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Key Takeaways

The whole machine answers "can it"; the
components answer "is it stable, is it cheap
enough, can it be changed".

The more transferable the upper layer's
capability, the less value stays in the upper
layer.

The layer that creates value and the layer
that holds bargaining power are never
automatically the same layer.

Meeting the mean is the prototype's job;
narrowing the distribution is the
production line's.

Abstract

Public discourse on embodied Al is organised almost

entirely around the whole machine: whether a robot can

walk, grasp, or perform a coherent demonstration. This

paper argues that such a framing cannot answer a more

consequential question — at which layer of the stack

durable bargaining position will settle.

We advance a single claim: value in embodied Al is

migrating from the whole machine toward the perception

and actuation component layer, and within perception,

tactile sensing is the last to be solved and the hardest to

route around. The paper predicts no prices for any firm; it
argues why value should accumulate at this layer, and under
what conditions the argument fails.

Three mechanisms are stated as falsifiable propositions.
First, a manufacturing experience curve: for devices of this
kind, unit cost declines log-linearly in cumulative output,
and what actually narrows is the yield distribution, not
merely the mean [6][7][8][11]. Second, a data loop:
physical-interaction data cannot be synthesised at will and
scales with deployed robot-hours rather than compute, so
the data stock is tied to whoever ships hardware
[17][19][20]. Third, full-stack traceability: whether a field
failure can be traced along the signal chain back to device
design determines whether the improvement cycle is

measured in device generations or in model iterations [26].

Section 7 states four conditions under which the claim does
not hold: vertical integration by whole-machine makers
[22], a competence-destroying shift in sensing mechanism
[24][25], interface standardisation commoditising the
component [23], and applications that simply do not
require fine tactile resolution.
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1. The Problem: The Whole-Machine
Narrative Cannot Answer "Which Layer
Value Settles In"

Over the past two years, public information on embodied
AT has been dense but uniform in structure: almost every
visible signal hangs on the whole machine. The more
coherent a prototype's motion, the further it travels; the
yield fluctuation of the nth batch of devices on a

production line has no propagation value.

Glacier Capital's statement on this is direct:

"Why? Because the two ask different questions. A demo
answets one: can it be done. The line answers three: is it
stable under harsh conditions, do the numbers work, and
does the data feed back into the model — the data
flywheel. A machine that cannot answer those is an
exhibit." ( [E7RABEE—A: BEARE. PREEZE=A
D PR LU RS, IR R . BARAEARE
WA (data flywheel)s A EREIBLE:, o 1)
— Glacier Capital, Watch Fewer Launch Events, Go Look

at the Line ( </VEERAME, REFLY ) 3]
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That sentence is usually read as a due-diligence discipline.
This paper reads it as a proposition about industry
structure: if the whole machine only answers "can
it", then the question it answers is one that will be
redone again and again, with a bar that falls every
year. The marginal difficulty of a demonstration is falling
— public robot-learning models and datasets are turning
"getting a machine to complete a sequence of motions"
into a transferable capability [17][18][19][21]. The three
questions the production line must answer, by contrast,
each grow in time and materials, and none gets cheaper

when a paper is published.

The question is therefore rewritten: on a value chain
where the upper layer's capability becomes ever more
transferable and the lower layer's ever more dependent on
accumulation, which layer does value settle in?

Glacier Capital has already given a structurally identical

answer on another industry line:

"In other words, the entry point of Al infrastructure is
moving down: from the chip down to power electronics,
and down again to energy." ( [ EEEPE, AL LR
ANOETH: SR FREENET, BIBERE. |
)

— Glacier Capital, Below Compute Is Electricity ( 3. 7};
ZFREHETY ) 4

This paper argues that a downward shift in the same
direction is happening on the embodied Al chain, and that
it lands on perception and actuation components. It also
sets out to make clear that the shift is not driven by the
intuition that "lower is harder", but by three mechanisms

that can each be tested separately.

The more transferable the upper layer's capability.
the less value stays in the upper layer.

2. Definition: What This Paper Means by
"Value Migration”, and What It Does
Not

In this paper, "value migration" refers to one thing only:
on an industry chain, which layer's capability is
harder to replicate, and therefore holds the

stronger bargaining position in the long-run

division of labour.

Three boundaries, stated up front.
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1/ Exhibit 1 Which layer value settles in along the embodied-Al chain. The figure is this paper's own synthesis; the three
layers and the contrast between transferable capability above and cumulative capability below come from Sections 1
and 2, and the parallel downward shift on the compute chain is quoted in Section 1. No company name, price or time
forecast appears, and the arrow marks the direction of migration, not chronological order.

