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ABSTRACT

Artificial Intelligence is a transformative technology that has the potential to revolutionize
various industries and drive unprecedented advancements. This case study aims to assess the
pivotal role NVIDIA plays in the Al landscape, exploring in depth the strategic choices the
company has undertaken, and how it will need to adjust to the rapidly evolving tech
environment. The analysis will encompass NVIDIA’s competitive position in its data center,
gaming, professional visualization, and automotive markets, as well as the healthcare industry.
Furthermore, a comprehensive analysis on NVIDIA’s Corporate Social Responsibility

initiatives will be conducted.
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CASE STUDY

The release of ChatGPT on November 30, 2022, marked the beginning of a new era of Al
(Appendix 1). The human-like chatbot showcased the abilities of generative Al. ChatGPT
reached one million customers in only five days, making companies need to rethink

productivity, products, and business models.

ChatGPT is a Large Language Model (LLM) trained on 570 GB of text data, comprising 380
billion words. After the user inputs a text, or ‘prompt,” the trained data is leveraged to repeatedly
predict the next word to generate an answer. However, LLMs need a large amount of processing
power to train and generate output. This processing mostly happens in data centers, so Al
software like ChatGPT can be accessed over the cloud. One company especially profited from

the rise of generative Al and the high demand for specialized hardware for data centers.

NVIDIA recognized the trend early and invested heavily in advanced chips and software that
can perform the complex tasks required by Al. The technology company has built itself a
reputation in the Al industry after leveraging powerful chips that origin in the gaming industry.
While focusing on building a comprehensive ecosystem, the launch of ChatGPT transformed
NVIDIA’s business. Since then, NVIDIA Corporation's (NVDA) stock has risen by 155%,

reaching a market capitalization of $1.1 trillion® (Appendix 49).
THE DATA CENTER Al CHIP MARKET
Status Quo & Progression of the Al Chip Market

From 2017 until 2022, the global adoption of Al among businesses has increased by 250%,

with 50% of companies introducing Al in at least one business function (Appendix 2). The Al

L All monetary Appendices presented in this document are denominated in U.S. dollars (USD) unless otherwise
specified.
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ecosystem can be subdivided into two layers: software and hardware. Al software involves

three main categories: applications, technologies and models, and programming languages and
platforms. Al software runs on specialized high-performance hardware chips built from
semiconductor material (Appendix 3). The worldwide market size for semiconductors reached
$574.1 billion in sales in 2022, owing to its indispensable role in electronic devices (Appendix
4). Within the semiconductor market, the global integrated circuits (IC) market stood at a total
of $474.4 billion in 2022 and is forecasted to grow 14% in the next year (Awati 2021)
(Appendix 5). ICs are sets of electronic circuits on a thin substrate of semiconductor material.
Underlying the 1C market is the Al chip market, valued at $28.0 billion globally in 2023 and

forecasted to reach $165.0 billion by 2030 (Appendix 6).

In 2022, a country-specific analysis determined the regions with the highest share in the Al chip
market. In the North American region, the United States has dominated the Al chip market
(Precedence Research 2023). The Asian-Pacific region is forecasted to be the fastest-growing
market, with China leading in projected growth rates through 2032. This is mainly due to a rise
in investments in Al security solutions. The significant growth potential in the Asian-Pacific
region is primarily attributable to high chip design advancements, which are projected to gain
market share from the North American region in the upcoming years. Africa is the dominant
player in the LAMEA region due to investments flowing foremost towards research and

development (R&D) (Appendix 7).

The Multifaceted World of Al Chips

The Al chip market can be categorized into various segments, including chip type, industry
vertical, application, and processing type (Appendix 9). There are four main Al chip types:
Central Processing Units (CPUs), Graphics Processing Units (GPUs), Field-Programmable
Gate Arrays (FPGAs), and Application-Specific Integrated Circuits (ASICs). The trade-off

between flexibility and efficiency is a key consideration when it comes to Al chips. Currently,
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a chip that can perform various tasks is not as efficient, and vice versa. Al is based on large sets

of data. Therefore, it is important for Al chips to process data efficiently. CPUs are general-
purpose chips and are not optimized for parallel processing. This means they cannot efficiently
process multiple data streams simultaneously, leading to limited performance for Al tasks.
GPUs were originally designed for rendering graphics in video games and other graphics-
intensive applications. They excel at parallel computation and are capable of a wide range of
tasks beyond graphics, including scientific simulations and Al applications. Developers can
write their own software for CPUs and GPUs. FPGAs offer high customization for Al
applications but may involve complex development and relatively high costs. Users can
reprogram FPGAs to tailor them to their applications. ASICs are specialized chips designed for
a specific Al task with a fixed architecture and function. They offer high efficiency and energy
savings at the cost of flexibility (Appendix 3). In 2022, in terms of revenue, the GPU segment
dominated the Al chip market. However, concerning CAGR, the ASIC segment was forecasted

to obtain the highest growth rate in the forecast period between 2023 and 2032 (Appendix 7).

The Al chip market can be divided into various categories regarding the industry vertical.
Segments in this category include media and advertising, financial services, information
technology and telecom, retail, healthcare, automotive and transportation, and others. In 2022,
the healthcare segment dominated the market and was projected to acquire the highest market
share until 2032 (Appendix 8). This increase is mainly attributable to a rise in demand for

investigating and managing patient data (Precedence Research 2023).

By application, the Al chip market can be divided into the following segments: language
models, robotic, computer vision, network security, and others. The application segment is
currently and expected to be dominated by the robotic segment, which offers wide applications
for Al. Al-based industrial robots allow for improved security, precision, and overall efficiency

concerning manufacturing (Appendix 7).
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Lastly, the Al chip market can be characterized by processing type: edge and cloud. Typical

edge devices for Al chips include smartphones, security cameras, autonomous vehicles, or on-
premise data centers (Appendix 10). Data centers are where companies store and process vast
amounts of data, which are integral for Al operations as Al-based applications need to analyze
and learn from big datasets. While edge Al chips come with relatively high costs and power
constraints, they allow for many use cases. In 2022, the edge segment generated over 75% of
revenue share and was forecasted to retain the highest market share through 2029 (Precedence
Research 2023). Meanwhile, the cloud segment is expected to observe notable growth in the
upcoming years caused by the rapid adoption of cloud services within Al. Using Al chips in the
cloud instead of in edge data centers presents numerous benefits, including improved flexibility
and scalability, as cloud resources can easily be adjusted to match Al computing needs

(Appendix 11).
Dynamics in the Al Chip Market
Driving Trends in the Market Landscape

The accelerated digitalization of the global economy, mainly attributable to mandatory remote
work and online education caused by the COVID-19 pandemic, has rapidly increased society’s
demand for advanced technologies and automation (Appendix 12). The digitized economy is
forecasted to grow 40% annually, reaching 163 trillion gigabytes by 2025. This trend will be
accompanied by a drastic increase in big data availability, fostering potential for Al systems

(Appendix 13).

Al-based applications require enormous computing capabilities to process data. Since 1959, the
computing power of chips doubled every two years, in what became known as "Moore's Law".
However, computational power has doubled every six months during the past ten years,

remarkably exceeding Moore’s Law (Appendix 14). These advancements in performance can
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mainly be attributed to new and improved algorithmic techniques and the availability of large

datasets.

Due to the rise of importance of Al, LLM-based chatbots have been rapidly and widely adopted
in numerous industries, such as e-commerce, retail, or healthcare. The wide applications for Al
chatbots enabled companies to improve corporate processes and systems. For example, chatbots
allowed organizations like Amazon to meet marketing objectives, improve their sales process,
and establish further customer engagement and brand loyalty (Amazon Web Services n.d.). In
2023, Al systems were estimated to generate more than $8.0 billion per year in savings and

contribute to $112.0 billion in retail sales (Maximize Market Research 2023).

Organizations are focusing more on sustainability as concerns regarding carbon footprint are
becoming progressively predominant in society. Aligning with ESG goals is crucial for
maintaining customer engagement. An increasing number of organizations are using Al to
address sustainability efforts by improving efficiency in business processes and daily operations

(Appendix 15).

Constraints & Restrictions in the Market Landscape

Conversely, the surge in demand for Al chips is associated with various challenges that restrict
market growth. The absence of expertise and skilled workforce is a crucial restriction in the
growth of the Al chip market. This scarcity is due to the novelty and complexity of Al chips,
with various high-growth technology industries competing for these professionals (Appendix

16).

The world’s most important advanced technology, including Al chips, is predominantly
manufactured in a single facility in Taiwan belonging to the Taiwan Semiconductor
Manufacturing Company (TSMC) (Appendix 17). The high concentration of manufacturing

and the sourcing of raw materials from regions with political instability, including China,
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Taiwan, and Ukraine, amplifies the ongoing chip shortage and increases wait times (Appendix

21). Moreover, ongoing conflicts are impacting the global supply chain, such as tensions
between China and Taiwan and the Russia-Ukraine war. The commercial war between the
United States and China is escalating, with the United States imposing export controls that

restrict transactions with China.

Additionally, as concerns over the sustainability of the industry are rising, the Al chip market
is expected to decarbonize its value chain. Intel's 700-acre manufacturing plant in the United
States produced 15,000 tons of waste in the first quarter of 2021, with 60% being hazardous
(Belton 2021). Regarding the production of electronic devices, the manufacturing of Al chips
is considered responsible for the highest carbon output. As demand for Al chips continues to
rise, production is increased, which conflicts with the environmental objectives and

international climate goals to reach net zero carbon emissions by 2050 (Ng 2023).

Growing computational requirements for data centers increases the pressure on existing
infrastructure. Larger and, therefore, more complex data sets are leading to significantly higher
power consumption. The training of a single Al model emits as much energy as five times the
lifetime emissions of a typical car, including manufacturing and fuel (Appendix 18). While
GPUs are powerful enough for current Al applications, the bottleneck lies in the infrastructure.
Data centers are limited in the number of chips, like GPUs, they can connect as they would

require more energy than the grid could supply (Barber 2023).

The adoption of Al in our daily lives has created an extensive fear of redundancy and inequality.
Recent advancements have affected numerous industries, automating processes and systems.
The fear of job losses has increased in the past and roughly 41% of surveyed CEOs agreed to

the statement that Al will displace more jobs than it will create in the long run (Appendix 19).
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Due to the widespread adoption of Al and the consequential social challenges arising legal and

regulatory norms have been developing rapidly, especially concerning data protection and
intellectual property (IP) (Kemp 2021). With the increased applicability of technology,
organizations face ethical concerns related to fairness, transparency, security, and safety of their
customers. In 2022, 49% of companies in Germany stated that one of the biggest obstacles to
adopting Al in their operations is uncertainty due to legal hurdles. Moreover, 33% mentioned
a lack of trust in Al as another obstacle to employing Al (Appendix 20). The European Al Act
was introduced in 2021, in which distinctive regulations apply for different levels of risk,

providing the first comprehensive Al law (European Parliament 2023).

In the coming years, the focus will lie on enhancing productivity across various sectors of the
economy, with Al playing a central role in achieving this goal. In a recent study, Al integration
in conversational assistance has led to an increase of 14% in issues solved per hour
(McKendrick 2023). In this context, security and trust in Al chips and data center reliability
will become increasingly important, driven by the need for greater automation (Hilson 2023).
Hardware design is expected to lay the foundations for upcoming Al developments, exhibiting
companies’ importance in protecting their intangible assets. The software industry
fundamentally focuses on selling IP rights rather than protecting tangible assets (Moriggi 2018).
In addition to having a strong patent portfolio, it is extremely important to update patents
according to new innovations and not rely on existing patents in the long run, especially in such

a fast-paced market like Al.

COMPETITION AND SUBSTITUTES

Legacy Chip Companies

Despite its constraints, the industry is evolving and growing rapidly, in which numerous

companies have gained a foothold. Legacy chip companies NVIDIA, Intel, AMD, IBM, and
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Huawei are actively working on new generations of Al chips. At the same time start-ups gained

traction, not only focusing on semiconductors but also on quantum computing. Cloud providers
started or have been active in developing chips to support their service offerings. However,
especially NVIDIA, Intel, and AMD have already shown significant traction, generating

billions in revenue.

Regarding data center Al chips, Intel was leading in terms of revenue in Q2 2021. The data
center branch accounted for 31% of Intel's $63.1 billion revenue in the fiscal year 2022 (Intel
2021). In this quarter, the company sold $5.7 billion worth of chips. However, sold chips consist
mainly of CPUs that are not recommended for LLM workloads. Sales decreased by 18% from
2021 to 2022, followed by a 15% drop from 2022 to 2023, resulting in data center Al chip sales
of $4.0 billion in Q2 2023 (Appendix 23). Intel planned to bring an Al-focused GPU called
"Ponte Vecchio"” to the market. It suffered years of delays and was eventually removed from
the website's product line (Appendix 1). Intel announced a strategy shift during a supercomputer
conference in Germany in May 2022 and is planning to introduce the "Falcon Shores" chips in
2025 to compete against AMD and NVIDIA (Appendix 1). As an established company in the
semiconductor market, it has the resources to establish a strong ecosystem for hardware and
software, including the Intel® Al Analytics Toolkit. Intel builds its chips in its own factories
(Intel n.d.). In 2019, Intel made an impactful move by purchasing Habana Labs, an Israeli Al

chip startup focused on ASICs, for $2.0 billion (Appendix 1).

AMD publicly showed its first interest in Al in 2016 when launching purpose-built chips and
applications. Further chips focused on data centers, namely “MI100” and “MI250”, were
launched in 2020 and 2021. The “MI250” reached 80% of the processing power of NVIDIA’s
then market-leading chip. AMD has worked extensively on its platform "ROCm" to match the
capabilities of NVIDIA's platform. Using third party software, developers showedhat the same
LLMs can be run on both platforms without code changes (Intel n.d.). In Q2 2021, data center
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chip sales accounted for $0.8 billion. The revenues grew 83% from 2021 to 2022 and fell 11%

the following year. In Q2 2023, Al data center revenues reached $1.3 billion (Appendix 23).
The market is anticipating the announced aggressive launch of AMD's new "MI300" data center
Al GPU in the fourth quarter of 2023. AMD expects it to fill some of the supply-demand gap
effectively and to exceed the $6.0 billion data center revenue of 2022 in the fiscal year of 2023
(Intel n.d.). Citi analysts noted: "The scenario is reminiscent of Intel (NASDAQ:INTC) vs AMD
ten years ago when Intel had better performance and ecosystem and over 90% share" (Shane
2023). For production, AMD heavily relies on TSMC. In 2022, AMD acquired industry-leading

FPGA designer Xilinx for $50.0 billion, expanding its expertise in Al (Appendix 1).

IBM invested $53.0 million into researching alternative approaches to traditional digital
hardware in 2008 via their Defense Department's research section. In 2014, they launched their
brain-like “TrueNorth” Al chip. Moreover, IBM showcased a prototype analog Al chip in
September 2023, which demonstrated an estimated 14 times higher energy efficiency,
particularly in natural-language Al tasks, when compared to digital counterparts (Appendix 1).
The Al and data platform for enterprises, namely “IBM Watsonx”, is expected to leverage the

in-house developed chips.

Huawei unveiled its first Al chip, "Ascend 910", in October 2019 (Appendix 1). Further down
the road, they partnered with the well-known Chinese Al company HKUST Xunfei to produce
their own GPUs. The founder of Xunfei, Liu Qingfeng, announced their plans to compete with
NVIDIA during the Chinese Entrepreneurs Forum 2023. NVIDIA recognized them as
aotentially strong competitor, especially in the Chinese market (Neuro 2023). In September

2023, Huawei announced its companywide strategy shift towards Al (Appendix 1).
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Al Chip Start-Ups

The Al chip market is undergoing a significant transformation with the emergence of start-ups
that have the potential to disrupt the industry. The global average total deal value of venture
capital (VC) investments in semiconductors averaged $1.3 billion in the span of 2017 to 2020.
Since then, VVC investment has seen exponential growth, reaching a peak of $7.8 billion in 2021,
according to Deloitte (Appendix 24). However, startup deals and investments are continuing to
fall throughout 2022 and 2023, as United States market data shows. The number of deals
dropped from 23 to 4 in the first three quarters of each year, with total investments of $1.8
billion and $881.4 million, respectively (Reichow 2023). Companies like SambaNova,
Graphcore, and Tenstorrent have raised over $3.0 billion from VC in the past decade (Al

Startups 2023).

SambaNova Systems, founded in 2017, introduced the “SN40L” chip optimized for intensive
Al workloads, which they believe will address the growing model sizes more effectively
compared to legacy architectures. Having secured over $1.3 billion in funding, they also lease

their platform to businesses, promoting a user-friendly Al-as-a-service model (Appendix 1).

Cerebras Systems, founded in 2015, launched its own chip in April 2021 and secured funding
of $750.0 million at a $4.0 billion post-money valuation. The "Wafer Scale Engine 2" aims to
condense the work of hundreds of GPUs into a single chip. With its efforts, Celebras has
attracted pharmaceutical giants like AstraZeneca and GlaxoSmithKline, potentially

accelerating drug research (Appendix 1).

Meanwhile, the British contender Graphcore, established in 2016, unveiled the “IPU-POD256”
as their flagship Al chip. With nearly $700.0 million in funding, it formed partnerships with

major storage firms and prestigious global research institutions.

12
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Tenstorrent is developing a technology that emphasizes high throughput and low power

consumption, fundamental requirements for generative Al models. It not only plans to produce
chips in collaboration with Samsung but also provide IP for data centers. The Canadian startup

raised $234.5 million with a $1.0 billion valuation (Appendix 1).

Cloud Providers

Cloud providers are a key customer base for Al chips (Appendix 22). Google and Amazon
started to develop their own chips early, while others like Microsoft and Alibaba started after

the high demand and respective chip shortages became apparent.

Google has been designing and deploying ASICs since 2016. While Google’s chips power
applications such as Translate, Photos, Search, and more, they are exceptionally well suited for
Al, also powering Google's Bard (Leswing 2023). While Google has a competitive advantage
due to its mature software and hardware, rather than selling ASICs independently, it makes this
technology available externally via Google Cloud. Further, Google refuses to document

hardware externally and discloses chips well after they are deployed.

Amazon Web Services (AWS) started to build its own specialized hardware in 2013. In 2015,
Amazon moved into the Al chip market with its acquisition of an Israeli startup called
Annapurna Labs for an estimated $350.0-400.0 million. AWS rolled out their custom chips
Inferentia in 2019 for inference workloads, which predict new output, and Trainium for training
workloads, which refers to understanding patterns in data, in 2020. With these chips, AWS aims
to enable its customers to leverage Al fully. Still, AWS invested $100.0 million in a generative
Al innovation center powered by NVIDIA chips. Amazon announced their own LLM in April
2023 called "Titan" together with the service "Bedrock" to support developers leveraging

generative Al (Appendix 1).
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Microsoft primarily relies on NVIDIA GPUs to power LLMs used within its cloud service

Azure and for Copilot. However, recent articles report that it has been secretly developing its
own chips since 2019. Also, the partly Microsoft-owned company OpenAl is exploring building
its own chips, according to internal discussions in October 2023. Microsoft’s own Al chip,
“Maia 2007, a GPU, was launched in late November 2023. At the same time, it was announced
that the latest Al chips from NVIDIA and AMD will be accessible through Azure. Azure offers
an end-to-end Al architecture containing a set of tools that support users in developing,

deploying, and managing Al applications (Appendix 1).

Alibaba, a popular cloud computing provider in China, has announced its own Al chip, the
"Hanguang 800", to be leveraged within its services with no intention to sell it as a standalone
product. The cloud computing division shows the highest growth within Alibaba. Two of
China's largest tech companies, Huawei and Alibaba, have joined the semiconductor industry,
showcasing how crucial semiconductors are for China's "Made in China 2025" plan (Appendix

1).

