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OPENI NG STATEMENT OF HON. MARK KELLY, U.S. SENATOR
FROM ARI ZONA

Senator Kelly: Good afternoon, everybody. Thank you
for joining us today. The Enmerging Threats and Capabilities
subcomm ttee neets this afternoon to receive testinony from
the | eaders of the Departnent of Defense's Science,
Technol ogy, and I nnovation Enterprise on how they are
working to ensure that the United States retains its
t echnol ogi cal superiority to support defense and nati ona
security m ssions.

| would like to wel cone our witnesses today, Dr. Peter
H ghnam Deputy Director of the Defense Advanced Research
Proj ects Agency, DARPA; Mjor Ceneral John Ceorge,
Commandi ng General of the Arny Conbat Capabilities
Devel opnment Command; Rear Admiral Lorin Sel by, Chief of
Naval Research; and Brigadi er General Heather Pringle,
Commander of the Air Force Research Laboratory.

| also want to take the opportunity to thank you al
for being here today and for your continued service to the
nation, and for your efforts to ensure that we are
| everagi ng i nnovation to support our servicenenbers. As we
all know, the United States is in a conpetition with China
In all areas of technology critical to our national
security. To date, our technological superiority in areas

| i ke advanced conbat aircraft, mssile technol ogies,
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1 nuclear, and space technol ogy, and |land and naval power have
2 been enough to maintain our advantage, despite the anbitions
3 and popul ati on of China.

4 In my view, it is critical that we maintain our

5 mlitary superiority to continue to show the Chinese

6 government and our conpetitors that starting a conflict, or
7 challenging us, is not in their best interest. | believe

8 that our technol ogical capability is central to that aim

9 Wil e innovation is what we have historically done

10 better than anyone, technol ogical superiority is not a

11 patural right of our nation. It has been earned and

12 devel oped over decades by the people |ike our wtnesses and
13 their predecessors, who worked to | everage Anerican

14 ingenuity and innovation, people who work to establish

15 partnership between the mlitary, civilian agencies,

16 industry, academ a, and international partners to devel op

17 and depl oy the weapons systens and defense capabilities that
18 we have today. Capabilities ranging fromradar to precision
19 weapons to fifth-general fighters to robots on the

20 Dbattlefield all have their roots in the science and

21 technology enterprise that we are di scussing today.

22 It is also inportant to renenber that our national

23 investnent in these research prograns ultinmately benefits

24  not just the Departnent of Defense but the broader Anmerican

25 public as well. As we all know, DoD supported research is
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1 now used in general society to pronote econonmc growh and
2 advance the nation's health care system and i nprove overal

3 quality of life, things like the internet, GPS, snmartphones,
4 advanced materials, and even nedi cal advances, including

5 sone of the vaccines being used to address the COVID

6 pandem c today. These are all products of research

7  prograns.

8 So | hope that in this hearing we can exam ne how DARPA
9 and the Services are using the resources and authorities

10 they have been given to help us win the gl obal technol ogical
11  conpetition against adversaries |ike China. And | hope that
12 the witnesses can address any chal l enges that they are

13 facing in trying to achieve that goal, and give us insights
14 and recommendati ons on what this subcommttee can do to best
15 support them

16 Il wll nowturn it over to Senator Ernst for any

17  opening coments that she may have.
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STATEMENT OF HON. JONI ERNST, U.S. SENATOR FROM | OMA

Senator Ernst: Thank you very nuch, Chairman Kelly,
and congratul ati ons on taking the gavel for Energing Threats
and Capabilities, and | really do | ook forward to worKking
together on this commttee, and | appreciate your | eadership
in setting up the hearing today.

For many decades, the Departnent of Defense has driven
gl obal research and devel opnent to create technol ogi es that
have becone the backbone of our digital society. And in a
nore recent exanple, the vaccine, as Chairman Kelly had
not ed, and ot her bionedical research done at the Defense
Advanced Research Projects Agency, or DARPA, has enabled the
devel opnent of the new vaccine techniques currently being
used to fight the COVID 19 pandemi c.

As a result of these and other inportant research and
devel opnent activities, the United States mlitary has
enj oyed technol ogi cal superiority over our adversaries for
decades. Unfortunately, our adversaries have |earned from
our success and are investing heavily in devel opi ng and
stealing capabilities like artificial intelligence, 5G
hyper soni cs, emergi ng bi ot echnol ogi es, quantum conputi ng,
and directed energy.

The fiscal year 2019 National Defense Authorization Act
est abl i shed an i ndependent conm ssion to study the

application of artificial intelligence to national security

www.trustpoint.one 800.FOR.DEPO
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1 applications. Their final report, released in March 2021,

2 states, "The United States has neither identified nor

3 prioritized |eadership in the technologies that are centra

4 to national conpetitiveness."

5 In contrast, the commssion's report notes that, "China
6 is pursuing a conprehensive technol ogy | eadership strategy.
7 China's strategic investnments in key sectors through its

8 Made in China 2025 Initiative threaten U S. technol ogi ca

9 prowess, econom c prosperity, and national security.”

10 The report goes on to note that, "In addition to
11  investnents in Al, China is seeking to becone a world | eader
12 I n quantum 5G and biotech, anong other areas, and sees its

13 strategies to lead in Al and each of these other

14 technol ogies as nmutually reinforcing."

15 | am concerned we are not keeping up with our

16 conpetitors, and | am | ooking forward to hearing our

17 wtnesses tal k today about the research and devel opnent

18 activities in the defense | aboratories and at DARPA and each
19 of the Service research organizations to support

20 noderni zation goals of the National Defense Strategy. What

21 can this subcommttee do to support efforts to maintain this
22 technol ogical superiority of our warfighters?

23 And thank you very nmuch to our w tnesses for appearing

24  in front of this afternoon, and | | ook forward to your

25 testinony. And with that, M. Chair, | yield back.
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1 Senator Kelly: Thank you, and I will now recognize the

N

Deputy Director of DARPA, Dr. H ghnam for 5 m nutes.
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STATEMENT OF DR. PETER H GHNAM DEPUTY DI RECTOR,
DEFENSE ADVANCED RESEARCH PRQIECTS AGENCY

M. Hi ghnam Thank you. Chairman Kelly, Ranking
Menber Ernst, and nenbers of the subcomm ttee, thank you
very much for the opportunity to testify today and for the
comrittee's strong support of DARPA over the years. M nane
Is Peter H ghnam and | amthe Deputy Director of DARPA. It
is a pleasure to be here with nmy col |l eagues who are
representing the critical research and devel opnent functions
of the United States Navy, Arny, and Air Force.

Wiile we work closely with each of these service
organi zati ons, DARPA has a unique mssion in both the DoD
community and the broader U S. technol ogy ecosystem That
m ssion is to prevent technol ogi cal surprise, by making
pi votal investnments in breakthrough technol ogies for
national security. Wat that neans is we anticipate,
create, and denonstrate technol ogies that are nowhere on
t echnol ogy roadmaps and often outside nost people's
| magi nati ons.

For over 60 years, in partnership with innovators
i nsi de and out si de governnent, DARPA has repeatedly
delivered on our mssion. W transfornmed revolutionary
concepts and seem ng inpossibilities into practical
capabilities. Exanples of those capabilities include

stealth technol ogy, position-guided weapons, and unmanned

www.trustpoint.one 800.FOR.DEPO
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1 aerial vehicles, as well as icons of nodern society such as
2 the internet, automated voice recognition, and |anguage

3 translation, and GPS receivers small enough to enbed in

4 nearly any consuner device.

5 Technol ogi es |i ke these provide nore options for our

6 nation's |eaders and the MIlitary Services. Today, with

7 I ncreasingly conplex challenges in a rapidly changi ng worl d,
8 DARPA's role has never been nore vital.

9 At DARPA, we think not just about scientific and

10  engi neering innovation but also about the innovation

11  ecosystem That ecosystem i ncludes nmany overl appi ng and

12 adjacent communities in academ a, industry, and partnerships

13 across the Federal Governnment. It includes everything from
14  fundanental research to gl obal-scale systens of systens. It
15 includes innovation not only in technology but in processes
16 and transition strategies as well. And nost inportantly, it
17 includes a constantly changi ng crew of DARPA program

18 managers, who conme fromand will return to that ecosystem

19 who seek to solve not just today's problens but tonorrow s

20 as well.

21 One of the best illustrations of how DARPA is rel ated

22 to the COVID 19 pandem c. About 10 years ago, DARPA began

23 heavy investnents in sonething called nRNA vacci nes. nRNA

24  vaccines are nearly a household word today, but at the tine

25 they were nuch nore obscure, and DARPA' s investnents were
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based on the insight of individual program nmanagers who
anticipated their need for both mlitary and public health
m ssions. The research is now playing a | eading and
catalytic role in today's fight against COVID- 19. In

typi cal DARPA fashion, the agency nmade significant

I nvestments in technol ogy years before it was known to be
needed, |eading to high-inpact capabilities related to
prevention, diagnostics, and treatnent that have helped to
mtigate the current crisis.

