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« Digitisation has transformed many elements of society, not only enhancing
communication, innovation, and efficiency but also creating substantial privacy and
environmental concerns.

+ Various digitisation-related innovations enable the reliable and timely data collection
that is crucial for ESG integration in business operations and transparent reporting as
well as for promoting stakeholder confidence and trust.

» The integration of physical, digital information, and spatial interaction layers, which
results in a more interactive and immersive reality, represents the transition to a
cyber-physical world.

For investors, digitisation provides a wide range of investment alternatives, with
business activities such as cloud computing, Internet of Things (loT), digital
entertainment, and others showing substantial growth potential — although their
valuations and challenges vary.

Introduction

Digitisation, at its core, refers to technologies that generate data and convert non-
digital information into a digital format. This distinguishes it from artificial intelligence,
which is centred on utilising data. Digitisation provides the foundations of the modern
digital landscape.

Digitisation has already transformed many aspects of how we work and live. These
include enhanced communication, digital provision of existing and new goods and
services, and the ensuing digital transformation of many everyday activities and
routines. Claimed benefits include enhanced accessibility, efficiency and innovation.
But digitisation also poses challenges to personal privacy and the environment.

Where is digitisation leading next? There are two main trends.

First, individuals interacting with the digital world around them in a more direct way
than via a computer screen - virtual reality is just one aspect of this.

Second, the digital interaction between small and large objects (from jewellery to
cities) enables the digital management of how we live — and provides a “digital twin”
for us to interact with.

Ultimately, this could lead to the creation of what some are calling a “cyber-physical
world” — managed and interacted with digitally, possibly through seamlessly
interconnected networks, on the basis that a network’s value grows in proportion to
the square of its size.! The implications of this would be huge, both economically and
socially.

In Europe, Middle East and Africa as well as in Asia Pacific this material is considered marketing material, but this is not the case in the U.S. No assurance can be given
that any forecast or target can be achieved. Forecasts are based on assumptions, estimates, opinions and hypothetical models which may prove to be incorrect. Past
performance is not indicative of future returns. Performance refers to a nominal value based on price gains/losses and does not take into account inflation. Inflation will
have a negative impact on the purchasing power of this nominal monetary value. Depending on the current level of inflation, this may lead to a real loss in value, 1
even if the nominal performance of the investment is positive. Investments come with risk. The value of an investment can fall as well as rise and you might not get back
the amount originally invested at any point in time. Your capital may be at risk.


http://www.deutschewealth.com/

Deutsche Bank
Chief Investment Office

The drivers of digitisation

In the past, digitisation drivers have included advances in
affordability, computational power and miniaturisation, and
connectivity enabling the development and adoption of
productivity-enhancing innovations.

Affordability. Digitisation is becoming increasingly affordable
due to fundamental technological advances in computer
memory, storage, and processing power. These, in turn, are
the results of advances in manufacturing materials and
processes, miniaturisation, economies of scale, innovation,
and competition. Sharp falls in the cost of SSD storage and
memory (down 92% and 43% USD per terabyte respectively
during the last decade) are examples of this (see Figure 1).2

Computational power and miniaturisation. In parallel, the
computational power of microprocessors has improved
tremendously. The number of transistors on a single
microprocessor now averages around 60bn - compared to
just over 2,000 five decades ago (see Figure 1).3 Whereas the
quantity of transistors has increased substantially, the size of
semiconductors has shrunk considerably since 1971, falling
from 10,000 nm* to a negligible 3 nm by 2022.56
Miniaturisation has allowed the development of smaller and
more powerful devices, which has enabled the creation of new
applications and services.

Connectivity. The evolution of connectivity technology, from
wired connections to modern fibre-optic and wireless
technologies (such as Wi-Fi, cellular data networks, and
satellite-based systems), has transformed how people and
businesses interact.

Productivity. The development and adoption of innovations
enabled by these advancements has generated productivity
gains — especially for organisations that have had greater
access to critical technical, managerial, and organisational
expertise. In general, these businesses were already more
productive than the average organisation; digitisation has
contributed to the expansion of their competitive advantage.
Furthermore, the powerful network effects and low marginal
costs inherent in specific digital activities tend to favour a
limited number of exceptionally productive firms, thereby
rendering it progressively more challenging for other firms to
contend even in sectors characterised by low digital intensity,
such as hospitality and food services.2? Competitive pressure
is forcing businesses to digitise their processes and models.

Manufacturing companies, for example, have made several
operational productivity gains. The implementation of
technologies such as robotics and loT devices has been useful
in streamlining production processes and eliminating
downtimes. On the other hand, retailers have used digital
platforms (e-commerce) and data analytics to adjust and
improve inventory management, marketing campaigns and
their customers omnichannel experiences. Additionally,
companies have been enabled to monitor and track products
throughout the entire value chain, improving quality control
and ensuring timely deliveries.

This has created an environment where businesses are
spending more on digital transformation in response to the
competitive pressure and opportunities created by digitisation
as well as the expectations of their customers.

Spending is rising sharply: it is predicted that spending on
digital transformation will grow over 50% from USD2.2tn in
2023 to USD3.4tn in 2026.8 As is well known, the result of all
this has been a data explosion. Approximately 330 million
terabytes of data are already created each day, and this is
projected to increase quickly as seen in figure 2.7

Where we are

Digital infrastructure: the backbone. Initially, computers were
large-scale servers accessible only to enterprises but later
evolved into personal devices with end-user friendly software
and operating systems. This shift made computers more
economically significant, transforming them into portals for
shared media and global information access.

Now we are in an era of cloud computing, where computers
are once again servers, but now affordable and accessible on
an unprecedented scale — 94% of enterprises use cloud
services and almost 67% of enterprise infrastructure is now
cloud-based.? Obtaining access to supercomputing power in
the cloud has therefore become as easy as hailing a cab.

