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Global Automation

Humanoid Robot:
The Al accelerant

A year after we laid our initial expectations for global humanoid robot TAM of US$6bn,
we raise our 2035 TAM forecast to US$38bn resulting from a 4-fold increase in our
shipments estimate to 1.4mn units with a much faster path to profitability on a 40%
reduction in bill of materials. We believe our revised shipment estimate would cover
10%-15% of hazardous, dangerous and auto manufacturing roles. Al acceleration,
technology breakthroughs, greater capex investments are the key drivers of our forecast
changes.
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¢ Improved technological viability is supported by incorporation of end-to-end Al Company Limited

and multi-modal Al algorithms enabling much faster product iterations, leading Yuichiro Isayama

players' sooner-than-expected progress (e.g., Tesla Optimus Gen 2), and better
capabilities of the robots though possibility for a general purpose Al robot is still a
question;

BOM cost trended down likely by 40% to $150k per unit in 2023 from c.
$250k a year ago for high spec robots mainly driven by availability of cheaper
components with broader scope of domestic supply chain options from the best
performance components used in labs previously, implying a likely acceleration in
factory application viability timeline by one year and consumer applications timeline
by 2-4 years vs our prior estimates;

On labor market implications, the need for robots to handle dangerous jobs is
already elevated by national policy. Our sensitivity analysis suggests humanoid
robot demand could reach 1.1mn-3.5mn units globally assuming 5-15% substitution
rate for special operations and auto manufacturing to support our base case
assumptions. In our blue-sky scenario, we assume manufacturing labor shortage
and household/elderly care demand to be addressed.
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What is special in this report

Differentiated view vs. market expectations:

Our shipment estimates until 2025E are likely in line or slightly lower than various
company comments, but long run outlook looks highly debatable with Tmn units a
commonly discussed investor expectation but with varied timeline and highly polarized
market views with the most aggressive expectation of as high as 200mn units
eventually and the most bearish view that humanoid robot will never work. Below are
the key factors we consider in our base case:

®  The Al progress surprised us the most: \We view hardware technology is mostly
ready while progress in end-to-end Al (completely different from rule-based
control) could potentially enable much faster humanoid robot iterations as
seen from the improvement of manipulation and interaction capabilities of various
products in 2023 (for e.g., Tesla Optimus Gen 2).

B The cost curve: BOM cost trended down likely by 40% to $150k per unit in 2023
from ¢.$250k a year ago for high spec robots mainly driven by availability of
cheaper components with broader scope of supply chain options from the best
performance components in labs previously, thus far driving better application
economics, which means factory application viability timeline could be one
year earlier (2024E-27E vs. 2025E-28E previously) and consumer applications
2-4 years earlier (2028E-2031E vs. 2030E-2035E).

® The potential demand: Considering current technological capabilities, we view
humanoid robot has visible demand from jobs in structured environment such as
manufacturing (e.g. EV assembly and component sorting). Given its likely
adaptability to dynamic environment enabled by Al algorithms, we believe
humanoids look particularly appealing for special operations such as dangerous
and hazardous tasks, considering the associated fatality rate and people’s low
willingness in doing such jobs thus customers’ likely willingness to pay a higher
price than typical manufacturing work.

®  Growing investments: Ve are seeing stronger commitment from the supply chain,
start-ups in the US and Asia, multiple listed players setting up new robot divisions
and potentially more government support (i.e. from China).

Changes in our investment case:

®  For our base case, we raise up our humanoid robot shipment forecast by
75%-389% across 2024-2035E as 1) we see accelerated advancement in Al, better
hardware configuration, widened & deepened manufacturing supply chain especially
in China, significant cost reduction, and improving visibility on special operations and
manufacturing application settings; 2) we take into account not only the high-spec
robots, but also the low & mid-spec robots after MIIT elevated the strategic
importance of humanoid robot industry development;

® For our bear case, our previous bear case assumption of a potential market exit by
2028E looks unlikely now given technology advancement; we now expect a delay in
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high-spec humanoid robots’ volume production by two years vs. our base case
could be possible due to technology bottlenecks or manufacturing constraints.

For our bull case, we expect humanoid robot shipment to hit Tmn units by 2031E
(four years ahead of our previous expectation of 2035E), accelerated by
advancement in end-to-end Al; For our blue-sky scenario, we still expect humanoid
robot to become the next commonly adopted technology after EVs and
smartphones, and we turn more positive on the potential of humanoid robot to tap
into more consumer applications and expect the adoption to be faster by a year
compared to our previous forecasts.
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Key thesis in charts

Exhibit 1: We believe hardware are mostly ready and progress in end-to-end Al could potentially enable much faster humanoid robot
iteration as seen from the improvement of manipulation and interaction capabilities in 2023
Our evaluation of humanoid robot technology readiness

% of hardware BOM in

Components high-spec robot in2024E Application CHN name Time Global top players’ technology readiness Domestic top players’ technology readiness
AliSoftware REE
& = 2023 | 80% I | 70%
Navigation - S A S— 70% 55%
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: . P 2023 B B0% [N 50%
Trapezoidal screw 2% Linear  HRfz&4L 0% 30%
Harmonic reduction gear 4% Rotary ~ IgiRiMiEeE e :gx = gg?}i{;
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- 2023 N T0% 50%
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Force sensor 1% Linear ~ fEEEE . 70% 40%
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Torque sensor 1% Rotary HAEEEE m%l _______ 10%
E E 1
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—_— I, R
- 2023 | 70% MR T 20%
g S
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Others Hity
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b ol i
Battery (KWh) 1% £33 (KWh) 05 i
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Wireless 1% - & 100% 100%
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e 1= 2023 _~ 90% B = 190%
Drive 2% - Bz 2 | 00% | 190%
a 2023 N 90% N 90%
L 2
Encoder 2% o638 00% 90%

Note: Different colors represent the degree of technology readiness, with more ready, needing upgrade, less ready corresponding to green, yellow, and red. Bottlenecks are components that have a
relatively significant proportion in BOM with low technology readiness for robot mass production.

