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KERIDBIZEY T O—NILEHEKRFRENBELZRLERELOVR SV ELTRE SN
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FEREZOBREDLETHE - IRSATELOIZRIET HIVLELNHDH. AEETIEH. §F
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BRSNS, TNERB T OOICBEGCHNOREE DHELOBEREHRENICEEREY
HTET, EERMDOMIMEREFICE D TELD VRV EZDRRED-HDHEDEBEEIC DL
TERZITL., BRHUEREEEHI S LEHA TN D,

BE. RRIC, ChFETORE - REBETHELoAMRICESE, REMWLHEAD-HD
A FOHABRFDOHY FIZOVTERE LTz, ChiF. SEROI VIR VI BEEDHEED
AVTY DTV AKRERDEILE., SOICREFRERELOEM I R VBEMOHDEY HAHE

SHICEE, ERRE2RBRRLETRAERDRAOEILEBFTA T, EHMICETIX B L
URARERZEHL., SHITTNoDRMICERLIMEITRAEDEREZFHEHMTEL-TICC
EEBELEDIOTHD, FHRADEBREFEEOMRESH. D, EDLHDIRXLET
(FHRERHZEEBRT D EE, YV VI BREERILSEDICHEYEELGRIAFERELS S,

E28H AMRRET HHERMAHFORE

2021 EEDBXEICHEVTIE. MERKEYIEE SN 20 TS BIC OV CLERATEEEREL
M. ShSIEKRED MHHEEKREE (ECRA) | . $&U TEE - HFEEHTEHEE 23512,
AXMEDORELEMKRLTYR MeESh=2DEBDNE, REEDOREIZETIE. BED
B TOREEEHLIBEESHDILETHMERRILEL, Fo. T—E2X—XEHSEEE
WMOMHETSIEDBITET BB, ERMAIFICOVTHIATII—FHREL, LUF
OO NI ETSIEEBE L=,

ORI, F—IZ. RTA ANDRA 2022 FITHKERL- TEE - FHEEMHE] OFH
AMCREESINTVIEE - FHERIM 18 nFE L LITo= LML, KRUR KNI HLET
LAREDZERELOBEDLDZRBRLIE-ELDTHASZEFESIETELLRL, BETEREDHLHE
HERHETHICELTE, XEOBKBAEET S EEREEROBESFTICEL THLED
TEETHEHY. TOEKRTOYRMERAVSILBRICLERIEHZ1 0D, ABFIC. BA
DHEMBIZAIT-EEZEEHTCHE->TIE. BRARBAOMBEDLIZEIVEY X FOE
ELMEICHE->TL B, TIT. FIIZ, b TEE - HFEKMHE OFHFIXLTHN
—SNTUVWEVEE - ARFELH. BLUHAN—HHLFIZTOVWT, mBOYTHTIV
—%HEL. ARICAEDERILLEBE L, 486, 5%, AEBEHOUR FEZOBHLIOR
SRELOED. BNFARBMEZRFATELANCT Y IT—FENEIEERELTLS,

! White House, Critical and Emerging Technologies List Update, A Report by the Fast Track Action Subcommittee on
Critical and Emerging Technologies of the National Science and Technology Council, February 2022. 7=7=L. Z®D' X+

BARFBEREEAOFERROBOBAIENERT IO TIENEDOHYLDOVTEY ., ZORBETIVLENHD,
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&K 1-2-1 2022 FEDRENR ET DHERFRM Y R b

hTdy— YJhTd)—

Advanced -Supercomputing - Edge computing - Cloud computing - Data storage -
Computing Computing architectures - Data processing and analysis techniques
Advanced -Materials by design and material genomics - Materials with new
Engineering properties - Materials with substantial improvements to existing
Materials properties - Material property characterization and |ifecycle

assessment

Advanced Gas
Turbine Engine

- Aerospace, maritime, and industrial development and production
technologies - Full-authority digital engine control, hot-section

Technologies manufacturing, and associated technologies
Advanced - Additive manufacturing - Clean, sustainable manufacturing - Smart
Manufacturing manufacturing - Nanomanufacturing

Advanced and
Networked Sensing
and Signature
Management

- Payloads, sensors, and instruments - Sensor processing and data
fusion - Adaptive optics - Remote sensing of the Earth - Signature
management - Nuclear materials detection and characterization -
Chemical weapons detection and characterization - Biological weapons
detection and characterization - Emerging pathogens detection and
characterization - Transportation-sector sensing - Security-sector
sensing - Health-sector sensing - Energy-sector sensing - Building-
sector sensing - Environmental-sector sensing

Advanced Nuclear

- Nuclear energy systems - Fusion energy - Space nuclear power and

Energy propulsion systems
Technologies
Artificial - Machine learning - Deep learning - Reinforcement learning - Sensory

Intelligence (Al)

perception and recognition - Next-generation Al - Planning,
reasoning, and decision making - Safe and/or secure Al

Autonomous - Surfaces - Air - Maritime - Space

Systems and

Robotics

Biotechnologies - Nucleic acid and protein synthesis - Genome and protein engineering

including design tools - Multi-omics and other biometrology,
bioinformatics, predictive modeling, and analytical tools for
functional phenotypes - Engineering of multicellular systems -
Engineering of viral and viral delivery systems - Biomanufacturing
and bioprocessing technologies

Communication and
Networking
Technologies

- Radio-frequency (RF) and mixed-signal circuits, antennas, filters,
and components - Spectrum management technologies - Next-generation
wireless networks, including 5G and 6G - Optical links and fiber
technologies - Terrestrial/undersea cables - Satellite-based
Hardware, firmware, and software - Communications
and network security - Mesh networks/infrastructure independent
communication technologies

communications -




Directed Energy

- Lasers - High-power microwaves - Particle beams

Financial
Technologies

- Distributed ledger technologies - Digital assets - Digital payment
technologies - Digital identity infrastructure

Human-Machine

- Augmented reality - Virtual reality - Brain-computer interfaces -

Interfaces Human-machine teaming

Hypersonics  Propulsion - Aerodynamics and control - Materials - Detection
tracking, and characterization - Defense

Quantum - Quantum computing - Materials, isotopes, and fabrication techniques

Information for quantum devices - Post-quantum cryptography - Quantum sensing -

Technologies Quantum networking

Renewable Energy
Generation and

- Renewable generation - Renewable and sustainable fuels - Energy
storage - Electric and hybrid engines - Batteries - Grid integration

Storage technologies - Energy-efficiency technologies

Semiconductors - Design and electronic design automation tools - Manufacturing

and process technologies and manufacturing equipment - Beyond

Microelectronics complementary metal-oxide-semiconductor (CMOS) technology -
Heterogeneous integration and advanced packaging -
Specialized/tailored hardware components for artificial intelligence,
natural and hostile radiation environments, RF and optical
components, high-power devices, and other critical applications-
Novel materials for advanced microelectronics - Wide-bandgap and
ultra-wide-bandgap technologies for power management, distribution,
and transmission

Space - On-orbit servicing, assembly, and manufacturing - Commoditized

Technologies and
Systems

satel lite buses - Low-cost launch vehicles - Sensors for local and
wide-field imaging - Space propulsion - Resilient positioning,
navigation, and timing (PNT) - Cryogenic fluid management - Entry,
descent, and landing

Cyber Security*

-Dark web crawling - OSINT: social media sites - Threat Intelligence
Platform -Information Sharing and Analysis Center (ISAG) - Monitoring
Platforms - Internal Security Tools / Appliances -Deception Tools -
National Collection Means - CTI Frameworks

Medical
Technology and
Pandemic
Preparedness*

- Vaccine -Precision Medicine - Cell and Gene Therapies - Monoclonal
Antibodies - Contact tracing - E-health - Telemedicine - Smart
healthcare - Virtual Meeting Medical Consultation - Medical drone -
Essential Robot Worker - Medical Robot - Nutrigenomics - 3D food
printing - Food bioactive ingredients - Food Allergies and
Intolerances - Omics Techniques - Next Generation Sequencing,
Digitized Clinical Trial - Monoclonal Antibodies and Biosimilars -
Cell and Gene Therapies - Personalized Treatment - Cytogenetics -
Biobank - Biomechatronic - Biotherapeutic - Biomedicine -
Bioinformatics - Diagnostic kit - Bioprinting - “In-Silico” Testing
- Microscopic Robot - 3D Pathology Imaging - 3D Radiology Imaging -




Physiotherapy - Smart Neural Interfaces - Neuromodulation - Brain-
Computer Interfaces - Wearable Health(care) - Medical Regulatory
Technology ( “MedRegTech” ) - Virtual Reality in health(care) -
Augmented Reality in Health(care) - Cyber Security Mesh
(Architecture) in health(care) - Cloud Computing in health(care) -
Blockchain in Health(care) - Artificial Intelligence in Health(care)
- Next-Generation Computing in Health(care) - 3D printing in
health(care) - Machine Learning Algorithm in Health(care)
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¥ 2F FEHREEIM 20 25
L1 OVEa1—T« VU ET (Advanced Computing)

20 HITERFFBEL T, AVEL—F—RBNERENDEFHNLRELRIT TS, #HHD
[CELEEIVEL—T 1 V7 BMTOREAXELICTLT 1960 FRICH D, RKEOXFTERIZH
EO—EV VLA —BHMICHERNEEDN SR —/A—a 2 Ea—%—T%H% [CDC 66001 &
FRFELEDIF 1964 FTHY . BEICFRICA VTILORIEELGHDST— by - L—T7HEHIN
24 » ABICFSVORADERBEMNMEET H1 £V TA—T0ER Z2IBZA. T0HY
HELICEDXRMIVEL—T A VI T LTHBREXD IEE] RAE LTERNLGEZENE
BO&S12h45%, €5 LIA—T70DEADL 2l HIROE VI T2 EGEHICKRELZLZ S L0
SEMMNBEL. BIXEKREOE2L—LY bRy I—HOAE)EBEIVE2—T 1Y
[The Machine] IIEEMFHELHFEONANT+—I R -2V Ea1—T 4 2% (High-
Performance Computing: HPC)IZEHRBEAESEN DOMEMLGRFEHERMZEHL. EvIT 48
ROEEEZRHAT - L EHADREEITEL T IR T,

