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THE NEW COMPUTE EPOCH

POWERING
INTELLIGENCE. -*

The Infrastructure Backbone of
the Al Era and What Comes Next

UNPRECEDENTED POWER DEMAND
Al driving a historic surge in power
requirements, reshaping grids,

markets, and policy.

THE DATA CENTER ARMS RACE

New infrastructure paradigms are emerging
at a scale and speed the world has

never seen.

CAPITAL, GEOGRAPHY, STRATEGY
Winners will be defined by access to

power, strategic locations, and

patient capital.

RISKS, CONSTRAINTS, CONSEQUENCES
From grid reliability to geopolitics,

the challenges ahead are complex
and interdependent.

$500B+ 2.5-3.5x ’) Global Impact INFRASTRUCTURE.
Projected data center Increase in U.S. data center A structural shift with far- INTELLIGENCE
infrastructure spend power demand by 2030 reaching economic, energy, IMPACT.

by 2030 ‘ and societal consequences
Source: Goldman Sachs Source: EPRI, MckKinsey Source: Mckinsey CRITICALSTACK.COM
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01 | EXECUTIVE OVERVIEW

T H E c 0 M P u TE The new compute race
is no longer won by
hardware alone.

It is won by whoever

converts constrained

infrastructure into
usable intelligence
most efficiently.

Silicon still matters. But software, orchestration, memory
systems, and inference optimization now create independent
performance cycles across the Al infrastructure stack.

For decades, performance, cost decline, and adoption were paced primarily

by silicon scaling. That era is over. Dennard scaling faded by ~2012 and

Moore's Law has slowed materially. Today, Al performance advances on a

second, increasingly independent clock driven by model architecture, data 28 OX

efficiency, compilers, kernels, runtimes, and system design.

Decline in GPT-3.5-class
This decoupling changes where value is created and captured. The winners (ERT R
will be those who control scarce physical constraints and convert them into Nov 2022 and Oct 2024
higher utilization, lower total cost of ownership, and better intelligence at

scale.

FROM A SINGLE CLOCK TO MULTIPLE, INDEPENDENT CYCLES 3 OX
MR el) NEW COMPUTE EPOCH Annual improvement in
pre-training compute
CPU / NODE SCALING FULL-STACK OPTIMIZATION efficiency

Performance lfted by < / B Scitwars, models, and syste
transistor shrinks unlocked on every hardware gen

@ MONOLITHIC COMPUTE HETEROGENEOUS SYSTEMS $SOOB+
%

eral-purpose processors » GPUs, TPUS, ASICs, CPUS, DPUS,
dominated workioa HBM, and advanced networking. Projected Al infrastructure

spend over the next
HARDWARE-PACED
PERFORMANCE INDEPENDENT SOFTWARE CYCLES several years

ers, kerels, runtimes, and
ove fa

Upgrades came with each ster than silicon.

silicon generation.

PROCESSOR-CENTRIC INFRASTRUCTURE-CENTRIC

VALUE CAPTURE VALUE CAPTURE 2-5vr

Value accrued to the fastest Value flows to bottlenecks and

chip and it roadmap. ilzation leverage. Grid interconnection delays
in many major markets

- Compute is no longer constrained by transistor scaling alone.
The new bottleneck is coordinated infrastructure efficiency
across silicon, software, networking, memory, and power.
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SILICON IS
NO LONGER |

Dennard scaling is gone. Moore’s Law has slowed.
And the economics of advanced silicon are now
defined by physics, complexity, and capital intensity.

Transistor scaling delivered decades of exponential gains. That era is over.
Today, performance improvements are harder, more expensive, and increasingly
dependent on system-level innovation, advanced packaging, and new materials.
Silicon remains foundational—but it is no longer the only or even primary.
driver of compute progress.

/

THE NEW PHYSICS OF COMPUTE

#01

3. AlINFRASTRUCTURE ERA

~2015-BEYOND

SCALING HIT LIMITS SYSTEMS DRIVE PERFORMANCE
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be
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Compute performance is now gated by a system of constraints—power,
THE IMPLICATION thermal, packaging density, memory bandwidth, and economics—not

just transistor scaling.