Source: Company data, compiled by Goldman Sachs Global Investment Research
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Exhibit 2: Meanwhile, cost reduction also trended much faster than our prior expectation, implying factory application viability timeline
could be one year earlier (2024E-27E vs. 2025E-28E previously) and consumer applications 2-4 years earlier (2028E-2031E vs. 2030E-2035E)
Humanoid robot payback period analysis (new vs. prior expectations)
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Note: Blue shaded area represents the possible range of humanoid robot ASP cost reduction and the green shaded area represents the possible range of humanoid robot productivity output assuming
the robot's efficiency is twice a human worker; the crossing points represent the payback point for humanoid robot.

Source: Goldman Sachs Global Investment Research
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Exhibit 3: We thus raise our 2024-2035E global humanoid robot shipment forecasts

Global humanoid robot shipment forecasts (new vs. prior)

Rationale for forecast change

We reivse up our humanoid robot shipment forecast by 75%-389% across 2024-2035E as 1) we see accelerated advancement in Al, better
hardware configuration, widened & deepened manufactuning supply chain especially in China, significant cost reduction, and improving

advancement in end-to-end Al

Base case visibility on manufacturing application settings; 2) we take into account not only the high-spec robots, but also the low & mid-spec robots
after MIIT elevated the strategic importance of humanoid robot industry development;
We expect low/mid-spec humanoid robots to be introduced in the market first without much real demand support, while high-spec humanoid

Bear case robots’ volume production to be delayed by two years vs. our base case due to technology bottlenecks or manufactuning constraints. (Our
previous bear case of potential market exit by 2028E looks unlikely now).

Bull case We expect humanoid robot shipment to hit 1mn units by 2031E (four years ahead of our previous expectation of 2035E), accelerated by

by a year compared to previous forecasts.

We expect humanoid robot to become the next commonly adopted technology after EVs and smartphones, as a "must-have” electronics
Blue-sky scenario |device. We tum more positive on the potential of humanoid robot to tap into more consumer applications and expect the adoption to be faster

Global shipment (k units) - new

2023E 2024E 2025E 2026E 2027E 2028E 2029E 2030E 2031E 2032E 2033E 2034E  2035E M 2025-35E CAGR
Base case 1.0 3 20 51 76 114 17 256 359 502 703 985 1,378 53%
Industrial 100% 100% 100% 100% 100% 100% 100% 95% 4% 69% 56% 46% 35%
Consumer i z Z 4 = = = 5% 16% 31% 44% 54% 62%
Bear case 1.0 1.0 1 4 20 51 76 114 171 256 359 502 703 n.m.
Industrial 100% 100% 100% 100% 100%  100% 100% 100% 100% 95% 84% 69% 56%
Consumer - - - - - - - - - 5% 16% 31% 44%
Bull case 1.0 6.8 30 75 148 299 594 890 1323 1966 2924 4351 6,478 T1%
Industrial 100% 100% 100% 100% 100%  100% 63% 53% 44% 37% 31% 26% 22%
Consumer - - - - - 5% 3% 47% 56% 63% 69% 74% 78%
Blue-sky scenario 1.0 10 40 100 220 484 1016 1525 2287 3430 5146 7,718 11577 76%
Industrial 100%  100%  100%  100% 95% 62% 38% 33% 29% 25% 22% 19% 16%
Consumer - = = . 5% 38% 62% 67% 71% 75% 78% 81% 84%
Global shipment (k units) - old
2023E 2024E 2025E 2026E 2027E 2028E 2029E 2030E 2031E 2032E 2033E 2034E 2035E g 2025-35E CAGR
Base case 1.0 2.0 10 15 23 M 51 76 99 128 167 217 282 40%
Bear case 1.0 20 10 8 4 2 - - - - - - n.m.
Bull case 1.0 20 10 20 37 61 92 137 206 309 464 695 1,043 59%
Blue-sky scenario 1.0 2.0 10 40 100 220 434 1016 1525 2287 3430 5146 7,718 94%
Global installbase (k units) - new
2023E 2024E 2025E 2026E 202TE 2028E 2029E 2030E 2031E 2032E 2033E 2034E  2035EM 2025 35E CAGR
Base case 1.0 45 25 75 151 264 430 662 946 1,297 1,736 229 3,007 62%
Bear case 1.0 2.0 3 T 27 76 150 261 425 655 938 1.290 1,732 n.m.
Bull case 1.0 7.8 38 113 261 559 1,145 1,997 3207 4913 7,279 10,486 14,966 82%
Blue-sky scenario 1.0 11.0 51 151 3 854 1859 3333 5469 8528 12820 18,679 26,923 87%
Global installbase (k units) - old
2023E 2024E 2025E 2026E 2027TE 2028E 2029E 2030E 2031E 2032E 2033E 2034E 2035E g 2025-35E CAGR
Base case 1.0 3.0 13 28 51 83 131 194 265 342 426 512 600 47%
Bear case 1.0 30 13 21 25 26 23 10 - - - - - n.m.
Bull case 1.0 3.0 13 33 70 130 219 343 516 755 1,089 1,565 2,266 68%
Blue-sky scenario 1.0 3.0 13 53 153 372 853 1,856 3,328 5462 8520 12813 18,675 107%
Note: We assume a 5-year life cycle in our installbase forecasts.
Source: Goldman Sachs Global Investment Research
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Exhibit 5: Humanoid robot stocks have been theme-driven since mid-2022 while in our view concrete shipment volumes could emerge more