From vacci nes and di agnostics to defense and of fensi ve
hyper soni ¢ technol ogi es, state-of-the-art artificial
Intelligence, quantum i nformation systens, mncroelectronics,
sophi sticated cyber sol utions, inexpensive space-based
capabilities, supply chain robustness and resilience, and
much nore, DARPA has forged new paths and continues to
deliver on our mssion. The culture is strong. It persists.
You have an agency conpletely focused on the m ssion.

| ook forward to working with the nmenbers of this
subcommittee and others in Congress to ensure the security
and resilience of our nation. | would be nost pleased to
answer your questions. Thank you.

[ The prepared statenment of M. Hi ghnamfollows:]

www.trustpoint.one 800.FOR.DEPO
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1 Senator Kelly: Thank you, Dr. H ghnam | wll now
2 recogni ze the Commandi ng General of the Arny Conbat
3 Capabilities Devel opnent Conmand, General George, for 5

4 m nut es.
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STATEMENT OF MAJOR GENERAL JOHN GEORGE, COVIVANDI NG
GENERAL, UNI TED STATES ARMY COVBAT CAPABI LI TI ES DEVELOPMENT
COVIVAND

CGeneral George: Chairman Kelly, Ranking Menber Ernst,
di sti ngui shed nenbers of the conmttee, thank you for your
support and your conmitment to the Arny's soldiers,
famlies, and our civilians. | appreciate the opportunity
to testify al ongside ny DoD S&T partners, Dr. Hi ghnam
General Pringle, and Admral Sel by.

The mi ssion of the United States Arny's Conbat
Capabilities Devel opnent Comrand, known as DEVCOM as a part
of the larger Arny Futures Command, enables the delivery of
the Arny's nodernization priorities through advanci ng
sci ence, technol ogy, and engineering. Futures Conmand | eads
t he persistent nodernization of the Arny, and it has created
unity of effort to develop and deliver capabilities.

Under the unified | eadership of Futures Command, we
have evol ved the way we characteri ze our execution of S&T,
and we place increased enphasis on ensuring a bal ance of
I nvest ment across three areas. First, technol ogy insertion.
This is focused on the delivery of S&T in support of today's
signature efforts. Second is transformational capabilities,
efforts that will likely transformhow we will fight in the
future operating environment. This is all nade possible by

the third, foundational research, executed by ny Arny

12
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Research Lab, which is focused on the real mof the possible,
realizing collaboration with our external academ c and
| ndustry partners.

To inform both transformati onal capabilities and
foundati onal research, DEVCOM executed Futures Conmand's
technol ogy deep dives in support of the Arny's research
priorities. Along with our governnent and academ c
partners, and hundreds of participants, we have reviewed the
Arnmy' s technol ogy focus areas in advanced spaces |ike
guantum hypersonic flight, convergent manufacturing,
aut onony, and synthetic bi ol ogy.

Leveraging this three-part S&T construct and expandi ng
our definition of success beyond just the transition of
technol ogy into prograns, one initiative under Arny's
Futures Conmand that has changed the way that we pursue
technologies is our Ignite strategy. This strategy broadens
and institutionalizes the inpact of S&T by having science
shape concepts and technol ogy-inforned requirenents.

Last year we established the Virtual Enterprise
Col | aboration Platformw th nore than 600 partners across 35
Arny organi zations, and we | ed nore than 20 workshops to
i nform how and what we will fight with differently in the
future. This has brought together people fromall four
services, 13 partner nations, industry, other governnent

agenci es, think tanks, and academ c institutions.
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As further representation of the change inplenented in
our S&T m ssion, the Arny is expanding our use of sol dier-
centered design, taking potential solutions fromthe |ab
into the dirt. Routine and brutally honest sol dier feedback
Is incredibly inportant to make sure we deliver what is
needed.

In 2021, we will conduct nore than 200 experinents, or
what we call sol dier touchpoints. W |everage this feedback
to informan agile devel opnment process where we are able to
nodi fy efforts, re-engi neer products, realize cost savings,
and cut the time it takes to deliver soldiers' capabilities.

Recogni zing that the joint warfighter wll need
I ntegrated capabilities that operate at machi ne speed to win
on the hyperactive battlefields of the future, in 2020, the
Arny initiated our prem er experinentation event, Project
Convergence. This is where we went from concept to
experi mentation and denonstration in under 8 nonths. This
year, for Project Convergence '21, we wll expand
participation and focus on joint interoperability with our
DoD partners in an | NDOPACOM vi gnette. DEVCOM is worKking
al ongside nore than 75 industry partners on our technol ogy
scheduled to be in this year's event.

To support Project Convergence, we have recently stood
up the Joint Systens Integration Lab, or the JSIL, where, on

8 April, we hosted all three Service chiefs. The JSIL
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provi des | ab-based risk reduction, and ultimately wl|
enabl e Joint Al Domain Command and Control, or JADC2.

Al this is only possible with a continued enphasis on
tal ent managenent and the future of work. W continue to
explore new ways to attract and retain talent that we need
to remain effective and conpetitive, and to do so we are
| everagi ng our existing network. DEVCOM has regi ona
research hubs, co-located with our strategic partners across
the nation, centered in regions with existing innovation
networks |i ke Boston, Playa Vista, Chicago, and Austin. CQur
hubs are positioned to tap into talent where it resides and
are tightly linked with outreach and diversity initiatives
to work towards our goal of an expert S&T workforce.

So in closing, we are optim stic about our ability to
shape the future. The authorities that Congress has
provi ded us enhance our ability to enable our worl d-cl ass
talent, pursue lab revitalization, and acquire information
t echnol ogy necessary for the Arny's nultidomain
transformati on.

So thank you for your tinme and | ook forward to
answeri ng your questions.

[ The prepared statenment of Ceneral CGeorge follows:]

www.trustpoint.one 800.FOR.DEPO
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1 Senator Kelly: Thank you, General. And Admral Sel by,

N

the Chief of Naval Research, is recognized for any opening

3 remar ks.
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STATEMENT OF REAR ADM RAL LORI N SELBY, CHI EF, NAVAL
RESEARCH

Adm ral Sel by: Good afternoon, Chairman Kelly, Ranking
Menber Ernst, and distingui shed nenbers of the conmttee. |
thank you for inviting nme and ny col |l eagues to be with you
today to talk about what | think is actually a critical
topic at this tine.

From a science and technol ogy standpoint, we are
clearly at an inflection point in history. As you are well
aware, for the first time in several decades we are facing a
near - peer conpetitor who is basically set on trying to
di splace us as the world's superpower. W are truly in a
race for technol ogi cal superiority. For 75 years, the Navy
and Marine Corps | eadership has |ooked to the Ofice of
Naval Research to maintain that technol ogi cal advantage and
ensure that our sailors and Marines are never in a fair
fight.

Today, nore than ever, technol ogy shapes the
battlefield, whether it be on land, in the air, on or under
the sea, or in cyberspace, which is why it is absolutely
critical that we maintain a technol ogi cal edge.

Havi ng served in the role of Chief of Naval Research
now for just under a year, | amfocusing the Naval Research
Enterprise, or NRE, on four distinct areas to do just that:

peopl e, products, processes, and partnerships. The NRE,
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www.aldersonreporting.com (800.367.3376)



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Trustpoint.One = Alderson.

18

whi ch consists of the Ofice of Naval Research, the Naval
Research Laboratory, ONR d obal, and PVR 51, has an anazing
wor kf orce of nearly 4,000 dedi cated scientists, engineers,
contracts, legal, and financial specialists, and mlitary
menbers. Like everyone, ny workforce was affected over the
past year by the COVID 19 pandemic, and | would like to
publicly thank themfor their inspiring flexibility and
commtment to their work.

As we | ook to the world after COVID, | amlooking to
focus the workforce on nodernizing the NRE tal ent nanagenent
system t hrough diversity, enployee satisfaction, and
succession planning. Central to this effort is ny firm
commitnent to increasing awareness of the naval science,

t echnol ogy, engi neering, and mat hematics, or STEM prograns,
particularly to inprove engagenents with our historically

bl ack col |l eges and universities and m nority-serving
institutions. The shortage of people interested in STEM
careers today is a matter of national security, and the next
generation of STEM professionals who will | ead America needs
to reflect Anerican society. Quite sinply, we have to get
out kids fromall |ocations and denographics interested in
STEM today or we will be unprepared as a nation to face the
chal | enges of tonorrow.

To remain relevant, the NRE nust continue to provide

capabilities to the fleet and Marine forces. Recently, we
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have had success in delivering capabilities in directed
ener gy, unmanned systens, artificial intelligence and
machi ne | earni ng, el ectromagnetic warfare, and autonony.
Speci fic exanpl es, anong many gane-changi ng capabilities
energing for our fleet and Marine forces include the solid-
state | aser, technol ogy maturation prototype, which is
installed on USS Portland, as well as the delivery of Sea
Hawk and Sea Hunter unmanned surface vessels.

