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Key Takeaways

1 The model is in plain sight; the electricity
is not.

2 INFRA is not four targets. It is one chain
running from compute supply to energy
supply.

3 The migration has two legs: first from
model to compute, then from compute to
energy.

4 Equipment can be bought by paying more.
Grid time cannot be bought.

Abstract

Embodied intelligence has been discussed for years, and the
discussion has centred on models: architectures,
parameters, data, generalisation. This paper argues that a
migration is already under way and is not yet adequately
priced: the binding constraint on Physical AI is moving
from the model layer to the compute and energy layers.

The argument has three steps. First, returns at the model
layer are thinning: scaling laws themselves specify
diminishing returns in compute and data [1][2];
high-quality human-generated text has a foreseeable

exhaustion window [3]; and each further notch of
performance carries a superlinear compute cost [4][5].
Second, the compute layer has had no free lunch since the
end of Dennard scaling, when the powerable fraction of
transistors became the governing limit [6]; the industry's
answer, domain specialisation [7][8], is a one-off reset
whose reach depends on power delivery and heat removal.
Third, energy is becoming the new denominator [9][10][11].
We then operationalise bottleneck identification through

"

the Glacier Institute's "slowest ruler" heuristic: a chain's
throughput is set by the expansion period of its slowest link,
and the time constants of chips, data halls and grids differ

by one to two orders of magnitude.

A dedicated section states the scope within which the
Institute's published "40-year minor cycle, 120-year major
cycle" formulation holds — a civilisational energy-transition
scale, not an asset-pricing scale. A final section lists five
falsifiable propositions with observable indicators. This is a
methodological discussion and does not constitute
investment advice.

Keywords: Physical AIl; embodied intelligence; Al
infrastructure; optical interconnect; energy constraint;

temporal scale
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1. The Problem: One Chain, Often Read
as Five Baskets

Glacier Capital's formal external positioning is "Glacier
Orchestrator of the Physical ATl Era" ( 43 AT AR B
E4sHERE (Glacier Orchestrator of the Physical Al Era) |
) [24]. Under this positioning, the Glacier Institute narrows
its attention to a fixed list of directions. The website's

original text follows, quoted here as it stands:

"Our attention narrows to four directions: Al foundation
models and wholly new paradigms; physical Al, embodied
intelligence and robotics; commercial space, quantum
computing, controlled fusion and brain-computer
interfaces; and one layer below, Al infrastructure —
advanced compute, power and energy, optical interconnect,
edge computing. A fifth line runs across all of them:
intelligent manufacturing and hard-tech products that can

compete globally. That is the whole list. No more, no less."
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( TERIMTEA T N T RESEAREAY 5 29T
X P AL HEHREE (Embodied AT) SLEEA;
WK BFIHHE HERERAE. WYL BET
B, NTERERIBOE—EHE . WNREE. XA
B WG, BARIAAME FLE: BREHES
R 2Rk bse s NBERIE ™ o A BMEXIL, A%
Ao 1)

— Glacier website, /institute.html, Glacier Institute essay

No. 38, Where We Are Going ( <fEBFEE> )

The commonest misreading of this list is to read it as five

parallel baskets. The website itself states the point firmly:

"Why these four? Because they share one industrial chain."
( DAt ax A ? FRENSH—& . 1)
"These five are not five separate baskets. Embodied
machines need electricity, compute needs electricity, space
needs energy density. One chain means that chasing any
direction all the way upstream ends at the same wall —
the cost per unit of energy." ( X FLAA TP E
BB, Hhh, MAERERE. rid—&e.
WA — A7 A LB R R, &R #atE LR
H——HALREIRI A 1)
— ibid.; and essay No. 45, The Longest Line ( <31k
R )

At the INFRA layer, the website's one-line formulation is:

"04 INFRA - infrastructure — compute, power and
energy, optical interconnect and edge computing. The
model is in plain sight; the electricity is not. Run the
compute bill to the end and it is an energy bill." ( [04
INFRA - FEfliiiti — 571 REIRAE . SR EERD
GO RIERIE. BEITERALL, AERTAL: SRR
e, WRRERIK. 1)

— glacier.mba/llms.txt, line 50 [25], same text as
/institute.html

In other words, "Al foundation models — AI Infra —
optical interconnect — quantum computing — controlled
nuclear fusion" ( [ AT JERli#EA — Al Infra — Y HIiE —
BFiE — m 5 A | ) is not a list of interests. [t is a
chain that runs from compute supply to energy supply.
What this papet sets out to do is to argue the direction of
this chain clearly: the constraint on the chain is moving
downstream along it, and the time constants of its links

differ enormously. The latter is the genuinely hard part.

