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EXECUTIVE
SUMMARY

Critical Path Investing (CPI) represents a paradigm shift in investment strategy that
focuses on identifying and capitalizing on the specific resource constraints that limit
the scaling of inevitable technological shifts. Unlike traditional venture capital that bets
on unproven technologies or value investing that focuses on mature businesses, CPI
targets the bottlenecks in established but rapidly growing technological domains.

This white paper introduces the CPI framework, which is founded on several key
premises:

Wil

We are experiencing unprecedented technological acceleration, with adoption curves
becoming increasingly compressed.
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The most significant investment opportunities exist not in inventing new technologies
but in resolving the constraints that prevent proven technologies from scaling.
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By focusing on the critical path for technological scaling, investors can identify high-
conviction opportunities with asymmetric return potential.

Technologies of extreme consequential importance those that fundamentally transform
human capabilities or address global challenges face the most significant bottlenecks
and therefore present the greatest investment opportunities.
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Our analysis examines several high-potential domains for Critical Path Investing,
including artificial intelligence infrastructure, semiconductor manufacturing, precision
medicine, nuclear energy, advanced robotics, space infrastructure, and next-
generation materials. In each of these domains, we identify specific constraints that
create investment opportunities with exceptional risk-adjusted return potential.

We also present a comprehensive methodology for implementing Critical Path
Investing, including frameworks for constraint identification, investment screening,
portfolio construction, and active management. Case studies of companies like
ASML and SpaceX demonstrate how resolving critical constraints can lead to market
dominance and outsized returns.

While acknowledging the potential challenges and limitations of this approach, we
provide mitigation strategies and argue that Critical Path Investing offers a superior
strategy for capturing value in an era of accelerating technological change. The
approach not only aligns financial incentives with consequential technological progress
but also positions investors to benefit from one of the most significant wealth creation
opportunities of our time
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INTRODUCTION:

THE CRITICAL PATH FRAMEWORK

1.1 Origins and Definition

Critical Path Investing adapts principles from project management to investment
strategy. In project management, the critical path represents the sequence of
dependent tasks that determines the minimum time needed to complete a project. Any
delay in tasks on the critical path directly impacts the project timeline, while non-critical
path tasks have “slack” or flexibility.

Applying this concept to technological development and investment, we define Critical
Path Investing as:

nveS'l'ing

\KE FOUNDRY

A7

(I
(1
(10

An investment approach that
identifies and targets the specific
resource constraints, enabling
technologies, or operational
bottlenecks that limit the scaling
of established but rapidly
growing technological domains.

This approach recognizes that in any complex technological
system, certain components or resources create bottlenecks
that constrain overall progress. By focusing investment on
resolving these constraints, we can unlock disproportionate
value and accelerate technological adoption.
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INTRODUCTION:
THE CRITICAL PATH FRAMEWORK

1.2 Key Principles of Critical Path Investing
Critical Path Investing is founded on four key principles:

VN Technological Acceleration Premise:

VL))

N We are living through an unprecedented technological revolution
characterized by exponential growth across multiple domains. This
is not a speculative position but rather an observation of established

trajectory.

(A Focus on Consequential Impact:

N Critical Path Investing deliberately targets technologies of extreme
consequential importance-those that fundamentally transform human
capabilities, address global challenges, or enable step-changes in
productivity. This naturally concentrates capital in domains with the
highest potential for both financial returns and societal impact.

> /s f)’ Resource Constraints as Investment Opportunities:

_ When an inevitable technological shift occurs, the limiting factors to
its scaling are not typically the core technology itself but rather the
supporting infrastructure, materials, and systems required to deploy
it at scale. These bottlenecks create high-conviction investment
opportunities with asymmetric return potential.

De-Risked Innovation Investing:

\ ‘ﬂ z
— By focusing on technologies where the core innovation has already been

established and proven viable, CPI reduces the speculative component
of technology investing. The question shifts from “Will this technology
work?” to “What is preventing this technology from scaling faster, and
which companies are positioned to solve these constraints?”



WHITEPAPER

INTRODUCTION:
THE CRITICAL PATH FRAMEWORK

1.3 Differentiation from Traditional Investment
Approaches

Critical Path Investing differs significantly from other innovation-focused investment
strategies:

i, Venture Capital:

—

Q Traditional VC invests primarily in early-stage technologies with unproven
viability. This approach accepts high failure rates in exchange for
occasional outsized returns. In contrast, CPI focuses on technologies
that have already demonstrated viability but face scaling constraints,
substantially reducing binary technological risk.

{P@ N Growth Equity:

While growth equity typically invests in companies with established
%@% g quity typ y p

products and revenue growth, it rarely employs a systematic framework
for identifying the specific constraints that will determine which
companies ultimately succeed. CPI provides this framework through its
focus on critical path constraints.

s 00 Value Investing:
NNA alue Investing

%@ Traditional value investing looks for established businesses trading below
their intrinsic value. CPI, while still emphasizing fundamental analysis,
specifically targets companies positioned to resolve high-impact
constraints in rapidly evolving technological domains.

Thematic approaches identify broad technological or societal trends but
often lack the specificity to identify which companies within those trends
will capture the most value. CPI's focus on specific constraints provides
this missing layer of analysis.

M hematic Investing:
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THE TECHNOLOGICAL LANDSCAPE:
ACCELERATION AND INEVITABILITY

2.1 The Accelerating Pace of Technological Adoption

A defining feature of our current era is the dramatically accelerating pace of
technological adoption. Historical data reveals a clear pattern: the time required for
new technologies to reach mass adoption has compressed dramatically.

While the telephone took nearly 70 years
to reach 80% household penetration in

the United States, television achieved the
same milestone in 40 years. More recently,
the internet reached this level in just 15
years, and tablets achieved 50% adoption
in a mere 5 years.

10
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THE TECHNOLOGICAL LANDSCAPE:
ACCELERATION AND INEVITABILITY

2.1 The Accelerating Pace of Technological Adoption

Several factors drive this acceleration:

\
A 1N
N Y
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Digital Infrastructure:

Modern technologies can leverage existing digital infrastructure
rather than requiring entirely new physical systems.

Network Effects:

Digital technologies often benefit from network effects, where
each additional user increases the value for all users, creating
self-reinforcing adoption curves.

Manufacturing Learning Curves:

Advanced manufacturing techniques allow for faster scaling
and cost reduction through higher production volumes.
Cross-Domain Innovation:

Technologies increasingly build upon advances in multiple
domains, accelerating overall progress.

Global Innovation Networks:

Interconnected research and development ecosystems allow
for faster knowledge transfer and commercialization.

This acceleration has profound implications for investors. The window between early
adoption and market saturation-where the greatest value is typically created and
captured-is narrowing. This compression requires more sophisticated approaches to
identify high-conviction investment opportunities with precise timing.

11
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THE TECHNOLOGICAL LANDSCAPE:
ACCELERATION AND INEVITABILITY

2.2 Established vs. Speculative Technologies

Critical Path Investing focuses on technologies that have crossed the threshold from

speculative to established viability. This distinction is fundamental to the CPI approach,
as it substantially reduces one dimension of risk (technical feasibility) while focusing on

another (scaling execution).

A technology can be considered established when it meets several criteria:

2

Technical Viability:

The core technology functions as intended
and has been demonstrated beyond
laboratory conditions.

IS

Scaling Trajectory:

Clear pathway exists for increased adoption,
constrained primarily by specific resource
or operational bottlenecks rather than
fundamental technological limitations.

Technologies that meet these criteria have moved beyond the question of "if" they will

r$

Q

Commercial Adoption:

Early commercial applications
are in use, proving market
demand exists.

g

Economic Viability:

The technology can be
economically viable at scale,

though it may not be at current

production volumes.

succeed to "when" and "how fast." This transition dramatically changes the risk profile

of related investments, shifting focus from binary technological risk to execution and

scaling risk.

12
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THE TECHNOLOGICAL LANDSCAPE:
ACCELERATION AND INEVITABILITY

2.3 The Inevitability Threshold

A core concept in Critical Path Investing is the "inevitability threshold'-the point at
which a technology's widespread adoption becomes virtually certain, constrained only
by the time and resources required to scale production and deployment.

