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The mission of the University of Denver is to promote
learning by engaging with students in advancing
scholarly inquiry, cultivating critical and creative thought,
and generating knowledge. Our active partnerships with
local and global communities contribute to a sustainable
common good.

At Central Michigan University, we are a community
committed to the pursuit of knowledge, wisdom,
discovery, and creativity. We provide student-centered
education and foster personal and intellectual growth to
prepare students for productive careers, meaningful
lives, and responsible citizenship in a global society.
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The mission of the University of Texas at Austin is to
achieve excellence in the interrelated areas of
undergraduate education, graduate education, research
and public service. The university provides superior and
comprehensive educational opportunities at the
baccalaureate through doctoral and special professional
educational levels.

The university contributes to the advancement of society
through research, creative activity, scholarly inquiry and
the development and dissemination of new knowledge,
including the commercialization of University discoveries.
The university preserves and promotes the arts, benefits
the state’s economy, serves the citizens through public
programs and provides other public service.
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Now this conjunction of an immense military
establishment and a large arms industry is new in the
American experience. The total influence—
economic, political, even spiritual—is felt in every
city, every Statehouse, every office of the Federal
government. We recognize the imperative need for
this development. Yet, we must not fail to
comprehend its grave implications. Our toil,
resources, and livelihood are all involved. So is the
very structure of our society.

Eisenhower's farewell address 5



In the councils of government, we must guard
against the acquisition of unwarranted influence,
whether sought or unsought, by the military-
iIndustrial complex. The potential for the disastrous
rise of misplaced power exists and will persist. We
must never let the weight of this combination
endanger our liberties or democratic processes.
We should take nothing for granted. Only an alert
and knowledgeable citizenry can compel the
proper meshing of the huge industrial and military
machinery of defense with our peaceful methods
and goals, so that security and liberty may prosper
together.

Eisenhower's farewell address
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‘ Roman Numeral
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T
T
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RN
N

13
14
15
16
17
18
19
20

Xl 30 XXX 400 CD

Xii 40 500 =

XV 60 700 DCC

XV O LXXX 900
100 2000 m

A 200 3000 m
300 TS

www.britannica.com/topic/Roman-numeral
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‘ Different Priorities Among Research Leaders

Basic Applied Developmental
Research | Research | Research

19.5% 19.5% 61%
EU30 18% 23% 59%
China 5% 13% 82%
South Korea 16% 20% 64%
Russia 14% 33% 53%
India 26% 36% 38%

59 So S50 Matizee g ooy zl el (PiE charts) 1 sl lsges 53, 5l Bsd Jso sloc]
Sl Uas a0

China places more emphasis on development, less on basic research

Ref: The 2014 Global R&D Funding Forecast
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| Toplmnovators2018 |

Rank Country Gll 2018 Score
1 Switzerland 68.40
2 Netherlands 63.32
3 Sweden 63.08
4 UK 60.13
5 Singapore 59.83
6 USA 59.81
7 Finland 99.63
8 Denmark 58.39
9 Germany 58.03

10 Ireland 57.19
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| Toplnnovators2019 |

Rank Country Gll 2019 Score
1 Switzerland 67.24
2 Sweden 63.65
3 USA 61.73
4 Netherlands 61.44
3 UK 61.30
6 Finland 59.83
7 Denmark 58.44
8 Singapore 58.37
9 Germany 58.19

10 Israel 57.43
14 China 54.82
61 Iran 34.43

The Global Innovation Index 2019 678
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A Long March-5 rocket carrying China's heaviest satellite lifts
off on Dec 27, 2019, in Wenchang, Hainan province.

China's heaviest and most advanced satellite, Shijian 20,
reached its fixed position in geosynchronous orbit Sunday,
marking the first successful flight of DFH-5 satellite platform,
according to the China Aerospace Science and Technology
Corporation.

The Shijian 20 satellite is the first verification satellite for DFH-
5 satellite platform, China's new generation of large
geosynchronous orbit satellite platform.

At present, the satellite has completed the orbit transfer and
verified the key technologies of the DFH-5 satellite platform.

It has carried out orbit experiments for a series of key
technologies.

www.chinadaily.com 679
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1 USA 368
2 UK 132
3 Germany 107
4 France 62
5 Sweden 30
6 Switzerland 26
7 Japan 26
& Canada 23
9 Russia 23

10 Austria 21

On WorldAtlas.com

11
12
13
14
15
16
17
18
19
20

5SS 4y by plez sl

[taly 20
Netherlands 20
Denmark 14
Norway 13
Israel 12
Australia 12
Poland 12
Belgium 10
South Africa 10
India 10

21 Hungary 9
22 China 9
23 Spain 8
24 Ireland 7
25 CzechRep 5
26 Argentina 5
27 Finland 4
28 Romania 4
29 Egypt 4
30 New Zealand 3

updated on March 7, 2018.

