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Executive Summary

This paper presents new data on the global distribution of U.S. tech
companies’ artificial intelligence labs and staff. It focuses on six companies—
Amazon, Apple, Facebook, Google, IBM, and Microsoft—all of which have
a history of conducting cutting-edge Al research and development. Our
findings shed light on where these companies conduct Al R&D and why they
select particular locations.

This paper also addresses debates about the benefits and risks to national
security of having U.S. companies conduct R&D abroad. On its own, new
data will not solve these debates, but data is a prerequisite for nuanced
policy discussions and cost-benefit analyses. To facilitate future research on
the topic, we are releasing our new global Al labs dataset on CSET’s GitHub

page.

Key findings include:

e Company Al labs are spread all over the world, especially in North
America, Europe, and Asia.

o Media coverage frequently mentions “Al labs,” but not all
companies conduct R&D along a “lab” structure. Amazon, for
example, integrates its R&D with the work of its product teams
and has no standalone labs. Apple, alternatively, does not
release information about its R&D activities.

o For the four companies where we could find information on
labs—Facebook, Google, IBM, and Microsoft—we found 62
labs conducting Al R&D. The maijority of these labs (68

percent) were located outside of the United States.

o European countries, mainly the United Kingdom and France,
host 19 percent of Al labs in our dataset. Other common
destinations were Israel and China (10 percent each) and
India (8 percent). The only region in the world without any Al
labs was Latin America.

® In contrast to Al labs, most company Al staff remain concentrated in
the United States.
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https://github.com/georgetown-cset/us-multinational-ai-labs

o  Whereas most Al labs are located abroad, 68 percent of Al
staff at these companies are located within the United States.
The San Francisco Bay Area and the Seattle region—where
the headquarters of five out of the six companies we focus on
are located—host nearly half of these companies’ global Al
staff.

o The companies combined have 500-plus Al staff in 30
locations across 15 countries. The main company hubs are
almost exclusively in large cities, both at home and abroad.

e Companies mainly focus on Al research in North America and
Europe, and on Al development in other regions.

o About 85 percent of labs in North America and Europe do
some form of basic Al research, and less than 15 percent
focus on development. In contrast, a large majority of labs in
other countries, such as India and Israel, focus on applied
research or development.

o Some companies’ labs appear to focus on research, whereas
others focus on development. Most labs conduct multiple
types of R&D.

e Companies decide to conduct Al R&D abroad for multiple reasons,
but access to global talent appears to be the dominant factor.

o According to company statements and industry analysts, the
main reason that companies set up Al R&D labs abroad is
access to talent. Other reasons include cost savings, as well
as market access and product adaptation.

o Media reports and economic studies suggest U.S. immigration
restrictions are associated with U.S. companies’ global
expansion. Our findings similarly suggest that immigration
restrictions push companies to set up Al labs abroad. At the
same time, overseas expansion is unlikely to stop entirely even
if U.S. immigration policy became less restrictive.
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1. Introduction: U.S. Tech Multinationals and Al

The private sector is a driving force behind technical progress in Al and
machine learning, and a large fraction of private sector Al R&D is done by a
limited number of large tech companies. A McKinsey report that surveyed 35
major technology companies found that they spent $18-27 billion in internal
funds on Al developmentin 2016, and another $8-12 billion on investments
and acquisitions.' Since 2010, big tech in the United States absorbed more
than 60 smaller Al companies.? The President’s Council of Advisors on
Science and Technology predicts that U.S. companies will spend more than
$100 billion on Al R&D annually by 2025.% By comparison, the U.S. federal
government intends to spend about $5 billion on unclassified Al and machine
learning-related research and development in FY2020.*

Many of the world’s biggest Al companies are American; this paper focuses
on Amazon, Apple, Facebook, Google, IBM, and Microsoft in particular.
Together, these companies spend over $76 billion on R&D annually, and
their collective market capitalization stands above $5 trillion.® Their business
models are globalized. Apple, Facebook, Google, and IBM each receive
less than half of their total revenue from the U.S. market. Microsoft and
Amazon receive 51 percent and 69 percent, respectively.®

The global reach of U.S. tech companies provides several benefits to the
United States. The fact that they operate across the world allows them to
innovate at a scale and speed that would be impossible if they were focused
solely on domestic markets, and ensures they can absorb talent and ideas
from all over the world. The U.S. economy and national security both benefit.
Some economists argue that U.S. multinationals expanding abroad contribute
to more domestic employment, exports, and R&D, and that “less investment
abroad by US firms would weaken—not strengthen—the US economy.””

But these companies’ scale and reach also come with risks. From the
perspective of national security, for example, the commercial sector’s global
presence is a double-edged sword. As the 2018 National Defense Strategy
put it, “the fact that many technological developments will come from the
commercial sector means that state competitors and non-state actors will also
have access to them, a fact that risks eroding the conventional overmatch to

”8 U.S. multinationals’ R&D activities

which our nation has grown accustomed.
abroad can boost other countries’ technology ecosystems in several ways, for

example, by training local talent, or through joint ventures involving
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intellectual property or collaborative research.” One industry expert argues
“if Microsoft had never founded [Microsoft Research Asia], that would have
significantly delayed the rise of China’s Al ecosystem.”'® In 2019, the then-
chairman of the Joint Chiefs of Staff said that Google’s work in China was
“indirectly benefiting the Chinese military.”'" Others, including Microsoft and
Google, dispute such claims.'

