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WELCOME TO THE EDGE.

Morgan Stanley Investment
Management's Counterpoint Global,
shares their proprietary views on big
ideas that have the potential to trigger
far-reaching consequences—ideas such
as blockchain, autonomous vehicles,
machine learning and gene editing.

Counterpoint Global's long-term
ownership mindset emphasizes
perspective and cross-disciplinary
thinking, while our investment

process focuses on identifying unique
companies with sustainable competitive
advantages. Through the EDGE, we
share our framework for thinking about
change and our process for recognizing
patterns that may drastically alter

the investment landscape over the

long term.

This work complements our team’s
more traditional, fundamental
research to create a framework for
long-term investing that is grounded
in intellectual curiosity and flexibility,
perspective, self-awareness and
partnership.

Humanoid robots—robots designed with
human-Llike form, dexterity, and mobility—
are emerging as a potentially significant
technological development. Historically,
robots have excelled in structured industrial
settings, performing repetitive and
predictable tasks. However, nearly all physical
spaces—from tools to workstations to
transportation systems—have been shaped
around human proportions and behaviors.
Tools, workspaces, transportation methods,
and daily objects are tailored to human
geometry, perception, and motion. A machine
that can move and function effectively in
environments designed for humans—without
requiring structural changes—marks a
notable departure from the constraints of
past automation.

Recent advances in artificial intelligence,
particularly in vision-language models (VLMs),
reinforcement learning, and simulation, are
expanding the feasible capabilities of robots
operating in dynamic environments. As a
result, humanoid robotics is transitioning
from long-term aspiration to near-term
industrial experimentation.




Historical Context and
Technological Shift

Early robotics, dating back to the 1960s,
largely revolved around fixed industrial

machines built to perform repetitive
tasks in tightly structured settings.
Subsequent decades introduced mobile
robots and improved perception systems,
enabling broader applications across
logistics and warehousing. Despite
meaningful progress, these systems
remained narrow in capability and were
generally confined to environments
engineered for their constraints.

The current evolution is distinguished
by the integration of Al-driven
generalization into physical systems.
Humanoid robots seek to replicate

key elements of human mobility and
manipulation—including bipedal
locomotion and fine motor dexterity—
to operate across unstructured settings.
By pairing adaptable Al with a

body plan shaped for human spaces,
humanoid systems can operate in
everyday environments without the
extensive restructuring that earlier
robotic platforms often required.

This shift is reinforced by an unexpected
factor: social acceptance. Robots with
human-like proportions often feel more
approachable and easier for people to
interact with, which can help reduce

friction during workplace adoption.
Over time, these social dynamics may
ease deployment and increase the
viability of humanoids in customer-
facing or collaborative roles.

Economic Drivers and the Case
for Humanoids

The macroeconomic backdrop
strengthens the case for humanoid
robotics. Labor markets in developed
economies have experienced persistent
shortages; in the G7, job vacancies per
unemployed person have increased
approximately fourfold since 2010.
Industries reliant on physically
demanding, repetitive, or hazardous
tasks—such as manufacturing, logistics,
inspection, and facility operations—
have faced particular challenges in
filling roles.

Humanoid robots present a potential
solution for several reasons. First,
they operate within existing human
infrastructure, reducing or eliminating
the cost of reconfiguring work
environments. Second, they can
theoretically cover multiple shifts
without fatigue, potentially lowering
unit labor costs over time. Third, they
allow companies to offload tasks that
pose safety risks to human workers,
reducing injuries and associated costs.

AT advancements are also lowering the
barrier to broader utility. High-fidelity
simulation, a realistic and immersive
training method, now allows robots to
practice motor behaviors at scale, while
reinforcement learning and multimodal
models enhance their ability to interpret
surroundings and plan multi-step
actions. These tools collectively expand
the range of tasks robots can perform
and enhance their adaptability to real-
world variability.

Taken together, these dynamics
create a foundation for potential early
adoption in industrial and logistics
settings, where the combination of
labor scarcity, safety considerations,
and repetitive workflows align well
with the capabilities of emerging
humanoid systems.

The Architecture of Embodied
Intelligence

Humanoid robots rely on the integration
of two distinct layers of intelligence:

LOW-LEVEL MOTOR CONTROL

(THE “LIZARD BRAIN")

This layer governs balance, gait, reflexes,
and real-time coordination, requiring
rapid processing at frequencies up

to several hundred hertz. Progress

in simulation-to-real transfer and



reinforcement learning has materially
improved lower-body stability

and whole-body control, allowing
robots to walk, recover from
disturbances, and manipulate objects
with increasing reliability.