materially heading into 2024E onwards
Comparison of humanoid robot stocks performance since mid-2022 vs. EV index in history (2009-2023)
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Humanoid robot index vs industry sales (forecast)
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\/ L i i R S . I 4,000
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Global humanoid robot annual shipment (units) (RHS) - GSe ——Bear ——Base ——Bull Bluesky
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Note: EV China Securities Index is 399417.5Z. Humanoid robot index is constructed by us using Sanhua, LeaderDrive, Moons’ Electric, BEST precision, Tuopu, using market-cap weighted method. EV

China Securities Index (in July 2010), SSE Index (in July 2010), and humanoid robot index (in June 2022) are rebased to 100.

Source: Wind, MIIT, Goldman Sachs Global Investment Resarch
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The Al progress surprised us the most

Robotic LLMs development surprised us the most in 2023, such as the launch of
PalM-E and RT-2, as well as Tesla’s end-to-end Al approach to develop humanoids.
The bedrock for all robot LLMs today is Google's Transformer model, which was
developed since 2017 introducing a novel neural network architecture based on a
self-attention mechanism. Based on the Transformer model structure, Google continued
to develop three types of models: 1) PaLM (Pathways Language Model), focusing on
text content analysis and generation; 2) ViT (Vision Transformer) & PaLl (Pathways
Language and Image Model), combining texts and images analysis, transforming and
reasoning; 3) RT (Robot Transformer), using tokenized input and output to connect
input commands and robot output control. The three types of models evolved through
their technology paths into PaLM-E, PalLI-X and RT-1, and by applying PaLM-E & PaLl-X
in data training and RT-1 in fine-tuning, Google introduced RT-2 in July 2023. RT-2 is
capable of processing natural language commands and analyzing tasks’ scenarios
through vision thanks to PaLM-E and PaLl-X's multimodal analysis capabilities, and is
able to control robots to execute tasks thanks to RT-1's movement database and
tokenized data processing technology. RT-2's end-to-end Al capability is based on a robot
movement database, taking Google 1.5 years to collect the data, thus RT models have
longer R&D period vs. the other two types. After RT-2's release, select China robotic
companies also launched their own robot LLMs, while in our view the Al capabilities of
most domestic humanoid robot OEMs at the moment are developed based on
open-sourced robot LLMs (large language models), such as from OpenAl, Meta and
Google Deepmind.

Exhibit 9: Robotic LLMs development surprised us the most in 2023, such as the launch of PalM-E and RT-2
Key robotics LLMs development timeline

Global

China

Timeline

Transformer
= An NLP model

ViMA

= Developedby Stanford and NVIDIA scientists, also
based on Transformer

- Capable of ot
in texts/graphs/ividecs

= 10%training data velume, 2.7x performance vs
previous models

developed by Google

~ Applying to LLM

RT-1(Robot Transformer-1)

- Robot & control

- RT-1tokenize image, action to ML (nature language token)

— Gather camera image and text demand, tokenize into ML
input and then cutput tokenized robot action

= Faster training speed on image recognition by dividing images
~ ViTis the bed rock for VLA model

PaLM-E
" RT-2 (Robot Transformer-2)
— Trained with 560 billion datasets (ViT-228 + i y (FaLM-E & PaLl-Xi
ViTiVIs_iol'lﬁansforrﬂel‘l o, 5408 PaLM) ::Emﬂg”::?":.:‘LM:'_ :)LM E & PalLl-X}in data
Y A[i;;lying transformer structure from language models to vision ViT-228 ~ The first general-purposed mulimodal Co 'm% i ﬂgigs r:gdelwnh BT
modetls — ViTmodel f G : : = Co-fine-tuni g
— Unifying CV & NLP structre T model language medel for embodiedreascning tasks.