One statement is needed first, to avoid misreading. The

Glacier website lists optical interconnect under the
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INFRA direction, but has no dedicated essay on
optical interconnect. The technical discussion of
optical interconnect in Section 4 of this paper comes
entirely from the public literature. It is this paper's
supplement and does not represent Glacier's external

formulation.

INFRA is not four targets. It is one chain running from
compute supply to energy supply.

2. The Proposition: The Constraint Is
Moving from the Model Layer to the
Compute and Energy Layers

The Glacier Institute has a published formulation on this,

with clear boundaries:

"They are, and their seat keeps moving up. Why? Because
the bottleneck in Al is shifting from compute to power. We
are fairly sure of this one." ( [, {iBIBTELERTIE.
fta? B AL BSUETENE IR B ). X —5
FAPER LK. 1)

— Glacier Institute essay No. 46, Power Before Compute

Below Compute Is Electricity ( «H{EEYG - B2 T
M )

This paper extends the range of that sentence one step
back: the migration did not begin at compute. It moved
first from the model layer to the compute layer,
and then from the compute layer to the energy

layer. The evidence follows in three layers.

2.1 The Model Layer: Thinning Returns Are
Written into the Scaling Laws Themselves

An often overlooked fact is that the term "scaling law" is
itself the name of a diminishing curve. The empirical
form given by Kaplan et al. is that cross-entropy loss
follows an approximate power law in each of parameter
count, data volume and training compute, with a negative
exponent whose absolute value is far smaller than 1 [1]. A
power law means that each further notch of loss reduction
requires input that rises exponentially. The correction by
Hoffmann et al. goes further: earlier large models, at a
given compute budget, had too many parameters and
too little data; the optimal configuration requires
parameters and training tokens to grow in roughly equal
proportion [2]. This shifts the pressure from "stacking
parameters" to "finding data".
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The data side has a computable upper bound. Villalobos
et al. estimate that the stock of high-quality
human-generated text grows more slowly than
training-set size, so a foreseeable exhaustion window
exists [3]. The strength of this conclusion depends on how
"high quality” is defined and on how effective synthetic
data proves to be. It is one of the falsifiable items handled
in Section 7 of this paper. But it shows at least this much:

the inputs to the model layer are not in unlimited supply.

Thompson et al. give the cost function from the other end:
across several vision and language tasks, each fixed
improvement in error rate requires superlinear growth
in compute [4]. Put [1][2][3][4] together and the
conclusion is plain. The model layer is still advancing, but
the unit cost of advance is rising systematically. And the
historical statistics of Sevilla et al. show that the growth
curve of training compute is already steep [5]. When the
unit cost of one curve rises while its input curve is
steep enough, the constraint moves off that curve

and onto the curve that feeds it.

2.2 The Compute Layer: The Free Lunch Ended
Twenty Years Ago

The compute layer cannot absorb unlimited pressure. The
reason is physical. After the end of Dennard scaling,
transistor density kept rising, but the fraction that can be
powered on at once per unit area is bounded by power
density. Esmaeilzadeh et al. named this phenomenon
"dark silicon" and quantified its limit on multicore scaling

[6].

The industry's response was not to keep building faster
general-purpose processors but to turn to domain-specific
architectures. Hennessy and Patterson, in the written
version of their Turing Award lecture, called this turn a
new golden age for computer architecture [7]. Jouppi et
al.'s measured analysis of the tensor processing unit gives
the shape of the return on this path: on specific inference
workloads, specialised hardware has a marked
performance-per-watt advantage over general-purpose

processors of the same period [8].

The key point is that the return on specialisation is a
one-off reset, not a new growth engine. Moving a
workload from a general-purpose architecture to a
specialised one buys one step. Once that step is climbed,
going further still means more chips, more racks, more
electricity. The Glacier Institute's formulation for this

layer is:
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"Rack power in data centres is moving from a hundred
kilowatts towards several hundred, and on to the megawatt
class (figures illustrative). --- The traditional power chain

was designed for an age of steady loads: low voltage, many
stages, losses at every stage." ( [T4fEFLONMERI TR,
EMN—BETRAJLUE TR KREE EFARE) .
''''' et i dikig e A Ae E AR RBH Y : REES
2% BRE#HE. 1)

"What sets the ceiling on a single rack is in the end neither
the chip nor the power supply. It is whether the heat can be
moved away. Every notch that thermal management
moves forward, density immediately cashes in a new step.
Power supply can be brute-forced with money, but heat is a
physics problem." ([ Jesg BAUEDIAR LIRI, 572
SR, WARME, BRRRARAE. PEBEARTIR
— Y, AL AR B B SR DLA AR
{HRPRE—EY R, | )

— essay No. 46, Power Before Compute ( KHYEFESEY )

What deserves separate emphasis in this passage is the
order it gives: look at the cooling route first, then the chip

model. The website's own words are "Reverse the order and

the arithmetic comes out wrong" ( TiJF 2 T, WemhE4s
).