In many cases, the successes we have in providing
products today is the direct result of early-stage research
conducted 10 or 20 years ago. As a sol e dedicated naval
I nvestor in basic research, ONR wll continue to sponsor
nascent research in areas such as artificial intelligence,
di gital engineering, quantum conputing, biotechnol ogy,
advanced manufacturing, |ong-range precision fires,
expedi ti onary energy, and undersea warfare.

Yes, | al so recognize that unlike nmany years ago the
preponder ance of technol ogy investnent today cones fromthe
private sector and not fromthe government. Through our
manuf act uri ng technol ogy and Snal | Busi ness | nnovati on
Research efforts, they continue to consistently be
successful. W also need to | ook to new avenues for
engagi ng across the spectrumof industry to ensure we are
penetration with the private sector to the best ideas. For

this reason, | view Naval X and Tech Bridges as absolutely
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critical capabilities for connecting the Navy and Marine
Cor ps across the innovation pipeline.

Simlarly, wwthin ONR, we need to continue to deliver
near-termsolutions to energing fleet and Mari ne Corps
requi renents, specifically in areas of experinentation. For
exanpl e, the Marine Corps just conpleted the Naval
Integration in Contested Environnments Advanced Naval
Technol ogy experinent, where several ONR technol ogi es were
denonstrated in an operationally relevant environnent at
Canp Lej eune a couple of weeks ago. Also, at this very
nmonment, ONR and the fleet are evaluating sone 30 new
technol ogies as part of an Integrated Battle Problem 21
exerci se off the coast of Southern California. By providing
our warfighters with opportunity to enpl oy novel
technol ogi es, we provide themw th the opportunity to give
direct feedback to the devel opers and to begin to devel op
appropriate concepts and doctrine.

From a partnership perspective, | am happy to say, on
the domestic front, with the organizations around this table
and ot hers across DoD and governnent, we are conpletely
aligned an in sync. Internationally, as | am dual -hatted as
the Chief of Naval Research and the Senior National Naval
Representative, | amcommtted to ensuring that our
international allies continue to see the United States as

the partner of choice for research devel opnent investnents.
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Today, over two-thirds of global R&D investnent are outside
the United States, nmaking it absolutely critical that we
mai ntai n awareness of the state of research for both
partners and potential adversaries alike.

Fortunately, the snmall and agile ONR global teamis
equi pped to do just that, through discovering energing
research around the world, helping potential partners
navi gate the conplex U S. R&D ecosystem and pronoting
transparency and buil ding trust.

Again, it is an honor to be here today, and | | ook
forward to your questions.

[ The prepared statenent of Admral Sel by foll ows:]

21
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1 Senator Kelly: Thank you, Admral. And now Cenera

N

Pringle, the Commander of the Air Force Research Laboratory,

3 wll be recognized for opening renarks.
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STATEMENT OF BRI GADI ER GENERAL HEATHER PRI NGLE,
COMWANDER, Al R FORCE RESEARCH LABORATCORY

Ceneral Pringle: Chairman Kelly, Ranking Menber Ernst,
and di stingui shed nenbers of the subcomm ttee, thank you for
this opportunity to provide testinony. | am honored here to
join ny coll eagues here today.

The Departnent of the Air Force has a conprehensive
technol ogy portfolio, deep scientists and engi neer bench,
and world-class facilities that accel erate devel opnent of
i nnovative technol ogies for airnen and guardians. | amnore
than confident in our team but nonetheless, we remain
cl ear-eyed about the chall enges ahead.

Wth the conplexity of an evolving | andscape, as we
have descri bed here today, the Air Force Research Lab
remai ns united as one |l ab supporting two services, both the
Air Force and the Space Force, as we address these
chal | enges.

I would like to start by highlight our substanti al
efforts to support the nation's response to COVID- 19, which
ensured the tinely increase in donestic production of
personal protective equi pnment and mtigated danage to the
defense industrial base. Nunmerous researchers responded to
the call by eval uating decontam nation technol ogies for the
Air Force fleet, building conputational nodels to support

commanders, and desi gning new transport systens for air-
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evacuat ed COVID patients.

Even whil e responding to COVID, our S&T conmunity never
ceased in their efforts to devel op transformationa
capabilities in line with our 2030 strategy. In fact, AFRL
established a new Transformation Capabilities Ofice to
devel op a pipeline of nultidisciplinary prograns that aimto
grow i nto gane-changi ng capabilities called Vanguards.
Vanguar ds represent a new nodel for accelerating the
transition of S&T successes across the valley of death, and
we | ook forward to results fromthese Vanguards in the near
future.

Still nore opportunities exist in the space donain.
Though we have | ong recogni zed the inportance of space
superiority, AFRL has taken new steps to denonstrate its
commitnent to both the Air Force and Space Force as
I ndependent services. As always, we will continue to
encour age probl em solving across nultiple domains, nultiple
di sci plines, and actively devel op cross-cutting sol utions.

The commerci al space sector has al so energi zed a nunber
of public-private partnershi ps and CRADAS with conpani es
| ooking to use our facilities and | everage our expertise,
resulting in nmutually beneficial endeavors.

In fiscal year 2021, AFRL strengthened its partnerships
by standing up a new Strategic Partnering Ofice, as well as

bol stering our relationship with nontraditional conpanies.

24
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Leading in this area, AFVWERX awarded contracts worth over
$700 million to 1,400 small businesses, with over 75 percent
of the recipients being new partners to the DAF. W are
excited to access so nmany new sources of innovation.

To better |everage extranural research advancenents,
our teamworks closely with academ c institutions across the
nation to shape our research and grow a larger, highly
talented pool of U S. citizens skilled in tech areas we
need. Altogether, these robust networks of partnerships,
whi ch include 23 international allies, NATO, and Five Eyes
partners bring a wealth of know edge and donai n-specific
expertise to ensure we stay on the cutting edge of research.

To build the best team AFRL devel oped a new approach
to human capital that incorporates industry best practices
and seam essly integrates the human capital lifecycle. W
greatly appreciate the nunerous authorities that Congress
has provided to recruit, hire, and retain top talent. In
particular, the Direct Hre Authority enabl ed the use of
executive headhunter firns for hard-to-fill positions, such
as the enhanced pay authority, which we have fully enpl oyed.

Every day we seek opportunities to achieve future
oper ati onal dom nance through investnent in rel evant
scientific areas such as artificial intelligence, autonony,
bi ot ech, cyber, quantum direct energy, mcroelectronics,

and hypersonics. Horizon scanning enables us to invest in
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ways that avoid duplication and build conplenmentary efforts
wi th our sister services, DARPA, and others.

Despite COVID- 19, we had an exceptional year responding
to both energent and enduring technol ogy needs, while
pushi ng the | eading edge of science. | would be happy to
provi de nore details.

Above all, we have a workforce that is truly special,
driven by a tireless devotion to learning difficult
specialties, and applying expertise and creativity to novel
probl ems. Thank you for your strong support of the Air
Force and Space Force S&T, the authorities that you have
provi ded, and this opportunity to testify.

[ The prepared statenment of CGeneral Pringle follows:]
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Senator Kelly: Thank you, General, and thank you to
everyone for your testinony.

So before we begin questions, |let ne rem nd everybody
how we are going to proceed here with the renote
participants. W do have sone. | want to let everyone know
how t hings are going to run.

So since this is inpossible to know exactly when our
col | eagues who be joining renotely arrive, we are not going
to be following what is called the standard early bird
timng rule. Instead, we will handle the order of questions
by seniority, alternating sides until we have gone through
everyone. And once we reach the end, if there is anybody
that is mssed we wll go back and start at the top again
until everybody has had a turn.

Wth that, | amgoing to begin our 5-mnute round of
questions. So this is for all the witnesses, and | want to
tal k about sem conductors for a nonment. |In last year's
NDAA, we aut horized the Chips for Arerica Act, and | am
currently working with coll eagues to ensure we can provide
t he fundi ng necessary to address current supply chain
vul nerabilities.

Can you speak to why sem conductors and
m croel ectronics are inportant for our weapons systens and
for our national security?

General George: Chairman, thank you for the question.
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| will start the team down here. So first of all,

sem conductors are in nearly every piece of kit that we
field to our soldiers in our formations, and, you know, we
have part of our command that | ooks at the integrity and the
vul nerabilities of sem conductors, as a part of the systens
that we field. W certainly recognize that the supply chain
Is at risk and that we have got to be very careful to know
the origin of the sem conductors that are going into our
critical capabilities. Especially as we get into things

| i ke Al and machine | earning, the speed of our systens and
the decision algorithnms that we use have got to be reliable
and have got to nove fast.