Technologies that have crossed this threshold share several characteristics:

1. Demonstrated Superior Performance: The technology offers clear advantages
over existing alternatives.

2. Economic Trajectory: Cost curves show a clear path to economic competitiveness
or superiority.

3. Ecosystem Formation: Supporting technologies, standards, and infrastructure are
developing around the core innovation.

4. Multiple Independent Applications: The technology proves valuable across
multiple use cases or industries.

5. Institutional Commitment: Major industry players, governments, or research
institutions have made significant commitments to the technology.

Identifying technologies that have crossed the inevitability threshold but have not yet
fully scaled provides the foundation for Critical Path Investing. Once a technology’s
adoption becomes inevitable, the key question shifts to identifying the specific
constraints that will determine the pace and pattern of scaling.

13
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THE CONSEQUENTIAL
IMPACT DIMENSION

3.1 Defining Consequential
Technologies

Critical Path Investing prioritizes technologies of
extreme consequential importance-those with
the potential to fundamentally transform human
capabilities, address global challenges, or
enable stepchanges in productivity. This focus
is not merely ethical but strategic, as the most
consequential technologies often present the
greatest investment opportunities.

Consequential technologies can be categorized
based on their impact across several dimensions:

01

Productivity Impact:

Technologies that dramatically increase
economic output per unit of input, such as
artificial intelligence and advanced robaotics.

02

Resource Efficiency:

Technologies that enable more efficient use
of scarce resources, such as advanced
materials and precision agriculture.

03

Human Capability Enhancement:

Technologies that extend human

capabilities, such as precision medicine
and human-computer interfaces.

14
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THE CONSEQUENTIAL
IMPACT DIMENSION

04

Global Challenge Mitigation:

Technologies that address major societal
challenges, such as clean energy and
vaccine platforms.

5

The most consequential
technologies often
impact multiple
dimensions
simultaneously. For
example, artificial
intelligence both
increases productivity
and enhances human
capabilities, while
advanced nuclear
energy addresses both
resource efficiency
and global climate
challenges.

15
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THE CONSEQUENTIAL
IMPACT DIMENSION

3.2 Natural Alignment with Impact Investment

Critical Path Investing naturally aligns with impact investment frameworks due to its
focus on consequential technologies. By targeting the constraints that limit the scaling
of these technologies, CPI accelerates their positive impact while capturing financial
returns.

This alignment manifests across traditional ESG dimensions:

LK
&

Environmental Impact: Social Impact:

Investments in constraints related to Constraints in precision medicine,
clean energy, sustainable manufacturing, affordable housing technology, and
and resource efficiency directly education technology have clear social
contribute to environmental goals. benefits when resolved.

=1

oo oo
oo ] oo

Governance:

Many critical constraints involve regulatory
frameworks and policy environments,
where improved governance directly
enables technological scaling.

While traditional impact investing often
accepts lower financial returns in
exchange for positive impact, Critical Path
Investing seeks to identify opportunities
where impact and returns are mutually
reinforcing. By focusing on constraint
resolution in consequential domains, CP!I
targets situations where doing good and
doing well are perfectly aligned.

16
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THE CONSEQUENTIAL
IMPACT DIMENSION

3.3 Economic Value Creation Through Constraint

Resolution

Resolving critical constraints in consequential technologies often creates value far
beyond the direct investment. This multiplier effect occurs through several mechanisms:

1. Ecosystem Enablement:

Resolving a key constraint often
enables an entire ecosystem of
dependent technologies and
businesses.

2. Cost Curve Acceleration:

Constraint resolution frequently
accelerates cost reduction curves,
expanding addressable markets.

Application Expansion:

Removing constraints allows
technologies to address new
applications previously out of reach.

Compound Innovation:

Resolving one constraint often
enables innovation in adjacent
domains, creating a compounding
effect.

These value creation
mechanisms explain why
constraint resolution can
generate outsized returns
relative to the direct
investment. A relatively
modest investment

in resolving a critical
constraint can unlock
billions or even trillions in
economic value by enabling
an entire technological
ecosystem to advance.

17
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MAPPING CRITICAL CONSTRAINTS:
A SYSTEMATIC APPROACH

4.1 Constraint Identification Methodology:
A Systematic Framework

Identifying critical constraints requires a rigorous, repeatable methodology combining
quantitative metrics and qualitative inputs. The CPI Constraint Mapping Framework™
follows a structured fivephase process:

Begin by systematically decomposing the technological system
into its component subsystems and dependencies:

Value Chain Analysis:

Map the complete technology stack from raw materials to end
products, identifying all major process steps and components

Dependency Graphing:

Generate directed acyclic graphs (DAGs) showing dependencies
between components

U O

Bottleneck Hypothesis Generation:

Identify initial candidate constraints based on system architecture

Phase 1. Domain Svstem Decompaosition

Tools and Metrics:
e (Critical Path Analysis (CPA) diagramming

e Technology Readiness Level (TRL) assessment for each
component

e Value chain flow rate analysis to identify throughput limitations

18
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MAPPING CRITICAL CONSTRAINTS:
A SYSTEMATIC APPROACH

Systematically analyze quantitative signals that reveal the presence
and severity of constraints:

Price Signal Analysis: Track abnormal pricing or margin patterns
across the value chain

e Components showing price increases during overall system price
decreases

e Gross margin differentials exceeding 25% compared to adjacent
value chain components

e Rising prices during increasing production volumes (contrary to
typical experience curves)

Supply-Demand Gap Metrics: Measure and track quantitative indicators
of constraint severity

e |ead time extension rates (>2x industry average indicates severe
constraint)

e Capacity utilization rates (sustained >90% utilization signals
constraint)

e Price elasticity anomalies (inelastic pricing in otherwise elastic
markets)

©
=
(a W

YD)
R&D Concentration Analysis: Map research intensity and patent activity
e Patent application concentration by component area

e R&D spending allocation by major industry participants
e Venture funding concentration by subsystem

19
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Quantitative Constraint Indicators

Example Application: Semiconductor Manufacturing Constraint

Identification

Component Capacity

Utilization

EUV +15% YOY  +35% 98%
Lithography

Advanced +8% YOY +18% 87%
Materials

Etching +4% YOY +12% 85%
Systems

Packaging -2% YoY +3% 72%

Lead Time
Extension

3.5x

1.8x

1.4x

0.9x

Constraint
Severity
Score

9.2/10

7.1/10

5.5/10

3.2/10

This analysis clearly identifies EUV lithography as the most severe
constraint in the semiconductor manufacturing value chain, validated

by multiple quantitative indicators.

20
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MAPPING CRITICAL CONSTRAINTS:
A SYSTEMATIC APPROACH

Augment quantitative analysis with structured qualitative inputs:

\\‘\"

|
\__/

Expert Panel Delphi Process: Conduct blind expert surveys using
structured constraint assessment templates

e Minimum 15 experts across academia, industry, and government
for each domain

e Multi-round consensus-building methodology

e Weighted scoring based on expertise relevance

Constraint Impact Interviews: Conduct structured interviews with
downstream customers and upstream suppliers

e Document specific instances of constraint impact
e Gather data on workaround costs and opportunity costs
e Measure time and resources spent addressing the constraint

Pha

Technology Roadmap Alignment: Compare identified constraints against
published industry roadmaps

¢ Note discrepancies between roadmap assumptions and observed
constraints

e |dentify “hidden constraints” not acknowledged in industry
consensus documents
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MAPPING CRITICAL CONSTRAINTS:
A SYSTEMATIC APPROACH

Constraint Classification and Prioritization

Phase 4

Classify and prioritize identified constraints based on systematic criteria:

Constraint Type Classification:

e Physical Resource e Regulatory and Standards
Constraints Constraints

¢ Enabling Technology e Talent and Knowledge
Constraints Constraints

e QOperational Bottlenecks

02

N

Constraint Severity Assessment:

Impact on System Scaling Rate 30% Quantitative modeling of scaling
curve changes

Time Horizon for Resolution 25% Technical complexity and historical
analogues

Market Structure Impact 20% Herfindahl-Hirschman Index (HHI)
analysis

Value Capture Potential 15% Profit pool analysis and bargaining

power assessment

Resolution Complexity 10% Technical difficulty assessment

Constraint Mapping Matrix: Plot constraints on a 2x2 matrix with axes
of:

e Constraint Severity (Y-axis)

e Resolution Complexity (X-axis)

