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Table 2: Examples of Agency Efforts Implemented to Support Increased Technology Coherence

Agency Examples of efforts

Lead: Department of Defense

Funded 18 research, development, test, and evaluation projects, which provided competitively
selected projects with high amounts of high-performance computing resources, such as increased
hours, that would otherwise not be available to meet mission needs as demand for high-performance
computing exceeds resources

Lead: MNational Science
Foundation

Invested in software and data analytics systems at the academic campus, regional, and national
levels which led to the deployment of the Frontera high-performance computer at the University of
Texas at Austin's Texas Advanced Computing Center in October 2019

Deployment: National
Agronautics and Space
Administration

Engineered a cloud computing solution for its user community that lowers the barriers to large scale
computing and storage and enhances capabilities in Earth science, including weather and climate
prediction

Deployment: National
Institutes of Health

Issued funding opportunity announcements for grants and small business awards—including 418
grants, or supplements to grants, to support sustainable and scalable biomedical research software
tools resulting in seven patents and more than 3,400 publications

Deployment: Mational
Oceanic and Atmospheric
Administration

Increased the availability of datasets to the public by moving over 130 datasets, such as historical
weather and lightning observation data, to industry partners’ cloud-based systems

(X 1-8

KMo E—L YR EERT D= DB BUAFHEEREI™)

R RERIVE21—T 1 VITBMORMFE
RITOFBERBEMOREBRNRFZDZ . F-LGRAEEMAEET 5. KHIRXERMAD HPC %
MEAFED-OIZ, BFE. TRLF—EZ L TEIMZMEAAC CTHTEMLGRENZES,

ZDOLT, HIZIX, R&D

%185 1ARPA(Intelligence Advanced Research Projects Activity)+°

NIST EBIZIF, EfTREZE S NASA [FEFRM & W= R M ERRTORMAFEEZHEL T

L3 (E 1-9),

Table 3: Examples of Agency Efforts Implemented to Support Future Computing Technologies

Agency

'Examplas of efforts

Lead: Department of Energy (DOE) MNSF and DOE signed a memorandum of understanding in 2019 to coordinate MSF's Quantum

Leap Challenge Institutes and the DOE’s National Quantum Information Science Research
Centers in support of the National Quantum Initiative Act

Lead: National Science Foundation Supported a program that applies machine learning and artificial intelligence to better

(NSF})

understand the impacts of urbanization, natural disasters, and climate change on natural
ecosystems and city infrastructure

Foundational R&D agencies:
Intelligence Advanced Research
Projects Activity

Conducted research across three programs, one of which explored ways to reduce the physical
footprint, power, and cost required for conventional computing storage technologies

Foundational R&D agencies:

Established a consortium of federal, academic, and industry partners to enable and grow a

Mational Institute of Standards and  robust commercial quantum-based industry and associated supply chain in the United States

Technology

Deployment agencies: Mational
Agronautics and Space
Administration

Used guantum computing and other technologies with the potential to improve astronauts’
ability to perform activities on the International Space Station and to support communication
with unmanned aircraft systems

(B 1-9 RERI U Ea—T 4 v TEMICE T 5 S BUTHEEDEEHI™)

% GAO., High-Performing Computing, p.16

% jbid., p.17
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Table 4: Examples of Agency Efforts Implemented to Support an Enduring High-Performance Computing Ecosystem

Agency 'E:I:amplna of efforts

Lead: Department of Defense  Funded the development, use, and maintenance of software to support its mission needs, which

(DOD) had impact on 100 air, land, and sea weapon system classes

Lead: Department of Energy Supported 34 projects to develop a new high-performance computing software ecosystem under

(DOE) its Exascale Computing Project, some of which is also used by the NSF-supported Texas
Advanced Computer Center

Lead: National Science Launched a training program in fiscal year 2017 to prepare and grow the workforce for careers in

Foundation (NSF) cyberinfrastructure and, by fiscal year 2020, made 75 awards in addition to providing suppaort for
early career faculty and undergraduate researchers

Deployment: Mational Collaborated with other agencies, such as DOE, NSF, and NOAA, on software ecosystem

Aeronautics and Space development to identify solutions that allow earth scienfists to analyze and visualize large datasets

Administration (NASA) associated with climate model outputs

Deployment: Mational Institutes Made publicly available the data, computational models, and software developed in partnership

of Health (NIH) between MIH's National Cancer Institute and DOE, which led to the development of an open-

source software platform that provides deep |leaming methodologies to accelerate cancer research,
among other things

Deployment: Mational Oceanic ldentified short and long-term needs to meet high-performance computing reguirements and
and Atmospheric Administration provided the high-performance computing infrastructure to meet its mission goals
(NOAA)

(F1-10 NA /N TA—I VR - AVEA—TFTAVIDIALRTFLEHILT H-66D
L BT HERE D SEEN %)

(5) EREED®RIE
REICEREEORIENBEBREFELLTEIFOATVWS, CCTRIIVYRy—)L-aVE
—TA VT ORRRAFEICEDLIETORBEOSENRESATE Y. BRETOHRRMED
HEBEEOEROLFENRES LB (H 1-11),

Lead Agency Example of efforts

Department of Defense Created a suite of software tools for teaching the concepts of design and computational
aerodynamic analysis, which over 120 companies and 20 academic institutions used as of 2021

Department of Energy Partnered with National Institutes of Health’s National Cancer Institute on a program to use high-

performance computing and artificial intelligence to accelerate specific areas of cancer research,
and participated in a public-private partnership that uses computational approaches to reduce the
time needed to discover and develop new cancer medicines