We are making increased use of this access, helped by the
improvements in communications technology. Mobile data
usage per smartphone is forecast to rise from 21 GB per
month in 2023 to 56 GB per month in 2029, with the 5G
share of mobile data traffic rising from 25% to 76% over this
period.10 5G coverage is forecast to increase from 46% of the
global population in 2023 to 86% in 2029, while mobile data
traffic is expected to more than triple (see Figures 3 and 4).10
Rising demand is being driven largely by data-intensive video
activities like cloud gaming, video streaming, and AR/VR
applications illustrated in Figure 5.10

Digital infrastructure: associated ecosystems. Digitisation
(and the rise in subscription services) has already led to
profound changes in how we consume media, benefiting
streaming services and interactive entertainment.

Global revenues for advertising and subscription video-on-
demand are expected to increase from USD39bn and
USD108bn in 2023 to USD69bn and USD127bn in 2029
respectively.!! The digital gaming market, which is less
dependent on subscriptions than the video market, is
expected to grow from USD210bn in 2023 to USD242bn in
2024; mobile gaming is expected to have a share of about
64%.12 This has been accompanied by a rapid increase in
internet ad spending, whose global volume is forecast to
increase by USD73bn between 2023 and 2025 and reach
close to USD580bn - a share of 59% of the total global
advertising market.13

E-commerce is following behind. Its share of total retail
revenues is estimated to have risen from 13.8% pre-Covid in
2019 to 17.8% in 2020 and is expected to rise t0 22.2% in
2026.14 Associated digital payments have disrupted the
checkout, point-of-sale, and remittance processes in the
financial industry, replacing traditional payment methods like
cash and credit or debit cards with digital wallets.

Digital infrastructure: getting everyday objects to interact.
The so-called Internet of Things (IoT) is the interconnection
of computing devices embedded in everyday objects,
enabling them to send and receive data and play increased
roles in areas such as smart cities and smart homes.

In Europe, Middle East and Africa as well as in Asia Pacific this material is considered marketing material, but this is not the case in the U.S. No assurance can be given
that any forecast or target can be achieved. Forecasts are based on assumptions, estimates, opinions and hypothetical models which may prove to be incorrect. Past
performance is not indicative of future returns. Performance refers to a nominal value based on price gains/losses and does not take into account inflation. Inflation will
have a negative impact on the purchasing power of this nominal monetary value. Depending on the current level of inflation, this may lead to a real loss in value, 2
even if the nominal performance of the investment is positive. Investments come with risk. The value of an investment can fall as well as rise and you might not get back
the amount originally invested at any point in time. Your capital may be at risk.
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It is estimated that between 2023 to 2029, the number of
connected loT devices will rise from around 16bn to 39bn,
including connected cars, machines, meters, sensors, point-
of-sale terminals, consumer electronics, and wearables.10

Our daily interactions with tangible environments, which
comprise the physical layer, will be augmented by loT
devices, sensors, and actuators that capture data and
interact with the digital information layer.

Some 6bn of these devices are predicted to be cellular loT
devices connected to the same network as mobile phones.10
By comparison, there are expected to be only 11bn traditional
connected devices (e.g. computers, mobile phones) over this
forecast period, as shown in Figure 6.1° The annual revenue
of the loT market is expected to grow from USD806bn in
2023 to over USD1tn in 2026.15

+ The digital information layer is responsible for storing the
digital duplicates of physical objects via sensorisation and
digital mapping. The outcomes are observable via
dashboard and screen devices, BCI, and AR/VR.

« The spatial interaction layer integrates physical and digital
layers by providing contextual real-time data accessible
by various signals such as speech, computer vision, and

oL . gestures.
Dlgltlsatlon‘ two major concerns Three significant advances will lead us to a cyber-physical
world.?4
Environmental: Data centres and data transmission  Interaction technologies that provide immersive

networks currently account for 1% of energy-related GHG
emissions and 2-2.8% of global electricity use, excluding
cryptocurrency mining (0.4%).16 These shares are likely to
increase with growing demand for data storage and
processing despite efforts to promote sustainable °
practices such as renewable energy sources and
improved energy efficiency.

experiences using sophisticated interfaces.

* Infrastructure technologies that provide the necessary
processing power and connectivity.

Data management technologies that ensure secure and
efficient service using blockchain and P2P technologies.

Interaction technologies like AR and VR will coexist. AR
embeds synthetic elements, including text, images, and
animations, by superimposing digital data onto the physical
environment. VR provides access to an entirely

virtual environment, which replaces the physical world. A BCI
may also establish a direct channel of communication
between the brain and an external device, with the intention
of enhancing sensory-motor or cognitive functions. BCls may
be non-invasive or invasive, and their primary difficulty lies in
the precise translation of intricate neural signals into real-
time actions.

Estimates suggests that sustainable practices by
information and communication technology firms have
resulted in only a moderate increase in emissions since
2010, notwithstanding the exponential growth of digital
service demand.!’ This is partially attributable to the fact
that energy consumption does not increase proportionally
with traffic volume.18

Furthermore, digitisation contributes to increasing e-
waste. It is estimated that annual e-waste will increase by
over 20% and reach 75mn metric tons in 2030 - that is 9
kg of e-waste per capita.l® Trends like the loT and the
update cycles of electric devices are major contributors to
the increase in e-waste.

Infrastructure technologies will draw on edge computing, a
distributed computing framework that brings computation
closer to the location needed, improving response times and
bandwidth. This approach is particularly beneficial for real-
time processing applications like loT devices, autonomous
vehicles and smart city technologies. 6G — another
infrastructure technology - is expected to provide
dependable, fast data speeds, and lower latency than its
predecessor.

Privacy and security. Digitisation raises a host of privacy
concerns, with issues like consent, data ownership, and
ethical use at the forefront. As companies collect more
data, there is increasing public concern about data usage
and collection levels.20 The situation is made more acute
by escalating cyber threats to individuals, companies, and
governments. The average cost of data breaches rose to
USD4.5mn in 2023.21 The proliferation of loT devices
complicates the security landscape, particularly as many
are seen as intrinsically vulnerable to attack, opening up
new avenues for crime.22

Higher-frequency bands, improved network efficiency, and
support for novel applications such as AR/VR, holographic
communications, and loT are among the anticipated
advancements in 6G technology. The deployment of 6G is
expected to begin around 2030.2° However, different 6G
technologies are possible as a result of China's ban on foreign
5G technology?6 and the bans imposed by many western
nations on the use of Chinese 5G technology in their
domestic markets.2’ 6G networks are becoming increasingly
susceptible to disparate standards and fragmentation?8,

Moving to a cyber-physical world

Decentralised blockchains may become the tool of choice for
data management. Data integrity and security are protected
by distributed ledger technology, which securely records
transactions across several computers. P2P technology
enhances security and resilience by enabling direct data
interchange between network systems without relying on a
central server. Blockchain and P2P technology may enable
safe and transparent systems for supply chain management,
identity verification, and voting.

