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Can new Al technology help accelerate AV deployments?
Updating our global ADAS and AV forecast
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industry volume growth in the next few years will come from partially +1(646)446-1759 | toshiya.hari@gs.com

. . . .. Goldman Sachs & Co. LLC
autonomous L2/L2+ vehicles that require driver supervision. We assume Daiki Tak
. . . - N alkl lakayama

L2/L2+ mix will rise from about 20% of sales this year to about 30% in 2027. +81(3)458779¥370 |
daiki.takayama@gs.com
Goldman Sachs Japan Co., Ltd.

Our AV forecast implies that a global fleet of a few million commercial AVs Ben Miller
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PM Summary

“Al 101" section of this report for more details on Al approaches like end-to-end.

With this report we update our global ADAS and AV forecasts based on inputs from our
global auto, industrial, and TMT team members.

Key work in this report -

1) Examination of Tesla's technical progress, and progress of various AV company efforts

2) lllustrative cost per mile for an AV robotaxi business with a vertically integrated
model, and a discussion on rideshare and AV business models

3) Updated global ADAS/AV forecast
4) Discussion of new electronic architectures and implications for semis

B) 2030 EPS scenario analysis for Tesla

10 July 2024

We think it is notable that there are now autonomous vehicles on the road. There
are a small number of AVs operating in parts of major cities such as San Francisco,
Phoenix, Beijing and Wuhan.

However, the technology has yet to be broadly deployed. Key issues gating growth
are related to understanding complex traffic/driving scenarios (or edge cases), along
with business and regulatory factors. While AVs from companies such as Baidu (Apollo
Go), Waymo and Pony.ai may already be safer in terms of accidents per mile than human
drivers within geofenced areas (e.g. per data from leading companies such as \WWaymo,
albeit with AVs on the road today typically able to query a human in a remote location
for assistance if needed), there continue_to be cases where AVs get confused or stuck
in scenarios a human could likely navigate.

We seek to better understand where the technology and industry currently stands, and
if new Al technology can help to accelerate progress toward widerscale adoption of L3
(e.g. situationally eyes-off and hands-off driving, such as on a highway) or L4 (e.g.
eyes-off in a given area, such as a robotaxi in a city) autonomy.

Research on Al scaling does suggest that added compute, larger training datasets,
and improved model architectures should contribute to better Al model
performance. Microsoft CEO Satya Nadella during a keynote at Microsoft Build 2024
noted that similar to how Moore's Law drove technology in the past, Al technology now
allows compute performance for training deep neural networks to roughly double every
6 months (referencing research from Epoch).

We consider Tesla to be one of the leaders in autonomous technology. Tesla’s
supervised full self driving (FSD) technology, which is an L2/L2+ system as it
requires the driver to pay attention and be prepared to take over at all times, is
already safer than vehicles driven manually in terms of accidents per mile data
from Tesla (Exhibit 1). Tesla's data shows that in 2023 accidents with supervised FSD
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(which is Tesla's solution that will allow the car to do point to point navigation, and works
on highways and city streets) occurred every 4 to 5 million miles, and accidents on
Autopilot (which includes more basic features like traffic aware cruise control and lane
keeping) occurred every 5 to 6 mn miles (although these are generally highway miles),
compared to once every 600-700K miles for the US on average. In 1Q24, accidents with
Autopilot happened once every 7-8 million miles.

Exhibit 1: Tesla ADAS system miles driven before an accident
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Source: Company data, FHWA, NHTSA, Goldman Sachs Global Investment Research

While we consider these safety statistics to be important, measuring if Tesla
drivers get in fewer accidents while using the technology with active driver
supervision (and taking over if there is an issue) is not the same as whether the
vehicles would be better and/or safer when unsupervised (e.g. L3/L4 capability).
We therefore believe it is also helpful to gauge the percentage of drives with no
interventions and interventions per mile to assess when Tesla may reach unsupervised
capability (e.g. L3 or L4). There are other performance metrics beyond just accidents to
consider (e.g. proper lane selection, smooth driving behavior, and responding to
emergency vehicles).

While Tesla doesn’t disclose intervention data on FSD (and interventions are at the
discretion of the driver which can complicate an analysis of this sort), some drivers
submit intervention data to TeslaFSDtracker and this shows that the percentage of
drives without an intervention has gone up, and about 70% of drives with the latest
version of FSD have been no-intervention per this crowd-sourced data (Exhibit 2).
Tesla's latest FSD version (V12) was developed with more reliance on Al, or an
“end-to-end” approach of vision/camera inputs in and driving policy out that can
potentially help solve difficult edge cases especially if there is enough data.

Moreover, this same data suggests critical interventions occur every ~300 miles
with FSD. While we think it would be wrong to assume that every disengagement
would have resulted in a crash, it also suggests the technology could be some
time off from being L3 or L4 given the 600-700K miles traveled between accidents
for the typical vehicle in the US. Our own recent rides in FSD enabled vehicles also
suggest that FSD is impressive but not yet ready to be L3 or L4, in our opinion.
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Exhibit 2: Percent of Tesla drives without an intervention per crowd
sourced data
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Source: TeslaFSDTracker, Goldman Sachs Global Investment Research

Extrapolating the rate of no intervention drives implies in our view that Tesla could reach
L3 on highways at full speeds, at least in clear weather, in the next two to three years,
especially if Tesla's significant investments in technology (Tesla is spending $3-$4 bn on
Nvidia compute this year) and use of an end-to-end Al approach help. Given the added
complexities of operating in dense urban environments and high bar for safety in
unsupervised driving, we assume generalized L4 would take longer to reach. We believe
that utilizing human assistance in a remote location (similar to current robotaxi efforts
like Waymo and Baidu) could allow Tesla to reach L4 functionality sooner than it is
otherwise tracking to albeit with added cost and scaling challenges.

Looking at AV efforts besides Tesla, while accident data has been promising (e.g.
Waymo's analysis shows at least 57% fewer vehicle crashes per mile than a human
driver with its L4 robotaxis), the current deployments (e.g. from Waymo, Pony.ai and
Baidu Apollo Go) have thus far been targeted in terms of deployments, and limited
to certain sections of select cities (we have more details in the “Company ADAS
and AV efforts” section of this report). \While this may be due in part to technology
scalability issues (e.g. relying on detailed 3-D maps, needing human remote assistance
at times, and difficulty in high traffic/complex scenarios like construction), we also
believe economic considerations are a factor. As we show in Exhibit 3, the costs per
mile are likely very high at low volumes due in part to the cost of the hardware/compute
and human remote assistance (note that Tesla could have a cost advantage with its
AV/ADAS technology given its vertical integration for inference chips, scale, and its
limited sensor suite).

Assuming that depreciation and insurance costs normalize to levels on par with human
driven commercial rideshare entities, we estimate that vehicle driving costs per mile for
an AV at 50-75k miles driven per year per vehicle and roughly 10 cars per remote
operator could reach ~$1.00 per mile (we show this for illustrative purposes occurring in
the 2030 timeframe in Exhibit 3). Costs with corporate overhead/R&D would be higher.
Longerterm these costs could decline.
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Exhibit 3: lllustrative cost model for a vertically integrated AV rideshare company

2023 2024E 2025E 2030E 2035E 2040E

AV cost per vehicle (SUS) 125,000 100,000 85,000 50,000 50,000 50,000
Miles driven per car 22,500 25,000 27,500 75,000 100,000 125,000
Vehicles in service year end 177 259 478 2,570 18,597 72,967
Wages per remote operator 76,875 78,797 80,373 87,870 94,661 99,982
Cars per operator 3 3 3 10 30 35
Vehicle driving cost per mile $3.35 $3.13 $2.94 $0.98 $0.70 $0.58
R&D (SUS mn) 825 908 998 1,521 1,960 2,502
SG&A (SUS mn) 230 265 304 612 1,127 1,479
Total cost per mile $268.71 $184.11 $102.03 $12.04 $2.36 $1.02

Source: Goldman Sachs Global Investment Research

10 July 2024

For context, Lyft committed to paying drivers at least 70% of rider payments per week
after external fees like commercial insurance (we estimate ~$0.30 per mile) are
subtracted, and Lyft estimates that there are ~$0.31/mile of expenses associated with
operating the car for the driver (i.e. fuel costs, maintenance, cleaning, and depreciation).
We note that the average cost to own a personal car in the US is ~$0.80 per mile per
AAA, assuming 15K miles driven per year.

In addition, our recent discussions with AV operators in China suggest that AV
companies so far need to charge a discount to conventional rideshare platforms such as
DiDi of at least 30% in order to attract users to the network and to compensate for
factors like limits to the locations that AVs can presently reach due to geofencing
restrictions.

Finally, regulatory/liability and societal concerns may gate the rate of growth. For
example, Cruise paused commercial operations after a severe accident involving one of
its robotaxis, and communities may have a much higher safety bar for AVs than current
human performance.

As a base case we now assume that globally L3 enabled vehicles could reach 10%
of industry unit sales volumes in 2030, and that L4 will be 2.5% in 2030 driven by
continued technological advancement (including from Al) and lower costs of relevant
hardware (e.g. lidar and the introduction of purpose built AV platforms). However, if the
latest Al technology helps the industry to accelerate autonomous vehicle development
faster than we expect, then we believe this could occur a few years earlier.

£ 3 —FARLEFFHREIENRV: shuinu9870


https://wx.zsxq.com/dweb2/index/group/51128428821554

/\Goldman Sachs

Global Autos & Industrial Tech

Exhibit 4: Global ADAS and AV L3-5 penetration rate as a percent of
new light vehicle sales
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Source: Company data, Goldman Sachs Global Investment Research

Our AV forecast implies that a global fleet of a few million commercial AVs used
for rideshare could be on the road in 2030. Although this would comprise less than
1% of the global car parc of over 1 bn vehicles, it could result in a >$25 bn market
for personal mobility from robotaxis (depending on factors such as ASPs, trips per
day, and average miles traveled per trip).

Exhibit 5: We estimate the market in 2030 for robotaxis could be >$25 bn

2030 market scenarios for robotaxis ($ mn)

Global AVs in operation (000s)

Revenue Trips per

per trip

$5
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$9

robotaxi per day

150

$548
$1,095
$1,643
$2,190
$2,738
$3,285
$3,833

$767
$1,533
$2,300
$3,066
$3,833
$4,599
$5,366

$986
$1,971
$2,957
$3,942
$4,928
$5,913
$6,899

750

$2,738
$5,475
$8,213
$10,950
$13,688
$16,425
$19,163

$3,833

$7,665
$11,498
$15,330
$19,163
$22,995
$26,828

$4,928

$9,855
$14,783
$19,710
$24,638
$29,565
$34,493

1,350

$4,928

$9,855
$14,783
$19,710
$24,638
$29,565
$34,493

$6,899
$13,797
$20,696
$27,594
$34,493
$41,391
$48,290

$8,870
$17,739
$26,609
$35,478
$44,348
$53,217
$62,087

2,000

$7,300
$14,600
$21,900
$29,200
$36,500
$43,800
$51,100

$10,220
$20,440
$30,660
$40,880
$51,100
$61,320
$71,540

$13,140
$26,280
$39,420
$52,560
$65,700
$78,840
$91,980

2,650

$9,673
$19,345
$29,018
$38,690
$48,363
$58,035
$67,708

$13,542
$27,083
$40,625
$54,166
$67,708
$81,249
$94,791

$17,411
$34,821
$52,232
$69,642
$87,053
$104,463
$121,874

3,300

$12,045
$24,090
$36,135
$48,180
$60,225
$72,270
$84,315

$16,863
$33,726
$50,589
$67,452
$84,315
$101,178
$118,041

$21,681
$43,362
$65,043
$86,724
$108,405
$130,086
$151,767

4,000

$14,600
$29,200
$43,800
$58,400
$73,000
$87,600
$102,200

$20,440
$40,880
$61,320
$81,760
$102,200
$122,640
$143,080

$26,280
$52,560
$78,840
$105,120
$131,400
$157,680
$183,960

Source: Company data, Goldman Sachs Global Investment Research
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There are also significant societal benefits from ADAS and AV technology, as about 40k
people die in traffic fatalities in the US annually per NHTSA, and over 1 million people die

each year globally in accidents per the World Health Organization.
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Al 101 - What is Al, and what's the difference between “end-to-end” and a
“compound approach”?

10 July 2024

In this section of the report, we explain key concepts for artificial intelligence, as
detailed in a prior report led by Toshiya Hari.

Artificial Intelligence: Artificial intelligence describes a science of simulating intelligent
behavior in computers. It entails enabling computers to exhibit human-like behavioral
traits including knowledge, reasoning, common sense, learning, and decision making.

Machine learning: Machine learning is a branch of artificial intelligence and entails
enabling computers to learn from data without being explicitly programmed. For
example, the computer learns how to identify an object such as a dog or a cat with data.

Neural networks: A neural network in the context of Al/machine learning describes a
type of computer architecture that simulates the structure of a human brain onto which
Al/machine learning programs can be built. It consists of connected nodes in aggregate
that can solve more complex problems and learn, like the neurons in a human brain,
such as in Exhibit 6. The process of back propagation is used in machine learning to
adjust the weight of the neurons in the neural net and strengthen the paths to produce
a correct answer (e.g. to identify an object).

Exhibit 6: lllustrative neural net framework

Hidden

Source: Goldman Sachs Global Investment Research

Deep learning is a subset of machine learning with a hierarchy of layers in a neural net,
with deep learning having more layers. For example in the dog or cat example, different
layers could correspond to the key defining features of a given animal.

Compound Al system vs. end-to-end approach: There are different approaches to Al
development in the context of autonomous driving, with one being an end-to-end design
(as described more fully in this article), which is the approach Tesla has moved to and is
a single model that takes the vision inputs in and directly outputs the drive policy like
steering and braking. It reduces the need for human coding, and may help solve the
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kind of edge cases that have limited AV progress thus far. An alternative approach is a_
compound solution that can utilize Al for different subsystems or inputs. The solution
can then use this together with glue code and/or overlay other rules/factors (e.g.
ensuring certain traffic laws are obeyed). While there is a debate if this will limit what Al
can achieve in terms of hard to understand edge case scenarios, it can have efficiencies
(e.g. ChatGPT doesn't need to use Al training to solve basic math, it can just query a
calculator module, as described in this blog on the pros and cons of an end-to-end vs. a
compound approach) and a compound system can be easier to understand/verify (which
is especially important in driving as a mistake from Al could be fatal). Compound Al
approaches still make use of advanced Al techniques like transformers. We also note
that a blend of approaches can be used, such as an end-to-end model as a consideration
for the driving decisions but with certain policy rules that are programmed.