LITHOGRAPHY HBM & MEMORY ADVANCED PACKAGING
o precisiontools ar the Bandwidth per watt Chiplets, 2.50/3D,
i §i v choke it is now a primary and CoWoS drive
B g ooy, moriost differentiator. density and
Y technoloy,isscarce HBM is the new performance. <<
) ] performance lever. Packagingis

becoming strategic.,,

Source: Company fiings, SemiAnalysis, ASML, TSMC, Yole Group, CSIS, BIS, McKinsey, Crtical Stack Research

NETWORKING
Scale-out
performance

EDITION 01

TSMC CAPEX ESCALATION

2023 to 2025

Leading-edge fabrication
requires unprecedented
and compounding capital.

ASML HIGH-NA EUV

Per system
High-NA EUV systems are
~2.5x the cost of standard
EUV, with limited annual
supply in the near term.

ADVANCED PACKAGING
VALUE SHARE

of leading-edge chip
cost by 2027E

Up from ~7% in 2022 as
2.5D/3D packaging becomes
mission critical.

EXPORT CONTROLS
EXPANDING

Increase in restricted

items since 2022

Broader scope, more countries,
more layers of the stack.

POWER-ENABLED SITES
Power availability,
grid access, and
cooling define
where compute
can scale.
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E

SOFTWARE IS NO
ITS OWN

Performance gains in Al are increasingly driven by
software innovation, not just silicon. Compilers,
kernels, runtimes, and model optimizations now

deliver independent performance cycles that
compound faster than hardware advances.

From training efficiency to inference throughput, the software stack

has become a force multiplier—extracting more from the same

hardware, more quickly and at lower cost. .

THE SECONL ORM ( CK

Independent software cycles compound within

each hardware generation. ot
(40m)

Hardware Performance

(Node Scaling) A 0
—— Software Performance (7om) -

(Optimization Cycles)

45 POWER & COOLING
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€torch. conig
def forwarg(yy

del (x) -
return x >

# Optinized Graph

(87%

P

THROUGHPUT (TOKENSISEC)

1
il ﬂf

i
il

Next Gen
(30m)

Future Node
(2am)

Widsring

© Software cycles
iterate multiple times.

3 connectviry
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TWARE EFFICIENCY

280x

Decline in GPT-3.5-class
inference cost

Nov 2022 - Oct 2024
Driven by software
optimizations across the
stack.

AT 9
) 43%
Training speedup with
PyTorch 2. torch.compile”
‘on common LLM workloads.

Source: PyTorch Blog (2024

Higher inference throughput
using optimized serving
engines like vLLM.

urce: vLLM Banchrvark (20

20x

Memory efficiency
improvement with
Flashattention vs.

reuanve [ —
e perhardare
1ox generation Saurc: T Dnoatl. (2023
om
200 0z 202 2006 s 2%
g 1.5-3x
WHAT DRIVES SOFTWARE CYCLES [T p—
from quantization and model
€ Compilers 20a  Kernels & {7 Runtime & O, Inference Model Design Fi2 Quantization
&5 ton. 4P Mgoiteic G Mooy %D ocrmssen 40 o BB aemeimon compression techniques.
Optimastion noation Maragement o2
WHERE SOFTWARE CREATES VALL
HIGHER CLUSTER LOWER COST MEMORY HIGHER INFERENCE DEPLOYMENT SYSTEM-WIDE
UTILIZATION PER TOKEN EFFICIENCY THROUGHPUT PORTABILITY ORCHESTRATION

: A\ ‘
== 8541/

=

e
2 ]

uriLizaTion 0O ® e VR

e ¢ e
Better Advanced stacks | Better ab ke | Crosslayer coordination
nagement extract more | structural declines incost || HBM pressure and expand | | increase tokens/secand | models easier todeploy | maximizes performance,

b mimcave. .|| oottt sl

s Stanford Al Index 2025, PyTorch Blog, vLLM Benchmark, Tr Dao et al. (2023)
MLCommons (2024), SemiAnalysis, Crtical Stack Research

effective context length,

improve latency at scale.

across diverse environments.

relabilty, and cost efficiency.

Software has become an independent scaling engine. It compounds faster than hardware,
delivers outsized economic impact, and is now a primary determinant of Al infrastructure ROI.
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05 | POWER CONSTRAIN

POWER IS
THE NEW

Alinfrastructure growth is no longer limited
by chips or algorithms. It is constrained by
the real-world availability of electricity.