From Traditional to Quantum Computing

Quantum computing is a new way of computing and requires innovative specialized hardware
fundamentally different from traditional chips, such as GPUs. Quantum computers are able to
process large amounts of data at once and solve problems much faster than regular computers.
A high level of parallel processing power is fundamental to Al. The technology and materials
required for quantum chips are more distinct, complex,nd still in the developmental phase
(McKinsey & Company 2023). While significant developments have been in recent years,
including Google showcasing a quantum computer that solves a specific task in seconds that
regular supercomputers could solve in thousands of years, the technology is still not mature

(Appendix 1). Further hardware is only of value if software and applications are available for
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it. Researchers were able to run quantum computing software on traditional GPUs to support

the development of hardware applications that is currently unavailable (Rahul 2023).

In 2022, startup investors allocated a record amount of $2.4 billion to quantum technology start-
ups. While investments grew only by 1% from 2021 to 2022, 68% of quantum computing
investments from 2001 to 2022 were made in the last two years. Major technology companies
like Google, Microsoft, NVIDIA, IBM, and Intel are also increasingly investing in quantum

computing (Appendix 25).

THE Al CHIP VALUE CHAIN

All 1C chips are made from semiconductor materials and are categorized in three primary
categories: Logic, Memory and Digital, Analog and Other (DAO). Al chips are recognized as
advanced logic chips. All IC chips undergo the same value chain stages, which will be analyzed

below (Appendix 26).

The Semiconductor Value Chain

The need for technical expertise and scalability has led to a highly specialized global supply
chain characterized by both high R&D and capital expenditure (CAPEX) investments
(Appendix 27). The value chain consists of four stages: pre-competitive research, chip design,
wafer fabrication and assembly, testing, and packaging (ATP) (Appendix 28). A specialized
network of software design tools and core IP suppliers, materials, and equipment supports these
stages. Each activity requires varying R&D and CAPEX, contributing to different proportions

of the total value.

Countries perform different roles according to their comparative advantages, resulting in six
major participants: the United States, South Korea, Taiwan, China, Japan, and Europe, ordered

by added value (Appendix 29).
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In the semiconductor industry, it is possible to distinguish between four types of companies,

depending on their level of integration and business model: Integrated Device Manufacturers
(IDMs), Fabless Design firms, Foundries, and Outsourced Assembly and Test companies
(OSATSs). IDMs, like Intel and Samsung Electronics, vertically integrate across multiple parts
of the value chain, performing design, manufacturing, assembly, testing, and packaging
activities in-house. Fabless Design firms, such as NVIDIA and AMD, focus on design while
outsourcing wafer fabrication and ATP. Foundries are responsible for the wafer fabrication of
Fabless firms and IDMs, as most IDMs lack sufficient in-house manufacturing capacity.
OSATSs offer contract services for ATP to both IDMs and Fabless companies (Appendix 30 and

Appendix 31).

Pre-Competitive Research

Pre-competitive research involves fundamental scientific and engineering investigations
conducted globally by scientists from various sectors, including industry, universities,
government-sponsored national labs, and research institutes. This type of research is distinct
from proprietary R&D, as its outcomes are frequently disseminated through publications and

shared broadly within the scientific community.

Chip Design

Chip Design is the outcome of R&D efforts, IP, and the expertise of a highly trained workforce,
encompassing both hardware design and software development work. Various companies
engage in chip design, primarily falling into four categories: Fabless companies, which are the
most common business model for the design of advanced logic chips (Appendix 29); IDM;
Original Equipment Manufacturers (OEMs) and Electronic Design Automation (EDA)/IP
Providers. IDMs are the most common business model, followed by Fabless companies and

OEMs (Appendix 32). OEMs use semiconductors as input for other products and some have
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begun to design their own chips. Consequently, they have a growing presence in chip design

and increasingly participate in the same product and talent markets that fabless companies and
IDMs tap into for their needs. Finally, EDA companies are trusted intermediaries between
design companies and foundries. They provide software tools for chip design and ensure
seamless compatibility with foundries’ manufacturing processes. This phase accounts for 56%
of total added value and is the most R&D-intensive phase, contributing 53% of overall R&D
spending (Appendix 26). The United States holds a dominant position as the global leader in
chip design. In 2020, 46% of total design companies operated within its borders (Appendix 33).
In fact, seven out of the top ten design companies, ranked by annual revenue, are based in the
United States (Appendix 34). However, a decline is evident due to the growing influence of
China and South Korea, which are expected to reduce the United States' market share to 36%

by 2030.

Equipment and Materials

Equipment contributes 12% of the value added within the value chain (Appendix 26). In terms
of geographic distribution, the United States holds the majority at 42%, followed by Japan at
27%, and Europe at 21% (Appendix 29). The manufacturing of semiconductors depends on
over 50 types of advanced equipment, and lithography tools, essential for manufacturing
advanced logic chips, make up a substantial portion of the CAPEX for fabrication entities
(Appendix 35). There are three main equipment providers worldwide: Applied Materials,
ASML, and Tokyo Electron ranked by revenue (Appendix 36). Currently, ASML is the
exclusive global supplier of high-performance lithographic machines tailored for such chips
(Tarasov 2022). Materials contribute to a total added value of 5% (Appendix 26). Notably, key
material suppliers are highly concentrated in China and East Asia, constituting 73% of total
suppliers (Appendix 29). The process involves up to 300 different inputs, with silicon crucial

in wafer fabrication and organic substrates essential for ATP (Appendix 37). Silicon and noble
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gases are the primary materials used in wafer fabrication. China is the largest global silicon

supplier, contributing over 68% of the world’s production, while Ukraine holds the distinction
of being the primary supplier of noble gases, providing approximately 70% and 40% of the
global supply of neon and krypton, respectively (Statista 2023). However, in the aftermath of

Russia's invasion of Ukraine, China has emerged as a substitute supplier of noble gases.

Manufacturing: Wafer Fabrication and ATP

Wafer fabrication contributes to a total added value of 19% and is the most CAPEX-intensive
phase, constituting 64% of overall CAPEX spending (Appendix 26). Approximately 75% of
global semiconductor manufacturing capacity is concentrated in China and East Asia
(Appendix 29). Such an outcome is attributed to robust government incentives coupled with
access to a skilled workforce and robust infrastructure. However, it's noteworthy that the
exclusive production capacity for advanced logic chips is currently situated in Taiwan and
South Korea (Appendix 38). Specifically, the exclusive capability to manufacture advanced
logic chips is held by just three companies: TSMC, Samsung, and Intel. The industry's focus
on these entities is anticipated to strengthen in the future, fueled by the growing demand for
these types of chips. Moreover, TSMC is the global foundry leader, contributing approximately
58% of global foundry revenue, followed by Samsung and Global Foundries, with estimated
shares of around 11% and 7%, respectively (Appendix 17). ATP contributes to a total added
value of 6% (Appendix 26). Furthermore, mainland China and Taiwan collectively represent
57% of the global capacity for ATP (Appendix 29). The concentration of manufacturing in
China and East Asia is attributed to lower labor costs in the region, coupled with high technical

expertise.
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Global Semiconductor Shortage

Since late 2020, a global semiconductor shortage has led to product cancellations, extended
lead times, and higher prices due to demand surpassing production capacity, rooted in
manufacturing constraints and a skilled worker shortage (Wassen Mohammad 2022). The
COVID-19 pandemic worsened supply conditions, creating a widespread imbalance with
anticipated demand spikes, especially for healthcare and remote work products, along with
fluctuations in chip demand for sectors like automotive and consumer electronics.
Simultaneously, global lockdowns forced chip manufacturing plants to close. Geopolitical
tensions, such as Japan's 2019 export restrictions and the United States-China trade war, are

marked by export controls limiting transactions with China.

In response, foundries utilization rates exceeded the 80% standard, maintaining high production
levels until 2022 in an attempt to meet increased demand (Appendix 39). While the global chip
shortage has eased, short-term declines in sales are anticipated to persist through 2023 due to

macroeconomic challenges and market cyclicality.

Governments are addressing concerns about future shortages and geopolitical tensions related
to manufacturing by regulating and incentivizing domestic semiconductor production. The
United States, European Union, China, South Korea, Taiwan, Japan, and others have committed
to boosting their manufacturing capacity through comprehensive subsidies and tax incentives.
Both TSMC and Samsung have forged agreements with the United States government to
establish foundry plants in the country. However, if regional supply chains aimed for total self-
sufficiency, it would require around an additional $1.0 trillion in initial investments to match
current levels of semiconductor consumption. This would also result in an overall

semiconductor price increase ranging from 35% to 65% (Appendix 40).
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Marketing and Sales

Companies’ Ecosystem

Al chip companies provide not just cutting-edge software and hardware but also entry into
comprehensive ecosystems. These ecosystems include software tools, developer support, and
Al platforms, attracting developers and businesses. Recognizing the importance of software
development in Al, many companies focus marketing efforts on developers, providing
resources, documentation, and support to encourage the creation of Al applications on their

platforms.

Strategic partnerships with key players in sectors like cloud service providers, automakers, and
data center operators enhance the attractiveness and functionality of these ecosystems. NVIDIA

stands out for having one of the most developed ecosystems.

Distribution Channels

In the semiconductor industry, distribution channels are diverse, comprising both direct and
indirect sales. Indirect sales are made through independent distributors and each company’s
partner network, which distribute to OEMs, electronic manufacturing service providers, and
companies across various industries. The distribution strategy employed by semiconductor
companies varies. According to the Semiconductor Industry Association, sales generated
through distributors range from 25% to 85% of total revenues. On average, distributors handle

50% of the semiconductor industry’s revenues (Semiconductor Industry Association 2021).

20



Group part
NVIDIA CORPORATION

Founding and Initial Steps

In 1993, NVIDIA was founded by Jensen Huang, who at the time was working as a
microprocessor designer at AMD, along with Chris Malachowsky and Curtis Prime, who were

working as staff engineers and chief designers at a company called Sun Microsystems.

During its early-stages, NVIDIA’s vision was to bring 3D graphics to the gaming and
multimedia markets. Two years after its founding, NVIDIA introduced its first-ever product,
the ‘NV1’, a multimedia accelerator capable of handling both regular 2D and 3D graphics. By
1999 the company had established its presence in the market with the launch of its first GPU,
the GeForce 256. The GPU was a groundbreaking innovation that redefined modern computer

graphics and revolutionized parallel computing (Michael Justin Allen Sexton 2018).

NVIDIA Today

For over three decades, scientists, researchers, developers, and creators have utilized NVIDIA's
technologies to achieve remarkable accomplishments. Today, more than 40,000 companies use
NVIDIA’s Al technologies (NVIDIA 2023). As of now, the company has operations across
four continents: Asia, Europe, North America, and South America, and more than 50 offices
worldwide. With its headquarters in Santa Clara, NVIDIA presents itself as a global leader in
high-end computing and Al, being one of the world's largest graphics processing and chip
manufacturing companies. The company’s success is built on innovation and high-quality
products. NVIDIA boasts a global workforce of 26,196 employees across 35 countries,
retaining them with a low turnover rate of 5%. Among these employees, 19,532 were involved
in R&D, while 6,664 were engaged in sales, marketing, operations, and administrative roles.

This distribution is reflected in their operating expenses: $7.3 billion (66%) is allocated to R&D

21



Group part
and $2.4 billion (22%) to administrative expenses, out of $11.1 billion in 20222 (NVIDIA

2023).

Additionally, employee referrals significantly influenced their recruitment strategy, accounting
for over 37% of new hires in 2022 (Appendix 41). The Employee Stock Purchase Plan, which
allows employees to purchase NVIDIA’s stock at a discount, delivered more than $300 million
in value to its employees (NVIDIA 2023). During 2022, Nvidia supported its workforce by
giving constant feedback on their performance and offering a library of technical content
accessible on-demand, mentorship schemes, career coaching services, and pulse surveys to

capture employee feedback directly (NVIDIA 2023).

Notably, NVIDIA launched over 160 products this year, with expenditures of $11,6 million

dedicated to the acquisition of semiconductors needed for these new offerings (NVIDIA 2023).

NVIDIA's financial results are structured into two main segments: Compute & Networking and
Graphics®. In the Compute & Networking segment, NVIDIA reported revenues of $15.1 billion
in 2022. Meanwhile, the Graphics segment generated $11.9 billion in revenues (NVIDIA 2023).
Within these two segments, NVIDIA generates revenues from product sales, hardware and

systems, licensing, and cloud service.

2 Note: In this document, references to specific years about NVIDIA's financial data pertain to NVIDIA's Fiscal
Year that spans from February of that year to January of the following year. For example, '2022' refers to Fiscal
Year 2023, which covers the period from February 2022 to January 2023. This convention is applied consistently
to all fiscal year references for NVIDIA throughout this case study.

3 The Compute & Networking segment includes Data Center accelerated computing platform; networking;
automotive

Al Cockpit, autonomous driving development agreements, and autonomous vehicle solutions; electric vehicle
computing platforms; Jetson for robotics and other embedded platforms; NVIDIA Al Enterprise and other
software; and cryptocurrency mining processors, or CMP.

The Graphics segment includes GeForce GPUs for gaming and PCs, the GeForce NOW game streaming service
and

related infrastructure, and solutions for gaming platforms; Quadro/NVIDIA RTX GPUs for enterprise workstation
graphics; virtual GPU, or vGPU, software for cloud-based visual and virtual computing; automotive platforms for
infotainment systems; and Omniverse Enterprise software for building and operating metaverse and 3D internet
applications.
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Central to NVIDIA's production strategy is their fabless business model. Since 1998, it has

outsourced its chip manufacturing to the foundry TSMC and later diversified its supply to
Samsung Electronics. NVIDIA designs its chips and focuses on technological innovation while
foundries manufacture the physical product. For the manufacturing equipment, TSMC relies on
the company ASML, which provides advanced machinery, such as its $200 million extreme
ultraviolet lithography machine, needed to make cutting-edge chips (Kharpal, Two of the
world’s most critical chip firms rally after Nvidia’s 26% share price surge 2023). Recently,
TSMC has invested in two new Arizona manufacturing plants.VIDIA has already marked its
commitment to leverage the new production capacity, shifting part of its production to the

United States (S. H. Lee 2022).

At its core, NVIDIA specializes in four large markets in which its computing platforms can
provide great acceleration for applications: Gaming, Automotive, Professional Visualization,
and Data Center. Starting in their early days with a focus on gaming, NVIDIA had become a
leader in the market with its high-performance GPUs that have revolutionized gaming graphics
and performance. In the automotive sector, NVIDIA is pivotal for self-driving technologies and
advanced driver assistance systems using Al-based technologies. NVIDIA serves the
professional visualization market with GPUs like the Quadro series, crucial for digital modeling
and 3D simulations. In data centers, NVIDIA's GPUs play a key role in managing large-scale
data workloads and complex computations, boosting the performance of cloud computing and
Al applications. Currently, the company is also investing in hybrid systems that integrate both
quantum computing and traditional computing, leveraging their GPU capabilities. Its CUDA
Quantum platform provides a bridging technology that facilitates the integration of different Al
chips (NVIDIA 2023). Recently the company also announced its DGX Quantum, the world’s
first GPU-accelerated quantum computing system, that caters to researchers and practitioners

to facilitate the integration of quantum in their applications (NVIDIA 2023). Furthermore,
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NVIDIA is engaging in Corporate Social Responsibility (CSR) activities to reduce its carbon

footprint. The company’s GPUs are already 20x more energy efficient than traditional CPUs

for certain Al and HPC workloads (NVIDIA 2023).

At the end of 2022, NVIDIA registered $27.0 billion in revenues with a 57% gross margin and
net income of $4.4 billion (Appendix 42). The Data Center market contributed $15.0 billion,
accounting for 55% of total revenues; Automotive added $9.1 billion, making up 34%;
Professional Visualization generated $1.5 billion, representing 6%; the remaining $455 million
came from OEM & Other (Appendix 43 and Appendix 44). 31% of total revenues were
generated in the United States with $8.3 billion. Taiwan followed with $6.9 billion, accounting
for 26% of the total revenue. China (including Hong Kong) generated $5.8 billion, representing
21%. Revenue from other countries totaled $5.9 billion, making up the remaining 22% of the

overall revenues (NVIDIA 2023).

To deliver its products and services to the end user, NVIDIA sells through various direct and
indirect channels. This includes direct sales through its online store, dedicated sales teams for
enterprise clients, and OEM partnerships for broader market reach. Additionally, NVIDIA
utilizes a global network of retailers, subscription-based cloud services like DGX Cloud and
participates in events and conferences while also engaging in government contracts and
licensing its IP. In 2022, NVIDIA’s main customers were enterprises and cloud computing
providers leveraging data center GPUs for Al and deep learning, gamers using GeForce GPUs,
and designers, academic institutions, OEMSs, and the automotive industry. Individually,
NVIDIA’s customers do not contribute to more than 10% of the company’s overall revenues
(NVIDIA 2023). However, NVIDIA maintains relationships with a few large customers,
mainly large technology companies, that span across its various sectors and are key to

NVIDIA's business in its different target markets (NVIDIA 2023).
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NVIDIA's Growth from Gaming to Al Giant

In 2006, NVIDIA released a software toolkit called CUDA that would eventually propel it to
the center of the Al boom. It is a parallel computing platform and programming model that
helps developers effectively utilize the parallel processing capabilities of NVIDIA’s GPUs.
CUDA provides the ability to divide complex tasks into thousands of smaller ones, which the
GPU can then process in parallel, leading to much faster processing. The company designed
the software to work only with NVIDIA's GPUs. Today, the platform boasts a community of
four million developers and has been downloaded 40 million times (Shu and Liao 2023). After
the launch of CUDA, NVIDIA’s strategy was to target software developers, for which NVIDIA
conducted university courses and training webinars, besides offering the platform for free. From
2006 to 2007, NVIDIA's advertising and promotion expenses increased by $4.2 million
(NVIDIA 2006). This rise in expenditure was primarily to highlight the benefits of CUDA,
emphasizing its ability to allow developers to use familiar programming languages for high-
level computing tasks, thereby removing the need for specialized learning. Bryan Catanzaro,
the vice president of applied deep learning research at NVIDIA and one of the only employees
working on Al when he joined in 2008, said, “For ten years, Wall Street asked NVIDIA, ‘Why
are you making this investment? No one’s using it.” And they valued it at $0 in our market cap.”
(Tarasov2023). A significant turning point was in 2012 when a team from the University of
Toronto won the ImageNet computer vision contest with their deep learning model called
AlexNet. It was powered by CUDA-enabled NVIDIA GPUs and achieved accuracy in
recognizing images with an error rate of only 15% compared to 25% from the previous years
(Tilley 2016). It validated NVIDIA's long-term investment in CUDA, demonstrating the

immense potential of GPUs in accelerating deep learning and Al tasks.

From then on, NVIDIA’s strategy shifted. The recognition of the immense potential of GPUs

led NVIDIA to explore new markets where such capabilities could be transformative. It began
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diversifying the application of its GPU beyond gaming, specifically targeting data center

markets. To develop data center solutions, the company invested heavily in R&D by
capitalizing on the solid profit and constant cash flow its gaming business generated. During
the years 2012, 2013, and 2014, they incurred increasing R&D expenses of $1.2 billion, $1.3
billion, and $1.4 billion, respectively (Appendix 42). By then, 6,658 full-time employees were

engaged only in R&D activities, accounting for 72 % of all employees (NVIDIA 2015).

From 2013 to 2015, the number of companies NVIDIA engaged with on deep learning grew
nearly 35 times to over 3,400 partners from industries such as manufacturing, healthcare,

energy, life sciences, automotive, financial services, and entertainment (NVIDIA 2016).

In 2016, NVIDIA introduced the first Al Data Center GPU, the ‘Tesla P100°, which was
designed for deep learning and Al tasks. In the same year, NVIDIA took eight of these GPUs
and put them into the DGX-1, a rectangular container NVIDIA called "the world's first Al
supercomputer in a box.” (McHugh 2016). NVIDIA’s CEO Jensen Huang personally delivered
the first unit to Elon Musk and his non-profit OpenAl. He gifted the system one week before
Intel unveiled its first processor designed specifically for Al workloads at its big annual
conference in San Francisco. NVIDIA's data center revenue experienced a substantial increase
from $0.3 billion in 2015 to $1.9 billion in 2017, marked by a notable 133% growth from 2015

to 2017, contributing to an overall three-year CAGR of 85% (Appendix 44).