Will more compute and an end-to-end approach help Tesla’s FSD

progress?

10 July 2024

Tesla had expected to have fully autonomous vehicles ready in 2020 per
comments at its 2019 Autonomy Investor Day, and the industry more broadly has
struggled to meet its AV targets. In this section we discuss if newer Al technology
can help Tesla to meet this objective.

Specifically, in May 2023, Tesla_announced on X that it was would adopt an end-to-end
Al approach with Version 12 of its supervised Full Self Driving (or FSD) product. Recall
that an end-to-end approach is vision in (from the cameras) and driving policy (such as
steering and braking) out. Moreover, on its 1Q24 earnings call, Tesla commented that it
was no longer compute constrained.

Research on Al scaling does suggest that added compute, larger training datasets, and
improved model architectures should contribute to better Al model performance.
Microsoft CEO Satya Nadella during a keynote at Microsoft Build 2024 noted that similar
to how Moore's Law drove technology in the past, Al technology now allows compute
performance for training deep neural networks to roughly double every 6 months
(referencing research from Epoch).

On compute, Tesla is expecting to have commissioned and installed around 85K H100
GPUs from Nvidia by the end of 2024, up from 35K as of its 1Q24 earnings call. Tesla
plans to invest about $3-$4 bn in Nvidia hardware in 2024. The H100 improves
performance by up to 9X for Al training and up to 30X for Al inference over the prior
A100 GPU for large language model (LLM) transformer development per Nvidia.
Additionally, Nvidia noted that the upcoming GB200 with Blackwell could offer up to 30X
better performance compared to the same number of Nvidia H100s for LLM inference
workloads with up to 25X lower cost and energy consumption.

We consider Tesla to be one of the leaders in autonomous technology. Tesla’s
supervised FSD technology, which is an L2/L2+ system as it requires the driver to
pay attention and be prepared to take over at all times, is already safer than a

£ 3 —FARLEFFHREIENRV: shuinu9870


https://wx.zsxq.com/dweb2/index/group/51128428821554

£ 5 FArmin Zak: KARAMEE XEMKT: KALE

Goldman Sachs

Global Autos & Industrial Tech

10 July 2024

human driver in terms of accidents per mile per data from Tesla (Exhibit 7). Tesla's
data shows that in 2023 accidents with FSD (which is Tesla's solution that allows the car
to do point to point navigation, and works on highways and city streets) occurred every
4 to 5 million miles, and accidents on Autopilot (which includes more basic features like
traffic aware cruise control and lane keeping) occurred every 5 to 6 mn miles (although
these are generally highway miles), compared to once every 600-700K miles for the US
on average. In 1Q24, accidents with Autopilot happened once every 7-8 million miles.

Exhibit 7: Tesla ADAS system miles driven before an accident
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Source: Company data, FHWA, NHTSA, Goldman Sachs Global Investment Research

While we consider this an important metric (with real world implications),
measuring if Tesla drivers get in fewer accidents while using the technology with
active driver supervision (and taking over if there is an issue) is not the same as
whether the vehicles would be better and/or safer when unsupervised (e.g. L3/L4
capability). We therefore believe it is also helpful to gauge the percentage of drives
with no interventions, and interventions per mile, to assess when Tesla may reach
unsupervised capability (e.g. L3 or L4).

While Tesla doesn't disclose intervention data on FSD (and interventions are at the
discretion of the driver which can complicate an analysis of this sort), some drivers
submit intervention data to TeslaFSDtracker which shows that the percentage of drives
without an intervention has trended higher with FSD V12 (the version when Tesla moved
to an end-to-end Al approach). About 70% of drives on V12 have been
no-intervention per this crowd-sourced data, which is an improvement from V10
and V11.
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Exhibit 8: Tesla FSD performance by version per crowd-sourced data
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Source: TeslaFSDTracker

More importantly, what does this data suggest for when Tesla could reach L3 or
eyes-off capability? There are different potential extrapolations of the data, including
rapid scaling, slower but steady progress, or an eventual ceiling on improvement. While
we recognize that this data is imperfect, it would imply in our opinion thatTesla is
tracking to be at L3 in two to three years in a highway type scenario (and unlike
current L3 offerings that only work in very limited circumstances like a traffic jam on
select highways, we mean L3 at full highway speeds).

Exhibit 9: Tesla FSD performance as % of drives with no
disengagements
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Source: TeslaFSDTracker, Goldman Sachs Global Investment Research

The data has also shown that critical disengagements, at least per this user data,
have occurred roughly once every 300 miles (for context the average vehicle in the
US has an accident every 600-700K miles). We think it would be wrong to assume
that every disengagement would have resulted in a crash, but it also suggests the
technology could be a longer time off from being L4 and working without the
potential for a person to take over especially in urban environments. There are
other performance metrics beyond just accidents to consider (e.g. proper lane selection,
smooth driving behavior, operating in adverse weather, and responding to emergency
vehicles). We also believe Tesla could benefit from an expanded number of
cameras/camera placement and/or the use of different sensors like radar, to reach L4 in
cities. We also believe it will take some time for Tesla to get the permits and regulatory

10 July 2024 10
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approvals needed for a robotaxi network. Using humans for remote assistance (similar
to current AV operators like WWaymo and Baidu) could allow it to reach this functionality
sooner than we believe it is currently tracking to, albeit with added cost.

Exhibit 10: Tesla FSD miles between critical disengagements
The green line denotes the average miles driven by a US driver before an

accident
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Updating our ADAS-AV industry forecast

We define the different levels of autonomy, per the Society of Automotive Engineers
(SAE) in Exhibit 11 below. L1 is basic driver assistance, and L2 is partial automation (e.qg.
lane centering and adaptive cruise control simultaneously). L3 is when a driver can take
their eyes and hands off of the wheel in select situations such as while driving on a
highway in clear weather, and in those scenarios the OEM would be liable for an
accident if the vehicle is at fault. L4 is a fully autonomous vehicle in a given area like a
city, such as a robotaxi. Industry participants also refer to additional levels such as L2+
(which is a vehicle that is able to perform more complex tasks and may be technically

capable of L3, but the driver still needs to be alert, and the driver is responsible for an
accident).

10 July 2024
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Exhibit 11: Level of autonomy in autonomous vehicles (Definition of SAE)

LEVELS OF DRIVING AUTOMATION

Degree of
autonomy

Example of
features

Need for
human
intervention

I T T

AUTOMATION

Manual control. The
human performs all
driving tasks (e.g.
steering, braking,
acceleration, etc.)

NO

DRIVER
ASSISTANCE

The vehicle features a
single automated
system (e.g. monitors
speed through cruise
control)

PARTIAL
AUTOMATION

The vehicle can
perform steering and
acceleration. The driver
still monitors all tasks
and can take control at
any time

PARTIAL
AUTOMATION

Vehicle can perform
steering and
acceleration, with quasi
auto-pilot, but driver
always alert/
responsible and hands
near wheel

+ No automation

« Automatic
emergency breaking

« Lane centering OR
Adaptive cruise
control

« Lane centering AND
« Adaptive cruise

control (at the same
time)

« Lane centering AND
 Adaptive cruise

control (at the same
time)

* Quasi auto-pilot with

enhanced safety
features

Driver monitors the environment, even when

automation features are on

System supports the driver

Steering OR speed are

automated

L3

CONDITIONAL
AUTOMATION

Vehicle performs most
driving tasks, but human
override still required.
OEM liable aside from
when driver warned to
take over (subject to
grace period)

« Traffic jam
chauffeur

Driver takes control

when system requests

L4

HIGH
AUTOMATION

The vehicle performs
all driving tasks under
specific
circumstances. Human
override is still an
option.

« Local driverless taxi

L5

FULL
AUTOMATION

The vehicle performs
all driving tasks under
all conditions. Zero
human attention or
intervention is required.

+ Candrive
everywhere in all
conditions

+ Pedal/steering
wheel may not be
installed

Driver not required to take over control

System operates when specific conditions are met

Steering AND speed are automated

HUMAN MONITORS DRIVING ENVIRONMENT

System operates in all
conditions

AUTOMATED SYSTEM MONITORS DRIVING ENVIRONMENT

Source: SAE, NHTSA, Company data, Goldman Sachs Global Investment Research
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Driver assistance and fully autonomous vehicles make use of dozens of sensors,
including cameras, radar and in some cases lidar (Exhibit 12). Tesla currently makes use
of 8 cameras in its consumer vehicles, while Waymo uses 29 cameras in the fifth gen
design along with radar and lidar. From our industry discussions, most robotaxis efforts
use at least 7-8 cameras, but some use 12 or more. There are typically at least 4 radar
and lidars per robotaxi. For L3 cars, we believe most OEMs are seeking to use 1 lidar,
although Tesla plans to use cameras only (although Tesla has been open to radar in the
past). At L2+, we believe many OEMs are looking to use just cameras and/or radar to
avoid the cost of lidar.
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Exhibit 12: ADAS/Autonomy illustrative ecosystem
Representative but not exhaustive list

ADAS/Autonomy lllustrative Ecosystem

Sensors (detect) Systems & Software (decide) Solutions (deploy)

Integrators/Tier-1 Suppliers: System

q . , Auto OEMs

integration, domain controllers & ECUs

Suppliers: Examples:

Aptiv, Bosch, Continental, Denso, Magna, Valeo, ZF Tesla (Full Self Driving), General Motors (Super

Cruise), Ford (BlueCruise), BMW (Personal Pilot),

Suppliers: (=l 2 2 L
Mercedes (Drive Pilot), Nissan (ProPilot Assist)

Innoviz, Luminar, Aeva, Hesai, Valeo, Robosense

-' Silicon & Software Autonomous vehicles/mobility services

Suppliers: Examples:
Suppliers: Mobileye, Nvidia, Qualcomm, Horizon Robotics, Bosch Waymo, Cruise, Baidu, Motional, Aurora, Pony.ai,
Zoox
Bosch, Magna, Continental, Aptiv, Denso, Valeo, ZF
- el -'i.
Suppliers: N I ]_ =
o i

Aptiv, Arbe, Continental, Magna, Denso, Hella, Valeo

Source: Data compiled by Goldman Sachs Global Investment Research

We estimate that nearly 60% of vehicles currently have some level of driver assistance
technology such as adaptive control or automatic emergency breaking. Ve estimate that
about 20% of vehicles are L2/L2+ enabled in 2024. There are a small number of L3
vehicles on the road today, but the conditions are currently very limited (e.g. select
highways at sub 35-40 MPH with a lead car, such as a traffic jam type scenario). There
are also a small number of robotaxi deployments (e.g. NHTSA reports imply Waymo has
a fleet of ~700 vehicles). We estimate that currently L3/L4 vehicles are well under 1%
of global sales. The L4 vehicles on the road at present operate in geofenced areas and
can query humans in a remote location for assistance if needed.

In 2026, we believe that 1-2% of global vehicles will ship as L3. By 2030 we estimate
that L3 vehicles will account for 10% of sales volume and L4 will be a few percent of
total volumes. We expect that L4 use cases could expand in the 2030-2040 timeframe
and increasingly include consumer vehicles (perhaps with a subscription to access
remote assistance).

10 July 2024 13
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Exhibit 13: GS global ADAS/AV penetration forecast
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Source: Company data, Goldman Sachs Global Investment Research

The shift to higher levels of autonomy is happening slower than our forecast from 2022,
with a comparison of our old and new forecasts below in Exhibit 14. We believe that
technology readiness (such as solving edge cases) has been the key constraint, but
regulatory and business model considerations have all also contributed to the slower
ramp in our opinion.

Exhibit 14: Old vs. new GS forecasts for autonomy penetration by
level (2025/2030/2035/2040) globally
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Source: Company data, Goldman Sachs Global Investment Research

Importantly, we highlight our expectation for L3-L5 penetration rates by region in Exhibit
15.

10 July 2024 1
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Exhibit 15: Key regions level 3/4/5 penetration rate
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We show our global bull, bear, and base case L3-L5 penetration rates in Exhibit 16.

Exhibit 16: GSe global level 3/4/5 bull, base, and bear case
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Source: Company data, Goldman Sachs Global Investment Research

For Class 8 trucking, our industry discussions and company comments suggest that
targeted point to point L4 routes will start at the end of 2024/in 2025 timeframe in the
US. L4 trucking technology for Class 8 vehicles can benefit from going on more
predictable routes than consumer robotaxis, but the larger vehicles take more time to
stop and thus need longerrange sensors. L4 trucking adoption has also been late, with
some of the AV companies citing delays in the necessary trucking hardware. \We believe
that L4 Class 8 trucking will take time to gain more material market share given the
approach of using specific routes and initially higher costs (similar to how L4 robotaxi
operations so far have been fleets of hundreds or a few thousand vehicles). We expect
L4 Class 8 vehicles to reach a few percent of industry new truck sales volumes at the
end of the decade.

We now estimate that the Lidar TAM for light vehicles will be $1-$2 bn USD in 2025,
nearly $2 bn in 2026, and $2-3 bn in 2027 This is smaller than the implied ~$3-$3.5 bn
estimate for 2025 we made when we initiated coverage of companies in the lidar
market in 2021. We attribute this to a combination of factors including a slower L3/L4
ramp, lower lidar attach rates on L2+ vehicles, and ongoing price competition in the
market. In China, lidar ASPs have fallen from about $700 in 2022 to about $370 in 2024
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per a June 2024 report from our colleague Tina Hou. While we believe ASPs for lidar
with European and US OEMs are tracking somewhat higher than in China currently,
we'd note that this is still on small overall volumes, and we expect lidar ASPs from
2024-2027 to decline at a double digit CAGR.