= Innovation for single model handling nature
language input and robotic action output. thus
dataset volume required for training is decreased

further trained  visual-language tasks, and language tasks
with 22 bilien — PalLM-E can predict action tokens and guide

datasels robotif integrated in robot controling models
UBTechHumandol rebot LLM
= A system integrating interaction, command
PaLM [Pathways understanding, autonomous planning, task
Language Model) emcuulonm one..
= Google's LLM similar to pali -DCRDB:DEL’:;;}::? voice commands
ChatGPT based on PaLl[Pathways Lan andImage Model B Rtan: Rol 2 _
Transformar - &n{o:pan‘n:l:\ on Piﬁf; cammmgg\m' ) = U'ppgn_adle vaealon = Deveioped by Datea based on A_A‘Rmcl
- Trained on 540 bilion ~ Capable of logical reasoning for texts and images e = Similer to ChatGPT and Pepper's function
datasets MechMind Robot Large Model
~ Developedby MechMind scientist
= Pre-trained for understanding nature fanguage
action commands
= Madel can leamn images timely under voice/text
commands, and control robats to output actions
2017 2020.10 20224 20229 202210 202212 20232 2023.3 20235 2023.7-2023.8

Source: Data compiled by Goldman Sachs Global Investment Research, Ubtech, Mechmind, Dataa, Google, Nvidia

8 January 2024



Goldman Sachs

Global Automation: Humanoid Robot

Tesla released a video in Sep 2023 to elaborate their end-to-end Al process in Optimus.
End-to-end Al is completely different from prior rule-based control, meaning the
software system itself can execute the task from original commands and scenarios to
final outputs under Al self-generated rules instead of software engineers’
pre-programmed rules. In the video, Tesla Optimus completed the higher-level
end-to-end control from scenario observation to task analysis. These two processes
are completed by robot LLMSs as they have image/text/video reasoning and analysis
abilities. The lower-level end-to-end control includes simulation and final execution,
where robot Al needs to arrange the workflow of movements (simulation) and then turn
into the robot physical movements that we see.

Exhibit 10: End-to-end Al is completely different from prior rule-based robot control

Illustration of end-to-end robot Al

High-level control

! Task

Scenario
observation analysis
(End to end robot AI)
Task . .
execution Simulation

-

Lower level control

Source: Company data, Data compiled by Goldman Sachs Global Investment Research

8 January 2024

On Dec 13, 2023, Tesla unveiled Tesla Optimus Bot Gen 2 in video format. We note Tesla
launched its Gen 1 product nine months back in March 2023 and three months after
they demonstrated the end-to-end Al learning capabilities, showing a much faster
product iteration and R&D pace than comparable peers.
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Exhibit 11: ...which enabled much faster robot iteration pace that we saw in 2023
Tesla Bot development timeline vs Boston Dynamics Atlas

Boston Dynamics Atlas development timeline

! Atias upgraded twice | .
ettt T 1 I and shrunkto a more | i Aflas gotnimble mobility | .
Ke | Allas First Debut i Allasgot blpedal i ' compact size: ! ' for flawless gymnastics : Atlas could do :
milestones A _9_2_r11’_'_1 o I-)?[%E? --------- | ik I . | routine (Mpped) | || continuousjogaing |
July 2013 October 2013 January 2015 February 2016 MNovember 2017 May 2018
Tesla Optimus development timeline
| Teslaannouncedthe | | 'T'és'|é{ré};?éa{|éa'c'>bi.'n}bé'} | Tesla displays the athletic '; Tesladisplays Optimus | | Teslarevealed |
Key human0|d robot project prototype Bumblebee [ functl ons of Optlrnus Gen1 | end -to-end Al functions | i Optl mus Gen2 |
milestones o c °
August 2021 October 2022 March 2023 September 2023 December 2023

Source: Company data, compiled by Goldman Sachs Global Investment Research
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Exhibit 12: We believe hardware are mostly ready and progress in end-to-end Al could potentially enable much faster humanoid robot
iteration as seen from the improvement of manipulation and interaction capabilities in 2023
Our evaluation of humanoid robot technology readiness

% of hardware BOM in

Components high-spec robot in2024E Application CHN name Time Global top players' technology readiness Domestic top players’ technology readiness
AliSoftware REE
& = 2023 | | 80% I 0%
Navigation - S 70% 55%
iy B 2023 40% I 20%
Manipulation - Bl blottleneck 20% [ 1 15%
2023 b 50% 50%
_ | bottleneck
Interaction x5 ! 45% 30%
Motors ST TmmTmmmmmm
i Linear & 2023 B 90% I 80%
Frameless torque motor 4% Rotary FoiE 90% 80%
= 2023 190% I 70%
Coreless motor 6% Hand ~ =U#TEHl : 190% 55%
Transmission =3
e R | |‘__=7,___| %
Planetary roller screw 31% Linear g 202 | ggxll 3 1 | bottleneck 22;
e S osa 1
2 ”” 2023 I 80% B8 50%
Trapezoidal screw 2% Linear  1Rfz24T 80% 30%
3 : [ 2023 | 90% 80%
Harmonic reduction gear 4% Rotary — iEiEEERE 00% 80%
o Hand & == 2023 D 30% I 80%
Planetary reduction gear <1% Rotary TRz 30% 80%
Chips wh
N . 2023 S 90% I 70%
Main chip <1% - E=oi 90% 50%
a a — 2023 | 90% | 80%
MCU chip 1% MCUEH 90% | ] 75%
Sensors [55%
0 ) 5 2023 I 90% [ 80%
Camera <1% Bk 0% 80%
o - 2023 N 80% [ 80%
=
Position sensor 2% Body {UE{SEEE 80% 80%
. . - 2023 N 80% I 60%
Inertial Measurement Unit <1% Body (RIESA 80% 50%
Y = 2023 70% 50%
Force sensor 1% Linear  HfEEeE . 70% 0%
5 i 2023 0% 50%
Torque sensor 1% Rotary  {HEEEEE m%l _______ 40%
- .
6D torque sensor 10% Hand Aemefems 2020 W8 w%ll 1 I bottleneck 20%
C e | 15%
Tactile sensor <1% Hand  RETIfSERE iz o 10 — . i
0% L ] 15%
Others Hith
" 2023 I 80% B 70%
o = =2h
Battery (KWWh) 1% Bit (kWh) 30% 70%
: ? 2023 100%/ =5 100%
Wireless 1% iR 100% 100%
. 2023 N | 80% IS | 70%
[ = BiA
Cooling 1% Crec) 80% 70%
. e 2023 | 90% B 190%
Drive 2% - i 90% | 190%
" ™ 2023 90% I 90%
Encoder 2% EorEE 90% 0%