4
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GRID REALITY

O

INTERCONNECTION
WAIT TIMES

2-5 YEARS

For large (>100MW)
projects in major markets.

U.S. QUEUED CAPACITY

2,600+ GwW

More than double current

ELECTRCITY | PONERLEADTNES | AIWORKLODS | THE GAP1S o e s
B o bl 1S THE NEW ARE DRIVING WIDENING ® i
power has become the critical path. Without sufficient, SCARCITY | RAPIDLY | EXPLOSIVE GROWTH FAST
reliable, and affordable power, compute capacity
cannot be deployed—no matter how much capital —
or silcon i avalable U.S. DATA CENTER POWER
/\ﬂ/ DEMAND BY 2030
THE POWER GAP
A& DATA CENTER POWER DEVAND VS. GRID EXPANSION 100-120 6 ol 5 5-7.3x
Al + Data Center ] 2
Al & Data Center Power Demand Demand oy 2030 Growth by 2030 vs. 2023
(High Growth Scenario) (EPRI high-demand range).
— — Grid Capscity Additions Soutce EPRI(Dec
(Comitted + Likely) THE
POWER
Skt GAP UTILITY CAPEX
(ow) AACCELERATION
0
100 ~25-356W $4UOB+
80 | Grid Capacity
0 } e Annual U.S. utility capex
al by 2030 (up from $1508
20 in early 2020s).
b
2024 2025 2026 2027 2028 2029 2030 Source: BCG
S, 2 e -
g (D) & 40 TRANSFORMER
Hyperscale Al inference [m— Transmision Pouer LEAD TIMES
buidout dives 2477 aueues exceed buidouts lag
scceerates power damand ayens demand binding consaint 50-130 WEEKS
For high-voltage transformers
urce , EPRI, BCG, L Laboratory, P2 S (major constraint globally).
e I Source: Grid Strat 024)
POWER SOLUTIONS EMERGING
1 el ey ) —
NUGLEAR RENAISSANCE ‘ ‘GAS PEAKER PLANTS BATTERY STORAGE LIQUID COOLING || GRID MODERNIZATION | | coLocaton

4 1

i

Higher density compute |

il
e

| : -
Transmisson, HVDC, | | Locatig data centers |

Ntuagos, s s, || Nuclearoffes 247, || Fstobuldcapcty || Smting demana
|| ok cones st spporin
inmeditcapsty. || t s demand sples e ebiy,

‘ thermal solutions.

|
critical to close the gap.

por
reduces constraints.

|
KEY TAKEAWAY Compute can be bf)ughl, ‘
Power must be built.

The Al race may ultimately be won by
whoever secures power first.

Sources: EPR, Lawrence Berkeley National Laboratory, BCG, Grid Strategies,
Uptime Institute, Company fiings, SemiAnalysis

CRITICALSTACK.COM
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06 | GEOGRAPHY & STRATEGIC SHIFTS THE SHIFT IS GLOBAL

NEW CAPRCITY.

GLOBAL DATACENTER | PROJECTED (GW)
CAPACITY (GH) 812030 OUTSIDE TRADITIONAL
| MARKETS

219 >60%

WHERE POWER, POLICY, 83 | 219 60
AND PROXIMITY ALIGN. e

Al infrastructure is no longer distributed evenly.
Itis concentrating in regions with the right combination . SOVEREIGN Al
of power availability, policy support, grid access, INVESTMENT SURGE
and connectivity.

% . $100B+

Public and sovereigh funds
committed to national Al
infrastructure bulldouts

STRATEGIC SHIFTS UNDERWAY

Geography is now a competitive advantage. ["Noroics

EMERGING INFRASTRUCTURE HOTSPOTS

Power avalability, grid readiness, and strategic advantages

- Staberegiation
v Source: CNGC, Gl

® Power Abundance @ Policy & Permitting Advrtage

@ Hyperscaler Expansion @ Sovereign Al Intitives Ta[c.| HYPERSCALER
@ Comectiy Coridrs > C3|E3|  GEOGRAPHIC DIVERSIFICATION
| =11=]
0,
: sls] 70%+
CANADA Of new capacity announcements
-« Chnk et in the past 24 months re outside
< Roundantand 2 — radiiona e markets.
 Lowltency 0US. Soutce: D
4 e ¥ EDGE & REGIONAL
. « Massive power buidout Q
TSelihe: O O INFERENCE GROWTH

o
o1o
6° 3-5x
N et copoe
cesoyments o 1 ol
by 2030.

