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Executive Summary

The tools and techniques of the Fourth Industrial Revolution, or Industry 4.0, create
strategic opportunities for the nations and firms best able to leverage the incredible increase
in systems connectivity and data. This paper summarizes five months of research and discussions
with Industry, Government, and Academia on the advanced manufacturing technologies made
possible by Industry 4.0. We compare and assess competing for national industrial systems and
policies and evaluate divergent firm and market strategies. Our team paid attention
to the manufacturing ecosystems in the United States, the People’s Republic of China (PRC), and
the Russian Federation, using the Porter’s Diamond Model of National Advantage to identify
each nation’s unique strengths, weaknesses, opportunities, and threats. This analysis proposed
policy recommendations to strengthen the U.S. manufacturing base and expand and diversify the
nation’s supply chain for Great Power Competition.

Strategic competition among the “Great Powers” finds the U.S. and PRC, the world’s two
largest economies and manufacturers, in a contested rivalry for global diplomatic, military, and
economic influence. In the early months of 2021, both nations released a financial plan that
explicitly emphasizes digital transformation and the tenets of Industry 4.0. Each country
promises government funding and other support for its industries. The methods differ only in
the size of the government subsidies and mechanisms of reinforcement between the countries. In
contrast to the U.S. and PRC, Russia, while it remains a military power, lacks the economic clout
to sustainably project power at great distances beyond its borders. The effects of long-running
economic sanctions have resulted in limited foreign investment and slow economic growth.
Russia’s modest plan for digital transformation is underfunded and behind schedule and is not
likely to be realized soon. For this reason, the analytical effort focused primarily on the contest
between the U.S. and PRC.

Assessing the U.S. industrial system, we found signs of a robust innovation sector
with first-rate academic research institutions, easy access to capital, and strong intellectual
property laws. However, the U.S. lacks a consistent and coordinated industrial policy, has grown
dependent on foreign resources and suppliers, has scaled-back support for research and
development, and has found signs of weakness in the primary and secondary education systems.
The PRC has some similarities and differences from the U.S. The PRC industrial system benefits
from a well-executed central plan, abundant domestic suppliers, loose regulation, abundant labor,
and large government subsidies to support innovation and manufacturing. However, after
decades of rapid growth, there are signs of a slowdown. The PRC system could benefit from
market liberalization to increase the number of domestic competitors. Also, the authoritarian
government’s pattern of aggression, debt-trap diplomacy, and human rights abuses has left some
nations reluctant to expand their partnerships with the PRC, perhaps limiting their market
penetration in these countries. The U.S. can assert policies to address China’s aggression.

Our team developed policy recommendations to advance U.S. interests and minimize the
threat of PRC hegemony in advanced manufacturing and high-value industries after
considering the differences in capabilities between these competing industrial systems. The U.S.
must execute the following five critical policies that support a manufacturing renaissance in
high-value industries:

» Promote U.S. International Standards for Advanced Manufacturing
> Develop and Strengthen International Advanced Manufacturing Partnerships

il



» Provide High-Performance Computing Resources to Enable Data-Driven

Manufacturing
» Subsidize U.S. Research and Development and Capital Investment through Tax Policy
> Provide Career and Technical Education for a 215 Century Workforce

These recommendations form the foundation of an integrated economic and industrial

strategy that balances technological innovation with high-value production output. While there
are substantial risks to consider when applying these policies, America’s national security is at
greater risk if it does not outpace its rivals’ production capacities.

il



INTRODUCTION

The 2017 National Security Strategy describes domestic manufacturing as a vital link to
supply chain security and a resilient defense industrial base.! The U.S. government must adopt
new policies encouraging firms in high-value industries to adopt the tools of advanced
manufacturing and industry 4.0. to support national security objectives and reinvigorate the
American manufacturing base. The new policies will help secure critical supply chains,
contribute to GDP growth, and better position the U.S. for Great Power Competition. The United
States’ market economy and highly innovative manufacturing sector position it well to compete
in the 21st-century global economy. However, competitors have gained an increasing percentage
of manufacturing market share due to their lower labor costs, higher levels of government
support, increasingly effective workforce education, and concentration of raw materials, and
presence of related and supporting industries. These elements combine to create national
economic strength.

The economic and military might of nations inextricably links the strength and capability
of their manufacturing sector since the birth of the Industrial Revolution. The U.S. emerged as a
superpower through its manufacturing might, serving as the “Arsenal of Democracy” during
World War II. America provided such abundant material for the Allied war effort that Germany
was overwhelmed.? After the war, the United States transitioned its newfound manufacturing
efficiency to peacetime production and dominated the world’s commercial markets for fifty
years. Economists and historians observed that industrialization gave rise to higher education
levels, longer life spans, growing individual and national income, and improved overall quality
of life. The continuation of these trends will depend on the nation’s ability to master the tools of
the Fourth Industrial Revolution, or Industry 4.0, and the cyber-physical systems as our countries
compete across the global landscape.

Preparing the nation for Great Power Competition, an interagency Cabinet Secretary team
assessed the capacity and resilience of the Defense Industrial Base (DIB) and its supply chains.’
The team identified five macro forces negatively affecting the DIB: uncertainty in government
spending, the decline of U.S. manufacturing, inefficient government procurement practices, the
harmful industrial policies of competitor nations, and the critical skills of U.S. manufacturing
workers.* In its 2020 assessment of the DIB, DoD noted the “deindustrialization trend” of the
past fifty years. It warned that a declining manufacturing sector risks “a growing and likely
permanent national security deficit” and was concerned that manufacturing now accounts for less

1“NSS-Final-12-18-2017-0905-2.Pdf.” n.d. Accessed April 5, 2021.
https://www.whitehouse.gov/wp-content/uploads/2017/12/NSS-Final-12-18-2017-0905-2.pdf.
2 Roosevelt, F. D. Fireside Chat radio broadcast. December 1940.

3 Donald Trump, “Executive Order 13806: Assessing and Strengthening the Manufacturing and
Defense Industrial Base and Supply Chain Resiliency of the United States,” The American
Presidency Project, accessed April 4th, 2021,
https://www.presidency.ucsb.edu/documents/executive-order-13806-assessing-and-
strengthening-the-manufacturing-and-defense-industrial

4 Ibid.



than 12 percent of the economy.> Strong strategic policies are necessary to support a
manufacturing rebound.

This paper identifies and recommends policies that would support a U.S. manufacturing
renaissance and rebuild the industrial commons to support high-value industries using the tools
of Industry 4.0. The lenses of Great Power Competition and the Porter Diamond Theory of
National Advantage compare the United States, the PRC, and the Russian Federation’s
competitive advantages to determine which U.S. government policies could best prepare the
DoD and the nation for the competitive environment. Advanced manufacturing has always
driven the research, design, and development of new technologies, with applications for national
defense. And advanced manufacturing has always depended on a highly skilled workforce to
increase productivity and innovation.® U.S. national security is at risk if our manufacturers do
not embrace the principles of the Fourth Industrial Revolution and outpace our rivals’ innovation
and production capabilities. Winning this century’s Great Power Competition will depend on
our ability to lead the world in advanced manufacturing, just as it did in earlier times.

STRATEGIC ENVIRONMENT

After being dismissed as a phenomenon of an earlier century, great power
competition returned. China and Russia began to reassert their influence
regionally and globally. Today, they are fielding military capabilities designed to
deny America access in times of crisis and to contest our ability to operate freely
in critical commercial zones during peacetime. In short, they are contesting our
geopolitical advantages and trying to change the international order in their
favor.’

- National Security Strategy of the United States of America, December 2017

While many nations might make a case for contemporary great power status, the
framework guides the analysis created by the 2017 National Security Strategy, which found that
the U.S., the PRC, and Russia were engaged in a contest for worldwide influence and leadership.
The strategic environment is considered in each of these nations related to advanced
manufacturing and Industry 4.0.

United States
While in office for just over 100 days at the time of this writing, President Biden has

already provided sufficient guidance for the authors to project how his administration will shape
the strategic environment in the coming years. He has issued an Interim National Security

> “Fiscal Year 2020 Industrial Capabilities Report to Congress,” OSD A&S Industrial Policy,
January 2021, https://media.defense.gov/2021/Jan/14/2002565311/-1/-1/0/FY20-
INDU.S.TRIAL-CAPABILITIES-REPORT.PDF/.

6 “The Strategy for American Leadership in Advanced Manufacturing,” Subcommittee on
Advanced Manufacturing, Committee on Technology of the National Science and Technology
Council, October 2018, https://trumpwhitehouse.archives.gov/wp-
content/uploads/2018/10/Advanced-Manufacturing-Strategic-Plan-2018.pdf

7 National Security Strategy of the United States of America. December 2017.
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Strategic (NSS) Guidance, signed an Executive Order “Ensuring the Future Is Made in All of
America by All of America’s Workers,” and unveiled the $2.6 trillion “American Jobs Plan
(AJP).” While not finalized or law, the latter is indicative of Congress’ and the administration’s
priorities. With narrow Democratic majorities in Congress, enough of the proposed plan may
survive committee to inform discussion of manufacturing policy development. Of specific
interest, the Interim NSS includes international economic disruptions as one of the nation’s
biggest threats. It identifies the PRC as the only rival “capable of combining its economic,
diplomatic, military, and technological power to mount a sustained challenge to a stable and
open international system.” Additionally, the Interim NSS calls for “investments to encourage
innovation, strengthen national competitiveness, produce good-paying jobs, [and] rebuild
American supply chains for critical goods.”

The executive order is the first step to implement the interim strategy. It immediately
redirects $600 billion in government spending by increasing the threshold and price preferences
for U.S. manufactured goods and using the nationwide Manufacturing Extension Partnership
program to link small and mid-sized manufacturers to the federal government to identify
domestic sources of supply better.” The AJP would provide an additional $300 billion to boost
U.S. manufacturing as the nation recovers from a health and economic crisis. The AJP proposes
$50 billion to rebuild domestic semiconductor production capacity; $50 billion to ensure the
domestic production of critical goods; $46 billion to accelerate domestic clean energy
manufacturing (advanced nuclear reactors and fuel, electric vehicles and infrastructure, and
electric heat pumps); and $30 billion to domestic manufacturing for pandemic and medical
preparedness. The Plan would increase manufacturers’ access to capital with a $52 billion fund,
with an additional $31 billion targeted for small businesses, send $20 billion to innovation hubs,
and $14 billion to the National Institute for Science and Technology (NIST).!? These efforts
build on an existing patchwork of manufacturing and innovation programs surviving from the
Obama and Trump administrations, indicating some level of enduring bi-partisan support for
subsidizing domestic manufacturing. Bi-partisan support is essential in providing U.S. businesses
with the continuity needed to justify multi-year investments in Industry 4.0 and advanced
manufacturing capabilities. Some entities perceive the lack of U.S. business continuity as
advantageous for the one-party PRC state.

People’s Republic of China
Released in parallel with the U.S. effort on March 11, 2021, and with similar intent, the

PRC’s National People’s Congress completed the 14th Five Year Plan (2021-2025), defining the
nation’s high-level social and economic and goals.!! Specific to manufacturing, the Plan speaks

8 United States of America. Interim National Security Strategy. March 2021.

? The White House. “Executive Order on Ensuring the Future Is Made in All of America by All
of America’s Workers,” January 25, 2021. https://www.whitehouse.gov/briefing-
room/presidential-actions/2021/01/25/executive-order-on-ensuring-the-future-is-made-in-all-of-
america-by-all-of-americas-workers/.

10 The White House. “FACT SHEET: The American Jobs Plan,” March 31, 2021.
https://www.whitehouse.gov/briefing-room/statements-releases/2021/03/31/fact-sheet-the-
american-jobs-plan/.

1 “The 14th Five-Year Plan for National Economic and Social Development of the People's



of the need to accelerate and deeply integrate advanced manufacturing and to “build a modern
industrial system with coordinated development of the real economy, scientific and technical
innovation, modern finance and human resources.”!? The plan overlaps extensively with U.S.
manufacturing initiatives, emphasizing intelligent and green manufacturing, transitions legacy
industries, seeks to diversify and secure the industrial supply chain, promotes small and mid-
sized businesses, and creates national manufacturing innovation centers and a national intelligent
manufacturing demonstration facility. Targeted industries include integrated circuits, aerospace,
and space, marine and deep-sea, medicine and genetics, robotics, advanced rail, electric vehicles,
refined power and hydrogen fuels, artificial intelligence, and high-end machine tools. Of more
concern is an indication that the PRC will continue to subsidize the development of
manufacturing “small giant” businesses and “national champions.” Since 2001, when the PRC
entered the World Trade Organization (WTO), it has consistently subsidized 20 percent of its
manufacturing industries’ costs, allowing Chinese manufacturers to gain an absolute advantage
over their overseas rivals.'® In the United States and many other nations, this has resulted in the
loss of entire industries, with the associated loss of jobs and national wealth. However, it appears
that the world has awakened to this threat: new European Union regulations prevent subsidized
foreign firms from winning public contracts or acquiring European businesses, and the United
States has been iteratively upgrading its rules on foreign investment and acquisitions since the
start of the U.S.-China trade war in 2018.!* In contrast to China, the Russian economy is on a
different trajectory.

Russian Federation

The Russian Federation has not released national economic guidance since its 2017
Digital Economy, designed to direct the nation until 2024. This more modest plan provides $10.5
billion to finance regulatory bodies, education and personnel, cybersecurity and research
initiatives, and information technology infrastructure, especially Fifth Generation (5G)
telecommunication and space-based communication and navigation systems.'> By 2020, even
before the COVID-19 pandemic, these initiatives were behind schedule and underfunded.'®
Then-Prime Minister Dmitri Medvedev foresaw these difficulties as early as 2018, citing

Republic of China and the Outline of Vision Goals for 2035.” Accessed May 5, 2021.
http://www.gov.cn/xinwen/2021-03/13/content_5592681.htm.