2010 FLIED 0 EMZRTHHADAE IV E2—T 1 VIV BMIIEBEECH LV EREZRYE
THEY., XBRFLbAFELRRICEMEHRZR T TELRE15E), FIC, RimRMOF
B, IRLF—ETELR, TOEIOFEMFRFTORMERICHLERLEEEEE5Z 5%
AVEA—T 4 VT EBRERFORMBBEOTTHEEESE LTHRED T oh., Bl
BHOHGELT. TOT7 TV r—2 30 &EHO L YNHERZ L TEENEHARENED SN
5&5I12>TE,

FEAVEL—TAUITDBHICEFTHS LEENRREREZA T, AETIEZTOHEIMENR
ZEICKEZ L THRICHARZES LA LHERT 5, XHIAVE1—T 1 T TN BEROE
FEEELEI A, THICEDLEIERORT—IRLTIZLTENALDOEMEAROTILI 70 4
— LR BMBEHADT TV 77— a VIFHERRELZEDTHNT 5,

2 Moore, Gordon, “Cramming more components onto integrated circuits.” Electronics,38 (8)(1965).
3 KIEHES [The Machine THUXRICEERZE5Z-HP ERIZZRAFELZEZ-REA—H—] ASCII.
https://ascii.jp/elem/000/004/003/4003089/




(B1-1 £EIVE1—T 4 VITEMICE T 2 REMAERER LY

1. FEQVEa—TooIEMETORRELH
(D)CPUEERMASAEY FER O VEa—Ta Y

FEIAE2A—T 4 VITEMIE T HEMEHRE. 1960FRDRA—/I—a 2 Ea—2—(R/N
AV)DREFEZLT TLA—T ORI OIRIEE V- - EFMERINHEE S ERMNGTERRI DR
RICKSTHESREES>THLBETIEHAL, RN VERTHBMEMER L L THRDOND
[L—T7®O:FKB &, I— b2 - L—71EL A 1965 &£IZ” Cramming more components onto
integrated circuits” LRELI-AXDFTIRELIZEDTH S Z0ZEBIX. K2 DT
FIMTRT LS. TEEEROREIR FER/METLEBEBRERD AR, RifTDE
HEEHIT, DFEYBKELDIC, RARITBATVLKESS] EWV5LDTHSS 1962 i
1965 £ETOHTH 4 HOBBHUBRBRICOHESVTKBEICLAI S 10 EOERMERER

4 Reed, Daniel & Dongarra, Jack, “Exascale computing and big data.” Communications of the ACM
QJuly 2015), p. 59.

5 Moore, Gordon, “Cramming more components onto integrated circuits.” EF1= TL—F7®DEAl] FLTHRR
b L—7OEAORFOZFMBELTIE. HFLEHN [ TLA—T0ZEA] OELRIZOVTO—EE] [HE &
it EHE] 35 & 2 B (2020)< https://ww.jstage.jst.go.jp/article/ jsrpim/35/2/35 263/ pdf/-char/ja>
MEELLY,

b AREREE THBAREEXEREZXAD [LA—T0ZER OBE - BE - KK Telescope Magazine (2021 %6 B 2
A) https://www.tel.co.jp/museum/magazine/report/202106/
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BERTL-HFLENE, TORFERECFBRERZLTEEIVE2—T AV TEED
[EE] ZBE L TOMMEES LTS,

(K 1-2 L—T7 DR Fx#T 5 7)

—AT. EVIT—2EGOIRLUE. H-GEHRRMNEEIVEL—TA UV IEEEZM
YELZEEHRD, BIZIE. BETHBALZELA—LY bRy h—FHOAEYFERIUE
a1—TF 4 2% [The Machinel (. ftE®D CPU EBR OV Ea—T 4 VI DRAZITHT HEE]
MET—XTIOFYERBTIIENHAFTINTLS, REDIVE2L—2—DEENITEER
SORBREOESNFTREDT—2ONBIZHMABLLSICHE>TE, BRMICIE, o
VEA—S—DUBEANEMT HCON T, —EITETTETHETHERERMICEMT 5,
LALZCTHAEYAMEEL S, OBV E2—3—THo>THISLEBKRT S
T—ADHEEETTEAODTREAE)ERALTVAL, SIITEMTET—2EAEY
DEEZLTENOZRYBAX LMD FL—FFINFEL, BEOIVEaA—T1 VI
MTIRHCDHWERVBZ L EHPRETH > COMBITOVNT, XKED3—PF7IHK
=% David Bader iRl THIRZZ(T5D(E. FILT)XLEM L TREITT B1=HIT—EITA
EVIZHRMTEST—HDE] THHIEVWSRBERLTHEY', #EOAVEL—T127T -

" Slater, Derek, TE-SKFHLWIYE2—T 4 2ID7TO—FH, BNADERE. FTEDKE. KEEH
DRFIEICEILDETREEM B Y £971 Enterprise.nxt. (Hewlett Packard Enterprise)
https://www.hpe.com/jp/ja/japan/insights/reports/mdc.html
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T—F*TIOFYORAZEHTS, CORT, AEVFERT7—FTIUFrEF. &AEYTO
VIDBRFICE>THEICERINATEY., CAICKY(BFTREDAEFICLILYEELT
— R EREMNAREE 42D, T 5 L1= Universal memory M#RE(E, EDT7—FTIF v EHBRLTT
—ZNEEZXYEIR O DOHEMLBIDIZTHENTES (R 1-3),

(R 1-3 FAE)—BELNEBEREDLER)

COLIEAEVEBROVEaA—TA VT ZEOT7 T 75— 3 v EOFIRERY AL,
FYUBORM - BEERAA VITEITAHEANAIREE LS. REDCPUEBE IV Ea—T 1
THhBERIESNEEATINOT -2 ZPREEMICREL. RWEZERITL TV =DITHL T,
AEVFEROT7—FTIVFv TR, EROEVY—DPRELE-T—2ZTOENDEKRIZE
CTEHEZERTISAENTEDD, JFYXRENOEMIELEHBEREBICHIET S ENT
5, BIZIE, BRRINBRLGLIBBDERRKRZIEET 5-HODT—2 2T, BLHHEMHEEH
DT—2T57&HELEVWELELES, SADT—2UNBREMFTE, AlLDI=y FOT—4
N—ZANS/BoN-FEREXBFETO LY —TREL TS, COLEMATIE. EHMIZD
ATLMNMBIEL LFARERYBRT LT, EMOERKRZIRET D LG LD, oTER
EMBIEPECTICHMZEET 5, FLETNETAOAIHEEZT 20— EDOATYR>=XF v

8 Bresniker, Kirk M., Sharad Singhal, and R. Stanley Williams. "Adapting to thrive in a new economy
of memory abundance." Computer 48(12) (2015), p. 50.
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T3y MIGERTHY . TOERSVOBEEMORATIEBICRITS, 5 LI-EEICXL
T, [HE] OBEREMASET, REOKBEICHS L TEERZEZMS LN TE, EE
EHRBIEEEMESEILSBREREHHE L THRET LI ENTREICHDS, 512, BIEOR
EErEromEH, HEODARBEWVWSIB TR —ILIIVTEHILET, SBICERLLT TS
KREDHTHLEENTA I VRICEEEEZ D77V 3 —DRRBRERIMT S L TESS,
T—2EBRAUE1—T 4 VUEME. 25 LEBERLET T -2 OMBHLLEEZSET
ETTEHEEAEEICT EDITTH D,

Q) THUHART—)L - AV Ea1—T 1 >4 (Exascale Computing) DFEE

AEVFERAVEA-—TA VIV DREDOBETERSATELON. TI/HRT—)L -1
VEA—T AT EVWOIFAEEI LV EAT—T AV UETHESY, COEEIVEL—T
1 OTEMIEY, AEY, APL—PFLTCavEa—Ta UV RENDZRRCMESE S
ENTED, THLEHEBEHFE, ITRLF—DBTOEECTEL L TRIT. SHICEHREM
M2 D TYUTA o IBEMEECT T4 T4 =277 F ¥ 1) 2T (Additive
Manufacturing). EHEE LI I—UT—ZY ., EOEERME - ARSFAHLLTER PR
WMAFTOLANRAFINATLSY, LEAST, TIVHRT—IIL-aVEa—T1VJF B
REEMRE. BFLRERE, IRLF—RERBEOHREMOARZLTALRTT EVD B
A REN ORI EREAEICTABEADOH A EHEIVE 1 —F 4 VU F Hiff
EWSTENTED, " RICTVHRT—)L - AVE2—Ta T RBUTO&L S LGMEEERHD
HPC L EE SN DY,

e E—VUBO/INT7+—T 2R : Exaflops GREV/NIAERZ 1 #/EIC 100 REFTS)
e Linpack f£8E : >60%

o AEIRE: 10 petabytes

o RbL—Y: IVHYNA MREDX b L—UHEEE

o IR)LF—FNE: 30 GF/w.

o A A—IaxY hiwmidiE(bandwidth) : > 500 Gbps.

® Bresniker, Kirk M., et. al., "Adapting to thrive in a new economy of memory abundance."