Economics of AVs likely are a limiting factor to scaling currently, but over
time the market could be very large

10 July 2024

Current robotaxi efforts (e.g. from Waymo, Pony.ai and Baidu Apollo Go) have thus far
been targeted in terms of deployments, and limited to certain sections of select cities.
While this may be due in part to technology scalability issues (e.g. relying on detailed
3-D maps, and difficulty in high traffic/complex scenarios like construction), we also
believe economic considerations are a factor.

As we wrote in our Initial framing of robotaxi opportunity, and updated FSD scenarios
note, some of the key costs per mile to consider include insurance, repair/maintenance,
cleaning, and fuel/electricity. Lyft has estimated that driver costs such as fuel,
repair/maintenance, depreciation, and cleaning averaged $0.31 per mile and, specifically
for EVs, noted a cost per mile of $0.23 (with lower fuel costs than ICE vehicles). In
addition, commercial insurance that rideshare companies provide can average roughly
$0.30 per mile as implied by 10-K reports. This suggests to us that insurance per mile for
a robotaxi could be >$0.50 to start (with a likely higher cost of repairs for an AV than a
typical consumer vehicle), but could decline to well under $0.30 per mile if AV accident
rates are eventually significantly lower than human drivers (and the cost to buy/repair an
AV declines as the industry grows).

When we examine the costs of AV start-ups (e.g. Motional, Cruise, Aurora) and also
current established rideshare operators like Uber and Lyft, it suggests at least hundreds
of millions if not billions of dollars of opex are often needed to stand-up an early AV and
rideshare business.

Current AV companies (e.g. Waymo, Baidu and Pony.ai) also use human remote
assistance that can help give a car instructions if it gets stuck or confused.

Assuming that depreciation and insurance costs normalize to levels on par with human
driven commercial rideshare entities, we estimate that vehicle driving costs per mile for
an AV at 50-75k miles driven per year per vehicle and roughly 10 cars per remote
operator could reach ~$1.00 per mile (we show this occurring in the later part of this
decade/the 2030 timeframe in Exhibit 17). When considering the sizable operating
expenses AV and rideshare businesses have historically needed, assuming 100-125K
miles per year per vehicle, more favorable insurance (closer to $0.20 per mile) costs,
lower vehicle depreciation costs per mile as AV hardware matures, lower cost of the
vehicle (driven by lower sensor costs and the introduction of purpose-built robotaxi
platforms, and consistent with our industry discussions) and 30-35 cars per remote
operator, then AVs could take more material market share (shown in the 2035-2040
timeframe in the below exhibit).
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Exhibit 17: lllustrative AV rideshare cost model

2023 2024E 2025E 2030E 2035E 2040E

AV cost per vehicle (SUS) 125,000 100,000 85,000 50,000 50,000 50,000
Miles driven per car 22,500 25,000 27,500 75,000 100,000 125,000
Vehicles in service year end 177 259 478 2,570 18,597 72,967
Wages per remote operator 76,875 78,797 80,373 87,870 94,661 99,982
Cars per operator 3 3 3 10 30 35
Vehicle driving cost per mile $3.35 $3.13 $2.94 $0.98 $0.70 $0.58
R&D (SUS mn) 825 908 998 1,521 1,960 2,502
SG&A (SUS mn) 230 265 304 612 1,127 1,479
Total cost per mile $268.71 $184.11 $102.03 $12.04 $2.36 $1.02

Source: Goldman Sachs Global Investment Research

To put this in context, AAA estimates the cost of personal car ownership in the US was
~$0.80 per mile last year for a typical driver (assuming 15K miles traveled per year).
When considering the margin an AV company would need to charge on top of the cost
per mile, it suggests to us that personal car ownership will remain more economical for
drivers for at least the next 5-10 years. However, a meaningful improvement in miles an
AV operates per year beyond the 125K per year assumption we used, or more favorable
vehicle cost/insurance assumptions, could alter this.

Importantly, our discussions with AV operators in China suggest that currently AV
companies need to charge a discount to conventional rideshare platforms such as DiDi
of at least 30% in order to attract users to the network and to compensate for factors
like limits to the locations that AVs can currently reach due to geofencing restrictions.

As we initially wrote in our Initial framing of robotaxi opportunity, and updated FSD
scenarios note, we show the early stage revenue opportunity from robotaxis based on
trips per day, total robotaxis deployed, and an assumed revenue per mile of ~$2-$2.25
(in line with current market pricing in the US on average for ride sharing) in Exhibit 18.
We assumed an average of 9 miles driven per trip (similar to the current rideshare
market), and 50-1,000 vehicles deployed (similar to the scale of early AV deployments
from Waymo and Baidu).

Exhibit 18: Annual revenue opportunity ($ mn) from initial deployment
of robotaxis

Annual revenue in mns from robotaxis

Robotaxis in operation

Trips per
robotaxi per

day 50 100 250 500 1,000
5 $2 $3 $9 $17 $35
8 $3 $6 $14 $28 $56
10 $3 $7 $17 $35 $70
12 $4 $8 $21 $42 $84
15 $5 $10 $26 $52 $105
18 $6 $13 $31 $63 $126
20 $7 $14 $35 $70 $140

Source: Company data, Goldman Sachs Global Investment Research

Longer-term the revenue opportunity from robotaxis could be more significant with a
range of scenarios around trips per day, revenue per trip, and robotaxis in operation as
we show in Exhibit 19.

10 July 2024 17

£ 3 —FARLEFFHREIENRV: shuinu9870



P

Goldman Sachs Global Autos & Industrial Tech

=3

W

_gg«

7

Exhibit 19: Analysis of the annual revenue opportunity ($mn) from a larger fleet of robotaxis deployed globally in a range of scenarios

Annual revenue in mns from robotaxis

Robotaxis in operation

Trips per
robotaxi per
Revenue per trip day 5,000 10,000 25,000 50,000 100,000 250,000 500,000 1,000,000
$5 2 $18 $37 $91 $183 $365 $913 $1,825 $3,650
4 $37 $73 $183 $365 $730 $1,825 $3,650 $7,300
6 $55 $110 $274 $548 $1,095 $2,738 $5,475 $10,950
8 $73 $146 $365 $730 $1,460 $3,650 $7,300 $14,600
10 $91 $183 $456 $913 $1,825 $4,563 $9,125 $18,250
12 $110 $219 $548 $1,095 $2,190 $5,475 $10,950 $21,900
14 $128 $256 $639 $1,278 $2,555 $6,388 $12,775 $25,550
$10 2 $37 $73 $183 $365 $730 $1,825 $3,650 $7,300
4 $73 $146 $365 $730 $1,460 $3,650 $7,300 $14,600
6 $110 $219 $548 $1,095 $2,190 $5,475 $10,950 $21,900
8 $146 $292 $730 $1,460 $2,920 $7,300 $14,600 $29,200
10 $183 $365 $913 $1,825 $3,650 $9,125 $18,250 $36,500
12 $219 $438 $1,095 $2,190 $4,380 $10,950 $21,900 $43,800
14 $256 $511 $1,278 $2,555 $5,110 $12,775 $25,550 $51,100
$15 5 $137 $274 $684 $1,369 $2,738 $6,844 $13,688 $27,375
8 $219 $438 $1,095 $2,190 $4,380 $10,950 $21,900 $43,800
10 $274 $548 $1,369 $2,738 $5,475 $13,688 $27,375 $54,750
12 $329 $657 $1,643 $3,285 $6,570 $16,425 $32,850 $65,700
15 $411 $821 $2,053 $4,106 $8,213 $20,531 $41,063 $82,125
18 $493 $986 $2,464 $4,928 $9,855 $24,638 $49,275 $98,550
20 $548 $1,095 $2,738 $5,475 $10,950 $27,375 $54,750 $109,500
$25 5 $228 $456 $1,141 $2,281 $4,563 $11,406 $22,813 $45,625
8 $365 $730 $1,825 $3,650 $7,300 $18,250 $36,500 $73,000
10 $456 $913 $2,281 $4,563 $9,125 $22,813 $45,625 $91,250
12 $548 $1,095 $2,738 $5,475 $10,950 $27,375 $54,750 $109,500
15 $684 $1,369 $3,422 $6,844 $13,688 $34,219 $68,438 $136,875
18 $821 $1,643 $4,106 $8,213 $16,425 $41,063 $82,125 $164,250
20 $913 $1,825 $4,563 $9,125 $18,250 $45,625 $91,250 $182,500
$35 5 $319 $639 $1,597 $3,194 $6,388 $15,969 $31,938 $63,875
8 $511 $1,022 $2,555 $5,110 $10,220 $25,550 $51,100 $102,200
10 $639 $1,278 $3,194 $6,388 $12,775 $31,938 $63,875 $127,750
12 $767 $1,533 $3,833 $7,665 $15,330 $38,325 $76,650 $153,300
15 $958 $1,916 $4,791 $9,581 $19,163 $47,906 $95,813 $191,625
18 $1,150 $2,300 $5,749 $11,498 $22,995 $57,488 $114,975 $229,950
20 $1,278 $2,555 $6,388 $12,775 $25,550 $63,875 $127,750 $255,500

Source: Company data, Goldman Sachs Global Investment Research

Our colleagues Eric Sheridan, Ben Miller, and team estimate that the US/Canada
ridesharing industry TAM will grow at a 9% CAGR (2023-2029E) and reach over $350 bn,
and that ridesharing bookings of about $44 bn in 2023 (implying roughly 20%
penetration) will grow at a 14% CAGR through 2029 Exhibit 20.

10 July 2024 18

72 shuinu9870



£ % F

tAm iR E 3K KRAREH ~
Goldman Sachs Global Autos & Industrial Tech

Exhibit 20: US & Canada estimated rideshare booking & TAM
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Source: Company data, Federal Reserve Bank of St. Louis, Census Bureau, World Bank, Second
Measure, McKinsey, Statistics Canada, Goldman Sachs Global Investment Research

Our AV forecast implies that a global fleet of a few million commercial AVs used
for rideshare could be on the road in 2030. Although this would comprise less than
1% of the global car parc of over 1 bn vehicles, it could result in a >$25 bn market
for personal mobility from robotaxis (depending on factors such as ASPs, trips per
day, and average miles traveled per trip). WWe assume the international mix of the
business affects the revenue per trip in this 2030 scenario. More optimistic scenarios on
utilization and ASPs would imply a $100 bn+ market in 2030.

Exhibit 21: We show a market scenario analysis for the robotaxi market in 2030

2030 market scenarios for robotaxis ($ mn)

Revenue Trips per Global AVs in operation (000s)

per trip robotaxi per day 150 750 1,350 2,000 2,650 3,300 4,000

$5 2 $548 $2,738 $4,928 $7,300 $9,673 $12,045 $14,600
4 $1,095 $5,475 $9,855 $14,600 $19,345 $24,090 $29,200

6 $1,643 $8,213 $14,783 $21,900 $29,018 $36,135 $43,800

8 $2,190 $10,950 $19,710 $29,200 $38,690 $48,180 $58,400

10 $2,738 $13,688 $24,638 $36,500 $48,363 $60,225 $73,000

12 $3,285 $16,425 $29,565 $43,800 $58,035 $72,270 $87,600

14 $3,833 $19,163 $34,493 $51,100 $67,708 $84,315 $102,200

$7 2 $767 $3,833 $6,899 $10,220 $13,542 $16,863 $20,440
4 $1,533 $7,665 $13,797 $20,440 $27,083 $33,726 $40,880

6 $2,300 $11,498 $20,696 $30,660 $40,625 $50,589 $61,320

8 $3,066 $15,330 $27,594 $40,880 $54,166 $67,452 $81,760

10 $3,833 $19,163 $34,493 $51,100 $67,708 $84,315 $102,200

12 $4,599 $22,995 $41,391 $61,320 $81,249 $101,178 $122,640

14 $5,366 $26,828 $48,290 $71,540 $94,791 $118,041 $143,080

$9 2 $986 $4,928 $8,870 $13,140 $17,411 $21,681 $26,280
4 $1,971 $9,855 $17,739 $26,280 $34,821 $43,362 $52,560

6 $2,957 $14,783 $26,609 $39,420 $52,232 $65,043 $78,840

8 $3,942 $19,710 $35,478 $52,560 $69,642 $86,724 $105,120

10 $4,928 $24,638 $44,348 $65,700 $87,053 $108,405 $131,400

12 $5,913 $29,565 $53,217 $78,840 $104,463 $130,086 $157,680

14 $6,899 $34,493 $62,087 $91,980 $121,874 $151,767 $183,960

Source: Company data, Goldman Sachs Global Investment Research

There could be substantial long-term upside from AVs if they were to displace personal
car ownership. Uber has framed the long-term global personal mobility TAM at 11.9 tn
miles per year, which represents a $6_tn market opportunity per the company (across
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175 countries).

How could an eventual shift to L4 autonomous vehicles change the ridesharing industry
ecosystem?

We see one of the key debates for UBER & LYFT as what the long-term picture of how
the AV industry and rideshare networks interact over the medium-to-long term looks
like. We believe Uber & Lyft will primarily operate as an asset-light third-party (3P)
marketplace for AV fleet operators to plug their supply into as a way to generate
demand. That said, we acknowledge other businesses could emerge as well within the
broader rideshare/robotaxi industry. For example, in addition to WWaymo being available
on Uber in Phoenix, consumers can also book direct via Waymo's app. Similarly, it
appears Tesla would look to approach the industry through its own direct to consumer
app. We also see a potential scenario where entirely new businesses could be formed
around this technology. For example, professional fleet operators who buy up 10-20
robotaxis and plug-in to marketplaces for demand generation (similar to how vacation
rental owners list on Airbnb/Vrbo or individuals who own fleets of vehicles list them to
rent on Turo).