By Jessica Dillinger 681
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I For whom Nobel tolls

Nobel prizes won in the sciences*®, top four countries

Cumulative prizes won United States -
Americans have won more
Nobel prizes in the sciences 100
than any other nationality.
But it benefits from being %
far more populous than its
nearest rivals, Britain .o
Germany
25
T T ] U
1900 25 50 75 2000 15
) Source: Cla udi_us Gros,
Daily chart o anen ! 632

Economist.com



The Global Competitiveness Index (2018)

0 NO Or & WOWDN -

USA 85.6
Singapore 83.5
Germany 82.8
Switzerland 82.6
Japan 82.5
Netherlands 82.4
Hong Kong SAR 82.3
UK 82.0

89 lIran 54.9
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Ref. The 2017/2018 Global R&D Funding Forecast
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27.9% 27.8% 27.7%  $527.5 billion

China 19.4% 20.1%  20.8%
Japan 8.5% 8.6% 8.4%
Germany 5.8% 5.6% 5.4%
South Korea 3.9% 4.0% 4.1%
India 3.5% 3.6% 3.8%
Russia 3.0% 2.9% 2.8%
Asia (24) 41.3% 42.3%  42.9%

Europe (34) 21.6% 21.2%  20.8%

Ref. The 2017/2018 Global R&D Funding Forecast
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US 2.77% $496.84 billion
China 1.92% $372.81 billion
Japan 3.41% $164.59 billion
Germany 2.92% $112.16 billion
South Korea 4.04% $74.70 billion
India 0.85% $67.70 billion
France 2.26% $59.82 billion
Russia 1.50% $55.77 billion
25) Iran 0.90% $12.34 billion

Ref: The 2017 Global R&D Funding Forecast  Purchasing Power Parity (PPP) o



'Distribution of 2018 R&D in USA

Salaries 23%
Capital spending 17%
Material 17%
Supplies/consumables 15%
outsourcing 14%
overhead 14%

Ref: The 2018 Global R&D Funding Forecast (source: R&D Magazine survey 2017)
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‘ Forecast Gross Expenditure on R&D i1n US

- Funding Share | Industry | Federal Govt W

Basic 16% 22% 7% 56% 15%
Research
Applied 20% 61% 10% 21% 8%
Research
Development 64% 87% 8% 3% 2%

e 9 /Y 0 60 )15 Glabod ppan /NVF Al Sladod g lS.a),oT o =
el 1FY Lg\mgs‘ Slabss

el 925 ] 0 R&D S 51 /VEY 0g0 G 0] 50 olKasls g ®
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Ref: The 2017/2018 Global R&D Funding Forecast
(Source: National Science Foundation)
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The

Federal FFRDC Industry Academia Non-  Total
2 O 1 4 Gov't (Gov't) profit

Federal $35.7 16.5 27.8 37.1 6.0 | 123.0
Government 1.0% 1.1% 1.1% 2.5% 1.1% | 1.5%
Source- 0.3 3025 33 14 | 3075
g iy 0.7% | 4.1% 17% | 05% | 4.0%

Performer : 0.1 13.2 13.3
] Academia 0.1% 2.0% 1.9%
MatﬁX Other 0.0 4.0 4.0
Government 0.1% 1.1% 1.0%

0.1 53 113 | 167
o *7(1 0.2% 22% | 4.0% | 3.4%
Total $35.7 17.0 330.3 62.9 18.7 | 464.5
1.0% 1.0% 3.8% 2.2% 2.7% | 3.2%

US$ Billions (Percent Change from 2013)

» Four sources of R&D funding— the federal government, industry, academia and
non-profit organizations— also perform R&D.

« Additional funding flows to academia from state and local governments.

« R&D is also performed by federally funded research and development centers

(FFRDCs), some of which are operated for the government by industrial firms,
non-profit research institutes or universities.