1 Hewlett Packard Enterprise, TTHUH R4 —)L: REXD HPC £HBH53HE AV Ea—T4 T DOHER]
(TUO=ZANKRTA bR—/—)
https://www.hpe.com/content/dam/hpe/japan-office-locations/pdf/servers/exascale-hpc-next-generatio-
Jpn.pdf?cc=jp&ll=ja

11 “Overview of the ECP.” Exascale Computing Project. Retrieved from
https://www.%20exascaleproject.org/about/

12 Qian, Depei, and Zhongzhi Luan. "High performance computing development in china: A brief review
and perspectives." Computing in Science & Engineering 21(1) (2018): 6-16.
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IVHYRT—IVIRATLIE, RBEDVATLIR—DADNEYY—RRFDa—1) 2T,
NRSLLETOTSIVIBE., YATLEZAYUY, 4L FFLS YR (fault
tolerance) Z L CREENDEHREBT T r—2a DU R—FERELBFDI LD E—RICIX
fEsisnd,

AEVEBHOAVELA—TA VIV EDEETEARE, TIVHRT—IL-aVEa—T427T
F. EVIT—2DREBEAEDLDETERINDGANELE LD RMED Daniel Reed & Jack
Dongarra 5 A\ 2015 125 %& L 1=5/X “Exascale Computing and Big Data” THIEFIhTL
%5, LIzp>T. EBED FAMVEOEREICSEVWTIE, AaVYEa—Ts U IEMET—27F
T 49 ABMDHENFARTHY ., T—E2BITOEML I E 1 —7 —SHEOERENEKIM
MBEELINTE, S5 LEIIVHRS—)L- AV Ea—T 4 VTEMIIEKEIVEER CGE
BLTHEY. XERFERELIRILTF—EZT L TEIBEMEAIRD EGY RMRARIZETF.
F 1=Fr T H ERME S (EU)IN T the Collaborative Research into Exascale Systemware,Tools
and Applications (CRESTA)%> Dynamical Exascale Entry Platform (DEEP) & LNo7=5ciER% T
ATy hAEDH SN TEI®, 2018 £F TIZ IBig Data and Exascale Computing (BDEC) 7O
SVl OFT, EVIT—RETVHRT—I)L- a2V Ea—T« VTICET HRMHARD
—9 a3y THRE, U ZLTHAANEET IR TEHEER S, EREERICE T 54
Bifi fLY FEBYDDHB, -, ATAD Y FTHREINA/BXTH., LY KBREMD
EHRIET BT R ETNLEIMTEIAV Y FARFAVELA—TA VT DHAEEZ—FHT S5 &
WS RBAREATEY., EvIT—4BRICETSIIVYRy—)L- aVEa—TF10iA~
DEELBE-LTVDE I EMhhEY,

2. FEAVEL—T 4 UTEMDTILFI—R

IOHRT—I - AVEa—TAVTIIRRENDEEIVEa—T 4 VITHEMIE, EBHT
TILFI—RAENFNERHERZEMTHY . RERN, IFPHFOLERITFZT L TERMICMA T,
IRLF—RHORBEENTICELIETCEREEN T AL LGN - EXHHFTEELTWLD
(B1-4), BIZAEE, RHEREMIF TR, FLERMORRICTIYR7—I)L-avEa—Ta Y
THEMMNEML TS, BT HAKETIE THEICEFTL5FHFER L (Science discovery)D 7=
BICTIHRT—IL - AVEa—T4 VIRMEFAT HHABEICEBITEY., TRIILF—F
ETVIRENMBRNTHIET, IREMORRICTIVYRT—IL- AV Ea—T 4 VT HEMiEF

13 Reed, Daniel et. al., “Exascale computing and big data.”
4 Asch, Mark, et al. "Big data and data ecosystem for scientific inquiry." The International Journal
of High Performance Computing Applications 32.4 (2018): 435-479.
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FA9 % Exascale Computing Project (ECP)MESH LN TERE, CNIEBEREIRILF—0F
THRABEOHEH-LEMERR TSI ELELEMELTVSIHARTHY., KEIVE21—T 4
VUBEMOBBMAEFINTINS, EENHTE. HICERABEOHMEIZEVWTIOI VYR —
V-aAvEa—T4 U7 EMOFANRAFEIN TS, REEXETLIIYRS—IL-aVED
— T4 TBEMNRABINDDH D, BFICTHITT4T - I=2T77F a7 > (Adaptive
manufacturing: AMEMDEFIZEWVNT. TI/HRT—)L- AVE2— 42 FAV:LYEETMHD

BEDY I L—23avEITIEMNTRICLESDY,

(B1-4 £EAVEL1—TAITBREICBITIEZXEED 2—215)

X 1-4 THLEHELHALEY . XBEREEETOEIFIVE LI —2ADEREFFICEVNREEZ L
[FTTW3, HICEYDITMEFEEETIE, TI/YRT—)L-aVEa—TFT 1« VIHEMZAW:
AM B RELRMTEHRFEZB LTS, R—A VT HFIEICLHE LEREDME#A—HITT T

% Turczyn, Coury, “Discovering and extreme-scale computing: Pathways to convergence-toward a
shaping strategy for a future software new materials at exascale speed.” Exascale Computing
Project. August 11, 2022. https://www.exascaleproject.org/gmcpack/

16 Bhattacharya, Tanmoy, et al. "Al meets exascale computing: Advancing cancer research with large-
scale high performance computing." Frontiers in oncology 9 (2019): 984.

17 “EXAAM.”  Exascale Computing Project. https://ww.exascaleproject.org/research-project/exaam/

8 jbid., p. 11.
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[CHREIAVELI—T 1 U THEMEAMBEREBANEDSNTE Y., EHENDEI R L TRITH
DIN—VERETHEICTHEML TEY, KEMEFHBHNASA)E High-End Computing (HEC)
TATSLEILLET, BOTHENBEVWEEIVE21—T 1 VRN FEI v a3 VOKIT
EHR—FLTWS, RIETHE., RKEGEIZRRENDII VO U A—IARBRD Y TP
DERRICKEEIVE21—T 4 VIHEMEFMALTVS, ChITKYKYREBORVWS Ty bT Y
CUNRAEICEMLTEY ., —BRIERFROFEEERICTERKL TS, COLSIT, kEa Y
Ea—TF 1 U 7EME. BEVABHTILFI-—ANTREEMTTHY ., BFETLEELEEL
BAIRLF—PREFEAFIL LA, ERPEEXICESFTHO TLEHELGEERTS
BICEHERLTL S,

1-5 GEDT vy T U UDERHEY

3. REIZBFAIVHRy—)L-avEa—T4 7B ZOMKEEM
KEIFEEFITB SN TWEAI VYRS —)L - AV Ea—T 1« >4 (Exascale Computing) %2
TERTEOHRRAELEEDTE-, REDEEI Y Ea—T 1 VU EIBAR TREEKREL
DIF, FERI S LEBEHHFELI Y Ea—5 —HKifiFFKCE > TEELMFEE (National
Science Foundation) ®>E L R ZE KX M BF X T (National Institute of Standards and
Technology: NIST)D & 7% 5 9 . I R JL ¥ — % (Department of Energy: DoE) % E Bh &
(Department of Defense: DoD) & L\ o 1-FEHE - BFLLREDHEREICEREZED 5 BFHEN T D
MEFARICEVTETENBMMUICHDIENSZLETHD,

% 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).

2 jbid., p. 19.
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O LI th BT OMBRHE & DEEERREIC L =D&, 2015 0 7 AICHEIT S - KKESR
(Executive Order) 13702 & [Creating a National Strategic Computing Initiative] T#%5
A ZOES TR, BFEWNGREEHE THBIZETSHFER] (Science discovery) ZIESH 5
=8 D HPC DREEZZARFEEICT 5 F=OITREBUAFA HPC BARIZH 1T 5 EFBATF & L TDEES
ZRETHCEAEDOONTLNS, CNEBERBRNE LT, REBFMIIBMAEELAEZEEA
AWEBENT TO—FICEDINT, ERZTLTEDEHRLBRAT—IRILENEE L -
AEIOBELHLL TEfz, FEDEY. 2 TE DoE, DoD B &L UVEMIHFHEMN) —F—
VITERETEHLEAREEINTEY ., EHBORBEFIUTOLSIZEDLNTILVS,

IRILF—HOOE): TRILF—EFEFEOD Office of Science) RUEIRKKTERER
(National Nuclear Security Administration: NNSA)IX, THOH RS —)L - aVEa—Ta4 25
OHRTAYILZBLT, BEYIaL—2avIlI+—hRLEYaq v - TOTS LA
ZEtE LETI %,

EIRZME - EXEFEEREE TRZICESIT5HFER] (Science discovery) RUZD 6D
HFC DI AV RATLDEEZ LTAMBRIZEWLWTHIOMEEEIZES,

ERF&EQ@D) : EffEIET—2 - 7FU T4V R -aAVEa—T42JIFAL, BEMEIY
:/3 y%.ﬁ.ﬂ_{’_ I"—g—éo

LEIDDI)—T 4 VIUHBERHPC DT O T4 TOREZH LED. KEZZOBBMIZE
BELABRMEE CEICREMOMMZHBT LI L ZAREICT S, CNoOMBEITERHARE L
BERIEELLGA L, FARICELIHBOCZTORTRAICELIERKEL L EEZRY ., &
FEAVEL—T 4 VRO EXIET S, CO3DDHREAEEEEZMAHT T, ELFE
BT EAA WIS Y E L % £ £ FE 4 (Department of Homeland Security). NASA(National
Aeronautics and Space Administration)& L2 =& GRS FOEME T OM BB EEME
HoWIZZORMBRAZHET 5L VS HEADPTSN TS (K 1-6),

2 Executive Order 13702 of July 29, 2015 Creating a National Strategic Computing Initiative (Federal
Register Vol. 80, No. 148).
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|
Table 1: National Strategic Computing Initiative Agency Roles

Type of agency Agency

Lead Department of Defense
Department of Energy
Mational Science Foundation

Foundational research and Intelligence Advanced Research Projects Activity
development Mational Institute of Standards and Technology

Deployment Department of Homeland Secunty
Federal Bureau of Investigation
Mational Aeronautics and Space Administration
Mational Institutes of Health

Mational Oceanic and Atmosphenc
Administration

(1 1-6 National Strategic Computing Initiative [Z# (F % B8R B FTHEEE D 1% E%2)
ZTOLETKREBRMFIE., B4 2020 FEDOERETE [Pioneering the Future Advanced
Computing Ecosystem: A Strategic Plan (the 2020 Strategic Plan)] #3%RELTHY. UTF
EONHKBZFERRL TS,

O BEIIHYRT—IL - AVE1a—T1 VITRED-ODLA =TT 47
COBBEEREOERICEIRILF—ENPRZALGRINZED CENMFIATLS, FHITH
ZIVYaUTRHPCDT TV r—2av eV T b2 7ORREICERMEMTEY., Z5L
FEMEARTIEHRBMARICE TS TRLF—4F ERIRILF—RETOTS L] LR
FRBEICE TS TITRILF—E EYRBEEFMRITOTS L] 2XZ2HEEBHELTVS, T
FILF—AHF 2017 FH DS 2020 FITHF T, TIVHRT—)L - AV E1—F—DFFKIZEE 897
BARMLLOFEZERLTEY. EHMG HPC DRRAFEIEALTET .
CHOLI-BEEEHELT. ITRXLXF—HIEZELHNEET HMEICE LT Frontier,
AuroraZ L TEl Capitan D3 DD IV HRT—)L - AV Ea2a—T A VIV RATLORARZED
TZEf= (B 1-7), Frontier (£ 2021 FOEREZXBHEL T, TRI—MODA—5 ") v SEIHARR
T 2019 FH 5 Clay # & DEZHD FTAREHIZHERFEISEDH 5N TE1-, Frontier [FERITDR
NaAVD 50 FELDRSOHEREEERTSHET. HRICBTAHER] LIRLE—L