Digitisation is likely to lead to what has been called a “cyber-
physical” world, where digital and physical realities are
integrated, creating a more interactive, personalised, and
immersive experience.

This cyber-physical world can be seen as composed of
interrelated layers - including the physical, digital
information, and spatial interaction layers — working together
to create a seamless blend.?3

In Europe, Middle East and Africa as well as in Asia Pacific this material is considered marketing material, but this is not the case in the U.S. No assurance can be given
that any forecast or target can be achieved. Forecasts are based on assumptions, estimates, opinions and hypothetical models which may prove to be incorrect. Past
performance is not indicative of future returns. Performance refers to a nominal value based on price gains/losses and does not take into account inflation. Inflation will
have a negative impact on the purchasing power of this nominal monetary value. Depending on the current level of inflation, this may lead to a real loss in value, 3
even if the nominal performance of the investment is positive. Investments come with risk. The value of an investment can fall as well as rise and you might not get back
the amount originally invested at any point in time. Your capital may be at risk.
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Digitisation: ESG data collection

Real-time and reliable data collection is essential for the
integration of ESG into the processes of business
operations, transparent reporting and decision-making.
This, in turn, provides companies with a faster and more
detailed method of tracking ESG performance, identifying
where they are deficient and comparing their
performance with peers as well as allocating resources
accurately. Reliable and timely data is particularly
essential to create stakeholder confidence and promote
trust internally.

Continuous sensorisation is a step in that direction.
Sensors attached to devices generate data available in
real time, which creates a suitable data source for ESG
indicators. Automated ESG reporting processes can then
reduce the time and resources used for data collection
and analysis, improving efficiency.

There are several successful examples:

e Smart waste management systems use RFID tags,
sensors, actuators, wireless sensor networks, near-
field communications, GPS, and various other
automatic data collection methods to monitor garbage
build-up levels and clear them remotely.

e Smart energy systems offer real-time monitoring of
energy usage and centralised remote maintenance,
helping to reduce operating costs and environmental
impact.

» loT solutions enable air quality, water quality and soil
moisture to be monitored with ease.
Existing facilities can make use of wireless sensors and
connected devices, which transfer the information
either to a centralised database or cloud platform.

Implications for investors

The long-term investment theme of digitisation presents a
diverse landscape of investment opportunities and
challenges.

Investment can be focused on the foundational technologies
and services that enable many other innovations. Investors
may seek to diversify their portfolios by considering several
sectors and industries that are central to this theme, but it
should be noted that short-term tech sector investment
performance is often closely correlated across sectors.

The main industries involved in digitisation are information

technology, communication services, consumer discretionary,

and financials.

These industries include software; semiconductors and
semiconductor equipment; IT services; technology hardware,
storage, and peripherals; interactive media and services;
entertainment; broadline retail; and financial services. Over
the long term, most of these sectors have demonstrated
substantial outperformance in comparison to the worldwide
stock market (see Figure 7). However, they also encountered
significant drawdowns as central banks started hiking,
indicating a pronounced sensitivity to interest rates.

Many of these sectors may offer long-term growth potential
(see Figure 8) as technology advances and technology
deployment continues steadily. New investment avenues that
are closely linked to existing, more established sectors are
opening up with the emergence of new technologies and
services, such as edge computing, AR/VR, and more.

The investment consensus is to see these as high-growth
industries. Many industries (e.g. semiconductors and
semiconductor manufacturing, broadline retail,
entertainment) are currently experiencing rapid growth in
their earnings, reflecting strong market demand and
significant perceived expansion potential within the
digitisation theme. However, as seen in their high
price/earnings (P/E) ratios, these industries come with very
high valuations. While these industries may be susceptible to
short-term profit-taking, their technological and/or market
leadership frequently provide long-term advantages.

Earnings growth in other digitisation-related industries might
appear relatively modest but it is still high compared to the
broad stock market. Above-average growth potential may
exist in the technology hardware, storage and peripherals,
interactive media and services, and software industries as a
result of ongoing innovation and shifting market demands in
the context of digitisation. Valuations vary across these
industries. The software industry is the most expensively
valued, while the technology hardware, storage, and
peripherals industry is the only industry with a valuation
below the all-sectors global average.

Industries undergoing a phase of moderate, yet consistent
expansion include financial services and IT service providers
that supply internet-dependent companies with infrastructure
such as data centres, cloud networking, storage, and web
hosting.

At present, these industries are undergoing a phase of
moderate yet consistent expansion. Many of these firms may
offer well-established business models and apparently stable
market positions but these industries are valued relatively
highly. Although valuations are inflated, the primary
determinant of share price performance remains earnings.
Technology companies have consistently exhibited the
capacity to not only disrupt with but also profit from
innovation. The swift commercialisation of innovations is of
the utmost importance in high-interest-rate environments
and periods of economic uncertainty.

In the current environment of low economic growth,
industries offering significant growth combined with pricing
power have obvious appeal. In this context, some U.S./Asian
megacaps involved in digitisation-related activities would
appear to have a competitive advantage due to economies of
scale and dominant market positions. However, it is crucial
for investors to be aware that market dominance, privacy, and
security issues may attract regulatory scrutiny.

Industries characterised by substantial margins, including
software, semiconductors and semiconductor equipment,
interactive media and services (see Figure 9), can leverage
their pricing power amidst persistently high inflation.

Alternatively, industries that are currently traded at a
discount but exhibit above-average earnings growth may
present opportunities in the near future, if current economic
uncertainties abate.