2.3 The Energy Layer: The New Denominator

The third layer of evidence comes from energy statistics
and institutional reports. Masanet et al.'s recalibration of
global data-centre energy use for 2010—2018 shows that
computing workloads grew substantially over the period,
while energy use grew far less than a linear extrapolation
from workload would imply. Efficiency gains absorbed
most of the increase [10]. In this paper that conclusion
cuts both ways: it shows that the historical absorptive
capacity of efficiency gains was strong’, and it shows that
this absorption relied on a batch of low-hanging fruit
already picked (virtualisation, scale, PUE optimisation),
whose repeatability cannot be assumed.

Patterson et al.'s item-by-item accounting of the energy
and carbon of large-model training turned the
"compute-to-electricity” conversion from a concept into a
computable engineering quantity [9]. The judgement
given by the International Energy Agency in its special
report Energy and Al, published in April 2025, reads in
the original:

1 This item is also one of the falsification paths listed in Section 7; see 7.1.
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"There is no AI without energy — specifically electricity for
data centres."

— IEA, Energy and AI, 10 April 2025 [11]

That an energy agency issued a dedicated report on Al is

itself part of the signal.

Putting the three layers together: unit cost at the model
layer is rising, the physical dividend at the compute layer
has already been collected, so the pressure lands on the
energy layer. This is the technical content of the Glacier

Institute's line "Run the compute bill to the end and it is an

energy bill" ( TSNHIIKEE R 5, HORREIRAIK ) ).

The migration has two legs: first from model to
compute, then from compute to energy.

3. Method: Find the Slowest Ruler

The previous section gave the direction but not the
criterion. The criterion the Glacier Institute offers is

crude, and it works:

"The method for judging what will be scarce next in a cycle
is crude: find the slowest ruler. Chips turn over by the
quarter, data centres are built by the year, and one grid
expansion often takes several years more. The slowest of
the three curves is the ceiling. Equipment can be bought by
paying more, but grid time cannot be bought. As things
stand, the slowest is electricity." ( [ H[¥—AFHIR T —
AMRGREIARTY, TR L RIBEEBARHI R T B %
TR, PUBHAERER, BB —RY AR
ZIUE. Z5MARRBIIRE, ML REMR. B&T
PUIMERSE, (B2 BRI LR, HETE. mi2ie
Ho J )

"Compute iterates by the month; the grid expands by the
year. So when we look at a new data centre, we are used to
asking about the denominator first: how much power can
this site get in total? The gap is not in technology. It is in
the calendar.” ( T5EA7LUA HHER, HFLUAE S 2.
AR —AFLE . BATIBER SR X — S 3khE
EF L /bH? EEAERSAR, EHE. 1)

— essay No. 46, Power Before Compute ( <HLFEHEY )

Written in general form: the throughput of a series chain
is set by the link whose expansion period is longest.
When one link's expansion period is one to two orders of
magnitude longer than its neighbours', the marginal
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Table 1/ Exhibit 1 The five links on the chain, with each link's bottleneck variable, observables and time scale. The "current
bottleneck variable" column is the Glacier website's formulation or a direct paraphrase of it; the "observables" and "time
scale" columns are this paper's supplement from the public literature and do not represent Glacier's external formulation.

Link Current bottleneck variable Observables Time scale

Al High-quality data and the compute Training compute required per notch of Quarters to years
foundation cost of unit performance [1][2][3][4] performance; sustainability of data sources

models

Al Infra Power delivery and heat removal, not  Per-rack power density; cooling route; power Months (chips) / years (data
(compute and  chips obtainable at the campus halls) / several years (grid)
power)

Optical Energy per bit and switching Picojoules per bit on the link; share of optical Years to several years
interconnect granularity [12][13][14] circuit switching in production networks

Quantum Engineering of error correction Physical overhead per logical qubit; process Around ten years
computing yield

Controlled From scientific gain to engineering Gap between target gain and engineering gain;  Decades

nuclear usability [17] repetition rate

fusion

return on capital put into the short links decays quickly,
because output is capped by the long link.

This criterion has three properties worth noting.

First, it is measured in units of time, not units of
technical difficulty. A link may present no technical
difficulty at all and still become the bottleneck because of
approval, siting, permitting and construction periods.
Conversely, a link that is technically very hard does not
form a ceiling if its iteration period is short. Hard and
slow are two different things. They are easily
confused when judging.