2 Government Accountability OFffice (GAQ), High-Performing Computing: Advances Made Towards
Implementing the National Strategy, but Better Reporting and a More Detailed Plan Are Needed.
(United States Government Accountability Office, September 2021), p. 3
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SYIVR, BEFGENT L TERREEBEOEEERBEHTOS / N—2 3 VERRT B%,
Aurora (X 2022 EDREZBELTA NV /AMOTIL T XEILHEFTHENED SN TE
IJHRT7T—IL-A2E2—2—THY . FMBELEYE, BERNZ L TBETEIRIL
F—DOHEADEANEESIN TS, El Capitan [E. ALK ITRILF—ELRFRETDHY 2
ANZTFHOA—L X - YNETFEIHMERT 2023 FOEEZBIEL CTHRE EDH L TL
5. CHELREICKRERDHEEELHIFTITLA-HORRLREOHEREICAL LGN E Z LEHH
#FIhTW3,

(B 1-7 TRILF—EIAERKEZEDE I DO IV Ry—I)L AV Ea—T 1 5%

2 Oak Pridge “National laboratory, U.S. Department of Energy and Cray to Deliver Record-Setting
Frontier Supercomputer at ORNL” (May 7, 2019). Retrieved from https://www.ornl.gov/news/us-
department-energy-and-cray-deliver-record-setting-frontier-supercomputer-ornl

24 GAO., High-Performing Computing, p. 14.
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(2) #ffta E—L > X (Coherence)

IO9HRS5—)L-aY
—S oy THEHEEL, NASA
8),

Ea—4—0HMae—LUXE, XICEKE EEIHZHEAN) —F
, ENBEMEANINZ L TEFERTT(NOAN) A BT R Z18 5 (K 1-

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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(4) #KAHE HPC T3V R T LDIEE

CCTHIRLAX -4, BfEZ L CELIHFMEANESE L THEZEET S, TDOLT3
DO AR ZE 5 BUFHEI T&H 5 NASA,NIH Z LT NOAADHPC DT AL R T LDF v /NI T 1
ELT 4 07 2RTTH5(E1-10), 5 LI=#EIE. RODFICEITHY T b2z FHEDMZE
PT—FOZDT—FY—ILOEBERZFIZEHTINDS,

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
28 Iﬂio
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4. AEIZBIFZIIHVHRT—)L - AV E1—T 4 VI RilTE FOREHH
FEDEEIVE2—T 4 U IEMEII 10 EFRETEHEFLOREZRF =, #HHE LY T 500
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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CHOLEHFT, TVHYRT—IL - AVEa—TFTAVI0EDRT7T) r—2a VTS oITHiE
LI-BARLEDH SN TES, 2015 FITE INANTH—T VR - AVEa—T4271 &£V
Fr-m7oo oy FARIRS R, 2016 A S 5 FRHETHERAREISHBRE Lz, BEAMIZIE 3 D
DA—H—LEEFTEHTALI—IIBEL. TATNOBRAZENLTIIHRT—)L - O
VEA—TA VT ORAFEICEFLTE, UTTZEDIDDR/NAVA—DEHABREEICKLLT
JHRg—)L - AVE2—2—0OT0O I )LRHEICEFTHEBZFLHTLD,

K PEDR/NA A —HRUHAREEDES

BEt (Sugon) BEYLIE 1996 FICHhETHRIINF-R/INaA A —HTH
) %, FEIFEHFIZ. BEARMEVWSEMZAWV T IH X
PHESYE el AvF1—4—DOITRLE—HRICHEEED

E;[jE][Jr] HNEEBEVTHEY . ERTHRRT HANAOREEF
AL THEDRS TEANENE Y T EANEES

¥ 5,
PEARZKREEFRZEMKE | FEOR/SaY TXKA] (18- 28)ZHELEARSER
(NUDT) TRl F—L FEEOHEKRFELSEOTOS Y MMISELTWL

%, KA 285 THEHAE Matrix 2000 LFELLE-TOty
YZEZRAWTHERZER, REFXI VYRS —I)L-2Y
Ea—4—RTOLYSELZRHERTOE Yy ORI
1EF, FAV3—aFx I P ITORTLIZEITSHE
REGIRIILF—HEELRBELLGH-THY., AEFa =
A== a3 VENRALEEBEEZEADHIBIZCHERALT
=1t

EREFIGERITEZEMAR LY | 2017 FEFTHRAREEFZ > TV =R/\a Y THE - Kl
4 — T#E (Sunway)F—.Ls 231 (Sunway TaihuLight) ZBi% L-ERILFHIFTEH
IEEMARE I —DF—L, BLVEREE I RILE—
EfEm-9oIc, T - KiflzX) TERLE
SW26010 7AE Y HEDIRILF—NERFSILITHET S
tEBIT, THVHRY—)L-avEa—F—EHOXH
RIOE vy HORRICLEF. HFICIEEMBEEHTOR
fix—FsE., KYDRMBEANORATLOEEEDT
T —F LTEYVPDEOTVNIRILT—HEIRT
LZEF#SEO O MI—ILTERSE1-,

CDESIZ. SEODEIZBTSEEI V1 —42—HRTIEEFLVWVREEZXRTFT TS,
BIZTXRA25) O M - Kzl X5 EL0HBICEYHRR/NNaY by T 500 Tz

% Qian, Depei, et al.,”High performance computing development in china.” ZJITIZENEEIERM.
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HIEFLTESRLEEZEY . TORMHOBEETEHAITRLIZ®, BEFIC TCNGrid) ITREREN D
EI12. FERBADT VY FIREOBEIZIEHTEY .. XEOLERMDOT Y v FRARERRE
DILDIZHREBVLTLSDIZR LT, FEDY Yy FIF. Hifi KA S o~ADF7T) 45— 3
VEHPC IO P—BBICEANALTOLN TS,

CC 10 ETREBHGHEMERZEZR L-FEOEEI Y E2—T 4 0T THSM., EOHER
BLEREINATVWS, ANTVOHRS VX VI TEHRABNEERTHICESLDD, %
OEMT7 TV r—2avICEVTREEIYFTTWDERFEALL, 25 LI-RHETBATE
OHAEREARFICELEEET 5, KEOR/NRAVHENIRIILTF—EPOEBE L V> -EARA
BR=—XICRYBOTBERENETE L TELOICH LT, FEDZNIEEICHERMEROH
FBAEZ LTEANIVEBEA—AITEENE I EASEI Sz, EBIC, FEERATOY 7 b+
DITHARETOREILEHIATNS, K11 ARTEY . RFOHPC DY I bz 7DEL (T
FEUNDOEMEEZFE THRESNIZIONE . BRPEZ S LEFENEOERKRITERRL -
BMRARZERBLECINTVS, EMHELSAITHAM IR, RREFEL VS HEMER
MABHFDORALSL U TELEHETRESINTVWAY I I 7IEBENOA—TO UV —ADHLOPH
X¥ADOVI Iz T7EFERALTLEDARKTH S, oI, BEREHTAMOBHNREEDL R
BEIhTHYY, BNTOIV YRS —)L - AV Ea—T 1 VO BRMORELICIE T E2RE
LEL,

% Chi, Xuebin, “The ecology of high-performance computing.” In China’ s e-Science Blue Book 2020
(Springer, 2021).

% jbid.

¥ KRR ThESEHTNBERRERBRLEAE] [FERNR] (2018 £ 7 A 21R)
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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®)

5. BROEZEIVEaAT—T 1 T EM . TOEA L FRE
1990 FLIEBHATIER /NN VEAKEN—KEE LAY, 2000 FLUBEFRA—/N—avEa—4—
Rl DESCHEHR MY TURNLOHERE L HELZRRBEALANIVEEAH L TE,
AT, FREORA—N—a Ea1—4— TEE] N8FEFIYICHRA—ZFEL. HED I#
Bl KiMlzdt] ©RED M3y b 2EDTECHEREZMELLLIEFATATTSH
EEEMAL(E12), 5 LE-EMEHICIE. NECHOELE. BII LW >-BARORBEEED
BHAKREL, HABEOEEIVE2—T a4 VI EMEEEDOT VAR ALGC LTHEET S
EFGEmno1==55,
—ATBALE#EIVEL—T « VU BMOEFICAT-BARELEZO—FYy T£BIF, EE
TIL Society5.0 ZRIFAFEHMNAVE1—T 1« VIBMORARZEDTINS, XHEFAET
MSociety5.0 2X 2 2EHFMALE1—T 4 VI BRMIDAILE] £V SHEREEEBIT. ZEL
H, EHEEENE. BEaR MEZICLDIBERIRATLLEOEHRIEICAIT T, MEMEEEZE

% Chi, Xuebin, “The ecology of high-performance computing,” p. 227.
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BRI EZET AEFMWIVEL—T« VI DEBRBOREZBEEL TLSY, 5 LI-HIEE
BICEDE, XHEAMBEOHMZRMMREBEOSTIE INMNERVEZEMICKIEGR S 5H-4
VEA—T 4 UUBMORIE] & TPILITVXL, T—FTI9FXEORM LAV —%EE -
BIASEEEMERIVEL—T 4 VIRMOMERFE] ZHEL TLEY, F-BFERELC
SLIEEAVEL—T 4 VI DORRICHIRAETHS, 2019 FIZF TREKIVE2—52—H
ERTIEFHEDORR] EBLAEV VRSO LZREL. Al RUEFIVE1—F2—DHHE
HOEMITFTOZORATMEREFIIOVNT, ERFEINTNOEMRSEREXHL LI,

MREBHEZHALLR L THLERIEEMSMIEIZH L LMD, HBEBOHREN
ZRAHE. LEUFRREDDYY 74T KE, 2 UrHFEOHERFER &G Y KT 3 MICHR
RKENT U4 LTWEY, EBIT, ZEAVEL—T 1 U7 EMORERTAEFLDEEHE
BIZBTAMREBER THLSE., BREEZEIVE2—T 40T & Al HIfiTHR 3 fLElo
TWa, LHL., £FMNEGHREHRZENE, XKELHPENEEMIZSIMERIZH Y., FFicH
EITH T 5ARERDIEMGEFBH THETH D,

(H1-14 BEREFR—DR/N\a2 &0 1 HEOFERELE®)