This creates four quadrants for investment prioritization:

e High Severity/Low Complexity: “Quick Win Opportunities”
e High Severity/High Complexity: “Strategic Imperatives”

e Low Severity/Low Complexity: “Incremental Improvements”
e Low Severity/High Complexity: “Technical Challenges”

22
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MAPPING CRITICAL CONSTRAINTS:
A SYSTEMATIC APPROACH

Pha

Develop forward-looking views on how constraints will evolve:

N
N "’/‘W ‘

Constraint Resolution Timeline Modeling: Create quantitative models
of constraint resolution pathways

e Historical analogue analysis from similar constraints
e Technology S-curve positioning assessment
e Monte Carlo simulations of resolution scenarios

Secondary Constraint Anticipation: Identify constraints that will become
critical after primary constraints are resolved

e System modeling with primary constraint resolution assumed
e Bottleneck migration analysis
e Secondary constraint emergence timing

Market Recognition Timeline: Assess when broader market will
recognize constraint importance

e Track mentions in industry analyses and earnings calls
e Monitor specialized talent movement and acquisition activity
e Analyze strategic investment patterns of major players

This comprehensive, five-phase approach transforms constraint
identification from an intuitive art to a rigorous science, providing
investors with a systematic framework for identifying the most
promising Critical Path Investment opportunities with high confidence
and repeatability.

23
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MAPPING CRITICAL CONSTRAINTS:
A SYSTEMATIC APPROACH

4.2 Constraint Validation Case Study:
Al Infrastructure Cooling

To demonstrate the application of our constraint mapping methodology, we present
a case study of how we identified thermal management as a critical constraint in Al
infrastructure scaling.

ition

Our initial value chain analysis
of Al infrastructure identified 24
potential component constraints.
When mapped through
dependency graphing, cooling
technology emerged as a critical
path component with numerous
dependencies.

m

Phase 1: System D

e Immersion cooling solution prices
increased 22% annually despite
15% production volume growth

Data center cooling equipment
lead times extended to 28-32
weeks by 2023, a 3.2x increase
from historical averages

Indicators
[ ]

e Cooling capacity utilization at
Al-specialized data centers
exceeded 95% for 8 consecutive
quarters

e Liquid cooling vendors showed
gross margin expansion of
1850 basis points over industry
averages

24
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MAPPING CRITICAL CONSTRAINTS:
A SYSTEMATIC APPROACH

Expert panel consensus ranked thermal dissipation as the #2
constraint to Al compute scaling (after power availability). Structured
interviews with Al operators revealed spending on cooling solutions
had increased from

12% t0 28%

of total infrastructure costs, with multiple operators reporting training
delays directly attributable to cooling limitations.

Jons - A — Our constraint evolution
c . S . modeling projected that
© classified as a physical .
c . . thermal constraints would
_ o resource constraint with _ _
= S . intensify for at least 36-48
S enabling technology .
= months before technological
5 components. On our '
171 . . . solutions could scale
© o Constraint Severity matrix, o .
= O .2  itscored 8.7/10, placing SuitstEniy) erEEling &
SR . - . sustained investment
N it firmly in the “Strategic o
L= - opportunity window.
5_—“ 3 Imperative” quadrant.
o al

This systematic process
provided the conviction for
several CPI investments

in specialized cooling
technology companies,
which have subsequently
demonstrated both technical
progress and valuation
growth as the broader
market has increasingly
recognized this constraint.

25
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MAPPING CRITICAL CONSTRAINTS:
A SYSTEMATIC APPROACH

4.3 Constraint Typology

Critical constraints can be categorized into several distinct types, each with different

investment implications:

£

o

Physical Resource Constraints:

Limited availability of essential
materials or components

e Examples: Rare earth minerals,
specialized chemicals, precision
manufacturing capacity

¢ Investment characteristics:
Often capital-intensive with high
barriers to entry

I

()

aln

Operational Bottlenecks:

Processes or systems that limit
throughput

e Examples: Manufacturing yield
optimization, supply chain
logistics, quality control systems

e Investment characteristics: Often
software-intensive with data
network effects

5
=0
@T

Enabling Technology Constraints:

Supporting technologies needed for the
core innovation to function at scale

e Examples: Battery technology for electric

vehicles, specialized semiconductor
equipment, Al training infrastructure

e |Investment characteristics: Often
technology-intensive with intellectual
property advantages

Regulatory and Standards Constraints:
Policy frameworks needed for adoption

e Examples: Regulatory approval
pathways, interoperability
standards, safety certifications

¢ Investment characteristics: Often
relationship-intensive with first-
mover advantages
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MAPPING CRITICAL CONSTRAINTS:
A SYSTEMATIC APPROACH

Talent and Knowledge Constraints:

Specialized expertise required for scaling

e Examples: Chip design engineers, clinical trial specialists, nuclear safety experts

e Investment characteristics: Often platform-based with strong retention dynamics

Understanding the
specific type of
constraint is essential
for evaluating both
the likelihood of
successful resolution
and the potential

for value capture.
Different constraint
types require
different investment
approaches and have
distinct risk profiles.

27
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MAPPING CRITICAL CONSTRAINTS:
A SYSTEMATIC APPROACH

4.4 Constraint Hierarchy and Sequencing

Not all constraints are equally critical or timely. Critical Path Investing requires
understanding the hierarchy and sequence of constraints that must be resolved to
enable technological scaling.

Primary Constraints: Secondary Constraints:

The immediate limiting factors Factors that will become
preventing scaling today limiting once primary
constraints are resolved

® Highest near-term impact

if resolved e Medium-term impact
e Typically the focus of e Often the focus of forward-
early CPI investments looking CPI portfolio

construction

Tertiary Constraints:

This hierarchical approach allows

Factors that will become relevant for the development of sequenced

at larger scale investment strategies that anticipate
the evolution of constraints as

e Longer-term impact technologies scale. By understanding

which constraints will become critical
next, investors can position capital
ahead of broader market recognition.

e Typically monitored for future
investment opportunities

28
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CRITICAL PATH DOMAINS:
ANALYSIS AND OPPORTUNITIES

5.1 Semiconductor Manufacturing

The semiconductor industry represents one of the most compelling domains for Critical
Path Investing, with clearly defined constraints limiting the scaling of this essential

technology.

EI;
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Advanced Manufacturing Equipment: The extreme precision
required for cutting-edge semiconductor fabrication

creates a severe bottleneck in specialized equipment. Most
notably, ASML holds a monopoly on extreme ultraviolet
(EUV) lithography machines needed for manufacturing the
most advanced chips. This constraint shows how a single
company solving a critical technical challenge can capture
extraordinary value.

Materials Supply: Semiconductor manufacturing requires
ultra-pure materials and specialized chemicals, often with
concentration in specific geographic regions. For example,
Taiwan produces a quarter of global semiconductor
materials by market share, creating potential supply chain
vulnerabilities.

Talent and Expertise: The highly specialized knowledge
required for semiconductor design and manufacturing creates
a persistent talent constraint, with companies competing
intensely for limited expertise.

Testing and Verification: As chip complexity increases,
testing and verification become increasingly challenging,
creating opportunities for companies that can reduce this
bottleneck.

29
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CRITICAL PATH DOMAINS:
ANALYSIS AND OPPORTUNITIES

5.1 Semiconductor Manufacturing

Market Opportunity:

The global semiconductor market is projected to reach

$1-1.3 trillion

by 2030, up from approximately

$600-625 billion

in 2023. Companies that address key constraints in this scaling trajectory are
positioned to capture significant value.

30
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CRITICAL PATH DOMAINS:
ANALYSIS AND OPPORTUNITIES

5.2 Artificial Intelligence Infrastructure

Al represents perhaps the most transformative technology of our era, but its scaling is
constrained by specific infrastructure limitations.
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Compute Capacity: The training of advanced Al models
requires enormous computational resources. Companies that
provide specialized Al accelerators and infrastructure are
addressing a critical constraint to Al advancement.

Energy Efficiency: Power consumption represents a major
limitation for Al scaling. The Al infrastructure market is
projected to grow from $35.42 billion in 2023 to potentially
exceed $499 billion by 2034, with significant focus on
improving energy efficiency.