« Lowcost power
- Fastest grid growth
- Pro-business polcy
 Large land parcels

* Sovereign A ambitons

WMajor expansion: * Manufacturing proximi

. e —— INDUSTRIAL POLICY
—— Major Subsea Fiber Routes ~ —~~ Emerging ® O KeyData COMPETITION
>30

Countries with active programs

[ SOUTHEAST ASIA

TREND: IS FOLLOWING THE ADVANTAGE | SUBSEA CONNECTIVITY EXPANDING | PONER AVALABLITY IS THE DFFERENTWTOR
| 1o attract Aldata center
investment.
us sneer  —— oo | 1P us.Sneet I 525540 Saure: 0ECD, BCG 2020)
Midd East N 33 OW 99 | __ panned Capacty Viode st [N $30-45
Europe (Nordics) I 26 G o | Consto Y 535-50 N\ O
SoutheastAsa N 20 GV oy 1 Nors | 540-550 ‘%
PRSRE m—p wo|__— o ) ¢
cRegons | ol o — Increase inplanned data center
i E w0 me w s s w S0 e e vt s o ot
Soucce: DC Byte, Semiknalysis Source: TeleGaography (202 Source: Bl 2 power generatior
WHY GEOGRAPHY MATTERS AGAIN
ABUNDANT poLicY Ao FEER cooLer Q Moustan | GEOPOLITICAL
PoMER cerany | =5 pRomiy & cumares D Ao STABILITY
Access to low-cost, Fast permiting, Accessto dense - Lower cooling Large. affordable Poliical alignment
retabie,and scaale incentive,andstae subsea neworks requiements fond parces and secury reduce
decticty s the eguiion educe and P lowers
breaker. speed o onine pertormance costs and scate. priotes.
¥ Al is ing a itical asset.
‘@ KEY TAKEAWAY £ g
The next decade will be won by those who control the right geography.
Sources: DC Byte, SemiAnalysis, BloombergNEF, TeleGeography, OECD, BCG, Wood Mackenzie, CRITICALSTACK.COM

Global SWF, Company filings
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WHERE DURABLE

Alinfrastructure is a full-stack industrial economy.
Value accrues to the layers with scarcity, leverage,

{n} Al INFRASTRUCTURE

= WILL ACCRUE.

and structural importance—not to the most headlines.

THE NEW Al VALUE STACK

WHAT IT INCLUDES.
POWER & ENERGY
Generation, transmission,

grid access, onsite power,
nuclear, gas, storage

NETWORKING FABRIC
Switches, routers, optics,

DCI, fiber, across and

within data centers

MEMORY & BANDWIDTH
HBM, DRAM, high-bandwidth
interfaces, memory controllers.

SILICON & PACKAGING
GPUs, ASICs, advanced
packaging, CoWos, 2.50/3D.

INFERENCE SOFTWARE
Model optimization, runtimes,
compilers, model delivery

ORCHESTRATION LAYER
Kubernetes, schedulers,
observability, fleet mgmt, FinOps

INFRASTRUCTURE DEPLOYMENT
Data centas,cooin, res tate,
construction; EPC, mo

PLATFORM & CLOUD

Hyperscaler clouds. APIs,
Al platforms, ata platforms

APPLICATIONS & END MARKETS
Vertical Al apps, consumer apps,
agents, enterprise solutions

VeryHigh ~ see High oo Moderate  » Low

QUESTIONS INVESTORS SHOULD ASK

SCARCITY.

eooe
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THE Al INFRASTRUCTURE INVESTMENT THESIS
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CAPITAL IS MOVING TOWARD

HBM & MEMORY
. ~$160B

HBM market by 2028
(53408 in 2024)

NETWORKING & OPTICS

~$55B

o g
wantsemy /[

POWER INFRASTRUCTURE

$500B+

US. grid capex trough
2030 (s ~53008prio pln) .