12 Ibid.

13 Ezell, Stephen. “China-Induced Global Overcapacity an Increasing Threat to High-Tech
Industries.” Information Technology and Innovation Foundation, February 27, 2018.
https://itif.org/publications/2018/02/27/china-induced-global-overcapacity-increasing-threat-
high-tech-industries.

14 South China Morning Post. “EU Moves to Curtail Subsidised Firms in Veiled Swipe at
China,” May 5, 2021. https://www.scmp.com/news/china/diplomacy/article/3132394/eu-moves-
curtail-subsidised-firms-veiled-swipe-china.

15 Briefing, Russia. “Russia Moves to Fund Digital Economy in Five Sectors.” Russia Briefing
News, April 2, 2018. https://www.russia-briefing.com/news/russia-moves-fund-digital-economy-
five-sectors.html/.

16 «“Russia’s National Program for Digital Economy Stumbles,” September 4, 2020.
https://www.intellinews.com/russia-s-national-program-for-digital-economy-stumbles-188718/.
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concerns about a shrinking workforce, slowing growth, and the harmful effects of international
sanctions.!” Recent Russian provocations, including the murder of political opposition, foreign
election interference, and military actions in Crimea, have resulted in sanctions and made it more
difficult for Russia to attract the foreign investment necessary to accomplish its digital
transformation. Indeed, without outside funding, the goals of the change may be unattainable.
Indicative of Russia’s future, the Sputnik V COVID-19 vaccine developed by the Russian
scientific and innovation system could not accelerate its production. Russia partnered with four
Chinese firms to produce the vaccine at scale.!®

STRATEGY AND STAKEHOLDER INTERESTS

In his book, Good Strategy/Bad Strategy: Why it Matters, Richard Rumelt distills to its
essence the process of strategic thinking and action. Strategists begin with diagnosing the core
challenges facing their organizations. They incorporate a sound policy explicitly designed to
overcome their challenges. Finally, these strategists execute well-reasoned and coordinated
actions that advance the policies they seek. We can apply Rumelt’s framework to U.S. advanced
manufacturing and national defense.

In its FY20 assessment of the defense industrial base, the DoD warned that a declining
manufacturing sector risks “a growing and likely permanent national security deficit.”!’
Advanced manufacturing drives research, design, and development of new technologies, many of
which have applications for national defense. High tech manufacturing also depends on a highly
skilled workforce that in turn generates increased productivity and innovation.?° U.S. national
security is at risk if U.S. advanced manufacturing does not outpace our rivals’ productive
capacities. A thriving advanced manufacturing sector has direct implications for defense
acquisition. Technology Readiness Levels (TRLs) and Manufacturing Readiness Levels (MRL)
define when innovations are prepared and cost-effective for production and use by warfighters.
Advanced manufacturing helps accelerate the timetable for manufacturing readiness. It can
narrow the “innovation gap” between proof of concept and production. World-beating
manufacturing technology and production skills can help the United States be first with advanced

17 Roscongress Bulding Trust. “Putting Russian Economy on a Sustained Path of Growth:
Challenges and Solutions.” Accessed May 7, 2021.
https://roscongress.org/en/sessions/rossiyskaya-ekonomika-na-traektorii-rosta-vyzovy-i-
resheniya/discussion/.

'8 Roscongress Bulding Trust. “Putting Russian Economy on a Sustained Path of Growth:
Challenges and Solutions.” Accessed May 7, 2021.
https://roscongress.org/en/sessions/rossiyskaya-ekonomika-na-traektorii-rosta-vyzovy-i-
resheniya/discussion/.

19 “Fiscal Year 2020 Industrial Capabilities Report to Congress,” OSD A&S Industrial Policy,
January 2021, https://media.defense.gov/2021/Jan/14/2002565311/-1/-1/0/FY20-
INDU.S.TRIAL-CAPABILITIES-REPORT.PDF/.

20 «“The Strategy for American Leadership in Advanced Manufacturing,” Subcommittee on
Advanced Manufacturing, Committee on Technology of the National Science and Technology
Council, October 201, https://trumpwhitehouse.archives.gov/wp-
content/uploads/2018/10/Advanced-Manufacturing-Strategic-Plan-2018.pdf



equipment in the field. This first-mover advantage helps deter or defeat our enemies.

Rumelt’s strategic framework is not complete without sound policy and concrete actions
designed to overcome the challenge. To ensure America’s dominance over our GPC rivals in
21st-century defense production, the United States should enact procedures to secure its global
leadership of advanced manufacturing, incent companies to innovate and invest in advanced
manufacturing, and develop its manufacturing workforce. In October 2018, the National Science
and Technology Council issued a revised Strategy for American Leadership in Advanced
Manufacturing. The Strategy is laudable but has some shortcomings. Some of its policy
prescriptions lack details, such as ways and means or defined actions to achieve policy goals.
Also, its policies are domestically focused. The United States can improve advanced
manufacturing by cooperating with partners. Likewise, we can take steps with our international
partners to enhance the strategic environment of U.S. advanced manufacturing.

The U.S. should pursue concrete actions that bolster or preserve advanced
manufacturing’s strategic advantages or mitigate the root causes of advanced manufacturing’s
weaknesses. These include coordinated diplomatic and industry measures to set international
standards for fast-evolving technologies and build international manufacturing partnerships. The
United States should consider implementing fiscal incentives that encourage R&D and the
adoption of advanced manufacturing technology. Policies that extend and protect the sharing
and processing of research and manufacturing information will be essential. Finally, the United
States must restore the image and funding to career and technical education (CTE), a backbone
of advanced manufacturing. The stakes are high, and there are myriad stakeholders. Preserving
the United States’ leadership in advanced manufacturing requires the type of public-private
cooperation at which the United States excels. For example, the Department of State and the
U.S.AID manage global engagement on international standards and economic cooperation. The
Department of Commerce, Department of Energy, Department of Defense, and the National
Science Foundation sponsor research at their National Laboratories, Manufacturing Extension
Partnerships, Manufacturing Institutes, and universities. The Department of Education and the
Department of Labor work with state and local governments, academia, and companies to
administer workforce development. When industry, government, and academia work in concert,
the American people benefit. Porter’s Diamond Analysis of the United States and our great
power competitors, China and Russia, help develop a better understanding of the American
benefit.

PORTER’S DIAMOND MODEL ANALYSIS OF NATIONAL ADVANTAGE

One lens commonly used to evaluate nations’ competitive advantages is Porter’s
Diamond Model, depicted in Appendix-1, Figure 1.2! Porter believes that governments should
proactively “act as catalyst and challenger” to help their industries gain competitive advantage
but should not be directly involved in the industry.?? Porter’s work, written in 1990, predates the
rise of the PRC and does not seem to describe the market distortions created by a government

2! Drey, Eric. “Can Automation Restore U.S. Competitiveness in the Shipbuilding Industry?”
National Defense University. February 2021.

22 Porter, Michael. “The Competitive Advantage of Nations.” Harvard Business Review. March-
April 1990.



subsidizing absolute advantage in an industry.?*> However, because of its pervasiveness, this
Porter’s Diamond analysis helps to evaluate the competitiveness of the advanced manufacturing
industry.?* The firm strategy, structure, and rivalry and important competitive indicators.

Firm Strategy, Structure, and Rivalry - United States

U.S. manufacturers are non-state controlled, private, or public companies. Firm
structure, ownership, and size vary widely, from large multinational corporations to smaller sole
proprietorships. According to the U.S. census, in 2015, 96% of all U.S. manufacturing exporters
were Small and Medium Enterprises (SMEs) employing fewer than 500 workers.?> This broad
base of small, diverse companies encourages both competition and innovation. Rather than
serving whole markets, these smaller firms focus their strategies on smaller, niche customers
with unique needs. While they are excellent innovators, smaller firms have limited ability to
raise capital for expensive new equipment and programs compared to large C Corporations. As
illustrated by the COVID-19 pandemic, SMEs also maintain lower working capital accounts,
making them more vulnerable to demand fluctuations and supply chain disruptions.?® Many
SMEs cannot overcome unpredictable demand cycles and invest in the tools necessary to adopt
advanced manufacturing, absent government assistance.

Firm Strategy, Structure, and Rivalry - China

After ascending to power in 1949, the Chinese Communist Party (CCP) implemented a
nationalization policy, bringing all manufacturing firms under state control. These State-Owned
Enterprises (SOEs) proved highly inefficient. Chinese State-Owned Enterprises (SOEs) makeup
40% of all Chinese firms but achieve only a 3.9% Return on Assets (ROA) compared to 9.9% for
their privately-owned counterparts.?’” Recognizing the benefit of private ownership, the Chinese
Communist Party (CCP) privatized many manufacturing SOEs starting in the 1970s. However,
the legacy of state ownership still adversely impacts China’s innovative culture. Moreover, the
state still directly controls many related and supporting industries, like energy and raw
materials.?® The supporting and related industries are directly tied to the SOEs, unlike a free-
market economy.

2 Drey, Eric. “Can Automation Restore U.S. Competitiveness in the Shipbuilding Industry?”
National Defense University. February 2021.

24 Ibid.

25 “Facts & Data on Small Business and Entrepreneurship.” Small Business and
Entrepreneurship Council. Accessed 13 May 2021. https://sbecouncil.org/about-us/facts-and-
data/#:~:text=Among%?20al1%20U.S.%20manufacturers%3 A%20%E2%80%9C96.4,sector's %2
0%24798%20billion%20in%20exports.

26 “OECD Policy Responses to Coronavirus (COVID-19).” 2020. Organisation for Economic
Co-operation and Development. https://www.oecd.org/coronavirus/policy-
responses/coronavirus-covid-19-sme-policy-responses-04440101/.

27 Zoey Ye Zhang. 2019. “China’s SOE Reforms: What the Latest Round of Reforms Mean for
the Market.” China Briefing. https://www.china-briefing.com/news/chinas-soe-reform-process/.
28 Zhang.



While state-owned or directed businesses cannot compete with free-market efficiency or
innovation, they benefit from significant government support and comparatively lower domestic
competition. Although China no longer owns many manufacturing firms, the state still provides
firms with favorable financing, tax benefits, predictable demand, and preferential trade
agreements.”” China offers the world’s most generous subsidies, up to 40% of the costs for
domestic semiconductor plants compared to only 15% in the U.S.3° This high level of
government support provides Chinese AM firms with a distinct advantage compared to U.S.
SMEs struggling to maintain their solvency. Appendix-2, Figure 2 further highlights the firm
strategy, structure, and rivalry between the U.S. and China. Russia’s firm strategy, structure, and
rivalry present some similarities to Chinese SOEs, however, the challenges are different with
Russian manufacturing.

Firm Strategy, Structure, and Rivalry - Russia

Like China, Russian manufacturers transitioned from state to private control in the late
20th century. Through privatization, Russia sold many SOEs to politically connected elites or
former factory workers, both highly unqualified to meet the challenges of a global economy.*!
Under President Vladimir Putin, the Russian government did reassert state control of some firms.
Russian SOEs are now primarily concentrated in related and supporting industries like energy
and telecommunications as in China.** Russia’s history of state ownership and subsequent inept
or corrupt private management have crippled Russia’s manufacturing sector and decelerated
Russian AM. These firms suffer from the same inefficiencies and lower innovation found in
Chinese firms, but without government support.

Factor Conditions — United States

Porter believes Factor Conditions are those that an economy can create, such as capital,
workforce, infrastructure, and innovation. Appendix-2, Figure 3 details specific U.S. - Chinese
factor conditions with chance and government anchoring the model. The U.S. has capital
resources, an innovation ecosystem, workforce, and information technology (IT) infrastructure
highly favorable for Advanced Manufacturing. Compared to our competitors, capital is widely
available in the United States. American banking and finance laws, regulations, and
infrastructure make investing in U.S. companies secure and relatively easy.

22 F. Joseph Dresen. 2012. “The Role of State Corporations in the Russian Economy.” The
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policy-11615381230.
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russia-russian-reform-goes-awry.
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Consequently, the United States is the world’s largest recipient of traditional foreign direct
investment and venture capital (VC).3> These VC funds are critical to developing and new
technologies and processes used in advanced manufacturing. Moreover, the U.S. innovation
ecosystem is particularly adept at turning these investments into commercially viable ventures.
A 2019 study of the world’s largest economies showed the U.S. innovation base is the world’s
leader at translating academic research and basic science into economic returns.>*

America’s educated and well-trained workforce helps drive this innovation ecosystem.
U.S. workers are as much as three times more productive than their counterparts in low-wage
countries like China. U.S. labor costs are comparable, if not superior, to many of our
competitors when factoring in this productivity boost.>> However, other nations are closing the
gap or lead the U.S. in terms of manufacturing workforce development. American students
strive to attend university and tend to shun vocational training and tech-heavy manufacturing
jobs. A 2019 Harvard Business Review study of 40 million test subjects ranked 60 countries
according to their “business, technology, and data science skills.” The U.S. workforce did not
break the top 25 percent in any measured category.*® U.S. information resources and IT
infrastructure also support national advanced manufacturing advantages. An average smart
factory generates five petabytes of data per week (equivalent to the information held on 300,000
iPhones).’” The U.S. has the necessary IT infrastructure and innovation base to support big data.
As the Internet and World Wide Web creator, the United States has long been the global leader
in IT infrastructure and software design. Eight out of ten of the world’s most prominent software
companies are currently incorporated in the U.S.*® The U.S. leads in decision-support software
and architecture programming, essential to the visualization and digital modeling used in
advanced manufacturing, while clusters of software expertise exist in other countries.*’

The U.S. has many, but not all, the natural resources necessary to support advanced
manufacturing. New processes in oil and natural gas production recently boosted U.S.
manufacturing, especially in energy-heavy industries. By 2013, in the United States, natural gas

33 Foreign Direct Investment (FDI): United States. 2020. U.S. Department of Commerce.
https://www.selectusa.gov/servlet/servlet.FileDownload?file=015t00000003D9M and James
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cost just 33 percent of the price in Europe and 25 percent of the price in Asia. This energy
advantage led to $100 billion in new investment in U.S. manufacturing, including 100 new
production plants.*® However, this may be a fleeting advantage. U.S. energy policies change
with each presidential administration, and other nations can increase domestic production to
compete with U.S. prices. The U.S. lacks some other critical natural resources, such as Rare
Earth Elements (REOs). In 2018, 100 percent of the rare earth elements used in U.S.
manufacturing came from foreign sources, mainly China.*! While the ingredients are available
in the United States, mining and processing REOs damage the environment and are hazardous to
human health. Given America’s emphasis on worker safety and environmental conservation, the
United States may remain highly reliant on REO imports.