Note: Different colors represents the degree of technology readiness, with more ready, needing upgrade, less ready corresponding to green, yellow, and red. Bottlenecks are components that have a
relatively significant proportion in BOM with low technology readiness for robot mass production.

Source: Company data, compiled by Goldman Sachs Global Investment Research

Costs also declined faster to drive better application economics

We note the manufacturing cost for humanoid robot has dropped significantly
from likely $50-250k per unit last year to $30-150k (range of low spec to high spec)
now, or around 40% decline (vs. our prior assumption of 15% to 20% p.a decline)
mainly driven by availability of cheaper components with broader scope of supply chain
options from the mere existence in labs previously, optimization in design and
manufacturing technique (e.g. cost for T-screw dropped significantly by shifting from
electric discharge machining to mechanical machining) which suggests robot
commercialization could come faster vs our prior expected timeline based on a payback
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period analysis of humanoid robot cost curve vs. output.

Looking forward, we continue to expect further cost reduction in the coming
years, especially for high-specs design currently with bottlenecks on a few key
components. For example, Tesla adopts planetary roller screws for the linear actuators
which can achieve high precision and withstand heavy loads per discussions with
planetary roller screw manufacturers such as Hengli Hydraulic and Best precision,
however, we believe production capacity and cost reduction depend on (1) availability of
key production equipment, esp. high-precision grinding machine with inelastic capacity
from suppliers (95% of equipment coming from overseas, such as Japan and Europe)
with potential export restrictions (e.g., Japan and some European countries restrict the
export of high-end equipment to China); (2) limited technology know-how amongst
domestic component makers, as currently overseas players dominate in this special
type of product, especially Europe; and (3) high costs as a result of limited industry
capacity (serving only niche applications previously, e.g. machine tools and aerospace)
and long manufacturing cycle time (Thr or more per piece). That said, according to our
channel checks with many potential domestic suppliers (e.g. Best Precision, Hengli
Hydraulic, and Sanhua), we believe mass production of humanoid robots could bring
down the unit costs of planetary roller screws over time, while domestic substitution is
highly determined by equipment capacity, manufacturing technique know-how and
talent teams.
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Exhibit 13: Our updated assessment suggests factory applications could be economically viable in 2024E-27E (vs. previous expecation of
2025E-2028E) and consumer applications by 2028E-2031E (vs. previous expectation of 2030E-2035E)
Humanoid robot payback period analysis (new vs. prior expectations)
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Note: Our base case cost curve is refering to high spec robots while bull case is refering to low spec robots to account for the technology capability factor to handle the output we assumed.

Source: Goldman Sachs Global Investment Research
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Considering current technology capabilities, we view humanoid robot has visible
demand from works in structured environment such as manufacturing (e.g. EV
assembly and component sorting). Per UBTech (9880.HK. non-covered), 70% of the
overall current manufacturing work in China is handled by existing machinery &
automation solutions, 20% is still handled by manual labor and 10% is handled by
management staff. Together with the existing industrial robot products which can
perform more rigid and precise tasks, we expect humanoids, being more flexible and
capable of adapting to complex terrain vs. flat ground, can also help tackle the
incremental automation TAM.

Given its likely adaptability to dynamic environment enabled by Al algorithms,
humanoids look particularly appealing for special operations such as “dangerous,
dirty and dull” (3D) tasks, considering the associated fatality rate and people’s low
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willingness in doing such jobs thus customers’ likely willingness to pay a higher price
than typical manufacturing work. According to US Bureau of labor statistics, fatal work
injuries recorded in US is around 5,000 per year and fatal work injury rate is ¢3.5 per
100k workers. Taking coal mining as an example, fatality rate in US/China is at 16.2 per
100k FTE (Full-time equivalent employees) and 0.04 per mn ton of coal as of 2021. Other
possible applications are: disaster rescue, nuclear reactor maintenance and chemicals
manufacturing. Along with auto manufacturing, as a sensitivity test, assuming
5%/10%/15% labor substitution rate for these five applications, humanoid robot
demand can potentially reach 1.1mn-3.5mn units globally. The need for robots to
handle hazardous/dangerous jobs is already elevated by national policy. On Jan 5, 2024,
the Ministry of Emergency Management and Ministry of Information & Technology in
China jointly announced their plan to develop emergency robots, which are intelligent
robots that perform tasks such as monitoring and providing early warnings, search and
rescue, communication command, logistics support, safety production operations, and
disaster relief.