Admral Selby: | will just continue that. So clearly
sem conductors are in all of our, you know, m croel ectronics
for our radar systens, our communications systens, our high-
per f ormance conputing systens, for Al, and all the things we
are trying to do. As you are all well aware, the mgjority
of that has been offshored over the |ast several decades, so
it is a critical concern that there is obviously a
vul nerability there for the supply chain as well as
potential vulnerabilities for other aspects of what could be
done to the electronics when it is offshore.

So | think we are all working together to try to conbat
that, to conme up with strategies, but the things the Hil

has done over the years to help us with that is going to be
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critical to making this effective.

Senator Kelly: Do any of the |labs hel p manufacturers
or help devel op technology that could help a U S. conpany,
let's say Intel, lead to developing, let's say, a five-
nanoneter chip or even beyond that, 3 or 1 nanoneter? |
mean, there is a path to get there. Do any of the | abs work
specifically in devel opi ng that technol ogy?

Admral Selby: | think we all are. Naval Research
Lab, for instance, is doing a |lot of work now But just
historically, galliumnitride, what is in your phone and
your flat-screen TV, was technol ogy devel oped with others
but Naval Research Lab played a pivotal role in that, and
t he Naval Research Lab today is doing additional work on
future concepts. So yes, sir.

CGeneral George: And the Arny Research Lab is al so
| ooking at the materials as a part of the conductor
busi ness.

Senator Kelly: General Pringle?

General Pringle: Thank you, Chairman. There are three
things that | would like to add here. First is that we are
| ooki ng to adopt comrercial advances and validate the
processes that they are using in the mcroel ectronics chips
area, because we need to ensure that what we are getting is
adhering to the secure processes that we need. W are also

| ooking to give them researchers, tools, and we are worKking
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on a prototype for |ithography that will mneet our very
unique mlitary needs and addresses a | ow vol une production
capability, and we are hoping to see that cone to fruition
this year.

And thirdly, and not |east inportantly, is developing a
skilled workforce, and all of us are working together on
devel oping the capabilities in our teans so that we can be
good consuners of the mcroel ectronics and know ng what we
are getting. Thank you.

Senator Kelly: Dr. Hi ghnanf

M. H ghnam So back in 2017, DARPA announced the
El ectroni cs Resurgence Initiative, which is $1.5 billion
over 5 years. In that work which is within DARPA is a
portfolio of research prograns, intel cooperation, and
video. Al the major U S. players and sone non-U. S. players
are participants, both the boundary aspect to the
[ i naudi bl e].

One thing that is certain is that these days half of
the periodic table is involved in these devices. There is
not hi ng si npl e about them They have evol ved nmassively over
the 40 years ago, since they were introduced. And the
[i naudi bl e] DARPA way back, actually, [inaudible] were
avai |l abl e to DARPA fundi ng back before the dawn of man, it
feels like, but back in the '80s, to nmake the chip possible

[inaudi ble]. So today, as we | ook at the evolving worl dw de
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pi cture, as you know, the bul k of the sem conductors are
made overseas. So we are working to bring it back onshore.

Then, behind that is the packaging. There is the new
types of design. There is working with existing designs to
make them secure, and we saw [inaudi bl e] over the |ast
coupl e of years in existing hardware. W announced a
[inaudi ble] with Intel about a nonth ago to do exactly that,
to working with security at two sites.

So for us it [inaudible] systens, fromthe initia
[inaudi ble] all the way through. W have to address that
for our nation's security.

Senator Kelly: Thank you, Doctor. | now recognize
Ranki ng Menber Ernst.

Senator Ernst: Thank you, M. Chair, and again, to the
W t nesses, thank you very, very much for being here and
testifying. And, Dr. H ghnam | appreciate our conversation
a few days ago, and really appreciated the insights that you
were abl e provide.

The Departnent of Defense has devel oped a top ten |ist
of noderni zation priorities that represent technol ogy focus
areas fromthe National Defense Strategy. And they include
artificial intelligence, biotechnology, autonony, cyber,
directed energy, fully networked command, control, and
comruni cati ons, mcroel ectronics, quantum sci ence,

hyper soni cs, space, and, lastly, 5G
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How do you assess, Dr. Highnam the United States
st andi ng anongst our gl obal conpetition to devel op, adopt,
and depl oy these technol ogi es for national security,
especially in light of significant conmercial sector
I nvestments and progress in devel opnent of energing
t echnol ogi es.

M. H ghnam Geat. One of the nost inportant
guestions. Over the last tw decades we have seen the
denocrati zation in technol ogy and science worl dw de. So
everything we have access to, they have access to, all that.
They can be nore focused than we are, in sone ways. Certain
countries, there is an alignnment of both civilian and
mlitary structures in ways that we are not.

| have viewed this for a decade now, nyself, as a
[inaudi ble]. W have to work really hard to stay in the
| ead, and we are, and | see no reason that that will not be
t he case across the board.

Senator Ernst: And what specific recomendations then
do you have for actions in policy prograns or organizati onal
reformthat this commttee or the DoD should pursue to
i nprove the Departnent's ability to devel op, adopt, and

enpl oy these types of technol ogies for national security?

M. H ghnam | think the presunption of the question
is that it is your [inaudible] solved. | think it is for us
to solve, and we work well together. W work well in the
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Departnment. There is a lot nore we can do. | amsure there
wi Il be specific pain points and such. But certainly at
DARPA, everything we do, we work with the external ecosystem
to build results. W are bringing people fromthere and we
send them back to there. And the only reason they cone to
DARPA is to nake a difference, and anbition.

So |l think it is our problemto solve -- thank you for
the offer -- but hold us to account.

Senator Ernst: Thank you, and thank you for working so
wel | and col | aborating together. That is very inportant as
wel | .

Maj or General George, there is a forner Chinese
Chai rman that remarked that China would inplenment the nedium
and | ong-term program for science and technol ogy devel opnent
to make China an innovative country and enhance nati onal
strength. And China does aimto be the world' s science and
technol ogy | eader by the year 2050.

What do you see as the biggest challenges related to
ensuring a sufficient and conpetitive supply of S&T tal ent
in the United States?

General George: Senator, | would start by saying |
t hi nk you are spot on that our people are the foundation and
the rock of our future success. And for us it is creating a
fl ow of STEM the sustainable STEM personnel, from K through

12 right now, that is sustainable through the future.
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1 So it is a whol e-of -governnent, a whol e-of -nation issue
2 that we have to westle with to put the right policies and

3 for us to have the right authorities to work with our

4 universities to pull in expertise. But it is that flow of

5 STEMthat |I think is the largest single factor for our

6 future success, to have the talent in the right place and in
7 the right conpetencies.

8 Senator Ernst: And are there discussions then, openly,
9 wth universities or colleges or other areas of academc

10 where you are letting them know naybe what we need as a

11 mlitary so that you can work on program devel opnent,

12 whether it is in K-12 or at our universities?

13 General George: Absolutely. As a matter of fact, we
14 have got a programw th a couple of universities in North

15 Carolina as well as Tennessee that will work directly with
16 our soldiers to help establish what are the problens, and

17 then as a result of that, we are inform ng our universities
18 on the problemsets if we actually have a soldier in

19 formation | evel .

20 Senator Ernst: Okay. Fantastic. Thank you, M.
21  Chair.
22 Senator Kelly: | now recognize Senator Kaine for 5

23 mnutes.
24 Senat or Kai ne: Thank you, Chair Kelly and Ranki ng

25 Menber Ernst, and thanks to our w tness.
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CGeneral George, |ast year the DoD | aunched sonet hing
called Project Pele, and that was to design, build, and
denonstrate a prototype nobile nuclear reactor that is
i ntended to be safe, avoid concerns associated with existing
nucl ear actors, and revol utionize howthe MIlitary Services
depl oy and operate, possibly elimnating the need to take
energy by fuel trucks back and forth to forward depl oyed
bases.

Coul d you give us sone information about the status of
Project Pele, and at what point in the sort of planning and
devel opnent of this mght the Arnmy contenpl ate incorporating
a mcroreactor into its operations?

General George: Senator, | know from a conceptua
perspective how we operate [inaudi bl e] gathering and | ooki ng
at how we fight differently. But if |I could take that
guestion for the record, | will get you an update.

Senator Kaine: Excellent. | would be happy for that.

Thank you, Ceneral.

CGeneral Pringle, | chair the Readi ness Subcomm ttee,
which is sort of acquisitions and installations and then
readi ness netrics. One of the areas that | oversee through
that subcommttee is the mlitary construction budget. M
observation has been that every mlitary base has a really
strong advocacy for its build tinme projects, not only

t hrough chain of command but usually there is a surroundi ng
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community that advocates strongly. And | have wondered
sonmeti mes whether there is sufficient advocacy power behind
not our bases but public shipyards, arnories, DoD research
| abs.