HIGH-LEVEL COGNITIVE REASONING
(THE “CEREBRUM")

The cognitive layer focuses on
perception, planning, and decision-
making. Vision-language models
combine visual input with language-
based reasoning to interpret scenes,
follow instructions, and structure
multi-step tasks. However, this layer
remains the most significant constraint.
Current systems exhibit limited model
generalization outside trained contexts
and degrade when encountering

novel environments. The gap between
task-specific competence and broad
adaptability remains a central challenge
for developers.

To conceptualize maturity, researchers
often use a three-level taxonomy:

e LEVEL 1: Task-Specific Execution —
performing predefined actions with
minimal adaptability; dominant state
of commercial humanoids today.

e LEVEL 2: Task Generalization —
adapting skills to new but related
scenarios using sensory input
and learned priors; current
research frontier.

 LEVEL 3: Generalized Intelligence —
autonomously learning new tasks
from demonstration or observation;
an aspirational capability requiring
significant advances in data,
reasoning, and physical control.

Underlying this framework is a common
bottleneck: the need for large-scale,
high-quality, human-centered data.
Current collection methods, such as
teleoperation and motion capture,

are slow and expensive. Developers
increasingly believe that scaled real-
world deployment may be necessary

to generate the diversity of data
required for reliable generalization,
paralleling the learning flywheel seen in
autonomous vehicles.

Market Potential and Path

to Adoption

Viewing the opportunity through

the lens of tasks currently performed
by people suggests an addressable
market of enormous scale, potentially
spanning several trillions of dollars.

Yet this framing may underestimate
the long-term potential. As humanoids
become more capable and cost-effective,
they could assume tasks that are not
economically viable for human labor,
enabling new categories of productivity.
In this scenario, the number of robots
deployed could eventually exceed the
number of human workers.

Importantly, meaningful unit volume
growth is not expected until the end
of the decade. The first meaningful
deployments will likely occur in
controlled industrial settings, where
workflows are stable, infrastructure

is uniform, and ROI is easiest to
demonstrate. These early deployments
may serve not only as proof points but
also as critical data-generation engines,
accelerating the learning cycles needed
for broader application.

Over time, as hardware costs decline,
reliability improves, and cognitive models
generalize more effectively, humanoids
may expand into more complex roles
across manufacturing, logistics, retail
operations, and potentially consumer
applications. However, the pace of
expansion will depend heavily on
progress in Al generalization and the
development of regulatory, safety, and
operational frameworks.

Risks and Constraints

Several risks may impede or
delay the widespread adoption of
humanoid robots:

1. Al GENERALIZATION LIMITATIONS:
High-level reasoning models
struggle with variability and
unforeseen scenarios. Without robust
generalization, robots may remain
confined to narrow applications.

2. DATA SCARCITY AND QUALITY:
The scale of data required to train
reliable embodied systems is far
greater than what currently exists.
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Collecting this data is expensive and
operationally challenging.

3. MECHANICAL AND SYSTEM
RELIABILITY:
Bipedal locomotion and dexterous
manipulation introduce mechanical
fragility. Industrial environments
demand durability, uptime, and
predictable performance, all of which
remain evolving targets.

4. ECONOMIC VIABILITY:
Early units may be costly, and
adoption depends on achieving
cost curves that make humanoids
competitive with or superior to
human labor. The timing of this
transition is uncertain.

5. DEPENDENCE ON FUTURE
Al CAPABILITIES:

Fully general-purpose robots may
require advances approaching artificial
general intelligence (AGI), the
timeline for which is indeterminate.

These challenges indicate that
humanoid development may follow a
path similar to autonomous vehicles—
significant technical leaps that take
longer than anticipated to translate into
widespread commercial use.

Conclusion

Humanoid robots sit at the intersection
of rapid Al progress, advances in
mechanical design, and meaningful
changes in global labor dynamics. The
technology is still in its early stages,
but the rationale for exploration is
compelling: robots capable of operating
in human-centered environments
without costly redesign could
fundamentally reshape industrial
workflows and labor allocation.

The path forward will likely involve
incremental commercial deployment,
significant data accumulation, and
sustained innovation in both Al

and hardware. While uncertainties
remain substantial, the long-term
implications—economic, operational,
and societal—could be profound. For
investors and enterprises, humanoid
robotics merits careful observation as
a potentially transformative frontier of
embodied artificial intelligence.



Risk Considerations
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party sources.
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is not investment advice, nor should it be construed in any way as tax,
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seek independent legal and financial advice, including advice as to tax
consequences, before making any investment decision.

Charts and graphs provided herein are for illustrative purposes only.
Past performance is no guarantee of future results.

This material is not a product of Morgan Stanley's Research Department
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