National Science Foundation Awarded graduate research students with internships to acquire the professional competencies
and skills needed for careers in science, technology, engineering and mathematics

(K 1-11 EREHIZH T HBEFRATORE™)

21 GAO., High-Performing Computing, p.18
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SV AVTBARA—N—aVvEaA—3D¥ERDE. FEDH D 7T ETEDHARIEENZIE
MLTWE(HAE 1-12), #BFETIE TKAIZF] (Tianhe-2)I% 2013 F([CR—/A\—a Y Ea1—4—+
v 7 500 T1HZEETLHE. EFNLGHITREZRETLSY, hETEMIGERFRITEEE
L1z 1980 ER OBERMBERD—IRE LT 1986 FIC [ERSHMARHEESTE] )EM 863 5t
B )AEKRESH., 2000 FICABE HPC £ ZORMEHDO R THMBEROO— K< v THBEFEIC
RIRENDELIITHE o1z, 2002 M5 2005 FEDOREIZ TNANTHF—T R -aAVEa—T1 v
JEATVIRIIT) EWSTAD Y MHREIL. HPC RED-HOHEF - HRREF R
IHHEDS Y v K CNGrid (China National Grid) Z#& %% HPC DRFRBE~ADBAFNKE
KHEZEYIDESIThEo71=%, 2006 M 2010 FIZIK., EHEEIVYEa—42—&T )y FY—
EXRRE] WS TATILNFHEICHEBIFON, 25 LEREAFOPRT 2011 F(Z(F TKA—5F]
(Tianhe-1A)NHETHH TR/ VMR v T 500 TI1HRNDEZERT L EELED, BEL
B ADESEERIC 2011 A5 2017 FICIK3IBBEDOTOD Y b ehd TEMEaIVE 21—
BR—ET7 TV r—2a VY —ERRE] PR EIh, TO#MEAT IRFAZF] (Tianhe-2) &
WO hICEMEEG RN VNSNS L Lo,

(K 1-12 EHHSFE kv 7500 DR800 %%2)

% National Academies of Sciences, Engineering, and Medicine 2016. Future Directions for NSF Advanced
Computing Infrastructure to Support U.S. Science and Engineering in 2017-2020.(Washington, DC: The
National Academies Press).

% Depei, Qian. "CNGrid: A test-bed for grid technologies in China." Proceedings.10th IEEE
International Workshop on Future Trends of Distributed Computing Systems, 2004.(l1EEE, 2004).

8L Qian, Depei, et al.,“High performance computing development in china.”

32 32 Nossokoff, Mark, Sorensen, Bob and Joseph, Earl, 7o out-compute is to out-compete: Competitive
threats and opportunities relative to U.S. government HPC leadership. (Hyperion Research, 2022), p.

14.
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% Qian, Depei, et al.,”High performance computing development in china.” ZJITIZENEEIERM.
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% Chi, Xuebin, “The ecology of high-performance computing.” In China’ s e-Science Blue Book 2020
(Springer, 2021).

% jbid.
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Application Name of Developed by | Started year

domain software
Atmospheric WRF uUs 1999
science
Computational | Gaussian Us 1970
chemistry ADF Netherlands | 1995
MOLPRO UK and 1996
Germany
Fluid dynamics | Fluent Us 1983
LS-Dyna uUs 1996
Molecular GROMACE | Sweden 1991
simulation
Materials VASP Austria 2004
computation
Basie Matlab us 1984
mathematics gy Ag Us 1979
library
LAPACK uUs 1995
FFTW uUs 1997

(K 1-13 TEFTHPC DY T broz 7—E®)
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% Chi, Xuebin, “The ecology of high-performance computing,” p. 227.
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%28 RHEAKITEME (Advanced Manufacturing Materials)
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47 Edward Wakefield, Stanford engineers develop new nanoscale 3D printing material. 3D Printing Media
Network, November 28, 2022. https://www._3dprintingmedia.network/stanford-engineers-develop-new-
nanoscale-3d-printing-material/

“ flz (X, Elton, D. C., Z. Boukouvalas, M. D. Fuge, and P. W. Chung, Deep learning for molecular
design—a review of the state of the art. Molecular Systems Design & Engineering 4(4):828-849 (2019)
KU Mazurka, tukasz, Agnieszka Pocha, Jan Kaczmarczyk, Krzysztof Rataj, Tomasz Danel, and Michat
Warchot. “Mol-CycleGAN: a generative model for molecular optimization." Journal of Cheminformatics
12 (1) (2020): 1-18. Thedford, R. Paxton, et al. The Promise of Soft Matter Enabled Quantum

Materials." Advanced Materials (2022): 2203908.Z% DL LS,
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# Stanford University, New nanoscale 3D printing material designed by Stanford engineers could offer
better structural protection for satellites, drones, and microelectronics. Stanford News, November
17,2022. https://news.stanford.edu/press-releases/2022/11/17/new-nanoscale-3dtural-protection/

% Caltech. New Metamaterial Morphs into New Shapes, Taking on

New Properties. The Caltech Weekly. September 11, 2019.

1 Anne Trafton, New lightweight material is stronger than steel. MIT News. February 2, 2023.
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2 hen, Liang-Yu, Philip G. Neudeck, David J. Spry, Glenn M. Beheim, and Gary W. Hunter. Electrical
performance of a high temperature 32-1/0 HTCC alumina package. Additional Papers and Presentations
2016.

8 Sebastian, Mailadil T., Rick Ubic, and Heli Jantunen, eds. Microwave materials and applications.

(John Wiley & Sons, 2017).
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