Exhibit 22: US Rideshare Industry - lllustrative Ecosystem with Autonomous Vehicles

Rider /| Demand

Business Models Supply
Marketplace + DTC Model QEMs/Suppliers
* Hybrid AV Fleet
Operators
$ (less platform w 5 OEMs/Suppliers
$ portion) —_—
—- . A— dAGUAR
—p Uber —e Vehicles
AV Fleet
Supply
DTC Model
DTC Robotaxi Fleets $ 3P Robotaxd Flest
X
{less platiorm
= = " Operators (1.2
—$;. L e » individual owners or
. 2 SMB robotaxi fleet
cruise operators)

Source: Company reports, Goldman Sachs Global Investment Research

10 July 2024

An area we will be paying close attention to as AVs begin to get deployed on ridesharing
networks is how these deals are structured & what the unit economics look like. As AV
fleet operators scale, and we transition from Ridesharing 1.0 to Ridesharing 2.0, we
could see a gradual shift in the supply-side industry structure from highly fragmented
(i.e. millions of individual drivers) to more consolidated (i.e. a handful of AV fleet
operators). This could have implications for take rates & unit economics for
marketplaces, similar to how chain & independent/boutique hotels have different
negotiated deal structures with online travel agencies like Booking Holdings (BKNG) &
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Expedia (EXPE). The relative negotiating leverage will likely depend on a number of
factors including: the route coverage AVs will be capable of handling, how consolidated
AV fleet operators become, AV unit economics, how successful AV fleet operators will
be in launching a DTC product, etc. That said, even if AVs were to gradually be deployed
in certain geographies over the next 3-5 years, it is likely they will operate as
supplemental supply for specific routes as opposed to being the only option. Over the
near-to-medium term, a hybrid offering combining AVs and human drivers unlocks the
highest utilization, ensures availability and a better user experience for riders, in our
view. Further, we'd note the most profitable routes are often the most complex to solve
from an AV technology perspective (i.e. airport pick-up/drop-offs, late night
pick-up/drop-offs to nightlife in crowded city streets, etc.).

Exhibit 23: Hybrid AV Networks Allow for Balance of Utilization & Customer Experience

High Demand

Hybrid Driver and AV Supply

Static AV Supply

Demand

Low Demand

Source: Lyft, Goldman Sachs Global Investment Research

New electric and electronic architectures underpin advanced ADAS and
AV vehicles

We believe an important supporting technology of more advanced vehicles that have
L3/L4 autonomy will be electronic architectures that use ethernet connectivity and more
centralized compute. These types of architectures allow for less cabling/wires in the
vehicle, removing weight and complexity, while allowing for high-speed data
transmission and they can more easily be updated over the air (OTA). For example in
Rivian's next gen R1 platform, the company highlighted that its new compute platform
will use 7 in-house ECUs (electronic control units), down from 17 in the first gen R1 (and
compared to the 30-40 or more ECUs that has been traditional in the industry) and
allowing for the removal of 1.6 miles (2.6 km) of wiring in the second generation R1.
Similarly, Tesla highlighted at its March 2023 investor day that it continues to move
toward in-house controllers to better support a centralized compute approach and
reduce weight/complexity. For Cybertruck, Tesla designed 85% of the controllers in
house, up from 20% in the original Model S.

Company ADAS and AV efforts

OEMs continue to focus on autonomy technology, and there are already several
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commercially available solutions available on the market. \We highlight many but not all in
this section of the report.

We detail key strategies and recent commentary below:

Tesla: Tesla highlighted progress it has made with ADAS/autonomy on its 1Q24 EPS call.
On FSD, Tesla commented that it has rolled out V12 to all vehicles with cameras and
Hardware 3 (and is on ~1.8 mn vehicles). Moreover, over 300 mn miles had been driven
with FSD V12 with about half of the ~1.8 mn vehicles using it so far. Tesla said it is in
discussion with one major auto OEM on potentially licensing FSD, and believes it could
potentially sign one or more deals by the end of the year (but noted that it would still
take multiple years for another OEM to deploy the FSD technology). Tesla also
suggested that progress on licensing could track with FSD technology.

Tesla is also currently working on unsupervised FSD and ride-hailing functionality that
will be available in the future. Tesla commented that it expects to own and operate a
portion of a robotaxi fleet with some vehicles also owned by end users. Tesla’s CEO
posted on 4/5/2024 on X that the company will unveil its robotaxi on 8/8/24.

On Al compute, Tesla commented that the company has been actively working on
expanding Tesla's core Al infrastructure. The company commented that it is no longer
training-constrained and has installed and commissioned ~35K H100s and expects that
to grow to roughly 85K by the end of 2024.

GM: On its 1Q24 earnings call, GM commented that it's making progress at Cruise (its
self-driving subsidiary) and is mapping/gathering road information in Phoenix. GM noted
that Cruise is frequently engaging with regulators and stakeholders and building trust as
it regains momentum. Since Cruise paused operations last fall, it has continued to work
on improving its core tech stack and strengthening the safety of the system by
evaluating low probability but higher severity type issues. Cruise plans to demonstrate
that the model works in one city before expanding from there. GM also said it is
exploring a few options for funding Cruise, including potentially taking outside
investments. As of June 11, Cruise is now performing manual driving/mapping in
Phoenix, Houston, and Dallas, and supervised AV testing in Phoenix and Dallas per a
blog post on the company website.

Recall Cruise paused operations after the California DMV suspended Cruise's permit for
autonomous driving in October 2023, and Cruise paused operations of its fleet to
redesign its approach to safety following two pedestrian injuries that involved Cruise
vehicles, per press reports. Cruise had been testing/operating in 15 cities, and GM
stated that Cruise had eclipsed > 5mn driverless miles as of its 3Q23 earnings call.

On Super Cruise (GM'’s hands-free driver assistance technology for compatible roads),
GM continues to roll out the technology to more vehicles.

Ford: BlueCruise, Ford's advanced driver assistance system, is available in Great Britain,
Germany and Spain, in addition to the US and Canada. Management commented at a
conference at the end of May that BlueCruise has reached about 26 mn hours. The
company commented that as of 4Q23, more than 290K BlueCruise-equipped Ford and
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Lincoln vehicles were on the road, with customer use exceeding 2.3 mn hours and 156
mn hands-free miles. On its 3Q23 EPS call, Ford commented that it launched version 1.3
of BlueCruise, which helps customers stay engaged longer in hands-free mode by
improving performance, with greater ability to navigate narrow lanes and curves, per the
company.

On its broader ADAS strategy, Ford commented at its 2023 capital markets day that
ADAS is one of its most important horizontals that extends across the whole portfolio.
L3 autonomy (i.e. hands-off and eyes-off), is expected to launch on Ford’'s Gen 2 EVs
(not right at the point of the platform launch, but as soon as Ford can get the technology
working). Recall Ford believes that the opportunity in L2+ and L3 autonomy is
nearer-term, higher growth, and more profitable than L4.

Mercedes: Mercedes DRIVE PILOT is certified as an L3 system in the US on major
freeways in California and parts of Nevada (e.g., hands and eyes off, and with the OEM
liable for accidents the system could cause), but with restrictions (e.g., select highways,
clear weather, at certain speeds). As of February 2024, Mercedes highlighted that
automatic lane change functionality was introduced in the US and it expects China and
Europe to follow. Additionally, Mercedes aims to extend DRIVE PILOT speeds to ~90
km/h in Germany by the end of 2024. Mercedes is cooperating with NVIDIA on the joint
development of future driving systems.

VW: In March 2024, VW and Mobileye announced an expanded collaboration in
automated driving for L2/L3/L4 capabilities (i.e. hands-free, eyes-on driving/hands-free,
eyes-off systems/fully autonomous vehicles) across multiple VW brands. In the long
term, Volkswagen aims to rely on its own in-house system (Cariad), and the company
continues to focus on partnerships with Bosch and Qualcomm.

BMW: BMW vehicles in Europe and the US offer L2 ADAS systems such as Highway
Assist. In Germany, BMW has the Personal Pilot L3, which started deployment in March
2024 on select vehicle models, and allows eyes off driving at up to 60 kph on select
highways, and can even work in the dark per the company. When the function is being
used, the customer still has to be ready to reassume the task of driving at any time (i.e.
as soon as the situation on the road requires them to or the stretch of road suitable for
using the BMW Personal Pilot L3 comes to an end).

Honda: Honda has several autonomous offerings, with solutions ranging from its

SENSING offering (L1) through Honda SENSING Elite (L2+/L3). The SENSING Elite can
perform L3 driving in traffic jam situations (Traffic Jam Pilot) per the company but was
only included on a limited run of vehicles in Japan. The majority of Honda vehicles still

use L1/L2 functionality.

Waymo: WWaymo currently operates in several areas, including San Francisco, Los
Angeles, and Phoenix and plans to expand to Austin later this year. Per a post on the
company's X page, Waymo is now providing more than 50k paid rides per week across
three major cities as of 5/10/24. Waymo also has a partnership with Uber, and has
started providing driverless delivery for select Uber Eats restaurants in the Phoenix area
per the company. Per a post on the company's X page, WWaymo had completed over 14.8
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mn rider-only miles as of the end of March 2024 over which it had 30 fewer injury
crashes and 32 fewer police-reported crashes, which the company stated is 3.5x and 2x
better than a human driver.

Apollo Go: Currently, Apollo Go, Baidu’s autonomous ride-hailing service, operates a
fleet of 1,000+ in cities such as Beijing and Wuhan and has now expanded to fully
driverless commercial operations since late 2023. Apollo Go provided about 826K rides
in the first quarter of 2024, up 25% year over year. As of April 19, 2024, the cumulative
rides provided to the public by Apollo Go surpassed 6 million. In 2023, Apollo Go
provided more than 3 million rides.

Trucking

Waabi: \Waabi is a Toronto-based autonomous trucking startup that launched in 2021.
Waabi was founded by Raquel Urtasun, who was the chief scientist at Uber ATG. The
\Waabi Driver is powered by generative Al and blends an end to end trained Al stack with
an interpretable architecture. In November 2022, Waabi unveiled its first generation of
trucks that are purpose-built for OEM integration that are powered by the \Waabi Driver
(a combination of Waabi's software, sensors and compute). The company revealed
Waabi World, which is its closed-loop simulator that virtually tests Waabi's self-driving
software and teaches it in real time. The company believes this training and testing
strategy can help it to scale autonomous trucking faster in part because \Waabi doesn’t
have to spend as much time collecting real-world data to train its models or testing its
trucks in the real world.

In 2023, Waabi announced a 10 year strategic partnership with Uber Freight and
committed billions of miles of driverless capacity to the Uber Freight network as part of
the partnership. Waabi began commercial pilots with shippers on the Uber Freight
network to haul goods between Dallas and Houston. Ultimately, Waabi plans to move to
a Driver-as-a-Service business model where carriers buy trucks built with Waabi’s Driver
and can opt into the Uber Freight marketplace.

Gatik: Gatik is an autonomous middle mile logistics company that was founded in
Silicon Valley in 2017 The company focuses on short-haul, B2B logistics for Fortune 500
retailers. Gatik's Class 3-7 autonomous box trucks are commercially deployed in multiple
markets including Texas, Arkansas, and Ontario. Gatik's partnerships include Ryder,
Goodyear and Isuzu. In 2021, the company removed the safety driver from autonomous
trucks operating for Walmart. Other customers include Kroger, Tyson, Georgia-Pacific,
and Loblaws. Gatik also announced in May 2024 that it is expanding its partnership with
Isuzu for mass production of L4 autonomous trucks. Per the press release, these
vehicles will be equipped with safety-critical redundant systems to accelerate the
deployment of Freight-Only operations without a human driver at scale. As part of the
agreement, Isuzu has invested $30 mn into Gatik. Gatik expects the truck platform will
be manufactured at a dedicated manufacturing facility that will be established by Isuzu
and begin operations in 2027. First deliveries of L4-capable autonomous trucks from the
new manufacturing facility are expected to be delivered to Gatik's fleet customers.

Since Gatik began autonomous deliveries, it has completed over 600k commercial
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orders for customers in the US and Canada. The current fleet is now over 60 trucks.

Aurora: Aurora is focused on developing autonomous driving technology, with an initial
focus on the Class 8 trucking market. The company plans to initially launch in Texas at
the end of 2024 on its Dallas to Houston route, and expand over time. Aurora
commented during its 1Q24 earnings that it is scheduling about 120 loads per week for
its customers. Cumulative to-date through 4/30/24, Aurora has autonomously delivered
(under the supervision of vehicle operators) 5,450 loads, driving ~1.5 mn commercial
miles, with nearly 100% on-time performance for its pilot customers, including FedEx,
Werner, Schneider, and Uber Freight, per the company. Additionally, Aurora reiterated its
target for a commercial launch at the end of 2024 and noted it is readying its technology
to close its launch lane Safety Case. Importantly, while Aurora plans to own and operate
its early trucking fleet, its long term plan is to operate a driver as a service business
(DaaS) where Aurora will supply self-driving technology and earn revenue on a fee per
mile basis. Aurora is partnering with Continental to jointly develop, manufacture, and
service future generations of the Aurora Driver hardware. This would begin in 2027, and
Aurora would pay Continental on a per mile basis.

Kodiak: Kodiak Robotics is a private company that has developed Kodiak Drive, which is
an autonomous driving solution, and the company is currently focused on the Class 8
market. Kodiak's technology is less dependent on mapping, and is platform agnostic. An
important feature of its hardware kit (SensorPods) is that the company can quickly
change them out for replacement. Kodiak's network incorporates more than 18,000
miles of freight-dense lanes. Kodiak highlights partners including Werner, Pilot Flying J,
and Maersk.

Daimler Truck: Daimler takes a dual track strategy in its autonomous trucking business:
1) captive solution provided by its independent subsidiary Torc which has a fully
integrated pure-play product with a virtual driver on board and optimised for hub-to-hub
trucking. Torc has been testing autonomous-ready Freightliner Cascadia trucks in
real-world applications with selected logistics companies such as Schneider and C.R.
England, successfully moving customer freight autonomously on its test route between
Phoenix and Oklahoma City, over the past year. 2) non-captive solution through its
cooperation with Waymo which focuses on more complex problems and Waymo will
retrofit its virtual driver technology onto redundant autonomous-ready chassis
manufactured by Daimler. Daimler believes this dual track offers customers maximum
flexibility and estimates the US autonomous freight market to be $450bn in 2030.
During CMD 2023, Daimler announced targets to start to deliver autonomous trucks in
the US by 2027 and to reach revenues of over €3 billion and an EBIT of over €1 billion by
2030.