Since then, NVIDIA has developed more GPUs for data center applications by constantly
redesigning and improving their chip architecture. Launching the ‘A100 Tensor Core GPU’ in
2020 represented a monumental leap, achieving an 11x increase in higher computational
performance compared to the ‘P100 GPU’. Introducing the ‘H100 Tensor Core GPU’ in 2022,
NVIDIA achieved up to nine times faster training times for complex Al models, showcasing

H100’s superior processing capabilities compared to the previous model (Appendix 46). With
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the announcement of the NVIDIA ‘H200 Tensor Core GPU’, available for sale in 2024, this

path of innovation will continue. NVIDIA claims it will double the inference or Al prediction

performance of the H100, particularly for LLMs (Appendix 47).

These GPUs are not intended for consumer-grade hardware but are built to handle the extensive
computational demands of large-scale Al training and inference tasks in on-premise data centers
and cloud-based data centers. NVIDIA’s GPUs began gaining prominence in cloud computing
as major cloud service providers like AWS, Microsoft Azure, and Google Cloud Platform

integrate them into their cloud infrastructures.

As the demand for Al applications increased, companies and government agencies worldwide
needed to hire engineers, developers, researchers, and data scientists with Al expertise.
However, the demand for Al-trained developers surpassed the number of available
professionals in the field. To help bridge that gap, NVIDIA established the Deep Learning
Institute to train developers with hands-on courses in fundamental and advanced Al topics in

2016. By 2020, the institute had trained over 250,000 people worldwide (Appendix 1).

To further enhance NVIDIA’s high computing power and Al capabilities, it acquired Mellanox
Technologies in March 2019 for $6.9 billion (NVIDIA 2019). In a “Mad Money” interview,
Jensen Huang highlighted the reasoning behind the acquisition “We’re combining the leaders
of Al computing and high-speed networking and data processing into one company.” “With
that, hopefully we could, ..., accelerate the innovation and create amazing things for data
centers going forward,” he said (Clifford 2020). From a strategic point of view, the acquisition
also enabled NVIDIA to merge the two company's human resources (HR) talents. Following
this acquisition, NVIDIA experienced significant financial growth. NVIDIA reported record
revenues of $3.9 billion for the second quarter of 2020, a 50% increase from $2.6 billion a year

earlier (Appendix 48). Mellanox contributed approximately 14% of the company's total revenue
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(Infotechlead 2020). The data center revenue, which included Mellanox, saw a remarkable

167% increase to $1.75 billion in that quarter (Newman 2020).

The company has also launched a free program called NVIDIA Inception, designed to provide
access to technology, software support, expertise, market exposure, and capital to early-stage
companies that are employing Al. With 7,000 technology start-ups in 2020, the program now

supports over 15,000 (NVIDIA 2023). It is one of the largest Al startup ecosystems in the world.

The release of ChatGPT from OpenAl in 2022, with a brain composed of more than 20,000
NVIDIA GPUs, caused many companies to look for ways to add similar generative Al
capabilities to their software. Demand for NVIDIA’s GPUs strengthened as a result (Appendix
1). In the same year, the data center revenues surpassed the gaming revenues for the first time.
They rose 41% to a record of $15.0 billion, making up 55% of total revenues. Gaming
experienced a decrease of 27% to 9.07 billion, contributing 34% to total revenues (Appendix

43).

NVIDIA’s Position in Al, Deep Learning and Data Centers

NVIDIA has a market capitalization of $1.1 trillion as of November 2023, making it the sixth
most valuable company in the world. In contrast, back in 2021, NVIDIA was ranked as the 24th
most valuable company. NVIDIA competitor AMD is currently in position 53 with a market
cap of $195.0 billion, followed by Intel in position 59 with a market cap of $183.9 billion
(Appendix 49). By the end of February 2023, NVIDIA's share price had nearly jumped more
than 60% since January (Appendix 1). NVIDIA also controls 87% of the market for GPUs,
followed by AMD with 10% and Intel with 3% (Appendix 50). The company received
prestigious awards at the NeulP2022 conference for its groundbreaking work in generative Al
models and achieved new records in the latest MLPerf benchmark in 2023, which is a set of

standardized tests measuring the performance of Al hardware (Appendix 1). One of NVIDIA's
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supercomputers was able to train a GPT-3 model three times faster than the previous record.

NVIDIA’s data center revenues have quadrupled over the last two years. In the third quarter of
2023, they reported a record of $14.5 billion, up 41% from the previous quarter and 27% more

than one year before (NVIDIA 2023).

Consequently, NVIDIA's data center processor revenue grew significantly, exceeding 30% in
a decade (Value 2023). 50% of data center revenue came from cloud service providers, while
the remaining 50% came from consumer internet entities and large companies (Novet 2023).
NVIDIA powers over 70% of the supercomputers on the Global TOP500 list, including 23 of

the top 30 systems on the Green500 list (Appendix 1).

The company has sold more than half a million of its HL00 GPUs in just three months of 2023.
Their Al technologies were mainly used for public cloud services such as ChatGPT or
embedded in applications and used by clients who want to create their own LLM. The price of
the GPU H100 ranges from $20,000 to $40,000. It approximately costs NVIDIA around $3,320
to manufacture one, resulting in a gross profit of up to 1000% (Schreiner 2023). Jensen Huang
has publicly declared that falling GPU prices are “a story of the past” (White 2023). Financial
consulting firm Raymond James has validated NVIDIA's high pricing strategy. The justification
for these prices is rooted in the high cost of innovation and development, which increases as
complexity is added to Al technologies. Glassdoor reported an average salary of around
$202,000 annually for NVIDIA's electronics hardware engineers (Glassdor 2023). Developing
advanced chips like the H100 involves thousands of hours of work by numerous specialized
professionals, contributing to NVIDIA's substantial R&D expenses. In 2022 NVIDIA invested
27% of its revenue in R&D, compared to AMD's 21%, Intel's 17%, and IBM's 11% (Appendix
51). NVIDIA's market position is supported by its patent portfolio that protects NVIDIA’s Al
innovations. The company has a total of 11,214 patents, out of which 6,973 have been granted,
and more than 74% are active. Most of these patents are filed in the United States, China, and
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Germany. Intel holds comparatively few patents, with 741, followed by AMD, with 185 patents.

(Appendix 52).

Over the years, NVIDIA has developed a platform strategy that creates a thriving ecosystem.
A key part of this strategy is the NVIDIA Al Platform, which is anchored in the CUDA software
and relies on NVIDIA's GPUs. This strategy is not only about the software or the hardware, but
it is also about the community that uses and develops on the platform. NVIDIA provides the
tools and the foundation — CUDA and the GPUs. Then, developers come in and start building
applications that are specifically designed to run on NVIDIA's hardware. As they create more
and more of these applications, the platform itself becomes more powerful, which attracts a
wider range of users. These users are businesses and technology enthusiasts who use these
applications for innovative Al projects. As more people start using the platform, more feedback
and demand are created, which in turn encourages developers to build more tailored

applications.

Nevertheless, NVIDIA's ecosystem extends beyond this platform. NVIDIA created a developer
program that gives developers access to over 150 free Software Development Kits, technical
training, webinars, expert help, and networking opportunities (NVIDIA 2023). On average,
39,000 developers sign up for monthly membership. The program currently has more than two
million members. At the beginning of 2023, NVIDIA organized the GPU Technology
Conference. It brought together experts, developers, and industry leaders and featured over
1,000 sessions covering a broad range of Al topics (see Appendix 53 for NVIDIA’s Support
Services and Community Engagement). In February 2023, NVIDIA announced that it was
partnering with the Italian oil and gas giant Eni, which involved the expansion of Eni's Green
Data Center just outside Milan with the addition of the HPC4 supercomputer. This
supercomputer included 3,200 NVIDIA Tesla GPU accelerators. Two years before, NVIDIA
collaborated with the University of Florida to build the world's fastest Al supercomputer.
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NVIDIA’s Partner Network, including OEMs and Universities, currently has over 1,500

members worldwide (see Appendix 54 for NVIDIA’s Partner Types). Along the way, NVIDIA
created an ecosystem encompassing hardware, software solutions, a comprehensive range of

services, community support, and a robust partner network.

GLOBAL CHALLENGES AND OPPORTUNITIES

The case study explores NVIDIA and the Al chip market, uncovering key elements that are

crucial for understanding the future of this rapidly evolving industry.

While it is evident that Al already made a significant impact, it is essential to consider the
regulatory and social challenges that may arise due to the increased adoption of Al. How far
will the adoption of Al go, and how can short-lived trends be differentiated from disruptive

technologies?

Another critical element is the importance of the Al value chain. With concerns around the
security and reliability of the value chain, companies need to have a clear strategy for ensuring
the capacity and efficiency of their supply chain. How will those strategies foster or hinder the

industry’s growth?

NVIDIA has already made a significant impact in the Al chip market. However, as different
chip types and new technologies are being explored and numerous competitors are entering the
market, NVIDIA will have to plan its next steps strategically. Considering its positioning in the

market, how well is NVIDIA equipped to overcome internal and external challenges?
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TEACHING NOTE

CASE SUMMARY

The case study examines the strategic choice made by NVIDIA Corporation to invest heavily
in the development of chips and software optimized for Al applications, a move that
significantly influenced its market position. This decision was particularly pivotal after the
introduction of ChatGPT on November 30, 2022, which marked a new era in Al. ChatGPT, an
LLM trained on a vast amount of text data, showcases the immense processing power required

for such advanced Al systems, primarily operated in data centers and accessible over the cloud.

NVIDIA's ability to anticipate the emerging trend of generative Al and the subsequent high
demand for specialized data center hardware positioned the company to benefit greatly from
this technological shift. The effect of this strategic move was reflected in NVIDIA's financial
performance, as its stock value increased by 155% and reached a market capitalization of $1.1
trillion. The case study delves into the analysis of NVIDIA's strategic decision to capitalize on
the Al revolution, focusing on the innovations and challenges that come with such a

transformative shift in the technology sector.

TEACHING OBJECTIVES & APPROACH
Target Audience & Teaching Objectives

This case study is tailored for MBA and master’s courses on strategy, as well as executive
education seminars. The objective of this case discussion is to conduct a strategic analysis of
NVIDIA’s background, evaluate its strategic decisions and operations, and understarnd how
the company has attained its current market position. The resulting analysis will help students
in assessing NVIDIA's competitive advantage and formulating strategies for its long-term
sustainability. The following guiding questions were established as guidelines for achieving the

teaching objectives (Figure 1):
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e Strategic analysis: To reach the teaching objective, we will use analytical frameworks

addressing various aspects of NVIDIA's internal ecosystem and external environment.
The evaluation involves PESTEL, Porter's Five Forces, the Business Model Canvas, the
Size-Uniqueness Model*, and the Ansoff Matrix. To complete the analysis, students
must integrate essential insights and adapt them into actionable decisions.

e Strategic decision-making: The case involves the elaboration of precise business
strategies. The formulated strategies should explore long-term visions to set a direction

for NVIDIA to achieve sustainable growth and prosper future success.

Figure 1: Guiding Questions

Opening Question What is Nvidia’s market position and why?
Q 1.1 What are the main trends shaping the future of AI chips?
External Analysis
Q 1.2 How do you evaluate the attractiveness of the industry?
Q 2.1 How do you evaluate Nvidia’s competitive positioning?
Internal Analysis Q 2.2 How do you characterize Nvidia's existing business model?
Q 2.3 How do you evaluate the sustainability of Nvidia’s competitive advantage?
Strategic Decision-Making Q 3.1 What fundamental challenges does Nvidia face and what strategic recommendations would you make?
Closing Question How do you evaluate Nvidia's chances of long-term success?
Teaching Approach

The teaching method includes a period dedicated to self-study, where students are expected to
read and prepare the case before the class. Furthermore, students take part in a 90-minute in-
class discussion, resulting in an in-depth assessment of the case. The case lays the foundation
for class discussion by providing crucial information about NVIDIA and the Al chip market.

This teaching note is intended as a roadmap for instructors (Figure 2). Instructors can explore

4 Framework introduced by Professor Luis Almeida Costa in his strategy classes.
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certain sections deeply or address them at a broader level, depending on academic requirements

and desires. The teaching note also involves dynamic features such as teamwork exercises.

To prepare for the class, we suggest exploring recent developments in NVIDIA. It would be
helpful to review the Size — Uniqueness Framework before the class, as this is not a standardized
strategy framework. The structure of the framework can be found in Appendix 55. To enhance
students' preparation, we advise presenting the first two guiding questions regarding NVIDIA's
external environment alongside the case. During the in-class discussion, it is vital to briefly
cover the results of the external analysis before touching on NVIDIA's internal analysis. To
wrap up the case, students should synthesize learnings from the case and theoretical expertise
to explain how their presented solutions help NVIDIA set a strategy for growth and improve its

chances of success.

The teaching note is structured into three sections, enclosed by the opening and closing
questions. The guiding questions help instructors in evaluating students’ evolving perspectives
concerning NVIDIA's chances of success. Ideally, the following agenda should be presented

before introducing the opening question:

e External analysis: Determine present and future trends and analyze market
attractiveness.

¢ Internal analysis: Establish NVIDIA's competitive positioning and business model.

e Strategic decision-making: Evaluate NVIDIA's strategic position and assess value-

creating opportunities for NVIDIA’s growth.
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Figure 2: Teaching Plan

el P | Dumin |

Students are given the case approximately a week before the in-class discussion for self-study purposes.

Ereparation for Case Discussion Students are provided with the first two guiding questions based on the external analysis (Q 1.1 & Q 1.2) to ¢omin

|| prepare in advance of the class.

The instructor demonstrates the agenda and presents the opening question. 5 min

The instructor and the students briefly review the outcomes of the external analysis done prior to the class. 10 min

The instructor guides the students through the internal analysis by posing the respective guiding questions (Q 2.1

& Q 2.2). Additionally, students form groups to formulate a draft of the Business Model Canvas. 30 min
In-Class Case Discussion Il 90 min
The instructor introd the Size — Uni F k and facilitates dialogue regarding the analysis of
s i 2 20 min
sustainable competitive advantage (Q 2.3).
Following a brief discussion of the results, the students synthesize learnings and evaluate feasible and attainable
strategic actions Nvidia can take to grow its business using the Ansoff Matrix (Q 3.1). Conclude with the closing 25 min
|question.

External Analysis

The first two guiding questions assess the industry using PESTEL (Figure 3) and Porter's Five
Forces (Figure 4) and analyze the dynamics of competition. These frameworks allow for an
extensive evaluation of various environmental factors, present and future, crucial for

informative decision-making.

Considering the applied tools are standard frameworks, students should be familiar with the
structure. Therefore, guiding questions Q 1.1 and Q 1.2 are meant to motivate self-study and
research as preparation for the in-class discussion. Before starting the discussion, we suggest
presenting a description of the history of the Al industry, with a specific focus on Al chips. A
brief timeline of the history of Al can be found in Appendix 1. To retain emphasis on main

teaching objectives, students are encouraged to share key take-aways only.

Q 1.1 What are the main trends shaping the future of Al chips?

The Al chip market has experienced a drastic increase in relevance over the past years,
especially concerning rapid advancements in Al, 5G, autonomous driving, data centers, or ML.

We have used a PESTEL analysis to examine the macro-environmental factors impacting the
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Al chip market by focusing on political, economic, social, technological, environmental, and

legal aspects.

Political: The high dependency on Taiwan through centralized manufacturing of Al chipsina
single facility introduces significant political risks mainly attributable to Taiwan’s delicate
political situation concerning China. Additionally, the Russia-Ukraine war has impacted the
global supply chain. Considering Ukraine was not able to keep up with the production of critical
chip components, China has become the main supplier, creating an intensified overreliance on
China. The ongoing commercial war between the United States and China may have extensive
consequences for the global supply chain and has the potential to intensify geopolitical tensions.
This is particularly crucial as China is one of the main players in the semiconductor value chain
and is the second largest end-consumer, responsible for 24% of total semiconductor

consumption (Appendix 40).

Economic: One reason for the growth of the Al chip market is the availability of big data,
which flourished through the progression of the digitized economy, amounting to a growth of
40% per year. On the other hand, growing demand presents new restrictions to the global supply
chain. This may intensify the ongoing chip shortage as manufacturing cannot keep up with the
increase in demand due to limited manufacturing capacity. Moreover, material suppliers are
concentrated in high-risk regions, leading to a higher uncertainty about the availability of raw
materials and price volatility. This impacts final costs overall. Manufacturing suppliers are
concentrated within a small number of companies, which means that any regional events can
potentially escalate into more substantial and far-reaching problems for the industry. With the
surge in demand for Al chips, a shortage of skilled professionals has emerged. Higher wages
may be the result as organizations try to attract scarce talent, increasing operational costs.
Furthermore, the lack of a skilled workforce may hinder production and innovation in the Al

industry, deterring the overall growth of the market.
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Social: The global acceptance of Al has risen by 250% since 2017 as it has emerged as an

impacting technology rather than a short-term trend. Since the introduction of Al chatbots,
numerous industries have adapted chatbots within their processes and systems. As Al chatbots
have been widely applicable and are expected to be increasingly utilized in society, the use of
Al chips is developing. Rising concerns about social acceptance of Al-based processes are a
consequence of increased fear with regard to redundancy rates for both blue- and white-collar
workers. The trend of automating processes and systems can impact consumer behavior and

employee morale, leading to a feeling of inequality.

Technological: The progression of new and improved algorithmic techniques has allowed
exponential growth of computational power. Such growth led to significant improvements in
chip performance. Notably, surpassing Moore's Law presents significant potential for growth.
Despite the growth opportunities, Al-based hardware applications, such as GPUs, pose power
and infrastructure issues. Due to the intensity of power consumption of GPUs often exceeding
the capacity of existing data center infrastructure, the full potential of data centers persists to
stay unexploited and limits their scalability. This poses unique challenges for companies
specializing in GPUs. With Al-powered decisions being utilized progressively in day-to-day
activities, hardware trust is becoming increasingly important. Therefore, companies must
ensure that both the software and underlying hardware are reliable and secure. To enable
seamless Al integration, innovative hardware, and well-defined strategies are essential for

future innovation.

Environmental: Due to the production of Al chips, especially GPUs, being responsible for the
highest carbon output, concerns over industry sustainability are rising. The decarbonization of
the Al chip market is expected to restrict future growth potential. While demand for Al chips
continues to rise, production is being boosted to keep up with industry pressure, making it
naturally more challenging for the market to persist with environmental objectives and climate
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goals. However, organizations are increasingly turning to Al-based systems as a method to

reduce their carbon footprint, tackling ESG challenges. The employment of Al chips allows for
the optimization of processes, increased energy efficiency, and reduced resource consumption
by enabling data-driven decisions. Al chips and their implementation are seen as vital for long-
term sustainable progression and to meet organizational requirements without compromising

operations.

Legal: The increase in Al-powered decisions is leading to higher complexity regarding
regulations, security, and data privacy concerns. Due to the rapidly changing regulatory
environment, companies with Al-based systems must consistently assess internal processes
against compliance requirements. The EU Al Act provides a risk-based regulatory framework
for Al, impacting the way organizations can develop and implement Al solutions and providing
increased security for consumers. Moreover, companies must prioritize data protection
measures and guarantee reliable handling of sensitive information to sustain public trust and
uphold legal responsibilities. Many Al-based companies have built their business model around

patent licensing, proving the importance of IP strategy and protection.

Figure 3: PESTEL Analysis
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Source (adapted): Alanzi, Salem. “Pestle Analysis Introduction.” ResearchGate. Salford, England: University of

Salford, July 11, 2022. https://www.researchgate.net/publication/327871826_Pestle_Analysis_Introduction.
Q 1.2 How do you evaluate the attractiveness of the industry?

Industry Structure on Competition

Porter’s Five Forces is widely used to analyze how industry structure affects the intensity of
competition. Not only does it cover direct and indirect competition, but it also extends to the
bargaining power of industry participants and the rivalry between companies. The framework
makes it possible to assess the strategic position of a business and its potential for profitability.
Threat of New Entrants: Moderate

The case reveals that multiple companies are entering the Al chip market, fine-tuning their
products, either developing in-house or using strategic acquisitions. This influx suggests that
barriers to entry might not be overly restrictive. The emergence of start-ups like SambaNova,
Graphcore, and Tenstorrent further underscores this threat. The substantial VC investments in
the semiconductor industry also hint at a conducive environment for new players. However,
slowing VC and PE investments, caused by NVIDIA's market dominance, might decrease the
threat of new entrants in the future.