These different benefits and concerns mean that U.S. policymakers face
complex trade-offs as they think about whether and how to regulate U.S.
companies’ Al activities abroad. Resolving these complex trade-offs requires
data. To assess the implications of new policies or the continuation of the
status quo, policymakers will need to know where U.S. multinationals are
active, what activities they engage in abroad, and why. Analysts and
decision-makers across the political spectrum have long argued that better
data is needed on these and related questions.'?

This paper informs these conversations by mapping the global Al R&D
activities of Amazon, Apple, Facebook, Google, IBM, and Microsoft. Section
2 describes how we collected and analyzed new data on these companies’
global Al labs and Al staff. Section 3 then presents our findings on where
company labs and staff are located, what types of R&D they appear to be
engaged in across different locations, and what factors drive companies’
choice of location.

This research is meant to be a first step; many questions about U.S.
companies’ Al R&D activities remain unanswered. To facilitate future research
on the topic, we are releasing our new dataset of Al labs online along with
the publication of this paper. The Appendix discusses methodological choices
and other issues relevant to such future research.

2. Methodology and Data

This paper presents new data on the Al labs and staff of six big U.S. tech
multinationals: Amazon, Apple, Facebook, Google, IBM, and Microsoft.
These companies were selected based on their high score on several Al R&D-
related metrics, including R&D spending, Al startup acquisitions, patent
holdings, and involvement in professional Al organizations.'* For these
companies, we sought to understand where they locate their Al R&D activities
and why.
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The first R&D metric we considered involved “labs,” which are featured
prominently in media and industry analyses of companies’ Al R&D. We
compiled lists of labs by searching companies’ own websites and news
reports, and confirmed the lists’ accuracy with company representatives.” We
found no public Al labs at Amazon and Apple; in 2014, Amazon started
integrating its Al research staff into product-focused teams,'* while Apple
does not publicly discuss its Al R&D activities.'® For the remaining four
companies—Facebook, Google, IBM, and Microsoft—we found a total of 62
labs, of which a plurality (23) are run by Google (Figure 1).'” The list is
current as of October 2019.

Figure 1. Number of public Al labs by company.
Facebook
Google WX
IBM

Microsoft Al

Source: CSET Al labs data (see Appendix A). Amazon and Apple are omitted because they
do not use a “lab” structure or do not publicly discuss their labs.

The second metric we looked at is staff counts. We count “Al staff” as any
company employee who listed one or more “Al skills,” such as “computer
vision” (a category of current Al research) or “PyTorch” (a specific machine
learning library), on their LinkedIn profile." LinkedIn is, to our knowledge, the
only data source on Al skills and jobs with global coverage. However, its
data is not perfect; as discussed below, rates of LinkedIn usage vary across

" We adopted companies’ own definitions of “lab” and “artificial infelligence.” Different
companies likely use these terms slightly differently; see the section of this paper on “What
Types of R&D Do Al Labs Conduct,” as well as Appendix A, for more discussion of this issue.

T The full list of 46 Al skills we used to conduct our search is available in Appendix B.
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countries, and data is available only as relative company totals and location-
specific aggregates.'®

Figure 2 compares the percentage of Al staff across the companies to the
percentage of Al labs, and shows that the relative distribution of the two
indicators differs considerably across companies. For example, while Google
has more than a third of all labs, it has only 23 percent of all staff. Staff data
are current as of May 2020."

Figure 2. Global distribution of Al labs and staff by company.

SHARE OF TOTAL AT EACH COMPANY

Al
Labs

Al
Staff

0%

Amazon

N

19%

0% 13% 375 18% 32%

Apple Facebook  Google IBM Microsoft
7% 10% 23% 20% 20%

Source: CSET Al labs data (see Appendix A); Al staff data from LinkedIn (see Appendix B).2°

Both the lab and staff metrics have strengths and weaknesses as measures of
Al R&D activity. For example, the presence of an Al lab indicates that Al R&D
is taking place, but the absence of a lab does not imply the absence of R&D.
Snapshot measures of staff counts are a good indicator for current activity,
but do not reveal whether a company plans to expand in a certain location or
what they are working on. For instance, Facebook Al Research in Paris had
just six researchers at its founding, but the company said from the start that it
planned to expand the lab, which eventually grew more than ten-fold.?' Both
measures sometimes suffer from lack of data availability, and results on one
measure can help fill the gaps of the other. To provide as comprehensive a
picture as possible, this report provides data on both labs and staff counts
when such data is available. The Appendix describes our methodology in
greater detail. The full CSET Al labs database is available at
https://github.com/georgetown-cset/us-multinational-ai-labs.
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3. Findings

This section presents our main findings. First, we discuss where Amazon,
Apple, Facebook, Google, IBM, and Microsoft have located their Al R&D
activities, analyzing data on both labs and staff. Second, for the four
companies that have Al labs, we analyze what types of Al R&D they do in
different locations. Third, we review what prior research and company
statements suggest about the reasons that companies decide to locate Al R&D
in particular places.

Where Are Al Labs and Staff Located?

In mapping U.S. multinational corporations’ (MNC) Al R&D activity, we study
two metrics: Al labs and Al staff. Figure 3 shows these two metrics are
distributed differently—while only about one-third (32 percent) of Al labs are
located in the United States, around two-thirds (68 percent) of Al staff are.
Below, we will first take a closer look at the geographic distribution of labs,
followed by more detail on the distribution of staff.