® XEFIFE TSociety5. 0 EXADEHFHNIVEa—T 4 VT HEITDAILH]
https://warp.ndl.go.jp/info:ndl jp/pid/11293659/www.mext.go. jp/b menu/houdou/30/03/attach/1402603.htm
O R EAT IR B (CREST), MSociety5.0 X 2 5EHMI U E 1 —T 1 VT Hl)
https://www. jst.go. jp/kisoken/crest/research area/ongoing/bunyah30-
4.htmlhttps://www. jst.go. jp/kisoken/crest/research area/ongoing/bunyah30-4.html

T REEEE TREKIVE2 -2 —DERITIEHRHE SRR (019%F7 A 48)

https://www.meti.go. jp/press/2019/07/20190704002/20190704002. html

2 FREI A —FHADBRI/RES,

® TEROZR/A2Y TEE] . 8FXAYHER—FE] [BREFHRE] (202056 A 23 R8)
https://www.nikkei .com/article/DGXMZ060655390S0A620C2MMB000/
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HPC D7 T ) 7r—2 3 VICDOVWTHEBRHMERAMICBERERNIERIA TS, XEBRFEEE
MERRFHSOERR] . X - RBEBE] . TTRLVX—MBE . TEXHEFHORIL]
ERBMZORE] LV 2NERSHERE. EEMOAEHBORFEZ L TREALE
EBALTR—R—avE21—4— TEE] OHESREEHATNSES, CZTER—/—aY
Eaia—42—0OBWHEREACEE., —BUEHEBR~NOEELA LT r—2 3 VENEHR
Sh T3S (A 1-15),

(B 1-15 XBEEH RA—/—arvEa1—42—0OR%E - FIRDEER")

LALENS, BADKEI Y Ea—T 4 V7T RMFAEE. TOEVVEREEEITH & FRE
2. EDOT7 TV r—2avBET, RKEIZEHRIED., REOXEI U E1—T 4 VTRIFK
RELBLEBEICHALHLBOK., XBRZESFTET S5 20ERAPBFORT—IHRILID
FIZMDERETAEERTVEVNE VNS ATH S, KEHZEF. BFELIRILF—E LW
BRI —RICKYEVWERETHEEZY ST, I VE1—2 —DOEMHAFEEESIL
TERI LRI TICHRAz, BRADGEIX. ERFOEHEFTBFH NS —A T, T5 LEEEK
AETOMENYTBOFRTEZLTLEN., FYBKPHERITZ—XITR o= TORIERSR
9 HEHEMIEEESNTOEL, PARGBRRECHS - BN —X @I onkEa

S EREE TEHONANID+—I R -aAVEa—FT425 4275 (HPCI) 221V T Y
https://www.mext.go. jp/a_menu/kaihatu/jouhou/hpci/1307375.htm
% fbid.
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Ea—T4 ITRBORAFKEVNSI LSGL—rPay FULEERE TRERFBERAETEND
DTIEHEL, TLABVVHEREEDIAEIVEL— I —ZFEDLSLEBR - HE=—XDMER
[CAVEINEVSElTHY EDERNETLTLEL> TS, 5 LE-MERFPEDHKME
BEHABTDECHLHHH. BADBESEIRMILEL L THROKMAFZEZESIL TEN
MIZ, S5 LEL—riay FGEEBICL I RMTARBBOREN+ RSN TIG, -
EEAD, SHERBFEZEREBEOEARZERICEE, BAOERBRFNZEDHS-HIZH. K
AT BRRECHR - R — X2 o - HERNTOERARSN EEI VE2—T1 2T H
BTHLLINIRENHDES 5,
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%28 RHEAKITEME (Advanced Manufacturing Materials)

SHORHHFRMOER EEMEFICEVDTEMBEARZ L TELEATBHTKREL,
BlZIE. 3D TV UA—ITRERESND T T4 T4 - I=2T779F~") 27 (Additive
Manufacturing: ANZE D ELIHFEZRMSHF CLAMEMIA RN EF EELRT I EELERFITE
BoTHY., RMEMICETOIRMEFEILESRGOBT TRITEHFZI 0T ENHRFS
NTERLY, FRERBMBEMEAI OIS -0 53—V FSLICEEFRMEOEENEH L DOE
BHELBH TR, FEMIBH—BRELEAALERBERTORERICAHET HIEAZELD
MEM L DIEHEINTERY,

CHOLI-HT, KETRHBFICAEHMREMBZORMERNBEFLOAHFO—D2TELHD Ik
WIS TYOTHRM] ICERELATT, YLFI—ROBANL S LERMEHNED
FIITLT, BLUSAROXRTHREEINEE - ARSI TEL-ONEDIHT 5. HICHEM
DFFE. BERMICETIEMEFICOVTHMLEZDOSL, €5 LI-AnBERMAFOEE
REREBELDA VT r—2avIito0WT, BER - REAROAEN -BHT 5. ZRICTEE
EEORMBBEICOVWTHEBITLHL LB, BRORMBBEICH L TIILFI—ROBEANDS
BEREZT %

1. REMER
CNETIZHEVEHGHE (Property) Z B A =HFZMORAENERTHEOH SN TE T, HFIC
KEDKEORABEEZPLICHENEDSNTEY ., 5 LEFHGHRzMIE 30 T o2—
PHEER, ORT 4V REBEVDHETCORMERICHLERL TE, CCTREIRMOFT
HLEFICTILFI—ROBEL SAAENBVFRMRARICOVTHERT 5.
<F/RT—=NIDTYVoT1UTHRM>

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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2022 FICIE, RE T+ — FRZOHRF—LDN T/ RT—ILOBENEERTE D=4
FMERE LIz, COF/ RT—ILERMIE 3D T —TFH/ R5—ILOEEWMEEYVET 1=
HIZALLNEEDT, BRAGHECEMIZE C TE/NDILABENZTEVHIT I ENTED
EHFHINTLS, CORMIE. BHEOR)I—THEEINDITY D S HEKIC TAL)L -
+/ 25 X52—] (metal nanoclusters) &AL ETERLFZLDTHY., AF2IL-F/ 7D
FRE=M 3D TYoE—DL—F—(TNn-BRICECHELEREZEZFAL TS, ChIT&Y
BELEE, AIHEORFO—Y, 74787 bRV R ORBERETHIVERLTAO
T2 —ORRENTREL 5%,

(1) AEMSF/F=M

AVITANZFTIRKE, D3—CTFIRKEEZLTFa—U Yy EIRKRZORRF LI,
BEREZFICHETE2)aAVE)FIOLEEDEERGEFALT, BRNELST E#H-LGF/
FMERAREL TS , BREENDTELRMIET TICHEELTLEH, HIZIE. KISENTE
FHEMRIZGEY ., ZWERIZEZEOBRIEILT SEVNS-ERICH LMK, LB DRIRIC
ERLZTOREFZHBTEIILELATELRL., —ATSEOHRMIE. T IhREKRE]
( ‘in-between states’ )Z#FHFTAHLLARET. LYRKRICHREERSELENTED
K125 B%, TS5 LEFHEMEMI. TRVLF—FBIRTLIZEFSN Yy T)—DBERIEL
Z2MORE, FHOALEL~AOEAMNPFINTINS,

2) EREBRERM

RKEXHFai—tyYIRKZER. TIXFVIEENESTHEY LBREALHRMORFR
SR LTz, BHREESEMZAVTEONEZZIOHRME. #EO—EETRAITYT D&
STHIZMERDBIRE LI=-RMEITEL Y., 2FGK(two-dimensional Polymer)E# THY . B2
BEEBEOMAZRRFEA TS, CORMITEMDNER/ A—YOBEFTERE. BHOTOMD

# 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.

https://news.mit.edu/2022/polymer-lightweight-material-2d-0202
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BEVOBRERMICAVLNIZENERINATEY.,. SHEHRLEXESIBTOILFAI—X
BHRFIhTILS,

2. RImRMICHETEIRMEF—FKImES IV IRM

FREMORENEL —A T, REDEMEMICHE T HBMEFIRENICEATLS, 22
TEHATH, BRREICERN TESAERWMRMERY LT, ZORMERICOVTHNT S, &
EEXEDHFORMEFNGEDICONT., TOMBELRLIRM~DEREEHLEE>TL S,
ZIE. BEERIYSMILORERMOARI—EVDREMERELLDITBOHTEIVEESEN
Eiml=9 CEARDONSZBEMAFICENTIEK, 5 LI-Z—X &9 =-hITREBH G EAM
BHAEATLS,

1) Emt>IvIFRM
4 Y ORFEREFHM Microwave Dielectric Materials)

YAV ORBFEREMIEI LI I vIRMTHY .. FEARKLIREE (Dielectric Resonators). L
K — /L (Radome) B N B/ > — L K (Electromagnetic Shield)FICAWLNDRMTHY .. FEEP
I7ARR—ZANHFTLEANENTELHRMTH S, YAV ORFERRMEIINET., £
DROLNDHEE RIEICKRLT, SRRBREMRE S = v 2 (High-Temperature Co-fired
Ceramics: HTCC), {KERMBFGER 5 = w4 (Low-Temperature Co-fired Ceramics: LTCC) & PBH
ENEDHONTEz, CC 205288 §HRY. SRRRETHLEVFEEB NN T+ —T X EHE
I HBRIETILI =V LARB)BEEXDEERF Rt I v INERRMITFOYA I OREF
BEICALNLONTERLS,

AETEH. SERFFERES I v I (HTCC) LIEERIFFFEERES I v I (LTCODIFREME D
A% WEBRKHERES S v (Ultralow Temperature Ceramics: ULTCC)AVER ZAUTLY
5., BHET. BEA Y (Dielectric Inks)DE 5L BHFICHEFATE->TULE¥E 2-1),
CO LERMAEVGEERESERWICEA SN SAREATL., FE. 1 RS ITILEEMNT TIC

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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FEAVIVERVE 30T UT 4 Vv IROBHEREFT 5F. I CTICEERTADGHAD
AIREMEMN TR SN TS,

(B2-1 £33 vIMIFMORES)

() WERRBEEERES I v Ultrahigh Temperature Ceramics: UHTCS)

BERICHETES LTI vIFRMELT, UHICs A D, UHTCs IEFEBRIEMBMTH Y.
DFELRIE 3000°CULELEBHTHWNWZ &AL, BESRRETORME LTSAMFIATY
%, UHTCs &, ZARIMENT Z D LMHB)EZARIEDILAZIL@ZB) E VN> =RENEH T
BLTREECHEMTHY. 1950 FRICERFFORME L THE N ED N (F 2-2), ZD
%, KMEFERNASHRVKEZEFIC K SR 1990 ERZBLTEDHOND LS ITHY,
BERITHRREFLEE SN, HHICs FZDEVREND, AR—X T v MLy FEDE
IR ICERATELAHE—DRMELTHIRF SN TLA (R 2-3), FHEAETIELYIVZRES
HHZETHREZEDDIIENTEZELIEADMN>THEY ., RIMELEDH LN TILVDS,
UHTCs OFRIE. KEPLZORBEICMZ THETHLREAICITHONTE =,

% Iftikhar, Umair. Nano dimension granted patent for dielectric ink. 3D Printing Industry. (February
26, 2019). Retrieved from https://3dprintingindustry.com/news/nano-dimension-granted-patent-for-
dielectric-ink- 149841/

% Mahajan et. al. Handbook of Advanced Ceramics and Composites, p.173 ZJTIZEEHERK.