What is your assessnent of the facilities that you
oversee in your current position, and are they appropriate
for the types of technol ogies that you are working on, and
do we need to pay nore attention to themas we work on a
M LCON budget ?

CGeneral Pringle: Senator, this is a great opportunity
for me to highlight the authorities that this subconmttee
has aut horized, and FLEX-4 is one that | would |like to thank
you for this authority. This has enabled us to nake
| nprovenents in a variety of lab facilities, and
particularly what we have been able to do through FLEX-4 is
dedi cate, we dedicate, at the Air Force Research Lab -- al
of us dedicate a certain percentage -- we dedi cate 4 percent
of our total obligation authority toward infrastructure
i nprovenents. The way that we enploy this is through m nor
MLCON. It seens to be nore conducive to the S&T projects
that we are working on and the needs that our bench has.
That is a $6 nmillion limt right now for UMMC, and if that
were potentially a higher value that would al so be
beneficial. But we have been able to | everage it quite a

bit for those purposes, and we are very grateful. Thank
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you.

Senator Kaine: Geat. Thank you for that. And this
Is a question really for anyone. W do things in the
comrittee, and | sonetinmes wonder, or worry, that we do not
go back a couple of years later and ask ourselves, "Wll,
did it work out the way we hoped? You know, too hot, too
cold, just right. Here's one."

In 2016, the conmttee nade a nunber of changes to the
Departnment of Defense to inprove acquisition outcones. One
of the changes we made was to split the O fice of Assistant
Secretary of Defense for Acquisition, Technol ogy, and
Logistics into two under secretariats, the Under Secretary
of Defense for Research and Engi neering and the Under
Secretary for Acquisition and Sustainnent.

Five years into this, what is your sense of whether

that split has had any major inpact on how we operate? You

know, did we get it right? Shoul d we cont enpl ate adj usti ng

It? Have we created consequences we did not foresee at the
time? And obviously your candor is appreciated on this.
General George: Senator, | do not have a way of
judging how it was before. The relationship that we have
with R&G&E is working well. We have sonme of our science
experts that coordinate and coll aborate routinely with their

communities of interest. And so I, unfortunately, do not

have a conparison to use in this case, but it seens to ne to

37
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be working well as it is currently structured.

Senator Kaine: Your frane of reference is the current
f ramewor k.

General George: Exactly.

Senator Kaine: Any others worked under the past frane
of reference to have a point of conparison?

[ No response. ]

Senator Kaine: GCkay. Al right. Thank you for your
answers, and | wll submt that first question, just a QFR
just to be very precise about it, and I would | ove your
answer to that, General George.

Thank you, M. Chair.

Senator Kelly: Thank you. Senator Cramer is recognized
for 5 m nutes.

Senator Craner: Thank you, Chairman Kelly and Senat or
Ernst. Thanks to all of you for being here, for your
servi ce.

Now | know sonet hing, General Pringle. Wenever | go
to Gand Forks and Col onel Pringle brags about his smarter,
ol der sister, | just thought he was guilty of false
hum lity. Now |l know he is telling the truth. It is great
to nmeet you. But | amsure hopefully he has shared with you
sone of his experience in Gand Forks and | et you know t hat
we have a great relationship.

Adm ral, when you were tal king about STEM and
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specifically targeting, for exanple, the HBCUs, a great
exanpl e of a potential workforce that m ght have been

negl ected before but presents trenendous opportunities, both
for themand for you. | would say, likewse, in the mddle
of the country there are a lot of smart people, K-12 as well
as in our universities.

I think North Dakota is a good exanple of that. W
have great rel ationshi ps between our bases and our
universities. W have great relationshi ps between our
i ndustry partners, the tech parks, and our bases. And,
frankly, Gand Forks is a good exanple where the radar at
Grand Forks is being used to allow industry to fly UASs
wi t hout chase ships. That could not be possible wthout
that relationship, in the mddle of the country.

So we al so have a very good state governnent that is
cooperative and col | aborative and really eager, and they
have done amazing work in making North Dakota the nunber
one-rated UAS-ready state.

So we have this mddle Arerica that needs to understand
that their investnents into future technol ogy and t hat
under st andi ng does not materialize when all the tech efforts
take place on the coasts. So what is the best way to get
the mlitary to utilize the great tech environnent that we
have built up in the mddle of the country, and specifically

in North Dakota? And | would |let any of you answer that

39
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guestion, if you have it. But | know that General Pringle
has an i nsight.

Admral Selby: | will start if that is okay. So |
woul d say that, you know, we have found that in this COVID
envi ronnent, Zoom Teans, we can now reach so many nore
peopl e, and we can use that forumto actually reach into
communities we have not traditionally reached into. Now,
hopefully we are going to be able to travel again nore,
which wll be actually nice as well, but | think even when
we can travel we should do hybrid events to try to bring in
as many people as we can. Snall Business |Innovative
Research, SBIR program That is a trenendously val uabl e
program It is very powerful. It allows us to reach into
smal | busi nesses in places |ike North Dakota, |owa, you
know, wherever, that we just have not done before. A |lot of
times we get kind of locally centric around our bases. W
need to expand that. W need all hands on deck across this
country to help us with this problem It is a team of
teans, and wherever they are, we need to go after them

Senator Craner: Excellent. Doctor?

M. H ghnam W recogni ze the opportunities there as
well. We have been cogni zant -- DARPA has been doing
outreach events. W were doing themin person, so Nebraska
was the first place. W went to Lincoln, with the help of

the |l ocal Chanber and the university, a great couple of
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days.

Sitting at DARPA we think everybody knows how to work
with DARPA, which is the other side of this. So we begin
with working with DARPA is a contact sport and we are here
to help. W explain what we are doing. W explain the
di fferent mechani snms we have avail abl e, sone of which really
are tailored for fast response to snall businesses,
universities, and so on, who have not worked wi th us before,
and we are there to help nentor.

Most recently, North Carolina, working, again, as the
Admi ral said, working a statew de body to help do that, and
| think we have one comng up with Arizona, because we were
spoken to by Business Arizona as well. So the sane type of
t hi nki ng.

There is a ton of talent. W have to introduce us to
them as nmuch get themto introduce thenselves to us.

Senator Craner: Sure. General?

Ceneral Pringle: If | may add, thank you, Senator.

Asi de from having a brother in one of these great states and
| everagi ng the connections there, there are authorities
that, again, this subcomrittee has provided, and it is

t hrough Section 244 that enables us to build consortia and
to open the doors with universities and industry.

So we have nodel ed sone new regi onal hubs, based on

what the Arny has done with their regions, and we are
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establishing themin areas where we have not traditionally
been focused. The Mdwest is one of them as well as the
Nor t heast .

So | think that will increase attention to those areas
where establishing, for exanple, a Space University Research
Initiative and providing noney to universities that want to
partner with us, this is a $6 mllion endeavor over 3 years,
which really attracts a wide variety of universities and
tal ent.

And, finally, we have a nunber of manufacturing
I nstitutes across the nation that help us partner with
I ndustry. And it is focused on a particular area, that is
manuf act uri ng, but as you nentioned, Senator, a |ot of
talent out there that we can | everage for our S&T purposes.
Thank you.

Senator Craner: Well, | would love to invite you to
Grand Forks and to the University of North Dakota, and
per haps for Col onel Pringle's change of command later this
year.

Thank you, M. Chairman. | vyield.

Senator Kelly: Senator Warren is going to join us via
Webex, and is recognized for 5 m nutes.

Senat or Warren: Thank you, M. Chairnman.

So one of the things |I have tal ked about a |l ot as a

menber of this committee is the inportance of basic and
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applied research funding. Early-stage research is
critically inmportant as the foundation for our nation's
ability to devel op new technol ogy, and it pays off, nmany
ti mes down the road.

But too often early-stage research can get overl ooked.
For exanple, while the total RTD&E budget grew by 51 percent
fromfiscal years 2015 t hrough 2020, basic and applied
research funding was essentially flat, and the Departnent's
FY 2021 request for S&T funding was actually one-half of 1
percent less than it was in the year prior.

So ny question is to our mlitary officers, and | am
just going to start with a sinple yes/no here. Do you all
agree that basic and applied research is critically
| nportant to our technol ogical advantage? And |et ne just
start with you, General George.

Ceneral George: Senator, Yes.

Senator Warren: Good. Admral Sel by?

Admral Selby: Yes. Yes, nma'am

Senator Warren: Good. Thank you, Admiral Selby. And
General Pringle?

CGeneral Pringle: Senator, yes, enphatically so.

Senator Warren: Enphatically so. | like that even
better. Thank you.

You know, university-affiliated research centers, or

UARCs, play a pivotal role in basic and applied research.
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Now | cannot ask the Air Force ny next question because the
Air Force does not have UARCs. So, Ceneral Ceorge and

Adm ral Sel by, do you agree that UARCs provide the Arny and
the Navy with a good return on investnent and are critically
I nportant to your Service's R&D goal s?