Specialized Chips: The hardware segment represented
63.3% of the Al infrastructure market in 2023, highlighting
the importance of specialized chip designs optimized for Al
workloads.

Data Quality and Accessibility: As models grow, the
availability of high-quality, diverse training data becomes a
limiting factor, creating opportunities for data curation and
synthetic data generation solutions.

31
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CRITICAL PATH DOMAINS:
ANALYSIS AND OPPORTUNITIES

5.2 Artificial Intelligence Infrastructure

@)

Power Requirements: One of the most
concrete constraints is simply electricity-Al
data centers are projected to expand from
3,000 MW in 2024 to 39,000 MW in 2030,
creating critical bottlenecks in power
supply and cooling technology.

32
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CRITICAL PATH DOMAINS:
ANALYSIS AND OPPORTUNITIES

5.3 Precision Medicine

Precision medicine promises to revolutionize healthcare through personalized
treatments but faces several scaling constraints.
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Diagnostic Infrastructure: The ability to rapidly and affordably
sequence and analyze individual genetic information
represents a fundamental constraint to precision medicine
scaling.

Bioinformatics and Data Processing: The sheer volume of
biological data generated by precision medicine approaches
creates computational bottlenecks, with hospitals’ medical
data repositories often designed in the pre-big-data era to be
standalone and siloed.

Manufacturing Platforms for Personalized Therapeutics: The
production of individualized treatments requires fundamentally
different manufacturing approaches than traditional
pharmaceutical production.

Regulatory Frameworks: Current regulatory structures
struggle to keep pace with rapidly evolving precision
medicine technologies, creating potential bottlenecks for
bringing new approaches to clinical practice

33
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CRITICAL PATH DOMAINS:
ANALYSIS AND OPPORTUNITIES

5.3 Precision Medicine

Market Opportunity:

he Al in precision medicine market is projected to grow from

$0.78 hillion

in 2023 to

$3.92 hillion

by 2030, at a CAGR of 30.7%, with potential to reach approximately

$49.49 hillion

34
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CASE STUDIES:

CRITICAL PATH INVESTING IN ACTION

6.1 ASML: Dominating the Semiconductor

Manufacturing Constraint

ASML Holding N.V. provides perhaps the most powerful example of a company that
has established a position at a critical constraint in technological scaling. As the

sole supplier of extreme ultraviolet lithography (EUV) machines required to produce
advanced semiconductor chips, ASML has positioned itself at a pivotal bottleneck in

the global technology supply chain.

Constraint Identification: As
semiconductor manufacturing
pushed toward ever-smaller
transistor sizes, traditional
lithography techniques reached
their physical limits. EUV
lithography emerged as the only
viable approach for continued
miniaturization, creating a clear
critical path constraint.

Gl

Long-term R&D Investment:
ASML invested over $6.3 billion
in R&D over 17 years to develop
EUV technology, demonstrating
the substantial capital and time
commitment needed to solve
extreme technical challenges

in critical path constraints. This
sustained focus allowed ASML to
succeed where others failed or
abandoned efforts.

Ecosystem Development: Rather than attempting to build every component
itself, ASML mastered the complicated lithography supply chain by creating
an ecosystem of specialized suppliers while maintaining control of the critical
integration expertise. This approach allowed ASML to focus on its core
competencies while leveraging outside innovation.
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Market Dominance: ASML

has achieved a near-monopoly

in lithography equipment,
commanding 85% of the global
market, with complete dominance
in the EUV segment where it has
no direct competitors.

call

Vinvesting: ASML demonstrates
how companies that control a
critical constraint can capture
extraordinary value. Their
success came not from being
first to market but from sustained
focus on solving an extremely
difficult technical challenge that
others abandoned or couldn’t
solve. This allowed them to
establish a powerful position at
the most critical chokepoint in the
semiconductor supply chain.

6.1 ASML: Dominating the Semiconductor
Manufacturing Constraint

Strategic Importance: ASML's
EUV machines are so strategically
vital that they have become central
to geopolitical tensions, with export
controls restricting their sale to
certain countries. This underscores
the extraordinary value of
controlling a critical constraint in a
consequential technology.
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CRITICAL PATH INVESTING IN ACTION

6.2 SpaceX: Resolving the Launch Capacity Constraint

SpaceX has fundamentally transformed space access by focusing on the critical
path constraint of launch costs through reusable rocket technology. By successfully
recovering and reusing rocket boosters, SpaceX has dramatically reduced the cost
barrier to space access.

OR=

O

Constraint Identification: The historically high cost of access to space represented
a fundamental constraint to the development of the space economy. Traditional
expendable rockets treated precision aerospace hardware as single-use items,
resulting in prohibitive costs for most applications.

Y
280
Technical Approach: SpaceX focused on developing reusable rockets that
could land and be refurbished for multiple launches, directly addressing the
cost constraint. This approach required rethinking conventional rocket design
principles and developing new capabilities in precision landing and rapid
refurbishment.

L2

Iterative Development: SpaceX
employed a rapid iteration approach
that embraced failure as a learning
opportunity, contrasting sharply with
traditional aerospace development
methods. This allowed them to progress
faster than competitors despite
setbacks and technical challenges.
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6.2 SpaceX: Resolving the Launch Capacity Constraint

)

Market Impact: SpaceX's reusable Falcon
9 rockets have reduced launch costs

by up to 70% compared to traditional
disposable rockets. The company
performed 134 Falcon 9 and Falcon
Heavy launches in 2024, more than the
rest of the world combined. In 2023,
SpaceX completed 98 rocket launches,
representing 86% of all U.S. launches that
year. This dramatic market dominance
demonstrates how successfully resolving
a fundamental constraint can transform an
entire industry.
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6.2 SpaceX: Resolving the Launch Capacity Constraint

Future Trajectory: SpaceX’s
future Starship system aims

to reduce costs even further,
potentially to as low as $10 per
kilogram to orbit, representing
a 99% reduction from historical
costs. This further cost
reduction could enable entirely
new categories of space-based
businesses and applications.

il
Lessons for Critical Path
Investing: SpaceX illustrates
how solving a fundamental
constraint (launch cost) can
transform an entire industry. By
taking a first-principles approach
to rocket design and focusing on
the reusability constraint rather
than incremental improvements
to existing technologies, SpaceX
has unlocked value across the
entire space industry value
chain.

39



WHITEPAPER

IMPLEMENTATION TIMELINE
CONSIDERATIONS

7.1 Realistic Resolution Timelines by Constraint Type

One of the most critical factors in successful Critical Path Investing is aligning
investment timing with realistic constraint resolution timeframes. Different constraint
types exhibit distinctly different resolution patterns based on historical precedents and
inherent complexity factors.

Physical Resource Constraints

Physical resource constraints typically follow manufacturing capacity expansion
timelines, with moderate predictability but significant capital requirements.

Constraint Typical Resolution | Key Timing Factors

Sub-Type Timeline

Manufacturing 36-60 months Factory construction, Semiconductor fab
Capacity equipment lead times expansion

Raw Material ~ 48-84 months Mine development, Lithium production
Availability refining capacity for batteries
Precision 24-36 months Tooling development, High-precision
Component quality validation optical components
Supply

Expected Variance:

0 from baseline estimates due to permitting
+ 2 5 / delays, supply chain disruptions, and quality
| 0

validation cycles.

Enabling Technology Constraints

Enabling technology constraints often follow less predictable development patterns but
can be mapped against typical R&D timelines within specific domains.
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7.1 Realistic Resolution Timelines by Constraint Type

Constraint Typical Resolution | Key Timing Factors Example
Sub-Type Timeline

Fundamental  48-72 months Research breakthroughs, Quantum error
Technical engineering validation correction
Bottlenecks

Performance  36-60 months Iterative improvement Battery energy
Limit cycles, diminishing density
Extension retums dynamics

System 24-48 months Interface Multi-modal Al
Integration standardization, systems
Challenges interoperability testing

Expected Variance:
0 from baseline estimates due to technical
+4 0 /O uncertainty, breakthrough potential, and
— competitive dynamics.