In Europe, Middle East and Africa as well as in Asia Pacific this material is considered marketing material, but this is not the case in the U.S. No assurance can be given
that any forecast or target can be achieved. Forecasts are based on assumptions, estimates, opinions and hypothetical models which may prove to be incorrect. Past
performance is not indicative of future returns. Performance refers to a nominal value based on price gains/losses and does not take into account inflation. Inflation will
have a negative impact on the purchasing power of this nominal monetary value. Depending on the current level of inflation, this may lead to a real loss in value,

even if the nominal performance of the investment is positive. Investments come with risk. The value of an investment can fall as well as rise and you might not get back

the amount originally invested at any point in time. Your capital may be at risk.
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Conclusion

The advent of the modern internet which started with the
linking of commercial networks and enterprises in the early
1990s and the introduction of the World Wide Web was the
starting point of rapid digitisation — the start of a paradigm
shift in the way the world functions. The factors that have
propelled this shift — affordability, computational prowess,
miniaturisation, connectivity, productivity — will drive the
convergence of the digital and physical domains.

Digitisation is now central to a wide range of industries, each
presenting distinct investment prospects. Business activities
such as e-commerce, digital entertainment, cloud services
and semiconductors are not merely participating in the digital
transformation; they are influencing its future direction.

Investing in these sectors requires an assessment of market
valuations, likely growth trajectories, potential developments
and so on. Striking a balance between valuation and growth
prospects as well as high margins will be key. Special
attention should be paid to strategically diversifying
digitisation investments within portfolios.

Investors should also be aware of the side-effects of
digitisation, in particular its environmental repercussions and
political and social implications, for example through
threatening individual privacy and security. Some areas
might be subject to additional and regionally diverging
regulation.

Digitisation is an investment theme that is certain to grow in
importance. It is central to a future that is digital and
interconnected and investors have the opportunity to be part
of this transformative journey.

In Europe, Middle East and Africa as well as in Asia Pacific this material is considered marketing material, but this is not the case in the U.S. No assurance can be given
that any forecast or target can be achieved. Forecasts are based on assumptions, estimates, opinions and hypothetical models which may prove to be incorrect. Past
performance is not indicative of future returns. Performance refers to a nominal value based on price gains/losses and does not take into account inflation. Inflation will

have a negative impact on the purchasing power of this nominal monetary value. Depending on the current level of inflation, this may lead to a real loss in value,
even if the nominal performance of the investment is positive. Investments come with risk. The value of an investment can fall as well as rise and you might not get back

the amount originally invested at any point in time. Your capital may be at risk.
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Figure 1: Improving computational power and computing costs
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Figure 2: Rising data volume and number of loT devices
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Figure 3: Forecasted mobile data coverage of the global population by technology
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Figure 4: Forecasted annual mobile data traffic
in exabytes by technology
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Figure 5: Forecasted annual mobile data traffic
in exabytes by application category
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Figure 6: Forecasted number of connected and loT devices worldwide in million units
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Figure 7: Indexed price performance of MSCI ACWI and MSCI ACWI industry indices
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Figure 8: Earnings growth & valuations table
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Figure 9: NTM Sales / NTM EBITDA ratio
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Glossary

AR/VR refers to computer-generated simulations that integrate the real world (AR) or are entirely self-contained (VR). AR
applications let you move around in the real world. With VR, you have to remain in the same location because you cannot see your
surroundings.

Blockchain is a digital database containing information that can be simultaneously used and shared within a large decentralized,
publicly accessible network. It is defined as a ledger of decentralized data that is securely shared.

The Consumer Price Index (CPI) measures the price of a basket of products and services based on the consumption of a typical
private household.

Cloud computing delivers cutting-edge computing technology over the internet for a fixed, recurring fee1234. It processes data in
centralized data centers across the globe. Edge computing processes data closer to the source, typically at the edge of the network
or within local devices. It is used to process time-sensitive data.

Defensive stocks offer more consistent dividends and stable returns, regardless of the performance of the stock market as a whole.
The European Central Bank (ECB) is the central bank of the eurozone.
The Euro (EUR) is the only legal tender in the EU member states that have adopted it.

The Eurozone is made up of 20 member states of the European Union that have adopted the euro as their common currency and
sole legal tender.

Earnings per share (EPS) is calculated as a company's net profit less the dividend for preference shares, divided by the total number
of shares in circulation.

The Federal Reserve (Fed) is the central bank of the United States of America. The Federal Open Market Committee (FOMC)
determines the Fed's monetary policy.

Growth stocks are companies that are likely to achieve above-average profit or sales growth.

The Internet of Things (IoT) refers to devices with sensors, processing capabilities, and software that connect and exchange data
over the Internet or other communications networks.

In technology, latency is the time a system or functional unit takes to react to a given input.

The price/earnings ratio (P/E ratio) measures the current share price of a company in relation to its earnings per share.

Next twelve months (NTM) refers to any financial ratio forecast for the immediate next twelve months from the current date.
Computer memory operates at a higher speed than storage but is more expensive and lower in capacity.

A solid-state drive (SSD) uses integrated circuit assemblies to store data persistently. Compared with electromechanical drives,
SSDs are typically more resistant to physical shock, run silently, and have higher input/output operations per second and lower
latency.

The Stoxx Europe 600 is an equity index that tracks the performance of the securities of a total of 600 of the largest companies from
17 countries in the European Union.

The S&P 500 is a share index (price index) in the U.S.. It includes shares of the 500 largest and highest-turnover companies in the
country.

U.S. is the designation for the United States.
USD is the currency code for the U.S. dollar.

The volatility of a financial asset is the degree of variation of its trading price series over time. It is usually measured by the standard
deviation of logarithmic returns from the asset’s average value.

In telecommunications, 5G is the fifth-generation technology standard for cellular networks, which cellular phone companies began
deploying worldwide in 2019, and is the successor to 4G technology that provides connectivity to most current mobile phones. Its
successor is 6G, the sixth-generation technology standard for cellular networks.

In Europe, Middle East and Africa as well as in Asia Pacific this material is considered marketing material, but this is not the case in the U.S. No assurance can be given
that any forecast or target can be achieved. Forecasts are based on assumptions, estimates, opinions and hypothetical models which may prove to be incorrect. Past
performance is not indicative of future returns. Performance refers to a nominal value based on price gains/losses and does not take into account inflation. Inflation will
have a negative impact on the purchasing power of this nominal monetary value. Depending on the current level of inflation, this may lead to a real loss in value, 10
even if the nominal performance of the investment is positive. Investments come with risk. The value of an investment can fall as well as rise and you might not get back
the amount originally invested at any point in time. Your capital may be at risk.