According to our Asia Industrials Analyst Isayama Yuichiro's takeaways from
International Robot Exhibition, Japanese robot OEMs are also dedicated to launch a
diverse range of solutions for more non-conventional applications. For example
Kawasaki Heavy Industries showed a demo of its Kaleido humanoid robot, potentially
suitable for disaster rescue.

Exhibit 14: Existing global humanoid robot brands, product specs and their targeted applications

Global ex-China humanoid robots
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Robot models are updated as of Jan 5, 2024.

Source: Company data, Data compiled by Goldman Sachs Global Investment Research
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Exhibit 15: China humanoid robot brands, their product specs and targeted applications
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Robot models are updated as of Jan 5, 2024.

Source: Company data, Data compiled by Goldman Sachs Global Investment Research

Exhibit 16: US Bureau of labor statistics recorded fatal work
injuries in US at c.5,000 and fatal work injury rate at ¢3.5 per 100k
workers...

US 2015-2021 work injuries statistics
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Source: US Bureau of Labor Statistics, Data compiled by Goldman Sachs Global Investment
Research

Exhibit 17: ... and the same indicators for production activities
came at 21k/1.1 in 2022 for China
China 2015-2022 production activities fatalities statistics
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Source: NBS, Data compiled by Goldman Sachs Global Investment Research

Exhibit 18: No. of fatalities of coal mining in 2021 in US came at 37,
with fatalities rate at 16.2 per 100k FTE...
US 2015-2022 coal mining fatalities statistics
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Investment Research
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Exhibit 19: ...and China in 2021 had 178 fatalities in coal mining,
with fatalities rate at 0.04 per mn ton of coal
China 2015-2021 coal mining fatalities statistics
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Source: NBS, Data compiled by Goldman Sachs Global Investment Research
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Exhibit 20: As a sensitivity test, humanoid robot demand could reach 1.1mn-3.5mn units globally assuming 5%/10%/15% substitution rate of

hazardous and dangerous works as well as auto manufacturing

at 5% substitution rate
Global ex. China

Humanoid robot demand from labor force substitution (k units)

China Global ex. China
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China Global ex. China

at 10% substitution rate
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=—
Disaster rescue 70 19 140 38 211 58
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4

Coal mining 384 130 769 260 1,153 390
Hazardous chemical industry 36 62 73 125 109 187
Auto manufacturing 215 219 430 437 645 656
Total 715 431 1,430 863 2,145 1,294

Source: US Bureau of Labor Statistics, Statista, DATAUSA, The World Bank, ACEA, NBS, World Nuclear Association, IAEA, heneng.net, Goldman Sachs Global Investment Research

With that said, we would need to monitor the industry development for a longer time to
evaluate humanoid robot’s capability to handle generalized multi-task applications. Put in
another word, it is still a question whether a general purpose Al robot is

technologically viable to handle consumer/household applications such as elderly care.

Exhibit 21: If general purpose Al robot is technologically/economically viable, it could greatly solve social issues such as manufacturing

labor shortage and elderly care etc.
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available from Goldman Sachs International on request.

European Union and United Kingdom: Disclosure information in relation to Article 6 (2) of the European Commission Delegated Regulation (EU)
(2016/958) supplementing Regulation (EU) No 596/2014 of the European Parliament and of the Council (including as that Delegated Regulation is
implemented into United Kingdom domestic law and regulation following the United Kingdom's departure from the European Union and the European
Economic Area) with regard to regulatory technical standards for the technical arrangements for objective presentation of investment
recommendations or other information recommending or suggesting an investment strategy and for disclosure of particular interests or indications of
conflicts of interest is available at https://www.gs.com/disclosures/europeanpolicy.html which states the European Policy for Managing Conflicts of
Interest in Connection with Investment Research.

Japan: Goldman Sachs Japan Co., Ltd. is a Financial Instrument Dealer registered with the Kanto Financial Bureau under registration number Kinsho
69, and a member of Japan Securities Dealers Association, Financial Futures Association of Japan Type Il Financial Instruments Firms Association, The
Investment Trusts Association, Japan, and Japan Investment Advisers Association. Sales and purchase of equities are subject to commission
pre-determined with clients plus consumption tax. See company-specific disclosures as to any applicable disclosures required by Japanese stock
exchanges, the Japanese Securities Dealers Association or the Japanese Securities Finance Company.

Ratings, coverage universe and related definitions

Buy (B), Neutral (N), Sell (S) Analysts recommend stocks as Buys or Sells for inclusion on various regional Investment Lists. Being assigned a Buy or
Sell on an Investment List is determined by a stock’s total return potential relative to its coverage universe. Any stock not assigned as a Buy or a Sell on
an Investment List with an active rating (i.e., a stock that is not Rating Suspended, Not Rated, Coverage Suspended or Not Covered), is deemed
Neutral. Each region manages Regional Conviction lists, which are selected from Buy rated stocks on the respective region’s Investment lists and
represent investment recommendations focused on the size of the total return potential and/or the likelihood of the realization of the return across their
respective areas of coverage. The addition or removal of stocks from such Conviction lists are managed by the Investment Review Committee or other
designated committee in each respective region and do not represent a change in the analysts’ investment rating for such stocks.