Operational Bottlenecks

Operational bottlenecks typically have the most predictable resolution timelines,
making them attractive for investors seeking more defined liquidity horizons.
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7.1 Realistic Resolution Timelines by Constraint Type

Key Timing Factors

Constraint Typical Resolution
Sub-Type Timeline

Process 12-24 months
Optimization

Scaling 18-36 months
Infrastructure

Quality 24-30 months
Assurance

Systems

Expected Variance:

+20%

Implementation Manufacturing
complexity, yield improvement
organizational adoption

Deployment logistics, Cloud infrastructure
integration requirements  for Al

Validation protocols, Precision medicine
regulatory approval diagnostics

from baseline estimates due to implementation
challenges and organizational factors.

Regulatory and Standards Constraints

Regulatory constraints have historically been among the least predictable, requiring
specific expertise and engagement strategies.

—
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7.1 Realistic Resolution Timelines by Constraint Type

Constraint Typical Resolution

Timeline

Sub-Type

Key Timing Factors Example

Safety 36-72 months
Regulation

Development

Industry 24-48 months
Standard

Formation

Compliance 18-36 months

Framework
Creation

Expected Variance:

+950%

Autonomous
vehicle regulations

Public consultation,
political factors

Stakeholder consensus,
competitive dynamics

Interoperability
standards

Technical complexity
international
harmonization

Privacy frameworks
for Al

from baseline estimates due to political
uncertainties, public response dynamics, and
international coordination challenges.
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7.2 Investment Stage Alignment with Resolution Phase

Different constraints and resolution phases align optimally with specific investment
stages

H
Early Resolution Phase (0-25% Resolved)

e Optimal Investment Stage: Late Seed to Series A

e Key Indicators: Technical feasibility demonstrated but not commercialized
e Risk Profile: Higher technology risk, lower market risk

e Expected Time to Financial Returns: 5-8 years

e Appropriate for: Investors with deep technical expertise and longer time
horizons

Middle Resolution Phase (25-75% Resolved)

e Optimal Investment Stage: Series B to Series C

e Key Indicators: Commercial adoption beginning, scaling challenges
emerging

e Risk Profile: Moderate technology risk, moderate market risk
e Expected Time to Financial Returns: 3-6 years

e Appropriate for: Growth investors with domain expertise
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7.2 Investment Stage Alignment with Resolution Phase

Fh
Late Resolution Phase (75-100% Resolved)

e Optimal Investment Stage: Growth Equity to Pre-IPO

¢ Key Indicators: Market validation achieved, scaling acceleration
occurring

e Risk Profile: Low technology risk, execution risk dominant
e Expected Time to Financial Returns: 2-4 years

e Appropriate for: Growth and public market investors
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7.3 Milestone-Based Approach to Timeline Management

To manage inherent timeline uncertainties, implement a structured milestone-based

approach:

)

Resolution Pathway Mapping:

e Break constraint resolution into
discrete technical milestones

¢ Define specific metrics for each
milestone achievement

e Establish baseline expectations
for milestone timing

553
6]
Timeline Adjustment Protocols:

¢ Define specific conditions that
trigger timeline reassessment

¢ Implement systematic methods
for updated timeline modeling

e Establish portfolio impact
analysis procedures for
timeline shifts

©

Milestone Achievement Measurement:

e Develop quantitative success criteria for
each milestone

e Implement regular progress monitoring
against defined metrics

e Create structured reporting to track
variance from plan

Portfolio Timing Diversification:

e Balance portfolio across different
constraint resolution phases

e Diversify across constraint types
with different timeline characteristics

e  Structure capital deployment
to match resolution timeline
expectations
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7.4 Case Study: Nuclear Fusion Timeline Management

The development of commercial fusion energy demonstrates the importance of
sophisticated timeline management in constraint resolution investing.

Initial Timeline
Assessment (2018):

Milestone Definition:

e Primary Constraint: Plasma e Q>1 plasma achievement
containment technology (energy output exceeds input)

e Secondary Constraint: e Sustained reaction for >100
Material endurance under seconds

neutron bombardment e Materials validation for

e |nijtial Resolution Estimate: commercial reactor conditions
Commercialization by
2028-2030

e First commercial-scale
demonstration plant

e First commercial power delivery

Timeline Evolution: Investment Implications:

e Milestone 1 achieved in e |nitial investments positioned for
December 2022 (Nationall 2028-2030 commercialization
Ignition Facility) e Portfolio adjustments

* Milestone 2 progress slower made following milestone
than projected: timeline achievements/delays

extended by 18 months e Capital deployment schedule

e Milestone 3 acceleration due to modified to align with updated
materials breakthrough: timeline timeline

compressed by 12 months e Secondary constraint

e Current revised investments accelerated as
commercialization window: primary constraint timeline
2030-2033 clarified

This case demonstrates how sophisticated investors in constraint resolution must
implement rigorous timeline management while maintaining the flexibility to adapt as
resolution pathways evolve.
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8.1 The Venture Capital Returns Landscape

To fully understand the potential financial
advantage of Critical Path Investing, it is
essential to first establish the baseline
performance characteristics of traditional
Venture Capital as an asset class. The VC
industry has historically delivered strong but
highly variable returns that follow a power

law distribution, with a small percentage of
investments generating the majority of returns.

Current VC Return Metrics:

e Typical VC funds target an
internal rate of return (IRR) of
15-27% according to industry
benchmarks, though individual
investment targets are much higher
to compensate for the high failure
rate.

e FEarly-stage investors typically
target 100x returns on individual
investments, with the expectation
that only a small fraction will
succeed, while late-stage investors
aim for 3-5x multiples with higher
success rates.

e Actual fund performance across
the industry has been challenging
in recent years, with data showing
many 2021-2022 vintage funds
still having negative IRRs due to
valuation corrections and a difficult
exit environment.

The traditional VC model faces several inherent
structural challenges that limit its ability to
deliver consistent returns:
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8.1 The Venture Capital Returns Landscape

The fundamental risk profile of
traditional VC investing leads

to extreme outcome variability.
Research indicates that
approximately 9% of VC-backed
companies produce 100% of

the investment gains across the
industry, creating a winner-takes-all
dynamic where accurate selection
becomes the dominant factor in
fund performance.
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8.1 The Venture Capital Returns Landscape

il

Success Rate Variation by Stage: The
risk-return profile varies dramatically
across investment stages, with data
showing early-stage investments have
failure rates of approximately 65%,
compared to around 30% for later-
stage investments. This high failure
rate necessitates outsized returns

from the winners, creating pressure for
“home run” investments that may distort
decision-making and capital allocation.

©

o

Timing Challenges: Traditional VC funds
face significant timing pressure both on
entry (often investing too early in unproven
technologies) and exit (dependent on
market conditions beyond their control).
The recent environment has shown how
difficult exits can become, with many
2021-vintage funds still showing negative
IRRs despite the passage of several
years, as companies remain private
longer with fewer liquidity options.
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8.2 The CPI Return Advantage

Critical Path Investing offers several structural advantages that create the potential for
superior riskadjusted returns compared to traditional venture capital:

Reduced Binary Risk:

By focusing on technologies with established viability but unresolved scaling
constraints, CPI systematically reduces the risk of complete technology
failure. This shifts the investment risk profile from “if” the technology will work
to “when” and “how quickly” it will scale.

>

Focused Constraint Resolution:

CPI's methodology for identifying and targeting specific bottlenecks creates
a concentrated value-capture opportunity. Companies that successfully
address these constraints often establish defensible market positions with
sustainable competitive advantages.

2

Time-to-Value Efficiency:

By entering at the sweet spot after technological viability but before full scaling,
CPI optimizes capital deployment timing to maximize returns. The approach

avoids both the extended “valley of death” phase that challenges early-stage
investments and the limited multiple potential of late-stage investing.
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8.2 The CPI Return Advantage

©

By targeting established technologies

with proven viability but facing scaling
constraints, CPI reduces the expected failure
rate from the traditional VC benchmark

of ~65% for early-stage investments to

a projected 30-40%, while maintaining
comparable upside return potential.