Ref: The 2014 Global R&D Funding Forecast
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Academic Spending on R&D (Source: Bestcolleges.com)

Total Science  Engineering
R&D
millions USD

1  Johns Hopkins Univ. $2,106.2 | $1,233.4 $859.6
2 Univ. of Michigan, Ann Arbor $1,322.7 | $1,026.6 $221.1
3 Univ. of Wisconsin, Madison $1.169.8 $916.8 $113.7
4 Univ. of Washington $1,109.0 $961.2 $104.2
5 UC-San Diego $1,073.8 $939.2 $126.1
6 UC-San Francisco $1,032.7 | $1,032.7 $0.0
7  Duke Univ. $1,009.9 $946.2 $58.6
8 UC-Los Angeles $1,003.4 $898.9 $70.8
9  Stanford Univ. $903.2 $722.4 $131.4
10 Columbia Univ. $889.5 $788.6 $59.2
11 Univ. North Carolina, CH $966.8 $934.2 $5.0
12 Univ. of Pittsburgh $884.8 $860.8 $4.0
13 Univ. of Pennsylvania $847.1 $767.4 $45.8
14 Univ. of Minnesota, Twin Cities $826.2 $715.8 $91.0
15 MIT $824.1 $405.2 $365.2

Ref. The 2018 Global R&D Funding Forecast
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15
16
17
18
19
20
21
22
23
24
25

MIT

Cornell Univ.

Harvard Univ.

Pennsylvania State Univ.
Ohio State Univ.
UC-Berkeley

UC-Davis

Washington Univ., St. Louis
Univ. of Florida

Texas A&M Univ.

Georgia Inst. of Technology

Total Science  Engineering
R&D

millions USD
$824.1 $405.2 $365.2
$802.4 $711.9 $87.9
$799.4 $706.0 $48.0
$797.7 $485.1 $298.8
$766.5 $570.7 $149.3
$730.3 $524.5 $172.4
$713.3 $621.9 $83.1
$706.4 $668.9 $20.1
$697.0 $562.1 $87.9
$693.4 $413.9 $256.1
$688.9 $201.1 $482.8

Source: Bestcolleges.com

Ref. The 2018 Global R&D Funding Forecast
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‘ Industrial R&D Spenders — Automotive

w6 2017 | 208

Volkswagen $12.144 $11.572 $10.915
Toyota $9.666 $10.018 $10.370
General Motors $8.100 $8.344 $8.620
Ford Motor Co. $7.300 $7.521 $7.754
Honda Motors Co. $6.642 $6.988 $7.333
Total Top 5 $43.852 $44.443 $44.992
Billions USD

Ref: The 2018 Global R&D Funding Forecast (source: R&D Magazine survey 2017)
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‘ Japan is the Leader

= Japan is recognized for its technological expertise in
the automotive industry.

= The automotive industry is the lone area where the
U.S. is not recognized as the technological leader—
Japan takes that honor for this industry.

= In its continuing R&D for improving the quality and
performance of its vehicles, Toyota recently
announced the development of a new solid-state
lithium battery system for electric vehicles.

= Toyota has stated that it plans to bring solid-state
electrolyte batteries to the marketplace by 2020 with
a charge time that is measured in minutes.

Ref: The 2018 Global R&D Funding Forecast
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‘ Industrial R&D Spenders — Energy

| 2016 | 2017 | 2018 _

General Electric $4.782 $4.195 $3.668
Petrochina $2.530 $1.777 $1.055
Exxon Mobil $1.058 $0.622 $0.206
Total SA $1.050 $0.877 $0.711
Royal Dutch Shell $1.014 $0.905 $0.799
Total Top 5 $10.434  $8.376 $6.439
Billions USD

Ref: The 2018 Global R&D Funding Forecast (source: R&D Magazine survey 2017)
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‘ Industrial R&D Spenders — ICT

| 2016 | 2017 | 2018 _
Amazon $16.085 $19.217 $22.398
Alphabet/Google $13.948 $16.111 $18.154
Intel $12.740 $13.493 $14.187
Microsoft $12.500 $12.942 $13.384
Apple $10.495  $12.365  $14.235
Total Top 5 $65.768 $74.128 $82.358

Billions USD

Ref: The 2018 Global R&D Funding Forecast (source: R&D Magazine survey 2017)
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‘ Industrial R&D Spenders — Life Science

| 2016 | 2017 | 2018 _

Roche Holding $11.350 $11.542 $11.769
Merck & Co. $10.124 $10.155 $10.187
Johnson & Johnson  $9.124 $9.191 $9.223
Novartis $9.039 $8.704 $8.407
Pfizer $8.375 $8.738 $9.084
Total Top 5 $48.012 $48.330 $48.670
Billions USD

Ref: The 2018 Global R&D Funding Forecast (source: R&D Magazine survey 2017)

