private companies relies on reported data and industry intelligence that may

not reflect actual contractual arrangements. Actual figures may vary significantly.
Limitations and Assumptions

Forward-looking statements are subject to significant uncertainties. Market conditions, regulatory environments,
and technological adoption rates may vary materially from current assumptions. All projections incorporate
multiple constraint factors and represent our best professional judgment based on available information as of
October 13, 2025.

Investment Disclaimers

Past performance does not guarantee future results. All investments carry risk of loss of principal. This

analysis is prepared for informational purposes and should not be considered personalized investment advice.
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For questions regarding this analysis, please contact Bradford Stanley, Chief Investment Officer, at

brads@stanleylaman.com
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