Market Structure
Advantages:

Companies that resolve
critical constraints

in consequential
technological domains
often establish near-
monopolistic positions (like
ASML in EUV lithography)
or dominant market share
(like SpaceX in launch
services), creating pricing
power and sustained
margins that translate to
superior financial returns.
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8.3 Comparative Return Analysis

Based on analysis of current VC performance data and historical returns from
companies that have successfully addressed critical scaling constraints, we project
the following comparative return metrics:

Traditional VC Expected Returns:

Target IRR: 15-27% at fund level
Expected failure rate: 65% for early-stage, 30% for late-stage

Expected time to liquidity: 8-10+ years (increasing in current market
conditions)

Return concentration: Extreme, with approximately 9% of investments
generating all positive returns

Critical Path Investing Expected Returns:

Target IRR: 25-35% at fund level

Expected failure rate: 30-40% (substantially lower than early-stage VC,
comparable to late-stage)

Expected time to liquidity: 5-8 years (more predictable scaling timelines)

Return concentration: Moderate, with approximately 25-30% of
investments generating significant returns
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8.3 Comparative Return Analysis

5
&

The key return advantage of CPI lies not
only in potentially higher absolute returns
but in significantly improved risk-adjusted
returns. By reducing binary technology risk
while maintaining high upside potential, CPI
offers the possibility of venture-scale returns
with substantially reduced downside risk.
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8.3 Comparative Return Analysis

To manage inherent timeline uncertainties, implement a structured milestone-based

approach:

Constraint Identification Edge:

CPI's systematic approach to
identifying critical constraints
creates an information edge in
markets where constraints may not
be widely recognized.

Market Position Advantage:

Companies that successfully resolve
critical constraints often establish
dominant market positions with
sustainable competitive advantages,
creating ongoing value beyond the
initial investment period.

Reduced Technology Risk:

By focusing on technologies with
established viability, CPI eliminates
much of the binary technology risk that
leads to high failure rates in traditional
early-stage venture investing.

Execution Focus:

With technology risk substantially
reduced, CPI investments can focus
primarily on execution quality and
scaling expertise, areas where
experienced investors can add
significant value.
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8.4 Visualizing the Return Differential

To illustrate the projected return differential between traditional VC and Critical Path
Investing, we present a comparative analysis of expected fund-level IRR distributions
based on historical performance data and forward-looking projections:

Expected IRR Distribution: Traditional VC vs. Critical Path Investing

1. CPI demonstrates higher expected returns across all
performance quartiles compared to traditional VC.

2. The IRR differential is most pronounced in median and bottom-
quartile funds, reflecting CPIl's more systematic approach to risk
reduction.

3. Even top-quartile CPI funds are projected to outperform their
traditional VC counterparts by 5-8 percentage points in IRR.

4. The narrower distribution of returns for CPI reflects its more
predictable outcome profile due to the focus on technologies with
established viability.

Key Observations:
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8.5 Implementation Considerations for Investors

For investors seeking to implement Critical Path Investing, several practical
considerations should guide portfolio construction and management:

Portfolio Construction: While CPI offers improved risk-adjusted returns, diversification
across multiple constraints and technological domains remains important. A well-
constructed CPI portfolio would typically include 15-25 investments addressing
different critical constraints across 3-5 core technological domains.

Investment Stage Positioning: CPI investments typically fall between traditional

Series A and growth stage in the venture spectrum, though they may span a wider

range depending on the specific constraint being addressed. The key factor is not the
company’s nominal stage but rather its position relative to resolving the critical constraint.

Time Horizon Expectations: While CPI investments typically offer somewhat faster
paths to liquidity than early-stage venture, investors should still maintain a 5-8 year
investment horizon. The nature of constraint resolution often requires sustained effort
and sufficient time for market recognition of the value created.

Expertise Requirements: Successful implementation of CPI requires a combination of
technical domain knowledge, constraint mapping expertise, and traditional investment
analysis skills. Investment teams should include both technical and financial specialists
capable of identifying critical constraints and evaluating companies’ potential to
resolve them.
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8.5 Implementation Considerations for Investors

¥
Critical Path Investing is not merely a
theoretical construct but a practical
investment approach that has been
validated by the exceptional returns
generated by companies like ASML,
SpaceX, and others that have successftully
resolved critical constraints in their
respective domains. By systematically
identifying and targeting similar
opportunities, investors can potentially
capture comparable returns with improved
risk characteristics.

58



WHITEPAPER

THE RETURN ADVANTAGE OF
CRITICAL PATH INVESTING

9.1 Asymmetric Opportunity in Constraint Resolution

When a critical constraint on technological scaling is resolved, the value created can
be exponentially larger than the cost of the solution. Traditional investment frameworks
often fail to fully value this asymmetry because they:

il

Underestimate non-linear growth:

Traditional discounted cash flow models struggle to appropriately value the
step-function growth that occurs when critical bottlenecks are resolved.

%

Discount seemingly “infrastructure” plays:

Resource constraints may appear less exciting than frontier technologies but
often capture disproportionate value when they enable acceleration of entire
technological domains.

S0

Miss the compounding value of enabling technologies:

Solutions to critical constraints often unlock value across multiple dependent

technologies simultaneously.

59



WHITEPAPER

THE RETURN ADVANTAGE OF
CRITICAL PATH INVESTING

9.2 Timing Advantage in
Technological Revolutions

Both venture and value investing approaches
can systematically mistime investments during
periods of rapid technological change:

|:||:||:|

Traditional venture investing often pursues
frontier technologies too early, before core
technical viability is established, resulting
in high failure rates and capital inefficiency.

il

did

Value investing typically recognizes

technological shifts too late, after disruption
has already been priced into assets, missing
the highest-return phase of the adoption curve.

Critical Path Investing targets the sweet
spot between proven viability and full
scaling, where technical risk is reduced
but market adoption still offers substantial
upside.
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9.2 Timing Advantage in
Technological Revolutions

o

In an environment
where numerous
viable technologies
are competing

for the resources
needed to scale,
identifying the
specific bottlenecks
becomes more
valuable than betting
on which innovations
will work. This shift
in the innovation
landscape favors
the CPI approach.
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9.3 Reduced Speculation in an Age of Technological
Abundance

The current technological era is characterized by an abundance of breakthrough
innovations with proven viability. The primary constraint is not the generation of new
ideas but rather the capacity to scale and implement existing breakthroughs:

Traditional venture capital
continues to allocate
significant capital to
unproven technologies that
may never achieve viability.

Value investing often
avoids technology sectors
entirely due to concerns
about speculation.

Critical Path Investing
concentrates capital

on scaling proven
breakthroughs, reducing
speculation while
maintaining exposure to
technological transformation.
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9.4 Capturing Supply-Demand Imbalances

Critical constraints, by definition, create persistent supply-demand imbalances as
technological adoption curves steepen:

ik @

Demand growth outpaces supply Sustained investment demand:

capacity: . . . .
Critical resource constraints typically require

Companies addressing scaling ongoing capital deployment as technologies

bottlenecks often benefit from scale, creating extended periods of

sustained pricing power and investment opportunity rather than one-time

exceptional margins. solutions.

HOLY

‘\@ The essential nature of constraint

resolution creates a more favorable

Consolidation premium: pricing environment for companies

Companies that successfully in these positions, as customers
address scaling bottlenecks often often have few alternatives and face
become acquisition targets or significant opportunity costs from
industry consolidators, capturing delayed technological adoption.

additional valuation premium.
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9.5 Alignment with Macro
Capital Flows

The consequential importance of the
technologies targeted by Critical Path Investing
ensures alignment with macro capital flows:

@A

Policy support:

Governments increasingly direct resources
toward critical technologies and their scaling
constraints through industrial policy, research
funding, and regulatory frameworks.

02

Strategic capital:

Corporate strategic investment increasingly
targets critical constraints in key technological
domains.

0S8

Institutional shift:

Large institutional investors are allocating
more capital to transformative technologies
with proven viability.
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9.5 Alignment with Macro
Capital Flows

This alignment with major capital flows creates a favorable
environment for Critical Path investments, potentially
reducing exit risk and providing additional sources of return.

A7

@
(1w
()

Ower Failure Rate with
Comparable Upside: By
focusing on established
technologies, CPI avoids the
high failure rate of early-stage
venture investing. Companies
addressing critical constraints
can still deliver venture-scale
returns as key technologies
experience exponential
growth, while valuations often
experience multiple expansion
beyond traditional sector
benchmarks.