Total return potential represents the upside or downside differential between the current share price and the price target, including all paid or
anticipated dividends, expected during the time horizon associated with the price target. Price targets are required for all covered stocks. The total
return potential, price target and associated time horizon are stated in each report adding or reiterating an Investment List membership.

Coverage Universe: A list of all stocks in each coverage universe is available by primary analyst, stock and coverage universe at
https://www.gs.com/research/hedge.html.

Not Rated (NR). The investment rating, target price and earnings estimates (where relevant) are not provided or have been suspended pursuant to
Goldman Sachs policy when Goldman Sachs is acting in an advisory capacity in a merger or in a strategic transaction involving this company, when
there are legal, regulatory or policy constraints due to Goldman Sachs’ involvement in a transaction, when the company is an early-stage biotechnology
company, and in certain other circumstances. Rating Suspended (RS). Goldman Sachs Research has suspended the investment rating and price
target for this stock, because there is not a sufficient fundamental basis for determining an investment rating or target price. The previous investment
rating and target price, if any, are no longer in effect for this stock and should not be relied upon. Coverage Suspended (CS). Goldman Sachs has
suspended coverage of this company. Not Covered (NC). Goldman Sachs does not cover this company. Not Available or Not Applicable (NA). The
information is not available for display or is not applicable. Not Meaningful (NM). The information is not meaningful and is therefore excluded.

Global product; distributing entities

Goldman Sachs Global Investment Research produces and distributes research products for clients of Goldman Sachs on a global basis. Analysts based
in Goldman Sachs offices around the world produce research on industries and companies, and research on macroeconomics, currencies, commodities
and portfolio strategy. This research is disseminated in Australia by Goldman Sachs Australia Pty Ltd (ABN 21 006 797 897); in Brazil by Goldman Sachs
do Brasil Corretora de Titulos e Valores Mobilidrios S.A.; Public Communication Channel Goldman Sachs Brazil: 0800 727 5764 and / or
contatogoldmanbrasil@gs.com. Available Weekdays (except holidays), from 9am to 6pm. Canal de Comunicacdo com o Publico Goldman Sachs Brasil:
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0800 727 5764 e/ou contatogoldmanbrasil@gs.com. Horério de funcionamento: segunda-feira a sexta-feira (exceto feriados), das 9h as 18h; in Canada
by Goldman Sachs & Co. LLC; in Hong Kong by Goldman Sachs (Asia) L.L.C.; in India by Goldman Sachs (India) Securities Private Ltd.; in Japan by
Goldman Sachs Japan Co., Ltd.; in the Republic of Korea by Goldman Sachs (Asia) L.L.C., Seoul Branch; in New Zealand by Goldman Sachs New
Zealand Limited; in Russia by OOO Goldman Sachs; in Singapore by Goldman Sachs (Singapore) Pte. (Company Number: 198602165W); and in the
United States of America by Goldman Sachs & Co. LLC. Goldman Sachs International has approved this research in connection with its distribution in
the United Kingdom.

Goldman Sachs International (“GSI"), authorised by the Prudential Regulation Authority (“PRA") and regulated by the Financial Conduct Authority
("FCA") and the PRA, has approved this research in connection with its distribution in the United Kingdom.

European Economic Area: GSI, authorised by the PRA and regulated by the FCA and the PRA, disseminates research in the following jurisdictions
within the European Economic Area: the Grand Duchy of Luxembourg, Italy, the Kingdom of Belgium, the Kingdom of Denmark, the Kingdom of
Norway, the Republic of Finland and the Republic of Ireland; GSI - Succursale de Paris (Paris branch) which is authorised by the French Autorité de
contrdle prudentiel et de resolution ("ACPR") and regulated by the Autorité de contrdle prudentiel et de resolution and the Autorité des marches
financiers ("AMF") disseminates research in France; GSI - Sucursal en Espana (Madrid branch) authorized in Spain by the Comisién Nacional del
Mercado de Valores disseminates research in the Kingdom of Spain; GSI - Sweden Bankfilial (Stockholm branch) is authorized by the SFSA as a “third
country branch” in accordance with Chapter 4, Section 4 of the Swedish Securities and Market Act (Sw. lag (2007:528) om vardepappersmarknaden)
disseminates research in the Kingdom of Sweden; Goldman Sachs Bank Europe SE ("GSBE") is a credit institution incorporated in Germany and, within
the Single Supervisory Mechanism, subject to direct prudential supervision by the European Central Bank and in other respects supervised by German
Federal Financial Supervisory Authority (Bundesanstalt fir Finanzdienstleistungsaufsicht, BaFin) and Deutsche Bundesbank and disseminates research
in the Federal Republic of Germany and those jurisdictions within the European Economic Area where GSl is not authorised to disseminate research
and additionally, GSBE, Copenhagen Branch filial af GSBE, Tyskland, supervised by the Danish Financial Authority disseminates research in the Kingdom
of Denmark; GSBE - Sucursal en Espana (Madrid branch) subject (to a limited extent) to local supervision by the Bank of Spain disseminates research in
the Kingdom of Spain; GSBE - Succursale Italia (Milan branch) to the relevant applicable extent, subject to local supervision by the Bank of Italy (Banca
d'ltalia) and the Italian Companies and Exchange Commission (Commissione Nazionale per le Societa e la Borsa “Consob”) disseminates research in
Italy; GSBE - Succursale de Paris (Paris branch), supervised by the AMF and by the ACPR disseminates research in France; and GSBE - Sweden
Bankfilial (Stockholm branch), to a limited extent, subject to local supervision by the Swedish Financial Supervisory Authority (Finansinpektionen)
disseminates research in the Kingdom of Sweden.