Deutsche Bank

Chief Investment Office

Bibliography

1. Zhang, XZ., Liu, JJ. & Xu, ZW. Tencent and Facebook Data Validate Metcalfe's Law. J. Comput. Sci. Technol. 30, 246-251 (2015).
https://doi.org/10.1007/s11390-015-1518-1

2. John C. McCallum (2022) — processed by Our World in Data. Retrieved from: https://ourworldindata.org/technological-change

3. Karl Rupp, Microprocessor Trend Data (2022) — processed by Our World in Data. Retrieved from: https://ourworldindata.org/technological-
change

4. Intel (2024). The Story of the Intel 4004. Retrieved from: https://www.intel.com/content/www/us/en/history/museum-story-of-intel-4004.html

5.  TSMC (2024). 3nm Technology. Retrieved from: https://www.tsmc.com/english/dedicatedFoundry/technology/logic/l 3nm

6. Samsung(2022). Samsung Begins Chip Production Using 3nm Process Technology With GAA Architecture. Retrieved from:
https://news.samsung.com/global/samsung-begins-chip-production-using-3nm-process-technology-with-gaa-architecture

7. IDC, Seagate & Statista (2021). Volume of data/information created, captured, copied, and consumed worldwide from 2010 to 2020, with
forecasts from 2021 to 2025. Retrieved fom: https://www.statista.com/statistics/871513/worldwide-data-created/

8. IDC (2022). IDC Spending Guide Sees Worldwide Digital Transformation Investments Reaching $3.4 Trillion in 2026. Retrieved from:
https://www.idc.com/getdoc.jsp?containerld=prUS49797222

9. Simon Carpenter, Cloudwards, Techjury (2022). High-Tech Forecast: Cloudy, With Showers Of Innovation. Retrieved from:
https://www.forbes.com/sites/sap/2022/02/17/it-forecast-cloudy-with-showers-of-innovation/?sh=43cf05e61a7f

10. Ericsson (2023). Ericsson Mobility Visualizer. Retrieved from: https://www.ericsson.com/en/reports-and-papers/mobility-report/mobility-
visualizer?f=9&ft=2&r=1&t=11,12,13,14,15,16,17&s=4&u=3&y=2023,2029&c=1

11. Digital TV Research (2023). Digital TV Research: Global AVOD/SVOD Revenue to Reach $215 Billion by 2029. Retrieved from:
https://www.mediaplaynews.com/digital-tv-research-global-avod-svod-revenue-to-reach-215-billion-by-2029/?hilite=Global+AVOD+Revenue

12. Capcom, International Development Group (2023). Capcom Fiscal Year 2022 Financial Results Presentation. Retrieved from:
https://www.capcom.co.jp/ir/english/data/pdf/explanation/2022/full/explanation 2022 full 04.pdf

13. Zenith (2023). Advertising Expenditure Forecasts June 2023. Retrieved from: https://www.zenithmedia.com/wp-
content/uploads/2023/06/Adspend-forecast-report-2023 V3.pdf

14. Insider Intelligence (2022). Digital Sales Growth Plummets as Overall Retail Returns to Pre-Pandemic Trendlines. Retrieved from:
https://www.insiderintelligence.com/content/worldwide-ecommerce-forecast-update-2022

15. IDC (2023). Worldwide Internet of Things Spending Guide. Retrieved from: https://www.idc.com/getdoc.jsp?containerld=prUS50936423

16. IEA (2023). Data Centres and Data Transmission Networks. Retrieved from: https://www.iea.org/energy-system/buildings/data-centres-and-
data-transmission-networks

17. Malmodin, Jens and Lévehagen, Nina and Bergmark, Pernilla and Lundén, Dag, ICT Sector Electricity Consumption and Greenhouse Gas
Emissions — 2020 Outcome (2023). Available at SSRN: https://ssrn.com/abstract=4424264 or http://dx.doi.org/10.2139/ssrn.4424264

18. Koomey, Jonathan and Masanet, Eric, Does not compute: Avoiding pitfalls assessing the Internet's energy and carbon impacts (2021). Available
at https://www.cell.com/joule/fulltext/S2542-4351(21)00211-
7? returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2542435121002117%3Fshowall%3Dtrue or
https://doi.org/10.1016/j.joule.2021.05.007

19. FortiV., Baldé C.P., Kuehr R., Bel G. The Global E-waste Monitor 2020: Quantities, flows and the circular economy potential. United Nations
University (UNU)/United Nations Institute for Training and Research (UNITAR) - co-hosted SCYCLE Programme, International
Telecommunication Union (ITU) & International Solid Waste Association (ISWA), Bonn/Geneva/Rotterdam

20. KPMG (2021). Corporate data responsibility: Bridging the consumer trust gap. Retrieved from: https://kpmg.com/us/en/articles/2023/bridging-
the-trust-chasm.html

21. IBM (2023). Cost of a Data Breach Report 2023. Retrieved from: https://www.ibm.com/reports/data-breach

22. Bitdefender (2023). The 2023 loT Security Landscape Report. Retrieved from:
https://www.bitdefender.com/files/News/CaseStudies/study/429/2023-loT-Security-Landscape-Report.pdf

23. Deloitte (2019). The Spatial Web and Web 3.0. Retrieved from: https://www?2.deloitte.com/content/dam/insights/us/articles/6645 Spatial-web-
strategy/D| Spatial-web-strategy.pdf

24. Gabriel René and Dan Mapes, The Spatial Web: How Web 3.0 Will Connect Humans, Machines, and Al to Transform the World (2019).