Tesla earnings implications and 2030 EPS scenarios

10 July 2024

We believe that Tesla's FSD revenue is currently $1-3 bn per year, mostly from up-front
license sales (currently priced at $8K/vehicle in the US market) that is generally a license
attached to that vehicle for the life of the car. Tesla also offers a subscription of $99 per
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month.

We show revenue potential from purchases of FSD on a subscription or up-front basis in
Exhibit 24 and Exhibit 25, and we assume that by 2030 Tesla's software related revenue
could be tens of billions of dollars per year in total (we expect this to come primarily or

fully from sales to its own fleet of vehicles as a base case).

\We recognize there are scenarios beyond the range we show (e.g., upside cases given
that Tesla aspires to sell 20 mn vehicles a year and could license FSD to other OEMs,
and downside cases that are less positive from factors including regulatory constraints
and/or software development challenges).

Exhibit 24: Tesla revenue opportunity from FSD subscription

Annual revenue in mns from monthly FSD subscrptions

Installed Base (mn)

Monthly ASP Attach Rate 35 40

$25.0 10% 750 900 1,050 1,200 1,350 1,500
25% 1,875 2,250 2,625 3,000 3,375 3,750
40% 3,000 3,600 4,200 4,800 5,400 6,000
50% 3,750 4,500 5,250 6,000 6,750 7,500
75% 5,625 6,750 7,875 9,000 10,125 11,250

$50.0 10% 1,500 1,800 2,100 2,400 2,700 3,000
25% 3,750 4,500 5,250 6,000 6,750 7,500
40% 6,000 7,200 8,400 9,600 10,800 12,000
50% 7,500 9,000 10,500 12,000 13,500 15,000
75% 11,250 13,500 15,750 18,000 20,250 22,500

$100.0 10% 3,000 3,600 4,200 4,800 5,400 6,000
25% 7,500 9,000 10,500 12,000 13,500 15,000
40% 12,000 14,400 16,800 19,200 21,600 24,000
50% 15,000 18,000 21,000 24,000 27,000 30,000
75% 22,500 27,000 31,500 36,000 40,500 45,000

$150.0 10% 4,500 5,400 6,300 7,200 8,100 9,000
25% 11,250 13,500 15,750 18,000 20,250 22,500
40% 18,000 21,600 25,200 28,800 32,400 36,000
50% 22,500 27,000 31,500 36,000 40,500 45,000
75% 33,750 40,500 47,250 54,000 60,750 67,500

$200.0 10% 6,000 7,200 8,400 9,600 10,800 12,000
25% 15,000 18,000 21,000 24,000 27,000 30,000
40% 24,000 28,800 33,600 38,400 43,200 48,000
50% 30,000 36,000 42,000 48,000 54,000 60,000
75% 45,000 54,000 63,000 72,000 81,000 90,000

$300.0 10% 9,000 10,800 12,600 14,400 16,200 18,000
25% 22,500 27,000 31,500 36,000 40,500 45,000
40% 36,000 43,200 50,400 57,600 64,800 72,000
50% 45,000 54,000 63,000 72,000 81,000 90,000
75% 67,500 81,000 94,500 108,000 121,500 135,000

Source: Goldman Sachs Global Investment Research

10 July 2024 26

72 shuinu9870




Ho Ndif B 3k
Goldman Sachs

Global Autos & Industrial Tech

10 July 2024

Exhibit 25: Tesla revenue opportunity from upfront FSD purchase

Revenue in mns from upfront FSD purchase

2030 Unit Sales (mn)

Attach Rate 6 7
$2,500.0 10% 1,000 1,250 1,500 1,750 2,000 2,250
25% 2,500 3,125 3,750 4,375 5,000 5,625
40% 4,000 5,000 6,000 7,000 8,000 9,000
50% 5,000 6,250 7,500 8,750 10,000 11,250
75% 7,500 9,375 11,250 13,125 15,000 16,875
$5,000.0 10% 2,000 2,500 3,000 3,500 4,000 4,500
25% 5,000 6,250 7,500 8,750 10,000 11,250
40% 8,000 10,000 12,000 14,000 16,000 18,000
50% 10,000 12,500 15,000 17,500 20,000 22,500
75% 15,000 18,750 22,500 26,250 30,000 33,750
$8,000.0 10% 3,200 4,000 4,800 5,600 6,400 7,200
25% 8,000 10,000 12,000 14,000 16,000 18,000
40% 12,800 16,000 19,200 22,400 25,600 28,800
50% 16,000 20,000 24,000 28,000 32,000 36,000
75% 24,000 30,000 36,000 42,000 48,000 54,000
$12,000.0 10% 4,800 6,000 7,200 8,400 9,600 10,800
25% 12,000 15,000 18,000 21,000 24,000 27,000
40% 19,200 24,000 28,800 33,600 38,400 43,200
50% 24,000 30,000 36,000 42,000 48,000 54,000
75% 36,000 45,000 54,000 63,000 72,000 81,000
$15,000.0 10% 6,000 7,500 9,000 10,500 12,000 13,500
25% 15,000 18,750 22,500 26,250 30,000 33,750
40% 24,000 30,000 36,000 42,000 48,000 54,000
50% 30,000 37,500 45,000 52,500 60,000 67,500
75% 45,000 56,250 67,500 78,750 90,000 101,250

Source: Goldman Sachs Global Investment Research

As we have previously written, given that PEG ratios for tech and industrial stocks often
range from ~1.25-2X, Tesla would need to grow at a ~20-40% EPS CAGR to warrant a
roughly 25-75X P/E target multiple. We show scenarios of what Tesla's EPS could look
like in 2030, assuming automotive vehicle revenue of $175-$350 bn, software (with FSD
the largest component) at $10-$75 bn, as well as Services & Other ($75-125 bn; note
the humanoid robot market could be ~$10-15 bn in 2030 per a report from our
colleagues) and Energy ($30-50 bn). Taken together, we believe that these scenarios
suggest that a 20-40% EPS CAGR is achievable for 2025-2030 for Tesla.

Relative to the 2030 EPS scenario analysis we published in our November 2023 report,
“Contextualizing Tesla’s Al and FSD opportunities’ we have raised our revenue range for
the base and upside scenarios for the Services & Other line to better reflect

opportunities in robotics and a robotaxi business, while lowering our automotive
revenue assumptions given our reduced BEV market outlook. We have also lowered the
EBIT margin assumptions to better account for pricing challenges in the auto business.
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Exhibit 26: 2030 Tesla EPS Scenarios

2030 EPS scenarios

Low Mid High

Revenue

Vehicles 175 225 350

Software 10 25 75

Energy 30 40 50

Services & Other 75 100 125

Total 290 390 600
EBIT Margin 9.0% 12.5% 19.0%
EPS $6.58 $11.93 $26.91
CAGR from 2025 16% 30% 53%

Revenue in $bn

Source: Goldman Sachs Global Investment Research

The bottom line is that we believe Tesla is among the leaders in Al technology, and we
expect that this will help it to expand businesses like FSD in particular for Tesla's own
fleet of vehicles in the intermediate to longerterm term. We also believe a robotaxi
specific business could take time to grow given both technology as well as regulatory
considerations.

We are Neutral rated on the stock, and our 12-month price target is $248 (based on 65X
Q5-Q8E EPS). Key downside risks to our view relate to potentially larger vehicle price
reductions than we expect, increased competition in EVs, slower EV demand, delays
with products/capabilities like FSD/4680, key person risk, the internal control
environment, margins, and operational risks associated with Tesla’s high degree of
vertical integration. Upside risks include faster EV adoption and/or share gain by Tesla, a
stronger macroeconomic environment for new vehicle sales more generally, earlier new
product launches than we expect, and an earlier/larger impact from Al enabled products
(e.g., FSD, Optimus and robotaxis) than we currently anticipate.

Stock implications, price targets, and key risks

10 July 2024

Nvidia (NVDA, Buy (CL); covered by Toshiya Hari): Although the sharp increase in
Data Center revenue has led to a decline in the Automotive business’ contribution to the
overall company (i.e. >1% of total revenue), we believe Nvidia is well-positioned to
benefit from growth in the ADAS/AV market given its a) leadership position in
accelerated computing (i.e. offering of hardware and software), b) deep partnerships
with nearly every Automotive company, per Nvidia, and ¢) a strong revenue pipeline of
$14bn over six years as of May of last year. Automotive companies have been leveraging
Nvidia's DRIVE AGX platform (includes hardware and software necessary to develop
automated driving functions and immersive in-cabin experiences) for their next-gen fleet
development. Mercedes, for instance, is ramping its Al-enabled fleet in CY2025 by using
NVIDIA DRIVE Orin (i.e. SoC that delivers 254 TOPS of Compute performance) to
support a comprehensive sensor suite to safely enable assisted driving and ultimately,
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level 3 conditionally automated driving. JLR, as another example, is using Nvidia's
full-stack solution based on NVIDIA DRIVE Hyperion, which features DRIVE Orin
centralized AV computers; DRIVE AV and DRIVE IX software, and is expected to ramp in
CY2026. Nvidia has also announced the next-gen successor to Orin, named Thor (based
on the Blackwell architecture, and delivers 1,000 INT8 TOPS) and has announced design
wins with several leading EV makers including BYD, XPENG and Nuro. Automotive
companies have also been using Nvidia's Data Center products for Training and
Inferencing their LLMs designed for autonomous driving, with the company calling out
Automotive as the largest Enterprise vertical in terms of revenue contribution within its
Data Center segment, driving a multi-billion revenue opportunity in the current year.
Bottom line, we believe that Nvidia is playing a pivotal role in the growth of ADAS/AV
market through its Data Center products for Training and Inference, and Automotive
specific hardware and software enabling autonomous driving and intelligent cockpits at
the edge.

Our 12-month price target of $135 is based on 50x our normalized EPS estimate of
$2.70. Key downside risks to our estimates and price target include: 1) a sudden decline
in Gen Al infrastructure spend by the major CSPs and/or enterprises; 2) further
restrictions on GPU exports; 3) delays in new product introductions; 4)
weakerthan-expected demand for Gaming GPUs; and 5) supply chain issues.

Uber (UBER, Buy; covered by Eric Sheridan): \We believe Uber is well positioned as an
asset light aggregator of supply and a demand generation engine for that supply in a
world where autonomous vehicles become more widespread. This is based on our view
that as AVs are gradually deployed in certain geographies over the next 3-5+ years, it is
likely they will operate as supplemental supply for specific routes as opposed to being
the only option. Over the nearto-medium term, a hybrid offering combining AVs and
human drivers unlocks the highest utilization, ensures availability and a better user
experience for riders. We'd also note the most profitable routes are often the most
complex to solve from an AV technology perspective (i.e. airport pick-up/drop-offs, late
night pick-up/drop-offs to nightlife in crowded city streets, etc.). Finally, should AVs allow
for a lower cost per trip for the consumer, this could help unlock additional pools of
demand over time for rideshare networks.

Looking long term, we continue to believe that UBER'’s equity story is centered on the
key themes of scaling end-markets, rising profitability levels (even while remaining
committed to investing for the long-term) and increased evidence of the platform
cross-sell/flywheel effects which should result in investors revisiting the mix of growth,
margins & FCF that Uber can generate in the years ahead. We see Uber as a company
growing topline at a mid-teens% CAGR, that is compounding Adj. EBITDA at ~40% over
the same period with high FCF conversion (~90%) and capability to return capital to
shareholders.

Our $85, 12-month price target is based on an equal blend of (1) 22.5x EV/GAAP
EBITDA applied to our NTM + 1 year estimates and (2) a modified DCF using a 22.5x
EV/FCFSBC multiple applied to our NTM + 4 years estimates discounted back 3 years.

Risks to our Buy rating include: a) Slower recovery in Mobility in a post-COVID
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environment (airport rides, business travel, use case in major cities, slower disruption in
car owning communities); b) Regulatory environment around driver classification (incl.
compensation, benefits, etc.), merchant commission caps, ESG, etc.; c) Competitive
forces in both Mobility and Delivery (incl. local commerce/logistics); d) Tougher comps
for Delivery in a post-COVID environment (indoor dining, meals cooked at home); and e)
volatility caused by the global macroeconomic environment and investor risk appetite for
growth stocks.

Mobileye (MBLY, Buy; covered by Mark Delaney): \We believe that Mobileye is a
leading auto tech enabler for ADAS and AV applications, and we view the company as
well positioned for growth given its vision/Al capabilities that are applicable for both
ADAS and AVs, its ability to provide full solutions, and its strong market share. As we
highlighted in this report, as more OEMs focus on reaching higher levels of autonomy
we believe Mobileye is well-positioned for additional wins with its more advanced
solutions (e.g. its hands-free but eyes-on product SuperVision, and eyes-off product
Chauffeur), given Mobileye's strong perception capability, data access, and ability to
provide low power solutions that are scalable (e.g. the technology for its L2+
SuperVision product is a key building block for Chauffeur). Importantly, these advanced
solutions offer significantly higher ASPs and EBIT potential for Mobileye than its
traditional products, and we therefore expect this to drive attractive long-term growth.

Our 12-month price target of $32 is based on a 30X multiple applied to our Q5-Q8
EBITDA estimate (ex. SBC). Key downside risks to our Buy thesis include: 1) Market
share as the industry is extremely competitive with key players including Qualcomm,
Nvidia, and in house tech; 2) China/geopolitical risks given significant business
restrictions and geopolitical tensions between the US and China, there is the risk that
new policies could limit the amount of business that Mobileye could do in China; 3)
Mobileye's driving policy depends in part on the upkeep of its HD maps and these maps
are crowdsourced from participating OEMs’ vehicles. If OEMs were to no longer share
this data with Mobileye, or if there were other new challenges around data privacy
and/or storage, it could be a risk; 4) AV launch timing and performance; 5) Supply
constraints and supplier/partner readiness; 6) Macroeconomic risk on auto demand.

Renesas Electronics (6723.T. Buy (CL); covered by Daiki Takayama): Renesas
Electronics has a wide lineup of products for ADAS/AD (AV) applications, including
MCUs and SoC. Autonomous driving is one of the areas where it applies its successful
strategy of not only delivering individual products in response to specific requests from
customers, but also meeting customer needs with solutions that combine several
products. Renesas is one of the largest global suppliers of MCUs, which we think will
remain a core part of its business. We expect demand for its MCUs to increase, driven
by the evolution of autonomous driving technology.