Challenges like R&D costs, technical know-how, scalability, and establishing market
credibility can act as barriers, potentially moderating the threat level, especially with fewer
investors willing to commit capital over a long period.

While investing in Al and Al chips will likely always attract some investors, it is yet to be
proven that new entrants can enter the market successfully and gain market share. Further, the
ecosystem (software, developer community) and network effects will be restrictive for new
entrants not building on an existing ecosystem.

Threat of Substitutes: High
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Cloud providers could be a main customer for Al chip companies, and they are starting to

develop their own chips. When a potential customer decides to build a product in-house instead
of purchasing the hardware, that in-house solution is considered a substitute for Al chip
companies. In economic and business terms, a substitute is a product or service that a consumer
can use in place of another product or service. In this scenario, the in-house solution is fulfilling
the need that the company's product would have served. Further, cloud provider's Al services
are a substitute to edge offerings. Therefore, cloud providers building their own chips will not
only reduce the revenue from this customer but can affect the edge data center revenue of other
customers, as cloud providers offer higher flexibility and scalability.

Quantum computing is also highlighted, suggesting a potential long-term substitute for
traditional Al chip functionalities. However, currently, quantum hardware is not mature enough
and commonly used Al chips can only support the development of quantum application.
Bargaining Power of Buyers: Moderate to Low

The case mentions long waiting times for Al chips, even at high prices, suggesting strong
demand and thus giving Al chip companies within the industry more bargaining power. Further,
buyers tend to be less price sensitive compared to consumer products as Al hardware is bought
less frequently, while high quality and longevity are essential for the buyer's operations.
However, with more companies entering the market and providing diverse product options,
buyers might gain more negotiating power over time. This is especially true for large customers
building multiple data centers. The bargaining power of big technology companies like Amazon
or Microsoft is expected to increase significantly as their cloud revenue constitutes a substantial
part of the market demand.

Bargaining Power of Suppliers: Moderate

Some companies, such as Intel, produce their own chips, while others, like AMD, heavily rely

on suppliers such as TSMC. The option to produce in-house potentially reduces supplier power.
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As the industry grows and diversifies, the dynamics between manufacturers and suppliers will

influence this force. Production is highly complex, and factories are designed and built for
specific chips. The machinery and training of employees may not be relevant if the supplier
decides to produce different Al chips, leading to high sunk costs. However, depending on the
severity of the frequent product iteration of Al chips new training and adjustment of machines
may become necessary either way. The emergence of the chip shortage in 2020 underscored
the limited availability of expertise and manufacturing facilities, granting suppliers a degree of
bargaining power. Moreover, as production capacity is negotiated long in advance, the recent
rise of Al will give suppliers more options for future customers and thus more bargaining
power. For the suppliers it is essential to strengthen business with customers established in the
industry that can drive revenue in the following decade, hence market leaders for Al chips are
especially well positioned.

Competitive Rivalry within an Industry: Moderate

In the year 2023 NVIDIA's market share was around 70% and most chips from competitors are
not ready or proven yet. Nevertheless, the Al chip market appears to be competitive. Established
players like Intel, AMD, and IBM are mentioned, but there's also a note of start-ups trying to
disrupt the industry. Intel's declining sales and shifts in its strategy further highlight the
competitive pressures. The main rival for all companies within the Al chip industry is NVIDIA,
which set the status quo for hardware and software. However, high prices and low availability
lead to customers anticipating new chip releases from companies besides NVIDIA.

In conclusion, Porter’s Five Forces analysis reveals a highly dynamic landscape concerning the
Al chip industry. The threat of new entrants is moderate, as VC investments reduce barriers
such as high R&D costs and market credibility. The threat of substitutes is high, considering
diverse chip types are competing for dominance, and the intention of in-house developments is

rising. Buyer power is moderate to low but has the potential to increase with an increase in
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competition and influence of large technology companies. Supplier power remains moderate

due to established strategic relationships and production complexities. Competitive rivalry is
also moderate, as there is currently a clear market leader. However, other established firms and
start-ups are challenging its dominance. How these forces interact will influence the future of
the Al chip industry.

Figure 4: Porter's Five Forces
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Source (adapted): Bhaskar, Mahesh P, Snehal Pawar, and Yogesh Hole. “Porter’s Five Forces Model: Gives You

A Competitive Advantage.” International Journal of Physics 11, no. 04 (January 2019).
Dynamics of Competition

Competition is affected by the structure of the industry, but it is not fully determined by it. To
gain a better understanding of competition, it is necessary to examine how companies interact

with each other.

Out of 17 data center Al chips, most are still under development, and only a few have been
deployed following the release of ChatGPT. The rapid development of new chips to match the
competition showcases the industry's fast pace. For the companies that already have chips

available for sale, the emphasis always lies on performance and efficiency, not price. The
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market can still be described as uncontested. Business-to-business (B2B) prices are not

standardized and not fully disclosed. However, price estimates suggest high markups for Al
chips, indicating the focus on innovation. As the market is relatively new and companies need
to offset their high R&D costs, low-cost Al chip alternatives are currently unavailable.
However, the value added for the customer and their potential efficiency gains, for example, in

drug research, outweigh the high acquisition costs.

The adoption of GPUs in Al data centers created new demand due to their superior processing
power, enabling new applications. While NVIDIA and AMD are succeeding according to
market share and analyst reports, Intel is losing market share mainly due to selling CPU-based
Al chips. Customers seem to value the flexibility that GPUs offer as they are applicable to a
wide range of systems. However, different chip types, such as FPGAs and ASICs, are also being
developed, which are well suited for Al workload and superior in terms of efficiency.
Companies might choose one over the other based on efficiency, cost, or specific workload
requirements. In the short-term, the flexibility of GPUs is appreciated while LLMs still develop,
but companies might switch to ASICs in the long run when the purpose and perfect size of the
LLMs are determined to reduce operating cost or overcome infrastructure restraint due to the

high amount of electricity that is needed.

Working together and establishing business relationships with important suppliers, such as
TSMC, is essential for fabless Al chip companies, as the demand currently outweighs the
supply. Customers in need of Al solutions will prefer paying a premium to avoid long waiting
times if cost savings from their Al solution outweigh acquisition costs. Partnerships with large
customers, such as cloud providers, are commonly used to generate traction for the brand and
secure market share. For example, NVIDIA and AMD are closely cooperating with Microsoft
for their newest generation of chips. However, as a few cloud providers are generating large
revenue streams, Al chip companies face customer concentration risk. The pricing power of
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cloud providers will increase as soon as multiple Al chips are available. Further, cloud providers

are working on their own chips to reduce dependency and increase their bargaining power.

Start-ups are adopting innovative approaches to develop specialized hardware solutions to cater
to the needs of the market. Challenges start-ups face include the need for significant investment
in R&D, the ability to scale efficiently, and the need to establish credibility in the market. Start-
ups, on average, become profitable after three to four years. However, for Al chip start-ups,
time-to-market and path to profitability are expected to be significantly longer. By then, start-
ups will face stiff competition from established players who have already built a brand and

gained market share.

In conclusion, Al chip companies compete not only on innovation to gain market share but also
for partnerships with large customers and suppliers. The creation of new demand and the value
of innovation in a still uncontested market indicates that companies are pursuing a Blue Ocean
Strategy (Kim and Mauborgne 2004). The redefined market boundaries and altered competitive
landscape can lead to the decline of traditional players like Intel, who fail to adapt. Meanwhile,
innovative companies can gain profits and grow rapidly. However, if market leaders fail to
continue to innovate, the attracted competitors can create a contested “Red Ocean”, and market

participants will start to compete on price and efficiency.

Network Effects

The dynamics of competition can vary significantly in markets with network effects. Thus, it is
essential to analyze them to gain a comprehensive understanding of what companies are

competing for (Zhu and lansiti 2019).

Al chip hardware from different manufacturers is often not compatible with each other and,
therefore, creates an ecosystem lock-in. However, the value of this hardware does not grow

with an increasing number of data centers employing it besides brand recognition. To leverage
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network effects, many Al chip companies run specific software on their chips that is only

compatible with their own hardware. Network effects play a crucial role in reinforcing the

competitive advantage of companies that recognized the trend for Al early.

Direct network effects are a phenomenon where the value of a product or service increases as
more people use it. A larger developer community can, therefore, attract more developers.
Companies can benefit from this by growing developer communities around their hardware and
software. This is highly relevant as the documentation and software available for chips can

increase the ease of use, making the ecosystem more attractive.

Cross-side indirect network effects happen when more developers and software are available
for the chips, which consequently attracts more hardware customers. Better software and chip
documentation can decrease implementation costs and operational expenses. Al chip companies
can, therefore, steer the revenue of their hardware by offering better software that, again, will
attract more developers. The strength of network effects can dramatically shape value creation

and capture increasing barriers to entry.

Network structure refers to the difference between building multiple small local networks or
a single large global network. The structure influences the ability of each company to sustain
the scale of its community. Al chips and developers operate on a global scale, as the company’s
software is accessible anywhere. It is worth noting that the code, in general and for Al chips, is
written in English. Therefore, developer communities act as one global network cluster. Local
clusters, in which each country would have its own developer community, could increase the
vulnerability to business challenges. As the networks would be smaller, a new developer
community would need fewer developers to become as attractive as existing communities.
Therefore, local network structures would decrease the difficulty of reaching critical mass, the

minimum of developers needed to operate a community in each market.
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Disintermediation, the risk of customers bypassing the platform, increases as third-party

software that can connect to software from different chip manufacturers becomes available.
While one does not exit the ecosystem in a typical way, it would bypass the need for the
developer community of a specific company, reducing switching costs. Disintermediation is

mainly reduced by innovation and increasing the value of the hardware product itself.

Multi-homing, or using multiple software platforms at once, is inconvenient as chips are often
not compatible with each other, but it can become a factor for large data center providers that
provide services to customers that need more processing power than a single data center can

provide.

Network bridging occurs when companies from different business areas have a developer
ecosystem that can be transferred. For example, Intel already has developers for other chip types
that might be relevant for Al chips. The same occurs for hardware that applies to multiple

solutions, for example, data centers and gaming devices.

In conclusion, lock-ins can be created by locking in one or both sides of the market. Customers
that only use software from one Al chip company employ data centers to use these chips. Data
centers can create a similar lock-in by providing only chips from one brand. However, this can
be surpassed if third-party software that is operable on both chips is used. Therefore, creating a
large developer community is extremely important for Al chip companies as a lock-in focused
on software is more robust. Existing network effects can reduce investments in other companies

and thus reduce competitive pressures for the competing platform.

Internal Analysis

In this part of the teaching note, we look at NVIDIA's competitive positioning and business

model, concluding on whether the company has a sustainable competitive advantage. The
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internal analysis aims to convey to students in what way the company's competitive positioning

and business model can set it apart from its competitors.

In Q 2.1, we will examine NVIDIA’s competitive positioning. We will introduce its generic
strategy to gain a competitive advantage, and then we will delve into its value proposition,
explaining how NVIDIA has been trying to create value for clients in a unique way. We will
conclude with an analysis of its ecosystem. Evaluating a company's competitive positioning is
imperative as it offers insights into its market standing, facilitating the identification of
profitability and comparative positioning against competitors, thereby revealing whether the

company holds a competitive advantage.

To answer Q 2.2, we will use the Business Model Canvas (Figure 5). We chose this template
as it provides an in-depth deconstruction of the business model and enables us to understand
the specific actions the company has been taking to achieve a competitive advantage. Before
starting the analysis, we suggest recapping the nine basic Business Model Canvas building

blocks.

To assess NVIDIA's sustainable competitive advantages, Q 2.3 analyzes the company’s
strategic positioning and business model drivers through the lens of the Size-Uniqueness

Framework (Figure 6).

Q 2.1 How do you evaluate NVIDIA’s competitive positioning?

In general, firms can pursue two primary strategies to gain a competitive advantage within their
industries: cost leadership or differentiation. Cost leadership involves becoming the lowest-cost
producer, while differentiation focuses on creating unique and valued products or services,
allowing the company to charge premium prices (Porter 1985). In NVIDIA’s case, the company
follows a differentiation strategy, setting itself apart in the competitive landscape by prioritizing

and addressing specific needs highly valued by customers in the Al chip market. These needs

47



Group part
include high performance and energy efficiency, strong data storage capabilities, computational

power, as well as reliability and security.

NVIDIA’s commitment to innovation is at the core of its value proposition. This dedication has
empowered the company to deliver cutting-edge solutions that meet the rising demand for high-
performance technologies. The company's advanced GPUs play a critical role for customers
requiring powerful computational capabilities, such as gamers, graphic designers, and
professionals in data-heavy industries. These GPUs are renowned for their speed and reliability,
offering superior processing power for complex tasks. In the field of Al and deep learning,
NVIDIA leadership provides immersive value. The company offers solutions that enable
organizations to integrate Al into their businesses quickly and seamlessly. NVIDIA relies
heavily on a strong pool of talented human capital to cater these solutions to the market.
Furthermore, the company's commitment to sustainability and corporate responsibility aligns

seamlessly with the values of a modern customer base.

NVIDIA's ultimate value creation comes from the synergy of its innovative solutions,
encompassing both hardware and software offerings, fortified by a diverse range of services,
including cloud solutions. All these offerings culminate in establishing a robust ecosystem
where customers are equipped with all the tools for effective application performance. This

ecosystem stands out as the most developed among its competitors.

NVIDIA's ecosystem is a network of connected partners, components, and technologies
working together to support the company's products and services. The following five key

elements best describe NVIDIA's ecosystem:

1. Hardware: Cutting-edge graphic cards for various applications in the gaming, data center,

visualization, and automotive markets.
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2. Software and Services: Comprehensive software solutions like the CUDA computing

platform and cloud services that enhance and complement NVIDIA’s hardware.

3. Community and Support: Customer service, educational programs, and forums in which
NVIDIA's collaborative community of users and developers can support and communicate with

each other.

4. Partner Network: Strategic alliances with manufacturers, OEMs, software developers,
academic institutions, and other stakeholders, helping to integrate NVIDIA's products into a

wide range of solutions to reach a broader customer base.

5. Al and High-Performance Computing (HPC) Applications: Specialized Al and HPC
platforms that can solve the computational needs of these modern technological fields, like the

NVIDIA Al Platform for enterprises.

Q 2.2 How do you characterize NVIDIA's existing business model?

The Business Model Canvas is a widespread strategic management template used to describe,
document, and challenge a business model. It provides a structured way to visualize and analyze
nine key components of a business and how they interact. The Value Proposition component

has been omitted in this section, as it was already addressed in Q 2.1.

Key Activities: One of NVIDIA's core activities is R&D, enabling it to innovate and offer
cutting-edge solutions to meet its customer's fast-changing needs and maintain its leading
position in the Al chip market. Notably, NVIDIA’s significant investment in R&D surpasses
that of its competitors and has enabled the company to anticipate market trends and capitalize
on them. By following a fabless business model, NVIDIA can focus on designing and
engineering high-performance and energy-efficient GPUs, translating the R&D breakthroughs

into market-ready products. Besides that, NVIDIA invests in updating and creating software to
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complement its hardware, like CUDA, ensuring a seamless integration of its products into user

ecosystems.

Among NVIDIA’s strategic activities, mergers and acquisitions play a pivotal role, as
demonstrated by its strategic acquisition of Mellanox and initiatives like the Inception Program.
By supporting start-ups with the Inception Program, NVIDIA contributes to developing cutting-
edge technologies and solutions in Al and creating a robust ecosystem of companies that might
use or contribute to NVIDIA's own technologies and products. Forming strategic partnerships
with key stakeholders allows the company to continuously leverage its partners' capabilities to

deliver high-quality chip design.

NVIDIA's technical support and customer service use multiple communication channels to
ensure customer satisfaction and retention, thereby gaining crucial insights into customer needs

and improving products through the Community Feedback Forum.

Furthermore, NVIDIA's sales and marketing activities are critical in promoting products and
services to potential customers. This is done via various marketing channels and direct sales to

consumers through its informative website and NVIDIA’s representatives.

Key Partners: NVIDIA has built key strategic partnerships across various industries to
maintain its market reach and enhance product functionality. The company has formed alliances
with Original Equipment Manufacturers (OEM) and top-tier PC and laptop manufacturers like
Dell and Lenovo to incorporate NVIDIA products, technologies, and solutions directly into
their end-user devices. NVIDIA also works closely with independent software vendors (ISVs)
that use NVIDIA's GPUs to run their software. NVIDIA ensures that ISV software takes full
advantage of NVIDIA’s graphics cards' capabilities, leading to enhanced performance and
visual quality. To reinforce NVIDIA's presence in the cloud computing area, the company

teams with major cloud service providers like Google Cloud, Microsoft Azure, and Amazon
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Web. NVIDIA collaborates with both emerging and established companies in the Al universe

to promote the adoption of its unique Al platforms. Global academic and research institutions
partner with NVIDIA to advance Al and computer graphics research, enriching NVIDIA's R&D
activities. Moreover, NVIDIA, at the forefront of Al, is partnering with the United States
government to help tackle challenges in healthcare and sustainability to cybersecurity and

connectivity with its innovative technologies.

Key Resources: NVIDIA's key resources are fundamental for its innovative edge and leading
market position. One critical resource is the company’s human capital, which is vital for
continuous innovation and product development, especially its team of highly skilled engineers.
NVIDIA’s human capital is remarkably retained, with a low turnover of 5% in 2022. NVIDIA
establishes and maintains connections with universities and technical organizations to attract
its human capital and actively participates in industry conferences. Employee referrals are also
an important instrument responsible for over 37% of new hires in 2023. To retain its human
capital, the company ensures a dynamic learning environment with on-the-job training,
coaching, and continuous feedback. Additionally, NVIDIA generates customized learning
journeys for its staff to address developmental wants and needs, continuously enhancing its
product range to guarantee employees are offered the latest applications and programs.
NVIDIA’s compensation program stimulates future investment, such as employee equity, as

well as rewarding performance.

Another key resource that the company established is its active engagement with the software
developer community, encouraging the development of applications optimized for NVIDIA’s
platforms and software. Engineering and marketing teams collaborate closely with important
software developers to discuss and advocate platforms, address product requirements, and solve
technical issues. NVIDIA's developer program ensures early access to products, motivating the
creation of software tools. Additionally, NVIDIA's Deep Learning Institute focuses on training
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developers and empowering them to construct Al applications that bargain NVIDIA’s platform

capabilities.

A robust technological infrastructure supports NVIDIA's hardware and software solutions, such

as the CUDA platform and Al systems.

Another crucial resource is the company's intellectual property, particularly patents in advanced
GPU designs and Al applications. It protects NVIDIA's proprietary technology, making it more

challenging for competitors to recreate.

NVIDIA has generated a brand image exhibiting high performance and quality. This reputation
has served as an impactful asset, strengthening market leadership and new product acceptance.
The company’s extensive laboratories and research center facilities assist NVIDIA in staying
ahead of the technology curve. A worldwide distribution network ensures product availability
across various markets. Lastly, NVIDIA's solid financial position enables the company to invest

in R&D, acquisitions, and other critical projects for its success.

Customer Segments: NVIDIA's customer segments are diverse, expanding its operations
across gaming, data centers, professional visualization, and automotive markets. Gamers are
one of the main customers, relying on NVIDIA's GeForce GPUs for high-end gaming
experiences. With the advancements in Al technology, enterprise clients seeking robust Al and
data center solutions have become increasingly important for NVIDIA. The company supplies
them with advanced computing products designed for their needs. Another customer segment
is the automotive industry, which includes manufacturers and tech firms that develop
autonomous vehicles and rely on NVIDIA's Drive platform. Designers and content creators
from the media and entertainment sector use NVIDIA's products to speed up graphic rendering
and other visualization tasks. Scientific and academic institutions utilize NVIDIA's GPUs for

complex data analysis across climate studies or bioinformatics fields. Finally, NVIDIA serves
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customers, including OEMs and cloud computing providers, who incorporate NVIDIA’s

advanced GPU technologies to elevate their respective services and applications. These diverse
customer segments share their need for cutting-edge technology to perform high-performance

computing demands.