CGeneral George: Senator, yes, and can | just, if |
can, elaborate. MT Institute for Sol di er Nanot echnol ogi es
Is a great ecosystemfor us that conbi nes soldiers and our
academ c institution and has prom sing outcones.

Senator Warren: Good. | amglad to hear that.

Adm ral Selby: And, ma'am fromthe Navy, as | am sure
you are well aware, we have 5 UARCs. They all have sone
very unique capabilities. They support us in everything
from R&D t hrough in-service support of our sailors and
Marines across the fleet. So they are critically inportant
to our success as a force.

Senator Warren: Good. Well, | appreciate that. |
hope our Air Force witness heard that.

You know, in addition to hel ping accel erate our
research and devel opnent goals, UARCs al so play an essenti al
role in the broader econony and in the defense industri al
base. Since 2002 -- you raised the research at MT -- the
Institute for Sol di er Nanotechnol ogies, or ISN, has led to
the creation of 28 successful small businesses. That is 28

new busi nesses that are hiring workers right here in
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Aneri ca.

Unfortunately, the I SN has seen its fundi ng decrease
from$9.5 mllion in 2014 to $4.4 million in 2021, and w ||
potentially drop further to $3.9 million in 2022.

So, CGeneral George, briefly, can you tell ne why the
Arny has been steadily cutting funding to the | SN?

General George: Senator, the Arny has been equally
funding at this point across the four UARCs that we have,
and so it is a leveling of the resources that go to each of
the UARCs. You know, we have one in California and one in
Georgia, Ceorgia Institute of Technol ogy, as well. And so
It is a part of the balance as we |look for all innovative
approaches in the ecosystemthat we have wth our
uni versities.

Senator Warren: Well, | understand you are bal anci ng,
but nmy understanding is you are cutting |ISN fundi ng overall.
Look, | get it. You need to make difficult choices in your
budgets. But | have two concerns, one, that the Arny is
negl ecting an i nportant research area in nanotechnol ogy
while it is chasing other priorities. But as you know,
research at the SN has directly contributed to each of the
Arny's six nodernization priorities.

And then, second, basic and applied research, nore
broadly, is the seed corn of our technol ogi cal advantage.

|f the Departnent fails to properly tend to this field, we
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will find ourselves with nothing to harvest, far behind our
conpetitors on the technol ogies of the future, technol ogies
that we do not even know about today.

So | amgoing to continue to push for DoD to fund nore
on this, because | think it is inportant.

So thank you all for being here, and thank you, M.
Chai r man.

Senator Kelly: Thank you, Senator Warren. And Senat or
Bl ackburn, via Wbex, is recognized for 5 m nutes.

Senator Bl ackburn: Thank you, M. Chairman, and thank
you all for being with us today.

Ceneral George, | want to cone to you. | know that you
are aware that University of Tennessee and Vanderbilt are
the first Pathfinder partnership for the Arny Futures
Command. And we fully appreciate. W know what that neans
to our state, and we appreciate that these academ c
researchers get to interact wwth the fabul ous troops at the
101st Airborne and also the 160th Special Operations
Avi ation Regi nent there at Fort Canpbell. And they are
wor ki ng on next-generation technol ogi es and end-user
insight. This is a solid partnership.

So what | would |ike to ask you, for the record, is
what are the Arny's biggest | essons | earned from
I mpl ementing this progran? How could these | essons be used

to informfuture partnerships for energi ng technol ogi es?
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And then how coul d you take this Pathfinder nodel and have
it informthe efforts of the Services and DoD, nore
general | y?

General George: Senator, thank you for that. So the
Cat al yst Pat hfinder Program as you well know, is really in
its infancy. W have got a great start, especially with
Vanderbilt and, as you nentioned, the 101st Airborne. And
so | think what we have got to do is watch to see how t he
I nteracti on between our sol diers and the academ c
institution, the scientists there, plays out. And one of
the things we are doing is ensuring that one of our research
| eaders fromthe Arny Research Lab is partnered there as
well. And so as you just described, we have got to |learn
how t hi s works and what the outcones are.

So we are going to be |ooking for the outconmes to see
I f there are valued solutions that are proposed that could
feed into Arny priorities, and certainly then |look to see if
this is sone programthat we would |ike to expand.

Senator Bl ackburn: Okay. Do you feel like you are
fully maxi m zing the partnerships that you have in play now?

CGeneral George: Wth the Catal yst Pathfinder
partnerships, like | said, | think we have got to do sone
| earning still. W are further along with the partnerships
in Tennessee, and we are --

Senator Bl ackburn: So you have roomto grow with
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t hose.

General George: Yes, | do believe we do.

Senat or Bl ackburn: Ckay. Al right. Let ne talk to
you a little bit about workforce and workforce devel opnent,
because we are al ways focused on great power conpetition,
Chi na and Russia, and we know that workforce is really
crucial to develop and inplenent sone of these energing
technol ogies. An inportant part of this effort for DoD and
comercial industry is to create robust and conpetitive
hiring pipelines for STEM prof essi onal s.

And what | would like for you to touch on is what woul d
be the threat to our warfighters if we were to | ose the
advant age we have now in Al? | included a provision in |ast
year's NDAA authorizing the direct hiring of Al
professionals. So | would like for you to touch on how t hat
direct hiring affects or supports the work that you are
doi ng.

Ceneral George: Senator, for the Arny, we are
| iberally using the direct hiring authority, and it has been
a very powerful tool for us to bring in talent at the speed
that we need it.

Senat or Bl ackburn: Thank you. | appreciate that. |
think that as we | ook at these energing technol ogies, this
s going to be so inportant for us.

One other question | would |love to ask you, as we talk
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about Al talent and the Federal workforce and the mlitary,
what role do you see for the National Guard and our reserve
conponents playing in this endeavor to increase this tal ent
pool ?

General George: Senator, we are partnered with the
75t h I nnovati on Conmand, which is a reserve conmand with
Arnmy Futures Command, and they have been very hel pful
bri ngi ng expertise into every conversation we have. And, in
particular, since we have them and our Al Integration Center
in the same command, under Futures Command, it has j ust
i ncreased the coll aboration that we have.

Senat or Bl ackburn: Excellent. Thank you. Thank you,
M. Chai r man.

Senator Kelly: Thank you, Senator. | amgoing to go
to the next round of questions. There has been a | ot of
di scussion here in D.C. |lately about infrastructure
spending. How do all of you -- well, | guess with this
question it is probably not suited for DARPA, because it is
about testing infrastructure. So for the admral and the
two generals, how do you work to maintain world-class
research and testing infrastructure? For exanple, you know,
pl aces like the Yuma Proving Gound in Arizona, or Fort
Huachuca's El ectronic Proving G ound, or Pax River, where |
used to fly in the test range, Wite Sands M ssil e Range,

Nevada Test Range. | nean, how do you work to maintain that
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infrastructure in those places, and places |ike thenf

Admral Selby: | wll start. So, you know, as you are
aware, sir, we have many warfare centers across the Navy --
Carderock, Dahlgren -- all those are different warfare
centers. W do a phenonenal anount of testing at all of
t hose centers across the country.

You are right. The budgets are pressurized right now,
but CGeneral Pringle nentioned sone of the speci al
authorities here, so we are able to use sone of our S&T
noney to do some of the MNCON, so mnor MLCON. That gets
after some of it.

When we do have bigger projects that do cone al ong, and
they do not cone along all the tine, but when they do we
have to really work hard to get themprioritized on the
list. That is a challenge, because obviously the Navy and
Mari ne Corps have got big bills. But, you know, when you
can show the actual benefit of what we are doing for the
warfighter that is relevant, because if you do not do this
testing or this S&T work in a | aboratory, we will not have
the capability. That sells, and we are able to get these
t hi ngs approved. Again, it is not every year. Sonetinmes we
have to wait a few years. But those |aboratories are just
absolutely critical to our ability to nmaintain our
warfighters to be ready to deter, and, if required, to

flight.

50
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General George: Senator, for Yuma, you nentioned
specifically, we have had great success, even during COVI D
We had testers at Yuma that were able to conduct our
experiments and vi deotape to our engi neers who were sitting
Pi cati nny, New Jersey, so that we could keep our projects on
track during COVID.

So the nore we use our test centers, the better off
they are going to be, because that is how they receive their
resources, and then we are able to resource, through our
projects, increases in nodernizing their capabilities as
wel | .

Ceneral Pringle: Chairman, the two exanples |I would

like to provide froma departnental standpoint, Departnent
of the Air Force, is we have a different setup where the Air
Force Test Center oversees our test infrastructure.
However, from an S&T standpoint, we partner with them and,
frankly, we enbed sone of our scientists and engi neers at
those locations to really get the benefit of cutting-edge
science to ensure that it is going to the right test. So
whether it is Edwards, or just on Monday | was at Arnold Air
Force Base and | ooking at the test infrastructure there, we
get a synergy between | ooking at how we can inprove our S&T
I nfrastructure to support that nutually beneficial goal.