Customers in the ADAS/AV space look for products that are efficient in terms of power
consumption, as well as being able to meet their software calculation and safety
requirements. Renesas has established a track record of reliability with its R-Car SoC
and MCU lineup. It caters to a wide range of customer sizes and needs, from those
looking for entry-level to premium models, as well as starter kits.
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The company also makes its open development platform Renesas autonomy available to
customers. By using the ecosystem provided by Renesas and its partners, customers
can develop unique applications while substantially reducing the time needed between
developing and launching a product.

According to Gartner data, Renesas lost market share in MCUs (especially automotive
applications) in 2023. Auto-related MCUs are a core business for the company, which
has maintained its global market share for many years, and this is fueling concerns
among some investors. Renesas cited two factors behind the decline in market share:
(1) a weaker yen and inventory adjustments starting earlier than at peers (one-off
factors), and (2) a misread of future customer demand. On the second point, it said that
auto-related computing design generally takes around five years, and the recent decline
in market share reflects strategic decisions made around 2018-2019. While Renesas led
the market shift to 40 nm/28 nm, it conservatively assumed that the move to EVs would
be slower, and its focus at the time was on product specifications for internal
combustion engine (ICE) powered vehicles. It also developed crossover MCUs with high
performance on the assumption that these would be utilized along with advances in
zone control units. However, the shift to EVs was faster than the company had
expected, and demand has remained focused on functions for individual applications
rather than zone control computing. We also assume the company was unable to meet
customer demand due to delays in the development of ARM core-based products.
Renesas has been developing proprietary core-based products (for example, the RX
family) since its founding, and began marketing ARM core-based products (including RA
family) later than its peers in 2019. We believe the recent decline in market share can be
attributed in part to its falling behind technological trends. In response, Renesas has
already begun developing specialized MCU products for individual functions. The
company said that this has resulted in strong inquiries in recent sales negotiations, and
it expects this move to bear fruit over the next few years.

Our 12-month target price of ¥3,800 is based on FY12/25E-12/26E EV/GCI vs.
CROCI/WACC, applying an EV/DACF multiple of 10X (25% premium to the sector
average, implying a target P/E of 12X. Key risks include a slowdown or delayed recovery
in consumer electronics-related demand, stagnant automobile production, protracted
reduction in semiconductor inventories, delayed recovery for industrial equipment
applications, and yen appreciation.

Fuji Electric (6504.T, Buy; covered by Ryo Harada): \We expect Fuji Electric to continue
to benefit from the EV theme. Fuji Electric is a beneficiary of the current situation of its
major customer Toyota delivering strong production for HEVs. In addition to preparing to
add capacity in anticipation of the full-scale takeoff of the SiC module market in 2025-26,
Fuji Electric is also planning a broad response to vehicle electrification that includes the
rollout of RC-IGBTs — an area of strength for the company in Si-IGBT modules — for
minivehicles and compact cars. RC-IGBTs are formed by combining IGBTs and FWDs
(freewheeling diodes) in a single chip. This greatly reduces the chip area and the number
of power elements to be mounted, thereby reducing costs. Fuji Electric’'s co-developed
the RC-IGBTs with Denso, and competitors such as Mitsubishi Electric and Infineon are
yet to mass produce them.
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In its MTP Fuji Electric is expecting auto IGBT sales to be flat from FY24/3 to FY27/3,
but we think there is upside given the company is conservatively only pricing in the
negative factor of expected vehicle model transitional period in FY26/3-27/3 by EU/US
OEMs, and not the positive factor of expected continued strong sales of HEVs.

Our 12-month price target of ¥11,800 is based on an EV/EBITDA of 8X (FY3/26E).

Key risks for the semiconductor business include further increases in investment and
depreciation, deterioration in market conditions due to excessive investment by other
companies, higherthan-expected development costs and lowerthan-expected sales
prices for automotive IGBT modules, weak sales of auto models that adopt or plan to
adopt Fuji Electric’'s IGBT modules.

Baidu (BIDU/9888.HK, Buy; covered by Lincoln Kong): \We view Baidu as one of the
pioneers in the China Robotaxi industry, with a current fleet of 1,000+ and having
expanded to fully driverless commercial operations since late 2023. Apollo Go, Baidu's
autonomous ride-hailing service, provided about 826K rides in the first quarter of 2024,
up 25% vyear over year. As of April 19, 2024, the cumulative rides provided to the public
by Apollo Go surpassed 6 million. In a city like Wuhan, currently 70% of commercial
operation is in fully driverless mode with a target to reach 100% by the end of the year.
On Unit economics, with the new generation of Robotaxi RT6 set for massive
production before year end, cost per fleet will likely fall to RMB250K according to the
company. As such, by 2025 in the Wuhan region it's likely to reach operational breakeven
for Baidu’s Robotaxi services, and total Apollo Go losses should shrink significantly from
current levels. In the medium term, Baidu is also open to outsourcing technology to 3rd
party auto OEMs as the industry TAM expands and profitability improves.

We are Buy-rated on Baidu with 12-month SOTP-based target prices for BIDU/9888.HK
of US$153/HK$150. We use target 9X P/E for core search, 3X P/S for cloud business and
discounted back valuation for Apollo Go. Key risks include 1) slower recovery in macro
and advertising spending, 2) higherthan-expected competition in the advertising/search
industry, 3) delay of Al monetization progress.

Honda (7267.T, Buy; covered by Kota Yuzawa): On January 10, Honda announced the
basic outline of its new electrified vehicle (EV) strategy at CES 2024. The company said
it plans to adopt a new logo for EVs scheduled for launch from 2025. Honda also
unveiled its Saloon and Space-Hub concept cars that use a dedicated 0-series
architecture platform. The O-series will be equipped with Level 2 ADAS initially, but
Honda said it plans to adopt systems equivalent to Level 3 ADAS in the latter half of the
2020s. It also aims to make some hands-free functions that can only be used on
highways available for partial use on general roads. With regard to level 4, Honda, GM,
and Cruise plan to establish a joint venture and launch a driverless ridehail service in
Tokyo in early 2026. The plans call for the service to start with dozens of vehicles and
subsequently expand to a fleet of 500. The service will then be expanded to areas
outside of Tokyo. The venture will be the first to offer this service in central Tokyo. Honda
has three suites of autonomous driving technologies for Levels 1 to 3, namely Honda
Sensing, Sensing 360, and Sensing Elite, as a part of its strategy to address needs
among various regions and customers. In 2021, Honda released the world's first Level 3
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autonomous vehicle as a part of its Legend series, and it has been a global leader in
development of the technology (operational design domain (ODD) for Level 3 at 30-50
km/h on highways). We think the latest announcement shows a clear move toward
commercializing Level 4, and we view it as a positive development as Honda looks to
maintain its position as one of the companies leading advances in the field of
autonomous vehicles

Our 12-month target price of ¥2,400 is based on P/B-ROE correlation and our FY3/25
estimates. Risks include yen appreciation, a sharp rise in raw material prices,
weaker-than-expected sales of new vehicles, inefficiency in multiple EV projects, and
margin deterioration in the China business.

XPeng Inc. (XPEV/9868.HK, Buy; covered by Tina Hou) - XPeng is a fast-growing pure
EV maker in China with a focus on intelligent vehicle features. We believe XPeng's
leading position in NOA (navigation on autopilot) with strong R&D focus could provide
further upside to its revenue growth and margin profile. With the start of recognition of
R&D services revenue from VW, XPeng’s gross margin improved to 12.9% in 1Q24 from
1.7%/6.2% in 1Q23/4Q23. XPeng achieved services and other revenue of Rmb1bn in
1Q24 (+93% yoy / +22% qoq). According to management, XPeng recorded multiple
hundred million Rmb of revenue from VW in 1Q24 under service and other revenue.
XPeng will start to record revenue from its EEA collaboration with VW starting from
2H24 and expects higher revenue from VW in the subsequent quarters after 1Q24. With
recurring software services revenue recognition, the company believes its gross margin
should be sustainable at low-to-mid teens levels throughout 2024. XPeng released XOS
5.1.0 - "Al Tianji" to users of major models on May 20, featuring non-HD map and
end-to-end large model. The company targets to achieve city XNGP on all the roads
nationwide by 3Q24. Powered by end-to-end Al model, XPeng would be able to iterate
software and Al technology on a monthly basis. Management expects to achieve one
manual takeover per hundred of kilometers for city XNGP in 2025.

We are Buy rated with 12m DCF-based (WACC 11.8%, TGR 3.0%) TPs of
US$12.1/HK$47 for ADR/H share. Risks: intensified competition, component cost
fluctuation, software monetization, liquidity, lowerthan-expected G6 sales growth.

Hesai Group (HSAI, Neutral; covered by Tina Hou) — Hesai is one of the world's
leading light detection and ranging (LiIDAR) solution providers. Its LIDAR products cater
to applications across advanced driver assistance systems (ADAS), autonomous
mobility, and robotics. Our China ADAS LIDAR industry model uses a bottom-up
approach based on individual vehicle models, where we expect the industry TAM to
grow at 40% CAGR from US$300mn in 2023 to US$819mn in 2026E, driven by a 74%
volume CAGR and partially offset by a -20% ASP CAGR. We estimate Hesai accounts for
¢.30% volume market share, and believe the company will maintain this through the
ongoing customer diversification (Li Auto remains the largest customer contributing to
>50% of revenue in 2024E-26E, while Xiaomi and Leapmotor are the two key OEMs on
incremental revenue). In addition, customers’ sensitivity to unit costs due to intensifying
price competition and declining ASP of LiDAR products could impede Hesai's revenue
growth. In the longer term, there is also debate over whether LiDAR is a must-have for
ADAS and autonomous driving.
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We are Neutral rated with a 12m target price of US$6.0 (based on 1-year forward P/S
valuation methodology of 2x 2025E revenue). Risks include LiIDAR adoption pace,
pricing trend, competition dynamics, emerging technologies, and policy risks.

Desay SV (002920.SZ, Buy; covered by Verena Jeng): Desay SV is a local leading tier
1 player riding on specification upgrade across smart cockpit and smart driving. The
company is an early mover with the NVIDIA chipset platform, riding on L2 / L4's growing
trend in China. Despite the automotive market slowdown in China, Desay SV could
continue to outperform thanks to its product mix upgrade driving revenues growth.
Desay SV also enjoys: (1) a larger scale to share the R&D burden: Desay SV serves
multiple car OEMs across various models, which enables it to better share the R&D
burden, such as domain controllers for smart driving, (2) total solution across smart
cockpit, smart driving, and loV, with upside in software (e.g. smart driving algorithm, OS
customization, Middleware, OTA services, etc.).

We are Buy rated on Desay SV with a 12-month target price of Rmb175. Our TP is
derived from a discounted P/E. We use a 27.5x target P/E multiple, which is derived from
sector correlation of forward year earnings growth vs. P/E. Key risks to our Buy thesis
include 1) slowerthan-expected smart driving revenue growth; 2) slowerthan-expected
new oV business expansion; and 3) worse-than-expected gross margin in the smart
driving segment.

Quanta (2382.TW, Buy; covered by Allen Chang): Quanta is an early entrant of smart
driving domain controllers, starting mass production for global OEM clients in US and
Europe from 2019-20. We see the company continuing to penetrate key OEM clients
and diversify its production base, and expect automotive revenues contribution at 7%/
8% of Quanta’s total revenues in 2024/ 25E. As a leading ODM supplier expanding to
automotive electronics, Quanta has strong know-how of DCU and partners with supply
chain player AlMotive (private) to develop new products.

We are Buy-rated on Quanta with a 12-month target price of NT$405. Our TP is based
on a 22x 2025E P/E, which is based on PC/server peers’ EPS growth vs. P/E multiple
correlation. We see EPS growth as a major factor for the stock’s performance. Key
downside risks include: 1) weakerthan-expected PC market recovery, 2)
slowerthan-expected Al server ramp-up, and 3) weakerthan-expected demand on
general server.

Infineon (IFX, Buy; covered by Alexander Duval): Infineon provides microcontrollers,
radar processing chips and power semis for L1-L5 ADAS technologies. The company is
primarily exposed to the ADAS market through its portfolio of MCUs, which are used for
pre-processing of sensor data (camera/radar/lidar) before central processing in the
sensor fusion box, but also as ISO 26262-certified safety domain controllers that send
signals for the final actuation of the vehicle physical parts (e.g. steering wheel, brakes).
We estimate that IFX has ¢.30% global market share in auto MCU, with its ISO
26262-certified AURIX MCU gaining traction, suggesting that it could achieve 30% +
market share in the ADAS segment in our view. Further, in power management, Infineon
offers a range of power management ICs tailored for ADAS. These semis play an
important role in managing voltages in an ADAS system of very high computational
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power. Infineon's presence in power semis provides it with exposure to the trend of
increasing levels of redundancy in mechanical systems (e.g. braking, steering) as the
levels of autonomy rise (towards L4/L5), and hence we expect a substantial increase in
the power semis BoM over the next 5 years.

We are Buy rated on Infineon with a 12-month price target of €43.5 (unchanged) based
on a 10x CY25E EV/EBITDA multiple. Key risks to our view and price target include
weaker end markets (such as lowerthan-expected EV adoption rates), a worsening semi
cycle and negative macro dynamics that could prolong the weakness in consumer
demand and lead to demand being pushed out.

STMicro (STM, Neutral; covered by Alexander Duval): STMicro supplies vision-based
processing chips, short-range radar processing chips, MCUs and power semis to the
ADAS market. STM has been a co-developer of vision-based camera EyeQ chips with
Mobileye for the past 15+ years. We believe that STM's processing chips (co-developed
with Mobileye) currently garner a leading market share, especially viz-a-vis vision based
processing. STM also offers a comprehensive portfolio of ADAS ICs for power
management, as well as radar chips. Furthermore, STM offers optical sensing solutions
for driver and occupant monitoring systems, which are required in L2+ vehicles that
monitor to ensure drivers remain alert in the event that ADAS systems prompt require
human control. Finally, STM also has market share in MCUs, with the company present
in both the microcontroller used for radar processing in high volume production and in
the housekeeping MCUs that sit beside Mobileye processing chips.