Second, it is observable, and cheap to observe. "How much
power can this site get in total" ( [X— B ILEE &3 L /D

H | ) is a question that can be answered in the first week

of due diligence, without understanding any technical route.

Third, it changes position over time. "As things stand, the
slowest is electricity" ( [ HA[FH, HEM)2H ] ). The
wotds "as things stand" are a qualifier, not rhetoric. If the
power-delivery and heat-removal curves are pulled up, the
slowest position will move. The falsification design in

Section 7 of this paper is built around that movement.

A note in passing on where cooling sits in this framework.

The website places it ahead of power delivery as the
determinant of per-rack density. Read with the slowest
ruler: cooling is a physics problem, and the iteration
period of solutions to a physics problem lies between that
of chips and that of the grid. So cooling is usually the
first wall to be hit, and the grid is the last.

Glacier Institute Working Paper Series

Equipment can be bought by paying more. Grid
time cannot be bought.

4. Five Links on the Chain: Bottleneck
Variable, Observables and Time Scale
for Each

This section unfolds the website's chain into a comparison
table (see Table 1). The "Glacier formulation" column
contains only the website's original text or its direct
paraphrase; the "this paper's supplement" column comes
from the public literature and does not represent Glacier's

external formulation.

Supplementary notes follow on three of the links.

4.1 Al Infra: The Entry Point Is Moving Down

The website's conclusion on this link is that the entry

point is moving down:

"The entry point of Al infrastructure is moving down: from
the chip down to power electronics, and down again to
energy.” ( [ALZERRBIER N OTE T W T2
HIHET, BB 1)

"Al is the fuse; the upgrade of the grid and the energy
system is the larger market underneath. The two sentences
should be heard separately: the fuse decides the upside, the
market underneath decides the floor. Say only the first and
these assets get treated as cyclical equipment. Say only the
second and the urgency of the moment is lost. Say both and
the account is complete." ( ALl B5|{5F, HMEG5HEIHRZR
GHITIRA RERMIRE T XPAR5IT: 5E

2026-09-22
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Pt IRETHUE N Hkai—m, XRE™
SRR, RE—m, XD TY PR
o PIAERYL, TRAERE. | )

— essay No. 46, Power Before Compute ( <HLYEZESE» )

The second passage is, in this paper's view, the sentence
with the greatest methodological value on the whole
chain. It describes the pricing difference of one set of
assets under two narratives. As Al's supporting
equipment, their upside comes from AI's cadence. As part
of the energy-system upgrade, their floor comes from a
longer and steadier demand curve unrelated to Al. Say
both, and the floor is not wiped out along with the upside
when AI's cadence slows.

4.2 Optical Interconnect: From "Transmit Fast"
to "Transmit Frugally"

When per-rack power becomes the constraint, the
evaluation function for interconnect changes. What
matters is no longer bandwidth alone but energy
consumed per bit.” Miller's systematic treatment of
this question shows that the energy scale of optoelectronic
devices has physical room to advance towards the
attojoule range, and the size of that room decides whether
interconnect can keep pace with the growth of computing
density [12].

The engineering side already has observable evidence.
Google, in the evolution of its data-centre network,
reported the production deployment of optical circuit
switching in place of part of the electrical
packet-switching layer, and the gains from it [13]. Ballani
et al. gave the architecture and prototype of
nanosecond-scale optical switching [14]. Both works point
the same way: when energy rather than bandwidth
becomes the constraint, the granularity and
hierarchy of switching are redesigned, rather than
the wires simply being replaced by fibre.

An honest statement: this papet found no reliable public
data to support a judgement of the form "optical
interconnect will become the bottleneck of the whole chain
in some specific year" ([ H R FEREA BARE Gy B A #
iR | ), and therefore makes no such judgement. This
paper claims only that the evaluation function is shifting
from bandwidth to energy per bit. That claim has literature

supportt.

GI-WP-2026-P7-EN

4.3 Quantum Computing and Controlled
Nuclear Fusion: Two Different Rulers

The Glacier Institute's formulation on quantum

computing is to change the ruler:

"You can, but you need a different ruler. The old ruler
measures the spectacle: who has more qubits, whose
numbers look brightest, whose papers make the most noise.
The new ruler measures one thing only: the engineering of
error correction. Why? Because until error correction is
genuinely solved, the longer it computes the more it gets
wrong." ( [fEF ., (HEZEH—ERF. HRFERMER
W——ERLLR S ERRRRSE, RSSO, BT R T
HE—Ff: 2R TRA. Mtar BEAMEER
IEMRRZHT, HAPEA, FRlEZ. 1)