First, this paper does not discuss any firm's price,
financing arrangements or future capital-market path. It
discusses the structure of the division of labour, not asset

pricing.

Second, this paper does not claim the whole machine is
unimportant. On the contrary, Glacier Capital's public
statements hold that the robot body is the entry point for
data:

"Hardware sets the ceiling on what the model can do." ( T
A s YRR A R )

"Whoever can build the body and get it deployed holds the
tap.” ( MEREAEA A HORIFIRE T 5 iR A SR
Bk, 1)

— Glacier Capital, The Watershed in Embodied
Intelligence Is Day One ( < HEZRERI 3 KIE, FESE—
Ky ) [

The importance of the whole machine is not the same as
its bargaining position. A link can be both necessary and
replaceable — precisely the mismatch that recurs in
industry-architecture research: the link that creates value

and the link that captures it are often not the same [23].

Third, the "components" in this paper are not the generic
parts on a purchase list, but devices that carry physical

contact, signal generation and calibration

Glacier Institute Working Paper Series

responsibility at the same time: tactile arrays, torque
sensing, dexterous-hand joints and their packaging. What
they share is that the device's physical form directly

decides what the model above can see.

The layer that creates value and the layer that
holds bargaining power are never automatically
the same layer.

3. Mechanism One: The Manufacturing
Experience Curve — What Narrows Is
the Distribution, Not Only the Mean

Proposition M1 (testable): For devices such as
perception components, unit cost declines log-linearly in
cumulative output; and the main contribution to the
decline comes from the narrowing of the yield

distribution, not from scale dilution alone.

This proposition has an old source. In 1936 Wright used
aircraft-assembly data to give the first experience curve:
each doubling of cumulative output cuts unit labour hours
by a stable proportion [6]. In 1990 Argote and Epple
surveyed how the shape of this curve varies across
manufacturing, noting that the slope of the same curve
can differ greatly between organisations [7]. In 2013 Nagy
and colleagues compared more than sixty technologies
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and concluded that Wright-type models with cumulative
output as the independent variable predict better than
models with time as the variable [11].

More important for this paper are two studies that take
"where the decline comes from" apart.

Hatch and Mowery used semiconductor fab data to show
that yield improvement is not an automatic by-product of
volume, but the result of engineering resources
deliberately directed at process problems [8]. Sinclair,
Klepper and Cohen, using long-run data from a speciality
chemicals producer, went further: a sizeable share of the
cost decline comes from purposeful knowledge

accumulation, and cumulative output is only its proxy [9].

Levitt, List and Syverson recorded how the defect rate on
an automobile assembly line fell rapidly with cumulative

output in its early months, and tested what this learning

attaches to — it does not simply attach to the equipment

[10].

Put the four together and the real meaning of M1 emerges:

the difference between the millionth device and
the first is not quantity, it is distribution. The first
device only has to be made right once; the millionth
requires a band of variation narrow enough that the
downstream can fit it in without recalibrating. Meeting
the mean is the prototype's job; narrowing the
distribution is the production line's.

Glacier Capital describes the way to verify this plainly:

"It is a judgement that has to be proven again every yeat.
Batch delivery capability is hard to verify in a meeting
room. Process, yield, supply chain — you measure them on
your feet, on site, visit after visit." ( [IX—5cNRARIE, =&
FRAEARE IR ZE R FIr . SR AT R IR E S =
HEysg. T2 RE. gk, HaE—kkE g i
Ho 1)

— Glacier Capital, Watch Fewer Launch Events, Go Look
at the Line ( </VERAGSL, ZHBFELY ) 3]

How to falsify M1. Take batch-by-batch data for the
same device on the same line, plot log(unit cost) against
log(cumulative output), and decompose the decline into
experience, scale and input prices as in [9]. If scale and
input prices explain most of the decline, the firm has no
experience-curve barrier at this layer, only a temporary
procurement advantage. A more glaring indicator is the
range of yield fluctuation within a year — Glacier Capital
lists it among the three things an investor most needs to
ask when discussing value translation [3].

Glacier Institute Working Paper Series
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Meeting the mean is the prototype's job; narrowing
the distribution is the production line's.

4. Mechanism Two: The Data Loop —
Physical-Interaction Data Only Grows in
Real Operating Conditions

Proposition M2 (testable): The marginal cost of
acquiring physical-interaction data (contact, slip,
deformation, force feedback) does not fall with compute;
it falls only with deployed robot-hours. The stock of such
data is therefore tied to "whoever got the hardware onto
the site".