Figure 3. Percentage of U.S. MNC Al labs and staff by U.S. versus non-U.S.

location.

Share of Al Labs Share of Al Staff

Based in
the United
States

Based in Based
the United abroad “
States

Source: CSET Al labs data (see Appendix A); Al staff data from LinkedIn (see Appendix B).
Included companies for staff are Amazon, Apple, Facebook, Google, IBM, and Microsoft;
no labs data available for Amazon and Apple.
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Figure 4 shows the international distribution of the 62 Al labs in our dataset,
which are located in 17 countries and 41 cities across 29 metropolitan
areas.?? Of the 20 labs located in the United States, six are located in Silicon
Valley, four in or near New York City, and another four in or near Seattle.
Outside of the United States, the most popular countries include Israel, Ching,
and India. Outside of countries with established technological hotspots, we
found four labs in Africa: one each in Egypt, Ghana, Kenya, and Nigeria.
Notably, we did not find any labs located in Latin America.

Figure 4. Global distribution of Al labs by location.
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1 Dublin 1 Taipei 1 Melbourne

Source: CSET Al labs data (see Appendix A).

Within countries, the labs are predominantly located in well-known “tech
clusters,” such as London, Beijing, and the west coast region in Israel
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commonly referred to as “Silicon Wadi.” In line with economics research on
R&D clustering, the market areas that host the most labs are typically also
home to active Al startup ecosystems and universities that have highly ranked
Al programs.?® Indeed, companies sometimes establish labs by acquiring
those startups or partnering with universities (Box 1). Even if they do not,
companies often benefit from being located there because clusters are home
to large talent pools and new technical ideas (See section on “What Drives

Location Decisions.”)?*

Box 1. How Companies Establish Al Labs

Labs in our dataset were established in one of three ways: by hiring or relocating staff internally, by
partnering with local institutions, or by acquiring startups.

Internal hiring and relocation is by far the most common mode of establishment. Sometimes a
company will create a standalone location specifically for work on Al. One such example is
Google Brain Tokyo, one of more than a dozen Google Brain groups around the globe.?* In other
cases, the company will extend its existing (non-Al) R&D facilities to include Al-focused projects.

Companies can also partner with universities or other organizations to create joint R&D projects or
facilities. One common approach within Al is for a company to partner with a professor at a
prestigious university, as Facebook Al Research did with Carnegie Mellon University professors
when it set up its Pittsburgh offices.? Institutional partnerships are also an option. The
Massachusetts Institute of Technology (MIT) alone is home to two joint labs in our database: the
MIT-IBM Watson Al Lab and Microsoft Research Lab - Al.2 Meanwhile, in Shanghai, Microsoft
teamed up with the state-owned enterprise INESA to create an Al Innovation Center, where it does
regional Al product development.?®

Finally, companies will occasionally establish labs by acquiring startups. Since 2010, there have
been at least 635 Al company acquisitions, roughly a tenth of which were made by the six
companies that this report focuses on.?’ Microsoft’s acquisition of Montreal-based startup
Maluuba, which formed the basis for a significant expansion of Al R&D in Montreal in 2018, is
one example.*® Another clear case of a startup turned lab is DeepMind. Since Google acquired
the company in 2014, DeepMind has not only grown its headquarters to hundreds of staff but has
also spawned five global offices. However, not every startup acquisition leads to a new lab.
Startup staff and intellectual property are often folded into existing products or teams instead, in
which case we do not count them as standalone “labs.”?'
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Figure 5 takes a closer look at the locations of Al labs across the four
companies with labs. The United States is the most common location across
all the companies, but each has labs across Europe and in Israel as well, and
three of the four companies have labs in Canada, Ching, and India. In
general, IBM and Microsoft appear proportionately more active outside of
North America and Europe than Google and Facebook.”

Figure 5. Number of Al labs in different locations, by company.

TOTALLABS  SHARE NUMBER OF LABS AT EACH LOCATION BY COMPANY
ATEACH OF ALL
LOCATlON LéBS Facebook Google IBM Microsoft

lSJ{‘aif(gg 20 32% 4 EEEE o EEEEm 3 W A NEEE
Europe 12 19% 2um 6 =llll 1™ 3 EEm
China 6 10% 0 . 1™ 4 ummm
Israel 6 10% . 2mEm 1T m 2 mm
India 5 8% 0 1. 2 Em 2 Em
Canada 4 6% m 2um 0 1.
Other 9 15% 0 2um 3 EEm 4 uEEm
Total 62 labs 8 labs 23 labs 11 labs 20 labs

Source: CSET Al labs data (see Appendix A).

" One possible explanation for this finding is that Facebook and Google have set up many
relatively new Al-specific research entities, while IBM and Microsoft only have general R&D
facilities, some of which have recently added Al components. Other explanations, such as
market-driven location choices, are discussed in more detail in the section of this paper on
“What Drives Location Decisions.”
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The previous two figures tracked the number and location of labs, but most
companies do not release public data on how large their labs are. Moreover,
as noted above, Amazon does not structure its Al R&D in labs and Apple
does not publicly release information on their R&D activities, and the
remaining four companies may do Al R&D outside of their labs as well. It is
therefore important to compare these findings to staff counts, which provide
another indicator of Al activity.