Factor Conditions - China

China maintains various factor conditions which support its robust and highly
competitive manufacturing industry. China is regarded as the “world’s manufacturer,” outpacing
the United States and other trailing nations to produce and export various products ranging from
household goods to technically advanced products and systems. China’s high level of global
manufacturing competitiveness strengthens its global economic status and supports the
advancement of its national defense. The Chinese government has played a prominent role in
bolstering China's global manufacturing competitiveness. The PRC government’s $300 billion
initial investment under Made in China 2025 to boost its manufacturing capabilities through
research, development, and innovation demonstrates the advantages of China’s authoritarian
government.*? Furthermore, China aims to establish a continued global dependency on its
manufacturing industry. Chinese government leadership, loans, and sizable workforce have made
its Belt and Road initiative possible to open up markets for Chinese manufacturers.

In the past, China’s 1.4 billion people provided a seemingly limitless supply of low-wage
workers. For decades it has been an offshoring destination of labor-intensive manufacturing
industries for many countries, including the United States. However, China’s aging population
has led to a contraction of their labor-dependent manufacturing, triggering a deceleration of its
economic growth. In response, the Chinese government raised the labor retiring age from 50 to
over 60 years of age, improved wages and pensions, and invested in domestic and overseas
academic and STEM opportunities for young people. China aims to promote, sustain, and
enhance the quality of labor and productivity.*

A heavily supported manufacturing ecosystem comprises Chinese industrial clusters, and
special economic zones focused on technology and trade. The zones facilitate foreign exchange
earnings, government revenue, export growth, technology transfer, and enhanced trade efficiency
of domestic industries/markets.** China’s unique industrial clusters foster innovation across the
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various advanced manufacturing industries, which helps fill technological gaps and supports
China’s push towards transitioning from a manual labor-dependent manufacturing industry to an
automated technologically advanced one.* As the global economy becomes increasingly
interdependent from a worldwide source of specialized materials, China possesses a distinct
advantage of being a significant source of raw materials relevant to the various advanced
manufacturing industries.*® China’s access to and production of specialized and strategic rare
earth materials drives further international dependence on Chinese manufacturing and supply
chains.

Factor Conditions - Russia

As of January 1, 2021, the population of Russia was between 142.3 47 and 146.2 million
people.*® Russia’s aging workforce will likely slow economic growth over the next two decades.
With a projected birth rate of fewer than two children per woman, the total number of children
born in the next ten years will be less than in the tumultuous 1990s.*” Low immigration rates in
the last decade, the low birth rate, and the high mortality rate among men will negatively affect
the skilled workforce in Russia for the next two decades.’® °! To compensate, Russia may rely on
migrant workers to supplement its manufacturing sector. Russia’s best hope for migrant workers
over the next decades is China. Still, rising salaries in China and the ruble's weakness are
expected to discourage Chinese immigrants in the medium term. Russian anti-immigrant
nationalism has also scared off economic migrants--approximately 500,000 people resettled in
Russia in the last 15 years. Consequently, the skills base of Russia's workforce is eroding, and
its education does not meet the needs of a modern economy. Highly automated intelligent
manufacturing could lower production costs while boosting quality and efficiency, but this
industrial transformation is in its infancy in Russia. Industrial automation in Russia also faces
resistance because many Russians perceive automation as destroying jobs.’? Additionally, the
lack of competent specialists in automation retards the introduction of the latest technologies.™
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Russia’s weak innovation culture plays a significant role in the low digitization of
manufacturing. Russians are excellent inventors but abysmal innovators, as historical data shows.
The lack of an innovative culture inhibits Russian researchers or companies from taking a
product or process from the laboratory and delivering it to the market.>* Russia’s engineering
push is constrained to a few technologies, resulting in a limited economic effect. Currently, only
several discrete industries, such as aerospace and defense, are performing well, but their focus is
on national security rather than added societal value and overall economic effect. Additionally,
these industries’ innovative capabilities are modest and advanced manufacturing will likely play
a limited role in the near term.>

Supporting and Related Industries — United States

The existence of Supporting and Related Industries in a competitive environment is the
third quadrant of Porter's Diamond model. Appendix-4, Figure 4 highlights each nation’s
supporting and related industry factors. The presence or absence of these factors and how they
interact with the Advanced Manufacturing sector help to define the nature of possible
competitive advantage for the United States. >® The National Institute of Standards and
Technology (NIST) Office acts as the Advanced Manufacturing Program Office to partner
through a network of manufacturing innovation institutes.’’ This National Network for
Manufacturing Innovation (NNMI), also known as Manufacturing U.S.A, encourages
collaboration between academia and federal partners to increase industrial competitiveness and
foster a national advanced manufacturing infrastructure and research and development
environment.*® To date, there are 16 Manufacturing U.S.A institutes focused on different
industries, supported by the Department of Defense, Department of Energy, and Department of
Commerce, to the tune of $3.6 billion.*” The U.S. government has chosen the institute’s hosts
and locations based on the potential to create a positive economic impact, create jobs, increase
nonfederal funding, how the institute will initiate educational and workforce activity, and how
the institute will enhance economic competitiveness.®
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U.S. intellectual property (IP) enforcement represents another advantage for advanced
American manufacturing. IP enforcement is essential to American manufacturing and
innovation. Consequently, international IP theft, estimated at $250 billion annually, has a
significant impact on the American economy.®' Cybersecurity has emerged as a critical element
of national prosperity. From IP protection to data security and necessary infrastructure defense,
the cyber threat is rising dramatically. The growing cybersecurity industry is essential to
advanced manufacturing. Fifth-generation (5G) telecommunications will revolutionize advanced
manufacturing. The new 5G systems will allow more efficient production control, data
collection, and a more thorough understanding of customer behavior. Several high-tech
companies, including Siemens, Amazon, General Electric, and IBM, use 5G to enable
transformative technologies, including artificial intelligence and automation.

The United States risks losing access to specific essential manufacturing components and
tools in the advanced technology realm. Recent semiconductor shortages have halted the
manufacturing of consumer electronics and automobiles. Per Bloomberg, "Asia’s two largest
chipmakers are responsible for making most of the world's advanced silicon yet cannot sate all
demand. It is a bottleneck that could last several quarters or into next year.”®> The United States
must address this vulnerability. Furthermore, advanced manufacturing relies on machine tools
and quality assurance devices. Asia and Europe dominate machine tools and quality assurance
devices.

Supporting and Related Industries - China

Transitioning to China’s related and supporting industries, China’s “Made in China
2025” aims to achieve 70 percent self-sufficiency in high-tech industries to seek the dominant
position in global markets by 2049.5% If fully realized by 2049, this policy could enable
operations within the China ecosystem without reliance on any external factor. China has
aggressively pursued this goal through forced technology transfers, cyber espionage, and
intellectual property theft, causing significant concern and uneven playing fields for the United
States.®* Technology is a critical component to modernizing factories, and China’s rapid rise in
the high-tech and equipment manufacturing sectors aligns with the effort. To gain access to new
technologies, China also targets participation in venture-backed startups. During the 2015-2017
time period, China accounted for 10-16 percent of all venture deals.®> Therefore, China is
exploiting the open U.S. economy by investing in the newest and most relevant technologies.

61

Ash, Colonel Reggie. 2014. American Bar Association Feature: Protecting Intellectual Property
and the Nation’s Economic Security. June. Accessed May 5, 2021.
https://www.americanbar.org/groups/intellectual property law/publications/landslide/2013-
14/may-june/protecting-intellectual-property-nations-economic-security/.

62 Tan King, Debby Wu, and Demtrios Pogkas, March 2021, How a Chip Shortage Snarled
Everything From Phones to Cars, Why Is There a Chip Shortage? Covid-19, Surging Demand
Cause Semiconductor Shortfall (bloomberg.com)

63 «Is ‘Made in China 2025’ a Threat to Global Trade?”

64 «Is ‘Made in China 2025’ a Threat to Global Trade?”

65 Brown and Singh, 2.

% Brown and Singh, 2.

13



As China continues to invest heavily in artificial intelligence and robotics, these two areas will
give Chinese factories a significant advantage as their population continues to age. China has
been the top market for industrial robots since 2013 and will take delivery of 45 percent of all
shipments through 202. The United States will only account for 7 percent.®’” With automation
and artificial technology critical to the Industry 4.0 transformation, China has taken aggressive
steps to ensure their factories continue advancing and increasing production. China boasts many
clusters that can be engines for growth and innovation. For example, China’s Pearl River Delta
(PRD), with its nine mainland cities, accounts for approximately 5 percent of the total population
and less than one percent of China’s territory. However, the PRD generates more than 10
percent of China’s economic output and attracts foreign direct investment surpassing the trillion-
dollar mark.®® While the PRD boasts labor-intensive and high energy consumption
manufacturing, it has transitioned to high-tech sectors.®’

Supporting and Related Industries - Russia

Russia’s weak manufacturing base and the paltry number of advanced technology sectors
limit related and supporting industries and industrial clustering. Domestic suppliers create
advantages through shortened supply chains and cost-effective inputs, but the lack of
competition compromises this advantage for Russia. As a result, R&D and innovation remain
limited and dependent on government funding. As one of the primary self-reinforcing inputs of
the Porter diamond system, the lack of competitive supporting industries in Russia compromises
overall national competitiveness.

Demand Conditions — United States

Porter makes the case that domestic demand conditions form one of the four determinants
of national economic advantage. A national competitive advantage exists when strong home-market
demand gives native firms a competitive advantage by providing an early and well-defined picture
of buyer demands, making industries more competitive and ready to compete internationally, as
shown in Appendix-3, Figure 5.7° The U.S. possesses a well-established domestic consumer
culture and base. Sparked by new manufacturing and distribution methods,’'the United States
has the world’s largest consumer market and the highest household spending.”” The size and
maturity of the U.S. consumer market and its embrace of internet-based retailing generate solid
domestic demand for manufactured products. Its culture of empowered individual consumer
choice extends to U.S. businesses as well. “U.S. business firms enjoy greater flexibility than
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their counterparts in Western Europe and Japan in decisions to expand capital plant, to lay off
surplus workers, and to develop new products,”>which translates to market-driven demand for
manufacturing modernization.

The United States has enjoyed the benefits of high levels of domestic demand, a globally
dominant economy, and overall steady growth since the end of World War II. However, the shift of
global manufacturing from the United States to Asia,”* the impact of recessionary cycles,”® and the
ongoing coronavirus pandemic create headwinds for its economic resilience and continued growth.
As recently as 2017, the United States possessed the world’s largest economy with a nominal gross
domestic product (GDP) of $21.43 trillion’®’” allowing it to enjoy robust home-market demand
conditions for manufacturing products. However, China’s four decades of unprecedented double-
digit GDP growth has outpaced the slower-growing U.S. economy causing it to slip into second
place.”

Demand Conditions - China

The demand for Chinese products in the domestic market has decreased over the last few
years primarily because of anti-globalization, the China-U.S. trade war, and the pandemic. As
such, the country’s long-term internationalization strategy is tuned to increase its reliance on the
domestic market to safeguard China’s economic security. This strategy was possible due to
China’s massive consumer market of 1.4 billion people. Precisely, China’s most potent
purchasing power is its middle-class population of over 400 million people. Predictions that East
Asia will become the center of gravity for the global economy means that China is well-
positioned to establish a cross-regional industrial and supply chain.” Moving forward, China’s
14th Five-Year Plan promises to form a robust domestic market and facilitate an open dual
circulation strategy with both domestic and foreign advanced manufacturing markets by 2025.%
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Demand Conditions - Russia

Demand conditions refer to various domestic and international demand aspects, including
the quantity, quality, and degree of innovation in products manufactured.®' For Russia, all these
matters and the sanctions play a significant role, limiting access to western markets. The
sanctions play an ambivalent role — the inability to make alliances with other companies
determines the demand and innovations and gives the Russian companies independence.
Similarly, the dispersion of the customers over a large territory plays an ambivalent role too —
from one side this influence manufacturing efficiency negatively, but from other become the
main driver for Industry 4.0 technologies implementation.