Language and image data already exist on the internet;
contact data does not. Whether a grasp succeeds or fails,
where a slip begins, the deformation curve of a soft
package under a gripper — each must be produced once

by a real machine at a real workstation before it exists.

Recent public work gives the order of magnitude of this
cost. Open X-Embodiment was a collaboration of 21
institutions that pooled data from 22 different
embodiments, covering 527 skills [19]. DROID recorded
76k demonstration trajectories, about 350 hours of
interaction data, collected by 50 collectors across 564
scenes and 84 tasks over 12 months [20]. The premise of
the RT-1 line of work is stated even more bluntly:
real-world robot data is hard to collect, and this is exactly
what sets the generalisation problem in robotics apart
from vision and language [17][18]. These are publicly
verifiable industry facts and point to no specific

commercial entity.

Note the structure of these numbers: their denominators
are counts of institutions, scenes, months and collectors,
not of graphics cards. Compute can be bought;

robot-hours cannot.

Glacier Capital's statement pushes this one step further

forward:

"Combining hardware and software cannot be done after
the fact." ( MRS & X AFFREF . 1)

"Because embodied data cannot be scraped. It has to be
produced by a real machine, one repetition at a time." ( [
B BB ERICARE] . B RS B — IR — A
1)

— Glacier Capital, The Watershed in Embodied
Intelligence Is Day One ( < HBEGERI 23 /KIE, 1Ed—
K» ) 6]
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2 / Exhibit 2 The three separately testable mechanisms. The figure is this paper's own synthesis; the three propositions,
the sketches and the takeaways come from Sections 3, 4 and 5 respectively, and the falsification test is stated at the end
of each section. The distributions, bars and signal chain in the figure are schematic, not measured data.

The position of tactile sensing in this logic is particularly
special. Visual data can be partly filled in by rendering;
the simulation of contact data is still constrained by
material and friction modelling. In other words, the
signal path in the perception layer that is hardest
to replace by simulation is exactly the one where
the data barrier is thickest.

How to falsify M2. Look at two things. First, whether a
stable data-to-capability curve exists — Glacier Capital
calls this "the curve, not the demo" ( [ H L, AHHRN]
) and places the judgement on the slope [5]. Second, if some
simulation or cross-modal transfer method can generate
usable contact data at a markedly lower cost, and models
trained on it perform without discount in real operating
conditions, M2 is weakened. This is a proposition with a

clear observation window, not an attitude.
JBIZE - KEY POINT

Compute can be bought: robot-hours
cannot.

Glacier Institute Working Paper Series

5. Mechanism Three: Full-Stack
Traceability — Whether a Failure
Sample Can Travel Back Along the
Signal Chain to Device Design

Proposition M3 (testable): When a field failure
sample can be traced along the signal chain to a specific
device and specific calibration parameters, the unit of
improvement is the device version; when it cannot, the
failure can only be treated as noise and resampled, and
the unit of improvement degrades to the model iteration.

The former converges markedly faster than the latter.

This is the least discussed of the three mechanisms and

the one most easily skipped in due diligence.

Manufacturing has a relatively mature definition of
traceability: keep the correspondence between materials,
process steps, parameters and finished goods, so that any
finished item can be traced back to every step it went
through [26]. Transposed to embodied Al, the question
becomes: when a grasp fails, can the system answer
"which tactile channel drifted by how much at what
temperature"”, rather than only record "this one was not

grasped'?

If it can answer, the failure is a design input; if it cannot,
the failure is just one more sample waiting to be drowned

by more data.
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Glacier Capital's statement on full stack is about exactly
whether this chain can be joined up:

"On this line we care about the loop being closed: whether
the brain, the body and the data toolchain grow inside the
same organism. Full stack is not ambition. It is a
precondition — not wanting to do everything, but having
to do these things together. Starting with a low-difficulty
setup for the demo and adding a real hand later is very
hard to make work." ( [1X 554k FIRAILLRBEIHIF: K
Wi A Bl THAE, ALKIER—F S EH, 2
AR OKR, RODEFMHF— R 2N, X
PR — e il SE AR BER 5 Rt DUR FAb
—HEIERT, RMfEfE. 1)

— Glacier Capital, The Watershed in Embodied

Intelligence Is Day One ( < B BB FEIIHKIE . TEE—
Ky ) [l

In this paper's reading, that passage has a concrete
technical meaning: traceability is not a
documentation regime, it is interface design. If a
tactile device exposes upward only a result that has been
filtered, compressed and normalised, then what happened
in between is forever invisible to the layer above; once the
signal chain is cut, tracing back is impossible. Conversely,
only a device willing to expose the raw signal, calibration
parameters and operating-condition tags together can
turn a failure on the model side into an improvement item

on the device side.