Customer Relationship: NVIDIA ensures a strong ongoing customer relationship by offering
a range of services that suit the different needs of its diverse customer groups. For individual
consumers, NVIDIA offers extensive online support, including live chat, FAQs, and forums
accessible through their comprehensive online platform. Enterprise clients receive more
customized personal support from account managers and specialists. This direct support is
critical for businesses that rely on NVIDIA's technology for their operations. Additionally,
NVIDIA offers training and educational programs such as the NVIDIA Deep Learning Institute,
fostering a relationship with developers and students by empowering them with the skills
needed to use NVIDIA's technology effectively. Furthermore, NVIDIA strengthens its user
base by nurturing active community platforms where gamers and professional developers can

exchange ideas, share experiences, and support each other.

Channels: NVIDIA delivers its products to the end user through various integrated channels.
Customers can make purchases directly from NVIDIA's official online store. Further, NVIDIA
has a sales team with NVIDIA representatives who work directly with enterprise customers.
Through OEM partnerships, NVIDIA reaches a broader market without direct selling. Having
a global network of retailers and distributors enables NVIDIA to reach casual consumers by
making their products available in physical and online stores. A direct-to-consumer channel
represents NVIDIA's cloud-based services like the DGX Cloud. It operates on a subscription
model, providing a continuous touchpoint for customers and an ongoing revenue stream. Lastly,
NVIDIA hosts and participates in events and conferences to showcase new technologies and
updates of existing features and engage with partners and customers.
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Cost Structure: NVIDIA's cost structure can be categorized into cost of goods sold (COGS)

and operating costs. NVIDIA's COGS primarily encompasses expenses related to the
semiconductor purchase from subcontractors and costs associated with manufacturing support.
These contain direct labor and overheads, inventory and warranty provisions, and shipping
costs. NVIDIA's operating costs mainly include R&D as well as sales, general, and
administrative (SG&A) expenses. With 66% of the total operating costs, R&D expenses are the

biggest cost driver.

Revenue Streams: NVIDIA reports its financial results in two primary segments: Compute &
Networking and Graphics. Within these two segments, NVIDIA generates revenues from
several primary sources, reflecting the diverse markets and industries it serves. The main
revenue stream is selling Al Chips, mainly GPUs designed for gaming, professional
visualization, data centers, automotive markets, and OEMs. NVIDIA also generated revenues
through software solutions like the Al Platform along with cloud-based services. Furthermore,
the company earns income from licensing agreements with other companies that use NVIDIA
technology patents. NVIDIA also capitalizes on its deep learning and Al expertise by offering
a deep learning platform and specialized training services. A key driver of its rapid revenue
growth comes from data center solutions, which comprise 56% of the total revenues, including
high-performance GPUs and networking equipment used for machine artificial intelligence.
Looking at the geographical distribution, NVIDIA generates 31% of its income in the United

States, followed by 26% in Taiwan and 21% in China.

54



Group part

Key Partners

= OEM: Expand Nvidia's market
reach through product
integration into devices

= ISV: Drive demand for Nvidia's
GPUs by optimizing their
software

* Cloud service providers:
Strengthen Nvidia's presence in
the cloud computing area

* AT companies: Promote
Nvidia's AT platform,
strengthen its leading position

* Academic institutions:
Support Nvidia's R&D
activities

* Public institutions: Tackle
public challenges with Nvidia's
innovative technologies

Figure 5: NVIDIA's Business Model Canvas

Key Activities

= Strong focus on R&D
* GPU design and engineering
* Software development to

complement hardware

* Manufacturing and supply

chain management

» Customer support and service
* Direct sales and marketing

activities

Key Resources

» Intellectual property
* Highly skilled and talented

employees

* High performance and quality

brand image

= Strong R&D capabilities
* Solid financial position

Value Propositions

* Advanced GPUs: Deliver

industry-leading graphic
performance for various
applications

* Aland deep learning

leadership: Drive trending
progress in Al with accessible
technologies

= Comprehensive software and

services: Enhance GPU
performance with proprietary
software

* Corporate responsibility:

Offer sustainable, responsible
technology solutions

* Allin one eco-system: Provide

integrated hardware-software
ecosystem for seamless
computing experience

and FAQs

* Personal assistance for

enterprise clients

» Customer training and

education

* Active community platform

development

Channels

» Official online store
* Direct sales team of Nvidia

representatives

» Sales through OEM

partnerships

* Direct- to- consumer channels
* Events and conferences

= Online platform with live chat | |» Gamers

* Enterprise customers (Al

Tndustry)

* Manufacturers and tech firms

of autonomous vehicles

* Designer and content creators

* Scientific and academic

institutions

* Cloud computing providers

» COGS: Exp related to
manufacturing support

costs (12%-only incurred in 2022)

ductor purcha:

* Operating Costs: B.&D costs (66%), SG&A expenses (22%), acquisition termination

Nvidia’s main cost drivers are investments in R&D activities to develop innovative
products and maintain its lead in the AT market

and costs associated with the

Revenue Streams

» Licensing agreements

* Sales of GPUs, Software solutions, and cloud-based services

* Deep Learning Platforms and Specialized training services

Nvidia’s key revenue stream comes from GPUs particularly from sales to the data center
segment (36%) in the US due to increased demand for AL

Source (adapted): Osterwalder, Alexander, and Yves Pigneur. 2010. Business model generation: a handbook for

visionaries,game changers, and challengers. Vol.1. Rio de Janeiro: John Wiley & Sons.

Q 2.3 How do you evaluate the sustainability of NVIDIA’s competitive advantage?

The Size-Uniqueness Framework is a tool to analyze the sustainability of competitive

advantage introduced by Professor Luis Almeida Costa in his strategy classes. It identifies two

fundamental sources of sustainable competitive advantages: size and uniqueness.

When considering size-driven advantages, we encounter two distinct scenarios. The first is the

situation of unprofitable imitation. The dominant market position held by a company, or a small

group of companies, dissuades potential imitators from replicating key factors. In this scenario,

imitators recognize that engaging in imitation means confronting the established competitors,

who, because of their size, have both the ability and motivation to respond aggressively. The

established firms' capacity for aggressive reactions arises from a variety of elements, including
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economies of scale and scope, brand and geographic proliferation, or buying switching costs®.

Additionally, size can provide an even higher level of protection and put in motion a “success

breeds success” process, influenced by factors such as network and word-of-mouth effects.

Turning to uniqueness-driven advantages, sustainable competitive advantages can arise from
two sources. The first is exclusivity, where imitation is not permitted. This occurs due to
ownership of patents, copyrights, and licenses or exclusive access to inputs and distribution
channels. The second source is causal ambiguity, uncertainty, and social complexity. Here,
imitation is difficult or time-consuming for competitors. This arises from organizational
advantages, distinctive capabilities, external architectures like platforms, networks,
partnerships, or a strong brand and reputation. Below, we will apply this framework to NVIDIA

and conclude on its sustainable competitive advantages:
Size — Unprofitable Imitation

Economies of Scale: Focus on the cost advantages achieved through increased production
levels of a particular product. In NVIDIA's industry, scale is crucial due to the substantial fixed
costs involving significant R&D and CAPEX. Leveraging its size, NVIDIA effectively
harnesses economies of scale with a high production volume, leading market share, and
strategic operational efficiency. Moreover, with global market access, NVIDIA leverages a
broader customer base to scale operations and profits strategically reinvested in R&D, leading
to a virtuous cycle of innovation and efficiency. NVIDIA’s scale also enhances bargaining
power with suppliers and potential partners, which is especially crucial given the industry's
concentration among a select few manufacturing suppliers. However, the industry’s limited

manufacturing capacity potentially disrupts these conventional dynamics.

® In the case of NVIDIA, we will focus solely on developing elements related to economies of scale and scope, as
other factors are not present.
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Economies of Scope: Arise when a business gains cost advantages by producing a variety of

goods or services rather than specializing in the production of a single product. NVIDIA
benefits from economies of scope due to its diverse product portfolio and expertise spanning
various areas within the technology sector. Its broad portfolio allows the sharing of R&D
efforts, achieving efficiencies as innovations developed for one product can be adapted or
applied to another, leading to cost savings. This is particularly significant given NVIDIA's focus
on GPU architecture, which is leveraged across various applications. Synergies extend to

marketing efforts, particularly those directed at developers and customers.

Buyer Switching Costs: The concept refers to customers' costs when switching to a different
provider. NVIDIA leverages its interconnected system of software and hardware offerings to
increase the switching costs for its customers. NVIDIA’s CUDA platform and software is only
compatible with their own Al chips. If applications are tailored to NVIDIA’s architecture and
the customer switches hardware, not only rewriting or adapting the software might be
necessary, but the developers might also need additional training for the new software. Further,
Al chips in an installation are interconnected. Therefore, customers would need to switch Al
chip provider for the whole installation. While options for third-party solutions that can bypass
those obstacles may increase, for now, NVIDIA successfully created hardware and software

lock-ins as current developers are already familiar with the CUDA platform.

Size — ""Success Breeds Success""

Direct Network Effects: The earlier introduced concepts apply especially to digital and
technology markets. NVIDIA leverages network effects by focusing on and growing its
software platform, CUDA. Due to direct network effects, the value of the CUDA platform
increases as more people use it. This can be explained by the fact that with more users, the code

for Al applications is better documented, and developers receive more feedback, which
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increases the ease of use. Offered for free, today, more than four million developers are using

CUDA.

Cross-side indirect network effects: Not only did NVIDIA grow a large software community,
but it was also capable of leveraging it using cross-side indirect network effects. As the CUDA
software can only run on NVIDIA’s GPUs, the growing developer community positively affects
hardware sales. If the developers of a customer are already familiar with the CUDA platform,
they are likely to buy NVIDIA chips as it is the only way to use the CUDA software. By
leveraging network effects and exploiting the high switching costs caused by the

incompatibility of Al chips, NVIDIA was able to establish a sustainable competitive advantage.

Uniqueness — Exclusivity

Patents, Copyrights, and Licenses: Innovations, such as GPU Architecture and Al platforms,
have been key drivers for establishing and leveraging NVIDIA's performance. Notably,
NVIDIA holds more patents than its main competitors, Intel and AMD. However, relying solely
on patent protection does not make market entry impossible for competitors. Despite the
elevated imitation costs linked to patents, research revealed that 60% of patented innovations
were imitated within four years. Moreover, about half of the surveyed innovations led firms to
believe that patents had only delayed imitators' entry by a few months or less (Mansfield 1981).
Consequently, the conclusion arises that patent protection does not confer a sustainable

competitive advantage for NVIDIA.

Exclusive access to inputs and distribution channels: NVIDIA, along with its competitors,
relies on a limited number of suppliers for raw materials and manufacturing processes
concentrated in politically sensitive regions like Taiwan. Distribution channels in the industry

are generally similar. The adoption of a fabless business model in a highly specialized and
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globalized value chain further heightens NVIDIA's dependence on manufacturing suppliers,

posing a significant weakness in NVIDIA's strategic positioning.

Uniqueness — Causal Ambiguity, Uncertainty, and Social Complexity

Internal Capabilities: NVIDIA excels in an innovation-driven industry, showcasing
impressive flexibility. Such ability is a testament to its organizational advantage and distinctive
capabilities. NVIDIA’s consistent success lies in its remarkable capacity to anticipate market
trends and capitalize on them, benefiting from a first-mover advantage. This foresight has led
the company through transformative phases involving strategic restructuring and the delivery
of innovative products. Initially, by recognizing the future trajectory of computing and
identifying the immense demand for graphics improvement, particularly propelled by the
evolving PC gaming industry. Consequently, the company launched its GPUs that
revolutionized industry standards by enhancing processing capabilities. On a second moment,
NVIDIA recognized the suitability of its GPUs for the computational requirements of Al
applications and strategically shifted its focus to the rapidly expanding field of Al. Leveraging
its GPU architecture, the company started developing cutting-edge Al platforms that are

relevant to its CUDA program.

Such achievements are the result of strong HR and R&D efforts. NVIDIA spends more on R&D
than its competitors and most of its personnel is dedicated to this area. The company's effective
HR policies contribute to attracting and retaining top talent, although the challenge of a skilled
workforce shortage is anticipated to grow. NVIDIA’s R&D efforts are exponentiated by its
fabless business model, which enables a more efficient allocation of resources towards chip
design. In contrast to a company engaged in in-house production, NVIDIA does not face
logistical challenges and costs when modifying its manufacturing processes to accommodate

rapid changes in design.
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The software-centric nature of NVIDIA further underscores its adaptability, as software

development is not bound by physical limitations, making it easier to update. One last key factor
contributing to NVIDIA’s agility in the market is its GPU-focused approach since GPUs allow
for multiple applications across different industries. However, they are less efficient than other
Al chips, such as FPGAs and ASICs. This raises questions about the trajectory of these newer
chips in the future. This is particularly pertinent given that chip efficiency is intricately tied to
sustainability, a pressing concern in today's landscape. The greater the efficiency of a chip, the
higher its computing capabilities, all while consuming the same amount of power.
Subsequently, efforts around quantum computing are also being made, but NVIDIA has already

positioned itself to capitalize on it here.

External Capabilities: NVIDIA has managed to build a robust ecosystem by investing in the
development of software tools that seamlessly integrate and complement its hardware offerings.
This synergy between hardware and software creates a virtuous cycle of efficiency that is
fortified by its active engagement with a growing network of strategic partners and developers.
Competitors are developing their ecosystems, thus fostering a growing availability of software
compatible with multiple platforms. However, such efforts are still far from the dimension of

NVIDIA’s growing ecosystem that will continue to benefit from network effects.

Brand and reputation: NVIDIA’s proven history performance and favorable consumer
feedback allowed the company to attain a strong brand reputation and position itself as an
industry leader. Famous for its hardware and software innovations, NVIDIA is closely
associated with Al excellence. However, competition is increasing, especially from companies
such as AMD and Huawei. The latter’s growth is particularly relevant given their capability to
serve the expanding Chinese market, while NVIDIA is facing challenges to do so due to the

ongoing commercial war between the United States and China. Competitors, such as AMD, are
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strategically entering the FPGA market. Lastly, cloud providers are starting their own chip

production, indicating a potential shift in the industry’s structure.

In summary, NVIDIA's sustainable competitive advantages are rooted in its size-driven
benefits, encompassing economies of scale and scope, as well as network effects. Additionally,
the company derives distinct advantages from its organizational agility, the development of a
robust ecosystem and a strong brand reputation. Nonetheless, challenges persist, particularly in
terms of securing inputs, specifically in manufacturing. The evolving competitive landscape
poses additional hurdles with new competitors entering the scene, accentuated by the rapid pace

of the industry, necessitating continuous and dedicated efforts in innovation.

Figure 6: Size — Uniqueness Framework

Isolating Mechanisms
Size

Unprofitable Imitation Exclusivity
Economies of scale: Patents, copyrights, licenses:
' Large production volume and operational efficiency (virtuous cycle) serve as X Patents do not render market entry impossible: instead. they typically postpone
compensatory factors for R&D and CAPEX investments imitators' entry by only a few months or less
\/ Strong bargaining position toward suppliers and partners Exclusive access to inputs and distribution channels:
X Industry’s current limited manufacturing capacity X Reliance on a limited number of suppliers concentrated in high political regions
Economies of scope: X Distributional channels in the industry are similar

\/ Diverse product portfolio and expertise leveraging the same GPU architecture
 Dilution of R&D and Marketing costs

Buyer switching costs:

\/ Interconnected ecosystem and proprietary technology create customer lock-in

Success breeds Success Causal Ambiguity, Uncertainty and Social Complexity
Network effects:  Nvidia’s ability to anticipate market trends and capitalize on them showcases agility
\ Direct network effects: CUDA platform value increases with more users, leading v Strong HR & RD focus, with Nvidia outpacing competitors in R&D expenditure

to better-documented code and a more developed ecosystem. Over 4 million X Skilled workforce shortage is expected to grow

developers currently use CUDA, contributing to its widespread adoption and

:  Sources of agility: fabless business model, software and GPU-focus approach
continuous growth

s e e sis . . i  More efficient AI chips are entering the market
\ Cross-side indirect effects: Nvidia’s substantial software community positively b N
impacts hardware sales. CUDA software exclusivity to Nvidia’s GPUs enhances

network effects and leverages lock-in for high switching costs

v Expansive ecosystem (hardware, software, developers, partner network)

X Competitors are attempting to replicate the ecosystem, yet they currently fall
significantly short of achieving it

\/ Strong brand reputation

X Increase in competition and cloud providers are starting to produce their own chips

Source (adapted): Almeida Costa, Luis. “Size — Uniqueness Framework.” Framework introduced in Strategy

Courses.
Strategic Decision-Making

Building upon our previous analysis of NVIDIA, where we examined the external and internal
environment, this section first aims to identify the main challenges faced by the company.
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Consequently, our goal is to identify new value-creating opportunities by leveraging on the

firm’s unique resources and capabilities and previously identified market trends. To present the
value creation opportunities, we will apply the Ansoff Matrix, a framework that allows for the

evaluation of both risks and opportunities associated with each identified strategy.

Q 3.1 What fundamental challenges does NVIDIA face and what strategic

recommendations would you make?

Considering NVIDIA’s existing resources and capabilities and the outcomes of the external
analysis conducted, the company faces different challenges. The Al chip industry operates at
an accelerated innovation pace and needs substantial operational costs, particularly in R&D.
Moreover, the Al chip value chain is susceptible to various disruptions, and NVIDIA is
particularly vulnerable to them, given its fabless business model. Key disruptions arise from
the dependence on a limited number of material suppliers and manufacturers, mainly
concentrated in regions with high political risk, with particular emphasis on the dependence on
TSMC and Taiwan. As a consequence, the industry has shown limited manufacturing capacity
coupled with an increasing shortage in human capital which led to a chip semiconductor

shortage since late 2020.

The company is exposed to considerable risk in the form of potential new United States
regulations that could further constrain commercial relations with China. This risk is
particularly pronounced as China constitutes a significant portion of NVIDIA's total revenue,

namely 21% in 2022.

Despite having no single customer contributing more than 10% of revenues, NVIDIA depends
on a few large customers. One of its important customer segments, cloud service providers, is

starting to produce its own chips. This will likely reshape traditional market dynamics. Finally,
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the industry faces challenges related to shifting to more environmental and sustainable

practices.

Following the Ansoff Matrix, a strategic planning tool that identifies four basic growth
opportunities for businesses, namely market penetration, market development, product
development or diversification, the following strategies for value creation emerge as viable

options for NVIDIA to overcome its primary challenges (Ansoff 1957):

Market penetration: NVIDIA should further strengthen its partnership with the United States
government, addressing challenges ranging from healthcare and sustainability to cybersecurity.
This strategic alliance would not only allow for a reliable revenue stream but would also shield
the company from potential disruptions arising from future United States regulations impacting
commercial relations with China. Additionally, the widespread accessibility of generative Al
has transformed the landscape, enabling every company to leverage its versatile capabilities.
NVIDIA's commitment to utilizing generative Al to aid companies in constructing their own
LLMs is a noteworthy initiative. To propel this momentum further, NVIDIA should
strategically capitalize on this opportunity, persist in these collaborative efforts, and actively

seek to attract more companies.

Product Development: NVIDIA, primarily centered on GPUs, faces a concern regarding the
efficiency of its chips, particularly in comparison to FPGAs and ASICs. A recommended
strategy for NVIDIA is to acquire chip design capabilities tailored for those chips, a path already
taken by competitors AMD and Intel. Notably, concerning CAGR, the ASIC segment was
forecasted to obtain the highest growth rate between 2023 and 2032. This strategic move would
be driven by the superior efficiency of these chips in contrast to GPUs, although they cater to
more specific use cases and are less flexible. This becomes especially pertinent considering the

connection between efficiency and sustainability, as previously highlighted. Lastly, by opting
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for an acquisition strategy over in-house development, NVIDIA stands to rapidly attain the

required chip design capabilities.