We are Neutral-rated on STM, with 12-month price targets of €42.5 / ADR $45.8 based
on an 8x CY25E EV/EBITDA multiple. Key risks to our view and price targets include a
quicker/slowerthan-expected inventory correction trough in consumer semis,
accelerating/slowing Silicon Carbide momentum at competitors and evidence that
currently favourable pricing can be sustainable.

Greater China EV Technology

10 July 2024

SiC / IGBT: We see China power semiconductors suppliers expanding to EVs and the
industrial market, with a rising SiC adoption rate in EVs to realize fast charging (bmins
charge for 200km drive); for example: Xiaomi SU7 Max, Stelato S9 etc. on 800V SiC
platform. SICC (688234.SS, Buy) is the local leader in SiC substrate, the most valuable
part in SiIC MOSFET. We are positive on SICC on its customers expansion and margins
recovery on larger scale and improving yield rate. Starpower (603290.SS, Neutral) is the
local leader in IGBT, CR Micro (688396.SS, Sell) is expanding from MOSFET to IGBT and
SiC MOSFET, however, we see fiercer competition in IGBT vs. SiC and in devices vs.
substrate.

ADAS / AD chips and domain controllers: ADAS and AD drive specification upgrade of
chips and domain controllers across cockpit, driving, and integration of cockpit/driving
domains. Car OEMs increasingly view smart driving/ autonomous driving as key
technology functions to differentiate new models, and also have started providing
low-cost configurations (Orin N, local chipset platforms) to cover car models priced
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under Rmb250k (US$34k). The domain integration is still in the early stages, which could
lower the overall vehicle cost. Desay SV (002920.SZ, Buy) is a local leader in smart
cockpit and domain controllers for smart driving. Quanta (2382.TW, Buy), Pegatron
(4938.TW, Neutral), Compal (2324.TW, Neutral), Inventec (2356.TW, Neutral) and
Gigabyte (2376.TW, Buy) have exposure, and mainly serve global-tier car OEMs in US
and Europe, with DCU shipment ramp up starting from 2025E.

Cameras: \\With growing adoption of L2/ L2+ driving functions, we see increasing
number of cameras used per car, and specification upgrades of cameras on vehicles
towards 8MPx cameras. For example, SAIC IM LS7 adopts 11 cameras, Li Auto L9 uses
11 cameras including 6 8MPx cameras. Will Semi (603501.SS, Buy) recently announced
new 8MPx CIS with leading performance, supporting the company’s mix upgrades and
penetration of key car OEM clients. Sunny Optical (2382.HK, Neutral) is the global leader
in vehicle lens and is expanding to vehicle camera modules. The company continues to
improve its lens design and manufacturing efficiency. AAC (2018.HK, Buy) offers
automotive acoustics solution for leading OEM clients, and is also expanding to the
vehicle lens business: WLG (waferlevel glass) for ADAS cameras. O-Film (002456.S7,
Buy) vehicle camera business continues to see solid growth, penetrating 20+ local car
OEMs.

Software: Generative Al functions are used in smart cockpit to enhance drivers’ and
passengers’ interaction with the car; for example: Al assistant, or personalized
interactions. NOA (navigate on autopilot) is also seeing rising adoption, and car OEMs
tend to rely more on sensors + algorithm solutions rather than HD map, to save costs.
Thundersoft (300496.SZ, Neutral) provides OS customization, middleware, and user
interface for smart cockpit, and is expanding to smart driving domain controllers. In
1Q24, the company announced AquaDrive OS (Link) for cockpit / driving domain
integration to reduce vehicle costs, targeting POC (Proof of Concept) to start from 2025/
26E. Arcsoft (688088.SS, Buy) offers Al automotive algorithm, expanding from DMS
(Driver Monitoring System) to ADAS/ AD solution. iFlytek (002230.SZ, Neutral) offers
smart cockpit solution across automotive LLM and voice interaction for local car OEMs.
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Exhibit 27: GC Tech Automotive revenues exposure table

Company name Ticker 2024 Automotive rev exposure  (Automotive-related products
Semiconductors

sicc 688234.55 46% SiC substrate for EV SiC devices

StarPower 603200.55 41% IGBT / SIC module

Will Semi 603501.55 34% Automotive CIS

Novosense 688052.55 31% Signal sensing IC / Digital isolation IC / Driver IC / Power management IC
CR Micro 688396.55 22% MOSFET. IGBT. SiC

ASMPT 0522 HK 20% SMT equipment for automotive electronics
Wanguard 5347 TWO 15-20% Foundry for MCU, PMIC, auto DDIC chip, efc
umc 2303.TW 15% Foundry for MCU. PMIC, DDIC, connectivity, etc
KYEC 2449 TW 11% IC testing

VeriSilicon 688521.58 10% Chip design service and c hip production management service
TSMC 2330 TW <10% Foundry for ADAS, CMOS, MCU, WiFi, PMIC, efc
Silergy 6415 TW 8-10% PMIC

ASE 7T 11TW 510% OSAT

Hua Hong 1347 HK 5% IGBT, MCU, Memory

Sanan 600703.55 5% SiC, LED for car lighting

SG Micro 300661.52 5% PMIC, Signal chain IC

Primarius 686206.55 <5% EDA for automative applic ations

Empyrean 301269.52 <6% EDA for automotive applic ations

Novatek Microglectronics | 3034.TW =5% Auto DDIC

MediaTek 2454 TW <3% 5G SoC, telematic s, efc

Realtek 2379.TW 1-2% Auto ethernet, swilch IC, efc

uPl 6719.TW <2% On-board charger, PMIC

Win Semi 305 TWO <1% ADAS / LIDAR sensing chips

Compoenents, brands / EMS

Yageo 232TTW 20-25% MLCC, R Chip, tantalum capac ftor, sensor efc.
ITEQ 6213.TW 19% Car computing board CCL

Sunny Optical 2382 HK 17% Vehicle camera lens/module

AAC 2018 HK 17% Automotive acoustics. haptics

EMC 2383TW 1% Car computing board CCL

uslt 601231.58 10% Power modules. Powertrain

Pegatron 4938 TW <10% Car computer, ECU

Lotes 3533.TW 9% Connettors/cables for auto

O-film 002456.52 6% Automotive camera lens/module

BOE 00072552 6% Automotive panels

NYPCB 8046 TW 5-10% Automotive PCB /BT & ABF subsirates
Quanta 2382 TW 6% ECU, ADAS controller

Luxshare 00247557 6% Cable connector

Kinsus 389 TW 5% Automotive BT & ABF substrates

Dahua 002236 57 <5% smart coc kpit, camera, radar, L2+ ADAS eic_
Largan 3008.TW <5% Vehicle camera lens/module

Hon Hai 2317 TW 3% Automotive components, EV assem bly
Wistron 3231 TW <3% ECU, ADAS controller

Gigabyte 2376TW <3% ADAS controller

GCE 2368 TW <3% Automotive PCB

TucC 6274 TWO <3% Car connectivity CCL

Compal 2324TW 1-2% ADAS Component

Unimicron 3037 TW <1% Automotive PCB / BT & ABF subsirates
Inventec 2356.TW <1% Ultra-Wideband access system. Connected gateway
Asus 2357 TW 0% Smart coc kpit component

Software

Desay SV 002020.5Z 100% Smaric oc kpit OS5 & ECU / ADAS DCU / T-BOX / Dashboard
Thundersoft 30049657 54% Smartc oc kpit OS / ADAS softw are design
Arcsoft 686088.55 25% Automotive Al algorithm

‘Yonyou 600588.55 <10% ERP for automotive cusiomers

Kingdee 0268 HK <5% ERP for automotive customers

INSOFT 688083.55 <5% CAD for automotive customers

Wenustech 002439.5Z2 <2% Automotive security software

Chinasoft Intl. 0354 HK <2% IT senices for automotive platform

Kingsoft Office 688111.5S <1% Office software for automofive customers

Source: Company data, Goldman Sachs Global Investment Research
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Unless otherwise stated, the individuals listed on the cover page of this report are analysts in Goldman Sachs’ Global Investment Research division.

GS Factor Profile

The Goldman Sachs Factor Profile provides investment context for a stock by comparing key attributes to the market (i.e. our coverage universe) and its
sector peers. The four key attributes depicted are: Growth, Financial Returns, Multiple (e.g. valuation) and Integrated (a composite of Growth, Financial
Returns and Multiple). Growth, Financial Returns and Multiple are calculated by using normalized ranks for specific metrics for each stock. The
normalized ranks for the metrics are then averaged and converted into percentiles for the relevant attribute. The precise calculation of each metric may
vary depending on the fiscal year, industry and region, but the standard approach is as follows:

Growth is based on a stock’s forward-looking sales growth, EBITDA growth and EPS growth (for financial stocks, only EPS and sales growth), with a
higher percentile indicating a higher growth company. Financial Returns is based on a stock’s forward-looking ROE, ROCE and CROCI (for financial
stocks, only ROE), with a higher percentile indicating a company with higher financial returns. Multiple is based on a stock’s forward-looking P/E, P/B,
price/dividend (P/D), EV/EBITDA, EV/FCF and EV/Debt Adjusted Cash Flow (DACF) (for financial stocks, only P/E, P/B and P/D), with a higher percentile
indicating a stock trading at a higher multiple. The Integrated percentile is calculated as the average of the Growth percentile, Financial Returns
percentile and (100% - Multiple percentile).

Financial Returns and Multiple use the Goldman Sachs analyst forecasts at the fiscal yearend at least three quarters in the future. Growth uses inputs
for the fiscal year at least seven quarters in the future compared with the year at least three quarters in the future (on a pershare basis for all metrics).

For a more detailed description of how we calculate the GS Factor Profile, please contact your GS representative.

M&A Rank

Across our global coverage, we examine stocks using an M&A framework, considering both qualitative factors and quantitative factors (which may vary
across sectors and regions) to incorporate the potential that certain companies could be acquired. We then assign a M&A rank as a means of scoring
companies under our rated coverage from 1 to 3, with 1 representing high (30%-50%) probability of the company becoming an acquisition target, 2
representing medium (15%-30%) probability and 3 representing low (0%-15%) probability. For companies ranked 1 or 2, in line with our standard
departmental guidelines we incorporate an M&A component into our target price. M&A rank of 3 is considered immaterial and therefore does not
factor into our price target, and may or may not be discussed in research.

Quantum
Quantum is Goldman Sachs' proprietary database providing access to detailed financial statement histories, forecasts and ratios. It can be used for
in-depth analysis of a single company, or to make comparisons between companies in different sectors and markets.

Disclosures

Additional Disclosures
Third party brands used in this report are the property of their respective owners, and are used here for informational purposes only. The use of such
brands should not be viewed as an endorsement, affiliation or sponsorship by or for Goldman Sachs or any of its products/services.

Pricing information

AAC (HK$31.80), Arcsoft (Rmb2721), Baidu.com Inc. (ADR) ($95.40), Baidu.com Inc. (H) (HK$86.30), CR Micro (Rmb38.29), Compal (NT$34.10), Desay
SV (Rmb92.10), Fuji Electric Co. (¥9,431), Gigabyte (NT$315.00), Hesai Group ($4.58), Honda Motor (¥1,703), Infineon (€34.98), Inventec (NT$56.00),
Mobileye Global Inc. ($26.68), Nvidia Corp. ($131.38), O-film (Rmb8.24), Pegatron (NT$104.50), Quanta (NT$336.00), Renesas Electronics (¥3,293),
SICC (Rmb47.25), STMicroelectronics ($41.51), STMicroelectronics (€38.22), StarPower (Rmb79.32), Sunny Optical (HK$46.50), Tesla Inc. ($262.33),
Thundersoft (Rmb43.47), Uber Technologies Inc. ($71.32), Will Semi (Rmb103.65), XPeng Inc. (ADR) ($751), XPeng Inc. (H) (HK$29.00) and iFlytek
(Rmb39.00)

The rating(s) for Renesas Electronics is/are relative to the other companies in its/their coverage universe: Alps Alpine, Hirose Electric, IRISO
Electronics, Ibiden, Japan Aviation Electronics Industry, Kyocera, MARUWA, Mabuchi Motor, Maxell Ltd., MinebeaMitsumi Inc., Murata Mfg., NGK
Insulators, Nichicon, Nidec, Nippon Ceramic, Niterra, Nitto Denko, Pacific Industrial, Renesas Electronics, Rohm, TDK, Taiyo Yuden

The rating(s) for Mobileye Global Inc. and Tesla Inc. is/are relative to the other companies in its/their coverage universe: Amphenol Corp., Aptiv
Plc, Aurora Innovation Inc., Belden Inc., BorgWarner Inc., Cerence Inc., ChargePoint Holdings, Flex, Ford Motor Co., General Motors Co., Gentex Corp.,
Innoviz Technologies, Jabil Circuit Inc., Keysight Technologies Inc., Lear Corp., Luminar Technologies Inc., Magna International Inc., Mobileye Global Inc.,
QuantumScape Corp., Rivian Automotive Inc., Sensata Technologies Holding, Symbotic Inc., TE Connectivity Ltd., Tesla Inc., Vertiv Holdings, Visteon
Corp.

The rating(s) for Infineon and STMicroelectronics is/are relative to the other companies in its/their coverage universe: ASM International,
ASML Holding, BE Semiconductor Industries, CD Projekt, Ericsson, Infineon, Logitech, Nokia, STMicroelectronics, Stillfront

The rating(s) for Nvidia Corp. is/are relative to the other companies in its/their coverage universe: ARM Holdings, Advanced Micro Devices Inc.,
Amkor Technology Inc., Analog Devices Inc., Applied Materials Inc., Arrow Electronics Inc., Avnet Inc., Broadcom Inc., Cohu Inc., Credo Technology
Group, Entegris Inc., Impinj Inc., Intel Corp., lonQ Inc., KLA Corp., Lam Research Corp., Marvell Technology Inc., Microchip Technology Inc., Micron
Technology Inc., NXP Semiconductors NV, Nvidia Corp., ON Semiconductor Corp., Qorvo Inc., Seagate Technology, Skyworks Solutions Inc., Teradyne
Inc., Texas Instruments Inc., Western Digital Corp.