This also explains why this layer's bargaining position
differs from the whole machine's: what the device side
holds is not just a part, it is a coordinate system

that makes failure explainable.

How to falsify M3. Sample a batch of field failure cases,
count the share that can be located to a specific device or
specific calibration parameter, and the median time from
failure to design change. If that share is low and the
system's field performance is still improving steadily,
improvement does not depend on tracing back, and M3
does not hold.

iBfZHa - KEY POINT
A failure that cannot be traced back

can only be drowned by more data; a
failure that can be traced back is the
design input for the next device version.

Glacier Institute Working Paper Series

GI-WP-2026-P3-EN

6. Why Tactile Sensing: The Link That Is
Solved Last

The previous three sections argued "why the component
layer". This section answers "why, within this layer, tactile

sensing".

Three reasons: two from the public literature, one from

industry fact.

First, it is hard to route around functionally.
Johansson and Flanagan note in their review that the
human hand relies heavily on fingertip tactile signals to
encode contact events and regulate grip force when
manipulating objects [12]. This is not a link that better
vision can fill — vision cannot give the force and slip at the
instant of contact. Dahiya and colleagues, in their 2010
review, extended this capability from humans to
humanoid robots and pointed out its engineering
difficulty [13].

Second, it started latest in engineering terms.
Public technical routes for this class of device only showed
clear morphological differentiation in the past decade: the
vision-based tactile route built on elastomers and cameras
[14][15], and the route that covers the contact surface with
arrayed electronic devices [16]. By comparison, the
engineering paradigms of machine vision and torque
control are far more mature. A late start means the
experience curve is still on its steep section — this
is a risk, and it is also exactly why value may settle

here.

Third, it has indeed been treated as an industry
gap. Among the 35 technologies listed in the 2018
Science and Technology Daily series "What Is Choking
Us", high-end array tactile sensors for industrial robots
were one item; this paper could not access the original
series and cites here a publicly accessible secondary
report [27], graded as a second-hand citation under the
Glacier Institute source grading and not used as a pivot in
the chain of reasoning.

Put the three together: tactile sensing is the path within
perception that is hard to route around functionally,
the latest to start in engineering, and identified as
a gap by an independent third party. By the logic of
M1, a late start means most of the distribution-narrowing
work is still undone; by M2, its data is the hardest to
replace by simulation; by M3, it is the end of the signal

chain nearest the physical world, where tracing back
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begins. On this path the three mechanisms stack; they do
not merely sit side by side.

iB1ZA - KEY POINT
Tactile sensing is the one path where all

three mechanisms stack.

7. When This Judgement Does Not Hold

A judgement with no stated boundary is no judgement. If
any one of the four situations below holds, this paper's
claim must contract accordingly. This entire section is the
paper's own addition and is not part of any statement

Glacier Capital or Glacier Institute has published.

Situation one: vertical integration by
whole-machine makers. When asset specificity is high
and interfaces change frequently, bringing key devices
inside the whole-machine maker is an efficient
arrangement in institutional economics [22]. More
awkwardly, the same fact this paper uses to support the
component layer can also be used to support integration
— Glacier Capital itself has written:

"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." ( [t84 i 3k

BBk RWALL, KIFARS I, &8 E R,
R MOL, HREAME—. 73 T T & AR E ;
HEIE ., AMERESETEE, BO8E K, mimHR
BB — KA. 1)

— Glacier Capital, The Watershed in Embodied
Intelligence Is Day One ( <E. B3G5 KIE, FE5E—
K» ) [5]

Interface instability is both the reason components are
hard to commoditise and the reason a whole-machine
maker would absorb them. Both readings hold at the
current stage, and this paper does not hide that.
Observation indicator: the share of whole-machine
makers that build their own tactile lines and supply
outside their own system; if that share stays near zero for
a long time while the in-house share rises, this layer is
being absorbed into the whole machine rather than

settling independently.