It was clear from Figure 3 that 68 percent of our companies’ Al staff are
located in the United States. Digging deeper, Figure 6 maps out all 30
metropolitan areas in 15 countries where our six companies cumulatively
employ 500 or more Al staff.” Nearly half (46 percent) of Al staff are located
in just two metropolitan areas: San Francisco and Seattle. Four other U.S.
cities—Austin, Boston, Los Angeles, and New York—are also in the top ten
locations.*?

" Locations with 500 staff represent locations that host more than 0.5 percent of these
companies combined global workforces.
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Figure 6. Locations where companies cumulatively have more than 500 Al

staff.
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Source: LinkedIn. Companies whose staff are included are Amazon, Apple, Facebook,
Google, IBM, and Microsoft. See Appendix B for how “Al staff” was measured.

Outside of the United States, our six companies employ most Al staff across
Europe, India, and the Asia-Pacific region. Several locations host Al labs but
appear to have fewer than 500 Al staff, including several locations in China
(in or near Shanghai, Shenzhen, and Beijing) and Israel. Because our main
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source for Al staff is LinkedIn, these findings have to be interpreted with
caution; some of the differences may be explained by different rates of
LinkedIn usage among multinational employees in these different countries.”

What Types of R&D Do Al Labs Conduct?

This section looks at the types of R&D that companies conduct at their Al labs.
R&D activities can be categorized as basic research, applied research, or
experimental development.®® In our context, we define “basic research” as
the pursuit of foundational breakthroughs in Al; “applied research,” as the
application of Al research to known problems; and “experimental
development,” as the creation of Al prototypes and products.** In order to
group the R&D activities of Al labs into these three categories, we looked at
news coverage, press releases, and other corporate statements (see

" LinkedIn data likely over-represents Al staff from some nations relative to others, as the
platform is far more common in, say, the United States than it is in China. We expect cross-
country differences in the rates of LinkedIn usage to be significantly smaller among
employees at U.S. multinationals than among populations at large, but the possibility of error
remains real. For one study, which finds LinkedIn penetration rates ranging from 44 percent
of the population in the United States to 1 percent in Nigeria, see Bloom, “LinkedIn country-
by-country audience visualized.”
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Appendix D for more detail and examples). Many labs conduct multiple
types of R&D.

Figure 7 shows the proportion of Al labs conducting each type of R&D. About
80 percent of the Al labs perform some form of research. Most Al labs (41 of
62) conduct some basic research, although Al labs often conduct more than
one type of Al R&D. More than half of labs perform at least two types of Al
R&D, corroborating a separate survey of multinational R&D labs in China (not
specific to Al) that found “it is not unusual to observe all three types of R&D
activities within one tech MNC R&D lab.”?*

" For example, Google Research India’s activities in Bangalore count as a mix of all three
R&D types based on the following statement: “This team will focus on two pillars: First,
advancing fundamental computer science and Al research ... [and] second, applying this
research to tackle big problems ... while also using it to make apps and services”; quoted in
Jay Yagnik, “Google Research India: an Al lab in Bangalore,” Google: The Keyword (blog),
September 19, 2019, https://blog.google/around-the-globe/google-asia/google-
research-india-ai-lab-bangalore/.
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Figure 7. Types of R&D done at Al labs by R&D category.

Basic research
16.4%

All three R&D types ———
18.0%
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19.7%

Applied research
8.2%

Applied research and
experimental development

3.3%

B

Source: CSET Al labs data (see Appendix A).

Figure 8 shows the fraction of Al labs performing each type of R&D by
country or region. Labs in North America and Europe are predominantly
research focused, whereas labs located in other regions conduct less basic
research and more experimental development. Google’s Al China Center
was, at least at the time of its launch, a notable exception; a press release
announcing the center said it would be “focused on basic Al research.”*

Google’s Al lab in Ghana also conducts both basic and applied research.?”
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Figure 8. Types of R&D at Al labs by country or region.
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Il Basic research
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Source: CSET Al labs data (see Appendix A). A single Al lab can be involved in multiple
types of R&D. Australia and Taiwan, which each host only one lab, are excluded from the
figure.
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Figure 9 shows the fraction of each company’s Al labs conducting each type
of R&D. There are significant differences between the companies in terms of
the types of R&D their labs perform. Facebook Al Research (FAIR) labs are
almost exclusively engaged in basic research, Google’s labs conduct a mix
of basic and applied research, Microsoft’s labs are more likely to focus on
experimental development, and IBM's labs conduct a mix of all three R&D
types.®® This illustrates that tech companies structure their R&D activities
differently, and may also use the term “lab” differently; as noted in Section 2,
in this paper we adopted each company’s own “lab” designations. We
discuss how we coded types of R&D in greater detail in Appendix D.

Figure 9. Types of Al R&D at labs by company.

PERCENTAGE OF Al LABS IN EACH LOCATION PERFORMING...
Il Basic research
NUveer Applied research

OF LABS Experimental development
v
88%
Facebook 8 0%
13%
91%
Google 23 96%
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73%
IBM 11 82%
55%
30%
Microsoft 20 40%
65%

Source: CSET Al labs data (see Appendix A). Al labs involved in multiple types of R&D are
counted multiple times.
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Differences in companies’ Al R&D activities are also visible with respect to
where they are established and how they performed. In Seattle, where Al
labs primarily focus on basic and applied research, Facebook’s local lab
director retains a computer science professorship at the University of
Washington and involves strong university ties.** By contrast, other
companies’ labs in Israel tend to focus on applied research and experimental
development. For example, Microsoft Al labs there, such as the Israel
Development Center and Advanced Technology Lab Israel, work closely with
startup founders and have a stronger engineering focus.*°

What Drives Location Decisions?