25. ITU (2023).ITU advances the development of IMT-2030 for 6G mobile technologies. Retrieved from:
https://www.itu.int/en/mediacentre/Pages/PR-2023-12-01-IMT-2030-for-6G-mobile-technologies.aspx

26. LightReading. Ericsson and Nokia are nearer to the endgame in China. Retrieved from: https://www.lightreading.com/5g/ericsson-and-nokia-
are-nearer-to-the-endgame-in-china

27. The New York Times (2019). ‘Prospective Threat’ of Chinese Spying Justifies Huawei Ban, U.S. Says. Retrieved from:
https://www.nytimes.com/2019/07/05/technology/huawei-lawsuit-us-government.html

28. |EEE Spectrum (2021). 6G Is Years Away, but the Power Struggles Have Already Begun. Retrieved from: https://spectrum.ieee.org/6g-
geopolitics

29. OECD (2019). Digitalisation and productivity: A story of complementarities. Retrieved from: https://www.oecd-ilibrary.org/sites/5713bd7d-

en/index.html?itemld=/content/component/5713bd7d-en

In Europe, Middle East and Africa as well as in Asia Pacific this material is considered marketing material, but this is not the case in the U.S. No assurance can be given
that any forecast or target can be achieved. Forecasts are based on assumptions, estimates, opinions and hypothetical models which may prove to be incorrect. Past
performance is not indicative of future returns. Performance refers to a nominal value based on price gains/losses and does not take into account inflation. Inflation will
have a negative impact on the purchasing power of this nominal monetary value. Depending on the current level of inflation, this may lead to a real loss in value, 11
even if the nominal performance of the investment is positive. Investments come with risk. The value of an investment can fall as well as rise and you might not get back
the amount originally invested at any point in time. Your capital may be at risk.


https://doi.org/10.1007/s11390-015-1518-1
https://ourworldindata.org/technological-change
https://ourworldindata.org/technological-change
https://ourworldindata.org/technological-change
https://www.intel.com/content/www/us/en/history/museum-story-of-intel-4004.html
https://www.tsmc.com/english/dedicatedFoundry/technology/logic/l_3nm
https://news.samsung.com/global/samsung-begins-chip-production-using-3nm-process-technology-with-gaa-architecture
https://www.statista.com/statistics/871513/worldwide-data-created/
https://www.idc.com/getdoc.jsp?containerId=prUS49797222
https://www.forbes.com/sites/sap/2022/02/17/it-forecast-cloudy-with-showers-of-innovation/?sh=43cf05e61a7f
https://www.ericsson.com/en/reports-and-papers/mobility-report/mobility-visualizer?f=9&ft=2&r=1&t=11,12,13,14,15,16,17&s=4&u=3&y=2023,2029&c=1
https://www.ericsson.com/en/reports-and-papers/mobility-report/mobility-visualizer?f=9&ft=2&r=1&t=11,12,13,14,15,16,17&s=4&u=3&y=2023,2029&c=1
https://www.mediaplaynews.com/digital-tv-research-global-avod-svod-revenue-to-reach-215-billion-by-2029/?hilite=Global+AVOD+Revenue
https://www.capcom.co.jp/ir/english/data/pdf/explanation/2022/full/explanation_2022_full_04.pdf
https://www.zenithmedia.com/wp-content/uploads/2023/06/Adspend-forecast-report-2023_V3.pdf
https://www.zenithmedia.com/wp-content/uploads/2023/06/Adspend-forecast-report-2023_V3.pdf
https://www.insiderintelligence.com/content/worldwide-ecommerce-forecast-update-2022
https://www.idc.com/getdoc.jsp?containerId=prUS50936423
https://www.iea.org/energy-system/buildings/data-centres-and-data-transmission-networks
https://www.iea.org/energy-system/buildings/data-centres-and-data-transmission-networks
https://ssrn.com/abstract=4424264
http://dx.doi.org/10.2139/ssrn.4424264
https://www.cell.com/joule/fulltext/S2542-4351(21)00211-7?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2542435121002117%3Fshowall%3Dtrue
https://www.cell.com/joule/fulltext/S2542-4351(21)00211-7?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2542435121002117%3Fshowall%3Dtrue
https://doi.org/10.1016/j.joule.2021.05.007
https://kpmg.com/us/en/articles/2023/bridging-the-trust-chasm.html
https://kpmg.com/us/en/articles/2023/bridging-the-trust-chasm.html
https://www.ibm.com/reports/data-breach
https://www.bitdefender.com/files/News/CaseStudies/study/429/2023-IoT-Security-Landscape-Report.pdf
https://www2.deloitte.com/content/dam/insights/us/articles/6645_Spatial-web-strategy/DI_Spatial-web-strategy.pdf
https://www2.deloitte.com/content/dam/insights/us/articles/6645_Spatial-web-strategy/DI_Spatial-web-strategy.pdf
https://www.itu.int/en/mediacentre/Pages/PR-2023-12-01-IMT-2030-for-6G-mobile-technologies.aspx
https://www.lightreading.com/5g/ericsson-and-nokia-are-nearer-to-the-endgame-in-china
https://www.lightreading.com/5g/ericsson-and-nokia-are-nearer-to-the-endgame-in-china
https://www.nytimes.com/2019/07/05/technology/huawei-lawsuit-us-government.html
https://spectrum.ieee.org/6g-geopolitics
https://spectrum.ieee.org/6g-geopolitics
https://www.oecd-ilibrary.org/sites/5713bd7d-en/index.html?itemId=/content/component/5713bd7d-en
https://www.oecd-ilibrary.org/sites/5713bd7d-en/index.html?itemId=/content/component/5713bd7d-en

Deutsche Bank
Chief Investment Office /

Important information

General

This document may not be distributed in Canada or Japan. This document is intended for retail or professional clients only. This document is being circulated in good
faith by Deutsche Bank Aktiengesellschaft, its branches (as permitted in any relevant jurisdiction), affiliated companies and its officers and employees (collectively,
“Deutsche Bank”).

This material is for your information only and is not intended as an offer, or recommendation or solicitation of an offer to buy or sell any investment, security, financial
instrument or other specific product, to conclude a transaction, or to provide any investment service or investment advice, or to provide any research, investment
research or investment recommendation, in any jurisdiction, but is intended solely for information purposes. The information does not replace advice tailored to the
individual circumstances of the investor.

All materials in this communication are meant to be reviewed in their entirety.