"Error correction trades quantity for quality: dozens of
physical qubits for one usable logical qubit. --- The real
denominator is not the total number of qubits, it is how
many process steps, control channels and wiring runs one
logical qubit has to absorb. The denominator is written on
the production line." ( TRriE44E, MEEHBEW T E:
JUPABLLERE, e RERIAZ LY (logical qubit)
o Geacos HIEH S BEARRREEL, B R
WL VETE. Z0BNE. 205EL. SRS
Zgl. 1)

— essay No. 44, For Quantum, Change the Ruler ( <&}
X—%, R¥EH )

The public literature matches this ruler. Gidney and
Ekerd's resource estimate shows that tasks of
cryptographic significance require physical qubits at a
very high order of magnitude, and that this number is
dominated by error-correction overhead [15]. Google
Quantum AT's reported surface-code error correction has
crossed the threshold, with the logical error rate falling
exponentially as the code distance grows; that is one real
forward movement of the mark on this ruler [16]. Read
together, they give the technical version of the website's
sentence: the denominator is written on the

error-correction overhead.

Fusion's ruler is different again. The inertial confinement
fusion experiment reported by the US National Ignition
Facility achieved target gain greater than 1 [17]. That is a
milestone in the scientific sense, but between it and "
engineering-grade sustained power generation" ( [ T.& |

WL % HE | ) lie gaps of several orders of magnitude in

2 This subsection is this papet's supplement; the Glacier website has no corresponding essay. The judgements in it are this paper's responsibility and do not

constitute Glaciet's external formulation.
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NOW - 2026

— PEBHAESBEX - LF

Figure 1 / Exhibit 2 The Glacier website shifts China's electric-vehicle penetration curve eleven years to the right as an
extrapolation of the tempo of Al penetration. The figure is taken from the Glacier website. The points on the left-hand
gold curve marked with years are published penetration rates; the 2030 point and the whole blue dashed line are marked
by the website as extrapolation, not observation. As this section requires, the scope is stated: it is an analogy about
diffusion tempo, does not constitute a prediction for any year, and cannot be used as a basis for asset pricing.

Table 2 / Exhibit 3 The misalignment matrix of the five links' realisation windows against common capital patience horizons. '
Realisation window" is an order-of-magnitude judgement, not a prediction for any year; "common capital patience
horizon" refers to the order of magnitude of a mainstream growth-stage fund's life.

Realisation window (order of Relation to the common capital
magnitude) patience horizon
AT foundation models Years Shorter
Al Infra (power delivery, cooling, power Around three years Roughly equal
electronics)
Optical interconnect Years to several years Roughly equal
Quantum computing Around ten years Longer
Controlled nuclear fusion Decades Far longer
repetition rate, overall driver efficiency and Each link has a different ruler. Mixing
materiallifetime. The Glacier Institute's posture on this rulers mistakes early for bubble and
line, in thewebsite's words, is: bubble for eGrIy, both at once.

"Putting fusion on the watch list is not romance. It follows
from reading the whole chain to the end." ( [ JEEASH3#E
WERE B, DRIRE . RIEEEHECZIFNLR. 1) 5. Temporal Misalignment: The
"Our posture on this line is plain: do not push, do not Genuinely Hard Part

hype, do not be absent.” (T FRATRF X FLRALMANR
DM, AR, RERE. 1)

— essay No. 45, The Longest Line ( <HHIBPHRZY )

The first four sections addressed "where the bottleneck
is". This section addresses a more troublesome question:
the realisation windows of the links on this chain
are so far apart that no single set of decision rules

@1z - KEY POINT can handle them.

Glacier Institute Working Paper Series 7 2026-09-22
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5.1 The Website's 40-Year / 120-Year
Formulation, and the Scope Within Which It
Holds

Under the "Energy of Intelligence" chapter of the Glacier
website there is a fixed formulation:

"At least 40 years to one small Gengxin cycle, and 120
years to one great Gengxin cycle." ( [ Z /40 4£—A/NBF
FER, 120 E—AKRPEER. 1)

"From the outset we have described this wave as a double
wave: Al and the energy revolution. --- Electricity and
intelligence are also the consensus solution for turning
today's oil-based economy and civilisation into a
low-carbon, resilient society." ( [3X—%S Y3+ 5 Al
LRI A O IR e oo RUFIERE . R H AT LA
TR FERII 5% 5 SO D IER . BIME A2 1 3R i
o 1)

— Glacier website, /institute.html, Glacier Institute "
Energy of Intelligence" ( #AEREVR L / Energy of

Intelligence | )

By this paper's own requirement, the scope within
which this formulation holds must be stated. This

paper's delimitation is:

It holds at the scale of the energy—civilisation
transition. It does not hold at the scale of asset
pricing.