Chance

In the Porters Diamond analysis context, Chance is defined as either a positive or
negative externality beyond the control of the government or industry and monitor for its impact
on market conditions. Although “chance” events cannot be changed, countries can plan for the
occurrence and effects of adverse events such as natural disasters, domestic or international
health crises, terrorists’ attacks, and conflict or positive events such as scientific advancements
or technological breakthroughs. In comparison, China’s state-run industries have an inherent
“unity of effort” through which the government can adjust the economy to mitigate the impact of
a disruptive event. Conversely, the United States relies upon a market-driven economy,
responding more to a focused customer demand signal. As a result, due to the necessity of
“public will” to fuel national-level response actions, there is inherent latency between the event
and response. Advanced manufacturing techniques such as additive (digital printing), injection
molding, CNC milling, electron beam welding utilizing robotics, and artificial intelligence (1A)
capabilities can speed U.S. industrial responses. Incorporating a re-designed production strategy
coupled with a leaner, more agile manufacturing sector will produce lower-cost customized
products based on need, reducing the necessity to mass-produce and stockpile materials. At the
same time, reduce the reliance on an extended supply chain and foreign suppliers.

COMPARATIVE ANALYSIS OF STRENGTHS, WEAKNESSES, OPPORTUNITIES,
AND THREATS

While Porter’s Diamond facilitates an understanding of the sources of a nation’s
competitive advantage, this paper also employed an analysis to consolidate those factors by
strengths, weaknesses, opportunities, and threats (SWOT) in consideration of the United States’
strategic competitors in the GPC to facilitate U.S. policy formulation. The analysis is primarily
in contrast to China, as a near-peer competitor in advanced manufacturing. Although Russia
poses strategic threats in other areas, based on Porter’s diamond analysis, it does not pose a
distinct threat in manufacturing that warrants special consideration. Appendix-4, Figure 6
provides a three-country comparison table for reference.
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Strengths

Overall, the United States seems well-positioned across all components of Porter’s
Diamond for national competitiveness in advanced manufacturing. As a free-market economy,
the U.S. benefits from sophisticated customers who expect more value from the products and
services purchased along with a firm strategy, structure, and rivalry that provides relatively easy
access to capital. These conditions drive robust domestic competition and innovation due to
relatively low barriers of entry and demand conditions. In addition, the strict rule of law and IP
protection encourages innovation leading to a competitive advantage. Additionally, government
initiatives such as Manufacturing Innovation Institutes incentivize public-private partnerships
and adhere to the principles and efficiencies of the free market. Not choosing national
champions, and allowing less profitable companies to exit the market, further encourages
innovation, cost efficiencies, and productivity. The U.S. government also sponsors research and
development with the private sector and academia through national labs and Department of
Defense entities such as the Defense Advanced Research Projects Agency.

Factor conditions such as an IT infrastructure, information resources, and world-class
research universities that are “homegrown” enable the pursuit of technological innovations more
efficiently than China or Russia. The United States leads IT infrastructure and software design
globally and has the potential in advanced manufacturing. In global rankings, the United States is
home to 14 of the top 20 schools for general engineering in 2020.%% Collectively, these forces
contribute to America's robust innovation ecosystem, which is difficult to replicate outside of a
free market system.

Another example of the efficiency of the market is the “clusters” of related and
supporting industries. Clusters are most notable in Silicon Valley, which has evolved more
organically than a government-directed initiative like China. Although Manufacturing U.S.A. is
a nationwide network for academia-public sector-private sector partnerships to collaborate in
different areas related to advanced manufacturing development, it intends to build upon the
existing local manufacturing hubs rather than contrive one where none existed. Furthermore,
these alliances rely on voluntary participation, generally based on incentives with the
government catalyzing to help industries move to higher levels of competitive performance.

The United States has a robust innovation ecosystem, stemming from the productive
efficiencies of a market economy and responsive to market forces operating with minimal
government interference. The minimal interference is not only economic theory but part of the
American national culture.
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Weaknesses

Despite the value proposition of a market economy, it is imperfect, especially when
viewed through the context of national and long-term economic security. For example, despite
the United States having a concentration of the best research universities globally, this factor
condition does not necessarily feed into the labor pipeline needed for advanced manufacturing.
Data shows that enrollment of international students in U.S. science and engineering university
programs has been steadily rising since 2008, while the number of U.S. citizens and permanent
residents enrolled in those programs has steadily declined.®® In addition, the lack of interest and
the growing skills gap of the labor force and the labor needed for advanced manufacturing will
likely need intentional government engagement.

The off-shoring of global value chains in manufacturing starting in the 1980s has
contributed to the diminishing base of related and supporting industries necessary to leverage
national competitive advantage in advanced manufacturing. Complex global supply chains have
proven highly vulnerable to exogenous shocks and intentional attacks, especially for those
products not easily sourced in the United States, such as rare earth elements and other raw
materials. It has also led to an uncomfortable dependence on China, which creates a specific
national security vulnerability. These weaknesses reflect where market forces fail to serve
national security objectives. In this area, government engagement through partnerships and
policies is needed. Ironically, it is also high-value manufacturing that provides ways to address
these weaknesses. Advanced manufacturing offers a viable path to shorten global supply chains
through flexible additive manufacturing, automation, and digitization connected to high-
performance computing and factories of the future. In doing this, the United States can revitalize
the industrial commons necessary for producing national prosperity.

In many ways, the weaknesses of the United States are China's strengths (and vice versa).
This dichotomy frames the competitive space of advanced manufacturing. The U.S. economy
has efficiencies and freedoms afforded under a market economy but results in gaps if the United
States does not address China’s national security objectives. The challenge for America is
shoring up its weaknesses and taking advantage of opportunities while balancing government
engagement within a free market economy in support of the manufacturing base.

China has significant shortcomings under Porter's Diamond. These areas include:
establishing market liberalization policies to foster domestic competition, efficiency, and
productivity, an aging population with diminishing cost advantage for labor, and an economy
that is maturing and must find new drivers for growth. However, the Chinese government is
leveraging its authority to direct r a coordinated economic strategy focused on gaining a national
competitive advantage in advanced manufacturing. The United States' long-term competitive
advantage in advanced manufacturing requires policies that address gaps in its current advanced
manufacturing strategy. The role of government is crucial for U.S. manufacturing to counter
aggressive Chinese tactics, especially in closing the gap between TRL and MRL, incentivizing
investments in R&D, and adopting advanced manufacturing technologies.

Opportunities

83122 Herman, Arthur. “America’s STEM Crisis Threatens Our National Security.” American
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The United States’ foreign partners and allies offer an opportunity. With them, the
United States can advance its manufacturing capabilities and global competitiveness and guide
the establishment of international technology standards that favor U.S. companies. As advanced
manufacturing has rapidly developed into a diverse global industry, America cannot singularly
rebuild every necessary related and supporting industry nor secure every required resource, but
its friends can help. Manufacturing's important role in the global economy provides the United
States an opportunity to foster international manufacturing partnerships critical to bolstering U.S.
competitiveness and supporting emerging and advanced nations. This would reduce dependence
on China's manufacturing industry by promoting global stability and diversity in advanced
manufacturing. Manufacturing's evolution into a technically advanced and automated form has
created a less labor-dependent industry. China's manufacturing sector is traditionally heavily
dependent on a cheap labor-intensive workforce. If China lags in transitioning to automation,
there is an opportunity for the U.S. to widen the competitive gap in global manufacturing.
Additionally, it allows the U.S. to potentially reallocate manufacturing to foreign partners and
allies who would benefit from developing or modernizing their respective manufacturing
capabilities.

Threats

Our competitors' rising GDP, manufacturing market share, workforce development, and
unity of effort are the most significant threats to the U.S. advanced manufacturing industry. As
China increasingly captures the global manufacturing market share and continues to invest in
education, innovation and investments will flow out of the United States. China's deliberate and
holistic efforts to enhance national innovation counterbalances the negative impacts its command
economy and authoritarian government have on innovation.

Chinese state-led efforts such as Made in China 2025 provide centralized manufacturing
policies that bind the Chinese government, private companies, and academia to achieve their
goals of becoming a global innovation and technological leader for advanced
manufacturing. Made in China 2025 has furthered other Chinese led initiatives, like the China
Additive Manufacturing Action Plan® and China’s innovative breakthroughs in additive
manufacturing.

China also presents a threat to the United States and other industrialized democracies
because the international community cannot easily restrain China or hold it accountable for
international trade violations, especially those involving intellectual property (IP). For example,
China frequently recruitments foreign scientists and targets acquiring U.S. and other foreign high
tech industry firms. The Chinese government also seeks to dominate standard-setting bodies,
lowering global health and safety standards for new technologies and goods.

84 «“China Introduces New Action Plan for Advancement of 3D Printing Industry,” 3DPrint.com |
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POLICY RECOMMENDATIONS

The following U.S. government policy recommendations support a unified national
strategy to encourage innovation. They address academia or large companies and the small and
medium-sized businesses that are the heart and soul of American industry. These small and
medium-sized firms generally have a more difficult time bridging the technology or
manufacturing valley of death for emerging ideas. After analyzing the United States and its great
power competitors' markets and industrial systems world with Porter's Diamond and SWOT,
there emerged five common challenges, concepts, or opportunities that will accelerate American
advanced manufacturing.

Promote U.S. International Standards for Advanced Manufacturing

As identified in the SWOT analysis, the United States has an opportunity to foster
partnerships that bolster U.S. global competitiveness. Per the Porter’s Diamond model,
governments can shape the international environment where U.S. companies compete.

Unified standards provide the fundamental pillars to interoperability, safety, and
functionality. Without suitable international standards in advanced manufacturing, bad actors
who produce dangerous products or adopt illegal practices will have an unfair advantage—
identified in the SWOT analysis under threats. This impacts U.S. trade and innovation.®> The
Chinese Communist Party also recognizes how standards will give it a competitive advantage.
As a result, China has doubled its policies to influence international standards, and the nation's
participation in international standards-setting organizations (SSO) increased by 75 percent
between 2011 and 2019.3¢

In January of 2021, the U.S. Department of Commerce’s National Institute of Standards
and Technology (NIST) awarded $4 million in grants to four American organizations to hasten
new standards that will advance America’s competitive advantage in advanced manufacturing.
According to the U.S. Secretary of Commerce, NIST is committed to providing resources to U.S.
organizations to encourage more innovation.®” Indeed, NIST plays a critical role in promoting
collaboration with academia, industry, and government that drives innovation. While NIST and
the State Department work with allies and partners to ensure U.S. standards and measurements
are practical, the absence of unified, international standards in advanced manufacturing hinders
innovation and economic growth for the United States.

To mitigate these challenges—through diplomacy—the United States should lead within
the World Trade Organization (WTO) and international standards-setting bodies to gain buy-in
from global partners and establish international standards for advanced manufacturing, including
environmental ethics. The United States can promote a multi-national agreement that will boost
the economic power of critical partners and allies and advance American economic interests.
U.S. leadership in establishing international standards for advanced manufacturing reduces
barriers and opens the borders to increased trade and innovation by U.S. industry.
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There are political risks to consider when applying this policy. For example, historically,
conservatives have apprehensions about “big government” determining global winners and
losers.®® While multi-national agreement on standards would improve collaboration between key
partners, determining which key partners to work with could also be politically fraught. In the
end, international standards only work when agreements are honored and nations are consistent.
Therefore, there must be a bipartisan agreement on the selection of international partners and
evaluating compliance.

In addition to associated or inherent risks, policymakers must consider the impact of
chance externalities in applying this policy recommendation. As it relates to the Porter's
Diamond model, the U.S. must be prepared to provide sufficient support, including economic
and financial, to maintain allies' and partners' support regarding international standards. This is
critical as the impact of natural disasters or economic uncertainty can drive a country aligned
with the U.S. to other partners to maintain its national security and integrity.

Develop and Strengthen International Advanced Manufacturing Partnerships

The United States should prioritize the development of international advanced
manufacturing partnerships. As assessed in the SWOT analysis, such agreements serve as a
counterweight to China's state-run advanced manufacturing initiatives. Additionally, partnership
initiatives would help bolster the U.S. factor conditions, as identified in Porter's Diamond
analysis. In the past, U.S. companies have benefited from off-shoring manufacturing to nations
such as China, creating U.S. and ultimately global dependence on China's supply chains. To tip
the global manufacturing competitive scale towards the United States, the U.S. government must
lead the creation of favorable foreign trade agreements, partnerships, and alliances. This would
facilitate a more diverse global supply chain and diminish U.S. and global dependency on
China’s manufacturing industry.

Solid partnerships and alliances within the international advanced manufacturing
community are necessary to ensure critical infrastructure is secured. The United States 2018
Strategy for American Leadership in Advanced Manufacturing provides a domestic vision and
priorities for advanced manufacturing.®® While this strategy provides a sound policy foundation,
it is also narrow and only emphasizes domestic initiatives. *°

While a potential risk, the United States and its allies should also consider collaborating -
- under certain conditions -- with China as a manufacturing leader. This U.S.-led international
coalition could promote and influence healthy collaboration and transparency from China while
enhancing limits on its access to dual-use technologies. Developing, strengthening, and
maintaining international advanced manufacturing partnerships is of equal importance to
boosting domestic advanced manufacturing capabilities. To accomplish these vital partnerships,
both the U.S. Government and domestic public-private advanced manufacturing organizations
must better coordinate on U.S. national strategy. To codify these foreign partnerships,
international advanced manufacturing strategic doctrine should allow collaboration by
participating countries, supporting public-private partners, and academia. This would facilitate
global standard-setting, shared priorities, security threat mitigation, and the sharing of resources.
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Provide High-Performance Computing Resources to Enable Data-Driven Manufacturing

As identified in the Porter's Diamond analysis, U.S. manufacturers are highly innovative
but do not receive the same level of government support as their foreign competitors. Without
government assistance, U.S. SMEs often lack the capital resources and expertise to adopt
transformative AM practices. Data-driven manufacturing programs and High-Performance
Computing (HPC) services can provide competitive advantages to these SMEs by lowering
design and testing costs, accelerating product development lifecycles, and reducing material and
labor waste.”! Although widely available, these tools are expensive (particularly for SMEs) and
require in-depth knowledge to maximize their potential. Therefore, U.S.-based SMEs are slow
to integrate data threads and HPC into their manufacturing processes. In cooperation with the
Federal Communications Commission (FCC) and Networking and Information Technology
Research and Development Program (NITRD), Manufacturing U.S.A. should develop national
advanced manufacturing knowledge communities to bring data-driven manufacturing to SMEs.
Using subsidized HPC networks, these communities can collaborate on long-term projects with
private, government, and academic partners using shared data sets. This network-focused
strategy promotes innovation and encourages SMEs to adopt advanced manufacturing practices
faster than relying on companies to invest in stand-alone, proprietary networks.