This section considers why companies set up labs and offices in particular
locations. We find that these decisions are typically made on a variety of
grounds, but companies’ statements, along with research in economics and
business, suggest three main reasons: access to talent, market access or
product adaptation, and cost savings.”

Access to Talent

Companies nearly always cite the presence of a local talent pool as a
dominant reason for their location choices.*' Speaking about a series of new

" Afourth reason suggested by the business literature for foreign investment by multinationals
is “technology scouting,” finding good ideas or companies to collaborate with or acquire.
Beyond Microsoft's labs in Israel—where Zack Weisfeld, the then general manager of
Microsoft Ventures Global Accelerators, spoke of Advanced Technology Lab Israel as a
means of finding promising Al startups—we did not see this motivation reflected in company
statements. See Julie Bort, “After Success in Israel, Microsoft Launches More Accelerator
Programs,” Business Insider, April 24, 2013, https:/ /www.businessinsider.com/after-

success-in-israel-microsoft-launches-worldwide-startup-accelerator-program-2013-4.

Moreover, we did not assess what effects U.S. export control policies have on companies’
decisions to locate R&D overseas. Export controls may affect companies’ choice of location—
one IBM executive said export controls are “relevant” though “not a tier-one factor” in
determining the company’s R&D location choices; cited in Andrew B. Kennedy, 7he
Conflicted Superpower: America’s Collaboration with China and India in Global Innovation
(New York: Columbia University Press, 2018), 135. However, export controls did not come
up in news reports about Al labs, and the complexities of export control regulations make it
difficult to assess independently.
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Facebook Al labs, CTO Mike Schroepfer put it simply: "We're basically
going where the talent is.”#? A Google spokesperson said, “the primary
driver for our choice of Al research office locations is the availability of talent
who are either already living in the area or would be attracted to move
there.”** The managing director of Microsoft Research Asia explains the
company'’s decision to open a lab in China as resulting from their realization
that “we cannot just have the research lab in the US because we know we
won't hire enough, and also, we don’t believe all the smart and the most
passionate people doing research will all come to [the United States].”#4
These arguments are reinforced by companies’ perception that there is a
global shortage of people with the necessary Al skills, which makes locating
in talent clusters especially attractive.®

Labs and offices are often located near universities; in the Al labs database,
38 percent of regions with at least one Al lab are also home to one or more
of the world’s top 50 Al universities.“ Companies’ local offices often forge
close ties with universities in an attempt to access talent (see also Box 1).
Examples include Google's ties with the Technical University of Munich and
Microsoft's relationship with the University of Cambridge.*” In Israel, Google
reportedly sources half of its engineers from Tel Aviv University.“® Companies
are also often interested in hiring professors and researchers employed by
universities*”—in one prominent example, Uber hired about 50 staff from
Carnegie Mellon University in 2015 shortly after setting up a Pittsburgh lab.*°
Universities also incubate startups that tech companies want to keep an eye
on for potential partnerships or acquisitions.

Some locations are good convening points for talent from a broader region,
either because they are up-and-coming hubs or because they have friendly
immigration policies. Google Al Ghana and Microsoft Taiwan, for example,
appear to have been set up to recruit not just from their respective countries
but from their broader regions.®' Labs within the European Union, where
internal labor mobility is unrestricted for citizens, also often serve as hubs for
regional talent.*?
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Box 2. The Role of U.S. Immigration Policy in Location Decisions

Media reports and economic studies suggest U.S. immigration restrictions are associated with U.S.
companies’ global expansion. For instance, one July 2020 article on an executive order halting
temporary employment-based programs said that “even before the new visa restrictions,
immigration obstacles had begun to hurt Al activity in the U.S.,” citing as evidence that “Companies
like Facebook, Microsoft, Google, Amazon, and Intel established Al centers in other countries in

n53

pursuit of local talent.”>® IBM says that 58 percent of Al researchers in its U.S. labs were born

abroad.>*

In line with this argument, several economic studies have found that immigration restrictions lead to
tight labor markets for software talent in the United States, and that tight labor markets in turn drive
companies to locate more of their R&D abroad in places where skilled workers are more plentiful >
In recent years, several countries have reformed their immigration systems to make it easier to
attract Al talent.>® Some have also launched recruitment campaigns that explicitly target U.S.-
based workers with immigration difficulties, as illustrated by a Canadian billboard in Silicon Valley
that reads: “H-1B Problems?2 Pivot to Canada.”>” A Toronto-based immigration lawyer found that
U.S. tech firms “have opted to open Canadian offices [because they] can attract and keep workers
in Canada.”*® A Microsoft Research representative told us, “some of the people we are hiring
today in China and India are the exact same people we would normally be hiring in Redmond,
Boston, or NYC, but today they are not able to get visas to immigrate to the U.S.”*°

On the other hand, as discussed in this section, companies have compelling reasons beyond
concerns with U.S. immigration policy to establish themselves abroad. For example, Facebook’s Al
lead Yann LeCun noted that “immigration in Canada is more well organized than immigration into
the U.S.,” but that “this didn’t factor into [Facebook’s] decision” to establish itself in Montreal.°

In sum, the evidence suggests that U.S. companies would likely establish Al R&D operations
abroad at a lower rate if U.S. immigration policies were less restrictive. However, due to factors
beyond talent that drive location decisions, companies would continue conducting at least some of
their Al R&D abroad even if immigration reforms were adopted.