¢

Source 981 0

Al DEPLOYMENT TOOLING

~$25B+

Alinfa softvare TAM °
by 2028 Gevs.2000) 7

INFERENCE OPTIMIZATION

>70%
Ofcompuespendty o
2028wl leeoce

SOVEREIGN & NATIONAL Al

>30

P —
ol comse
Phaies

)

CO-LOCATION WITH POVER
2-4x

ey
e e 4
= -

fian

I

vs. eyclical?

oo —
s e evepace? WeERENGEScaL £
- o : Br——
e m“mcmmmwag ikt s
. : per G
eleaed ety

+ Who extends hardware
useful fe?

@ KEY TAKEAWAY ‘

- What has long lead times?

Company filings, Industry reports.

" ecosystem grows’
+ Who i the default
standard?

Sources: SemiAnalysis, EPRI, DellOro, TrendForce, BCG, McKinsey, OECD.AI,

power
as volume explodes?

+ Who monetizes data
fywheel effects?

The next decade of Al value will be created in infrastructure—
and captured by those who control the scarce, the essential, and the enduring

- What moats are structural

+ Who has switching costs?

- Who has regulatory
or soverelgn edges?

N\

T
\, COMMODITIZATION?

+ Where are margins
structurally compressing?

- Where s capacity
oversupplied?
+ Whatis easiest toreplicate?

CRITICALSTACK
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AT HAPPENS NEXT

THE NEXT DECADE WILLBE

DEFINED BY

The Al erais no longer speculative. It s physical, operational,
and geopolitical. The bottlenecks are real. The capital is

mobilizing. The winners will be
access, and ecosystem leverage,

Compute has become infrastriicture,

THE NEXT DECADE OF SIG!

®

INFERENCE SCALING
Inference workioads
are compounding faster
than raining.

POWER DEMAND
ACCELERATION

A data centers could
drive 2-3¢ total US.
power demand by 2030.

NETWORKING
INTENSITY.

Cluster scale, bandwidih
‘demand, and netw

THE EXECUTION GAP WILL DETER|

CTIIDEEY
U IUKE EAS

=01
L
RO

fetermined by execution,

NALS

PACKAGING & MEMORY
SCARCITY

Advanced packaging
capacity and HBM remain

; N structural bottlenecks,
7 A%
INFRASTRUCTURE | e
it | LEounon Glosal sovereigncompe
DETERMINES | | 2
spendis accolerating
oUTCOMES p¥ies
NS ; .\\ @ REGIONAL BUILDOUTS
o Strategic regionsare.

puling ahead with povier,

permitting, and polcy
tages.

UTILITY MODERNIZATION

Grids must expand,

dighize, and harden to
support Al demand.

EDGE & DISTRI
DEPLOYMENT
Inference moves closer to
users, enterprises, and
industrial environments.

D

MINE THE LEADERS

sustunED
vison oA NeRSTRLETIAE Sty s b

¢ OPTIMIZATIC
s L S o Bxcunon J RO oomwzanon STy
Aesl Fondig s owns siatin compouns R,
bl iy peedoli it

FIVE STRATEGIC CONCLUSIONS

01

COMPUTE S NOW
INFRASTRUCTLRE.
Alinfrasncture sa
core economic input—
fke power, ranspor,
and commuricaton

@ KEY TAKEAWAY

Sources: SemiAnalysis, EPRI, DC Byte, McKir

POWERWATERS A5 sorase corounos | ceosmis
woossueon, || <[> e e BRCOMNG SRATEGE

- #01
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WHAT WE'RE WATCHING

INFERENCE & TOKEN
ECONOMICS |
‘Token growth, price per

M tokens, and uit

economics conergenc.

i @

HBM CAPACITY
EXPANSION

New capacity, yeld
improvements, and
banduidth per dolar
o (D)

UTILITY INTERCONNECTION
TIMELINES

(rid connection quees,
transformer lead times,

and transmission buiidout.

ot ()

SOVEREIGN Al CAPEX
National Al iitiatives,
sovereign clouds, and
strategic compute programs.

weot: @

OPEN-WEIGHT MODEL
CONVERGENCE

Model performance,
‘adoption curves, and
inference cost declines.
o ©)

POWER-ENABLED
LAND PRICING

Prime sites near power,
cooling, fiber, and
industrial ecosystems.

ot (D

AlNETWORKING
UTILIZATION
Svitching capacity
east-west traffic, and
cluster-scale effciency

e =
s @)

EXECUTION, NOT
EXPOSURE, WINs.

ez o affordble, ‘ |
rezble power i the modas, e, and ||
ulimate competiive orchestiation—drives

advantage. uiizaton andROL. ||

where power, poicy
and proximity align

This is not a short cycle.