Senator Kelly: General Pringle, is there anything that

this commttee could do to help build the research and
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testing infrastructure beyond what you currently have, build
It out to -- and this question is really for all of you -- |
mean, anything else that you need, what could our

subcomm ttee do to provide that?

General Pringle: M. Chairman, | would say that the
authorities that we have are really great, and we have used
themto the greatest extent possible. The FLEX-4 we really
appreciate. |If you were thinking about potentially an
I ncrease to the ceiling on mnor MLCON that m ght be
hel pful. It is set at $6 million right now But other than
that | very nuch appreciate the authorities we have been
gi ven.

Admral Selby: | would say, sir, just continued
support for S&T across the board is what we need to conti nue
to do the great work we are all doing at these | aboratories.

General George: For the Arny, the test conmunity is
responsive to the Arny Futures Conmand for prioritization,
but they are not actually resourced through the sane
mechani sns that we resource our research and devel opnent
community. So again, we have a great partnership. The nore
that we work with them 1| think the better off they will be,
as wel | .

Senator Kelly: Thank you. Senator Shaheen is
recogni zed for 5 m nutes.

Senat or Shaheen: Thank you, M. Chairman, and |

52
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apol ogi ze for mssing the testinony. | was up in the Snall
Busi ness hearing where one of the topics that came up was
the SBIR program And knowi ng that you were talking about
i nnovati on and technol ogy, | thought it would be inportant
to raise the issue here, in this hearing, to hear what you
all think about the inportance of the SBIR program what you
have seen, whether it should continue and be reauthorized.
So | do not know who would like to start with answer that.
General Pringle: Senator, | would like to take that.
Heat her Pringle fromAir Force Research Lab. W see the
val ue of Small Business |Innovative Research and we have
fully enbraced its use, especially in the |ast year, and we
have done sone really unique things with our program First
of all, we had it join our AFVERX team and so we have one-
stop shopping for innovation. And what they are doing is
bl ow ng the doors off of partnering with small businesses,
and trying to nake it nore accessible and | ower the barriers
to entry to the Departnment of Defense.
So if you hear the word "AFWERX, " then that nekes it
easier. And, in fact, if you look at our nunmbers fromthe
| ast year, we awarded over 2,000 contracts to smal
busi nesses, and 75 percent of those contracts were to new
reci pients, or new partners wth the Departnent of the Ar
Force. And what that does is it provides us with a new

source of innovation, and only benefits our ability to
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provi de better S&T.

Senat or Shaheen: Thank you.

Adm ral Selby: Yeah. | wll just add, we have done
sonething simlar, and we have al so ki nd of broadened our
solicitations so they were not too specific. W nade them
| ess specific. W found we got many, nmany new applicants we
have not seen before, and we have al so used virtual to
actual ly expand our reach. So we have been having virtual
nmeetings and bringing in hundreds, where before you m ght
get dozens. So we have gotten many, nany nore
solicitations. W have shortened the required inputs, sped
up the contracting cycle to get the noney out the door
faster, to keep these conpani es energi zed. They are
critical to our success as a nation, no question about it.

Senat or Shaheen: Thank you.

General George: Senator, | would just echo what ny
partners here said. In the Arny, at the Arnmy Futures
Command, they have al so taken an innovative | ook through the
Arny Applications Lab, very nuch |ike AFVEERX, to reach sone
smal | busi nesses that previously we have not been able to
get to.

Senat or Shaheen: That is great. Anything else, Dr.

H ghnant
M. H ghnam Thank for the question. W nake

extensi ve use of the SBIR/ STTR authorities. W also are
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| ooki ng at our nunbers. Spend about 18 percent of our

annual budget with small businesses overall. And so that is
comng in conpetitively through the SBI R/ STTR prograns while
comng in as conpetitors on the regul ar prograns.

If | may, there is one extension that we have taken,
| ooki ng at how to protect sone of these snmall busi nesses as
they seek to grow, in terns of the sources of capital that
they pull on. And we have | aunched sonething called the
Enbedded Entrepreneur Initiative, initially a pilot of 30
conpani es in mcroel ectronics and bi ot echnol ogy, over 2
years. The objectives was to have themtake U S. venture
funds, and now we are scaling that up to 150.

Senat or Shaheen: Geat. That is great. Thank you al
very nuch.

M. Chairman, we reauthorized the SBIR programthrough
the NDAA Act in 2017 for 5 years. It is set to expire again
in 2022, so | would argue that this is sonething that we
shoul d get refocused on and think about how we get it
reaut hori zed. Thank you all very nuch.

Senator Kelly: Thank you, Senator, and | recognize
Senator Ernst for 5 m nutes.

Senator Ernst: Yes, thank you, and I would agree with
Senat or Shaheen. | think it is really inportant that we
work in that area together, and, General Pringle, those

smal | businesses are critical to our defense industry and
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they are di sadvantaged. And so just as Senator Shaheen was
poi nting out, we really do need support for those businesses
to make sure that they are able to tap into that network
and, of course, be able to share their devel opnents with our
defense industry. So they can be very, very hel pful in our
noder ni zation efforts.

Again, if you would outline sone of those mmjor
barriers, and are there, for the small busi nesses tapping
into DoD and acquisitions, and as well, what can we do
differently? On top of prograns that are already being
offered, are there other ways that we can | everage these
smal | busi nesses?

General Pringle: Thank you for the question. As you
mentioned, the small businesses are really vital to
I ncreasi ng our sources of innovation, and in addition to
making it nore accessible for themto partner with the
governnent and with DoD, we have set up a series of phases
where they can graduate from Phase 1 to Phase 2, and we have
been trying to partner themwth warfighter so that they
| ook at the application of what they are doi ng sooner than
what they m ght have. And we are al so | ooking at
opportunities for themto get sone venture capital and to
see if maybe they can raise sone funds on their side. And
t hrough sonme of those efforts, these businesses and venture

capital have been able to extend the DoD s investnent in
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t hese smal | busi nesses, and we have been seeing an increase
in the return on investnent.

So not only by the DoD investing in them but them
getting a partnership funding that they are able to grow and
expand.

Senator Ernst: Thank you. Yes, Admral, please.

Admral Selby: |If I could just add, what we have done
s we have Naval X, nmuch |i ke AFWERX. W use that in
addition to these Tech Bridges we set up around the country
to actually conduct training. So we actually do training to
teach conpani es how to actually work with the governnent,
because a |l ot of them have no idea. So we are reaching out
to kind of non-traditional businesses, and then we are
providing training so they understand. It is available to
anybody so it is a |level playing ground, but we |let them
know how you do busi ness, here is how you fill out the
forms, here is what you have to do, here is who you have to
talk to. So we train them

Senator Ernst: That is exceptional, and you do receive
a large turnout in participation?

Admral Selby: Yes, ma'am and when we do it
virtually, even nore. That is what has really opened the
doors here, because the virtual presence actually allows us
to expand this far beyond what we would do if it was just in

per son.
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Senator Ernst: That is fantastic. | appreciate that.
And while we are with you, Admral Sel by, when we spoke
yesterday you listed Al as a technology high priority area,
and you al so nentioned autononous and unmanned, quantum
hypersoni c, 5G and biotech as areas for study and
application, all very inportant. All of these areas are
showi ng sone trenendous prom se for application and
advantages in our warfighting. Can you go ahead and
describe for us the critical factors needed from Congress to
ensure that these technol ogi es are brought to fruition?

Admral Selby: | think it is pretty clear that this
century is going to be basically ruled by whoever can nmake
t he decisions faster and nore accurately than the adversary.
It does not have to be right all the tine but it has to be
right nore often than they are. And Al, nachi ne | earning,
Is going to be what will enable that for us.

So we have got to continue to conduct the research in
those areas. W have to continue to do experinentation in
those areas. W have to get the warfighters engaged to
actually provide their input early. That is what we are
doing right nowin San Diego with this Integrated Battle
Problem W have got systens off the coast right now,
unmanned systens, that are involved in a realistic battle
scenario, and we are collecting that information, and that

wi Il go back into the | aboratory to do additional research.
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So the funding that you provide, the S&T funding, is
going to enabl e that.

Senator Ernst: Fantastic. And | yield back. Thank
you.

Senator Kelly: Thank you, Senator. Senator Peters is
recogni zed for 5 m nutes.

Senat or Peters: Thank you, M. Chairnman, and thank you
to each of you for your testinony here today and for the
work that you do every day for us. Incredibly exciting area
that you are in, and one that changes, what, on an hourly
basis? It is really highly dynam c so thank you for keeping
up on all of that.