If a court of competent jurisdiction deems any provision of this disclaimer unenforceable, the remaining provisions will remain in full force and effect. This document has
been prepared as a general market commentary without consideration of the investment needs, objectives or financial circumstances of any particular investor.
Investments are subject to market risks which derive from the instrument or are specific to the instrument or attached to the particular issuer. Should such risks
materialise, investors may incur losses, including (without limitation) a total loss of the invested capital. The value of investments can fall as well as rise and you may not
recover the amount originally invested at any point in time. This document does not identify all the risks (direct or indirect) or other considerations which may be material
to an investor when making an investment decision.

nou

This document and all information included herein are provided “as is”, “as available” and no representation or warranty of any kind, express, implied or statutory, is
made by Deutsche Bank regarding any statement or information contained herein or in conjunction with this document. To the extent permissible under applicable laws
and regulations, we are making no representation as to the profitability of any financial instrument or economic measure. All opinions, market prices, estimates, forward
looking statements, hypothetical statements, forecast returns or other opinions leading to financial conclusions contained herein reflect Deutsche Bank's subjective
judgment as of the date of this document. Without limitation, Deutsche Bank does not warrant the accuracy, adequacy, completeness, reliability, timeliness or availability
of this communication or any information in this document and expressly disclaims liability for errors or omissions herein. Forward looking statements involve significant
elements of subjective judgments and analyses and changes thereto and/or consideration of different or additional factors could have a material impact on the results
indicated. Therefore, actual results may vary, perhaps materially, from the results contained herein.

Unless otherwise indicated in this document, all statements of opinion reflect the current assessment of Deutsche Bank, which may change at any time. Deutsche Bank
does not assume any obligation to either update the information contained in this document or inform investors about available updated information. The information
contained in this document is subject to change without notice and based on a number of assumptions, estimates, opinions and hypothetical models or analyses which —
although, From the Bank’s current point of view are based on adequate information — may not prove valid or turnout in the future to be accurate or correct and may be
different from conclusions expressed by other departments within Deutsche Bank. Although the information contained in this document has been derived from sources
that Deutsche Bank considers trustworthy and reliable, Deutsche Bank does not guarantee the completeness, fairness, or accuracy of the information and it should not
be relied upon as such. This document may provide, for your convenience, references to websites and other external sources. Deutsche Bank takes no responsibility for
their content and their content does not form any part of this document. Accessing such external sources is at your own risk.

To the extent permissible under applicable laws and regulations, this document is for discussion purposes only and is not intended to create any legally binding
obligations on Deutsche Bank and Deutsche Bank is not acting as your financial advisor or in a fiduciary capacity unless otherwise expressly agreed by Deutsche Bank in
writing. Before making an investment decision, investors need to consider, with or without the assistance of a financial professional, whether any investments and
strategies described or provided by Deutsche Bank, are appropriate, in light of the investor’s particular investment needs, objectives, financial circumstances, the
possible risks and benefits of such investment decision. When making an investment decision, potential investors should not rely on this document but only on what is
contained in the final offering documentation relating to the investment. As a global financial services provider, Deutsche Bank from time to time faces actual and
potential conflicts of interest. Deutsche Bank's policy is to take all appropriate steps to maintain and operate effective organisational and administrative arrangements to
identify and manage such conflicts. Senior management within Deutsche Bank are responsible for ensuring that Deutsche Bank’s systems, controls and procedures are
adequate to identify and manage conflicts of interest. Deutsche Bank does not give tax or legal advice, including in this document, and nothing in this document should
be interpreted as Deutsche Bank providing any person with any investment advice. Investors should seek advice from their own tax experts, lawyers, and investment
advisers in considering investments and strategies described by Deutsche Bank. Unless notified to the contrary in a particular case, investment instruments are not
insured by any governmental entity, not subject to deposit protection schemes and not guaranteed, including by Deutsche Bank. This document may not be reproduced
or circulated without Deutsche Bank's express written authorisation. Deutsche Bank expressly prohibits the distribution and transfer of this material to third parties.
Deutsche Bank accepts no liability whatsoever arising from the use or distribution of this material or for any action taken or decision made in respect of investments
mentioned in this document which the investor may have made or may make in the future.

The manner of circulation and distribution of this document may be restricted by law or regulation in certain countries, including, without limitation, the United States.
This document is not directed to, or intended for distribution to or use by, any person or entity who is a citizen or resident of or located in any locality, state, country, or
other jurisdiction where such distribution, publication, availability or use would be contrary to law or regulation or which would subject Deutsche Bank to any registration
or licensing requirement within such jurisdiction not currently met. Persons into whose possession this document may come are required to inform themselves of, and to
observe, such restrictions. Past performance is no guarantee of future results; nothing contained herein shall constitute any representation, warranty, or prediction as to
future performance. Further information is available upon investor’s request.

Deutsche Bank AG is a stock corporation (“Aktiengesellschaft”) incorporated under the laws of the Federal Republic of Germany with its head office in Frankfurt am
Main. It is registered with the district court (“Amtsgericht”) in Frankfurt am Main under number HRB 30 000and licensed to carry out banking business and to provide
financial services. Supervisory authorities are the European Central Bank (“ECB"), Sonnemannstrasse 22, 60314 Frankfurt am Main, Germany (www.ecb.europa.eu) and
the German Federal Financial Supervisory Authority (“Bundesanstalt fiir Finanzdienstleistungsaufsicht” or “BaFin”), Grauheindorfer Strasse 108, 53117 Bonn and Marie-
Curie-Strasse24-28, 60439 Frankfurt am Main(www.bafin.de), and by the German Central Bank (“Deutsche Bundesbank”), Wilhelm-Epstein-Strasse 14, 60431 Frankfurt
am Main (www.bundesbank.de).

This document has neither been submitted to nor reviewed or approved by any of the above or below mentioned supervisory authorities.