Furthermore, NVIDIA should continue pursuing its focus on quantum computing, an emerging
technology with potential as a long-term substitute for Al chip functionalities. Quantum
computers are able to process large amounts of data at once and solve problems much faster
than regular computers. However, being still at a nascent stage, it is uncertain when enterprises
will achieve significant breakthroughs in the field, adding complexity to the landscape. This
technology's effective operation will also need pairing with powerful digital computers. Despite
these challenges, NVIDIA has proactively entered this domain with the introduction of
NVIDIA CUDA Quantum, a hybrid quantum-classical computing platform that facilitates the
integration and programming of different Al chips in a unified system. Subsequently, the
company launched DGX Quantum, the world's first GPU-accelerated quantum computing
system. This system combines NVIDIA's accelerated computing platforms with a quantum
control platform developed with one of its partners. NVIDIA has established connections with
quantum hardware providers and forged partnerships with companies in this field. By following

this strategy, NVIDIA will also be able to develop deeper relationships within its ecosystem.

Diversification: Although NVIDIA continues its R&D efforts, it is important to remain vigilant
about emerging technologies developed by competitors. Innovations from tech start-ups could
potentially render NVIDIA's products obsolete. NVIDIA should monitor the venture capital Al
landscape and prepare corporate vehicles to quickly invest in tech start-ups and capitalize on
technological breakthroughs. Crucial to this end is to continue investing in its NVIDIA

Inception program, which is targeted at start-ups.
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Figure 7: The Ansoff Matrix

Market Product
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= Continue efforts to aid
a3} companies in developing Quantum computing
their own LLMs
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2
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2 edge technology

Existing products New products

Source (adapted): Ansoff, Harry Igor. 1957. "Strategies for Diversification." Harvard Business Review 35 (5):

113-124.
Manufacturing approach

NVIDIA follows a fabless business model, focusing on chip design within the intricate value
chain of Al chips. However, this choice has rendered the company more vulnerable to supply
chain conditions. Amidst heightened commercial tensions between the United States and China,
coupled with the aftermath of the semiconductor chip shortage, NVIDIA is compelled to
reassess its business model. Delays, increased product prices, and the inability to fulfill all
customer orders demand proactive measures. Consequently, maintaining the current fabless
business model does not seem a viable option, especially given the current political scene where
governments worldwide are advocating for localized supply chains and offering incentive

packages to do so. In light of these considerations, NVIDIA contemplates two options:

Bring manufacturing in-house: Opting for in-house manufacturing would reduce
vulnerability to supply chain disruptions and diminish dependence on TSMC and its bargaining
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power. However, the escalating complexity of the Al chip market necessitates specialization

more than ever. Pursuing this approach would entail a significant and prolonged investment,
resulting in a scenario where NVIDIA would have to allocate resources across various
activities, prompting substantial restructuring within the company. Key questions arise: would
this option be viable? Could NVIDIA match TSMC’s efficiency? Is securing the necessary

human capital feasible, or would a substantial investment in training be required?

Maintain a fabless business model but diversify suppliers: This strategy would enable
NVIDIA to focus on research, product quality, and innovation while mitigating risks associated
with concentrated manufacturing. This is in case manufacturing would diverge from Asia-
Pacific regions such as China, Taiwan, and South Korea, reducing NVIDIA’s dependence on
these countries. Moreover, when choosing which supplier, it is important to rely on factors such
as trustworthiness and efficiency. TSMC and Samsung pose as viable solutions since they are
among the few foundry companies capable of producing advanced chips. However, the fact
they are not American companies could still present challenges. One option would be to partner
with them in United States territory, incentivizing them to open manufacturing plants in the
United States and leveraging recent United States incentives aimed at localizing supply chains.
Both TSMC and Samsung are currently building their manufacturing plants in the United
States, and NVIDIA has already expressed interest in making use of this. Lastly, it would be
advisable to negotiate exclusivity contracts with suppliers to ensure manufacturing capacity.
This could involve acquiring specific lots or a percentage of manufacturing capacity, even

though such exclusivity contracts would most likely come with a further price increase.

The same strategy should be followed to diversify equipment manufacturing, namely to reduce
the dependence on ASML, the exclusive global supplier of high-performance lithographic

machines tailored for advanced chips.
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The current business model stands out as the most cost-effective option, with any deviation

leading to increased prices and substantial upfront investments, as illustrated in Appendix 40
from the case study. The core debate centers around finding an equilibrium between cost-
effectiveness and the security and stability provided by a localized supply chain. Given the
global reliance on these chips by end customers, governments, and various entities, all of which
entrust them with highly sensitive information, any disruption or cessation in their production
would impose unprecedented constraints on the world. The semiconductor chip shortage has
brought awareness to this critical dependence. Consequently, there is a belief that customers
would be willing to pay a premium for assurance of the reliability and security of their product

orders.

The optimal strategy appears to be maintaining NVIDIA's fabless business model while
diversifying suppliers. This way, NVIDIA would maintain its focus on chip design and would
leverage its manufacturer’s efficiency in the United States without incurring the substantial
investment and restructuring required for in-house manufacturing. This is despite the increase
in price due to the higher cost of American labor compared to that of Asia-Pacific countries
since it is believed final customers will value the security and reliability of services over the
price increase. Finally, this strategy aligns with industry demands for sustainability, as localized
supply chains can reduce transportation emissions, contributing to more environmentally
friendly practices. Considering all factors, the envisioned changes cannot be executed by
NVIDIA alone. Collaborative efforts between governments and companies across all value
chain stages will be essential to ensure the success of all options. This collaboration is vital to
facilitating an efficient transition and guaranteeing the availability of material and human
resources needed to implement such changes successfully. Governments play an important role
in tackling challenges concerning infrastructure, workforce development and securing a

nurturing environment where businesses can thrive.
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To conclude, in order to overcome main challenges, NVIDIA should diversify revenue streams,

broaden its customer base and reconsider its manufacturing approach. Furthermore, given the
industry’s dynamic landscape, NVIDIA must continue its commitments to R&D and in
attracting and retaining a skilled workforce, especially as their shortage is forecasted to
increase. This proactive strategy will allow for anticipation of market trends and sustained

innovation and adaptability in the long run.

CONCLUDING REMARKS & KEY TAKEAWAYS

Demand for Al chips is increasing due to the transformative potential of Al in our daily lives.
Nonetheless, the industry faces many challenges. The main challenges include a chip shortage
as a result of limited manufacturing capacity, skilled labor shortages, government regulations,
and political instability. To overcome these challenges, governments are incentivizing the

localization of supply chains and increasing domestic manufacturing capacity.

Environmental sustainability concerns also impact the industry due to increased power
consumption, as the development of advanced semiconductors like Al chips results in higher
power consumption and increased pollution. Porter's Five Forces analysis reveals moderate to
low bargaining power for buyers and suppliers, high threat of substitutes, and moderate
competitive rivalry. The dynamics of competition emphasize innovation over price, with

network effects influencing the market's structure and sustainability.

Shifting to NVIDIA's perspective, the company has demonstrated a historic ability to anticipate
trends and adapt its business and resources, accordingly, leveraging its GPUs for superior
computational power and, more recently, developing a robust ecosystem. This integration of
hardware, software, community support, partnerships, and Al applications serves as a unigque
selling proposition, fostering customer loyalty and differentiation in the continually evolving

technology space. NVIDIA's entrance into the Al scene marked a significant milestone, being
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among the first to enter the Al chip market and currently holding a 70% market share.

Achieving such results is attributed to the company's innovative approach, marked by
continuous investment in research and development, coupled with strong relationships with the
developer community, showcasing NVIDIA's commitment to staying ahead in the dynamic
technology landscape. Additionally, NVIDIA benefits from skilled human capital and a strong
brand reputation, further solidifying its competitive position in the market. However, NVIDIA
Is not immune to challenges. The fabless business model exposes the company to vulnerabilities
in the value chain, and the overreliance on China raises concerns, especially in the face of
potential new United States regulations affecting commercial relations. Additionally, the
concentration of revenue from a few major customers poses a risk, and the fast-paced, highly

competitive industry demands continual adaptation to sustain its competitive edge.

Looking ahead, NVIDIA stands to benefit from a strategic shift focused on diversifying revenue
streams, expanding its customer base, and enhancing manufacturing capacity. Possible value-
creation strategies include strengthening partnerships with the United States government,
continuing efforts to attract more companies as customers to assist in developing their own
LLMs, acquiring design capabilities to produce FPGAs and ASICs, venturing into quantum
computing, and investing in technology start-ups pioneering cutting-edge technology. These
initiatives not only provide growth opportunities but also foster deeper relationships within the
company's ecosystem. To address manufacturing vulnerabilities, NVIDIA should adopt a
balanced approach, maintaining its fabless model while supporting the establishment of United

States-based manufacturing plants.
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NVIDIA’S BET ON ARTIFICIAL INTELLIGENCE: THE IMPACT ON

HEALTHCARE
THE Al HEALTHCARE MARKET
Size, Growth, and Segments of the Market

The highest levels of disruption due to Al can be found in industries such as healthcare,
financial services, the automotive industry, and education (Statista 2023). The Al in healthcare
market size was estimated at USD 11.0 billion in 2021 and is expected to reach USD 188.0
billion in 2030, increasing at a compound annual growth rate of 37 % from 2022 to 2030

(Appendix 56).

Based on components, the Al Healthcare market is divided into software, hardware, and
services. Software holds the largest market share (40.5%) and is projected to experience the
fastest growth with a CAGR of 40.8% from 2023 to 2031. Technologies includes ML, NLP,
computer vision, robotics, and expert systems. ML and NLP account for more than 50% of total
technologies. Applications include drug discovery and development, robot-assisted surgery,
connected machines, fraud detection, virtual assistants, administrative workflow assistants,
diagnosis, dosage error education and cybersecurity. Leading with a 24.6% share, drug
discovery and development is expected to show a CAGR of 41.5% from 2023 to 2031 closely
followed by robot-assisted surgery. End-users include healthcare providers, pharmaceutical and
biotechnology companies, healthcare payers, and patients. The predominant segments are
healthcare providers and pharmaceutical and biotechnology companies. Regions covered are
North America, Asia Pacific, Europe, Latin America, and the Middle East and Africa. Leading
in 2023, North America secured the largest revenue share at 57.7%. However, the Asia Pacific

region is expected to have the fastest CAGR of 40.1% from 2024 to 2030 (Appendix 57).

Finally, the femtech market, closely linked with the Al healthcare sector, is projected to reach
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$103 billion by 2030 (Boston Consulting Group 2023). This market addresses various women's

health needs, including fertility, menopause, and general health conditions affecting women

disproportionately or distinctly (Emma Kemble 2022).

Growth Drivers

The Al healthcare market is on a trajectory of remarkable growth, marked by exponential
expansion. Key drivers fueling this surge include a shortage of medical staff coupled with
workforce burnout, the imperative to cut care expenses, and the drive to enhance overall
efficiency (Straits Research 2023) (Boyd 2023). Additionally, the upward trend is accentuated
by a rising geriatric population, contributing to a surge in chronic diseases. This demographic
shift underscores the urgency for advancements in diagnosing and understanding chronic
conditions at their initial stages. Furthermore, the evolving lifestyles spurred by the Covid-19
pandemic have heightened expectations, fostering a demand for more convenient and
personalized medical care (Grand View Research 2023). Examples of Al applications in

healthcare showcase its potential to completely transform how services are provided:

Improvement in patient care and experience: The rise of Al personal assistants is leading to
the creation of a pre-primary care market, by filtering out non-urgent cases, allowing doctors
to focus on critical cases (Statista 2023). This process efficiently directs patients still requiring
primary care to their relevant medical specialties. An example is Your.MD that uses Al to match
patients’ symptoms with public data for personalized advice. Al developments are facilitating
home-based healthcare, with home testing and monitoring, telemedicine, e-prescriptions, and

doctor-free health checks (Matthew Huddle 2023).

Improvement in hospital management: Al facilitates optimal resource utilization by
automating tasks such as documentation, claims handling, patient onboarding, and scheduling.

Companies like Doximity, Abridge, and DeepScribe are exploring Al applications for these
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tasks (Matthew Huddle 2023). Al allows the analysis of historical data and real-time situations

to forecast resource needs, enabling adjustments in staffing and resource levels. Automating
low-value tasks cuts costs significantly (Deloitte 2019). This is crucial, considering that nearly

a quarter of U.S. national health expenditure is allocated to administrative costs (Boyd 2023).

Improvement in technical support in the medical area: Al is crucial in advancing precision,
efficiency, and speed in diagnosis, primarily through innovations in the analysis of medical
imaging. Given that medical imaging constitutes almost 90% of healthcare data, Al's data
processing capabilities result in exponential efficiency, surpassing that of human practitioners
(NVIDIA 2023). Other advancements besides enhancing medical imaging include, for example,
Beyond Verbal’s software capable of examining vocal patterns to detect emotions. Preliminary
health-related studies suggest potential connections between specific voice patterns and certain

disease processes, paving the way for non-invasive markers in healthcare (Deloitte 2019).

Treatment and monitoring will experience enhancements through the utilization of Al medical
devices, including connected and cognitive devices, such as portable, wearable, and implantable
technologies. These devices monitor health information, including vital signs, engaging patients
and caregivers and autonomously administering therapies (Carlton 2019). An example is
AiCure, a company with software designed to verify if patients have taken their medication at
the correct times, (Deloitte 2019). Robots have also demonstrated success in patient tratment,
being employed in surgical operations, integrated into implants and prosthetics, and assisting

physicians and healthcare staff in various tasks (Memarzadeh 2020).

Enhancing the drug development process: this process has historically been time- and
resource-intensive. Many drugs take over a decade to reach the market, with an average success
rate for drug candidates of just 10% (Benemann 2023). Al can streamline various stages,

primarily in discovery and development and in clinical trials, accelerating the overall process
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and enabling quicker transitions from discovery to market (Matthew Huddle 2023). Drug

discovery aims to identify small molecules that selectively modulate the functions of target
proteins. Generative Al excels in efficiently screening through extensive research results,
establishing connections between data points, and significantly reducing the pool of candidate
molecules (Deloitte 2019). Similar to models like ChatGPT generating text, generative Al,
leveraging LLMs trained on biomolecular data, can produce blueprints for new molecules and
proteins (Benemann 2023). Clinical trials are poised for Al-driven progress in protocol
generation, where Al rapidly creates drafts of clinical protocols using inputs from published
literature, prior trials, and various medical sources (Licholai 2023). Looking ahead, the use of
generative Al in the drug development process has the potential to expedite the availability of
therapeutic solutions, even for rare conditions that have historically faced challenges or

economic barriers (Matthew Huddle 2023).

Improvements in the area of genomics: Genomic sequencing is the process of determining
the genetic makeup of a specific organism or cell type. It is set to become widely available
globally within the next decade, offering crucial insights for precision medicine (Memarzadeh
2020), by enabling early diagnostics and personalized treatments. Instead of relying on general
population data, doctors will consider an individual’s genetics, environment, medical history,
and lifestyle to assess the risk of developing certain diseases and to consider medical options.
Companies are still in the early stages of genomic research. For example, Flow Health is
building a vast knowledge graph of medicine and genomics, using 30 million gigabytes of
clinical data from 22 million veterans over 20 years to understand how each gene variant affects

an individual’s observable traits, such as height, eye color and blood type (Statista 2023).

Advancements in genomics are reshaping drug development. Through detailed patient profiling
encompassing demographics, medical history, and genetics, Al aids clinical researchers in
efficiently identifying and matching patients with trials. This precision approach accelerates
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recruitment and enhances trial data quality. Furthermore, a groundbreaking application in

clinical research is the development of digital twins for patients. Al creates virtual replicas of
individual patients. These dynamic models predict treatment efficacy and simulate safety
outcomes, allowing researchers to optimize strategies and minimize risks through virtual trials

(Licholai 2023).

If these efforts succeed, specialized diagnostics and treatments will shift healthcare from
disease management to prevention. Organizations will proactively monitor healthy individuals
and conduct preventative interventions (Deloitte 2019). Moreover, the upcoming trend is
toward establishing a personalized care ecosystem centered around patients, integrating medical
and social caregivers (Appendix 58). This ecosystem will aim to enhance the patient experience

and streamline their access to care (Carlton 2019).

Growth Constraints

Healthcare organizations are primarily concerned about the cost of technologies (36%),
integrating Al into the organization (30%), and implementation issues, including Al risks and
data issues (28%) (Kumar Chebrolu 2020). Integration of Al solutions is further hindered by
the lack of standardized protocols and interoperability among different healthcare systems
(Spherical Insights 2022). Furthermore, .as Al systems take on critical roles in patient care
decisions, ethical concerns emerge, particularly related to potential biases in algorithms and
accountability for errors. Ethical considerations are heightened in the domains of genomics and
preventive care, where issues like genetic modification and discrimination surface, alongside
the administration of drugs to healthy individuals based on future disease predictions. Rapid
technological changes necessitate the evolution of existing legislative and regulatory
frameworks. However, ethical concerns, coupled with a lack of trust in Al technologies due to
limited familiarity, may strict legislation, hindering advancements in technology. This is

particularly relevant concerning patient data privacy. The need for patient confidentiality and
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strengthened cybersecurity has led to a complex regulatory environment surrounding healthcare

data (Matthew Huddle 2023). Further complexities in this regulatory landscape may negatively

impact achieving an interconnected healthcare ecosystem.

COMPETITION

In the Al healthcare market, competition mirrors that of the Al data center, detailed in the
Teaching Note. The Al sector demands substantial investment in R&D and CAPEX for rapid
innovation. Recognizing Al's technical nature, companies form strategic partnerships to
leverage core competencies and engage in M&A activity. With the focus on innovation,
companies seek to differentiate their products. Most of them have developed general software
and hardware applicable to various sectors, including healthcare. Others, like IBM and Nvidia,
have focused on tailored platforms, software, and services for healthcare. While IBM faced
challenges with IBM Watson Health, leading to its eventual sale in 2022, Nvidia succeeded
with its healthcare-specific offerings (Weiss 2022) (Benemann 2023). Lastly, various Al chips
exist. Notably, AMD, through Xilinx, is actively using FPGAs to advance genomics research

(AMD Xilinx 2018).

NVIDIA'S STRATEGIC ADVANCEMENTS IN HEALTHCARE

Nvidia implemented a strategic move that sets it apart from competitors with the creation of the
NVIDIA Clara which is a comprehensive healthcare set of platforms, software, and services
that addresses enterprises worldwide and is driving Al solutions across different healthcare
areas. Clara includes BioNeMo for drug discovery, Holoscan for medical devices, Parabricks
for genomics, and MONAI for medical imaging (Appendix 59). Clara has enabled healthcare
breakthroughs, such as generating blueprints for two novel proteins with BioNemo, conducting

a first-of-its-kind surgery with Holoscan, and deploying MONAI-powered solutions in
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radiology departments. Clara already counts with over 100 partners (Benemann 2023)

(Appendix 60).

Clara’s integrated platforms are revolutionizing smart hospitals by facilitating seamless
collaboration among various hospital departments and sensors and enabling swift responses to
real-time data. Examples include patient monitoring with intelligent video analytics,
advancements in medical imaging applications, support for digital and robotic surgery and
integration of telemedicine. Clara optimizes healthcare resources, automates routine tasks for

professionals, and enhances global patient-centric care (Niewolny 2022).

Accessible through various cloud providers, Clara creates a mutually beneficial relationship by
leveraging the vast user base and extensive datasets of these providers. With thousands of
companies globally relying on cloud services, they become potential customers for Clara,
enhancing its efficiency through increased usage and a growing network of partners. For cloud
providers, offering Clara is attractive, as it expands their cloud offerings, providing a
compelling solution for healthcare-related companies. This is particularly relevant in the highly
competitive landscape among cloud providers. However, potential risks arise as some cloud
providers are developing their Al chips. If these providers were to create their healthcare-
specific software, no longer requiring NVIDIA's services, it could pose a significant challenge

for NVIDIA.