% Thimmappa, Sravan Kumar, and Brahma Raju Golla. "Oxidation Behavior of Silicon-Based Ceramics

Reinforced Diboride UHTC: a Review." Silicon (2022): 1-26.
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(B 2-2 HfB, & ZrB, DL

(K 2-3 UHTCs O A& #H1%)

EhE T, RILZ A R (SIC)DEEFH (SIC-SIC, SiC-WZH) LFBEMIGAIRELRM & L THE
NEDHOLNTWVS, BITHARE—EVORFARECRATLIZETL2ARAUIROHLTEY.
BEICSATREBICMABIAMEME LTIRILY—DHOMEFHEIH TORALNHFS
nTULBEY®, TSI, MAX phase materials EME(EFN B RIEMEZRIEMIZE > THRABKDBT

5 Sylvia M. Johnson, “Ultra High Temperature Ceramics UHTCs.” Langley Research Center. (September
29-30, 2015, NASA). https://ntrs.nasa.gov/api/citations/20150022996/downloads/20150022996.pdf

%8 jibid.

% Chamberland, A., and Lane. J., “SiG/SiC ceramic matric composites: A turbine engine
perspective” . May 14, 2014. Engineering Conferences International ECI (Proceedings) ; Naslain, R.,
and F. Christin. "SiC-matrix composite materials for advanced jet engines.” MRS Bulletin 28(9)

(2003): 654-658.
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EREIhDHFMIHZD (K 2-4), MAX D M (& Transition Metal (B#E£E). AL Si, Sn, Al
EWVSZ AR IVA TLAY R, ZLTXIEB,C, or NZEKT 5(H2-5 DnFANKRES
), COBE25FEFIIHhi-Y CORMOHAENEDLNTETE Y., 1400° C FTOFEIZH
ARBBHED. DS IV IRMELBLTLBETHY . BEHRICHT IMAKLELED
BETWEF, BERBICELA-ZEME L THAEN SN TERLY, £, 1100 ET2HEMEBAIH
IGBRIZ. EMZTDLDODOFXFAADEE AT (self-healing) ZFHIET L ENRIOHART
BALMIZEE>TLS%,  MXenes &WV5 2ERDEMIELEVMORMELBEICHELRETLEMR
BERMELTHEAMESIATWNS (B 2-6), 2011 FICHRIN=H LLFEMTHY . MAX phase
FHMEKICEBESERECOEGHHAFIATLS, FLEEAL—TFTy ravEa—T1>
T &Rz 2017 FOFHE T, 100 BUEDRTE L1 MXenes BMMNERRERDIKEIZHDH &
BEALNIEINTEY . SEOELIHARISHFINTLSY,

(B 2-4 MAX Phase #i&EMD A A — %)

8 Gonzalez-Julian, Jesus. "Processing of MAX phases: From synthesis to applications.” Journal of the
American Ceramic Society 104(2) (2021): 659-90.

8 1bid.

62 Tan, Teck Leong, et al. "High-throughput survey of ordering configurations in MXene alloys across
compositions and temperatures.” ACS Nano 11.5 (2017): 4407-18.

8 Wozniak, Jaroslaw, Agnieszka Jastrzebska, and Andrzej Olszyna. “Challenges and opportunities in
tailoring MAX phases as a starting materials for MXenes development." Materials Technology 37(11)

(2022): 1639-50.
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(B 2-5 NAX DHERITHR)

(X 2-6 MXenes MDA *—%)

3. 2HFIA - REREIZHEITHFIA
(1) BESEMARMEBEFTEIVAIL

AR DIBEERFFFER TS 2 v 7 (HIC) IFREPEBEICE VT EICEFHMOERII M E L
THERENED N TELREALHY . EFETREFHICBETERMADQIEANHAFEINTE
f=o I, BEERIYAMILOL—F—2RKRETEH-HDDL F—L(Radome) DFRMICHLI G N
HEME. RITPOFTECETDMDRRELICHARILEAH S, BEIFELMIVIILO

% ibid.

8 https://www.nanowerk.com/mxene.php
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R 1000° CAvis 1500° CITRAEENTEY ., FEMVLARUVRRGEEELEZELZOM

DHEIREICHERATESEVMEEARO N LY, BLEREEH LREELEGHNIRO N D,
LALEAS, BERIESATVSIETOL F—LARMTIL. BBEERORIT - KiIZH (T 5
AEHRZ T LBGENS,

BT TEAIESN TS L F—LFR# E L TIX. KE Corning #£® Pyroceram 9606 4> Slip
Cast Fused Silica (SCFS)+> Raytheon #t® Rayceram 8 EMH 5, LM L. ChilFEREE
T+ 74758 & (Flexural Strength) ZHETETULVEL, HIZIE. XE Corning #AEAF L
f= Pyroceram 9606 [&. 1000° C ## % SIRIET CTHEEE T, 1349° C THEMTFHI I Lo hhH o
TW3, M7HMRIEY. Pyroceram 9606 ( 400° C Biji& THRADH T34 & (Bending Strength)
AL, 600° CERR=HI-UMND BBMETD/NT+—IVANELDL Ehhn D, 2018 &
[Z1&. BBEOZEET Pyroceram 9606 # A L7zl F—ATHRWTRAENRE L= EARE
ENTWD, V—QRI)LDHRIZLDE. FR DRERFAXRFDEIADBELRHICLD
BRETHLZEDON =%, CO&SICRITORM TIIBET RS YA IILONBREIC+H 728G
TELBVWEVWSHEENRBEINTEfz, T5L7HhT, 1000° C 2B I2EBRECTLERLE
HOENRE - HANTA—T U RERETEIEHFNLERM~OELLEEF>TWLS, 5
Lizh T, BRARGMIANREELRR T v b)) U HIRER(Split-ring Resonator: SRR)EE & L)
SAAITYTILOBE~DEHFASE-> TS (B 2-8), SSR BENBESRRETENIF
EDNTH =R VRAERBETINEVSRBRLITOATEY . HRRABBEDAFIITIYTILD
ERAMNHEELBICK>THRIESN TS,

6 Van Wie, David, D’ Alessio, Stephen, White, Micheal, “Hypersonic airbreathing propulsion.” JHU
APL Technical Digest, 26(4) (2005).

6 Kenion, Taylor, Ni Yang, and Chengying Xu. "Dielectric and mechanical properties of hypersonic
radome materials and metamaterial design: A review." Journal of the European Ceramic Society 42 (1)
(2022): 1- 17.

| ee, Changmin, Ik-Sik Kim,and Bokwon Lee. "Slow crack growth in a cordierite-based glass-ceramic
missile radome due to stress corrosion." Engineering Failure Analysis 93 (2018): 76-86.

Kenion, Taylor, Ni Yang, and Chengying Xu. "Dielectric and mechanical properties of hypersonic
radome materials and metamaterial design: A review." Journal of the European Ceramic Society 42(1)

(2022): 1-17.
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150

| ()

il

Hl:ndmg strength (MPa)

200 (R L)
Temperature (°C)

(B 2-7 Pyroceram 9606 MERIFIAE™)

(K 2-8 SSR DiEE™)

(2) FBHREHEMEZ

AHEZED 1 EHZERT 2FEREML AWRMDRER L ZORARICKEIREFEL TS,
[CHBERMTE, TORMOBEETOMENS S OHMBLELIIHTIENVEES ST
REAFICRELEZEMEBEEFNEER NS, FBARORMHAZEDO S LEEKERBET
R, INFETEHOHFREMAFEREINTEL(A 9), HFICEMEERMHE, HFMICLFLY
CUTIHRBESIN, ppt (1 KR DO)DEBITET HIFEDIEICBELGMEINRDOND,
COLEBVWMEOHRDI-OIZ, RERIEXRVIBEERMELTEICANLGLS
PAT(Process Analytical Technology) ®#SEMAZ#ET FEZENALLGN TS,

" Ibid., p.3

2 jbid., p. 10
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Related Chemical

Manufacturing General Material Current Material Engineering
Process Step Type of Processing Classes Challenges Processes
Deposition ¢ Plasma-enhanced ¢ Organosilane  Safe handling e Synthesis
e Chemical vapor  Silicon-containing ¢ Environmental e Purification
e Atomic layer polymers and purity o Packaging
¢ Spin-on ¢ Organometallics ¢ Chemical
¢ Electroplating e Mectal-containing distribution
e Physical vapor formulations
Etching and ¢ Plasma-assisted etching e Inert and reactive o Safe handling o Synthesis
dopant gases gases ¢ Environmental e Purification
¢ Halogenated gases and purity » Packaging
e Mixed specialty gas o Packaging
blends technology
Lithography ¢ Spin coating e Formulated- ¢ Environmental e Polymer synthesis
polymer blends and purity  Distillation
» Solvents e Purification
e Mectal-containing
polymeric blends
Wet cleaning e Spin coating e Aqueous, ¢ Environmental ¢ Chemical mixing
e Immersion bath semiaqueous, and and purity o Purification
solvent-based e Filtration
formulations « Packaging
e Acids, bases
e Solvent
Chemical « Spin coating e Particle-containing ¢ Environmental ¢ Chemical mixing
mechanical aqueous and purity  Purification
planarization formulations o Filtration
o Packaging

(K 2-9 $BHEEERM—E7)

() FMBMHEYFILAFTUEE;

DFOLAF EBMICEITARMEHRICHLF/ T/ 00— NEELGKREZR-LTE,
EEMOEBICEBIDFT/ITIVTILERNS LT, EEBHLEMERICELDIRNLRAEE
BEE. FYMEMLG/NNY T BT EEHT %, LiMn1.5Ni0.504 1> LiCoP04 AV F o
LAFVEBHMOEE EMELTIEESINATEL, KRBV a—O7IRKZOREF—LIF.
Al203 TA—T A VI ENF-BEBIREEDEELY L 2.5 BOIRIILFT—2RFTHILEE
ELTWAS, FRUTFIVLARZIILERWBEBLIRED) FIOLAF OEBMDNT+—< v

™ National Academies of Sciences, Engineering, and Medicine. New Directions for Chemical
Engineering. (Washington, DC: the National Academies Press, 2022), p. 181.