Unlike the United States, China and the EU have dedicated national programs that
provide network access and education to manufacturing SMEs. China's ongoing Tianhe
Industrial Cloud Program (TICP) built a public/private partnership focused on reducing
manufacturers' research, design, and development costs. The program partners academic
researchers with government and industry users on long-term projects and offers each
participating company up to 40 million Yuan ($6.1 million) in economic benefits.”? Similarly,
the EU’s “EuroHPC Joint Undertaking" shares the resources of 32 nations to develop industrial
HPC applications.”® Together with subsidized networks, these programs lower SMESs' costs and
attract new users. On average, broadband internet is now 50 percent faster and 27 percent
cheaper in Asia than in the United States. The Asia-Pacific region is the fastest-growing HPC
market with a 7.9 percent CAGR (1.77 percent above the global average).”* ®> China also found
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that after learning how to use HPC through nationally funded networks, many businesses invest
in their own hardware and form their new networks.”®

In addition to lowering cost and accelerating adoption, advanced manufacturing
knowledge communities built around shared networks encourage innovation. By providing
collaborative networks to multiple users with shared datasets, Chinese firms exponentially grew
the number of indigenously produced manufacturing software programs and have become a
world leader in the field.”” The EU has taken a similar approach by creating nine industry-
specific "Data Spaces." While industry partners are required to provide a certain degree of
proprietary data, in exchange, they gain access to a broader data pool and the analytic tools all
participating members develop.”® The EU expects this approach will allow their manufacturing
sector to capture up to €1.5 trillion ($1.83 trillion) in new value by 2027.° This is a tremendous
economic benefit compared to the cost. The EU expects EuroHPC Joint Undertaking will cost
partner nations €9.1 billion ($11 billion) over 15 years.'%

A partnership between Manufacturing U.S.A., the FCC, and NITRD is an essential
element of this strategy. The NITRD is the federal government's office of primary responsibility
for network investment; however, they do not follow a national-level approach. The NITRD
simply compiles budget requests and development plans from various government agencies.'*!
Similarly, the FCC does not have the knowledge or expertise to build network infrastructure to
support specific industries. Recent FCC regulation and industry advocacy targets expanding
broadband access to rural areas, not geographic industry clusters.!%> Working with these
agencies, Manufacturing U.S.A. can identify the key cities, users, and subsidies necessary to
bring collaborative HPC networks to SMEs.

The primary risk of connecting commercial, academic, and government users is the
increased vulnerability to cyber-attacks. While cyberattacks are highly probable, protective
measures can quickly lower their consequences and overall risk. Many SMEs do not have the
capital or personnel to invest in robust cybersecurity programs or stay abreast of current threats
and best practices. These individual firm networks are generally more vulnerable to cyberattacks
than a consolidated, professionally run network with dedicated security staff.!> While
consolidating users on a single, collaborative network increases the size of the target, it also
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eliminates many of the vulnerabilities inherent to the current ad hoc network approach. This
increased security offsets the risk of consolidating users on collaborative networks.

Policymakers must be mindful of the impact of chance externalities. As defined in the
Porters Diamond analysis, chance events are unpredictable. Still, leaders must consider the
disruptive effects on resources (budgets, equipment, and personnel) and time part of the planning
process while transforming or upgrading manufacturing capabilities and processes. The most
recent cyber-attack on the colonial fuel pipeline demonstrates the negative impact on a nation's
ability to function and protect itself when critical infrastructure relies upon outdated and
vulnerable technology.

Subsidize U.S. Research and Development and Capital Investment Through Tax Policy

One of the most significant policy differences between the United States and the PRC is
the direct subsidization of corporate R&D and manufacturing by the Chinese government. For
fiscal, political, and philosophical reasons, the United States is unlikely to match PRC subsidies.
There is disagreement on whether direct federal funding would be the most efficient or even
WTO-compliant path to stimulate U.S. manufacturing. However, U.S. policy changes are
necessary to counter the market distortions generated by PRC subsidies and improve the
competitiveness of the American manufacturing base.

Today, the U.S. government spends only half as much on R&D as it did during the Cold
War. Yet, over this same period, business investment in R&D has increased 200%, making
private businesses the primary investor in U.S. R&D.!** Venture Capital (VC) funding accounts
for an increasing percentage of these private funds. In 2018, U.S. businesses received more than
half of the world’s seed-stage VC funds.!% Venture capitalists typically demand higher and
more immediate returns on their investments than long-term, value investors. U.S. investors
expect the average VC-backed start-up company to earn positive revenue in just 18 months.!%
Therefore, while the decreasing pool of government research funds still supports basic science
and technology (Technology Readiness Levels 1 & 2), VC funds typically support only proven
technologies (TRL 6+). This short-term focus leaves a significant R&D gap in TRL 3, 4, and 5,
the proverbial "valley of death."

Much of this VC investment is focused on the higher-margin, less capital-intensive U.S.
technology sector. Companies invest enormous sums into R&D in expectation of substantial
returns on investment (ROT). %7 1% However, investments of similar scale are not common in
manufacturing, where net margins are much smaller. As a result, small and mid-size U.S.
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manufacturers are less likely to innovate and remain on the leading edge of technology. In the
United States, direct federal funding of commercial R&D has proven less efficient than efforts
led by the private sector, as businesses have proven better able to respond quickly to the dynamic
consumer market. However, U.S. policy could encourage R&D in advanced manufacturing to
assist U.S. industry through the expansion of Internal Revenue Service code section 174, which
provides a tax deduction for "research and experimentation."!%’

In December 2017, then-President Trump signed the Tax Cuts and Jobs Act (TCJA),
notionally to improve the competitiveness of U.S. businesses. However, changes to the tax code
may have the opposite effect, altering how companies deduct their R&D.!'? Starting in 2022,
companies may amortize domestic R&D costs over five years, and foreign investments would be
expensed over 15 years.!!! This requirement to amortize or R&D expenses over a prolonged
period is not favorable to U.S. corporations. U.S. tax policy for businesses, especially in targeted
R&D areas and advanced manufacturing industries, should allow for immediate depreciation to
free corporate capital for R&D and incentivize an environment favorable for innovation.
Similarly, the TCJA phased out the total expense deduction for short-lived assets such as
machinery and software, again directly impacting the competitiveness of U.S. manufacturers.'!?
And while the TCJA reduced the corporate tax rate to improve U.S. competitiveness, additional
effort is needed. According to a joint study by the Manufacturers Alliance for Productivity and
Innovation (MAPI) and NAM, America’s pollution abatement costs are higher than those of any
of its major trading partners”.!'* President Biden has proposed raising the corporate tax rate to 28
percent, making U.S. corporations among the most heavily taxed in the developed world. Unless
this change is coupled with deductions and incentives to reward R&D and high-capital
investments, the change will negatively impact U.S. manufacturing's competitiveness.

Congress and the Biden administration should collaborate to amend the TCJA to create a
corporate tax policy that genuinely supports the competitiveness of U.S. manufacturers. If the
current fiscal situation requires an increase in the corporate tax rate to raise additional
government revenues, the increase should be coupled with credits or deductions for R&D and
capital investments so that U.S. manufacturers are better positioned to compete with China.
Congress should also amend the TCJA to allow full, same year amortization of R&D and capital
investment costs by manufacturers in crucial industries. The Congressional Budget Office should
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provide a cost-benefit analysis demonstrating the long-term wealth generated by establishing
leadership in critical sectors, offsetting the short-term loss of revenues. However, there are risks:
concerns over the size of the federal budget deficit may drive Congress to prioritize short-term
funding to pay for more immediate and tangible needs. Also, bi-partisan disagreement and the
narrow margin of control by the majority party in Congress may result in legislative gridlock that
prevents any new legislation.

As the U.S. relies upon market forces to drive economic trends and investments, the
impacts of chance events will dramatically shift the value of the investments over time. Whereas
the CCP can adjust short-term effects through subsidies, U.S. investment strategy must be
resilient to withstand the impact of a negative externality and rely upon the strength of time to
realize the optimal return on investment.

Provide Career and Technical Education for a 21st Century Workforce

U.S. manufacturing is a shadow of what it was in mid-century America. As
manufacturing has fallen from 40 percent of U.S. GDP to less than 12 percent, the U.S.
manufacturing workforce has fallen even further. It now accounts for only 8.5 percent of all U.S.
workers.!!* As the Porters Diamond and SWOT analysis noted, to support an expansion of
advanced manufacturing, the United States must expand its advanced manufacturing workforce.

The Trump Administration’s Strategy for Leadership in Advanced Manufacturing echoes
the often-cited need to restore manufacturing’s image in the eyes of students, parents, and
teachers. Industry 4.0 is not “dark, dirty, and dangerous.” As China and Germany do, U.S.
educators should expose children in primary and secondary school to career and technical
education (CTE), including advanced manufacturing. In most industrialized countries, high
school students can opt for full-time vocational education.!!’> After a decades-long decline in the
United States, some states are restoring CTE to high schools, but national and local governments
should do more.!!'® In the United States, junior and community colleges and public vocational
institutes provide most technical education. Congress should increase funds for advanced
manufacturing training, investing in teachers, technology, and industry coordination.

Another feature of high-performing national CTE is the pervasiveness of apprenticeships.
In Germany, a country of 83 million, companies take in over 500,000 new apprentices every year
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as part of the German national CTE program.'!” By contrast, in the United States, with a total
population of 328 million people, only 252,000 people (about half the population of Wyoming)
began an apprenticeship in 2019. Furthermore, most of those apprenticeships were in the
construction and Industry 3.0 fields. Workforce Innovation and Opportunity Act money could
expand workforce development boards and boost Labor Department capacity to encourage
advanced manufacturing companies' participation in the Department's registered apprenticeship
program.

The Labor Department and industry leaders report shortages of highly educated science
and technology professionals necessary to innovate and implement advanced manufacturing
solutions. Until the United States can organically increase its university-trained STEM workforce
to fill shortages, it should increase the number of H1-B visas from its current level of 65,000.
With a projected deficit of over 2 million advanced manufacturing workers by 2028, industry
would absorb exponential increases in H1-Bs. Allowing in more educated professionals would
not disadvantage Americans seeking advanced manufacturing work; on the contrary, more
workers would enable the sector to expand, creating more jobs.

Improvements to high school, post-secondary, and apprenticeship programs will require
modest funding increases. An additional $2 billion (about $6 per American) per year would go
far to improving U.S. CTE programs. Congress could fund the increases through a .28 percent
decrease in the Defense Department budget.!!® A risk to this approach is that Defense
Department reductions could impact readiness, acquisition, or other mission essential defense
programs. However, because the additional funds are intended to increase national security,
legislators would be justified in a minuscule, temporary reduction in the Department of Defense's
budget to boost CTE. In addition, an increased H1-B cap would raise several tens of millions of
dollars of additional money each year. H1-B charges include the American Competitive and
Workforce Improvement Act fee of $750 or $1,500, depending on the company's size filing the
H1-B petition. Regarding the potential unpopularity of increased immigration, as the profile of
advanced manufacturing rises and economic competition with China becomes starker in the
minds of Americans, support for immigration from partners and allied countries to bolster the
American workforce could rise.

CONCLUSION

The turn of the century saw America’s lead in manufacturing evaporate as globalization
restructured the DIB, increasing U.S. reliance on a fragile and internationally sourced supply
chain. As the DoD warned in the Fiscal Year 2020 Industrial Capabilities Report to Congress, a
declining manufacturing sector risks “a growing and likely permanent national security deficit.”
The Interim NSS and this paper’s analysis identify China as the only rival capable of combining
its instruments of power to challenge the United States endeavors. Moreover, the economic value
of China's advanced manufacturing sector is increasing due to Beijing's commitment to
becoming the superpower. As China reasserts its influence globally and fields new military
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capabilities, the United States must take action to ensure America’s dominance over its great

power competitors in the 21% century. Indeed, winning the global contest for power and

influence requires leading the world in advanced manufacturing.

Using the Porter’s Diamond Model, this paper evaluated America’s competitive
advantage and identified root causes that deter progress. The 2018 Strategy for American
Leadership in Advanced Manufacturing was a helpful starting point but lacked an international
focus or more concrete policy actions. This paper found that to lead the world in advanced
manufacturing, the United States must execute five critical policies that support a U.S.
manufacturing renaissance.

» Promote U.S. International Standards for Advanced Manufacturing. Unified standards
provide the fundamental pillars to interoperability, safety, and functionality. Without suitable
international standards in advanced manufacturing, bad actors who adopt illegal practices
will have an unfair advantage.

> Develop and Strengthen International Advanced Manufacturing Partnerships. To tip
the global manufacturing competitive scale towards the United States, the U.S. government
should establish favorable foreign trade agreements, partnerships, and alliances. This would
facilitate a more diverse global supply chain and diminish U.S. and global dependency on
China's manufacturing industry and supply chains.