Glacier Institute Working Paper Series
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Situation two: a new sensing mechanism resets
incumbent experience to zero. Tushman and
Anderson distinguished competence-enhancing from
competence-destroying technological discontinuities [25];
Henderson and Clark went further, showing that even
when component knowledge is retained, the obsolescence
of architectural knowledge is enough to make incumbents
fail [24]. Concretely here: the vision-based tactile route
and the electronic-array route do not share a device
foundation; packaging, calibration and failure modes are
almost entirely separate. If one of them wins with a
markedly steeper cost-decline slope, the process
experience accumulated on the other is heavily
discounted — the M1 barrier does not hold its value across
a discontinuity. Observation indicator: the log
cost—log cumulative output slope of each route, and the

flow of key personnel between the two routes.

Situation three: interface standardisation turns
the component into a generic part. If widely
accepted tactile data interfaces and interchangeable
packaging appear, switching costs fall, and value migrates
again from the device itself to the owners of the standard
and the system integrators [23]. This is exactly the
warning Glacier Capital left on another industry line,
reproduced as is:

"So will the company standing in the middle come under
pressure? It will. Unless it becomes the integrator first. The
middle is not a safe zone." ( [¥5¥EH A A R EASH E
e 2o BRARE—HHONESH . TEAREEX. |
)

— Glacier Capital, Below Compute Is Electricity ( <% 1]
ZTRET ) M

Situation four: the application itself does not
need tactile sensing that fine. If mainstream
commercial applications converge on structured tasks,
where vision plus torque estimation is enough, the
marginal value of tactile sensing does not hold. Glacier

Capital has given a corresponding selection criterion:

"The first question in picking a use case is not how hard it
is, but how non-standard it is. The key only fits a
non-standard lock." ( [ ZIZ 24— AN EMERE S 5,
RAFREL F o PIRARIEARIBL. 1)

— Glacier Capital, The Watershed in Embodied
Intelligence Is Day One ( < B-BEREMRI 43K, FEE—
Ky ) 3]

2026-09-22



Value migration in embodied AI

Read in reverse, that sentence is this paper's boundary:
the share of non-standard applications is the
denominator of tactile value. If the denominator

shrinks, the conclusion shrinks with it.

One further self-limitation at the level of method deserves
a separate note. By the finding in [9], cumulative output is
only a proxy for deliberate engineering investment. "Large
cumulative output” is therefore not in itself evidence of a
barrier — a firm with considerable cumulative output but
stalled engineering investment has an experience curve
that is history, not an asset. Drawing a due-diligence
conclusion from cumulative output misreads history as an
asset.

The same fact — "the interface is still changing”" —
can argue for independent components and for
absorption by the whole machine, so it cannot be
used on its own to reach a conclusion.

8. Conclusion

This paper's claim compresses into one sentence: on the
embodied AI chain, the layer nearest the physical
world is the one whose capability is hardest to
replicate and where value is most likely to settle;
and tactile sensing is the path within this layer
that is solved last and where the three

mechanisms stack thickest.

This claim is not a price forecast but a set of judgements
that can be tracked. The paper offers three testable

corollaries for later review:

1. Distribution before mean. A
perception-component firm's annual range of yield
fluctuation predicts its position two years later better
than its peak performance parameters do. If the

predictive powers are reversed, M1 is weakened.

2. Deployment before model scale. At equal
model scale, the side with more deployed robot-hours
should not have a lower slope on its capability — data

curve. If the opposite is observed, M2 is weakened.

3. Traceback rate before demo quality. The
share of field failures that can be located to a specific
device or calibration parameter should correlate
positively with the rate at which the system's field

performance improves. If it does not, M3 is weakened.

All three corollaries can be partly verified without access
to any non-public information; this paper writes them in
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falsifiable form so that the judgement has a way of being

overturned.

Finally, the place of the method. Glacier Institute sums this
kind of work up in three words — the math, the curve, the
people ( TE. FH#. 7% AN ): the math reduces every
technology to a cost curve and a revenue structure; the
curve judges where that curve converges in five years; the
people is whether the team can turn a curve on paper into
numbers on a financial statement [1]. This paper has done
only a small piece of the first two; the third cannot be done

in a papetr.

Glacier Capital's public positioning is Glacier Orchestrator
of the Physical AI Era, and its public statement is that it
steadfastly chooses the North Slope of industry, seeking the
assets that will lead the next paradigm revolution ( [ 1% 5
WA THes) . SRR TG — B E
fHIAZ.O P2 ) ) [1][2]. The layer this paper studies — by
the three mechanisms above, solved later, harder to route
around, and most dependent on on-site verification —

falls, by that statement, on the North Slope side.

This paper is an analytical framework and does
not constitute investment advice; judgements
other than the cited and attributed passages are

the paper's own responsibility.

Certainty in the Sci-Tech Era is not in the demo: it is
in three slow things — distribution, deployment and
traceback.
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