™ Venugopal, Ganesh, Andrew Hunt, and Faisal Alamgir. Nanomaterials for energy storage in lithium-
ion battery applications."Material Matters 5, (2) (2010): 42-5.

® Waller, Gordon Henry, Philip D. Brooke, Ben Harris Rainwater, S. Y. Lai, Renzhong Hu, Yong Ding,

Faisal M. Alamgir, Kenneth H. Sandhage, and M. L. Liu. "Structure and surface chemistry of Al203
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ZERECHLEE DL LBFOHRTHLMCA S, 5T MT OHRE LI, FEK
ROKBESHFTHOEBOBEZIROTLESH KB endrite) ZEOFHPSE DT LT,
RyT)—DOBEETEHIET 2 EEHRLTVST, TO&SIT, KFEEMICLIEE;

DEMEHFOWRIZFMERTESCBHEINTBYRBICWEEABL, LML, BERC
ElFF/TH/O0—DREICEYBEHEMICH T AREORENE REhizY. HBUE
REDUFILAF VEBMERNEET DA ERTLIY L ZORAUEIEHTEL
EWSTEEDS,

(4) FMEZE A EKAf

BT, To—U5—=U7% Al BiffE0OEHFETLEMOREROHKORTICEAICA
WoNdEIITHEo1=, T Al BFR—XIZLEEMNETIVIZCE > T, iEMZIRERIZE]
YT EVNS-EHFNERTLBELD2HDH", HIRIE. R—5 2 FOMZEELBIE, 2020 &

coated LiMn204 nanostructured electrodes with improved lifetime." Journal of Power Sources306
(2016): 162-170.

6 Albertus, Paul, Venkataramani Anandan, Chunmei Ban, Nitash Balsara, Ilias Belharouak, Josh
Buettner- Garrett, Zonghai Chen et al. "Challenges for and pathways toward Li-metal-based all-solid-
state batteries." (2021): 1399-1404.

" Park, Richard J-Y., Christopher M. Eschler, Cole D. Fincher, Andres F. Badel, Pinwen Guan, Matt
Pharr, Brian W. Sheldon, W. Craig Carter, Venkatasubramanian Viswanathan, and Yet-Ming Chiang.
"Semi-solid alkali metal electrodes enabling high critical current densities in solid electrolyte
batteries." Nature Energy 6 (3) (2021): 314-322.

® R YREOMEE LTIX, Liu, Zhaocheng, Lakshmi Raju, Dayu Zhu, and Wenshan Cai. "A hybrid
strategy for the discovery and design of photonic structures." [EEE Journal on Emerging and Selected
Topics in Circuits and Systems 10, no. 1 (2020): 126-135; Loke, Gabriel, Tural Khudiyev, Brian Wang,
Stephanie Fu, Syamantak Payra, Yorai Shaoul, Johnny Fung et al. "Digital electronics in fibres
enable fabric-based machine-learning inference." Nature communications 12, no. 1 (2021): 1-9; Long,
Xu, Ming-hui Mao, Tian-xiong Su, Yu-tai Su, and Meng-ke Tian. "Machine learning method to predict
dynamic compressive response of concrete-like material at high strain rates." Defence Technology
(022)EESE,

" 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).
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[Z Mol-CycleGAN ETILEWSHBEDETIVIZEDE, AMEEUL-EEZHT B LUEMZ
AT HIEICHTIL TWAY, &5 LIEMIFALEFE, FMBZOFEICKELGNS T L
DILERITILIZESEAS, TNETIE, FRTOERRICKDHITHRIRTHRMORER
FFEICHKATELREELEN, BFORTFRERDT—RICEDE, RELGEMEXRREH DL
FAIHICEARET HENI ZENERHIC HHELEIECHL, COEKRTAlI ©OT—2REN
FMARICEZDFEFKREL, SRLIS LESHFENNGHAEBRISEIE T 2RENH D,

4. BEDRMERS

CCTIRKE. PEZLTHRIZERZYETT, EEORMARFAREB ERBAZIITT
2o
@O XE

RKEDORZRMBUER IR A GEMELS EBAREFORGRMARICE T LEELGHIY 18
S>TEf, EFERERERBOXRTEEEEHTE 3D T oT a0 VT HEMOEFHEME L
SEHEMICAVNSA S EIHRMORRIE., KEBIFEHELIRIILF—EFOBRELATCPEILID
HREEHNBRE TS =TT+ TE2RELT. FRMORRLHARICEML TE-, XE
DEMEMARARICEVTGEEEELREZR - L CEBERMEMEA L LT Materials
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CO&SHRFEAXRZR, KB, FE. AL 70 &S5 XKE. £E. &&. 8E. K—3
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InTWB,

2. MBEfIOTILFI—X

AN EAfFEBOTIILFI—ADERIBROVEZRTTHS, TORARIE. MEFHEXED
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5%, I, FRAEEOSHEANLLID AV HifitNEE Sh TS, FIZIE. EEEED:

1% Simens, “Additive Manufacturing: Siemens uses innovative technology to produce gas turbines
https://press.siemens.com/global/en/feature/additive-manufacturing-siemens-uses-innovative-

technology-produce-gas-turbines”
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TWb, BELEL VY—XRICERTESIaVE1—F—&. TOITRTHAEETS Y MY
35051, MAT, 3D FYUURIE #HEN)TILEALT IHEHRE] $52EMNTES
EERVERBOESR] THY. DEICHELTCESHEICLAATEIRNNDH D,
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L, #ERIELY LIEENEHME - EFPENDORERETHERTERLEWVS, EROES
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Lo fzDIZxt L, 3D T U2 TlEhdH 38/, £t 5000 FILOEEEREZITTEATL
EEhd, A, EEGORRAUSKHE ENTEBETEAOND, 2017 £ 7 AICK, =5
v DENAER & KIBEOHEMMTHRE NOTL ARRIT. HEMD 3D T MEKBEEMERL
f=o YERLT-DIEHFHREERDIREZDRRIZERY % SEAL MEEKME (SDV) THS., chFET
D SOV DR MEIRKB0F KILE 3~5 WA > T A, FEREHCEh MO L TENEF F
IWEBRMMDOEEFEFCTHAMTHERTELELTRE Y., KBEICEINIE 2019 FIZTA 24T
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187 Maw, Isaac,” How additive manufacturing drives sustainable manufacturing.” Engneering.com.
August 21°t 2019. https://ww.engineering.com/story/how-additive-manufacturing-drives-sustainable-

manufacturing
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Y-20 BERREAME. J-16 BBTIREM. J-20 R TILREEIME. J-31 R TIL REBIMDEEICELT
£, DT UAEDFE UELEBRIEARAER TV LDERELEH S,
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EELTHMATHILEAC, 3D TUVETHRETETLES LD E. BEFNHENZTLELH
NERELLECEES, Chid, FIZEERARORFICEALTLESTHAL. BIRETHRIL

%8 Johnston, Smith, Troy D., and lrwin, J. Luke, Additive manufacturing in 2040: Powerful enabler,

disruptive threat. RAND Corporation.
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(Advanced Engineering Materials) THR 4 TH o1z, —HT. Al BfiE L DEERFHFTOH
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Al & AM Hiff

Al BHIOBBIRETTA T4 - X=aId70F v ) VBRI EFNLGESERLTE .
BIZIE. FEEICEAH) T+ IL=F IR KE(Cal TechyOHEESIEAl ZAHNNTID TYo2—0
MIZVT7NLEALTEETELLEHEAZHEEAL TS, Al &KiiT& AN EKTTOEESHGERNTER

1% Kite-Powell, Jennifer, “Can 3D printing solve Supply chain issues In 2022?” Forbes December 29t
2021. https://www.forbes.com/sites/jenniferhicks/2021/12/29/can-3d-printing-solve-supply-chain-
issues-in-2022/?sh=f3bfe8520957

160 Supply chain consulting group, “How 3D printing is changing supply chains.”

https://www.sccgltd.com/featured-articles/how-3d-printing-is-changing-supply-chains/
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ZRALEEEEMNTHDL, /322770 F v UDTICE. +/ RT—ILORMEFIAT
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61 Jeon HJ, Lee EH, Yoo HW, Kim KH, Jung HT,Fabrication of Sub-20 nm Nano-gap Structures Through the

Elastomeric Nano-stamp Assisted Secondary Sputtering Phenomenon. Nanoscale 6(11) (2014):5953-5959.
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(Advanced and Networked Sensing and Signature Management)
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TICANEIFEND LUV U TRINICEREZE T, BIfOTILFI—XOBRANSAETO
BRifiREOBMOSEEAEELLLHEMBHICTOVLTHIT LTV,

1. Eo9— oY —0E RXqO0—F, FBE. T-2#E
(1) &ifTOBE

¥ — (sensor) &lF, METELMEEZRI - RE L THEADESICESHRADE
BEDHRMTHS, LY —DNAETZTLHLDE. BHMEOR, X - HHKR. BEXR. #K. tF
(CEVWRRERGE) | LE. BRE. £, EHE. OiRA - K. AFEE. BE. &K, &
E., B2E. RE. ER. ELESFITFTHS (EUY—ICLBREEZELIVTEND) &
L. £ —DNRELELDEEORET—42THS, €T, BRATEZRBRELZE
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L. (BEBREHEZHmATVIBSEIEREOIIMELED/ A XEHKRLI-LT) T—4
EMEBLTEEIT D ENTES,

F. oY —ZEBMAEDLETAE LERREEREHMEL TV VIS H U —R
& (sensor fusion) EVVSEMBLERL TS, EoH—REEL. HE (wultisensor) . #&
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marnE INThDEU ML FLNFERISEEQR
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ALRBYT, B - MEEHOREEZ LV VITTEIET, EZHOBZZHMONTS
ZENTES,

e, BOBBEOZOMOBHESZLVEREZRA XY, BRARKIRIILF—ZRHLTHE
ESN-REBERRNDITATOESTERT. SHICEREBETIEOICHENDESTZHRLETR
WMtHd. CHOLIEERTERWVESRATLAERERY FT—01L3 52 LT, BLDHBES
DEUBEE®. TLUEREBRDI-ODEFERODEENAREICLEY . KYKELIRTLO—E
ELTHECHEERZRAIREEICT HIEMNTESD,
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—URBEERAVEREICELEL TS, 4ZRTOEFLOSMUETERERELOVRS T
HdEFTETE S,
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(1) Bt OE
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ERETOIRICHELGIRROP L ELMART L -OICHAR SN -AER M TH D, D
B2 EMTIE, 1953 F£D/NTaw 4 (Horace Babcock) M7 A T4 FIZHAEY . 1990 FHKIZXK

163 Robert K. Ackerman, “Surveillance Data Fusion Defines Future Army Systems,” S/IGNAL,

https://www.afcea.org/signal-media/surveil lance-data-fusion-defines-future-army-systems
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1 BHER MEELE) [BREERA T 7¥RE] 66555 (2011) : 648-653.