It is a long-duration restructuring of the digital infrastructure econom:

insey, BCG, Dell Oro, TrendForce, OECD.A,

BloombergNEF, Wood Mackenzie, Company fiings

those who buid, opert,
and scae—consistenty.

CRITICALSTACK.COM
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09 | METHODOLOGY, SOURCES & SIGNALS

METHODOLOGY, SOURCES,

AND SIGNALS WE'RE TRACKING.

Critical Stack combines multi-source intelligence, operator insights, and
proprietary analysis to identify infrastructure bottlenecks, capital flows,
and long-term strategic inflection points shaping the Al economy.

THE CRITICAL STACK RESEARCH ENGINE

[ (2]

DATA SOURCES > ANALYSIS >

E @ @

SIGNAL DETECTION >

INFRASTRUCTURE
INSIGHT

-5,

#01
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REPORT AT A GLANCE

120+

Datasets Analyzed
Industry, market, operator,
and polcy datasets.

300+

Companies Tracked

Across semiconductors,
infrastructure, software,
utities, and networks.

25+

Infrastructure Rogions
Wonitred

North America, Europe,
WiddloEast, i,

and emerging markets

(-]

INVESTMENT
FRAMEWORK

G

Inform investment

0.0 200+
CE2 operator & Bxpert

Conversations
Across hyperscalers,

et © s,
rends, and leverage.

e vy amrgin signals and ststegic remai posidoning utiltes, OEMs,
pints. and nfection poits. impictions. seross th stack. foundres, and nvestors.
Hyperscler Grda vty Semiconductor iy Chain 15+
Disoures Operstors & Foundr Flngs Inaligence ity Riraa
OUR Eari: v % RPs, nercomnction {'é} 106,105, B s SRy
DATA updm:/\ mnsm(smw data, capacity ::amagc ‘and pricir U.S., EU, China, UK,
SOURCES India, GCC, and more.
Deployment PRy o st nfratructrs
G Tamety iy onto &, enievs @ pping (@) 7
R ;.m‘m e topone s B

o s B Continuously Tracked

Power, coolng, compute,
4 A A 4 networking, supply chain,
polcy,and geography
s - ossrUNGD, MozEROG. DTk AN
MODELS & -+ =
cost g, ncata o sy .
st ncompromses
W donot ceept compensaion
fo covrsga o vowponts.
SIGNALS WE'RE TRACKING
/. vowen ke cooume i cowore K wewonans [y swavomn FR ouer seocaPHY
- US.powrdemand Uit ccolng PR EemtGopiesl  « HOM coacy s Ot
o e pon e e domend pons apeyed stons outon oon
Cecomecion - CollradCDU - Umionras <+ Al clstrsse  Aorcadpiciages - osmves sl - Pouenabid
s viams cvmctyansrans by workosa (006 PO gt i s i iy

+ Inference cost + Network utiization .

per M tokens

+ Water availabiity

- Uttty capex and and regulation & congestion

transmission buiidout

Critcal component
pricing & availabiity

+ Data sovereigaty
regulations

and stabilty

) Tend:Constrained () ent:siing

These signals feed our forwarc-looking models and shape our long-term infrastructure outlook.

We combine depth, scale, and cr
unbiased intelligence on the infrastructure that powers the Al era.

domain expertise to deliver

1A, FERC, NER

ment portal

@’O\ﬁ@

ocuseD RIGOROUS. CONNECTED ~ INDEPENDENT
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The Al economy is no longer hypothetical.

It s becoming physical, operational, and global.
The next decade will be defined by the
infrastructure we build—and how we execute.
Compute became infrastructure.

Execution will determine outcomes.

We track the systems.

You build the future.

AISSION

CLARITY IN COMPLEXITY
We bring claity to the most complex
infrastructure transformations of our time.

INTELLIGENCE THAT MATTERS
We deliver real inteligence on systems,
capital flows, and srategic inflection ponts.

INFRASTRUCTURE FIRST
We focus on the physical and digital
foundations powering the Al economy.

& o

AlINFRASTRUCTURE

ERA HAS BEGUN.

MARKET INTELLIGENCE REPORT
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