In Europe, Middle East and Africa as well as in Asia Pacific this material is considered marketing material, but this is not the case in the U.S. No assurance can be given
that any forecast or target can be achieved. Forecasts are based on assumptions, estimates, opinions and hypothetical models which may prove to be incorrect. Past
performance is not indicative of future returns. Performance refers to a nominal value based on price gains/losses and does not take into account inflation. Inflation will
have a negative impact on the purchasing power of this nominal monetary value. Depending on the current level of inflation, this may lead to a real loss in value, 12
even if the nominal performance of the investment is positive. Investments come with risk. The value of an investment can fall as well as rise and you might not get back
the amount originally invested at any point in time. Your capital may be at risk.


http://www.bundesbank.de/

Deutsche Bank

Chief Investment Office

Important information

For Residents of the United Arab Emirates

This document is strictly private and confidential and is being distributed to a limited number of investors and must not be provided to any person other than the original
recipient, and may not be reproduced or used for any other purpose. By receiving this document, the person or entity to whom it has been issued understands,
acknowledges and agrees that this document has not been approved by the UAE Central Bank, the UAE Securities and Commodities Authority, the UAE Ministry of
Economy or any other authorities in the UAE. No marketing of any financial products or services has been or will be made from within the United Arab Emirates and no
subscription to any funds, securities, products or financial services may or will be consummated within the United Arab Emirates. This does not constitute a public offer
of securities in the United Arab Emirates in accordance with the Commercial Companies Law, Federal Law No. 2 of 2015 (as amended from time to time) or otherwise.
This document may only be distributed to “Professional Investors”, as defined in the UAE Securities and Commodities Authority’s Rulebook on Financial Activities and
Reconciliation Mechanism (as amended from time to time).

For Residents of Kuwait

This document has been sent to you at your own request. This presentation is not for general circulation to the public in Kuwait. The Interests have not been licensed for
offering in Kuwait by the Kuwait Capital Markets Authority or any other relevant Kuwaiti government agency. The offering of the Interests in Kuwait on the basis a private
placement or public offering is, therefore, restricted in accordance with Decree Law No. 31 of 1990 and the implementing regulations thereto (as amended) and Law No.
7 of 2010 and the bylaws thereto (as amended). No private or public offering of the Interests is being made in Kuwait, and no agreement relating to the sale of the
Interests will be concluded in Kuwait. No marketing or solicitation or inducement activities are being used to offer or market the Interests in Kuwait.

For Residents of the Kingdom of Saudi Arabia

This document may not be distributed in the Kingdom except to such persons as are permitted under the Investment Fund Regulations issued by the Capital Market
Authority. The Capital Market Authority does not take any responsibility for the contents of this document, does not make any representation as to its accuracy or
completeness, and expressly disclaims any liability whatsoever for any loss arising from, or incurred in reliance upon, any part of this document. Prospective subscribers
of the securities should conduct their own due diligence on the accuracy of any information relating to securities. If you do not understand the contents of this document,
you should consult an authorised financial adviser.

For Residents of Qatar

This document has not been filed with, reviewed or approved by the Qatar Central Bank, the Qatar Financial Markets Authority, the Qatar Financial Centre Regulatory
Authority or any other relevant Qatari governmental body or securities exchange or under any laws of the State of Qatar. This document does not constitute a public
offering and is addressed only to the party to whom it has been delivered. No transaction will be concluded in Qatar and any inquiries or applications should be received,
and allotments made, outside Qatar.

For Residents of the Kingdom of Bahrain

This document does not constitute an offer for sale of, or participation in, securities, derivatives or funds marketed in Bahrain within the meaning of Bahrain Monetary
Agency Regulations. All applications for investment should be received and any allotments should be made, in each case from outside of Bahrain. This document has
been prepared for private information purposes of intended investors only who will be institutions. No invitation shall be made to the public in the Kingdom of Bahrain
and this document will not be issued, passed to, or made available to the public generally. The Central Bank (CBB) has not reviewed, nor has it approved, this document
or the marketing of such securities, derivatives or funds in the Kingdom of Bahrain.

For Residents of South Africa

This document does not constitute or form a part of any offer, solicitation or promotion in South Africa. This document has not been filed with, reviewed or approved by
the South African Reserve Bank, the Financial Sector Conduct Authority or any other relevant South African governmental body or securities exchange or under any laws
of the Republic of South Africa.

For Residents of Belgium

This document has been distributed in Belgium by Deutsche Bank AG acting though its Brussels Branch. Deutsche Bank AG is a stock corporation (“Aktiengesellschaft”)
incorporated under the laws of the Federal Republic of Germany and licensed to carry on banking business and to provide financial services subject to the supervision
and control of the European Central Bank (“"ECB”) and the German Federal Financial Supervisory Authority (“"BaFin”). Deutsche Bank AG, Brussels Branch, is also
supervised in Belgium by the Financial Services and Markets Authority ("FSMA”, www.fsma.be). The branch has its registered address at Marnixlaan 13-15, B-1000
Brussels and is registered under number VAT BE 0418.371.094, RPM/RPR Brussels. Further details are available on request or can be found at www.deutschebank.be.

For Residents of the United Kingdom

This document is a financial promotion as defined in Section 21 of the Financial Services and Markets Act 2000 and is approved by and communicated to you by DB UK
Bank Limited. DB UK Bank Limited is a member of the Deutsche Bank group and is registered.at Company House in England & Wales with company number 315841
with its registered Office: 21 Moorfields, London, United Kingdom, EC2Y 9DB. DB UK Bank Limited is authorised by the Prudential Regulation Authority and is regulated
by the Financial Conduct Authority and the Prudential Regulation Authority. DB UK Bank Limited’s Financial Services Registration Number is 140848.

Deutsche Bank Aktiengesellschaft is incorporated in the Federal Republic of Germany and its members' liability is limited.

In Europe, Middle East and Africa as well as in Asia Pacific this material is considered marketing material, but this is not the case in the U.S. No assurance can be given
that any forecast or target can be achieved. Forecasts are based on assumptions, estimates, opinions and hypothetical models which may prove to be incorrect. Past
performance is not indicative of future returns. Performance refers to a nominal value based on price gains/losses and does not take into account inflation. Inflation will
have a negative impact on the purchasing power of this nominal monetary value. Depending on the current level of inflation, this may lead to a real loss in value, 13
even if the nominal performance of the investment is positive. Investments come with risk. The value of an investment can fall as well as rise and you might not get back
the amount originally invested at any point in time. Your capital may be at risk.


http://www.fsma.be/

Deutsche Bank

Chief Investment Office

Important information

For Residents of Hong Kong

This material is intended for: Professional Investors in Hong Kong. Furthermore, this material is provided to addressee only, further distribution of this material is strictly
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