The literature supporting the first half is clear. Grubler's
systematic research on energy transitions shows that,
historically, the substitution of major energy carriers has
taken decades, and that the larger the scale, the slower the
diffusion. He also warns against extrapolating the speed
of a whole energy-system transition from the rapid
diffusion of a single technology [20]. That is, viewing a
double energy—intelligence transition at the 40-year
order of magnitude is compatible with the empirical range
of energy-transition research. The 120 years correspond
to a larger civilisational scale. This paper found no
quantitative literature to set directly against it, so it is
quoted here as it stands, without independent
argument for it.

The half that does not hold must be stated just as clearly.
An asset's realisation window is set by the liability
structure of capital, not by the civilisational scale. The
Glacier website puts this more bluntly than this paper

does:
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"A sound technical judgement and a payoff window that
lines up are two different things. On frontier lines like
quantum computing and controlled fusion, the pendulum
of commercialisation often swings longer than a fund life:
a term of about ten years against a judgement that only
resolves in fifteen. --- A firm's limit is written in its fund
life, not in its understanding." ( T35 AW L, FISEIR
WXL, RFES. BRI AR
N, FLARR PR 3 Kol — AL (fund
life) + 4E BT, X EATAEA Do e R W oo —
ML SR, BEFSHE, AEENNER. | )

— essay No. 44, For Quantum, Change the Ruler ( <1
X—%, R¥EH )

Taking the 40-year ruler to measure a ten-year
fund, and taking the ten-year ruler to measure
fusion, are two directions of the same error. The
website's own extrapolation of diffusion tempo is shown

in Figure 1.

5.2 The Misalignment Matrix

Setting the five links discussed in this paper side by side on "
realisation window" and "patience hotrizon required for the
decision" ( [ YR Fr IO | ), the misalignment is
visible (see Table 2).

For this table, the rule the Glacier website gives is

ordering, not selection:

"Judging a direction is really two questions: is this direction
right, and when is it right. Which one do you answer first?
The second." (77 [ia AW SR AN IS : X AT 17 %
XS, EATT R AR SeEM—A? SEEE A
1)

"Does that mean we stop watching them? We watch. We

watch from the bench. But money and people go first to
where things resolve within three years." ( THFXJLAJ5 A
MAETE? &, RSHRER. (HEEMAT, JliE
SAENS WA BRI . 1)

— essay No. 38, Where We Are Going ( <{FHFHEE» )

The value of this rule is that it splits "believing in it" and "
acting now" into two judgements that can each be true on
its own. The website has another related line: "So 'not
committing heavily for now' is not the same as 'not
believing in it” ( (Ll TR FEF) FET TFE
I o 1)
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Figure 2 / Exhibit 4 The intuitive shape of experience-curve extrapolation. The left half shows three penetration curves that
have already run their course (marked by the welbsite as illustrative); the right half is Glacier's extrapolation of four curves
for the next round. The figure is taken from the Glacier website. This section uses it to show what falsification path 7.2 looks
like: if the cost decline and deployment speed in the right half do follow experience-curve extrapolation, then "grid time"
is no longer the only hard constraint. The curves in the figure are illustrative and extrapolated, not fitted results.

5.3 Why the Misalignment Does Not Disappear
on Its Own

A natural objection: the market will repair the
misalignment itself, since long-cycle assets can be taken
up by long-term capital. This paper holds that the repair is

partial, because of the chain's series structure.

The criterion in Section 3 above shows that the slowest
link caps the output of the whole chain. If the slowest link
happens to be one that the capital with the shortest
patience horizon is unwilling to enter, then
over-investment in the short-cycle links is wasted by the
long-cycle link. The misalignment is not a problem
of two asset classes. It is a problem of different
links on the same chain clearing at different
speeds. That is also why this paper gives it a section of its

own rather than filing it under risk disclosures.
i@z - KEY POINT

Answer "when is it right" first, then "is it
right".
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6. The Embodied End: The Constraint Is
Also Moving Towards the Physical Side

The first five sections walked the supply side. This section
returns to the protagonist on the demand side, embodied
intelligence, to show that the constraint there is also
moving towards the physical side. This forms the second
independent chain of evidence for this paper's main

proposition.

Training data for language models can be scraped. Motion
data for robots cannot. The asymmetry is structural. The
Open X-Embodiment work matters precisely because it
had to pool real-robot data from more than twenty
institutions to assemble a cross-embodiment dataset of
usable size [21]. The RT-1 work shows that the capability
ceiling of a robotics Transformer is bound directly to the
scale and diversity of real-robot collection [22].
Vision—language—action flow models of the 7o kind carry
the same dependence forward [23]. These three works
share one premise: motion data can only be

"made", not "scraped".