The rating(s) for Baidu.com Inc. (ADR) and Baidu.com Inc. (H) is/are relative to the other companies in its/their coverage universe: 37
Interactive Entertainment, Alibaba Health, Baidu.com Inc. (ADR), Baidu.com Inc. (H), Bilibili Inc. (ADR), Bilibili Inc. (H), Focus Media Information Tech,
G-Bits, JD Health International, Kuaishou Technology, Mango Excellent Media, NetEase Inc. (ADR), NetEase Inc. (H), Perfect World, Tencent Music
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Entertainment Group (ADR), Tencent Music Entertainment Group (H), XD Inc., Zhihu Inc. (ADR), Zhihu Inc. (H), iQlYI Inc.

The rating(s) for Uber Technologies Inc. is/are relative to the other companies in its/their coverage universe: ACV Auctions Inc., Airbnb Inc.,
Alphabet Inc., Amazon.com Inc., Angi Inc., AppLovin Corp., Booking Holdings Inc., Bumble Inc., Chegg Inc., Chewy Inc., Clear Secure Inc., Corsair
Gaming Inc., Coursera Inc., Cricut Inc., DoorDash Inc., DoubleVerify Inc., DraftKings Inc., Duolingo Inc., Electronic Arts Inc., Etsy Inc., Expedia Group,
Fiverr International Ltd., Frontdoor Inc., Genius Sports Ltd., GoodRx Holdings Inc., Groupon Inc., IAC Inc., Ibotta Inc., Instacart, Lyft Inc., Match Group,
Meta Platforms Inc., Nerdy Inc., Netflix Inc., Nextdoor Holdings, Opera Ltd., Peloton Interactive Inc., Pinterest Inc., Playtika, Reddit Inc., Roblox, Snap
Inc., Spotify Technology S.A., Take-Two Interactive Software Inc., Tripadvisor Inc., Uber Technologies Inc., Ubisoft Entertainment SA, Upwork Inc., Vacasa
Inc., Wayfair Inc., Xometry Inc., Yelp Inc., ZipRecruiter Inc., eBay Inc.

The rating(s) for Fuji Electric Co. is/are relative to the other companies in its/their coverage universe: Daihen, Fuji Electric Co., Fujikura,
Furukawa Electric, Hitachi, Meidensha, Mitsubishi Electric, Panasonic Holdings, Sumitomo Electric Industries

The rating(s) for Honda Motor is/are relative to the other companies in its/their coverage universe: Aisin, Bridgestone, Denso, Hino Motors,
Honda Motor, Isuzu Motors, Mazda Motor, Mitsubishi Motors, Mitsui High-tec Inc., Nifco Inc., Nissan Motor, Subaru Corp., Sumitomo Metal Mining,
Sumitomo Rubber Industries, Suzuki Motor, TOYO TIRE, Toyota Boshoku, Toyota Industries, Toyota Motor, Unipres Corp., Yamaha Motor

The rating(s) for Desay SV and Quanta is/are relative to the other companies in its/their coverage universe: AAC, ACM Research, AMEC,
ASMPT, AVC, AccoTest, Anji Micro, Arcsoft, Asus, Auras, BOE, BYDE, CFME, CR Micro, Cambricon, China Mobile (HK), China Telecom, China Tower
Corp., China Unicom, China United Network Comm, Chinasoft Intl, Compal, Dahua, Desay SV, E Ink, EHang, Empyrean, Eoptolink, Everbright
Photonics, Fiberhome, Fositek, Foxconn Industrial Internet, GalaxyCore, Gigabyte, Gigadevice, Glodon Co., HG Tech, HTC Corp., Hengtong, Hikvision,
Hon Hai, Hua Hong, ISoftStone, Innolight, Inventec, Jingce, King Slide, Kingdee, Kingsemi, Kingsoft Office, Largan, Lenovo, Luxshare, Maxscend,
Montage, NAURA, NSIG, O-film, Pegatron, Primarius, Quanta, Ruijie, SG Micro, SICC, SMIC (A), SMIC (H), Sanan, Sangfor, Shennan Circuits,
SinoWealth, StarPower, Sunny Optical, TFC Optical, Thundersoft, Transsion, Vanchip, Venustech, VeriSilicon, Will Semi, Wistron, Wiwynn, YJ Semitech,
YJK, YOFC (A), YOFC (H), Yonyou, ZTE (A), ZTE (H), ZWSOFT, iFlytek

The rating(s) for Hesai Group, XPeng Inc. (ADR) and XPeng Inc. (H) is/are relative to the other companies in its/their coverage universe: BYD
Co. (A), BYD Co. (H), Fuyao Glass Industry Group (A), Fuyao Glass Industry Group (H), Guangzhou Automobile Group (A), Guangzhou Automobile Group
(H), Hesai Group, Huayu Automotive Systems, Li Auto Inc. (ADR), Li Auto Inc. (H), MeiDong Auto, Minth Group, NIO Inc. (ADR), NIO Inc. (H), Ningbo
Tuopu Group, SAIC Motor, XPeng Inc. (ADR), XPeng Inc. (H), Yongda Auto, ZEEKR Intelligent Technology Holding, Zhongsheng Group

Company-specific regulatory disclosures
Compendium report: please see disclosures at https://www.gs.com/research/hedge.html. Disclosures applicable to the companies included in this
compendium can be found in the latest relevant published research

Distribution of ratings/investment banking relationships
Goldman Sachs Investment Research global Equity coverage universe

Rating Distribution Investment Banking Relationships
Buy Hold Sell Buy Hold Sell
Global 48% 35% 17% 64% 57% 41%

As of July 1, 2024, Goldman Sachs Global Investment Research had investment ratings on 2,925 equity securities. Goldman Sachs assigns stocks as
Buys and Sells on various regional Investment Lists; stocks not so assigned are deemed Neutral. Such assignments equate to Buy, Hold and Sell for
the purposes of the above disclosure required by the FINRA Rules. See ‘Ratings, Coverage universe and related definitions’ below. The Investment
Banking Relationships chart reflects the percentage of subject companies within each rating category for whom Goldman Sachs has provided
investment banking services within the previous twelve months.

Price target and rating history chart(s)
Compendium report: please see disclosures at https://www.gs.com/research/hedge.html. Disclosures applicable to the companies included in this
compendium can be found in the latest relevant published research

Regulatory disclosures

Disclosures required by United States laws and regulations

See company-specific regulatory disclosures above for any of the following disclosures required as to companies referred to in this report: manager or
co-manager in a pending transaction; 1% or other ownership; compensation for certain services; types of client relationships; managed/co-managed
public offerings in prior periods; directorships; for equity securities, market making and/or specialist role. Goldman Sachs trades or may trade as a
principal in debt securities (or in related derivatives) of issuers discussed in this report.

The following are additional required disclosures: Ownership and material conflicts of interest: Goldman Sachs policy prohibits its analysts,
professionals reporting to analysts and members of their households from owning securities of any company in the analyst's area of coverage.
Analyst compensation: Analysts are paid in part based on the profitability of Goldman Sachs, which includes investment banking revenues. Analyst
as officer or director: Goldman Sachs policy generally prohibits its analysts, persons reporting to analysts or members of their households from
serving as an officer, director or advisor of any company in the analyst’s area of coverage. Non-U.S. Analysts: Non-U.S. analysts may not be
associated persons of Goldman Sachs & Co. LLC and therefore may not be subject to FINRA Rule 2241 or FINRA Rule 2242 restrictions on
communications with subject company, public appearances and trading securities held by the analysts.

Distribution of ratings: See the distribution of ratings disclosure above. Price chart: See the price chart, with changes of ratings and price targets in
prior periods, above, or, if electronic format or if with respect to multiple companies which are the subject of this report, on the Goldman Sachs
website at https://www.gs.com/research/hedge.html.

Additional disclosures required under the laws and regulations of jurisdictions other than the United States

The following disclosures are those required by the jurisdiction indicated, except to the extent already made above pursuant to United States laws and
regulations. Australia: Goldman Sachs Australia Pty Ltd and its affiliates are not authorised deposit-taking institutions (as that term is defined in the
Banking Act 1959 (Cth)) in Australia and do not provide banking services, nor carry on a banking business, in Australia. This research, and any access to
it, is intended only for “wholesale clients” within the meaning of the Australian Corporations Act, unless otherwise agreed by Goldman Sachs. In
producing research reports, members of Global Investment Research of Goldman Sachs Australia may attend site visits and other meetings hosted by
the companies and other entities which are the subject of its research reports. In some instances the costs of such site visits or meetings may be met
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in part or in whole by the issuers concerned if Goldman Sachs Australia considers it is appropriate and reasonable in the specific circumstances relating
to the site visit or meeting. To the extent that the contents of this document contains any financial product advice, it is general advice only and has
been prepared by Goldman Sachs without taking into account a client’s objectives, financial situation or needs. A client should, before acting on any
such advice, consider the appropriateness of the advice having regard to the client’s own objectives, financial situation and needs. A copy of certain
Goldman Sachs Australia and New Zealand disclosure of interests and a copy of Goldman Sachs' Australian Sell-Side Research Independence Policy
Statement are available at: https://www.goldmansachs.com/disclosures/australia-new-zealand/index.html. Brazil: Disclosure information in relation to
CVM Resolution n. 20 is available at https://www.gs.com/worldwide/brazil/area/gir/index.html. Where applicable, the Brazil-registered analyst primarily
responsible for the content of this research report, as defined in Article 20 of CVM Resolution n. 20, is the first author named at the beginning of this
report, unless indicated otherwise at the end of the text. Canada: This information is being provided to you for information purposes only and is not,
and under no circumstances should be construed as, an advertisement, offering or solicitation by Goldman Sachs & Co. LLC for purchasers of
securities in Canada to trade in any Canadian security. Goldman Sachs & Co. LLC is not registered as a dealer in any jurisdiction in Canada under
applicable Canadian securities laws and generally is not permitted to trade in Canadian securities and may be prohibited from selling certain securities
and products in certain jurisdictions in Canada. If you wish to trade in any Canadian securities or other products in Canada please contact Goldman
Sachs Canada Inc., an affiliate of The Goldman Sachs Group Inc., or another registered Canadian dealer. Hong Kong: Further information on the
securities of covered companies referred to in this research may be obtained on request from Goldman Sachs (Asia) L.L.C. India: Further information
on the subject company or companies referred to in this research may be obtained from Goldman Sachs (India) Securities Private Limited, Research
Analyst - SEBI Registration Number INHO00001493, 951-A, Rational House, Appasaheb Marathe Marg, Prabhadevi, Mumbai 400 025, India, Corporate
Identity Number U74140MH2006FTC160634, Phone +91 22 6616 9000, Fax +91 22 6616 9001. Goldman Sachs may beneficially own 1% or more of
the securities (as such term is defined in clause 2 (h) the Indian Securities Contracts (Regulation) Act, 1956) of the subject company or companies
referred to in this research report. Investment in securities market are subject to market risks. Read all the related documents carefully before
investing. Registration granted by SEBI and certification from NISM in no way guarantee performance of the intermediary or provide any assurance of
returns to investors. Goldman Sachs (India) Securities Private Limited Investor Grievance E-mail: india-client-support@gs.com. Compliance Officer: Anil
Rajput |Tel: + 91 22 6616 9000 | Email: anil.m.rajput@gs.com. Japan: See below. Korea: This research, and any access to it, is intended only for
"professional investors” within the meaning of the Financial Services and Capital Markets Act, unless otherwise agreed by Goldman Sachs. Further
information on the subject company or companies referred to in this research may be obtained from Goldman Sachs (Asia) L.L.C., Seoul Branch. New
Zealand: Goldman Sachs New Zealand Limited and its affiliates are neither “registered banks” nor “deposit takers"” (as defined in the Reserve Bank of
New Zealand Act 1989) in New Zealand. This research, and any access to it, is intended for “wholesale clients” (as defined in the Financial Advisers Act
2008) unless otherwise agreed by Goldman Sachs. A copy of certain Goldman Sachs Australia and New Zealand disclosure of interests is available at:
https://www.goldmansachs.com/disclosures/australia-new-zealand/index.html. Russia: Research reports distributed in the Russian Federation are not
advertising as defined in the Russian legislation, but are information and analysis not having product promotion as their main purpose and do not
provide appraisal within the meaning of the Russian legislation on appraisal activity. Research reports do not constitute a personalized investment
recommendation as defined in Russian laws and regulations, are not addressed to a specific client, and are prepared without analyzing the financial
circumstances, investment profiles or risk profiles of clients. Goldman Sachs assumes no responsibility for any investment decisions that may be taken
by a client or any other person based on this research report. Singapore: Goldman Sachs (Singapore) Pte. (Company Number: 198602165W), which is
regulated by the Monetary Authority of Singapore, accepts legal responsibility for this research, and should be contacted with respect to any matters
arising from, or in connection with, this research. Taiwan: This material is for reference only and must not be reprinted without permission. Investors
should carefully consider their own investment risk. Investment results are the responsibility of the individual investor. United Kingdom: Persons who
would be categorized as retail clients in the United Kingdom, as such term is defined in the rules of the Financial Conduct Authority, should read this
research in conjunction with prior Goldman Sachs research on the covered companies referred to herein and should refer to the risk warnings that have
been sent to them by Goldman Sachs International. A copy of these risks warnings, and a glossary of certain financial terms used in this report, are
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.
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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:
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
contréle 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 Comision 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 vérdepappersmarknaden)
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 GSI 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.
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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.

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.

You are permitted to store, display, analyze, modify, reformat, and print the information made available to you via this service only for your own use.
You may not resell or reverse engineer this information to calculate or develop any index for disclosure and/or marketing or create any other derivative
works or commercial product(s), data or offering(s) without the express written consent of Goldman Sachs. You are not permitted to publish, transmit,
or otherwise reproduce this information, in whole or in part, in any format to any third party without the express written consent of Goldman Sachs.
This foregoing restriction includes, without limitation, using, extracting, downloading or retrieving this information, in whole or in part, to train or
finetune a third-party machine learning or artificial intelligence system, or to provide or reproduce this information, in whole or in part, as a prompt or
input to any such system.
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