707



‘ Industrial R&D Spenders — Chemicals

& Advanced Materials
| 2016 | 2017 | 2018
Bayer $4.924 $5.052 $5.193
BASF $1.966 $1.773 $1.584
3M $1.735 $1.688 $1.642
DuPont $1.641 $1.502 $1.324
Dow Chemical $1.584 $1.512 $1.445
Total Top 5 $11.850 $11.527 $11.188

Ref: The 2018 Global R&D Funding Forecast (source: R&D Magazine survey 2017)
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R&D Spending

Company (5 millions)
Continental 1,921.10

Tire Division 21540
Bridgestone 968 90
Group Michelin 72190
Goodyear Tire 342 .00
Sumitomo 21290

Tire Division 185.10
Pirelli & C. 198.30

Tire Division 192.40
Hankook Tire 175.20
Yokohama 14710
Toyo Tire 87.20
Cheng Shin / Maxxis Intl. 50.70
Kumho Tire Co. 48.50
Cooper Tire 39.70
Nexen Tire 18.90
Nokian Tyres 16.80
Apollo Tyres 9.00
Titan Int'l 6.30
JK Tyre 5.30
MRF Ltd. 3.60

% Change
(vs. 2009)

b6.9%
5.6%
0.7%
7.7%
1.5%
4.0%
9.1%
92%
9.8%
8.9%
-4.0%
-8.9%
14.3%
-24.9%
11.2%
17.1%
9.6%
24 0%
-29. 2%
46.1%
13.5%

9.6%
2.2%
3.0%
3.0%
1.8%
3.1%
3.2%
3.1%
3.1%
3.9%
2.5%
2. 7%
1.9%
0.2%
1.2%
1.6%
1.2%
0.5%
0.7%
0.4%
0.2%

https://www.rubbernews.com/article/TB/20110901/STATISTICS/121019921/rd-spending-trends
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people working in
RESEARCH & DEVELOPMENT

more than
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5
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million euros

invested in R&D
EACH YEAR

https://www.michelin.com/eng/innovation/research-and-development/key-figures

tests performed different fields

each year of expertise
ON VEHICLES WITHIN R&D
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‘ Industrial R&D Spenders — Aerospace/Defence

| 2016 | 2017 | 2018 _

Boeing $4.627 $4.961  $5.347
BAE Systems $1.693 $1.670 $1.607
Lockheed Martin $0.988 $1.074 $1.167
Raytheon $0.755 $0.867 $0.967
Northrop Grumman $0.705 $0.796 $0.861
Total Top 5 $8.768 $9.368 $9.949
Billions USD

Ref: The 2018 Global R&D Funding Forecast (source: R&D Magazine survey 2017)
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Disruptive Technologies

= The size of the space industry is expected to octuple
over the next 30 years to at least $2.7 trillion.

= Estimation of the value of the space market in 2017 at
$350 billion.

= Space is now being touted as a “hotbed of disruptive
technologies,” according to the report.

= Expanded investment by now more than 80 countries,

= Development of space equipment and hardware is one
of the few areas left untouched by the Trump
Administration’s budget cutting axe with numerous
programs being continued.

Recent market analysis by the Bank of America Merrill Lynch (BofAML)
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There is no letup from global launch developers and
services.

China continues its aggressive independent launch
schedule for satellites and lunar plans.

Russia is continuing to upgrade its launch vehicle family.

Boeing and SpaceX are continuing their independent
development of manned vehicles to support the ISS,

and NASA’s 2020 Mars spacecraft continues its
development as well.
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Ref. The 2017/2018 Global R&D Funding Forecast
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Which country has technology leadership?

Advanced Materials 53% | 19% 1% 18% 15% 1% 3% 2%
Agriculture/food 71% | 11% 5% 5% 4% 1% 1% 4%
Automotive 29% 5% 1% 28% 42% 0% 8% 0%
Commerical Aerospace | 73% 7% 10% 6% 2% 8% 1% 2%
Computing/IT 62% | 22% 1% 3% 9% 6% 4% 0%
Energy 48% | 14% 8% 21% 7% 4% 1% 5%
Sustainability 33% 4% 20% 31% 9% 1% 2% 9%
ICT 64% | 17% 3% 5% 15% 6% 6% 5%
Instrumentation 47% | 16% 2% 14% 28% 1% 8% 2%
Life Science/Healthcare | 65% 4% 8% 14% 8% 1% 1% 12%
Military/Space/Defense | 81% | 14% 2% 4% 2% 12% 3% 1%
Pharmaceutical/Biotech | 69% 6% 8% 16% 6% 1% 1% 7%

-Leader - Runner-up

Source: R&D Magazine Survey 2017

Ref. The 2018 Global R&D Funding Forecast
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