The Glacier Institute's formulation of the same thing
lands at the company level:

"Combining hardware and software cannot be done after

the fact. However strong the brain, if the hand is not good
enough and the joints are not small enough, the hardware
cannot support high-quality collection and the model's

ability never comes out. Why? Because embodied data
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cannot be scraped. It has to be produced by a realmachine,
one repetition at a time. Whoever can build thebody and

get it deployed holds the tap. Hardware sets theceiling on

what the model can do." ( [#AESE & 3X - FH G b o

KRIGFFGR, FABE . RITAGEAN, BN B
HIREE, BRMRE IR AR, At 4? HHAE
HIEHRIRAE . BRI R R . HEREIE
AEELRIFIRE T L, W E SRR k. A
PLERIIRE I ERR. 1)

— essay No. 40, The Watershed in Embodied Intelligence Is
Day One ( <HEEREMKIE, TEH—K> )

And its requirement on observed indicators:

"That curve — the scaling curve — is a stable relationship
between data volume and capability --+ A one-off demo
can be stacked up by engineering. But a stacked demo does
not extrapolate; the curve does." ( [ fFiEABSE % (
scaling curve) , W EHIERFGE 2 HFaERR -
B SR LR TR Ok o ELREHE S SR R A S
. WA SME. 1)

"An edited video is not evidence. We only look at the ramp
curve." ( [BYARIS AL ZAESE . AR IEHHIZL .
1)

— essay No. 40; essay No. 39, Watch Fewer Launch Events,
Go Look at the Line ( </VHERAKS, EFELY )

Connect the two ends: on the supply side the constraint is
moving towards energy; on the demand side it is moving
towards the body and the production line. Both ends
are leaving the centre called "model". This is the
complete form of this paper's main proposition.

One objection in passing. Some will say that body form
will converge eventually, and that brain and body can
then be advanced in parallel by a division of labour. The
website itself writes this objection out, and gives its

premise:

"There is the opposite view: specialise, split the brain from
the body, and each moves faster. That holds, but it is not
the only thing that holds. Splitting assumes a stable
interface. As things stand, the form of the body is still
changing, and every time the interface changes, the data
already accumulated is discounted again. Discounted by
how much? Nobody can say." ( T4 5t R Mdik: K
WALL, KENFAARS I, & BB R X5 MAL
 AHRAME—. IR R O RRE . HETE . A&
ETEASETEAS , B —IR, AR AR T
—UAr. Pt BABGHE. | )
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— essay No. 40

"Discounted by how much? Nobody can say" ( [#7{1% /D>
? W NEHE | ) is a line this paper is content to keep as
it stands: it marks a genuine unknown, rather than covering

the unknown with an estimate.

IB1Z8 - KEY POINT
Text can be scraped. Motion can only be

made.

7. Falsifiability: Under What Conditions
This Judgement Fails

This paper's main proposition, that the constraint is
moving from the model layer to the compute and energy
layers, is not an informative judgement unless it can be
falsified. This section lists five falsification paths and their

observable indicators.

7.1 The Efficiency Curve Outruns the Power
Curve

Falsification form: If the energy per unit of effective
compute keeps falling faster than compute demand

grows, energy will not become the capping link.

Why this one is strongest: It has historical precedent.
The 2010—2018 interval recorded by Masanet et al. was
exactly a period in which efficiency gains absorbed
workload growth [10].

Observable indicators: Annual decline in energy per
unit of effective compute on same-generation hardware;
the rate of improvement in campus-level energy-use
efficiency; the rate of decline in compute required for
equivalent performance on the algorithm side.

The counter to this falsification (this paper's
position): The efficiency sources of that period were
mainly low-hanging fruit already picked, and their
repeatability cannot be assumed; and the power-density
constraint identified in [6] is a physical constraint that
does not loosen with better management. But this
paper acknowledges that this path is the one most

likely to overturn the main proposition.

2026-09-22



From model side to energy side

7.2 Supply Elasticity on the Energy Side Is
Systematically Underestimated

Falsification form: If the cost declines of solar, storage
and similar technologies continue along experience-curve
extrapolation, and deployment is faster than grid
expansion, then "grid time" is no longer the only hard

constraint.

Basis: Nagy et al. verified that Wright's law (cost falls as
a power law of cumulative production) predicts better
than other candidate forms across a large number of
technologies [18]; Way et al.'s energy-transition forecast
built on it holds that a fast transition is favourable on cost
[19]. The intuitive shape of this falsification path is shown

in Figure 2.