NVIDIA’s Inception program currently endorses over 1800 healthcare start-ups (NVIDIA

2017).

CHALLENGES AND STRATEGIC RECOMMENDATIONS

In the healthcare sector, NVIDIA faces significant challenges, particularly in the intricate
ethical, legal, and regulatory landscape, especially regarding future advancements in data

privacy. This uncertainty adds complexity to how regulations may impact NVIDIA's
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technological progress. Additionally, NVIDIA’s competitive landscape includes two key

considerations. Firstly, although the company has established itself as a GPU market leader
with Clara specifically tailored for healthcare, competitors are bringing to the market more
efficient Al chips. Secondly, potential challenges from cloud providers are on the horizon, as
they embark on producing their Al chips and may further complicate matters if they decide to
develop in-house healthcare software for their cloud services. However, this shift was prompted
by the semiconductor chip shortage aftermath and NVIDIA is an industry leader known for its
technological advancements and efficiency and has a long history of strategic partnerships with
main cloud providers. We believe that as long as NVIDIA continues delivering cutting-edge
innovations to the market, cloud providers will lack the incentive to internally produce similar
software. Fundamental to prevent this from happening is to ensure that shortages caused by the
chip shortage do not recur. Addressing vulnerabilities in the Al chip value chain is imperative,

as elaborated in the Teaching Note.

Despite challenges, the application of Al in healthcare presents a considerable growth
opportunity for NVIDIA. The company strategically addresses key opportunities through Clara.
Drug discovery and development and robot-assisted surgery are the two applications with main
growth potential and NVIDIA is actively tackling them through BioNemo and Holoscan.
Diagnosis is another pivotal application being addressed with MONAI and Parabricks is
addressing the development of genomics which will revolutionize advancements in diagnosis
and treatment, leading to the establishment of preventive medicine. In a broader context, Clara
is contributing to the establishment of smart hospitals, enhancing overall efficiency and
improving patient experience.

To sustain growth and maintain its leadership position, NVIDIA should continue robust R&D
efforts, establishing strategic partnerships, and engaging in M&A activities, leveraging

initiatives like NVIDIA Inception and NVIDIA Deep Learning Institute. These initiatives
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demonstrate its proactive approach to staying ahead of technological advancements, engaging

with start-ups for early involvement and ensuring ongoing development and training for its

human capital.

NVIDIA should proactively expand its network of partners and augment its capabilities in
genomics and cybersecurity, enhancing the range and efficiency of its ecosystem. In cultivating
its network of partners, NVIDIA should target specific segments for maximum impact. Firstly,
it should engage with drug developers, particularly those from the femtech market, expected to
have exponential growth. Additionally, NVIDIA should target drug developers willing to
address less common diseases, now feasible with Al technologies accelerating the process and
reducing the need for scale. This way, NVIDIA could support a niche-market that would face
low competition as there are not many customers for these drugs, the space in the market would
be filled by the first companies to join. Lastly, the emphasis should be on fostering
collaborations with hospitals in the US, the largest geographical market, laying the groundwork
for a global ecosystem among healthcare providers, pharmaceutical and biotechnology
companies, healthcare payers and patients as hospitals are the place where patient data is
concentrated, serving as a hub center to other participants. Even though China will represent
the biggest CAGR, political tensions between US-China advise against increasing commercial
relations with China.

Strategies to attract these entities should address their primary challenges, assist in Al
integration and tackle implementation issues. NVIDIA should focus on showcasing Al's
productivity enhancements for potential customers and aim to build trust in these technologies.
Demystifying Al is crucial due to high skepticism and will be crucial for the generalization of
these technologies. Customer service and marketing campaigns are crucial for achieving this.
Awareness activities should be extended to the public in general. There is a need for a shift in

societal attitudes, requiring collaboration with government bodies and educational institutions.
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This is important as legislation and regulation reflect societies’ mentalities and the population
in general is reluctant to change.

Genomics should be the central focus for NVIDIA, representing a crucial avenue to
revolutionize diagnosis and drug discovery, and achieve preventive healthcare. NVIDIA should
acquire competencies for designing FPGAs and ASICs. This move aligns with industry trends
where competitors are already leveraging these technologies. As technology advances, the
escalating need for efficiency is evident, prompting NVIDIA to be prepared to deploy more
efficient chips than GPUs if necessary. Regarding cybersecurity, the evolving landscape of
interconnected systems requires a concerted focus on ensuring data privacy. This emphasis
becomes integral not only for regulatory compliance but also to establish NVIDIA as a reliable
partner in collaborative ventures.

In conclusion, NVIDIA should aspire to create a fully interconnected healthcare ecosystem,
through Clara. Securing a first-mover advantage is crucial to consolidate all data from
healthcare providers, pharmaceutical and biotechnology companies, healthcare payers and
patients into a centralized accessible point. This consolidation will facilitate the implementation
of preventive and individualized treatment plans based on comprehensive data. Pharmacies will
oversee drug therapy adherence and personalize patient communications, while clinical-trial
project teams will optimize country selection and site activation. Additionally, pharmaceutical
companies will optimize drug development needs. This intricate ecosystem will yield a
significant lock-in effect that will be difficult to replicate for competitors. The more participants

within NVIDIA’s healthcare ecosystem, the more appealing it becomes for others to join.
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Appendix 2
Global Adoption Rate of Al in Businesses (in %)
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Appendix 4
Global Semiconductor Market Revenue from 2009 to 2024 (in billion U.S. dollars)
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Appendix 5
Global Integrated Circuit (IC) Market Revenue from 2009 to 2024 (in billion U.S. dollars)
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Appendix 6
Al Chip Market Revenue from 2022 to 2030 (in Billion U.S. Dollars)
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Appendix 7
Al Chip Market, by Region, Application and Chip Type 2022 (in %)
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Appendix 8
Al Chip Market, by Industry Vertical (in %)
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Appendix 10
Inference vs Training
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Appendix 11
Cloud vs Edge Computing
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Appendix 12

Average Share of Products and/or Services that are Partially or Fully Digitized (in %)
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Appendix 13
Global Size of the Big Data Analytics Market from 2021 to 2029 (in billion U.S. dollars)
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Appendix 14

Training Compute of Machine Learning Systems Outperforming Moore’s Law
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Solvability of ESG Challenges Through the Use of Al in Organizations Worldwide 2022 (in
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Appendix 16
Historical Semiconductor Workforce and Projected 2023-2030 Gap
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Appendix 17

Global Semiconductor Foundries Revenue Share from 2019 to 2023
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= SMIC
uUMC
m GlobalFoundries
® Samsung
= TSMC

2019 2020 2021 2022 2023 (Q1 and Q2)
Source (adapted): Statista. 2023f. Semiconductor foundries revenue share worldwide from 2019 to 2023, by

quarter. September 5. https://www.statista.com/statistics/867223/worldwide-semiconductor-foundries-
by-market-share/.
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Appendix 18

Estimated CO2 Emissions from Training Common NLP Models, Compared to Familiar
Consumption (in Ibs of C02 Equivalent)

Roundtrip flight (1 passenger, NY to SF) ‘ 1.984
Human life (avg 1yea) || 11023

American life (avg. 1 year) . 36.156

US car including fuel (avg. 1 lifetime) - 126.000
Transformer (213 parameters) with neural architecture search _ 626.135

Source (adapted): Strubell, Emma, Ananya Ganesh, and Andrew McCallum. 2019. "Energy and Policy
Considerations for Deep Learning in NLP." College of Information and Computer Sciences (University
of Massachusetts Amherst).

Appendix 19

Survey CEOs in Luxembourg on the Statement: "Al will Displace more Jobs than it Creates
in the Long Run”’? (2018)

41%

31%
I 29%
Agres Disagree Don't kmow

Source (adapted): Thormundsson, Bergur. 2022. Do you agree or disagree with the statement: "Al will displace
more jobs than it creates in the long run"? March 17.
https://www.statista.com/statistics/1024145/influence-of-ai-on-jobs-according-to-ceos-in-luxembourg/.
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Appendix 20

Survey on “What are the Biggest Obstacles when it Comes to Implementing AI?” (in %)

Not enough personnel [ e
Missing necesary e |
Not enough financial resources _ 50
Uncerinty due to logal brdies |
Missing technical know-how |-
Not enough time - [ 46
Lack of acceptance from employees [ 37
Lack of tust in Al [ 33
Not enough use cases _ 22

Source (adapted): Davies, Kasia. 2023. What are the biggest obstacles when it comes to implementing Al? June
19. https://www.statista.com/statistics/1393469/obstacles-implementing-ai-germany/.

Appendix 21

Waiting Time for Semiconductors (in Weeks)

2017 2018 2019 2020 2021 2022 2023

Source (adapted): King, lan. 2022. Wait Times for Chips Grow Again in March as Shortages Drag On. April 5.
https://www.bloomberg.com/news/articles/2022-04-05/wait-times-for-chips-grow-again-in-march-as-
shortages-drag-on.
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Appendix 22
Simplified Ecosystem of Al Applications Using Cloud Services
Based on Al Chips from Fabless Chip Companies

GRAF?%ORE "‘l —— Chips —* AAZU fe __ Processing __ __ Applicaton ___  §}
AMD power @ 0penA| ¢,0. ChatGPT ssess
EANVIDIA. — s —AWS O o — .« .
-) ﬂ‘m
\ \ Google Cloud
Design  Chips
$8% \
i
tsmc
AL
SAMSUNG
Foundry

Source (adapted): Own interpretation

Appendix 23
Data Center Revenue (in U.S. dollars)
Ir;%‘ .A‘HD -(iﬁfe‘D §103
457 50 al $6.1
4.7
33 $38 $38 s s3g o $3.6 46 543 $37 $4.0
$24 $2.9 i
508 811 $12 $13 315 $1.6 $1.7 $13 $13
Q22022 Q3 Q4 Q12022 Q Q3 Q4 Q12023 Q
Revenue Growth

Year-over-year change of Q2 revenue

.
61% ﬁ S

R &
-11% -18% -15%
2022 2023 2022 2023 2022 2023

Source (adapted): "Comparing Al Chip Sales: NVIDIA vs. AMD vs. Intel." Visual Capitalist. Accessed
December 2, 2023. https://www.visualcapitalist.com/NVIDIA-vs-amd-vs-intel-comparing-ai-chip-sales/
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Appendix 24

Global VC Investment in Semiconductors

e Total deal value (Stn)  =—s=Number of deals

364

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021E 2022P

Source (adapted): "Semiconductor Investors and Venture Capital Predictions 2022." Deloitte Insights. Accessed
December 2, 2023. https://www2.deloitte.com/us/en/insights/industry/technology/technology-media-and-
telecom-predictions/2022/semiconductor-investors-venture-capital.html.

Appendix 25

Investments in Quantum Computing

==—Volume of raised investments ($bmn)

$23 %24

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Source (adapted): "Quantum Technology Sees Record Investments, Progress on Talent Gap." McKinsey &
Company. Accessed December 2, 2023. https://www.mckinsey.com/capabilities/mckinsey-digital/our-
insights/quantum-technology-sees-record-investments-progress-on-talent-gap.
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Appendix 26
Semiconductor Industry Value Added, R&D And CAPEX by Activity 2019 (in %)

J—

1. Pre-competitive research
(15 to 20% of total industry R&D)

}

2. Chip Design Manufacturing
3. Wafer Fabrication 4. Assembly, Testing & Packaging
$412B
VALUE VALUE VALUE
R&D CAPEX ADD R&D CAPEX ADD R&D CAPEX ADD GLOBAL
2019 SALES

2
S $92B
:g - R&D
= 53%  13%  56% 13%  64%  19% 3% 13% 6% $108B
EE CAPEX
E EDA & Core IP Equipment Materials
ke R&D CAPEX VALVE VALUE VALUE 32908
< ADD R&D CAPEX ', R&D CAPEX )l Value Add

% <% 3% 9% 3%  12% 1% 6% 5%

Source (adapted): Antonio Varas, R. V. (2021). Strengthening The Global Semiconductor Supply Chain in an
Uncertain Era. BCG X SIA. Retrieved from https://www.semiconductors.org/wp-
content/uploads/2021/05/BCG-x-SIA-Strengthening-the-Global-Semiconductor-Value-Chain-April-2021_1.pdf.
Semiconductor Industry Association. (2021). 2021 State of The U.S. Semiconductor Industry. Retrieved from
https://www.semiconductors.org/wp-content/uploads/2021/09/2021-S1A-State-of-the-Industry-Report.pdf.
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Appendix 27
R&D And CAPEX Investment (in %)

R&D Expenditures as a % of revenue by region US Industrys' R&D Expenditures as a % of
(2023) revenue (2023)

chi 7 60% Financial Services NI 5.70%
na [ 7.60%
Alternative Energy W 6,20%

Japan [ 8,30% General Retailers I 6,80%
Technology Hardware & Equi — 7.70%
South Koren - [ 0.10% Media mm— § 40%
Taivan I 1100% Mobile Telecommunications FE————— 0,10%
Real Estate Investment & Services IS 020%
Eurcpe [ 15,00% Software & Computer Services I 15.70%

Semiconductors NG 18,70%

us 18.70% Pharmaceuticals % Biotechnology I 21,40%

CAPEX as % of Revenues, 2019

Trucking [ 17%
Broadcasting and Information Services [N 19%
Power Generation NI 21%
Utilities I  25%
Semiconductors N 2%

Source (adapted): Antonio Varas, R. V. (2021). Strengthening The Global Semiconductor Supply Chain in an
Uncertain Era. BCG X SIA. Retrieved from https://www.semiconductors.org/wp-
content/uploads/2021/05/BCG-x-SIA-Strengthening-the-Global-Semiconductor-Value-Chain-April-2021_1.pdf.
Semiconductor Industry Association. (2021). 2021 State of The U.S. Semiconductor Industry. Retrieved from
https://www.semiconductors.org/wp-content/uploads/2021/09/2021-SI A-State-of-the-Industry-Report.pdf.
Semiconductor Industry Association. (2023). 2023 State of The US Semiconductor Industry. Retrieved from
https://www.semiconductors.org/wp-content/uploads/2023/07/SIA_State-of-Industry-
Report_2023_Final_072723.pdf
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Appendix 28

Wafer Manufacturing Phases

Projected UV
light
Prepared lons shower the Similar cycle is repeated
Photoresist silicon water etched areas, to lay down the metal link
doping them between transistors

. -
Silicon substrate Lens J : ! @ @
Unprotected Doping Metal
Patterns are projected areas are region connector
repeatedly onto water removed

1 B 51 4] 5]
[ =] =] L= [l
Silicon Oxidation and Lithography Etching Doping Metal Completed wafer
wafer coating deposition &
The integrated circuit patterns Areas of the  The wafer iz etching Each completed wafer
The silicon Layers of insulating and specified in the design are silicon wafer  showcased with iconic contains  hundred of

wafers start out  conducting materials are mapped onto a glass plate unprotected by  gases that modify the A similar process identical integrated
blank and pure applied on a silicon celld a photomask. An  photoresist are  properties of the mew is used to lay circuits. The wafers

in & onon wafer The wafer is then Ultraviolet (UV) light is removed  and layer by adding a g Sp U Pl are sent to Assembly,

conductive covered by o uniform of applied to transfer the patterns  cleaned by gases  known quantity of g pooo Testing &
state. photoresist The  silicon to the photoresist material  or chemicals. impurities, such as transistors. Packaging The silicon
wafers start out blank coating on the wafer surface. boron and arsemic . wafers start out blank
and pure in a non- The photoresist that was Subsequent annealing and pure in a nom-
conductive state exposed to the light can now will diffuse  these conductive state.
be chemically removed. impurities to a more
uniform density.

Antonio Varas, R. V. (2021). Strengthening The Global Semiconductor Supply Chain in an Uncertain Era. BCG
X SIA. Retrieved from https://www.semiconductors.org/wp-content/uploads/2021/05/BCG-x-SIA-
Strengthening-the-Global-Semiconductor-Value-Chain-April-2021_1.pdf.

Appendix 29
Semiconductor Industry’s Distribution by Region (in %)

EDA & Core IP

2% 6% S

Logic
Mostly fabless
Memory 28% 58% 8%

. Mostly i
Design Mostly IDM

DAO
Hybrid (fab-lit)

Design subtotal

Equipment

Source (adapted): Semiconductor Industry Association. (2022). 2022 State of the U.S. Semicondcutor Industry.
Retrieved from https://www.semiconductors.org/wp-content/uploads/2022/11/S1A_State-of-Industry-
Report_Nov-2022.pdf.
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Appendix 30

Semiconductor Industry Value Chain Structure

illustrative (not exhaustive)

Company names are Design Manufacturing

intel samsune gpaicron [ INXO (infineon

Integrated Device

Py wwos  LyJ  Renesas
Manufacturers (IDMs) St jOCNIA (2 !

Wafer fabrication Assembly, testing & packaging

Qualcomm IDMs rely on IDMs rely on OSATs
TVINA, foundries for a portion for a portion of their
Fabless design BROADCOM AMDI1 of their manufacturing assembly,testing &
MEDIATEK needs packaging needs
£ & uMC
5 Foundries L .‘:J 1
-~ =
) SAMSUNG o @ G JCET
= %  Outsourced Assembly, e [ Powertech
" . mkor
testing & packaging TEitus

Antonio Varas, R. V. (2021). Strengthening The Global Semiconductor Supply Chain in an Uncertain Era. BCG

X SIA. Retrieved from https://www.semiconductors.org/wp-content/uploads/2021/05/BCG-x-SIA-

Strengthening-the-Global-Semiconductor-Value-Chain-April-2021_1.pdf.

Appendix 31

Semiconductor Companies’ R&D and CAPEX Spending as a % of Revenue

34%

20% 20%

14%

IDMs Fabless Foundries
mR&D mCAPEX

16%
9%
4% 4%

OSATs

Source (adapted): Antonio Varas, R. V. (2021). Strengthening The Global Semiconductor Supply Chain in an
Uncertain Era. BCG X SIA. Retrieved from https://www.semiconductors.org/wp-
content/uploads/2021/05/BCG-x-SI1A-Strengthening-the-Global-Semiconductor-Value-Chain-April-2021_1.pdf.
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Appendix 32

Semiconductor Design Business Model Distribution (2021)

OEMs
2%

Source (adapted): Semiconductor Industry Association. (2022). 2022 State of the U.S. Semicondcutor Industry.
Retrieved from https://www.semiconductors.org/wp-content/uploads/2022/11/SI1A_State-of-Industry-
Report_Nov-2022.pdf.

Appendix 33
Design Market Share by Region of Company HQ (in %)

2000 2005 2010 2015 2020 2025 2030

mUS ®mJapan MEurope M South Korea ®Mainland China = Taiwan

Source (adapted): Semiconductor Industry Association. (2022). 2022 State of the U.S. Semicondcutor Industry.
Retrieved from https://www.semiconductors.org/wp-content/uploads/2022/11/SI1A_State-of-Industry-
Report_Nov-2022.pdf.
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Appendix 34
Revenue Ranking of Top 10 Design Companies (2020)

L Intel

2. Samsung

3 SK Hynix

4. Micron

5. Qualcomm

6. Broadcom

7. NVIDIA

8. Texas Instruments
9. Apple

10 Infincon

Source (adapted): Ramiro Palma, R. V. (2022). The Growing Challenge of Semiconductor Design Leadership.
BCG X SIA. Retrieved from https://www.semiconductors.org/wp-content/uploads/2022/11/2022_The-
Growing-Challenge-of-Semiconductor-Design-Leadership_FINAL.pdf

Appendix 35

Breakdown of Market Size of Semiconductor Manufacturing Equipment by Major Families,
2019 ($ Billion)

‘Wafer Fabrication A T&P

$64B

Deposition Lithography | Material removal | Process control Other wafer Assembly  Total
and cleaning (metrology and fabrication equipment
inspection equipment
RTP and Photoresist Doping P : .
oxidation processing equipment Manufactl}rlng Test and related
diffusion Automation equipment
# Equipment types
12 4 6 1 12 4 16 2 2+ 3 5 50+

Source (adapted): Ramiro Palma, R. V. (2022). The Growing Challenge of Semiconductor Design Leadership.
BCG X SIA. Retrieved from https://www.semiconductors.org/wp-content/uploads/2022/11/2022_The-
Growing-Challenge-of-Semiconductor-Design-Leadership_FINAL.pdf
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Appendix 36

Semiconductor Equipment Revenue Worldwide, by Supplier (in %)

2019

2018 16,75% 13,04% 12,99% 5,07%

2017

o Applied Materials mASML B Tokyo Electron

B Lam Research BKLA
u Advantest u SCREEN H Teradyne ® Hitachi High-Technologies @ ASM International
u Nikon Kokusai Electric Daifuku ASM Pacific Technelogy = Canon
SEMES Others

Source (adapted):. Statista. (2020). Semiconductor Equipment Revenue Worldwide from 2017 to 2019, by
Supplier (in Billion U.S. Dollars). Retrieved from https://www-statista-
com.eul.proxy.openathens.net/statistics/532224/worldwide-semiconductor-wafer-level-manufacturing-
equipment-vendor-revenue/

Appendix 37

Breakdown of Market Size of Semiconductor Manufacturing Materials, 2019 (in % of $
Billion)

Front End (wafer fabrication) Back End (Assembly, Testing & Packaging

$33B
Front End
materials

u Silicon wafers B Photomask

$19B

Back End
materials

B [eadgrames ® QOrganic substrates
B Photoresist and ancillary chemicals ® Gases B Ceramic packages ™ Encapsulation resins
" Wet chemicals CMP slurries and pads ® Bonding wire Die attach materials
Sputtering target Others Others

Source (adapted): Ramiro Palma, R. V. (2022). The Growing Challenge of Semiconductor Design Leadership.