This combination of lower failure rate and maintained upside
exposure creates a more favorable riskadjusted return profile
than many alternative investment approaches.
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10.1 Identification Challenges

A ) Risk: |

The framework relies heavily on correctly identifying both
consequential technologies and their critical constraints. False
bottlenecks may be targeted while true constraints remain
unaddressed, or hidden constraints may emerge only at later
stages of technological scaling.

Mitigation Strategy:

Implement a multi-layered constraint validation process:

—
(0)
=/
Develop a systematic framework for bottleneck identification that combines top-down

analysis (mapping theoretical constraints) with bottom-up verification (observing actual
scaling challenges in real-time)

D
()=
[ /\

Build a diverse expert network spanning both theoretical and applied domains to
challenge and refine constraint hypotheses

D
() )=
\f,J,,/ N

N

Implement continuous validation cycles where constraint assumptions are regularly
tested against emerging data

o

7/

Maintain a constraint hierarchy that differentiates between primary, secondary, and
tertiary bottlenecks, allowing for rapid portfolio adjustment if constraint priorities shift
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10.2 Timing Complexity

A ) Risk: |

Resource constraints often take longer to resolve than anticipated,
stretching investment horizons beyond typical fund structures, while
market impatience can undermine otherwise sound investments.

Mitigation Strategy:

Structure investment vehicles and timing expectations appropriately:

oAl

Design fund structures with longer time horizons aligned to the realistic resolution
timelines of targeted constraints

W5

Implement milestone-based investment staging that allows for continuous evaluation of
progress

AN
(0)83
L)

Develop a systematic approach to identifying early indicators of constraint resolution to
optimize entry and exit timing

04

Create balanced portfolios that include both near-term and longer-term constraint
opportunities

N

‘l O 155)

N AN

Establish clear communication frameworks for investors that set appropriate
expectations about resolution timelines
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10.3 Capital Concentration

A ) Risk: |

Once a constraint is widely recognized, capital can flood into
the space, reducing potential returns and potentially creating
valuation bubbles.

Mitigation Strategy:

Focus on constraint identification alpha and position sizing discipline by prioritizing
early identification of emerging constraints before they become widely recognized and
developing proprietary insights into “constraints behind the constraints” - second-order
bottlenecks that will become evident only after first-order constraints are addressed.

Additional strategies include:

Implement systematic valuation
discipline that differentiates between
strategic importance and financial
fundamentals

2
N

Structure investments with downside
protection mechanisms where
appropriate

RN
c/ ( \‘ \ L c {
/)

Establish clear position sizing
guidelines that account for
constraint recognition and capital
concentration risks
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10.4 Limited Investment Universe

A ) Risk: |

The focus on specific constraints may create a structurally limited
investment universe with few “pure play” opportunities and
potential geographic concentration.

Mitigation Strategy:

Wil
Y

Develop creative investment structures that provide focused exposure to constraint-
addressing divisions within larger companies

Build relationships with private companies to secure access to constraint-focused
opportunities before public markets

N

5

I\

Implement a global approach that identifies parallel constraint solutions across
different geographic markets

~
< | )/
=/

Consider creating purpose-built companies where critical constraints lack focused
commercial solutions

Expand constraint identification to include adjacent bottlenecks that may offer less
crowded investment opportunities
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10.5 Black Swan Disruption Risk

A ) Risk: |

Critical Path Investing assumes technological trajectories remain
relatively predictable, but paradigm shifts, regulatory changes, or
demand shocks can fundamentally alter these trajectories.

Mitigation Strategy:

—
M\

< I )]
\/‘/‘

Maintain continuous technology scanning operations that monitor for potential
paradigm-shifting approaches

Me)
J )=

Develop systematic regulatory analysis capabilities to anticipate policy shifts that could
impact constraint importance

Implement portfolio construction approaches that limit exposure to single points of
technological or regulatory failure

~\

Create rapid response protocols for reassessing constraint hierarchies when significant
external shifts occur

=
‘\,,/ :

| )
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Cultivate relationships with research institutions and technology developers to gain
early insight into potential technological disruptions
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11.1 Capital Scale Requirements by Constraint Type

Different constraint types require distinctly different capital deployment strategies.
Understanding these capital requirements is essential for effective Critical Path
Investing and determining appropriate investment vehicles.

Physical Resource Constraint Capital Requirements

Physical resource constraints often require substantial capital deployment given their
manufacturing and infrastructure-intensive nature:

Constraint Typical Development Potential Funding Sources
Example Capital Phase Distribution
Requirement
Semiconductor  $1B- $5B+ R&D: Strategic corporate investors,
Manufacturing 15-20%<br>Pilot:  sovereign wealth funds,
Equipment 20-25%<br>Scale: public markets, specialized
55-65% growth funds
Energy Storage $500M- $3B  R&D: Project finance, infrastructure
Manufacturing 10-15%<br>Pilot:  funds, strategic corporate
15-20%<br>Scale: investors, public markets
65-75%
Precision $250M - $1B  R&D: Venture capital (early), growth
Materials 20-30%<br>Pilot:  equity, strategic corporate
Production 30-40%<br>Scale: investors, specialized
30-50% materials funds

Capital efficiency typically improves substantially from first to second
generation facilities

Critical inflection point occurs between pilot and commercial scale
phases

Return profiles follow manufacturing learning curves with initial
capital intensity followed by margin expansion
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11.1 Capital Scale Requirements by Constraint Type

Enabling Technology Constraint Capital Requirements

Enabling technology constraints often have more modest initial capital needs but may
require sustained investment through multiple technology generations:

Constraint Typical Development Potential Funding Sources
Example Capital Phase Distribution
Requirement
Al Infrastructure  $100M - R&D: Venture capital, growth
Software $500M 30-40%<br>Initial  equity, strategic corporate
Scale: investors

30-40%<br>Mass
Adoption: 20-40%

Advanced $75M - R&D: Venture capital, growth
Sensor $300M 35-45%<br>Initial  equity, corporate ventures
Technology Production: 25-

35% <br>Scale:

20-40%
Novel $200M - R&D: Venture capital, targeted
Computing $1B+ 40-50%<br>Initial  government funding,
Architectures Production: 20- strategic corporate investors,

30% <br>Scale: specialized funds

20-40%

Capital efficiency typically improves substantially from first to second
generation facilities

Critical inflection point occurs between pilot and commercial scale
phases

Return profiles follow manufacturing learning curves with initial
capital intensity followed by margin expansion
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11.1 Capital Scale Requirements by Constraint Type

Operational Bottleneck Capital Requirements

Operational bottlenecks frequently present the most capital-efficient investment
opportunities within the CPI framework:

Constraint
Example

Typical
Capital

Development
Phase Distribution

Potential Funding Sources

Supply Chain
Optimization
Software

Manufacturing
Yield
Improvement

Quality Control
Systems

)
c
o
=
©
S
[
)
7
c
O
(&)
>
D
X

Requirement

$25M -
$100M

$20M- $150M

$15M - $75M

R&D:
30-40%<br>Initial
Deployment:
30-40%<br>Scale:
20-40%

R&D:
25-35%<br>Initial
Implementation:
30-40%<br>Scale:
25-45%

R&D:
20-30%<br>Initial
Deployment:
30-40%<br>Scale:
30-50%

Venture capital, growth equity

Venture capital, strategic
corporate investors

Venture capital, strategic
corporate investors

Often provide the most capital-efficient constraint resolution
opportunities

Software-based solutions typically require significantly less capital
than hardware

Return profiles characterized by rapid scaling post-validation
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11.2 Strategic Capital Formation Approaches

Given the varying capital requirements across constraint types, successful Critical
Path Investing requires sophisticated capital formation strategies tailored to specific
constraint characteristics:

Consortium Approaches for Capital-Intensive Constraints

For constraints requiring capital beyond typical fund capacity:

Industry Consortium Formation:

e Multiple strategic industry participants pooling capital
e Structured as joint ventures or special purpose vehicles
e Pre-negotiated off-take or licensing agreements

e Example: Semiconductor manufacturing capacity expansion

Layered Capital Stack Formation:

e Structured financing combining multiple capital sources
e Senior debt for physical assets with clear value

e Mezzanine/preferred for scaled operations

e Equity for technology development and upside

e Example: Advanced materials manufacturing facilities

Milestone-Based Project Finance:

e Initial high-risk capital from specialized investors
e Subsequent capital tranches with de-risked terms following milestones
e Contingent funding commitments based on technical achievements

e Example: Novel nuclear technology development
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11.2 Strategic Capital Formation Approaches
Phase-Specific Targeting for Lower-Capital Constraints