> Provide High-Performance Computing Resources to Enable Data-Driven
Manufacturing. Data-driven manufacturing programs and High-Performance Computing
(HPC) services can provide competitive advantages to SMEs by lowering design and testing
costs, accelerating product development lifecycles, and reducing material and labor waste.

> Subsidize U.S. Research and Development and Capital Investment through Tax Policy.
The U.S. government must amend the TCJA to create a corporate tax policy that genuinely
supports the competitiveness of U.S. manufacturers, better positioning companies to compete
with China.

» Provide Career and Technical Education for a 21%* Century Workforce. As the Porters
Diamond and SWOT analysis noted, to support an expansion of advanced manufacturing, the
United States must expand its advanced manufacturing workforce.

These recommendations form the foundation of an integrated economic and industrial
strategy that balances technological innovation with high-value production output. While there
are substantial risks to consider when applying these policies, America’s national security is at
greater risk if it does not outpace its rivals’ production capacities. Moreover, this strategy must
be long-term and enduring through administration changes and political party agendas. Finally, it
must set the conditions for the U.S. to influence transformational change and improve the way
humans function and societies operate. This will enhance the security posture while stabilizing
and safeguarding the environment for future generations.
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APPENDIX-1

Figure 1: Porter’s Diamond Model of National Advantage!!’
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APPENDIX-2

Figure 2: Porter’s Diamond Model - Firm Strategy, Structure and Rivalry

Figure 3: Porter’s Diamond Model - Factor Conditions
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Figure 4: Porter’s Diamond Model - Supporting and Related Industries

Figure 5: Porter’s Diamond Model - Demand Condition
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ability to control all economic in the IT market institutions
sectors e World’s gas, oil, and Availability of capital
-Technology transfer mineral resources resources (market driven
-R&D Investments and clusters | e Defense technology economy)
-Education investments in Intellectual property laws
STEM IT infrastructure
e Loose state regulations™
e  Cheap labor*
e Size of economy*
e  GDP growth (vice U.S.)*
e  Market position as “world’s
factory”*
*areas trending downward
Weaknesses e Aging population e Concern Lack of coordinated industrial
e  Authoritarian government: automation/tech policy.
image issues, human rights advances will increase Reduced manufacturing
issues, internal policies issues job loss. output (market share)
that impede competitiveness. e Ineffective ownership undergrad STEM; career and
e Data Policy - “Great Fire structure for tech education
Wall” cooperation of Political & economic
e  Safety regulations industrial enterprises unpredictability (market
e  Need of market liberalization e High cost of driven economy)
policies to foster domestic technologies Dependence on foreign
competition. development natural resources
e Skilled labor supply Declining support for R&D
e Low Investments in and capital investments.
R&D and Public-
Private partnerships
o Not competitive: one of
the least productive
moderately rich
countries in the world
e “State capitalism”
Opportunities e  Underutilized rural population - | e Given the interest, there Creation of well-paying
potential for urban growth and is much room for domestic jobs
increasing the service sector. growth in the nascent Use of underutilized foreign
e East Asia’s growing purchasing IT market labor/academic pool.
power. Automation
e Room to increase economic Legislative/executive
efficiency, productivity, and branches’ current
innovation through market infrastructure & education
liberalization investments
Threats e  China-U.S. trade war: Sanctions Critical component supply

sanctions, decrease in foreign
demand.
e  Anti-globalization movements

Competition from other
countries

Economy dependent on
volatile oil, gas, natural
resource market

chain fragility
Cyber threats to open-
architecture IT networks




e  Competitor nations in low-tech
manufacturing, e.g., India and
Vietnam

Foreign work force
development and job
opportunities surpassing U.S..
IP Theft (p.25 of paper)

Figure 6: Comparative Analysis of Strengths, Weaknesses, Opportunities, and Threats
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Amazon Revenue 386B
Founded in the US in 1994 now  Employees 1.3M
a global enterprise in 25 years Square Footage 458M (Leased) 20M (Owned)

Click to add text



A global e-Commerce Company requires a Global Supply
Chain




Numbers Tell the Amazon Corporate
Story....
Past 12 months



2011-2019 Acquisitions (60)
2011-LoveFilm (UK)
2012-Kiva Systems (US)

Evi (UK)
2014-Twitch Interactive (US)
2015-Elemental Tech (US)
2017-Whole Foods (US)

Search for ticker or company name. ..
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Weighted Average Cost of Capital (WACC)-the minimum return a company
must earn on its existing asset base to satisfy creditors, owners and investors.

Return on Invested Capital (ROIC)- the amount of money a company makes
that is above the the average cost it pays for its debt and equity capital. 2% or
greater is creating value and less than 2% then destroying value.




Amazon Corporate By Major Segment



Amazon Competitors By Segment

and Future Trendlines

Online Stores

Subscription Services

Grocery Stores

Cloud Infrastructure and
storage

R,
2






We all know this
guy....

e Started the company as an online bookseller in
1994 run out of his garage

* Has always maintained Amazon was "a
technology company that simplified
transactions for online consumers"

* Today Amazon is valued at S1 Trillion

* Worth over $180 Billion




Who is this guy?

Andy Jassy, will take over as CEO
later this year

* Formerly the CEO of Amazon Web Services,
Amazon's very profitable cloud business

* Big expensive shoes to fill.

* Facing challenges on maintaining market share,
continuing to modernize, antitrust issues and
the threat of unionization



What is Amazon
Robotics

Origins and Acquisitions (location, size, history)
The Market

Customers

The Potential..

The “click to ship” cycle used to be around 60-75
minutes when employees had manually to sift through
the stacks, pick the product, pack it, and ship it. Now,
robots handle the same job in 15 minutes, according to
a Deutsche Bank note published Tuesday (June 14)
based on Amazon’s metrics.



Origins and
Acquisitions

Robotics (Amazon as a consumer, not supplier)

Amazon purchased Kiva Systems in 2012
» S$775 Million

Amazon has invested $100 Billion into R&D
* Large focus on warehouse automation and efficiency
* Also includes self-driving deliveries and drones

* Currently have 20,000 devivery vans, 500 semi-trucks and 50
airplanes

In 2015 Kiva Systems renamed Amazon Robotics
Amazon has over 200,000 Robots today
Streamlined warehouse procedures and driven down cost

In 2019 Amazon purchased Canvas Technologies
* Another Robotics Start Up out of Boulder, CO

Robotic Automation has allowed Amazon to reduce physical labor,

decrease stock “mis-sorts” by 50%, increase safety, speed, and efficiency

Amazon acquired ZOOX in June 2020 for $1.3 Billion

Self-Driving Taxi is valued at $1 Trillion, expected to hit $9 Trillion by 2029

Amazon will open its new $40 Million Robotics Innovation Hub in 2021

(outside of Boston, MA)



Key Characteristics

The “click to ship” cycle used to be around 60-75 minutes when employees had manually to
sift through the stacks, pick the product, pack it, and ship it. Now, robots handle the same job
in 15 minutes.

Competitors are also automating (Walmart.com, Alibaba) their factories

Stiff competion with drones (UPS has FAA certification, FEDEX first drone delivery in 2019, DHL
has already teamed with a Chinise Drone manufacturer)

The Global robotics market is expected to reach $42 Billion in 2026

Amazon is unique due to acquisition strategy for warehouse automation
*  Will buy suppliers if the company can potentially improve efficiency

Currently this is a commercial market potential DoD use down the road (DLA, USTRANSCOM)

Limited number of sellers
*  Mostly Japanese companies, a few European

Global industrial Robotics Market expected to reach $26 Billion by 2026
Amazon is developingits own technology through its Robotics Innovation Hub

No formal Rules to this market but any success Amazon has will be emulated
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Largest Industrial Robot
Manufacturers

ABB Groups (Switzerland/Sweden)

Yaskawa Electric Corp (Japan)
KUKA - Midea Group (China)
FANUC Corp (Japan)
Kawasaki (Japan)

Epson Robots (Japan)

Staubli (Switzerland)
Nachi-Fujikoshi Corp (Japan)

L

Comau (ltaly)

[HEY
=

Omron-Adept (Japan)




U.S. Robotics Firms sold to Foreign
Firms

e Boston Dynamics to South Korea’s Hyundai (2020)
* Kindred and Haddington Dynamics to U.K.'s Ocado (2020)
* JR Automation to Japan’s Hitachi (2019)

» Torc Robotics to Germany’s Daimler (2019)

Paslin to China’s Zheijiang Wanfeng Tech Co (2016)
Adept Technology to Japan’s Omron (2015)

e RobotWorx to New Zealand’s Scott Technology (2014)
Unimation to Switzerland’s Staubli (1989)




Market Structure
(Porters Five Forces)

e Amazon Robotics is not a business

* Former Customers: Staples, Walgreens,
Zappos, Gap, Office Depot, Crate and
Barrel, the Gifte Group

e 100,000 bots in 2015 — over 200,000 today
* S40M Innovation hub opened in 2020

e What is the Market?
 Not Industrial Automation or E-Commerce

* Logistics Automation: Kiva Robotics, Scout
Robots, Delivery Drones, Zoox self-driving
Vehicles, BALYO self-driving materials
handling, and Aurora self-driving semi-
trucks



Rivalry among Competitors
& New Market Entrants

* There are no peer competitors...

* New entrants (warehouse market):

* Locus —robot "pickers"
e S1 billion valuation
e 4,000 robots
* 40 customers: DHS, Boots

* Fetch Robotics — Pallet Conveyors & Pickers
e $221 million valuation

e GreyOrange (India)
e S700 million valuation




Nature of Competition

Strategy in each market to maximize profitability
* E-commerce
* Industrial Robotics (17% growth)
* Warehouse Automation (12% growth)

Key means of pursuing strategy: M&A and R&D

Distinct activities relevant to strategy
e Systematic Cost Reduction
* Increased efficiency
* Lower labor costs

Type of innovations at the firm: Better Technology

Approach to Industry Change: Stay Ahead



Bargaining Power of Suppliers

* Potential Supply Chain vulnerabilities
 R&D in-house
* Manages its own production facility
* Based in Boston, MA

* Human Capital Challenges
* Robotics Education 'Hub'
* Large population center
* International recruitment
e Early Education Programs
* Government partnerships




Bargaining Power of Buyers
and the Threat of Substitutes

* This is a seller's market:

* The sale of Kiva created a market void

* Locus forecasts tenfold growth over several years
* Switching Costs for Buyers

* Less than 5% of the market is automated

* The market is being driven by productivity gains
e 2-3 times the productivity
* nearly 100% accuracy

e Local labor market with determine ROI



Secrecy as a Strategy

* A Skunkworks innovation model

* Amazon Robotics had a monopoly for Five Years
* At least five year advantage over competition

* Could enter the warehouse market with an
ultra-premium product

* 50% improvement of the Kiva bots

« Advantages in experience, funding, R&D, & '___.:\./.\-._.._—n-—-l\./.
infrastructure 16.6% 17:2% 16.5%

14.7% 154% 150% 156% 16.0% 14.9%

13.6%
* With Amazon's absence, warehouse logistics market

trending to monopolistic competition

* Isthe Amazon Robotics creating value at an acceptable
IeveI Of financial I"iSk? 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

\ e Amazon Growth Rate ali=|] S, E-commerce Growth Rate
» Deutsche Bank — Savings of $22M per FC

* Potential $2.5 Billion savings or 20% of operating income
e S$15 billion in NPV from $775 million Kiva investment
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Advanced Manufacturing



Amazon’s Recent DoD
Contract Experience

* Oct 2017: DoD Request for Information
* Dec 2017: Defense Forum

e Oct 2019: Microsoft announced for
contract




Products relevant to
National Security

* "Smart" Warehouses
e Kiva robots
* Robotic arms

* Drones
* Quad/Multi-Copters
* Rovers

e Automated vehicles
e Zoox personnel carriers
e Aurora partnership




he U.S.
rails its
Competitors




surging

* Core expertise in
Warehouse Robots

e Expand Kiva production to 100%
e Utilize existing suppliers to the greatest extent
possible

* Expectations: limited supplies of electronic circuit
boards, chips, industrial robots, machine tools and
most hardware

* Engineer or ID new sources of supply

e Continue development of other robotic systems



Mobilizing

* Expand production capacity
* Robotic arms

* Needs of Amazon and
Industry

e Quad/multi-copters
e Dual use



National Innovation System
Dynamics and Priorities

* A strong national innovation system has balanced
sides

* Business environment
* Regulatory environment

* Innovation policy environment

US has two strong sides with a weak innovation
policy environment




Disruptive Technology

* Amazon robotic facts: robots make work easier,
process orders faster, do not replace employees, can
lift 340 kg/750 lbs

e Automation is disrupting multiple types of
manufacturing
* Human and machine collaboration
Reduce time required to process an average order

* Lower production lead times and less
bottlenecks

Automotive: just-in-time production
Aviation: augment dangerous conditions
Electronics manufacturing: higher precision




Implication
for Corporate
Strategies

Amazon’s four guiding principles:
- Customer Obsession

- Passion for Invention

- Operational Excellence

- Long-Term Thinking




Great Power Competition

2018 robot installation comparison (International Federation of
Robots)

* China: 154, 000
* Japan: 55,200
* US: 40,000

China has vast subsidies for robots

* Responsible for 44% of net profits for 53 listed companies in
2018

Motivation to help offset aging population

China retains lead as world’s largest industrial robot market




Defense Readiness

Security concerns



* Artificial Intelligence

* Decision making

 Kill authority

e Decide if lethal force
necessary
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Conclusion

 Amazon capable of meeting U.S.
National Security needs

* Relationship is instrumental to
reinforcing national innovation
system
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Not Apples to Apples But Plenty of

Market Share and room to grow



Grocery Segment at a Glance



Poised to make a move in the Big Data Sector

Data storage, Infrastructure, analytics, Al



6. Why Growth May Top 25% for Next Two Years

Contributing Analysts £ =chno ak Kolar (Techn

| ooking at the large u m;a p;::ued opportunity, we see no reason why Amazon Web Services

couldn't increase sales over 25% annually for at least two years and about 20% for the next
three. The public cloud infrastructure market — Infrastructure-as-a-Service (laas) plus
Platform-as-a-Service (PaaS) -- is less than $100 billion vs. total enterprise tech spending of
over $1 trillion {and growing), supporting our thesis on AWS' rapid revenue pace. This market
was $86 billion at the end of 2019, with Amazon at No. 1 with 34% market share, based on
IDC data. In laa$S alone, its share remained over 47% In the past four years even with stiffer
competition from Microsoft and Google.