Observable indicators: The share of new generating
capacity that can be consumed on site at the data centre;
the cost curve of paired storage; the actual period from

project decision to grid connection.

7.3 Demand Falls Short of Expectations

Falsification form: If inference-side demand grows
markedly below current capacity plans, the bottleneck
never reaches the energy layer at all. The surplus appears

first on the compute layer.

Observable indicators: Compute utilisation; the
direction of change in cost per inference request; the
share of data-centre construction plans withdrawn or

delayed.

Note: This falsification path differs in kind from the first
two. The first two say "the bottleneck will be unlocked";
this one says "the bottleneck will not arrive". Their
implications for assets are opposite and must not be

mixed.

7.4 Geographic and Temporal Arbitrage
Dissolves the Constraint

Falsification form: Training workloads are insensitive
to latency, so they can be moved to regions with abundant
power and low prices, and even scheduled into the grid's
surplus hours. If such arbitrage is large enough, the local
grid's expansion period is no longer the ceiling of the

whole chain.

Observable indicators: The share of training clusters
that are cross-regional; the share of interruptible load in
total load; the share of projects that co-locate data centres

with generation.
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Note: This path holds for training workloads far more
than for inference workloads. Inference sits close to the
user, and the latency constraint is real. So when this
falsification holds, it can only be locally true. That
is exactly why the proposition needs to be stated
separately by workload type.

7.5 A Route-Level Jump in Cooling or
Interconnect

Falsification form: If thermal management undergoes
a route-level leap that raises the per-rack density ceiling
by an order of magnitude at once, the ordering in Section
3, "cooling is the first wall", fails; the bottleneck jumps
straight to the grid, and the time-scale table in Section 4

of this paper needs rearranging.

Observable indicators: Replacement of the
mainstream cooling route in production environments;
measured decline in energy per bit in production
networks [12][13][14].

7.6 Summary: Where the Weak Point Is

Put the five together, and the most fragile place in this
papet's main proposition is not "there is not enough
electricity", where the evidence is fairly ample, but "there
may be more substitute paths for electricity than expected" (

[ SR T BEEL £ | ). 7.1, 7.2 and 7.4 are all
substitute paths. An honest way to put it: this paper claims
the direction of the constraint, not that the constraint is

unsolvable.

The weak point of this judgement is not "not
enough electricity” but "more substitute paths for
electricity than expected".

8. Scope, Boundaries and What This
Paper Has Not Done

Following the Glacier Institute's usual practice, the scope
of this paper is written at the end rather than omitted.

What this paper claims: In this Physical Al round, the
constraint is migrating from the model layer to the
compute and energy layers; the operational method for
locating the bottleneck is to find the link with the longest
expansion period; the realisation windows of the links
differ by orders of magnitude, and this misalignment has
to be handled with the ordering rule "answer when it is
right first".

What this paper does not claim:
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e No inflection point in any specific year. All time scales

in the text are orders of magnitude, not dates.

¢ No victory for any single technical route. The table in
Section 4 is a comparison of bottleneck variables, not a

scoring of routes.

¢ No judgement on any company, and nothing on any
company's capital-market process, price or valuation.

No company is named anywhere in this paper.

¢ Not investment advice.

‘What this paper could not find, and therefore
leaves blank:

¢ The Glacier website has no dedicated essay on optical
interconnect, only the name in the direction list and the
one-line INFRA formulation. All technical content in
Section 4.2 is this papet's supplement from the public

literature.

e For the formulation "120 years to one great Gengxin
cycle" ( 1120 4F—ANKBFEJEHA | ), this paper found
no quantitative literature to set directly against it, so it
is quoted as it stands, without independent argument.
The 40-year order of magnitude is compatible with the

empirical range of energy-transition research [20].

e This paper could not obtain reliable public data to
support "optical interconnect will become the
bottleneck of the whole chain in some specific year" ( T

R AE R BRGNS BT ) ), and so

makes no such judgement.

To close, one line from the website, because it also
explains why this paper writes about the far end of the

chain:

"The longest line often sets the scale of the whole drawing.

We do not rush it. We keep watching it." ( THzEAIZ,
HAEE R ERI LB, BRATARE, —EFEE. | )
— essay No. 45, The Longest Line ( <HAHIIBHRZY )

Glacier Capital's external tagline is "Certainty in the
Sci-Tech Era" ( T BHIIBRAIHHEME (Certainty in the
Sci-Tech Era) | ). On a chain whose slowest link is
measured in decades, certainty cannot come from
predicting what will happen in a given year. It can only
come from keeping each link's ruler distinct, and not
mixing them. This is where the whole methodology of this

paper lands.
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Facts have a scope. Failing to answer "within what
scope does it hold" is losing a dimension.
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