For more capital-efficient constraint opportunities:

Focused Constraint Resolution Vehicles:

e Specialized investment vehicles targeting specific constraint types
e Capital deployment matched to resolution phase
e Portfolio approach across multiple solution pathways

e Example: Al infrastructure optimization

Technology Transfer Partnerships:

e Research institution partnerships to access early IP
e Staged licensing with milestone-based economics
e Shared risk/reward structures with research organizations

e Example: Advanced sensor technologies from national laboratories

Graduated Investment Approaches:

e |nitial proof-of-concept funding from specialized early investors
e Transition to strategic and financial growth investors at validation
e Pre-arranged scaling capital contingent on validation milestones

e Example: Operational software optimization solutions
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11.3 Capital Efficiency Enhancement Strategies

To maximize return potential across capital requirement profiles:

Platform Investment Approaches:

e Establish initial position in core constraint solution
e Deploy follow-on capital across expansion opportunities
* | everage initial technology across multiple applications

e Example: Initial investment in novel battery chemistry followed by
application-specific deployments

Staged Risk Reduction

e |nitial capital focused exclusively on critical technical risk
e Subsequent capital for commercialization after validation
e Structured terms reflecting risk reduction between stages

e Example: Fusion energy development with distinct physics and
engineering phases

Solution Ecosystem Development:

e Invest across complementary elements of constraint solution
e Capture value from multiple points in solution architecture
e Create portfolio synergies through shared technological advancement

e Example: Al infrastructure constraints across hardware, cooling, and
software layers
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11.4 Investor Archetypes and Capital Deployment
Strategies

Different investors can participate in Critical Path Investing by aligning with their capital
capacity and risk profile:

Early-Stage Venture Capital ($50M-$250M funds}:

e Focus on operational bottlenecks and software-enabled constraints
e Target initial phases of enabling technology constraints
e Participate in seed/Series A rounds of capital-efficient approaches

e Prioritize constraints with validation possible within fund lifecycle

Growth Equity ($250M-$1B+ funds}:

e Focus on scaling phase of validated constraint solutions
e Target capital deployment after initial technical validation
e Participate in Series B through pre-IPO financing

e  Structure investments with defined liquidity pathways

Strategic Corporate Investors:

* Focus on constraints directly impacting corporate value chains
e Leverage industry expertise for constraint validation
e Deploy strategic capital alongside financial investors

e  Structure investments with clear technology access rights
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11.4 Investor Archetypes and Capital Deployment
Strategies

Specialized Financial Institutions ($1B+ capacity}:

e Target capital-intensive physical resource constraints
e  Structure creative financing approaches for major infrastructure
e Deploy capital across full constraint resolution lifecycle

e Develop specialized expertise in constraint domain

Public Markets Investors:

e |dentify publicly-traded pure plays in constraint resolution
e Target component businesses within larger entities
¢ Develop constraint-focused thematic investment strategies

e Monitor private constraint developments for public market implications

By matching investor characteristics to appropriate constraint types and capital
requirements, Critical Path Investing can be implemented across the full spectrum of
constraint opportunities, from capitalefficient software solutions to capital-intensive
physical infrastructure development.

Each investor type can develop specialized expertise in constraint identification and
resolution appropriate to their capital capacity and time horizon, allowing participation
in the extraordinary value creation potential of Critical Path Investing across diverse
constraint domains.
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12.1 Semiconductor Market Opportunity

il

Overall Market Growth: The global
semiconductor market is projected
to reach

$1-1.3 trillion

by 2030, up from approximately

$600-625 billion

in 2023, representing a CAGR of 8-9%.

3
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Regional Shifts: While the United
States saw little fab construction
over the past few decades, the
value of US-based semiconductor
projects now under way,
announced, or under consideration
is estimated to range from

$223 billion

to over $260 billion through 2030.

&

Capital Equipment Investment:
Semiconductor companies
plan to invest approximately

$1 trillion

in semiconductor tabs through
2030, with most investment
concentrated in Asia and the
United States.

%

Memory Segment Growth:
Memory devices are expected
to increase their share to
approximately

27.9%

of semiconductor sales by 2023,
up from

26.3%

in 2022, representing a
significant growth opportunity.
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12.2 Al Infrastructure Market Opportunity

Al infrastructure represents a rapidly growing domain with multiple critical constraints:

@)
Market Size Trajectory: The global

Al infrastructure market is projected
to grow from

$35.42 billion

in 2023 to potentially exceed

$499 billion

by 2034, at a CAGR of 26-30%.

@)

Energy Requirements: Al data
centers are projected to expand
from 3,000 MW in 2024 to

39,000 MW

in 2030, creating critical constraints
in power supply and cooling
technology.

Hardware Dominance: The
hardware segment represented

63.3%

of the Al infrastructure
market in 2023, highlighting
the importance of physical
infrastructure constraints.

fid

Training Focus: Based on
application, the training
segment led the market with
the largest revenue s hare of

71.4%

in 2023, driven by an increase in
data generation across various
sectors. The rapid growth in Al
adoption creates urgent demand
for constraint resolution across
computing hardware, energy
infrastructure, and specialized
training systems.
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13.1 Key Advantages

A

Y
Reduced Speculation:

By targeting technologies with established viability, CPIl avoids the binary risk of early-
stage technology investment while maintaining exposure to dramatic growth potential.
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Higher Conviction:

The systematic mapping of constraints provides a structured basis for highconviction
investment decisions backed by clear technological and market logic.

Asymmetric Returns:

Resolving critical constraints often creates value far beyond the direct investment,
offering outsized return potential relative to capital deployed.
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Strategic Alignment:

The focus on consequential technologies ensures alignment with major capital flows,
policy support, and corporate strategic priorities.

Impact Integration:

By accelerating the scaling of technologies that address major global challenges, CPI
naturally integrates financial returns with positive impact.
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13.1 Key Advantages

The Critical Path Investing opportunity

Is likely to expand in coming years as
the pace of technological innovation
continues to increase, creating more
proven technologies awaiting scaling. As
technologies become more complex, the
identification and resolution of specific
bottlenecks becomes more valuable.
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13.2 Evolving Opportunity

The Critical Path Investing opportunity is likely to expand in coming years for
several reasons:

Accelerating Innovation:

The pace of technological innovation continues to increase, creating more proven
technologies awaiting scaling.

()~

Growing Complexity:

As technologies become more complex, the identification and resolution of specific
bottlenecks becomes more valuable.
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Sustainability Imperative:

The urgent need to address climate change and resource constraints creates demand
for rapid scaling of sustainable technologies.

Data Advantage:

Advances in data science and systems analysis enable more sophisticated mapping
of technological constraints and bottlenecks.

Policy Support:

Governments increasingly recognize the importance of resolving scaling constraints for
strategic technologies, creating supportive policy environments.
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13.3 Call to Action

For investors seeking to implement Critical Path Investing, we recommend several
key steps:

Constraint Mapping:

Begin systematically mapping constraints in technological domains relevant to your
investment mandate.

Expertise Development:

Build relationships with technical experts who can provide insights on emerging
bottlenecks and resolution approaches.
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Framework Adaptation:

Adapt the Critical Path Investment frameworks presented in this paper to your specific
investment context and process.

Pilot Implementation:

Start with a focused implementation in one or two technological domains to refine your

approach.
(ML=
/)

Organizational Integration:

Develop the organizational capabilities needed to support effective Critical Path
Investing over time.
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13.3 Call to Action

©

By focusing on the constraints that limit
the scaling of consequential technologies,
Critical Path Investing offers a compelling
approach to capturing value in an era of
accelerating innovation. The framework
provides both a philosophical perspective
and practical methodologies for identifying
high-conviction investment opportunities
with exceptional return potential.

In an age where technological change is reshaping every aspect of our economy and
society, Critical Path Investing offers a structured way to position capital at the most
leveraged points in the innovation ecosystem-the specific bottlenecks where targeted
investment can unlock tremendous value. For forward-thinking investors, this approach
represents not just a strategy for generating returns, but a framework for participating
in and accelerating humanity's most important technological advances.
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