General disclosures

This research is for our clients only. Other than disclosures relating to Goldman Sachs, this research is based on current public information that we
consider reliable, but we do not represent it is accurate or complete, and it should not be relied on as such. The information, opinions, estimates and
forecasts contained herein are as of the date hereof and are subject to change without prior notification. We seek to update our research as
appropriate, but various regulations may prevent us from doing so. Other than certain industry reports published on a periodic basis, the large majority
of reports are published at irregular intervals as appropriate in the analyst’s judgment.

Goldman Sachs conducts a global full-service, integrated investment banking, investment management, and brokerage business. \We have investment
banking and other business relationships with a substantial percentage of the companies covered by Global Investment Research. Goldman Sachs &
Co. LLC, the United States broker dealer, is a member of SIPC (https://www.sipc.org).

Our salespeople, traders, and other professionals may provide oral or written market commentary or trading strategies to our clients and principal
trading desks that reflect opinions that are contrary to the opinions expressed in this research. Our asset management area, principal trading desks and
investing businesses may make investment decisions that are inconsistent with the recommendations or views expressed in this research.

The analysts named in this report may have from time to time discussed with our clients, including Goldman Sachs salespersons and traders, or may
discuss in this report, trading strategies that reference catalysts or events that may have a nearterm impact on the market price of the equity securities
discussed in this report, which impact may be directionally counter to the analyst's published price target expectations for such stocks. Any such
trading strategies are distinct from and do not affect the analyst's fundamental equity rating for such stocks, which rating reflects a stock’s return
potential relative to its coverage universe as described herein.

We and our affiliates, officers, directors, and employees will from time to time have long or short positions in, act as principal in, and buy or sell, the
securities or derivatives, if any, referred to in this research, unless otherwise prohibited by regulation or Goldman Sachs policy.

The views attributed to third party presenters at Goldman Sachs arranged conferences, including individuals from other parts of Goldman Sachs, do not
necessarily reflect those of Global Investment Research and are not an official view of Goldman Sachs.

Any third party referenced herein, including any salespeople, traders and other professionals or members of their household, may have positions in the
products mentioned that are inconsistent with the views expressed by analysts named in this report.

This research is not an offer to sell or the solicitation of an offer to buy any security in any jurisdiction where such an offer or solicitation would be
illegal. It does not constitute a personal recommendation or take into account the particular investment objectives, financial situations, or needs of
individual clients. Clients should consider whether any advice or recommendation in this research is suitable for their particular circumstances and, if
appropriate, seek professional advice, including tax advice. The price and value of investments referred to in this research and the income from them
may fluctuate. Past performance is not a guide to future performance, future returns are not guaranteed, and a loss of original capital may occur.
Fluctuations in exchange rates could have adverse effects on the value or price of, or income derived from, certain investments.

Certain transactions, including those involving futures, options, and other derivatives, give rise to substantial risk and are not suitable for all investors.
Investors should review current options and futures disclosure documents which are available from Goldman Sachs sales representatives or at
https://www.theocc.com/about/publications/characterrisks.jsp and

https://www.fiadocumentation.org/fia/regulatory-disclosures 1/fia-uniform-futures-and-options-on-futures-risk-disclosures-booklet-pdf-version-2018.
Transaction costs may be significant in option strategies calling for multiple purchase and sales of options such as spreads. Supporting documentation
will be supplied upon request.

Differing Levels of Service provided by Global Investment Research: The level and types of services provided to you by Goldman Sachs Global
Investment Research may vary as compared to that provided to internal and other external clients of GS, depending on various factors including your
individual preferences as to the frequency and manner of receiving communication, your risk profile and investment focus and perspective (e.g.,
marketwide, sector specific, long term, short term), the size and scope of your overall client relationship with GS, and legal and regulatory constraints.
As an example, certain clients may request to receive notifications when research on specific securities is published, and certain clients may request
that specific data underlying analysts’ fundamental analysis available on our internal client websites be delivered to them electronically through data
feeds or otherwise. No change to an analyst’s fundamental research views (e.g., ratings, price targets, or material changes to earnings estimates for
equity securities), will be communicated to any client prior to inclusion of such information in a research report broadly disseminated through electronic
publication to our internal client websites or through other means, as necessary, to all clients who are entitled to receive such reports.
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All research reports are disseminated and available to all clients simultaneously through electronic publication to our internal client websites. Not all
research content is redistributed to our clients or available to third-party aggregators, nor is Goldman Sachs responsible for the redistribution of our

research by third party aggregators. For research, models or other data related to one or more securities, markets or asset classes (including related
services) that may be available to you, please contact your GS representative or go to https://research.gs.com.

Disclosure information is also available at https://www.gs.com/research/hedge.html or from Research Compliance, 200 West Street, New York, NY
10282.

© 2024 Goldman Sachs.

No part of this material may be (i) copied, photocopied or duplicated in any form by any means or (ii) redistributed without the prior written
consent of The Goldman Sachs Group, Inc.
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