Despite leading in the space, AWS has expanded faster than the overall market in the past

Q00

three years, with sales growth averaging 38%. (02







on) & Sophia Isani (Litigation)

~onsiderable and varied. An emboldened FTC, in the midst of an investigation of the e-commerce giant, may sue and pursue divestitures, as could some U.S. states. F
quential legislative proposals have solid chances of becoming new laws, and a tougher environment for M&A is also likely. (03/29/21)

on) & Sophia Isani (Litigation)
ar- and long-term and come from the FTC's investigation, state probes, private lawsuits, potential new laws and a likely more-interventionist FTC. Possible governme

iggest risks. While months ago we were skeptical that the FTC would file a suit, the antitrust leadership taking shape under President Joe Biden has changed that, an

private suits are more likely than government suits to culminate in manageable financial settlements. These risks are all long-term. Nearer-term threats include greate
aped FTC.

ssioner seats, flipping the FTC to 3-2 majority Democrat. Law professor Lina Khan, an Amazon critic, has been nominated. (o329:21)

on) & Sophia Isani (Litigation)

nderway, the FTC's makeup is changing, increasing the chances of an eventual lawsuit against the company, as well as

in our view. While we don't yet know who will be chairperson, the views of acting chair Rebecca Slaughter and newly
ommissioners, are known. Both support aggressive, interventionist antitrust enforcement. Khan is a critic of Amazon, having
al monopolist that should be broken up. FTC actions require a majority vote, and the two current Republicans are unlikely to

a new chair could have the swing vote. Biden's antitrust placements have thus far been progressives.
J P Rebecca Slaughter, Curre

Rohit Chopra

Noah Phillips

Christine Wilson

Joe Simons, Former Chai

ly be leaving as he's been named to lead the CFPB. (03r29/21)







26. Some Conduct More Susceptible to Successful Challenge

Contributing Analysts. Jennifer Rie (Litigation) & Sophia Isani {Litigation)

Among the various stratagems used by Amazon that have been deemed anticompetitive by politicians and critics, the most vulnerable to Court Filing
successful antitrust challenge, in our view, are pricing provisions that essentially prevent sellers from offering lower prices outside of
Amazon.com. This type of conduct forms the basis for the consumer suits, one of which concems multiple products and the other

. . . . - y — LLE. Courl of Appesis for the Second Circull - Opinlon, LLE. v. Apple:
agreements with publishers for the sale of e-books. These policies allegedly have price-raising effecis, cosiing consumers billions of BLAW, June 30, 2015
d.o”ars_ Click o view entire document

"The MFM played a pivotal role in this quid pro quo by "stiffening] the spines of the [publishers] o ensure that they would demand new terms from Amazon,” and proteciing Apple from retail price compedifion.”

Affirming a finding that Apple unlawfully conspired to raise e-book prices in 2015, an appellate court noted that "most-favored-nation” clauses imposed on publishers were anticompetitive in that they were used to insulate Apple from price competition. (03

:<]

]
4]
]

27. Some Criticisms of Amazon Tougher to Label Anticompetitive

Caontributing Analysts Jennifer Rie (Litigation) & Sophia Isani {Litigation)

Amazon's bundling of services via Prime, its practice of charging sellers more for FEA logistics services if the order is placed on a rival Company Filing
website, and allegations of below-cost pricing have a more tenuous path to antitrust liability than other conduct, in our view. Though
each of these practices can be deemed anficompetitive, the bar is high for proving illegality, particulary if lower prices and other
efficiencies result. Even if there is some harm shown, valid business reasons for the conduct can insulate Amazon from antitrust liability R S ————
under U.S. antitrust laws. May 27, 2020

% [0 Wi 2nars Ning

"In 2019, we invested more than $15 bilion in infrastructure, programs. and people and added 225 new tools and services to help our sellers grow their brands and businesses. In addition, we invested billions
maore to expand one-day delivery to milllions of products offered by Fulfillment by Amazon sellers and these investments are working. Sellers around the world are seeing success."

Apple in 2014 defeated charges that it was attempting to monopolize a digital music market via iTunes software updates that hindered
music sold by rivals from operating on iPods. The updates were deemed lawiul because they provided product improvements. (ozzo21

28. Predatory Pricing Near Impossible to Prove in Court

Contributing Analysts Jennifer Rie (Litigation) & Sophia Isani {Litigation)
Some critics of Amazon claim the ecommerce giant is guilty of predatory pricing in violation of the antitrust laws, such as selling products at prices below cost to drive out compedtition. Any lawsuit on Amazon Met Sales by Product Group
this basis is unlikely to succeed. Plaintifis would have to show that pricing is actually below cost and that any losses will later be recouped after rivals are eliminated. Both are difficult to prove. Courts # Online Stores GEIE
are also cautious about issuing judgments that could result in deterring low prices that benefit consumers. * Physical Stores
In relation to its 2012 lawsuit against Apple over price-fixing of e-books, the Justice Depariment disclosed that it examined and found “persuasive evidence lacking™ that Amazon engaged in unlawiul - Eﬁ:gzlt)rlllwéll_;gr\ti’ic?}esuer Services
redatory pricing, noting that loss-leading and deep discounting are "o be celebrated, not oullawed.” [nar2ai21) T i ! -0,
P ¥ pricing, g g P . # Retail Subscription Services 0.15H
* Other -
r/’r’ - 0.1M
.
_--"""_FH-J
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Established in 1892

" High-Tech Industrial Company

= Operates Worldwide through four Industrial Segments
= Power

GE PROFILE = Renewable Energy

= Aviation
= Healthcare

= Headquarters in Schenectady, NY and Boston, MA

" End of Year 2020 — 174K employed (worldwide)



= Net Profits: $79,616 B (2020); $95,214 B (2019); $97,012 B (2018)
= EQY 2020 Revenues Decreased by $15.6 Billion (16%)
E L = Capital: $6,597 B (2020); $7,728 B (2019); 8,072 B (2018)
GE FINANCIALS = ROIC: -2.86% (ROIC < Cost of Capital)
= WACC: 7.1% (2020), 5.1% (2019), 6% (2018)
= Debt to Equity Ratio: 3.4:1 (2020)









Markets

Jones Industrial Average

By Chiara Vasarri
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“GE brought electricity to Americans, appliances to kitchens...it’s
left its imprint...but GE is going to be the last of the 100-year
breed...”

— Aswath Damodaron, NYU Finance Professor




2021 OVERALLFIRM STRATEGY

® |nvestment Driven

= Aggressive Debt Reduction Goals in
2021-2023

= Operational Actions

" Four Segments, down from eight in
2018

= Aims for low-single-digit sales
growth

" Gains in three out of four segment—
Aviation growth is the largest

» Environmental Needs



Chance
+ Random Events
(Pandemics)
+ Scientific Breakthroughs

Factor Conditions
+ Technological Innovation
+ Scientific Knowledge
+/- Natural Resources
+ Infrastructure
+ Human Resources
+ Capital Resources

PORTER’S DIAMOND ANALYSIS

Related and supporting industries
+ Presence of Competitive Industry
+ Domestic players; strong global players

Firm strategy, structure and
rivalry
+ Company Strategies
+ Organizational Structure
- Intense Competition
Between Locals

Demand Conditions
+ Demanding
Domestic Customers
+/- Size of the
Domestic Market
+ Customer Needs

Government
+ Gov’tRole as
Catalystand a
Challenger




Summary of Reportable

Segments (In millions)

GE'S AVIA

ION SEGMEN

Power

Renewable
Energy

Aviation

Healthcare

Total
industrial
segment
revenues

2019

2018

2017




GE'SSTRATEGY FORTHE
AVIATION SEGMENT

MONOPOLISTIC COMPETITION?







GE Aviation Compared toits Peers

GE Aviation

Pratt & Whitney

SAFRAN FP

Revenue

% growth

Segment EBIT

% margin

Segment D&A

% of sales

Segment EBITDA

% margin

Segment Capex

% of sales

Segment FCF

% margin

Assets

EBIT ROA %

ROIC %




GE'sSupply Chain: By Company Exposure




GE'sSupply Chain: By Government Contract




Supply Chainfor First Tier Prime: Jabil Inc.




Jabil Inc. Supply Chain: by Country of Domicile




IMPACTOF COVID19 AND
FUTURE

2020 GE Aviation:

* Engine Sales down 48%
 Service down 36%

e Reporting profit down 82%

C19 as an Accelerant
* Supply Chain Resiliency
e Additive Manufacturing



INNOVATION

Open Innovation is the use of goal-directed inflows and
outflows of knowledge to accelerate internalinnovation and
expand the markets for external use of innovation.

GE leads the way with the use of open innovation for
Aviation AM (among other GE segments) through shared
processes and techniques (global, academic, and individual)
to accelerate product and technology development.

GE uses open innovation to apply to toughest high value
priorities such as alternative manufacturing of aviation
castings.

GE's leadership in open innovation challenge led to the
adaptation of additive manufacturing and creation of GE
Additive



Ethics

* Reputation for integrity and
compliance is a competitive advantage

» System of policies, processes, training
and communications (The Spirit & The
Letter)

* GE leadership driven and supported
by compliance processes of
prevention, detection, and response

* "Open reporting environment"



 AM industry growth has created significant gaps and challenges with hiring skilled labor to meet
HUMAN CAPITAL demand of a highly technical, specialized, competitive, and fast- moving industry.
CHALLENGES

e Main contributorsto AM human capital challenges: Recruitment, hiring, training, and retention.
* GEis notimmune to AM industry human capital challenges

* What has GE doing to address AM human capital challenges?



STRATEGY FOR MAXIMIZING PROFI

Embracing new kinds of talent.

GE now has more senior people from outside the company than at any time in its history.

Increased its employment of women, minorities, and workers from outside the U.S.

Participates, promotes, and engages with:
* America Makes
* The Digital Manufacturing and Design Innovation Institute (DMDII)
* National Skills Coalition
* Carnegie Melon University and other universities and institutes
* (Qak Ridge National Labs
« ONR, MANTECH, AFRL (DOD) for R&D

* Transforming culture and operating rhythm, choosing speed over bureaucracy.
 "Time is currency and our primary performance measure is speed" (GE)




FUTURE OF GENERAL ELECTRIC

* Developing the world's largest jet engine for Boeing 777X ($4.3 billion investment)

 Electric Engine. Designing and developing hybrid electric aviation systems technology (17
projects awarded to GE through Advanced Research Projects Agency-Energy (ARPA-E))

* Jet engines for hypersonic air travel



FUTURE OF GENERAL ELECTRIC

* Continued prioritized development for military jet engines for all DOD services.

* "GE continues to execute on bold technical initiatives to ensure even more
demonstrable support to the warfighter and those in need of humanitarian relief" (GE)

* Reengining the B-52
* Engineering ramp up for military applications through transition of 1K engineers from
commercial programs to military programs



U.S. ADDITIVE MANUFACTURING & GREAT POWER COMPETITION

" Benefits
= Strengthens U.S. Economy
= Supply Chain Independence

" Challenges
" Made in China 2025
* Human Capital / STEM skills



PRODUCTS RELEVANT TO
NATIONAL SECURITY

3D Printers

* From Designto Product — the Process

Jet Engines

Aircraft Components

Medical Devices

Bridges, Buildings, etc...