Market Access and Product Adaptation

Economists often contrast “knowledge-seeking” or “talent-seeking”
investments abroad with “market-driven” investments.®' Foreign labs can help
gain access to markets in one of two ways. First, some countries require
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companies to establish local facilities or partnerships in exchange for market
access. Even in countries without such requirements, however, companies
often set up local offices in order to be close to their customers and to adapt
products to local conditions.?

Market access does not appear to be a dominant motivation for the
companies establishing new standalone Al labs in our dataset, perhaps
because we exclude MNC offices without an R&D component (e.g., those
exclusively staffed by product and sales teams). But market access may
matter to Al R&D location indirectly. In China, for example, one study notes
that “most of the handful of R&D centers that conduct basic research did not
begin to do so until they had already established strong product development
functions.”® Other studies find similar local “value chain climbing” in
countries with sufficient R&D talent pools, including India and China.®*

Cost Savings

Companies also conduct R&D abroad in order to save on costs. It is
commonly accepted that Al talent is expensive; exact numbers vary across
studies, but most find average salaries well above $100,000 in the United
States.®® Similarly detailed Al salary statistics are not available for other
countries, but a 2013 survey by the National Science Foundation found that
U.S. information and communication technologies companies on average
had to spend nearly twice as much per employee for R&D conducted
domestically compared to R&D performed abroad.®® This indicates cost
savings on salaries could be significant.®”

Host governments also sometimes attract multinational companies through
non-salary incentives, for example by providing low-rent or rent-free office
space or subsidized electricity. A desire to avoid paying U.S. taxes, or to take
advantage of tax incentives provided by the host country, can also be
motivators for companies. Host governments provide such incentives because
they believe their populations, businesses, and economies will benefit. A host
country’s eagerness for foreign technology can also impose costs on
multinationals, however. These costs include the risk of physical or intellectual
property theft and the expense of guarding against such risks.

Companies themselves are typically reluctant to admit cost plays a role in
their decisions to establish offices abroad, but experts recognize it as an
important factor.®® For example, evaluating Microsoft’s establishment in
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Taiwan, which included an Al R&D component, a Taipei-based industry
analyst pointed to the greater return on investment the company would have
in Taiwan due to lower salaries.® Analysts also argue, however, that lower
costs, while helpful, are not a sufficient reason for a company to open a new
location. Without a supply of sufficiently high-quality local talent, companies
will be reluctant to launch initiatives involving significant technical work even
if costs are substantially lower.”®

Center for Security and Emerging Technology | 23



Conclusion

Based on our analysis of new data on U.S. multinational companies” Al R&D
labs, we found that Facebook, Google, IBM, and Microsoft have 62 labs
that are spread all over the world; 20 are in the United States, and the
remaining 42 are located across 16 countries. In contrast to Al labs,
however, most company Al staff remain concentrated in the United States.
Much Al R&D in North America and Europe appears focused on research,
whereas labs based elsewhere tend to emphasize development. Companies
decide to conduct Al R&D abroad for multiple reasons, but access to global
talent is typically cited as the driving factor. Our findings regarding Al labs
are based on company classifications of “Al” and “labs” —we did not
independently assess the work that is being done at these locations. Data on
Al staff comes from information provided by individuals through LinkedIn.

Our findings can inform policy on several fronts. First, they reinforce past
research that suggests U.S. immigration reforms would encourage U.S.
companies to conduct more R&D at home (see Box 2), although it appears
unlikely that increasing the domestic talent supply would entirely halt or
reverse companies’ internationalization of R&D. Second, for other tools that
could be used to encourage more domestic R&D, our data can help
policymakers assess how different policy approaches would affect leading
U.S. Al companies. Such impact assessments are an important part of
balancing the complex benefits and risks of R&D internationalization. Third,
calls for multilateral R&D initiatives and an “alliance innovation base”
recommend building on pre-existing R&D links.”" Our data provides a
window into places where U.S. companies already have a significant Al R&D
presence, which could inform future diplomatic engagements.

This study also provides lessons and resources relevant to analysts. For
example, it is important to look at multiple metrics of Al R&D abroad in
studying the extent of U.S. multinationals’ R&D internationalization, as
illustrated by the fact that domestic-to-foreign ratios for Al labs and Al staff
are almost mirror images. In Appendix C, we discuss several other Al R&D
metrics that future studies should consider. In order to facilitate future work on
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these questions, we are releasing our Al labs dataset along with this paper.”
We encourage other researchers to build on this dataset by adding further
information on the Al labs or by adding additional labs or companies. Other
U.S. companies with Al R&D labs include Intel, NVIDIA, and Uber,”? and
many non-U.S. companies conduct significant global Al R&D, as well.”?

" The CSET Al labs dataset is available at https: //qithub.com /georgetown-cset /us-
multinational-ai-labs.
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Appendix: Data and Methods

A. Locating Al Labs

To locate Al labs, we looked primarily at company news releases, company
websites, and other news coverage. Labs could involve either a standalone
Al R&D group or an Al R&D-focused team within a larger R&D organization.”
When companies listed R&D facilities that were not explicitly named as “Al”
centers, we looked at their websites to determine whether they described
themselves as having a systematic Al R&D program. We relied on
companies’ own choices for what they called “Al” and what they labeled a

”IGb_”

This approach has several shortcomings. First, some information was not
available for all labs. For example, we were unable to determine the dates of
establishment for a majority of the Al labs in our dataset. More broadly,
media and companies themselves often discuss projects outside of the United
States in more detail because they are considered more notable, though
some labs abroad received little coverage in English-language sources. More
detailed surveys of the companies may be needed to fill these informational

gaps.