Actually, | want to pick up on the questions from
Senator Ernst related to Al, and thinking about Al but also
in relation to cybersecurity. Dr. H ghnam you nentioned in
your witten testinony, your work identifying cyber
vul nerabilities and attributing malicious actors to specific
I ndividuals. And as | amthe chairman of the Senate
Honmel and Security Commttee -- in fact, we just had a
detailed briefing on the Sol arWnds today, and we have had a
hearing on that and dealing with cyber threats broadly
across the board -- and Admral Sel by just tal king about the
I nnovation with Al and it is the next big thing that wll
transformwarfare and transformour societies, | want to

tal k about how you put the two together, the fact of
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vul nerabilities of Al through cyber vulnerabilities.

My question is, how concerned are you about the
possibility of malicious actors co-opting sone of our Al
i nfrastructure to actually mani pulate the algorithnms that
are the heart of all of that, to produce inaccurate
feedback? And if you have inaccurate feedback you have
really bad decisions. So talk to ne a little bit about what
you see and what keeps you up at night in that area.

M. H ghnam Al is a technology. It runs on conputer.
So, as you say, conputers help us nmake bad decisions faster.

Senat or Peters: Yeah.

M. Highnam | think that was the line. So when we
tal k about Al technol ogies, we are building on decades of
work in signal processing and deci sion-neki ng by machi ne.
And what these Al technol ogies are doing, as we see them is
addi ng speed and flexibility where we did not actually know
a physics solution, a closed solution, that we could code in
absolutely, or rules to be |earned. So many opportunities
then for malicious actors to be involved.

One of the undergraduate student party tricks is to
take a trained conputer vision system put a sticker onit,
and this is changing a stop sign into a recorded -- turn a
stop sign on a road into a 40-m | e-per-hour sign.

Senator Peters: | have seen that, yeah

M. H ghnam So these are party tricks. To the point
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about the attack surface, which you are talking to, we have
expanded it by adding these additional capabilities.

So DARPA has a | ot of work going on in that space,
| ooki ng at the chal |l enges of poi soned data set for training,
t he chal | enges when soneone has access to a nodel or knows
t he nodel that you are using, or has conventional access,
conventional cyber-attack access to the conputer again,
which it is running on, or conputers, or the sensors that it
IS running on, to cause a thing to happen that you do not
want .

A lot of work underway, defense work, at DARPA, agai nst
this. And then if you step it up alittle bit you get into
i nformati on operations and nedi a forensics and deep fakes,

I n another sense. For us this is a continuous spectrum and
we are involved in many prograns, research progranms, across
t hat space.

Senator Peters: Yeah, critical. Good. | would |ove
to talk to you nore about that at sone point.

M. H ghnam Love to.

Senator Peters: Ceneral CGeorge, welcone. | deal with
one of your subordi nate commands on a regul ar basis, GBSD
just outside of Detroit, that does amazing R& work for the
Departnent of the Arny. | know you al ready know that but |
will give you another plug for them The nen and wonen

there are truly exceptional, and we are looking for themto
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desi gn the next-generation conbat vehicle, which is sone
pretty exciting stuff.

My question for you is, | just recently got back froma
visit to Yuma Proving Gounds in Arizona, to see first-hand
sonme of the work that you are doing wth the drones and
counter-drones, a threat on the battle space but a threat to
t he honel and security as well, where you have got these very
smal|l drones in swarnms, potential swarns of those. Very
difficult to defend against, and as active in the
battl efield, we see what Azerbaijan has done with these
types of weapons as well, that is really starting to change
our thinking about how we deal with them

So if you could talk to ne a little bit about that work
that you are doing, what is happening at the Yuma Proving
G oup, but where do you foresee that going. Wat are the
maj or chal |l enges that you face? How can we help here in
Congress to further support your efforts to nake sure we can
devel op the kinds of counterneasures necessary to keep our
war fi ghter safe but also our civilians here in the honel and?

General George: Sure. The work that is going on,
Senator, at Yuma, is actually under the Joint Counter UAS
Ofice, that is led by the Arny, in this case. So they are
| ooking at a lot of commercially avail able things ready
today, and we have got to learn how to use themin the hands

of our soldiers and formations. So it is a conbi nation of
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the technol ogy and the formations and the concept and the
doctrine on how they are used.

I nside of our |abs, we are providing a great deal of
technol ogy that feeds into those system that will help
either wwth an RF track, sensing, and then detecting, and Al
actually hel ps to engage nearly autonmatically.

So a |lot of great work, and as you said, the G ound
Vehi cle Systens Center in Detroit is |eading for the
protection of our platforns and certainly is follow ng al ong
with the Joint Counter UAS Ofice.

Senator Peters: Yeah, good. Thank you. Thanks for
the work you are doing. | appreciate it.

Senator Kelly: Thank you. And thank you, everybody,
for comng today. | just want to ask one nore question to
all of you, if there is anything you felt we should have
asked, anything you need to nmake sure that our soldiers,
sailors, Marines, airnen, guardi ans have the best technol ogy
in the world? | nean, what do you need fromthe United
St at es Congress so you can do the best job you possibly can?

General George: | will start with just three quick
things, M. Chairman. One is, of course, continued
resourcing, predictable resources. The second is the
authorities that you have given us, keep them com ng,
because we use them they help us, they help us in our

| aboratories with our people and our infrastructure. And
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1 the third, frankly, is patience, to allow us to devel op and
2 look into the future, at the technol ogies that just are not
3 increnental inprovenents but are transformation. And so the
4 resources that we want to use are to get the

5 transformational capabilities out beyond the next 10 to 15

6 years.
7 Senator Kelly: Admral?
8 Admral Selby: | would say that continued support in

9 the S&T realmis really inportant. Senator Warren said it,
10 but, you know, sonetines it is hard to kind of explain what
11 you do in the 6.1 and 6.2 world. But what we are trying to
12 do is devel op know edge, technol ogy, and peopl e, people that
13 have the insight, and that is critical to furthering our
14 capabilities in the science and technology world that w ||
15 one day becone capability. So continue to support that, and
16 | would say, in addition to the existing authorities that we
17 already have, the Small Business |Innovative Research is
18 critical to having that continue for our success.

19 Senator Kelly: Dr. Hi ghnanf

20 M. H ghnam First, again, echoing support. D rect

21 hiring authority is very inportant for DARPA, anong ot her

22 support that you provide. W nove quickly, and that is key
23 to doing that.

24 Second, as seen with the partners here, it did not cone

25 up in detail but we nake extensive use, and work with them
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They say "exchange prisoners.” Their people conme work at
DARPA for tours. Qur people go there. W use the testing
I nfrastructure. W use the subject natter expertise. It is
deep in these places that we do not have, because, by
desi gn, DARPA people, nyself included, are epheneral. W do
a tour; we |eave. These fol ks have hypersonics expertise in
Eglin that has been devel oping in one place for decades. It
I's enornmously inportant. So we need those strong partners.

And third, a newer one, perhaps. There is an
i ncreasi ng enphasis on supply chains. W talked briefly
about m croel ectronics, when we spoke sonetinme in the | ast
week. We talked a little bit about nedications and what
that has neant through COVID, and the work that we have been
doing to battlefield nedicine, for exanple, nedicines in
austere conditions, now bringing it back to the U S And
this is, for exanple, there are several small conpanies that
we have hel ped to foster and creating working in that area.
But then beyond that, chem cals. W tal ked about
m croel ectronics and sand to systens. At the begi nning of
t hat whol e process there are basic chemcals. Wen we talk
about visors or protective gear for biosuits, where do these
speci al i zed chem cals cone fron? Too often, not here.

So we are very interested in this as a manufacturing,
al nrost as a problem but supply chain in general. And the

fact that DARPA is spending nuch of its tinme thinking about
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how to secure supply chain issues is tine we are not
spendi ng on other things. So we have to do it, and your
support and recognition of that would be nuch val ued.

Senator Kelly: Thank you, Doctor. And Ceneral
Pringle, final word.

General Pringle: Thanks, M. Chairman. | echo and
support everything that ny coll eagues here today have
menti oned, and just would add a couple of things. First, as
we build the A-teamto neet the challenges of the future, we
do not know what the threat will be, and so extendi ng our
partnerships wde is really inportant. So continue the
authorities that help us build strong consorti a.

We have to balance the ability to partner with the
ability to protect, and to build a critical U S.-skilled
tech workforce. And so that is another balance that we wl|
need to make goi ng forward.

In addition, the authorities that you provide to give
us greater access to tools and infrastructure | think are
very, very helpful, and particularly in the digital realm
So the one thing that is going to help us go faster in the
future is that digital connectivity and digital
i nfrastructure that underpins it all

So | really thank the commttee for all their support,
S&T and the authorities that you have provided.

Senator Kelly: Well, thank you. Thanks to all our
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W tnesses for participating. This was very val uabl e and an
| nportant hearing, and we | ook forward to working with
everybody in the future. And this hearing is adjourned.

[ Wher eupon, at 4:04 p.m, the subcommittee was

adj our ned. ]
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