BCG X SIA. Retrieved from https://www.semiconductors.org/wp-content/uploads/2022/11/2022_The-
Growing-Challenge-of-Semiconductor-Design-Leadership_FINAL.pdf
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Appendix 38
Breakdown of the Global Wafer Fabrication Capacity per Region, 2019 (in %)

% of global
capacity

Memory 33%

<10 nm

10-22 nm

Logic -

28-45 nm

%

> 45 nm

DAO

26%

100%

Source (adapted): Ramiro Palma, R. V. (2022). The Growing Challenge of Semiconductor Design Leadership.
BCG X SIA. Retrieved from https://www.semiconductors.org/wp-content/uploads/2022/11/2022_The-
Growing-Challenge-of-Semiconductor-Design-Leadership_FINAL.pdf

Appendix 39
Foundries’ Utilization Rate During Chip Shortage (in %)

100%
93%
90%
85%

80%

/

75%
1019 2019 3Q19 4Q19 10Q20 2020 30Q20 4020 10Q21 2Q21 3Q21 4Q21 1Q22 20Q22 3Q22 4Q22

= Foundry Utilization Rate = Standard Utilization Rate

Semiconductor Industry Association. (2022). 2022 State of the U.S. Semicondcutor Industry. Retrieved from
https://www.semiconductors.org/wp-content/uploads/2022/11/SIA_State-of-Industry-Report_Nov-2022.pdf.
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Appendix 40

Incremental Cost to Cover 2019 Demand with Fully “Self-sufficient” Localized
Semiconductor Supply Chains

Upfront investment ($ Billion) Incremental annual cost ($ Billion)

3-10

EDA & Core IP | 10-30

Design I 30-95 - 10-35
Material I 15-40 - 5-10

% of global semiconductor
consumption (end-user) Upfront investment ($ Billion) Incremental annual cost ($ Billion)

Latin America
Faemaame . I
East and Africa 240-330 25-60

T
Manufacturing

Equipment, Materials, EDA & Core IP Equipment, Materials, EDA & Core IP
and Manufacturing | and Design =$900-1,125B and Manufacturing | + and Design —$45.125B
$ 860-1,100B $40-125B $32- 80B $ 13-45B

Source (adapted): Ramiro Palma, R. V. (2022). The Growing Challenge of Semiconductor Design Leadership.
BCG X SIA. Retrieved from https://www.semiconductors.org/wp-content/uploads/2022/11/2022_The-
Growing-Challenge-of-Semiconductor-Design-Leadership_FINAL.pdf
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Appendix 41
NVIDIA: Global Presence and Operational Highlights in 2022

50 Offices worldwide Nvidia Today: Key Facts
A /ﬁ\ * Global workforce: 26,196 across 35 countries
ﬁ /ﬂ\ Asia17 Offices *  Low turnover rate: 5,3%
N e es. Asia:28 Offices
19 Offices G ¢ R&D employees: 19,532
¢+ SG&A: 6,664
/ﬁ\ « 2022 product launches: Over 160
58?;11 A{ﬂe];icagjl * Recruitmnet:37% of hires via employee referrals

Source (adapted): Nvidia Corporation Annual Report. 2023.
https://s201.q4cdn.com/141608511/files/doc_financials/2023/ar/2023-Annual-Report-1.pdf (accessed 2023).

Appendix 42
NVIDIA’s Revenues and R&D Expenses from 2020 to 2022 (in billion U.S. dollars)

Revenue from 2012 to 2022 (in million U.5. dollars) R&D expenses from 2012 to 2022 (in million U.5. dollars)
319
L
pi 2
1T
5924
.
1.5 I H2%
o 1376
69 LT
i LB P 1.5

il ' I 1 II -I" IiI I I

2012 2013 2014 2015 2016 2017 1018 2019 2020 2021 2021 2012 2013 2014 2015 2016 2017 201% 20190 2020 2021 2011

2012 Gross margin: 37% znd Met Income: 34.4 billion

Source (adapted): NVIDIA. NVIDIA Annual Reports and Proxies. n.d. https://investor.nvidia.com/financial-
info/annual-reports-and-proxies/default.aspx.

NVIDIA. NVIDIA Annual Reports and Proxies. n.d. https://investor.nvidia.com/financial-info/annual-reports-
and-proxies/default.aspx.
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Appendix 43
NVIDIA’s Revenues by Market from 2020 to 2022 (in billion U.S. dollars)

200 Revenue by market

12

250 o % of total revenue in 2022

3%

m Data center
m Gaming
\ = Professional

Visualization

15.0

Automotive
10.0
OEM & Others

50 10.6

00

Source (adapted): Nvidia Corporation Annual Report. 2023.
https://s201.q4cdn.com/141608511/files/doc_financials/2023/ar/2023-Annual-Report-1.pdf (accessed 2023).

NVIDIA Corporation Annual Report. 2022.
https://s201.q4cdn.com/141608511/files/doc_financials/2022/ar/2022 Annual-Review.pdf.

NVIDIA Corporation Annual Report. 2021.
https://s201.g4cdn.com/141608511/files/doc_downloads/2021/04/2021-Annual-Review.pdf.

Appendix 44
NVIDIA’s Data Center Revenues 2012 to 2022 (in billion U.S. dollars)

154
LG
6.7
14 L
CAGRESY ) L4
e
0.8
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- W
2020 2021 2022
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Source (adapted): NVIDIA. NVIDIA Annual Reports and Proxies. n.d. https://investor.nvidia.com/financial -
info/annual-reports-and-proxies/default.aspx.
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Appendix 45
Performance Comparison of NVIDIA’s P100 and A100

11X More HPC Performance in Four Years
Throughput for Top HPC Apps

ix

P100 (2016) V100 2017 V100 (2018} V100 (2019} A100 2020
Throughput — Belative Performance

Source (adapted): NVIDIA. 2021. NVIDIA A100 Tensor Core GPU . n.d.
https://www.nvidia.com/content/dam/en-zz/Solutions/Data-Center/a100/pdf/nvidia-a100-datasheet-nvidia-us-
2188504-web.pdf.

Appendix 46
Performance Comparison of NVIDIA’s 4100 and HI100

Up to 9x faster Al training on large models

20 hours to train

'y

¥
Q
L]
4
W
g
8 9x
st
=}
g B Nvidia H100 Teasore core GPU
L¥]
0 W Nvidia A100 Tensore core GPU
7 days to train
128 4,000 8,000

Number of GPUs

Source (adapted): NVIDIA H100 Tensor Core GPU. n.d. https://www.nvidia.com/de-de/data-center/h100/
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Appendix 47
Performance Comparison of NVIDIA’s H100 and H200
Up to 2X the LLM Inference Performance

1oz
L6x
L4z
% Ix %
= HI100
I I I )

Llamal 13B GPT-3175B Llamal T0B

Source (adapted): NVIDIA H200 Tensor Core GPU. n.d. https://www.nvidia.com/en-us/data-center/h200/.

Appendix 48
NVIDIA’s Quarterly Revenues from 2019 to 2023(in billion U.S. dollars)

135

83
16
71 72
65 6.7
7 50 61
47 9
39
30 31 31

1 i I I I I

Q1 Q1 Q1 Q1 Q1

2019 2020 2021 2022 2023

Source (adapted): NVIDIA Quarterly Results. n.d. https://investor.nvidia.com/financial-info/quarterly-
results/default.aspx.
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In 2021
NVIDIA ranked
at position 24

Appendix 49

Largest Companies by Market Cap (November 2023)

=
g
-

N

—

Name

Apple

Microsoft

Saudi Aramco
Alphabet (Google)
Amazon

Meta Platforms (Facebook)

Berkshire Hathaway
Tesla

Eli Lilly

Visa

TSMC

Marketcap
(in trillion USD )

298
277
214
166
151

0.83
0.77
0.76
0.56
0.53
051

Price
(USD)
1913
3729
8.9
133.0
146.5

3237
3556
2390
5018
256.5
98.5

Reliance Industries
Pinduoduo

Thermo Fisher Scientific
Alibaba

SAP

0.19
0.19
0.19
0.19
0.19

288
1456
4989
734
159.6

Source (adapted): CompaniesMarketCap. Largest Companies by Market Cap. n.d.
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30%
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Source (adapted): Reddit. GPU Marketshare in Q2 2023: NVIDIA 87%, AMD 10% and Intel 3%. n.d.

Q222

https://companiesmarketcap.com/.
PriceWaterhouseCooper (PWC). Global Top 100 Companies by Market Capitalization. n.d.
https://www.pwc.com/gx/en/audit-services/publications/assets/pwc-global-top-100-companies-2021.pdf.

Appendix 50
GPU Market Share from Q2 2022 to Q2 2023

Q1723
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Appendix 51
Expenditure of Selected Al Chip Companies (% of revenue), 2017-2022

11.35%
10.85%

1131%

2017 1018 2018 020
ENvidia WAMD ®Intel ©IBM

Source (adapted): NVIDIA. NVIDIA Annual Reports and Proxies. n.d. https://investor.nvidia.com/financial-
info/annual-reports-and-proxies/default.aspx.

Appendix 52
NVIDIA’s and its Competitors Patent Portfolio in 2022

NVIDIA has a total of 11,214 patents NVIDIA’s Worldwide Patent Filing in Top 10 Countries

e s 0
America

m Active Patents China N

Germany I

® [nactive Patents

Taiwan [N

United Kinedom [l

Europe

|
Japan B
Korea (South) W

Australia
235
B Canada JI

Qualcomn AMDQN

1,000 2,000 3.000 4,000 5,000 6,000 7.000

Source (adapted): Insights by GreyB. NVIDIA Corporation Patents - Key Insights and Statsl. n.d.
https://insights.greyb.com/nvidia-corporation-patents/.
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Appendix 53
NVIDIA’s Support Services and Community Engagement

/ * Personal Account Manager and \
Specialists

Support Ticket Portal
Priority Enterprise Assistance

* Informative Online Platform
* Live Chat

* FAQs 24/7 Support for business-critical
issues
* User Forums Service-Level Agreements (SLAS)/

Enterprise
Support

Educational

NVIDLA’s Deep Learning Institute Support Active Community Platform
for developers and students -
on Al-related topics

NVIDIA’s AT Startup Program
with support for emerging companies

where gamers and professional
developers can interact

* Community Contests and Events

* Developer Program with Early
Access to New Products and Beta
Testing

* Feedback Forums

Workshops and On-Demand training

Developer Resources like Software
Development Kits (SDK)

Source (adapted): NVIDIA. 2023. Customer Support. https://www.nvidia.com/en-us/support/consumer/.

Appendix 54
s
NVIDIA’s Partner Types
+
LS
’% m@ TR
i
Cloud Service Provider Data Center Provider Professional Services Distributor
Offers cloud-based platforms using  Maintains facilities for data storage Delivers expert services and Distributes NVIDIA products to
NVIDIA products and IT infrastructure support for NVIDIA solutions wvarious resellers
, = @
(5=)
& N2,
OEM Academic & Research Institutions Solution Integrated Partner Solution Provider (VAR)
Produces original equipment Collaborates on educational programs ~ Integrate Nvidia technologies to Enhances NVIDIA products with
incorporating Nvidia equipment and research initiatives create specialized solutions additional services for resale
©
(iR
I
Governments Global System Integrator Solution Advisor — Consultant Independent Software Vendor
Deploy NVIDIA solutions into public Implements NVIDIA-based Offers strategic guidance on Sells enterprise-level applications
sector operations solutions on a multinational scale  implementing NVIDIA technologies enhanced by NVIDIA GPUs

Source (adapted): NVIDIA Partner Network. n.d. https://www.nvidia.com/en-us/about-nvidia/partners/.
NVIDIA Partner Program Expands to 1,500 Members, Adds New Benefits. 2020.
https://blogs.nvidia.com/blog/npn-expands-1500-members-new-benefits/.
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Appendix 55

Size — Uniqueness Framework

Isolating Mechanisms

Size Uniqueness

Unprofitable Imitation
Companies lack the incentive to imitate due to a dominant market position held by a
company

* Economies of scale

- Economies of scope

= Brand and geographic proliferation
+ Buyer switching costs

Exclusivity
Companies don't have the resources to imitate another company

* Patents, copyrights, licenses

* Exclusive access to inputs and distribution channels

Success breeds Success
Onee organization achieve a certain level of success, they gain the expertise and
resources that leads to further achievements

= Network externalities
= Word of mouth effects

Causal and Social Ci

Companies don't know how to imitate, which makes it a challenging and time-
consuming process

+ Organizational advantages and distinctive capabilities
« External architecture, platforms, network and partnerships
* Brands and reputation

Source (adapted): Almeida Costa, Luis. “Size — Uniqueness Framework.” Framework introduced in Strategy
Courses.

Appendix 56
Al in Healthcare Market Size Worldwide from 2021 to 2030

38,66
28,24
20,65
2021 2022* 2023* 2024* 2025*

*forecast values

187,95
136,79
99,63
72,62
2026 2027 2028+ 2029* 2030*

Source (adapted): Statista. 2022. “Artificial Intelligence (Al) in healthcare.”
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Appendix 57
Al Healthcare Market Share (2022)

By Component By Region
= North America
* Software = Asia Pacific
= Hardware
= Services = Burope
Latin America
Middle East and Africa

By Application By technology

= Drug Discovery and Development

= Robot-assisted surgery

= Machine Learning
= Connected machines

« Fraud detection = Natural Language Processing

= Virtual assistants = Computer Vision

Administrative workflow assistants Robotics

Diagnosis
Expert Systems

]
'. \ﬁ/

Source (adapted): Grand View Research. 2023. Al In Healthcare Market Size, Share & Trends Analysis Report
By Component (Software Solutions, Hardware, Services), By Application (Virtual Assistants, Connected
Machines), By Region, And Segment Forecasts, 2024 - 2030. https://www.grandviewresearch.com/industry-
analysis/artificial-intelligence-ai-healthcare-market. Maximize Market Research. 2023. Artificial Intelligence in
Healthcare Market Size, Growth, Opportunities & Trends: Global Industry Analysis and Forecast (2023-2029).
November. https://www.maximizemarketresearch.com/market-report/global-artificial-intelligence-ai-healthcare-
market/21261/. Precedence Research. 2023b. Artificial Intelligence in Healthcare Market Size, Report 2022-
2030. February. https://www.precedenceresearch.com/artificial-intelligence-in-healthcare-market. Straits
Research. 2023. Artificial Intelligence (Al) in Healthcare Market. https://straitsresearch.com/report/artificial-
intelligence-in-healthcare-market.

Dosage error education

Cybersecurity
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Technologies to engage a
patient’s support system,
including;

= Family

= Friends

= Faith institutions

= Community groups

= Schools

= State assistance

Technology to enable
remote:
= Nutrition support

Appendix 58

The Future of the Healthcare Ecosystem

A longitudinal, 360 view of patient health with
Al monitoring, alerting and engagement

In-home monitoring after

acute-care episodes through:

= Telchealth

= Cognitive devices for
dosages

= Patient monitoring devices

Patient-
generated
clinical

Health
and
wellness

Provider-
generated High-acuity functionality (e.g.,
intensive care monitoring, care

team coordination, Al-enabled

Modalities
of +—
traditional

= Fitness accountability

On-demand physical
therapy and
rehabilitation services
Palliative care
Long-term supportive
services

care!

Financial

cli
transaction -

ncing
support®

t

Patient assistance for high-value therapies, including:
= Health savings accounts

= Benefits/insurance accounts

= Improved provider quality

» Easier scheduling

nician support) for:
Hospitals

Retail Clinics
Primary care
physicians/specialists
Home Health

! Social care: Social and community networks related to a patient’s holistic health.

2 Home and self-care: Patient engagement, health-focused activities

¥ Daily life activiti ent actions enabling wellness, tangential to direct care delivery.

! Modalities of traditional care: Direct care administered by clinicians across evolving sites of care.
5 Financing support: Operational and financial infrastructure of healtheare ecosystem

Source (adapted): Carlton, Shubham Singhal and Stephanie. 2019. The era of exponential improvement in

healthcare? 14 de May.

https://www.mckinsey.com/industries/healthcare/our-insights/the-era-of-exponential-
improvement-in-healthcare#/.
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Appendix 59
NVIDIA Clara

NVIDIA BioNemo

. Cloud service for Generative Al in
biology, offering a variety of AI models
for small molecules and proteins

. Pharmaceutical research and industry
professionals can use generative Al to
accelerate the identification and
optimization of new drug candidates

§ NVIDIA Parabricks

+ A suite of Al-accelerated genomic analysis
applications that enhances the speed and
accuracy of the entire sequencing process,
from gathering genetic data to analyzing and
reporting it

+ Accessible from either the genomics
instrument itself or through cloud services

« A whole genome can be analyzed in 16
minutes vs. about 24 hours on CPU

7~ N
S

NVIDIA.

CLARA

o
é ?." NVIDIA Holoscan

+ A scalable, software-defined Al computing

platform for processing real-time data at the
edge

Accelerates medical devices to deliver the
low-latency inference required for Al in a
clinical setting

—.| NVIDIA MONAIL

A medical imaging Al framework
accelerated that simplifies the creation of
healthcare Al applications that can label
and analyze medical images

Source (adapted): Benemann, Kathy. 2023. 100+ Partners Bring NVIDIA Clara Al Healthcare Platform to
Enterprises Worldwide. 21 de March. https://blogs.nvidia.com/blog/nvidia-clara-ai-healthcare-enterprises/.

Appendix 60
NVIDIA Clara’s Partner Network

Drug Genomics
Discovery Platforms Cloud Platform

cermara® A DELIX  IKT@S Agilent €3 Albeba Cloud

O\ insiico o T

d e MIWPORE

A1) Medicine D InstaDeep” bt WS
S

IB g Q Open€ye

{IBADUAICLOUD  biobank’

DNAnexus EgRM Google Cloud
System
Integrators,

Service Providers

9 Schrédinger Rlifebit . Microsoft
e S8 fare Edge Computing,
% Xeureka NAVER Cloud Sensors and OEMs

0 ADLINK
Deloitte. XtalPi ALK ADMNTECH
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>
accenture
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ambda 45 Marl lIl
= D&LLTec DELTACAST

'-‘emergem @

G kontron Bueagmec Lenovo
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Imaging
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B
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@) a7 Tochnology sevices
MAGEWELL' mbx onyx
1/ Verasonics AV UAN]

© OMNIVISION

# Flyvheel Google Cloud

I @ NUANCE usdus

Source (adapted): NVIDIA. n.d. NVIDIA Clara. https://www.nvidia.com/en-us/clara/.
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