Second, what counts as a “lab” differs across companies, and two of the
companies we studied, Amazon and Apple, either do not use or do not
publicize “labs” (see Section 2).”* Designations are often a form of branding.

" The following companies listed R&D locations on their websites. Only Facebook’s Al labs
were consistently listed distinct from their general R&D facilities:

e Facebook:
https: / /web.archive.org/web/20190611075902 /https: / /research.fb.com/cat
egory/facebook-ai-research/ (The live version of this link now redirects to

ai.facebook.com, but a member of Facebook’s Al Communications team
corroborated this list in an email exchange.)

e Google: https://research.google/careers/

e |BM: https://www.research.ibm.com/labs/

e  Microsoft: https: //www.microsoft.com/en-us/research/
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A Google representative, for example, explained that the company used to
designate some of its locations as “Al centers,” but that groups doing the
same work today are simply referred to as Google Research locations.”
Similarly, Microsoft Research emphasizes that “Al research is infused across
many parts of Microsoft,” and does not happen only within groups
designated as “labs.””® This shortcoming can be addressed by looking at
alternative metrics of R&D. This paper also looked at Al staff; Appendix C lists
several additional Al R&D-related metrics that future research could collect
data on.

We hope future research will shed further light on these issues. To lay the
groundwork for follow-on research, we are releasing our Al labs dataset
along with this paper. In addition to the descriptive Al labs data that we
reported on in the paper, the dataset also includes links to the sources that we
used to make coding decisions, for example on the type(s) of R&D that each
lab is engaged in. We did not conduct site visits at labs or interview lab
leadership and staff, host country governments, U.S. government experts, or
other stakeholders. Future research should also look beyond quantitative
metrics to include such visits and interviews, if possible.

B. Locating Al Staff

To count the number of “Al staff” at our six companies across various
locations, we used employees’ skills listed on their LinkedIn profiles. We
accessed LinkedIn data through the LinkedIn Talent Insights platform. To
define “Al” skills, we used a list of “core Al” skills supplied to CSET by
Burning Glass Analytics, a labor market analytics company. In total, there are
46 "Al skills” that were included in both Burning Glass’s Al taxonomy and
found on LinkedIn profiles, ranging from specific machine learning libraries
(e.g. PyTorch, TensorFlow) to general skill categories (e.g. Data Science,
Machine Learning).”

" The following 46 skills both appear on Linkedin and were identified as “core Al skills” by
Burning Glass: Artificial Intelligence (Al), IBM Watson, iThink, Cluster Analysis, Data
Science, k-means clustering, Kernel, Pattern Recognition, Predictive Analytics, Principal
Component Analysis, Computer Vision, Decision Trees, Deep Learning, Deeplearning4,
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Any binary measure of whether someone has “Al skills” will inevitably be
imperfect. Narrow operationalizations will mean excluding people who do
Al R&D work (“false negatives”), whereas a broad operationalization will
apply to some people without real Al skills (“false positives”). On balance,
our skill list leans toward a broad operationalization; to minimize false
negatives, we include skills like “Chatbot” that may capture some workers
who are not conducting Al R&D. Moreover, using LinkedIn profiles means
that we are relying on people to accurately report their skills. Finally, as
discussed in Sections 2 and 3, LinkedIn’s differential coverage may also result
in undercounting in countries outside of North America or Europe. These
issues should be kept in mind when interpreting the results.

Researchers also have to determine how to associate employees with
companies. Multinational corporations frequently have many wholly owned
subsidiaries or affiliates, such as Amazon Web Services for Amazon. In
measuring staff counts in particular locations, researchers have to choose
whether to include only employees at the main company or also at their
subsidiaries and offiliates. In Figures 2, 3, and é we reported results only for
the main company. As a robustness check we also reran our analysis
including affiliates, which did not significantly change the results.””

Pending data availability, future research could use staff-based measures to
dig deeper on several questions. For example, if demographic data on staff
were available, future work could analyze what percentage of staff at U.S.
and foreign locations are U.S. citizens, and what the most common non-U.S.
nationalities are among company employees across different locations.
Similarly, data on staff job titles and educational backgrounds could, as
discussed in Appendix C below, be used to assess the type(s) of Al work
being done in different locations.

Google Cloud Platform (GCP), Gradient Boosting, H2O.ai, Keras, Machine Learning,
Apache Mahout, Microsoft Cognitive Toolkit (CNTK), MXNet, Neural Networks, Object
Tracking, OpenCV, Random Forest, Recommender Systems, Support Vector Machine (SVM),
Vowpal Wabbit, XGBoost, Caffe, TensorFlow, PyTorch, ANTLR, Chatbots, Computational
Linguistics, Latent Dirichlet Allocation, Lexical Semantics, Machine Translation, MoSes,
Natural Language Processing (NLP), K-Nearest Neighbors (KNN), Sentiment Analysis,
Speech Recognition, Text-to-Speech, Tokenization.
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C. Comparing Al Labs, Al Staff, and Other R&D Measures

This paper included data on both Al labs and Al staff because looking at only
a single metric is likely to provide a partial and misleading picture.”® Looking
only at labs, for example, could make it seem like the bulk of U.S. MNC Al
R&D is happening abroad, while looking at staff could give the opposite
impression. This does not mean the two metrics are contradictory; both have
strengths and weaknesses, and both tell an important story.

