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Viewpoint

The Future of
Computer Science
and Engineering
Is in Your Hands

How government service can profoundly influence
computer science research and education.

ANY RESEARCHERS ARE
concerned about flat or
declining research bud-
gets in computer science
and engineering. Al-
though the research community is
right to be concerned about the short-
age of funds, they should also be con-
cerned about the shortage of scien-
tists and engineers that are willing to
serve in governments to address this
challenge. Computer scientists and
engineers can have a huge impact on
the future of the field and the future
of the U.S. By serving in the govern-
ment, they can design and launch
new research initiatives, inform IT-
related policy decisions, and serve as
a catalyst for public-private partner-
ships involving government, industry,
and academia.

In the U.S., one way of advancing
computer science and shaping public
policy in computer science research
and education is by serving in federal
agencies that oversee investments in
education and research in science and
technology. Program and division di-
rectors at the National Science Foun-
dation (NSF), the National Institutes
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A conceptualized software system inspired by a DARPA project investigating software
systems that will remain functional in excess of 100 years.

Agency (DARPA), the National Insti-
tute for Standards and Technology
(NIST), the United States Department
Agriculture (USDA), the Department
Transportation (DOT), the Depart-
ent of Homeland Security (DHS), and

many other federal agencies help cre-
ate national research and development
initiatives that can create and/or trans-
form disciplines.

The White House Office of Science
and Technology Policy (OSTP) is an
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agency that works with all other federal
agencies. OSTP’s overarching mission®
is to “ensure that federal investments
in science and technology are making
the greatest possible contribution to
economic prosperity, public health,
environmental quality, and national
security.” OSTP also works to formu-
late policies that can advance science
and technology and to make sure in-
depth scientific knowledge and exper-
tise in technology are used to inform
policymaking. Over the last three years,
OSTP has championed a number of
new research initiatives that support
computer science and engineering,
or that harness information technol-
ogy to advance national priorities and
accelerate the pace of discovery in sci-
ence and engineering.

In recent years, the U.S. govern-
ment has created two national educa-
tion and research initiatives that are
particularly relevant to computer sci-
ence and engineering. The National
Robotics Initiative (NRI) is a multi-
agency initiative designed by OSTP
to support research and development
in robotics science and technology
and promote applications of robotics
in manufacturing, healthcare, agri-
culture, space exploration, national
defense, homeland security, civil in-
frastructure, and education. In June
2011, President Obama unveiled the
NRI, with an initial focus on robots
that can work with humans to extend
and augment human skills. NSF, NIH,
NASA, and USDA issued a joint NRI
solicitation® and committed over $50
million to develop the science and
technology for robots that can safely
coexist and operate in close proxim-
ity to humans. The NRI now, in its
third year, includes a team of over 50
program managers from nine differ-
ent funding agencies and many of the
best U.S. laboratories including the
Army Research Laboratory, the Naval
Research Laboratory, and the NASA
Johnson Space Center. The NRI is
broadening in scope to include a wid-
er range of applications and will help
strengthen U.S. leadership in robotics
science and technology.

aOffice of Science and Technology Policy;
http://www.whitehouse.gov/ostp

b National Robotics Initiative; http://www.nsf.
gov/pubs/2011/nsf11553/nsf11553.htm
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OSTP has also designed a closely
related interagency initiative in cyber
physical systems (CPS) with active par-
ticipation from NSF, NIST, DOT, and
DHS. CPS are smart networked sys-
tems with embedded sensors, proces-
sors, and actuators that are designed
to sense and interact with the physical
world (including human users). CPS
technology is pervasive and will trans-
form entire industrial sectors, includ-
ing transportation, healthcare, energy,
manufacturing, and agriculture. This
initiative addresses the urgent need
for research and development for the
design and verification of software to
provide guaranteed performance, the
around-the-clock reliability needed for
safety-critical applications; education
and training required for CPS applica-
tions; and development of standards
and reference architectures for CPS in
different industry sectors.

NSF has already invested in CPS
by committing over $140M for CPS
research and education over the last
four years.© In addition, NSF has cre-
ated a CPS Virtual Organization (VO),
a network of federal agencies, private
industry, and academic research labs
actively engaged in CPS research, de-
velopment, and education. Two White
House Presidential Innovation Fellows
supported by the National Institute for
Standards and Technology (NIST) are

¢ Cyber-Physical Systems; http://www.nsf.gov/
pubs/2013/nsf13502/nsf13502.htm.
d Cyber-Physical Systems Virtual Organization;

htt]g:[(cp_s-vo.org[
N
The last two
years have been
particularly exciting
for robotics,
cyber physical
systems,
and the Internet
of Things.
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addressing sector-specific open test-
beds for research and development,
and for creating standards and refer-
ence architectures for CPS. Industry
leaders such as GE, AT&T, Intel, IBM,
and Cisco are exploring mechanisms
for collaborating with each other and
with government agencies and univer-
sity researchers.