POLICY CONSIDERATIONS

Surge & Mobilization—Integrate AM in Joint Forces
Strive to Eliminate All IP Theft

Disrupt global supply chain

Error-proof!
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IBM Firm Brief

* IBM Profile

* Story

* Servers
* Cloud
e Al

* National Level Analysis — Porters Diamond
* Supply Chain

* Human Capital

* Strategy

* National Security Implications



IBM'’s Profile

IBM “Big Blue” - Armonk, New York, 1911
* Began as the Computing Tabulating Recording Co. (C-T-R)

Employees

* In 1914 - 1,346
* In 2020 - 345,900 (Largest IT company in the world)

Business Units (5)

Cloud & Cognitive Software
Global Business Services
Global Technology Services
Systems

* Global Financing

1969 - IBM Computers & personnel helped NASA with moon landing
1997 - Deep Blue defeated Gary Kasparov in chess

2008 - IBM first company to earn over 4,000 U.S. patents in one year
2013 - Watson easily defeated two humans in jeopardy




IBM’s Story




Servers — Market Structure & Competition

WW““

Rivalry Small number of firms, increasingly Stable Servers increasingly seen as commodity
among uniform product, geographically product, quality is still a threshold but
existing segmented markets competition is largely price based * $83°66B Market
competitors
Threat of LOW Barriers to entry include high capital Increase - Component producers can forward o 7.8% CGAR to 2028
new entrants requirements and incumbent integrate but typically do not due to

advantages (reputation & risk

proprietary knowledge) - Increasing popularity of ODMs  |IBM Systems ROIC 9.78%
Threat of Moderate - High brand loyalty Signiﬁcan Cloud-based services assume increasing ° HP Compute 6.01 2%
substitute - Data centers and web hosts are i percentage of market share
products historic substitute for on-site iInarease

servers  9.5% of IBM's revenue
Bargaining oderate - Concentration of buyers who make Increase - Buyers are increasingly educated on
power of high volume purchases technical details . . .
buyers - Switching costs decreasing * OIIQOPOIy with decreaSIng
- Cloud alternative increases price ability to control pI'OfitS
sensitivity

Bargaining Strong - Limited number of suppliers Stable Relationship currently favors suppliers
power of - Requirement for specific, high and will continue to do so as other
suppliers purity elements markets demand their products/services

- Increasingly narrow labor pool



Servers — Customers




Servers — Peer Competitors

- - >

* IBM is charging existing customers a premium price for a product which
customers increasingly view as a commodity



Servers — Strategy & Activities

* Support existing customer’s
transition to hybrid cloud while
exiting server market

* Actives aligned with strategy

* Strategic Divestment
* IBM GTS / “NewCo” Split
* Sold x86 server business to Lenovo in 2014

* Increased OEM partnerships for
procurement

* Direct sales to existing customers

O

Exit

1




Cloud — Competitive Spectrum

MARKET STRUCTURE
PERFECT
CHARACTERISTIC COMPETITION MONOPOLY
Number of firms Many One
Type of product Identical Differentiated Identical or Unique
differentiated
Ease of entry High High Low Entry blocked
Examples of * Wheat « Selling DVDs * Manufacturing  « First-class
industries * Apples  Restaurants computers mail delivery

* Manufacturing e Tup water
automobiles




Cloud — Industry Structure
mmmm

Rivalry among existing
competitors

Threat of New Entrants

Threat of Substitute
products

Bargaining power of
buyers

Bargaining power of
suppliers

Moderate

Weak

Moderate

Ssrorg

- Competition dominated by large
companies--the Big 5

- Acquisitions and mergers with smaller
firms for innovative solutions

- Hi-tech, highly specialized industry

- Large companies offer desired scale

- Small companies struggle w/
restrictions

(reputation & proprietary knowledge)

- High brand loyalty
- Data centers and web hosts are
historic substitute for on-site servers

- Varying buyers from small business to
multinational corporations and
government agencies

- Contracts offered in a pay-as-you-go
format, charging according to usage

- Limited number of suppliers

- Requirement for very specific rare
earth elements of highest purity

- Increasingly narrow labor pool

Stable

Increase

Increase

Stable

Industry is fragmented with small
players competing against larger
players who are increasingly focused
on acquisition

Component producers can forward
integrate but typically do not due to
risk

Increasing popularity of ODMs

Cloud-based services assume
increasing percentage of market share

Buyers are increasingly educated on
technical details

Switching costs decreasing
Cloud-based alternative increases price
sensitivity

Relationship currently favors suppliers
and will continue to do so as other
markets demand their
products/services



Cloud — Peer Competitors

* $371.4B Market

* 17.5% CGAR to 2025

* Cloud & Cognitive Software

* 31.75% of IBM's revenue



Cloud — Strategic Game Board

* Strategic acquisition of companies and
new client portfolios

* Red Hat acquired in 2019
* OpenShift hybrid cloud data platform

* Serves 47 of the Fortune 50 companies

* Growth - BIG Data
* loT
Edge Computing
5G
Artificial Intelligence
Machine Learning



Cloud — Industry Lifecycle

* OpenShift Platform for Workflow
Development and Deployment
* Public, Private, or On-premise Cloud

* Platform as a Service (PaaS)
 Software as a Service (SaaS) Q

 Growth - IBM projects $1T hybrid
cloud opportunity

* Less than 25% of workloads on
public clouds

Al only in single digits



Al Market

* IBM invests 6.8% of revenues in R&D, strategy scaling
A.l. solutions

* Accenture R&D partnership Google/Amazon rev
$43.2B, strategy human interaction, human element
and geographical expansion.

* Who is leading
* Al leading strategies
* Notable contracts/partnerships




Al — Competitive Spectrum

MARKET STRUCTURE
PERFECT MONOPOLISTIC
CHARACTERISTIC COMPETITION COMPETITION ( OLIGOPOLY MONOPOLY
Number of firms Many Many \\Feu\/ One
Type of product Identical Differentiated Identical or Unique
differentiated
Ease of entry High High Low Entry blocked
Examples of * Wheat » Selling DVDs * Manufacturing  « First-class
industries o Apples e Restaurants computers mail delivery

» Manufacturing
automobiles

« Tap water




Rivalry among existing
competitors

Threat of New Entrants

Threat of Substitute
products

Bargaining power of
buyers

Bargaining power of
suppliers

Al — Market Structure
" Force | Swengih | Notes | Trend | MNotes

Typical competitor in this market is small

Moderate

Low

Moderate

@erate—High

Service differentiation in the market/low cost

no revelry
Higher levels of maintenance required when
companies upscale their userbases.

Seek more affordable options

Differentiation of Al services is very high,

because niche applications/ differentiate
within applications

not available/operating less efficiently
alternative to Al is de-automation, which
is inherently more expensive.

Concentration of buyers who make high
volume purchases

Serving larger numbers of smaller
business one-size-fits-all platform
switching costs very high

Technically-skilled staff are a critical input
for players .

Competition for talented developers is
strong among large-scale players.

Raw materials /alternatives to hardware
and software inputs are costly.

Increase

Stable

Stable

Stable

Able to be scaled as demand grows
Very flexible

Exit barriers are likely to be low because
of the high levels of M&A activity, driven
by equity funds .

- Access to distribution channels and
suppliers for new entrants in this
market.

- Complexity of Al solutions and the
intellectual property

Implement Al, consumers have little
alternative.

- forward integration

IBM backwards integrated with their
own hardware and software
manufacturing capabilities, and less
reliance on external suppliers (
semiconductors)



Al — Technology Lifecycle

* The lifecycle of the Al
* |BM Al market strategy



Porter's Diamond Analysis

+ Political Structure Firm Strategy, + Intense Domestic Rivalry
+ Natural Disaster Chance » Structure and + Innovation,
-/+ Unpredictable L Rival Improvements & Upgrades
Events (COVID) valry
+ Favorable demand
Fac.t.or Derr!a:nd + Diverse customers
Conditions Conditions + Growth
X opportunity
+ Hi-tech labor force
+ Resources
+ R&D & Innovation v N v
+ Advanced Related and
UeElie o) Supporting » Government
Industries + i
+ Partnerships & - Domestic
Alliances SEEERE
+ Subplier base + Education & Health
- 0S Fgl).lpply Chain + Fair Policies

+ Infrastructure



IBM Supply Chain

* Diverse Supply Chain

* 364 Suppliers and 677
Customers

* Vulnerability

* Semiconductors

* H.R. 7178 CHIPS for
America Act

* Support U.S.
semiconductor
manufacturing, research
and development, and
supply chain security



Human Capital

* By 2030 global shortage of more than 86 million tech workers. In US there are more
than 500,000 open jobs in tech-related sectors. As many as 1 million programming jobs
will be unfilled by 2020. US is experiencing a shortage of 4-year college degree in tech
and industry.

* |BM will hire unconventional backgrounds and train them according to company needs.

* IBM would be partnering with community colleges across the U.S. to better prepare more
Americans for “new collar career opportunities.”

* Internally, IBM has several programs to fill the gap the tech skills: Blue
Matching; CogniPay; Career Coach

* [BM partnerships with community college, academia, university, scholarship, training.



IBM Firm Strategy & Activities

Focused differentiation: Help enterprise customers

adopt high quality, high margin, disruptive R&D M&A Divestment

technologies [ .

Obijective: Maximize profit in Cloud and Al, shift Internal ~ Outsourced  Strategic

E&d to next disruptive technology, divest Production Production = Partnerships
ardware

Scope * Internal sales force
* Customer Offering: High-end, tailored products, * Enterprise customers

disruptive technologies
* Location: Enterprise customers, heavily domestic
* Vertical Integration: Downstream

Advantage

* Value Proposition: Premium price for trusted name,
enterprise solutions through disruptive technologies

* Activities: Direct sales & marketing, R&D, M&A,
strategic divestment

« Competitive Advantages: Customer
relationships/reputation, open architecture



IBM Firm Strategy Implications

* Why this strategy works

- “We all need to understand and leverage IBM's sources of competitive advantage.” “Namely, our open
source and security leadership, our deep expertise and trust, and the fact that we enable clients to build
mission-critical applications once and run them anywhere.” - Arvind Krishna, CEO

* This strategy creates value

* ROIC 43.24% > WACC 6.2% (industry average)
* D-E Ratio 6.52, industry average 1.11

. . —
* What is the purpose of a Corporation?
* 105 years of dividends
« 25 years of increased dividends
—

* Impact on NDS identified technologies

* Advanced cor.nputi.ng, big data, Al, autonomy,
DE, hypersonics, biotech * Systems ROIC: 9.78%

* Cloud and Cognitive Software ROIC:
10.83%



National Security Policies

* “Secure” semiconductor supply chain
e CHIPS for America

* Develop low-density high-demand skillsets

* Encourage adoption of emerging international standards
* Counter to China Standards 2035

* Targeted R&D assistance

* IBM’s focus is high-revenue, disruptive technologies with business applications
* Valley of Death

* Early & continuous cooperation
* Leverage IBM salesforce (Global Technology Services & Global Business Services)

* |dentify alternative hardware vendors NOW
 Transition networks to zero trust architecture



IBM’s Story
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Firms' Value Creation

EEY. DEBT-TO-EQUITY
(LIQUDITY) ‘

1.56
1.25

HONEYWELL 10.94 /.90 1.47 1.32

ROCKWELLAUTOMATION 17.11  9.69 1.34 1.60
SCHNEIDER ELECTRIC 8.12 4.87 1.36 0.51
IBM 544 6.47 0.98 3.23

Source: GuruFocus.com, as of 3/30/21

Siemens Value, Liquidity & Solvency
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Defense Applications:

--Lockheed F-35 designed
with digitalthread
technology; Using Siemens
Teamcenter
--Siemens Teamcenter
Software to be basis of Air
Force

Defense Contractors
are lagging behindin uptake
of Industry 4.0. -Deloitte

Teamcenter software from Lockheed
Martin helps keep hundreds of F-35

aircraft suppliers on the same page

FORT WORTH, Texas, 11 Feb. 2010. Leaders of the Lockheed Martin
F-35 Joint Strike Fighter program are partnering with U.S. and
international aerospace leaders, including Northrop Grumman and
BAE Systems. These three primary partners are supported by up to
600 suppliers. In all, the parties involved in the production of the
F-35 reside in more than 30 countries, spanning 17 time zones.



Relevance for B —
A ——

Competition:
Siemens and

Industry 4.0 Semersin |__china | _Untdstaes

by Re g Tela Personnel 35,000 40,000
d C t Sites 21 All 50 States
a n O u n ry Revenue S8.4 billion S27 billion
Industry 4.0 Demonstrations, Cyber,
Activities Cyber, R&D, Demonstrations,
Standards, Workforce

Workforce




U.S. vs China Industry 4.0




Porter’s Five
Forces










The firm’s strategy



Firm Strategy & Rivalry m CHINA

EconomicReforms & Policy X X
Market Position X X
Business Model X X

Demand Conditions m CHINA
Factor Conditions m CHINA Increase inncome

Distance of Manufacturing Zones
IT Infrastructure

X X
Human Resources X Demographics X
Capital Resources X Stable Share of Secondary Industries X
Admin Infrastructure X X
X

Age of Industries
S&T Infrastructure X

Government & Chance CHINA
X

- - - Role of Govt. X
Accessto Suppliers & Firms In Related Fields X X
- Role of Chance X
Potential Customers
Weakness of Analysis X X

X
Competitors X X
X

Presence of Clusters X



Digital Industry's
Innovative Evolution

* The digital industry has undergone more
change in the last five years than in the
previous century

* Digitalized and highly automated
production

* integrating future technologies

* Help customers accelerates
transformation & overcome functional
siloes

* Synergize product lifecycles, design,
simulation, Industrial Internet of Things,
and Cloud




Digital Industry Supply
Chain

e Easy-to-use, secure platform for collaborating with
suppliers

e Siemens’ solutions support multiple-use cases
including design data exchange, direct materials

sourcing, and supplier program management

* Allows manufacturers and suppliers to maintain
tight integration and real time feedback loops in
the digital thread connecting people, processes,
and data at scale globally




China's Influence

For 147 years since its entering into China in
1872, Siemens has pioneered cooperation
with the country with its solutions,
technologies and products.

Siemens generates annual revenue of 8.1
billion Euro in China, with over 34,000
employees, 21 R&D hubs, more than 5,000
R&D and engineering staff, and around 13,000
active patents and patent applications in
China.

Supply chain disruption in Asia due to COVID
influenced Siemens' business performance in
Fy20. Able to keep production largely stable
due to the use of own technology in factories
and diversified value chain.







National Security Interests
and Policies

* Digital Twin does more than designing,
analyzing and processing; It's the cyber-attack
combatant!

e Surge and Mobilization would require Siemens
to add human resources and hardware

e U.S. governments at all levels can use
educational, immigration, and fiscal
incentives to incent companies to invest and
prepare for surge and mobilization events

* Bring Germany into Security of Supply
Agreements and the National Technology and
Industry Board
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