Where a multinational launches Al labs, and the company statements and
media coverage that accompany lab launches, can provide a window into
that company’s Al R&D strategy. These statements often convey the
company'’s expansion plans and the type of R&D they hope to be doing, and
explain why the company decided to open the lab where it did. But company
statements must be taken with a grain of salt, so there are limits to what can
be gleaned from this type of information. Augmenting labs data with other
metrics is also important because not all companies use “labs” to structure
their R&D investments.

Measures of staff counts provide a more objective indicator of how much a
company has invested in a specific location. Companies might be inclined to
say that all labs are very valuable to them, but a location with 200 staff is
likely to be more valuable than one with 20 staff. A weakness of current staff
measures, however, is that they only provide a snapshot: a location with 20
staff could have 200 staff one or two years later. Depending on how much
data is available on staff—do researchers only have data on raw numbers or
also on job titles, professional background, and so forth2—staff data may or
may not allow a detailed assessment of a company’s focus. In this paper we
only reported raw staff numbers, but future research could go deeper.

Future research on the global distribution of Al R&D by multinational
companies can also look at other metrics. Additional metrics could include:”

® Job advertisements. In addition to overall staff counts, job
advertisements can provide an indicator of a company’s growth in a
specific location. It might be possible to use advertisement content,
such as educational requirements or job titles, to distinguish Al jobs
from non-Al jobs and R&D jobs from non-R&D jobs.
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Spending. Company figures on Al R&D spending across different
locations would provide a valuable look into their R&D activity.
However, companies may be unable or unwilling to share data that
looks at a specific technology area (Al) and disaggregates by
location. Existing surveys that ask companies for R&D spending, such
as the National Center for Science and Engineering Statistics’
Business R&D and Innovation Survey (BRDIS), unfortunately do not
contain sufficiently detailed data for Al-specific analysis.®°

Acquisitions. Large multinationals frequently acquire startups and
other companies in specific locales, sometimes to set up R&D labs
(see Box 1). One possible issue with this metric from an R&D
perspective is that it is not always clear whether an acquisition was
focused on R&D activities.

Partnerships. Companies often partner with other organizations,
including universities, in setting up research activities. For example,
Microsoft, as part of its $165 million “Al for Good” initiative,
provides extensive support to the University of Waterloo's Al
Institute.®! Such partnerships were excluded from our dataset but are
part of companies’ local Al R&D footprints. Partnership data is
currently not fracked in a systematic fashion.

Publications. Looking at papers that staff from particular company
labs publish could provide another indicator of Al R&D activity.
Possible shortcomings include limited data availability on specific
locations (authors may not report their geographic location in their
papers), poor coverage of more applied work (which is less likely to
get published), and systematic differences in company policies that
would make cross-company comparisons problematic (some
companies allow or encourage their staff to publish whereas others
do not).

Patents. Company patents could also function as an Al R&D indicator,
and inventor addresses can help link the employees to specific
company locations.?? For example, in a press release, IBM said that
“IBM inventors who reside outside the U.S. contributed to more than
36 percent of the company's 2015 patents.”® As with publications,
however, patents only cover a subset of R&D work, and cross-
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company comparisons could be problematic due to policy
differences.®

Future research should also look at the nature and impact of foreign R&D
activities more broadly. For example, to what extent are U.S. multinationals
able to control access to the R&D done in their labs abroad? How are
property rights and ownership divided between multinationals and local
partners across different projects? How do companies weigh national security
concerns when establishing locations abroad?

D. Classifying Al R&D Activities

In the section on “What Types of R&D Do Al Labs Conduct,” we reported
results that categorized R&D into three categories: (1) Basic research; (2)
Applied research; and (3) Experimental development. Categories were not
exclusive, i.e., one lab can conduct multiple types of R&D. Below we provide
some examples, drawn from company websites and news reports, to illustrate
the type of information on which we based our coding choices. The CSET Al
R&D labs dataset released alongside this paper contains hyperlinked sources
for each choice.

® Basic research: “Members of FAIR carry out fundamental research in
the field of Al. Some of their breakthroughs are applied to Facebook's
platforms (Facebook, Instagram, and WhatsApp) by an applied
machine learning (AML) team and other engineers, but the majority of

their research is purely academic.”%

e Applied research: “Established in 1982, IBM Research — Tokyo
focuses on innovations that use cognitive computing to solve social
and industry problems through expertise in cognitive device
technologies, text analytics and mathematical science technologies.
With facilities in Tokyo and Shin-Kawasaki, IBM Research — Tokyo
has been playing a key role in exploring research with clients in
Japan by applying research assets and expertise to meet their needs
for innovations and to overcome their business challenges through

joint collaboration.”#

e Experimental development: “The Microsoft Al R&D Center in Taiwan
will not pursue the basic science of artificial intelligence, which means
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teaching machines to interpret and anticipate a user’s movements.

Instead, the center is designed to be more engineering-centric.”%

Mix of all three R&D categories: “This [Google Research India] team
will focus on two pillars: First, advancing fundamental computer
science and Al research by building a strong team and partnering
with the research community across the country. Second, applying this
research to tackle big problems in fields like healthcare, agriculture,
and education while also using it to make apps and services used by

billions of people more helpful.”8®
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