It is important to note that lead-
ers from academia and industry have
played a very significant role in shap-
ing both the NRI and CPS initiatives. In
2008, the community pressed to create
a National Robotics Week. In May 2009
and then again in March 2013, road-
maps® for robotics research, develop-
ment and education, were presented
to the Congressional Robotics Caucus.f
OSTP, NSF, NIST, and other agencies
held many workshops to help refine
the vision for the future of robotics and
CPS. In both these initiatives, individu-
als who served as rotators in the posi-
tions of program or division director
at NSF, NASA, USDA, and NIH invested
resources under their control to create
new programs.

The last two years have been par-
ticularly exciting for robotics, CPS,
and the Internet of Things. For ex-
ample, on December 2, 2013, Amazon
CEO Jeff Bezos announced plans for
Amazon Prime Air, which will deliver
small packages weighing less than five
pounds (which constitute 86% of prod-
ucts shipped by Amazon) using aerial
robots in the next five years. Google has
acquired robotics companies with ex-
pertise in legged robots, low-cost arms,
perception, virtual reality, and omnidi-
rectional wheels. Recent reports on the
Internet of Things predict economic
impact in the tens of trillions of dol-
lars' and over 75% of business leaders
surveyed predicted a direct impact of
this technology on their business.>

While there are a number of tech-
nology demonstrations in robotics
and CPS that suggest that these fields
are becoming mature, many of these
solutions only work under tightly con-
strained conditions. The recent DARPA
Robotics Challenge serves to highlight
many of the open problems in robot-
ics in addition to underscoring the tre-

e Robotics Virtual Organization; http://www.

robotics-vo.us/
f Robotics Caucus; http://www.roboticscaucus.org/
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Federal agencies
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leadership in
computer science

and information
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mendous potential of this field. This
is why it is important for all of us to be
collectively and continuously engaged
in science and technology policy. We
need experts that can help identify the
most important challenges in robot-
ics and CPS, and that can design high-
impact research initiatives to address
these challenges.

It is also important to realize that
behind the recent avalanche of suc-
cess stories involving start-ups and
investments by major companies is
the “snowball” of decades of federal
funding in these fields. With targeted
investments we can create the scien-
tific and technology breakthroughs
that will serve as a catalyst for the in-
dustries and jobs of the future. For
example, the U.S. federal government
should make investments that pro-
mote the infrastructure needed for
R&D; reduce the “design, build, test”
cycle; and attract the next generation
of scientists, engineers, and entrepre-
neurs to advance robotics and CPS,
and their applications in domains
such as manufacturing, transporta-
tion, healthcare, and energy.

Given the importance of these and
many other opportunities, it is time
for more members of the computer
science community to spend time in
Washington, D.C. Whether you are in
industry orin academia, a studentora
professional, we urge you to reach out
and connect with federal government
agencies whose missions are aligned
with your interests. OSTP offers se-
mester-long internships for students
of all majors. The Presidential Inno-
vation Fellows (PIF) program¢ offers

g  Presidential Innovation Fellows; http://www.
whitehouse.gov/innovationfellows/
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six- or 12-month appointments for
innovators in the private sector who
want to work with the government on
developing high-impact technologi-
cal solutions that can save lives, cre-
ate new jobs, or make government
more efficient. At OSTP, appoint-
ments of a year or more are possible
through the Intergovernmental Per-
sonnel Act (IPA) and this can offer a
great opportunity for those who have
a sabbatical leave. There are also crit-
ical opportunities in other agencies
such as NSF and DARPA. Indeed, the
creation of the NRI and CPS initia-
tives was in large part because of indi-
viduals that took advantage of these
opportunities at NSF.

Agencies like these clearly play a crit-
ical role in funding computer science
and engineering research and educa-
tion. However, federal agencies benefit
from leadership in computer science
and information technology. For ex-
ample, NIH recently recruited a chief
data scientist and many agencies have
recruited chief technology officers.

In the U.S., the Office of Science and
Technology Policy and many other fed-
eral agencies are committed to invest-
ing in computer science research and
to harnessing information technology
to address some of the nation’s most
important challenges. In other coun-
tries, the agencies responsible for R&D
investment and their charters are ob-
viously different. However, as in any
country, we cannot do this without the
active participation and engagement
of creative members of the research
community. Democracy is not a spec-
tator sport, and government is only as
effective as the people that chose to
embrace public service.
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