166 “Defense Adaptive Optics Market Report Summaries Detailed Information By Top Key players and

Active Optical Systems, LLC (lIsrael),Adaptica S.r.1. (ltaly), BostonMicromachines Corporation (The

U.S.), among others,” https://www. fortunebusinessinsights. com/defense-adaptive-optics-market-105210
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67 Andy Extance, “Military technology: Laser weapons get real,” AMature 521 (2015): 408-410.
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168 Tsabel Kershner, “Israel Builds a Laser Weapon to Zap Threats Out of the Sky” New York Times,

June 3, 2022. https://www.nytimes.com/2022/06/03/world/middleeast/israel-laser-rockets.html
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—EEAHTDEELHEBATHY .. CAIZEY CNFETOIRILF—HEMTEBIVEST Z &
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W33DTHAH(E 6-4), CORMERBFEEDBET [TSATHYEE] &S HEZHA
BREHREAETLTERL. BRRANFZEA-MIBT THLETNCMREZRMHL TS,

(X 6-3 D-T &R E RIE)

(B 6-4 RFIFAD TSI

2 Fysion for Energy, Delivering Fusion Energy. Retrieved from
https://fusionforenergy.europa.eu/what-is-fusion/

20 AR RREEE THTHLONIBMEDLLLA | BME&(T?) (2021 F 10 A 1 BEHH)
https://www.qst.go.jp/site/jt60/4930.html

21 ITER, Making it Work. Retrieved from https://www.iter.org/in/sci/makingitwork
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4. FEHERICETARFAIRILF—ETOEHA
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AMIHEYHT IENTED, H LI EDL. ZOEMCAIFERRIMFTLRIASA
TETf=, 2002 FIZ(NASAHNFEHRERRMTADRFAOEMOIGAIZET 185 6. NASA (TK
EDELHESE(National Research Council: NRC)IZ2 DDREE S5 Z1-, —DI%. FHIER
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22 ITER, The ITER History. https://www.iter.org/proj/1TERHistory

28 Michel Claessens, ITER: The Giant Fusion Reactor: Bringing a Sun to Earth (Springer Nature,
2020).

24 Malcolm W. Browne, Money Shortage Jeopardizes Fusion Reactor. 7he New York Times (20 May 1997).
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Electric Propulsion) W&+ 5>, Ty 1 BETD 2004 FIZZ 5 LEzFH-LFHIF
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SOF T4V F—TEBRRPS)

RPS |% RTG(Radioisotope Thermoelectric Generator) MDIXTRMEBR A TLTHY . 1961 F
[Z Transit IV-A (2 SNAP-3B7 DD TEB SN TITH EIF oW TLUE, BITKEICEVTEAN
EHLNTEFR?, RPS [FLEMENEAPLRIRIILF—ZREMBIICHI->TEAHITDITEL
THEY. IR PMENC ETHLFHREFERICHASATE?, 2000 FLREIE, NASA LI RILF
—HZEHRDIC, BEMEOEEUHEEARL-FE, BREZRALIEDLEEDIIZHRGEI VY
3 UADBEZEAHEZ LTz M(Multi Mission)RTG +> ASRG (Advanced Stirling Radioisotope
Generator) (K 6-5) DHAEFRFEMNITHON T ET =, ASRG (FKED & 5 DB EOCEZEDFHZERM
THRET LI IICHKHASINTEY ., SELELL/NELEENRF SN TS,

2% National Research Council, Priorities in Space Science Enabled by Nuclear Power and Propulsion.
(Washington, DC: The National Academies Press, 2006).

2 2R (FHERLIRLY— RFAIRLFT—FAOESR - TR - F3K) [BRRFHERE] 5143
£ (2009).

Z7 National Research Council, Priorities in Space Science Enabled by Nuclear Power and Propulsion.
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TAATHREELUED RPS R U NEP OFAERMFEDREICDULVT Appendix D 7 B—F v— kA
BEIZH 5,

28 NASA, Advanced Stirling Radioisotope Generator (ASRG). Retrieved from
https://rps.nasa.gov/resources/65/archival-content-advanced-stirling-radioisotope-generator-asrg/
2% National Academies of Sciences, Engineering, and Medicine, Space Muclear Propulsion for Human
Mars Exploration. (Washington, DC: The National Academies Press, 2021).
20 The National Academy of Sciences, Launching Science: Science Qpportunities Provided by NASA's

Constellation System. (Washington, DC: The National Academies Press, 2009).
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21 National Academies of Sciences, Engineering, and Medicine, Space Muclear Propulsion for Human
Mars Exploration. p. 31
22 National Research Council, Priorities in Space Science Enabled by Nuclear Power and Propulsion.
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Appendix: FEERICEITH#ET Y OV ORAFEREE (2012~2034 )

2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034
Robotic Exploration Propulsion >
[ Prometheus-J: JIMO |
50-300 kiwe NEP A\ k Prometheus-S: Saturn/Titan/Rings [
50-300 kWe NEP | Prometheus-I: Interstellar/Heliopause (NTP or NEP)
25 kN NTP or 250+ kiWe NEP A\ Bromethous-?
1:?
NEPfrometheus 1:7| 250+ kiWe NEP &
1 kWe REP or | Prometheus-K: Pluto/Kuiper Orbiter (REP or NEP) |
50-300 kiWe NEP &
Human Exploration Propulsion >
1st CEV Human Extended Lunar Stay Long-Duration Lunar Stay Human Mars Flyby Human Mars Landing
wicrew i | | i [ | [ | [ ] |_Surface Cargo | Human|
1 MWe NEPor 1 MWe NEP or 1 MWe NEP 1 MWe NEP or
75 kN NTP 75 kN NTP or75 kN NTP 75 kN NTP
Surface Reactors >
A A
Surface Lunar Mars
Reactor? Surface Reactor Surface Reactor
Radioisotope Power Systems
[ RPS Missions

SRG or MMRTG
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1. Machine learning
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ERMFAETLEFAL. T—2DN2—VZ0HL. REZDT—21\3—c2FHI HHEEL D,
HWRFECIE, EEFE., FEEPE. REFEEOZEBEAHY . TOFREET. FFEFREER
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BEL. SETIE IBMDT kY 24 OpenAl @D ChatGPT A ED &K 512, BRIC—BMICFIASh B LS
ot DLHEET B

Q) 28 - REREIZHITSF A

BRFEDERASFE LT, MHABERIBINOND, BBRFEORHEL T, #iEShsT—4520
ENZINEENEZTFREEANLFET 518, Big Data ZiRHT % LA ATREL BUATHEBE L & AV
MEEOHREZA LI TS EANTRICL D, BBRFEOERIFIL. EHTHEEFROT T 20,
FRFPBCEDSBERBEHAGE., LREICRAZENMON, HRFBR., XKEFREAE. BILYRY
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Y VERRALT, ARSAD—READEEOEFFPREEBEICHALTLSLDNMoN D, Th
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KIS (AARTH ChatGPT [(FEFMERAMAMMNR T ONT) . COLSICHONDEHFE DR A
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EY—EXDNREIATEY. Maltego REBBD TS v b T+ —LIHEET B,

(4) LHHEMOEEK - G - FUIRETHLTELIBE VR VF UL
BREEORRETIE, 73 XL EHK(Z, Big Data OFIANFEIEET S, 7ILT ) XLOH
FETIVIZONT, ENTHREZERT D LIEARETH S EFREINDA. TD & 578 STEMA AH
DEELBEREERPWLRMYMAHAELELT S, L. BEEEOTOI S LEHOAMDPENT
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—ARRICEVNTE., SETFLERODLEH AR ZHENICZRET LI EIRETH L, TDLD
BHIEIZEWVWT, BREEB (I 5BFIGEEN. BMEZSIEREIEAFEIhTILS,

2. Deep learning
(1) BHMOME (HF. TEHSIIEE RARKESE)

REFEL 2010 EREVRAEDEAL. AROMEREELZZE RIRICFT4BLUL) OATZ
A—=FWFY FT—VICLEEMEBEFETH D, RBZBIEMFEED 1T T —IL K] ERTE
ENBEMN. —DODEETOHEERDEETOUNIEBIZEDDHE. KU ABOBREORBITIALVIKE
TOHMZARIZLESI ETHIDTHS. RE®LODTEFEZOEFTHEADAREMEIEA L. KB
2018 FITHEANTIIEEE 2 — (JAIC) ZRIL. ARZED TS, =L, RBFEOHERE
FREERZHDLITEATLS,

RBFZEICLDFHROVETIX, ERZH. ERL. FTERM. BASELELGETABMZLES
BREZELTWSEEN D, FBZEETE. A—rIa—45—LEOHERE. SAEHEN. 2B
T—AGEDTFRICKYZEENFREICGE - DEETN D,
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T—3%. YAN—EHTRESNDINSLEICEFNSG T2 LAELE. TR X FOBRED
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AHEDHEZT>-EAORMARETHL LOEHLHY . Thdt MERATREL All BRASED
Bk L g o1,

() R&EFA
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FETL, BEAS0W EF LI NN D, £z, T4 X=—#A', Magicband IZ & YBERDEIM
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ANDT IV EREZDFADIBREILKRT 2BELH D

127



L. EECEICHRATIRLE T —2DEEBICERELENTFET . CD=H. FBFZEORE
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